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[CLAIMS]

1. A method of transmitting data on a random access channel in a mobile

generating a new code by multiplying a code sequence by an exponential sequence;
and

transmitting the new code sequence to a receiving side.

2. The method of claim 1, wherein the code sequence is a CAZAC (constant

amplitude zero autocorrelation) sequence.

3. The method of claim 1 or 2, wherein the code sequence is transmitted as a

preamble.

4. A method of transmitting data by using a code sequence in a mobile
communication system, the method comprising:

conjugating at least one element included in at least one block of a code sequence

transmitting the code sequence, in which the at least one block is conjugated, to a

receiving side.
5. The method of claim 4, wherein the code sequence is a CAZAC sequence.
6. A method of transmitting data by using a code sequence in a mobile

communication system, the method comprising:

EVOLVED-0001673
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generating a second code sequence indicating predetermined information by
combining at least two first code sequences mapped with at least one information bit,
respectively; and

transmitting the second code sequence to a receiving side.

7. The method of claim 6, wherein the first code sequence is a CAZAC sequence.

8. The method of claim 6, wherein, if each of the first code sequences is mapped
with ‘n” number of information bits, the at least two first code sequences are selected from a

sequence group consisting of 2" number of first code sequences.

9. The method of claim 6, wherein the combination of the at least two first code
sequences is performed by summing the at least two first code sequences after giving

predetermined delay to each of the at least two first code sequences.

10. A method of transmitting a code sequence in a mobile communication system,

the method comprising:
1 O 3 o~ 3 ion code seguence by combini base code sequence to :
cnerating a comoinanddn Coac SequeiiCe Uy COmDININg a pas€ Couc Sequceince 1o

least one code sequence obtained by circular shift of the base code sequence; and

transmitting the combination code sequence to a receiving side.

11. The method of claim 10, wherein each of the base code sequence and the at least
one code sequence identifies one or more information bit.
12. The method of claim 10, wherein the step of generating the combination code

sequence is performed in a frequency domain.

EVOLVED-0001674
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13. The method of claim 10, wherein the step of generating the combination code

sequence is performed in a time domain.

14. The method of claim 10, wherein the combination code sequence is transmitted

through a random access channel (RACH).

15. The method of claim 10, wherein the at least one code sequence is obtained by

circular shift of the base code sequence as much as integer times of circular shift unit.

16. A method of transmitting a code sequence in a mobile communication system,
the method comprising:

generating a repetitive code sequence by repeatedly concatenating a first code
sequence at least one or more times;

generating a cyclic prefix (CP) by copying a certain part of a rear end of the
repetitive code sequence and concatenating the copied part to a front end of the repetitive

code sequence; and
receiving side.

17. The methed of claim 16, wherein the repetitive code sequence is transmitted as a
preamble on a random access channel.

18. A method of allocating a random access channel in a multi-carrier system, the
method comprising:

allocating a random access channel to each of at least two consecutive frames in a

EVOLVED-0001675
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way that frequency bands of the random access channels allocated to the at least two
consecutive frames are not overlapped with each other; and

transmitting allocation information of the random access channels allocated to the at

19. The method of claim 18, wherein the frequency bands of the random access
channels allocated to the at least two consecutive frames have a pattern which is periodically

repeated.
20. The method of claim 18, wherein the allocation information includes a hopping
pattern of the frequency bands of the random access channels allocated to the at least two

consecutive frames .

21. The method of claim 18, wherein the random access channels are uniformly

allocated to the at least two consecutive frames.

22. The method of claim 18, further comprising allocating a channel region for

random access channel is allocated.

23. The method of claim 22, wherein the user equipment trying to random access

through the random access channel transmits a pilot signal through the channel region.

24. A method of transmitting data by using a code sequence in a mobile

communication system, the method comprising:

EVOLVED-0001676
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mapping each of a plurality of blocks having at least one bit of a input data stream,

respectively to a corresponding signature sequence;

multiplying a signature sequence stream, to which the plurality of blocks are mapped,

5 transmitting the signature sequence stream multiplied by the specific code sequence

to a receiving side.

25. The method of claim 24, wherein the specific code sequence is a single CAZAC
sequence.
10
26. The method of claim 24, wherein the specific code sequence is a sequence

obtained by concatenating at least two different CAZAC sequences.

27. The method of claim 24, wherein the signature sequence is an exponential

15  sequence.

28. The method of claim 24, wherein the signature sequence is a Hadamard sequence.

29. The method of claim 24, further comprising repeating each signature sequence
20  so as to match a length of the signature sequence stream, to which the plurality of blocks are

mapped, with a length of the specific code sequence.

30. The method of claim 24, wherein the signature sequence mapping is Gray
mapping.

25
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1
METHOD OF TRANSMITTING DATA

IN AMOBILE COMMUNICAITON SYSTEM

[DESCRIPTION]
TECHNICAL FIEL.D

The present invention relates to a mobile communication system, and more
particularly, to a method of expanding a code sequence, a structure of a random access

channel and a method of transmitting data in a mobile communication system.

BACKGROUND ART

A user equipment uses a random access channel (RACH) to access a network in a
state that the user equipment is not uplink synchronized with a base station. A signal having
repetitive characteristic in a time domain is used in the random access channel, so that a
receiver easily searches a start position of a transmission signal. In general, the repetitive
characteristic is realized by repetitive transmission of a preamble.

A representative example of a sequence for realizing the preamble includes a

CAZAC (Constant Amplitude Zero Auto Correlation) sequence. The CAZAC sequence is

case of cross-correlation. In this respect, it has been estimated that the CAZAC sequence has
excellent transmission characteristics. However, the CAZAC sequence has limitation in that
maximum N-1 number of sequences can be used for a sequence having a length of N. For this
reason, a method for increasing available bits of the sequence while maintaining the excellent
transmission characteristios is required.

Meanwhile, there are provided various methods for transmitting data from a random

access channel by using the CAZAC sequence. Of them, the first method is to directly
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2

interpret CAZAC sequence ID to message information. Assuming that data to be transmitted
is a preamble, if a sufficient number of sequences that can be used as the preamble are
provided, message passing can be performed with only CAZAC sequence ID without
additional manipulation. However, since a method of transmitting additional information
should be considered in an actual synchronized RACH, problems occur in that there is
difficulty in realizing a sufficient number of CAZAC sequence sets, and the cost required for
search of a receiver increases.

The second method is to simulianeously transmit CAZAC sequence and Walsh
sequence by using a code division multiplexing (CDM) mode. In this case, CAZAC sequence
ID is used as user equipment identification information, and the Walsh sequence transmitted
in the CDM mode is interpreted as message information. FIG. 1 is a block schematic view
illustrating a transmitter for realizing the second method. However, the second method has
limitation in that even though the Walsh sequence is added to the CAZAC sequence, bits of
message that can additionally be obtained are only log,N bits when the Walsh sequence has a
length of N.

The third method is to transmit CAZAC sequence and Walsh sequence in such a way
to mix the Walsh sequence with the CAZAC sequence. In this case, CAZAC sequence ID is
used as user equipment identification information, and the Walsh sequence is interpreted as
message information. FIG 2 is a block diagram illustrating a data processing procedure at a
transmitter for realizing the third method. However, according to the third method, since the
Walsh sequence acts as noise in detection of the CAZAC sequence to cause difficulty in
detecting sequence ID, there is limitation in that repetitive sequences should be transmitted to
prevent the Walsh sequence from acting as noise in detection of the CAZAC sequence.

The fourth method is to either give orthogonality between blocks constituting a

corresponding sequence by multiplying an exponential term by a CAZAC sequence or
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3
directly apply data modulation such as DPSK, DQPSK, D8PSK, etc. In this case, CAZAC
sequence ID is used as user equipment identification information, and the modulated
sequence is demodulated and then used as message information. FIG 3A illustrates data
modulation according to the former method of the fourth method, and FIG. 3B illustrates data
modulation according to the latter method of the fourth.

Furthermore, the fifth method is to transmit CAZAC sequence by attaching a
message part to the CAZAC sequence. FIG 4A illustrates the case where a message (coded
bit) is attached to the CAZAC sequence used as a preamble, and FIG. 4B illustrates the case
where a message (coded bit) is attached to a sequence consisting of a predetermined number
aof blocks to which orthogonality is given.

However, the fourth method and the fifth method have a problem in that they are

susceptible to change of channel condition.

DISCIL.OSURE OF THE INVENTION

Accordingly, the present invention has been suggested to substantially obviate one or
more problems due to limitations and disadvantages of the related art, and an object of the

present invention is to provide a method of transmitting and receiving message between a

diversity and alleviating performance attenuation due to channel.

Another object of the present invention is to provide a method of transmitting data
through a code sequence in a mobile communication system, in which the quantity of data
can be increased and the transmitted data becomes robust to noise or channel change.

Still another object of the present invention is to provide a method of suggesting a
structure of an efficient random access channel in a multi-carrier system.

Further still another object of the present invention is to provide a method of
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4
minimizing access time of a user equipment to a random access channel in a mobile
communication system. |

To achieve these objects and other advantages and in accordance with the purpose of
the invention, as embodied and broadly described herein, a data transmission method through
a random access channel in a mobile communication system comprises generating a new
code by multiplying a code sequence by an exponential sequence, and fransmitting the new
code sequence to a receiving side.

In another aspect of ﬂ}e present invention, a data transmission method by using a
code sequence in a mobile communication system comprises conjugating at least one element
included in at least one block of a code sequence divided by at least two blocks to indicate
predetermined information, and transmitting the code sequence, in which the at least one
block is conjugated, to a receiving side.

In still another aspect of the present invention, a data transmission method by using
a code sequence in a mobile communication system generating a second code sequence
indicating predetermined information by combining at least two first code sequences mapped
with at least one information bit, respectively, and transmitting the second code sequence to a
receiving side.

In further siill another aspect of the present invention, a code sequence transmission
method in a mobile communication systemm comprises generating a combination code
sequence by combining a base code sequence to at least one code sequence obtained by
circular shifi of the base code sequence, and transmitting the combination code sequence to a
receiving side.

In further still another aspect of the present invention, a code sequence transmission
method in a mobile communication system generating a repetitive code sequence by

repeatedly concatenating a first code sequence at least one or more times, generating a cyclic
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5
prefix (CP) by copying a certain part of a rear end of the repetitive code sequence and
concatenating the copied part to a front end of the repetitive code sequence, and transmitting
the repetitive code sequence, in which the CP is generated, to a receiving side.

In further still another aspect of the present invention, a method of allocating a
random access channel (RACH) in a multi-carrier system comprises allocating a random
access channel to each of at least two consecutive frames in a way that frequency bands of
the random access channels allocated to the at least two consecutive frames are not
overlapped with each other, and transmitting allocation information of the random access
channels allocated to the at Ieast two consecutive frames to at least one user equipment.

In further still another aspect of the present invention, a data transmission method
through a code sequence in a mobile communication system mapping each of a plurality of
blocks having at least one bit of a input data stream, respectively to a corresponding signature
sequence, multiplying a signature sequence stream, to which the plurality of blocks are
mapped, by a specific code sequence, and transmitting the signature sequence stream

multiplied by the specific code sequence to a receiving side.

BRIEF DESCRIPTION OF THE DRAWINGS

sion method through a random access
channel in an OFDMA system according to the related art;

FIG 2 illustrates another example of a data transmission method through a random
access channel in an OFDMA system according to the related art;

FIG 3A and FIG. 3B illusirate still another example of a data transmission method
through a random access channel in an OFDMA system according to the related art;

FIG. 4A and FIG. 4B illustrate further still another example of a data transmission

method through a random access channel in an OFDMA system according to the related art;
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FIG. 5 illustrates an example of a structure of a random access channel used in an
OFDMA system;

FIG 6A and FIG 6B illustrate examples of sending an RACH signal in a time
domain or a frequency domain based on a structure of a random access channel of FIG. 5;

FIG. 7 illustrates another example of a structure of a random access chanuel used in
an OFDMA system;

FIG 8A and FIG. 8B illustrate still another example of a structure of a random access
channel used in an OFDMA system,;

FIG 9 illustrates a structure of a random access channel according to one
embodiment of the present invention;

FIG. 10 illustrates a structure of a random access channel of a sub-frame to which
RACH pilot is allocated;

FIG 11 illustrates a repetitive structure of a preamble according to one embodiment
of the present invention;

FIG. 12 is a structural view of unit data to illustrate one embodiment of the present
invention, which transmits data by using a code sequence expanded through conjugation;

FIG 13 is a flow chart illustrating a procedure of receiving and decoding data

=
o
[#]
o]
Cu
]
w

equence expanded through conjugation in accordance with one
embodiment of the present invention;

FIG. 14 is a structural view of unit data to illustrate one embodiment of the present
invention, which transmits data by using a code sequence expanded through grouping;

FIG. 15 is a flow chart illustrating a procedure of receiving and decoding data
transmitted in a code sequence expanded through grouping;

FIG. 16 is a structural view of unit data to illusirate one embodiment of the present

invention, which transmits data by using a code sequence expanded through grouping and
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delay processing;
FIG. 17 is a flow chart illustrating a procedure of receiving and decoding data
transmitted in a code sequence expanded through grouping and delay processing;

a structural view of unit data to illustrate one embodiment of the present

FIG 18 is
invention, which transmits data by using a code sequence expanded through PPM
modulation;

FIG. 19 is a flow chart illustrating a procedure of receiving and decoding data
transmitted in a code sequence expanded through PPM modulation;

FIG. 20A and FIG. 20B are ﬂov;f charts illustrating a procedure of performing
synchronization in a random access channel in accordance with a data transmission method
of the present invention;

FIG. 21 illustrates a method of transmitting data to a receiver through a signaling
channel in accordance with one embodiment of the present invention; and

FIG. 22 illustrates an example of a receiver and a transmitter for transmitting a

preamble and data through RACH, SCH or other channel in accordance with one

embodiment of the present invention.

BEST MCDE FOR CARRYING GUT THE INVENTION

Hereinafter, structures, operations, and other features of the present invention will be
understood readily by the preferred embodiments of the present invention, examples of which
are illustrated in the accompanying drawings.

A random access channel (RACH) is used to allow a user equipment to access a
network in a state that the user equipment is not uplink synchronized with a base station. A
random access mode can be classified into an initial ranging access mode and a periodic

ranging access mode depending on an access mode to network. According to the initial
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8
ranging access mode, the user equipment acquires downlink synchronization and first
accesses a base station. According to the periodic ranging access mode, the user equipment
connected with a network accesses the network if necessary. The initial ranging access mode

is used to allow

o
b

1e user equipment to synchronize with the network while accessin
network and receive its required ID from the network. The periodic ranging access mode is
used to initiate a protocol to receive data from the base station or when a packet to be
transmitted exists.

In particular, the periodic ranging access mode can be classified into two types in the
3GPP LTE (long term evolufion) system, i.e., a synchronized access mode and a non-
synchronized access mode. The synchronized access mode is used if an uplink signal is
within a synchronization limit when the user equipment accesses the RACH. The non-
synchronized access mode is used if the uplink signal is beyond the synchronization limit.
The non-synchronized access mode is used when the user first accesses the base station or
synchronization update is not performed after synchronization is performed. At this time, the
synchronized access mode is the same as the periodic ranging access mode, and is used when
the user equipment accesses the RACH for the purpose of notifying the base station of the

change status of the user equipment and requesting resource allocation.

1
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: 3 Yirnitatinn £ o
ther hand, the synchronized access mode alleviates limitation of a guard

-

time in the RACH by assuming that the user equipment does not depart from uplink
synchronization with the base station. For this reason, much more time-frequency resources
can be used. For example, a considerable amount of messages (more than 24 bits) may be
added to a preamble sequence for random access in the synchronized access mode so that
both the preamble sequence and the messages may be transmitted together.

A structure of the RACH, which performs a unique function of the RACH while

satisfying the aforementioned synchronized and non-synchronized access modes will now be
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described.

FIG. 5 is a diagram illustrating an example of a siructure of a random access channel
(RACH) used in an OFDMA system. As shown in FIG 5, it is noted that the RACH is
divided into N number of sub-frames on a time axis and M number of frequency bands on a
frequency axis depending on a radius of a cell. Frequency in generation of the RACH is
determined depending on QoS (Quality of Service) requirements in a medium access control
(MAUC) layer. In general, the RACH is generated per certain period (several tens of milli-
seconds (ms) to several hundreds of ms). In this case, frequency diversity effect and time
diversity effect are provided in generating several RACHs and at the same time collision
between user equipments which access through the RACH is reduced. The length of the sub-
frame can be 0.5 ms, 1 ms, etc.

In the RACH structure as shown in FIG. 5, a random sub-frame will be referred to as
a time-frequency resource (TFR) which is a basic unit of data transmission. FIG 6A is a
diagram illustrating a type of sending a random access signal to the TFR in a time domain,
and FIG. 6B illustrates a type of sending a RACH signal in a frequency domain.

As shown in FIG. 6A, if a random access signal is generated in a time domain, the

original sub-frame structure is disregarded and the signal is aligned through only the TFR. By
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the synchronized random access mode, the sub-
frame structure is maintained in the frequency domain and at the same time a random access
signal to be transmitted to sub-carriers of each OFDM symbol is generated. Accordingly,
orthogonality can be maintained between respective blocks constituting TFR, and channel
estimation can easily be performed.

FIG. 7 is a diagram illustrating another example of a structure of RACH used in an

OFDMA system. As shown in FIG. 7, it is noted that a preamble ‘b’ and a pilot ‘a’ are

partially overlapped in a TDM/FDM mode and a TDM mode of RACH burst duration of an
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attached wideband pilot. It is also noted that a pilot ‘a’ and a pilot ‘b’ are simultaneously
overlapped with a preamble ‘a’ and the preamble ‘b’ in the TDM/FDM mode and the TDM
mode of an embedded wideband pilot. In other words, it is designed that a preamble and a
pilot ar ugh the RACH, sc that message decoding is easily
performed through channel estimation if message is added to the RACH. Alternatively, a
wideband pilot is used so that channel quality information (CQI) of a total of RACH bands
can be acquired in addition to a preamble band of the RACH.

FIG. 8A and FIG. 8B are diagrams illustrating another examples of a structure of the
RACH used in the OFDMA system,

As shown in FIG. 8A, a preamble is transmitted for a predetermined time period
through a frequency band, and a short block duration is provided at a certain period so that
a pilot for decoding a preambile is transmitted to a corresponding short block. At this time, the
pilot transmission is performed through a part of a total of frequency bands (transmission
through 25 sub-carriers corresponding to a middle band of a total of 75 sub-carriers), so that
the pilot can be transmiited to a specific user equipment under a multi-access environment.

Furthermore, as shown in FIG 8B, a message to be transmitted and a pilot for
decoding the message are multiplexed and continue to be transmitted through some frequency
bands (for exampie, 25 middle sub-carrier bands of a total of 75 sub-carrier bands) selected
from a total of frequency bands. Accordingly, respective user equipments which perform
multi-access can be identified by allocating some frequency bands at different frequencies.

FIG. 9 is a diagram illustrating a structure of RACH according to one embodiment of
the present invention.

Generally, frequency in generation of the RACH is determined depending on QoS

requirements in a MAC layer. The RACH is generated at a variable period (several ms to

several hundreds of ms) depending on requirements of a cell. The RACH can be generated in
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a time domain or a frequency domain as described above with reference to FIG. 6A and FIG.
6B. In the embodiment of FIG 9, the structure of the RACH corresponds to the case where a
random access signal is generated in the frequency domain.

Referring to FIG 9, in this e

L0 s

{

required for retry when the user equipment fails to access the RACH, a corresponding RACH
resource is dispersed in each frame within one period if frequency in generation of the RACH
and the quantity of overhead are determined. The number of frames included in one period
can freely be determined as occasion demands. At this time, it is preferable that the RACH is
divisionally arranged so as to be uniformly distributed for each frequency band with respect
to a plurality of frames constituting one period. However, position on the time axis may be
changed without change of position on the frequency axis and vice versa depending on
specific requirements (synchronized action or decrease of inter-cell interference) of a cell or
if a system band is small. Also, arrangement of any one of frequency and time may be
changed to obtain the minimum interval between the RACHs arranged in cach frame.

In the embodiment of FIG. 9, the network should notify the user equipment of
position information of the allocated RACH resource. In other words, the network can notify

each user equipment of frequency and time information occupied by the RACH resource

access through the allocated RACH resource by using the position information from the
network. The position information of the RACH resource of each frame can be expressed by
sub-carrier offset, the number of sub-carriers, timing offset, and the number of symbols.
However, if the RACH information on each frame is expressed by the above four parameters,
it may be undesirable in that the quantity of the information can be increased. Accordingly, a
method of decreasing the quantity of the information for expressing the position information

of the RACH allocated on each frame is required. The position information of the RACH can
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12
be transmitted through a broadcast channel (BCH) or other downlink control channel.

As one method, a method using a hopping pattern may be considered. The hopping
pattern means a pattern consisting of information indicating frequency domains of the RACH
resource allocated to each frame within one period. In other words, in the embodiment of FIG
9, since the RACH resource is divisionally arranged so as to be uniformly distributed for each
frequency band with respect to a plurality of frames constituting one period, an indicator
which indicates a frequency band that can be allocated to each frame as the RACH resource
is previously determined, and the frequency band of the RACH resource allocated to each
frame within one period can be notified through a pattern of the indicator which indicates a
corresponding frequency band.

For example, if four frames are used as one period in a system which uses a total of
bands of 10MHz, the position of the RACH includes sub-bands having an interval of 2.5MHz
as one RACH frequency band (band smaller than 1.25MHz or 2.5MHz). At this time, a total
of bands consist of four sub-bands, wherein the respective sub-bands are designated by
indicators, which indicate each sub-band, as 1, 2, 3 and 4 in due order from a higlf frequency
band to a low frequency band. In this way, the frequency band position information of the
RACH resource allocated to all frames within one period can be expressed by patterns
configured by the above indicators, for example 2, 3, 1, 4. The hopping pattern may be
configured differently or equally depending on each frame. Time information of the RACH
resource allocated to each frame within one period can generally be expressed by timing
offset and the number of symbols. At this time, at least any one of the timing offset and the
number of symbols may be fixed to decrease the quantity of the information. For example, if
it is previously scheduled that the timing offset and the number of symbols for the RACH
resource of each frame are fixed, the network only needs to transmit the hopping pattern to

notify the user equipment of the position information of the RACH resource of all frames
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13
within one period.

If each sub-band is narrow or considering influence of interference between user
equipments, hopping patterns for all frames may be set equally. In this case, the network only
needs o notify the user equipment of a frame period.

Hereinafter, the procedure of transmitting uplink data from the user equipment to the
base station by using the siructure of the RACH as shown in the embodiment of FIG. 9 will
be described. In this case, data transmission is performed through the RACH among reverse
common channels consisting of a plurality of frames.

First of all, the user equipment tries to access the dispersed RACH included in the
current frame to transfer its information to the base station. If the user equipment successfully
accesses the RACH, the user equipment transmits preamble data through the corresponding
RACH. However, if the user equipment fails to access the RACH, the user equipment tries to
access the RACH divisionally arranged in the frame of the next order. At this time, the RACH
included in the frame of the next order is preferably arranged in a frequency band different
from that of the RACH of the previous frame if the frequency band is not sufficiently wide or
there are no specific requirements (inter-cell interference or limitation in action range of user
equipment). Also, the above access procedure continues to be performed in the frame of the
next order until the user equipment successfully accesses the RACH.

Meanwhile, in case of the synchronized RACH, the sub-frame of each frame
preferably includes a short block to which a pilot for the user equipment which has accessed
the corresponding RACH is allocated. At least one RACH pilot and access pilot may be
allocated to the short block at a predetermined pattern. In other words, the user equipment
which has accessed the RACH should know channel information to receive a channel from
the base station. The channel information may be set in RACH pilot within an uplink short

block. The base station allocates a proper channel to the user equipment through the
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corresponding RACH pilot. Meanwhile, if the user equipment which accesses the RACH
notifies the base station of information of channel quality as to whether the user equipment is
preferably allocated with which channel through the RACH pilot, a favorable channel can be

allocated to the user equipment during sch

,
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can be maintained.

Accordingly, the RACH pilot that can be used for the user equipment which accesses
the RACH is separately allocated to the sub-frame which includes RACH. Thus, the user
equipment which accesses the RACH sends a preamble to the base station through the
corresponding RACH and also sends a pilot for transmission of channel quality information
to the designated RACH pilot. The RACH pilot is a sequence designated depending on a
preamble, and it is preferable that the user equipments, which use different preamble
sequences, use different RACH pilot sequences if possible or select RACH pilot of different
sub-carriers or partially overlapped sub-carriers.

FIG. 10 is a diagram illustrating a structure of a random access channel of a sub-
frame to which the RACH pilot is allocated. It is noted that each sub-frame includes at least
one short block to which at least one RACH pilot and access pilot are allocated at a
predetermined pattern. In this case, the RACH pilot exists in the frequency band of the

. SaL

is embodiment, it has been described that

m bands. In th
two short blocks exist per one frame and the RACH pilot is transmitted to the short blocks.
However, the present invention is not limited to such embodiment, and various modifications
can be made within the apparent range by those skilled in the art.

As described above, it has been described that preamble, synchronization timing
information including pilot information, uplink resource allocation information and message

such as uplink data can be transmitted through the RACH of various structures. It will be

apparent that the data transmission method according to the embodiments of the present
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invention can be used in the RACH and other channels.

Meanwhile, the preamble and the message may separately be transmitted through the
RACH. Alternatively, the message may be transmitted by being implicitly included in the
preamble. One embodiment of the present invention relates to a method of transmitting a
preamble through the latter transmission manner. In one embodiment of the present invention,
a code sequence more expanded than that of the related art can be used for effective
transmission of the preamble. Hereinafter, a method of improving CAZAC sequence
according to one embodiment of the present invention for effective transmission of the
preamble will be described.

Since the receiver should search a start position of a transmission signal in the
random access channel, it is generally designed that a transmission signal has a specific
pattern in a time domain. To this end, the preamble is transmitted repeatedly or a certain
interval is maintained between sub-carriers in a frequency domain to obtain repetitive
characteristics in the time domain, thereby identifying time synchronization.

in the former case, the preamble represents a reference signal used for the purpose of
initial synchronization setting, cell detection, frequency offset, and channel estimation. In a
cellular mobile communication system, a sequence having good cross-correlation
istic is preferably used for repetitive transmission of the preamble. To this end,
binary hardamard code or poly-phase CAZAC sequence may be used. Particularly, the
CAZAC sequence has been estimated that it has excellent transmission characteristics as it is
expressed by a Dirac-Delta function in case of auto-correlation and has a constant value in
case of cross-correlation.

The CAZAC sequence can be classified into GCL sequence (Equation 1) and
Zadoff~Chu sequence (Equation 2) as follows.

[Equation 1]
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f -+
c(i'{;N,]\/f):eXp(— JiME(kt 1) )
N 7 forodd N
. 2
c(l N M= cxp(- JME
N for even N
[Equation 2]
i -+
c(k;NgA/I)—TeXp(‘] Mkt 1) )
N forodd N
Mk
c(k;N,M)=eXp(j—§— )

for even N

In the above Equations, it is noted that if the CAZAC sequence has a length of N,
actually available sequences are limited to N-1 number of sequences. Accordingly, it is
necessary to increase the number of CAZAC sequences to efficiently use them in an actual
system.

For example, a method of expanding the number of available sequences by 1 is
suggested by providing an improved CAZAC sequence p(k) in such a way to multiply a
CAZAC sequence c(k) by a predetermined modulation sequence m(k). In other words,
assuming that Zadoff-Chu sequence is used as the CAZAC sequence, the CAZAC sequence
c(k), the modulation sequence m(k) and the improved CAZAC sequence p(k) can be defined
by the following Equations 3, 4, and 5, respectively.

[Equation 3]

CAZAC sequence:

JudMk(k+1) )

c(k;JV,Z\@:exp( N
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[Equation 4]

Modulation sequence:

m(;’c)zexp( jZani k)

5 [Equation 5]

Improved CAZAC sequence (or improved preamble):

pU=c()*m(k) exp( ke D

The improved CAZAC sequence p(k) maintains auto-correlation and cross-

correlation characteristics of the CAZAC sequence. The following Equation 6 illustrates

10  auto-correlation characteristic of p(k), and it is noted from the E(juation 6 that the final result

is a Dirac-delta function. In particular, if the modulation sequence m(k) is a sequence having

a certain phase, it is characterized in that the modulation sequence m(k) always maintains the
auto-correlation characteristic.

[Eéuation 6]

o {u
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Furthermore, the following Equation 7 illustrates cross-correlation characteristic of

p)-
[Equation 7]
ce(d) = Sesp( LUEELEL (bt a4+ 1) +E5 e +))
3

M

e:xp[ MHL-&-H %}ﬁk)

’f’ (k+d)k+d+1)

A, o

= gjexp

BHP[ ?;f, k+di(,§+d+ij+ﬂv ))

e:x:p[::— ﬁjﬁik (k+1)— M—&)

JTE (k4 ) b
= e DB e+ d)(k+d+1))

fxp[i—ﬂ% 2dk +d{d+1)) +=Laf)

= exp (ﬂﬂ— did+1 ”])Zexp[ﬂ-j“—a (k+d)k+d+1 ”Ju]

XD ﬁ%{k)

5 In this case, although Equation 7 seems to be similar to Equation 6, it is noted that in
view of summation term, auto-correlation is expressed by sum of exponential but cross-
correlation is expressed by the product of two sequences. The first term is another CAZAC
sequence of which seed value is x, and the second term is a simple exponential function. The
sum of the product of two sequences is equal to obtaining a coefficient of the exponential

10  function, and its value is equal to a value obtained by converting the CAZAC sequence of
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which seed value is x into a frequency domain and extracting a value from the frequency
position of exponential.

Since the CAZAC sequence has auto-correlation of Dirac-delta characteristic, if it
undergoes Fourier transform, it maintains auto-correlation characteristic of Dirac-delta of a
constant amplitude even in the transformed area. For this reason, if values of specific
positions are extracted from the frequency domain, their sizes are 1 and equal to each other
but their phases are different from each other. Accordingly, if this result is added to the
Equation 7 to obtain cross-correlation, the obtained cross-correlation can briefly be expressed
by the following Equation 8.

{Equation 8]

&

, i ., 2 fmr Ny
celd) = eop( L (d+1) +A{{ngd);exp[‘%% e+d)(k+d+1 ;)

P2mddd

= egfp(ﬁ;ﬁd fd+1)+ %d)&idﬂ@ﬁ;x}

It is noted from the Equation 8 that since C(dM/N;x) always has a size of 1 and an
exponential term also has a size of 1, the cross-correlation is always fixed at 1.

After all, characteristics of the related art CAZAC sequence can be maintained by
the Equation 5 and at the same time the number of codes can be increased. This means that
the result in the area where the exponential terms are multiplied is equal to applying circular
shift to the Fourier transformed area, and multiplying exponential sequences in the time
domain is equal to performing circular shift in the frequency domain.

In other words, it is noted that if correlation between two sequences p(k;M,N,d1)

and p(k;M,N,d2) of which seed values are equal to each other is obtained, impulse occurs in a
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point where a delay value d in cross-correlation reaches d1-d2. Although design of the
improved sequence as above has the same result as that of circular shift of the CAZAC
sequence, lhis embodiment of the present invention is advantageous in that the result can be

" M 1o Qo ~ P R
ure such as multiplying two exponcntial sequences without

o

Fourier inverse transform after Fourier transform and circular shift.

Hereinafter, a method of improving data transmission reliability of a preamble by
performing predetermined data processing for the related art code sequence and a method of
expanding a length of a code sequence when data are simultaneously transmitted will be
described. If the CAZAC sequence is used as the code sequence, the CAZAC sequence
expanded by the above method is preferably used. However, the CAZAC sequence is not
necessarily limited to the CAZAC sequence expanded by the above method, and the related
art CAZAC sequence may be used.

First of all, a structure of transmission data, i.e., prearﬁb}e, which is commonly
applied to the embodiments of the present invention, will be described.

In a 3GPP LTE (Long Term Evolution) system, a transmitter can repeatedly transmit
the same sequence two times or more so as to allow a receiver to easily detect transmission
data or improve additional detection performance (i.e., increase of spreading gain).
Accordingly, since the receiver only neoeds to detect repetitive patterns regardless of the type
of the received sequence, it can simply identify time position of a user equipment which
accesses the RACH and improve detection performance,

FIG 11 is a diagram illustrating a structure of a preamble according to one
embodiment of the present invention. In an orthogonal frequency divisional transmission
system, a cyclic prefix (CP) is used, in which the last part of OFDM symbol is copied and
then prefixed to the OFDM symbol to compensate a multi-path loss in signal transmission.

Accordingly, if the OFDM symbol consists of two repetitive preambles, a part of the
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preamble of the later order is copied in the first part by CP to enable compensation of the
multi-path loss for the corresponding preamble. Also, the CP is advantageous in that it is easy

to identify user equipments which access different RACHs in case of CAZAC having good

Since inter-symbol interference does not occur even though a single sequence is
transmitted by preﬁxing CP thercto instead of repetitive transmission of sequence, a
predetermined receiving algorithm can be realized in the frequency domain without any
problem. However, if the receiver realizes a receiving algorithm in the time domain with
neither repetitive transmission nor CP, the receiver should detect all kinds of code sequences
to identify user equipments which access the RACH. In this respect, the preamble is
preferably realized by a structure of a repetitive pattern. At this time, whether to realize a
repetition pattern can be determined depending on a data rate supported by the system or the
number of repetitive times can be determined if a repetitive pattern is realized. For example,
to support a minimum data rate supported by the system, RACH preamble can repeatedly be
transmitted one or more times depending on the length of the sequence.

First to fourth embodiments which will be described later relate to a data processing

method of a sequence constituting the structure of the preamble. In these embodiments, data

1.
v

(¢}
famat

transmitted to the receiver could 1€ structure of the preamble of FIG. 11 or a partially
omitted structure (having neither repetitive transmission nor CP). Although it is assumed that
the CAZAC sequence is used as the code sequence for data transmission, the code sequence
is not necessarily limited to the CAZAC sequence. Every sequence having excellent
transmission characteristic, such as Hadarmad code and gold code, can be used as the code
sequence.

<First Embodiment>

To transmit data, a landmark that can be identified is generally required for a
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transmission signal constituting data. In this embodiment, conjugation is used as the
landmark. Since a phase variation width between a conjugated transmission signal and other

transmission signal is very great, interference between transmission signals decreases,

FIG. 12 illustrates a method of transmitting data through conjugation according to
one embodiment of the present invention. In the embodiment of FIG 12, one CAZAC
sequence is divided into four blocks, and ‘0’ or “1° indicates whether to perform conjugate for
each block. For example, it may be promised that a block which is not conjugated is
expressed by ‘0°, and a block which is conjugated is expressed by ‘1. In this way, one
CAZAC sequence can express information of 4 bits. In other words, if one CAZAC sequence
is divided into N number of blocks, information of N bits can be expressed.

At this time, in a single CAZAC sequence of a long length corresponding to a length
of transmission data, a part of the single CAZAC sequence, which corresponds to a specific
block having a value of 1, may be conjugaicd. Also, in a plurality of CAZAC sequences of a
short length corresponding to each block length of transmission data, a CAZAC sequence
corresponding to a specific block having a value of 1 may be conjugated.

FIG. 13 is a diagram illustrating an example of a method of receiving and decoding

b

the sequence transmitted through conjugation from the transmitter in accordance with one
embodiment of the present invention.

It is preferable that the transmitter always allocates a value of 0 to the first block of
the transmission data so that the first block is used as a reference later. Accordingly, the
receiver identifies sequence ID for the received first block (S1101), and then measures a peak
by using only the corresponding block (S1102). Next, the receiver identifies sequence IDs for
the first and second blocks (S1103), and then measures a peak by using the first and second

blocks together. At this time, since it is unclear whether the sequence of the second block is in
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the conjugated status, the receiver respectively measures a peak corresponding to the case
where the corresponding block is conjugated (81104) and a peak corresponding to the case

where the corresponding block is not conjugated (S1105), and then selects greater one of the

blocks (S1107), and then measures a peak by using the first to third blocks together. In this
case, since it is unclear whether the sequence of the third block is in the conjugated status, the
receiver respectively measures a peak corresponding to the case where the corresponding
block is conjugated (S1108) and a peak corresponding to the case where the corresponding
block is not conjugated (S1109), and then selects greater one of the two peaks (S1110). In this
way, decoding is performed for the first block to the last block so that the original data is
finally decoded.

<Second Embodiment>

FIG 14 is a diagram illustrating a method of transmitting data using a sequence
according to another preferred embodiment of the present invention. Although data
transmission is performed by change of the sequence in the first embodiment, in this
embodiment, a type of a sequence for expressing one block is divided into a sequence (first
sequence) for a block value of ‘0’ and a sequence (second sequence) for a block value of ‘1,
and the first and second sequence are grouped. In this case, since the receiver detects only
sequence ID (ID of the first sequence or ID of the second sequence) for each block, the
receiver is less affected by noise or channel.

All sequences are expressed by onc group "{co(k;My), ci(k;M)}" by grouping two
sub-sequences (first sequence and second sequence) (il and j are integers different from each
other). In this case, co(k;M;) is the first sequence for the block value of 0 {(or bit value), and
c1(k;My) is the second sequence for the block value of 1. At this time, a CAZAC sequence of

a long length corresponding to a length of transmission data may be used as each sub-
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sequence constituting each group. Alternatively, a CAZAC sequence of a short length
corresponding to each block length of transmission data may be used as each sub-sequence

constituting each group.

[«}

f each block, and identifies a type -
of the sequence (first sequence or second sequence) for each block from a sequence ID set
consisting of the identified sequence IDs. At this time, the type of the seéuence for each block
can be expressed by group ID. In other words, in this embodiment, since it is assumed that
code values of each block can be expressed by 0 and 1, two types of the sequence for each
block or two types of group ID are obtained. The code values of each block can be restored
through group ID. This decoding procedure will be described in detail with reference to FIG.
15.

The receiver identifies sequence ID of each block constituting a corresponding
sequence if the sequence is received (S1501), and measures a peak for a sequence ID set
consisting of the identified sequence IDs (S1502). In this case, two peaks having high
frequency in generation are selected (S1503) so that sequences which generate the
corresponding peaks are identified as the first sequence and the second sequence constituting
the group. At this time, if the first sequence and the second sequence are expressed by
predetermined group IDs, respectively, first group ID indicating a code value of ¢ and second
group ID indicating a code value of 1 can be identified. After all, group ID of each block can
be identified through the step S1503 (S1504), and thus the code value of each block can be
identified (S1508).

If sequence IDs that can not identify group ID exist due to error occurring during the
decoding procedure, peaks are searched for a set of corresponding sequence IDs (S1505), and
among the peaks, two powerful peaks are detected (S1506) so that group IDs are again

identified from the detected powerful peaks (S1507). Subsequently, code values of the
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corresponding blocks can be identified from the identified group IDs (S1508).

<Third Embodiment>

FIG. 16 is a diagram illustrating a method of transmitting data using a sequence
according to another preferred embediment of the present invention.

If the second embodiment is more expanded, a total number of data bits that can be
transmitted through one group can be increased. For example, if two sequences are defined as
one group like the second embodiment, data of 1 bit per block can be transmitted. If four
sequences are defined as one group, data of 2 bits per block can be transmitted. If eight
sequences are defined as one group, data of 3 bits per block can be transmitted. However,
since a plurality of sequences are grouped and defined as one set, a problem occurs in that if
the length of each sequence is short, the number of groups that can be selected is decreased in
proportion to the short length of each sequence.

Accordingly, it is necessary to expand the length of the sequence to increase the
number of groups that can be selected. To this end, in this embodiment, the length of the
sequence for each block is expanded while fespective sequences are multi-overlapped as
shown in FIG. 16B and independence is maintained owing to transmission delay between the
overlapped sequences.

Referring to FIG. 16(a), a data value of 2 bits is given ¢

)

sequence group for each block consists of four different CAZAC sequences. Since each
CAZAC sequence constituting the sequence group should identify four values, a group size
should be increased correspondingly. However, in this case, a problem occurs in that the
number of groups that can be used by each base station is decreased. Accordingly, as shown
in FIG 16, the length of each CAZAC sequence is expanded as much as need be while a
predetermined delay is given to each CAZAC sequence during data transmission, whereby

independence is maintained between the respective CAZAC sequences.
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Meanwhile, the receiver identifies ID of a corresponding block based on the order of
cach CAZAC sequence represented in the time/frequency domain, and its method of

decoding a code value from corresponding block ID is almost identical with that of the

second embodiment. Hereina a o Ty
CONng Smoo aimeoent. Leréinaticr, a gawa GeCoding p QUT i1 CIVEr Wi 8 Ol

in detail with reference to FIG. 17.

The receiver identifies sequence ID of each block constituting a corresponding
sequence if the sequence is received (S1701), and measures a peak for a sequence ID set
consisting of the identified sequence IDs (S1702). In this embodiment, since one block
expresses two bits, first, second, third and four sequences which express 00, 01, 10, 11 form
one group. Accordingly, the receiver should select 4 peaks having high frequency in
generation as a result of measurement (S1703). In this case, the selected peaks are
respectively mapped to the first, second, third and fourth sequences in accordance with the
order represented in the time/frequency domain. Also, if the first sequence to the fourth
sequence are expressed by predetermined group IDs, respectively, first group ID indicating a
code value of 00, second group ID indicating a code value of 01, third group ID indicating a
code value of 10, and fourth group ID indicating a code value of 11 can be identified. After

all, group ID of each block can be identified through the step S1703 (S1704), and thus the

If sequence IDs that can not identify group ID exist due to error occurring during the
decoding procedure, peaks are again searched for a set of corresponding sequence IDs
(81705), and among the peaks, four powerful peaks are detected (S1706) so that group IDs
are again identified from the detected powerful peaks (S1707). Subsequently, code values of
the corresponding blocks can be identified from the identified group IDs (S1708).

<Fourth Embodiment>

FIG. 18 is a diagram illustrating a method of transmitting data using a sequence
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according to another preferred embodiment of the present invention.

In the case that the second embodiment and the third embodiment are more
expanded, the signal position is changed through pulse position modulation (PPM) so that the
length of the sequence can be expanded logically. The PPM originally transmits data with
relative pulse delay but PPM based on start position of the sequence is used in this
embodiment.

If bits of data to be transmitted are determined, the base station selects a sequence to
be used for transmission of corresponding data and determines a length of a block for
applying PPM to a corresponding sequence and a length of a duration constituting each block.
A sequence corresponding to each block is separately required when a preamble is generated.
However, in this embodiment, since circular shift equivalent to a specific duration within a
specific block constituting a corresponding sequence is applied for the same sequence, the
respective sequences are originally the same as one another but are identified from one
another by circular shift.

For example, assuming that one sequence length is divided into four blocks (block 1
to block 4) and each block is expressed by 2 bits, each block is again divided into four
durations (duration 1 to duration 4) to express values of “00, 01, 10, 11.” At this time, four
art identification positions of circular shift for a
sequence corresponding to a corresponding block. If a preamble to be transmitted has a total
length of 256, block 1 can have a circular shift value of 0~63, block 2 64~127, block 3
128~195, and block 4 196~255. If a specific sequence to be used for transmission of the
preamble is determined and “00” is transmitted through block 1, sequence 1 undergoes
circular shift so that a start position is arranged in duration 1 (0~15) of block 1. If “10” is

transmitted to block 2, sequence 2 undergoes circular shift so that a start position is arranged

in duration 3 (96~111) of block 2. In this way, circular shift is applied for the other blocks
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and then the respective sequences (sequence 1 to sequence 4) are grouped into one to
generate one preamble. In this case, the number of blocks can be generated from 1 to every

random number. Also, a minimum unit of circular shift can be limited to more than a certain

Meanwhile, the receiver identifies respective sub sequences (sequence 1 to sequence
4) constituting corresponding sequences by data processing the transmitted sequenées, and
searches a start position of each of the identified sequences to perform data decoding. This
will be described in detail with reference to FIG: 19.

If a sequence is received in the receiver (S1901), the receiver detects ID of the
corresponding sequence (S1903) and performs full correlation through predetermined data
processing for a total of received signals (received sequence) by using the detected result
(S1905). At this time, a full search algorithm or a differential search algorithm can be used
for detection of the sequence ID.

Since the received signal is transmitted from the transmitter by gathering a plurality
of sequences, the signal which has undergone the correlation includes a plurality of peaks. In
this embodiment, four peaks are detected, and the receiver determines whether each of the
detected peaks corresponds to which one of block 1 to block 4 and also corresponds to which
duration of Trespoil
data (S1911).

The method of effectively transmitting the preamble sequence and message through
the RACH has been described as above. Finally, a procedure of transmitting a preamble from
a user equipment (UE) to a base station (Node-B) and performing synchronization between
both the user equipment and the base station will be described based on two embodiments.

FIG. 20A and F1G. 20B illustrate the two embodiments.

In the embodiment of FIG. 20A, synchronization is performed in such a manner the
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user equipment accesses the base station only once. In other words, if the user equipment
transmits a preamble and a messing including information required for synchronization to the
base station (S2001), the base station transmits timing information to the user equipment
(S2003) and at the same time allocates a resource for transmission of uplink data (S2005).
The user equipment transmits the uplink data to the base station through the allocated
resource (S2007).

In the embodiment of FIG. 20B, for synchronization, the user equipment accesses
the base station twice. In other words, if the user equipment transmits a preamble to the base
station (S2011), the base station transmits timing information to the user equipment and at the
same time allocates a resource for a request of scheduling (S2013). The user equipment
transmits a message for a request of scheduling to the base station through the allocated
resource (S2015). Then, the base station allocates a resource for transmission of uplink data
to the user equipment (S2017). In this way, the user equipment transmits to the uplink data to
the base station through the secondly allocated resource (S2019).

FIG. 21 is a diagram illustrating a method of transmitting data to a receiver through a
signaling channel in accordance with one embodiment of the present invent'ion.

Since the receiver should search a start position of a transmission signal in actually
realizing the random access chanuel, it is gencrally designed that the random access channel
has a specific pattern in the time domain. To this end, a preamble sequence may be used so
that the random access signal originally has a repetitive pattern. Alternatively, a certain
interval may be maintained between sub-carriers in the frequency domain to obtain repetitive
characteristics in the time domain. Accordingly, the access modes of FIG. 6A and FIG. 6B are
characterized in that the start position of the transmission signal should easily be searched in

the time domain. To this end, the CAZAC sequence is used. The CAZAC sequence can be

classified into GCL sequence (Equation 1) and Zadoff-Chu sequence (Equation 2).
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Meanwhile, a specific sequence of a long length is preferably used to transmit
unique information of the user equipment or the base station through RACH (Random Access

Channel) or SCH (Synchronization Channel). This is because that the receiver easily detects

"
w
o
2
>
;
vl
5
o

corresponding ID and more various kinds o
for system design.

However, if message is transmitted with corresponding ID at a sequence of a long
length, since the quantity of the message is increased by log, function, there is limitation in
message passing with ID only when the sequence exceeds a certain length. Accordingly, in
this embodiment, the sequence is divided by several short blocks, and a short signature
sequence corresponding to data to be transmitted to each block of the sequence is used
instead of specific manipulation such as conjugation or negation.

Referring to FIG. 21, the sequence is divided into a predetermined number of blocks,
and a short signature sequence corresponding to data to be transmitted is applied for each of
the divided blocks. A long CAZAC sequence is multiplied by combination of the blocks for
which the short signature sequence is applied, whereby a final data sequence to be
transmitted to the receiver is completed.

In this case, assuming that the short signature sequence consists of four signatures,
he followii if there is difference between respective data
constituting the signature sets, any other signature set may be used without specific limitation.

1) Modulation values: {1+, 1-j, -1-j, -1+j}

2) Exponential sequence: {[exp(Gwon)], [exp(win)], [exp(jw.n)], [exp(wsn)l},
where n=0...Ns, and Ns is a length of each block

3) Walsh Hadamard sequence: {[1111], [1-11-1], [11-1-1], [1-1-11]}, where, if the
length Ns of each block is longer than 4, each sequence is repeated to adjust the length.

Examples of the long CAZAC sequence that can be used in the embodiment of FIG.
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21 include, but not limited to, one GCL CAZAC sequence, Zadoff-Chu CAZAC sequence,
and a sequence generated by concatenation of two or more short GCL or Zadoff-Chu CAZAC

sequences having the same length or different lengths.

transmission and reception to the long CAZAC sequence is advantageous in that it is less
affected by channel than the related art modulation method of transmission data and
performance is little decreased even though the number of bits constituting one signature is
increased.

FIG 22 illustrates an example of a receiver and a transmitter for transmitting a
preamble and data through RACH, SCH or other channel by using the aforementioned
manner.

Since the number of bits can be increased in accordance with increase of signatures,
channel coding can be applied for the transmitter. If channel coding is performed,
time/frequency diversity can be obtained through an interleaver. Also, bit to signature
mapping can be performed to minimize a bit error rate. In this case, Gray mapping can be
used. The sequence which has undergone this procedure is mixed with CAZAC and then

transmitted.

each of bits. Then, the receiver decodes transmission data through a channel decoder.
Considering complexity according to sequence search of the receiver configured as shown in
FIG. 22, the transmitter preferably uses an exponential sequence as a signature sequence. In
this case, the receiver can simply search CAZAC ID through phase difference Fourier
Transform. Afterwards, the receiver can again simply calculate LLR from the signature
through Fourier Transform.

According to the present invention, the structure on the frequency axis/time axis of
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the RACH can be identified more definitely. Also, since the RACH resource is divisionally
distributed for each frame, even though the user equipment fails to access a specific RACH,
the user equipment can directly access RACH of the next frame, whereby access to the base
station is improved. Moreover, the user equipment

P ¥ . LY Ci, il

an easily access the RACH even in case
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of a traffic area of which QoS condition is strict.

Furthermore, according to the present invention, since information is transmitted and
received between the user equipment and the base station by using the code sequence,
time/frequency diversity can be maximized, and performance attenuation due to influence of
channel can be alleviated through the signature manner.

According to the present invention, since the total length of the corresponding
sequence can be used with maintaining the advantage of the code sequence according to the
related art, data transmission can be performed more efficiently. Also, since the code
sequence undergoes predetermined data processing, the quantity of information to be
transmitted can be increased and the transmitted data becomes robust to noise or channel.

It will be apparent to those skilled in the art that the present invention can be
embodied in other specific forms without departing from the spirit and essential
characteristics of the invention. Thus, the above embodiments are to be considered in all
respects as illustrative and not restrictive. The sco
by reasonable interpretation of the appended claims and all change which comes within the

equivalent scope of the invention are included in the scope of the invention.

INDUSTRIAL APPLICABILITY

The present invention is applicable to a wireless communication system such as a

mobile communication system or a wireless Internet system.
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[29FA]

2°H
WH oA AU Balel EEHOR dolHE st WMol AW
Heoolg sle AU odA BEE verd ZEiglen s A v AE T
AW A~ A d(Random Access Channel, RACH)S =3 dlo]HE AEs= whyl o
Bt o, wEel 24 A4 ZAde Frm 2 =l e wAw
RACH % @A) selsle] RACHO] A8 Axehi @allsh, 47 god d3a 35
S RACHE ol 22l (preanble) HlolHE AFe wAe), A7) Ao A
ek A e Al magel B wMAR RAC MES Awse UAS i
dvh. @H, F oA PEe Adg A9 B a5 delHE Ada:
Hell #el Zle=A A1 AdA(sequence) 5 A4 JG9] BEH o= ks ©A
oF . A7) FEE zZF Belo)] AEd folEd ddEs A2 ARAE 2 L2EE v
S, 37 Az ARSI AgE BYEY Fgdl A3 ADxG Foe] £AZe] A
ot wAE ey
[xE=]
x5
[2}Q1e]
RACH, subframe, preamble, sequence, CAZAC, short signature
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<o> w2 WY A Ade SOkl mEHoR dolEHE Saalste U

<10> 3GPP LTE(3rd Generation Partnership Project Long Term Evolution) A]-”~El
ofiAlel AdE =2lAEY sy Es S =EiAE Aol wiEEs =EAE =
ofFoj AT, = Alde ARG A wel oA AlojAd, FEAd, A8l A
4 Egagd sor FEEY. oA a9 FEAd T ooyl A" dAs
€ (Random Access Channel, ©]3} 'RACH S F=E w¥ 7] (User Equipment; UE)Z

A= 0] $Re7] g6 mi A % olFA 9H ER g8 2 27 & A4

<11> olalll Al FElell T ¥ ZA4F RACH 7728 A¥ KA oo 38How A
Y 2AES dojrr)e g,

<12> L 12 T OFDMA Al &=8loll Al AR 5] RACHO] 77528 w=Agh slojn, =
ol A W, RACHE Ao Whgell whel Ao N7je] MBS e<] (sub-frame) O
BoawdH, FyrFoR Ve Fag dger FdEs o 7 vk, RACHS

A NI MACOA 9] QoS 270 Zde webs Ael A=, dwkE o R 44 ms
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Babs AAESFUE(TDAR Aojeh RACHY] 725 2l slojv.

rr

<13> = 2

oA 1S PACHO] SA4ke] ZelglE ool sdulzbA oA dEet 4 des A

2
)
X2

o
H
5
r
=2
=
>
2
#
5
)
rr
o
Y
15
iy
oA,
il
offt
o
)
>
X
Jo
fo
i
de
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B gl @stel FAzel EFEE S0l Y.

<14> O3 Ao A2 =1 8 = 20 e eR AEHes RCH FEE A A
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<155 2o vhE 2He wdy 71A 5 ghel] viAHE S5a gl Qo)A 7}
ToF o 71 AEAE o]l 85ty HAAZS HETdozK A7/ S35 to|B A EE

Hdistshs g Ade dFon e Ade I e dsetr] fd wde Al

<19> Aol e 248 @457 e & o] d AAde g sqloR
PR 9 Y Ald F We A2 A€ (Random Access Channel, RACH) &

o dHolHE dEshis Wil #e Ado=mA, wuto] 24 Ao T dS F7

2 zeslel e wiAE RACH & @A =9l RACHO # 2 Al=sts W

=
o, 7] ool AEE AS. S5 RACHE Ea] el (preanble) HolEE A

Sobiz wA R AT Al A Fe, the A el 22w A ® RACH

20> o 714, A7) RACHE= Al -3 ©ho]lB] Al H (time—frequency diversity)&
IE @7 As o F7E olF= 4 ZH| Yol S g E JASHA 22
s e A EE glo] WA, A RACHE 7 relglo] WA RACHS] 3

21> Heh, A7 7zl B sl dld RACHE el wE e 9t

b
L

RACH <A 3 (RACH pilot)e] dwd=eo] ¢li= ©WEZ(short block)e] &y o]4

|

2 4 oglow 4] ABEt sl o4 RACH 2B (RACH Pilot) <iAlz o

35-9

EVOLVED-0001732

ZTE/SAMSUNG 1005-0087
87



A H (Access Pilot)e] &g sjdo= add 4 9y,

<2 Aok e BAS WA A B owwe g 4 AAds A9y A4d

<23> oA71A, A7 A2 ARA2Z2EE 423 Hule] g Ay A Al @ (short

rr
o
N
-{
Jat

signature sequence)”’} o] 82 5 gon, Ay &L Ay AJ#EA

#H 59 4o EEgikModulation values)o. = FARAY, A7 38 59

e

M2l A8t A]@ 2~ (Exponential scquence)® FAHAY, 7] 788 £ 7))

G9] &A] shuprl= Al @ A~ (Walsh Hadamard sequence)™ 7A1E <= o},

4> wak, A7) A3 AlEARE 71 CAZAC A2 (long CAZAC sequence)”} o]g4
5 an
25> ohd . A7 FalSsoso] doly G kA Zr] A3 AldEarr FI3d Al

APB2E A'E T (channel coding)dhi= ©@AISH, A7 Ald 39 ¥ dHolEHE <QH
g (interleaving)dhi= ©AI¢F, 7] JAged deolvs A2y = -3
(signature mapping)dhi= ©Al 2 7] Al 21U =g 3 djojg ol CAZAC A A~E
wobe dAVE o E9kE g e, AV Al A gisgem Trello] Wi (Gray

mapping)©] o]&E 4 v},

26> b #2 N4 GAer] g E el g8 A AAds Aoy Ad
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ol o Hgste] AFE dolE] AWNSE FHIL WAZ Lgart,
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m

A7 A4 A AR 71 CAZAC A& ~(long CAZAC sequence)”} o] 84 ==
A3, A7 A A= A2A FHwel #2 A auyx AlFEA(short signature
sequence) 7} o]-&E 4 vh. olw, A7 A AU A AldAAE AV FEE B

g Jg9 2EIE(Modulation values)e =2 A= &
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¥o,
k

>
N
i)
ot
il
U

A5l

2

T3} Al (Exponential sequence)Z 4% X gJow, Arl 483

@E, A7) Al ALY F87] @A ol el FAE A1dd Holy ey

Bl CAZAC oot & F =3l

i

£

Al A A 19 dHol B Y E 21 AR

’

R

(log-likelihood ratio)E AF=3dl= w@A|9}, 4151 A

K

a9 dlolgE HJdE Ay

f

(Deinterleaving)dh+= ©HA 2 A7) Yy E deoltis x¥E v 52 (channel
decoding)slt= 9AIE ] et 4 Qly).

olst, ¥ wrel WAMe] AYA ZWe Ruate] ¥ wEe) wpg

2
1
2

dof] ojsl] Ao,
el A~ A E(Random Access Channel, ©]&} 'RACH')S wd(User

Equipment; UE)©] 7]X]=r(Node-B)Z 3 F(uplink) &7]7} o] Fo]A|#] &L 2
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oAl HELA] H-ralr] fler TEs AMgEY. &, Wdo] o A (downlink)
E718tE ol FaL W A Z|A =] Hd= 4 -$(initial ranging, =7 B¢},
UIER o] JE5E A= vhdke] ool wpopA HE o] 1ufuir} ok A
t(periodic ranging, F7]% H<2)ol|l RACH7} AFRHET. o774, #AAe AL o

ol UES Ao FH&EsiAl S5 ol Aol Al ek ofejr(ID)E Al

ﬂlq‘

71 flek 822 A8 EE, FA= A HFlo] EAFAL VA FOoRFE A
2 FAe7] 98 Z2EFS 273 (initiation) A 7] 7] 9§ 8= AFEF T

31> 53§49 A= 3GPP LIEe] o< wf vA] = 7HH= 72 9 Ao,

chito] RACHOl #Horet w Al g =(uplink) A= 7F 57 @A el A& )

s
op
b
s
off
N
i)
b
r
ko

= (synchronized access mode)®}, 7] o-AE HAWE

A NE71gr J Bes 9ol Hxw AT gekE 4y, 571 34
S AR F &7 7B (update) 7t o] FO A K] gL G- AFEH =
o, 5718t A BRe= A7 F714 A (periodic ranging) ¥ 2 slidolvn], ©

Sol AAF A A4 WANG Brel 49T 2AL BHow R e}

<32> ool M, F71s A R wdo] VA D3 Py Al(uplink) 712 W
o ubA] ke Elgl AR Ekar 1 7FAC] whel RACHO] ¢olA] BE Al 7H(Guard
time)2o] A|g-S oo}, o]z QA vl W AZ-F394 2 (time-frequency

resource)= AR < QEu], 3GPP LTEOIA = S7]|at o EXolA gl A
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an)

4 g8 AP (preamble sequence)oll AEEE oFel m| Al A (24bits ©] M) E

17

ko] FAE A AEsiEs shar . w2 @l lojA AME Al Ao

RACH “Zo o) elolB e Agahs (A1 Axd)o] thatols v

i}
i)
r

ol Al1d dHlolH & &5

=
Aabs R A2 DAl digtol= Aot W oleo] thE WY A2 7R o)

<335 <A1 AA] >

<34> dntA o ® RACHO] AA W= =7 AEWAC A9 QoS(Quality of
Service) & ZAd el AMAY, T4 ms @Y EE T ms @9 = RACHZ}
Ay, olgl ek RACHE Al 99 e T dooa] Add 5 da=d, A

Pl dY A AeE s Agols MY A g ok 54

a7

<35> b Sk g ojollA Y Al A e E A

rr
i
=
rr
>
o
I
=
%

TZ2E o= AX FX3HA ZHZF OFDM(Orthogonal Frequency Division

Multiflexing) 41 &] wkEado] v/ AAE dE A~ S5 Hojx HAEs=
2,4 55 Aol Aol FAHA AE 54 me golatA galE s ol
A, wepA], B AAGeA T T Aol Y AAAs AT AAE T A

Qoo Qlol el RACH O] FH L o] AWE R ey, FuR, L o4b: 3
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4 el A RACHY] AEE A FU|E Ao wAw Ao
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<36> . AA oA s 7] = 3olA WA Awek bhel o] whebo] RACH R ol
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of Foy gz pUs] PrYws B axdgE 2o nagsiv. wa
2} sel ol WAE RACHS) 7o) Aarl HES TR U A U9 F ol 9

<37> olA], o]} & RACH FZollA] whto] 714 Fo] €= dolg & AL
AL Ay thEa gokl o /AL dleolE Y dEE v Eyglon A
o B Ald FollA 53] RACHS B3l 3l A8 dA= o).

<38> AL WS Aol A AuE VAol d-shy] s dA Zede &

RACHE &3l 22l (preamble) HOIHE HA&apA vt Fito] Aujsiyd b2 A5
of me|dol] &gt A E RACHA F & A=k, olm, g Ao T el 2
FHel RACH= ol&l 3refl9le] RACHSF Zdelsh Sy ool wijA == ZAo] nhghzef

oo, 419 g0 AT Ax goe) AEe waH o 2] e el A

<39> b, zk ool Au Ze ol T RACHRE Hoe 9Ee 99k sl
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<40>

=]
b

= 2

B>

2l (Access Pilot)o]
. 5, RACHE HgE whdo] 7Axoz2 R Ads

ook 2 A AR

= d¥3a dEH(uplink short block) We] RACH =l AA= 4 ) 7] A
5 Sl RACH Hduls o doAd Ade Qi dddsisrr. oyl RACH=
Aehis o oA E A7l RACH FE8lS FalA od Ads gtz Ao
FZ2A o et AMEFALRE JA S deEE 7 ddH 2AEEE o
freleh Algdo] aEd 4 glormw el TS AHAZ g vk Aol 9

upefAl,

s AATom =eq

dn AE8

2hAd

scquence ) E

2] -3}] e

AHgahE

RACHZ} X gty AlB =g oAl =

NE (Preamble)& X Ui= o3, XA 3 RACH

ddeln A Bty A7) RACH 28l e 2] 1B (Preamble)ol] o}

1= Al 2(sequence)ol™, A2 v &

zZ s

A A 2~ (Preamble
gyl JbEEbd A E UE RACH sl AJAAE AFREHA

AA = de) YarE o (subcarrier)e] RACH B8 Huls)

r

= o] v 4sirt, FaR, & 62 RACH pd=lo] gy Ar 2ggde] @iy o
Az Ald F2E A F o R Agh Zlojt. ofr|A ZF AH s el E Sy o]
ko] RACH =} 21 (RACH Pilot)3} A2 3142 (Access Pilot)o] AAF2] #E o=
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[CLAIMS]

1. A method of transmitting data on a random access channel in a mobile

generating a new code by multiplying a code sequence by an exponential sequence;
and

transmitting the new code sequence to a receiving side.

2. The method of claim 1, wherein the code sequence is a CAZAC (constant

amplitude zero autocorrelation) sequence.

3. The method of claim 1 or 2, wherein the code sequence is transmitted as a

preamble.

4. A method of transmitting data by using a code sequence in a mobile
communication system, the method comprising:

conjugating at least one element included in at least one block of a code sequence

transmitting the code sequence, in which the at least one block is conjugated, to a

receiving side.
5. The method of claim 4, wherein the code sequence is a CAZAC sequence.
6. A method of transmitting data by using a code sequence in a mobile

communication system, the method comprising:
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generating a second code sequence indicating predetermined information by

combining at least two first code sequences mapped with at least one information bit,
respectively; and

transmitting the second code sequence to a recei

7. The method of claim 6, wherein the first code sequence is a CAZAC sequence.

8. The method of claim 6, wherein, if each of the first code sequences is mapped
with ‘n” number of information bits, the at least two first code sequences are selected from a

10  sequence group consisting of 2" number of first code sequences.
p g q

9. The method of claim 6, wherein the combination of the at least two first code
sequences is performed by summing the at least two first code sequences after giving
predetermined delay to each of the at least two first code sequences.

15

10. A method of transmitting a code sequence in a mobile communication system,

the method comprising:
ice by combining a base code sequence to at
least one code sequence obtained by circular shift of the base code sequence; and

20 transmitting the combination code sequence to a receiving side.

11. The method of claim 10, wherein each of the base code sequence and the at least
one code sequence identifies one or more information bit.
12. The method of claim 10, wherein the step of generating the combination code

25  sequence is performed in a frequency domain.

EVOLVED-0001784

ZTE/SAMSUNG 1005-0139
139



10

15

20

25

WO 2007/142492 PCT/KR2007/002784

35

13. The method of claim 10, wherein the step of generating the combination code

sequence is performed in a time domain.

14. The method of claim 10, wherein the combination code sequence is transmitted

through a random access channel (RACH).

15. The method of claim 10, wherein the at least one code sequence is obtained by

circular shift of the base code sequence as much as integer times of circular shift unit.

16. A method of transmitting a code sequence in a mobile communication system,
the method comprising:

generating a repetitive code sequence by repeatedly concatenating a first code
sequence at least one or more times;

generating a cyclic prefix (CP) by copying a certain part of a rear end of the
repetitive code sequence and concatenating the copied part to a front end of the repetitive

code sequence; and
receiving side.

17. The method of claim 16, wherein the repetitive code sequence is transmitted as a
preamble on a random access channel.

18. A method of allocating a random access channel in a multi-carrier system, the
method comprising:

allocating a random access channel to each of at least two consecutive frames in a
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way that frequency bands of the random access channels allocated to the at least two
consecutive frames are not overlapped with each other; and

transmitting allocation information of the random access channels allocated to the at

19. The method of claim 18, wherein the frequency bands of the random access
channels allocated to the at least two consecutive frames have a pattern which is periodically

repeated.
20. The method of claim 18, wherein the allocation information includes a hopping
pattern of the frequency bands of the random access channels allocated to the at least two

consecutive frames.

21. The method of claim 18, wherein the random access channels are uniformly

allocated to the at least two consecutive frames.

22. The method of claim 18, further comprising allocating a channel region for

random access channel is allocated.

23. The method of claim 22, wherein the user equipment trying to random access

through the random access channel transmits a pilot signal through the channel region.

24. A method of transmitting data by using a code sequence in a mobile

communication system, the method comprising:
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mapping each of a plurality of blocks having at least one bit of a input data stream,
respectively to a corresponding signature sequence;

multiplying a signature sequence stream, to which the plurality of blocks are mapped,

5 transmitting the signature sequence stream multiplied by the specific code sequence

to a receiving side.

25. The method of claim 24, wherein the specific code sequence is a single CAZAC
sequence.
10
26. The method of claim 24, wherein the specific code sequence is a sequence

obtained by concatenating at least two different CAZAC sequences.

27. The method of claim 24, wherein the signature sequence is an exponential

15 sequence.

28. The method of claim 24, wherein the signature sequence is a Hadamard sequence.

29. The method of claim 24, further comprising repeating each signature sequence
20  so as to match a length of the signature sequence stream, to which the plurality of blocks are

mapped, with a length of the specific code sequence.

30. The method of claim 24, wherein the signature sequence mapping is Gray
mapping.

25
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METHOD OF TRANSMITTING DATA

IN A MOBILE COMMUNICAITON SYSTEM

[DESCRIPTION]
TECHNICAL FIF1.D

The present invention relates to a mobile communication system, and more
particularly, to a method of expanding a code sequence, a structure of a random access

channel and a method of transmitting data in a mobile communication system.

BACKGROUND ART

A user equipment uses a random access channel (RACH) to access a network in a
state that the user equipment is not uplink synchronized with a base station. A signal having
repetitive characteristic in a time domain is used in the random access channel, so that a
receiver easily searches a start position of a transmission signal. In general, the repetitive
characteristic is realized by repetitive transmission of a preamble.

A representative example of a sequence for realizing the preamble includes a
CAZAC (Constant Amplitude Zero Auto Correlation) sequence. The CAZAC sequence is
xpressed by a Dirac-Delia {function in case o
case of cross-correlation. In this respect, it has been estimated that the CAZAC sequence has
excellent transmission characteristics. However, the CAZAC sequence has limitation in that
maximum N-1 number of sequences can be used for a sequence having a length of N. For this
reason, a method for increasing available bits of the sequence while maintaining the excellent
transmission characteristics is required.

Meanwhile, there are provided various methods for transmitting data from a random

access channel by using the CAZAC sequence. Of them, the first method is to directly

EVOLVED-0001788

ZTE/SAMSUNG 1005-0143
143



10

15

20

25

WO 2007/142492 PCT/KR2007/002784

2

interpret CAZAC sequence ID to message information. Assuming that data to be transmitted
is a preamble, if a sufficient number of sequences that can be used as the preamble are
provided, message passing can be performed with only CAZAC sequence ID without
additional manipulation. However, since a method of transmitting additional information
should be considered in an actual synchronized RACH, problems occur in that there is
difficulty in realizing a sufficient number of CAZAC sequence sets, and the cost required for
search of a receiver increases.

The second method is to simultaneously transmit CAZAC sequence and Walsh
sequence by using a code division multiplexing (CDM) mode. In this case, CAZAC sequence
ID is used as user equipment identification information, and the Walsh sequence transmitted
in the CDM mode is interpreted as message information. FIG. 1 is a block schematic view
illustrating a transmitter for realizing the second method. However, the second method has
limitation in that even though the Walsh sequence is added to the CAZAC sequence, bits of
message that can additionally be obtained are only log,N bits when the Walsh sequence has a
length of N.

The third method 1is to transmit CAZAC sequence and Walsh sequence in such a way
to mix the Walsh sequence with the CAZAC sequence. In this case, CAZAC sequence ID is
used as user equipment identification information, and the Walsh sequence is interpreted as
message information, FIG. 2 is a block diagram illustrating a data processing procedure at a
transmitter for realizing the third method. However, according to the third method, since the
Walsh sequence acts as noise in detection of the CAZAC sequence to cause difficulty in
detecting sequence 1D, there is limitation in that repetitive sequences should be transmitted to
prevent the Walsh sequence from acting as noise in detection of the CAZAC sequence.

The fourth method is to either give orthogonality between blocks constituting a

corresponding sequence by multiplying an exponential term by a CAZAC sequence or
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directly apply data modulation such as DPSK, DQPSK, D8PSK, etc. In this case, CAZAC
sequence ID is used as user equipment  identification information, and the modulated
sequence is demodulated and then used as message information. FIG 3A illustrates data

> former method of the fourth method, and FIG.

W

B illustrates data

modulation according to the latter method of the fourth.

Furthermore, the fifth method is to transmit CAZAC sequence by attaching a
message part to the CAZAC sequence. FIG. 4A illustrates the case where a message (coded
bit) is attached to the CAZAC sequence used as a preamble, and FIG. 4B illustrates the case
where a message (coded bit) is attached to a sequence consisting of a predetermined number
of blocks to which orthogonality is given.

However, the fourth method and the fifth method have a problem in that they are

susceptible to change of channel condition.

DISCI.OSURE OF THE INVENTION

Accordingly, the present invention has been suggested to substantially obviate one or
more problems due to limitations and disadvantages of the related art, and an object of the

present invention is to provide a method of transmitting and receiving message between a

diversity and alleviating performance attenuation due to channel.

Another object of the present invention is to provide a method of transmitting data
through a code sequence in a mobile communication system, in which the quantity of data
can be increased and the transmitted data becomes robust to noise or channel change.

Still another object of the preseat invention is to provide a method of suggesting a
structure of an efficient random access channel in a multi-carrier system.

Further still another object of the present invention is to provide a method of
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4
minimizing access time of a user equipment to a random access channel in a mobile
communication system. |

To achieve these objects and other advantages and in accordance with the purpose of
the invention, as embodied and broadly described herein, a data transmission method t
a random access channel in a mobile communication system comprises generating a new
code by multiplying a code sequence by an exponential sequence, and transmitting the new
code sequence to a receiving side.

In another aspect of tl}e present invention, a data transmission method by using a
code sequence in a mobile communication system comprises conjugating at least one element
included in at least one block of a code sequence divided by at least two blocks to indicate
predetermined information, and transmitting the code sequence, in which the at least one
block is conjugated, to a receiving side.

In still another aspect of the present invention, a data transmission method by using
a code sequence in a mobile communication system generating a second code sequence
indicating predetermined information by combining at least two first code sequences mapped
with at least one information bit, respectively, and transmitting the second code sequence to a

receiving side.

method in a mobile communication system comprises generating a combination code
sequence by combining a base code sequence to at least one code sequence obtained by
circular shift of the base code sequence, and transmitting the combination code sequence to a
receiving side.

In further still another aspect of the present invention, a code sequence transmission
method in a mobile communication system generating a repetitive code sequence by

repeatedly concatenating a first code sequence at least one or more times, generating a cyclic
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prefix (CP) by copying a certain part of a rear end of the repetitive code sequence and
concatenating the copied part to a front end of the repetitive code sequence, and transmitting
the repetitive code sequence, in which the CP is generated, to a receiving side.

In further still another aspect of the present invention, a method of allocating a
random access channel (RACH) in a multi-carrier system comprises allocating a random
access channel to each of at least two consecutive frames in a way that frequency bands of
the random access channels allocated to the at least two consecutive frames are not
overlapped with each other, and transmitting allocation information of the random access
channels allocated to the at least two consecutive frames to at least one user equipment.

In further still another aspect of the present invention, a data transmission method
through a code sequence in a mobile communication system mapping each of a plurality of
blocks having at least one bit of a input data stream, respectively to a corresponding signature
sequence, multiplying a signature sequence stream, to which the plurality of blocks are
mapped, by a specific code sequence, and transmitting the signature sequence stream

multiplied by the specific code sequence to a receiving side.

BRIEF DESCRIPTION OF THE DRAWINGS

channel in an OFDMA system according to the related art;

FIG. 2 illustrates another example of a data transmission method through a random
access channel in an OFDMA system according to the related art;

FIG. 3A and FIG. 3B illustrate still another example of a data transmission method
through a random access channel in an OFDMA system according to the related art;

FIG. 4A and FIG. 4B illustrate further still another example of a data transmission

method through a random access channel in an OFDMA system according to the related art;
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FIG. 5 illustrates an example of a structure of a random access channel used in an
OFDMA system;

FIG 6A and FIG. 6B illustrate examples of sending an RACH signal in a time
domain or a frequency domain based on a structure of a random access channel of FIG 5;

FIG. 7 illustrates another example of a structure of a random access channel used in
an OFDMA system;

FIG. 8A and FIG. 8B illustrate still another example of a structure of a random access
channel used in an OFDMA system,

FIG 9 illustrates a structure of a random access channel according to one
embodiment of the present invention;

FIG 10 illustrates a structure of a random access channel of a sub-frame to which
RACH pilot is allocated;

FIG. 11 illustrates a repetitive structure of a preamble according to one embodiment
of the present invention;

FIG. 12 is a structural view of unit data to illustrate one embodiment of the present
invention, which transmits data by using a code sequence expanded through conjugation;

FIG 13 is a flow chart illustrating a procedure of receiving and decoding data
ode sequence expanded through conjugation in accordance with one
embodiment of the present invention;

FIG. 14 is a structural view of unit data to illustrate one embodiment of the present
invention, which transmits data by using a code sequence expanded through grouping;

FIG. 15 is a flow chart illustrating a procedure of receiving and decoding data
transmitted in a code sequence expanded through grouping;

FIG 16 is a structural view of unit data to illustrate one embodiment of the present

invention, which transmits data by using a code sequence expanded through grouping and

EVOLVED-0001793

ZTE/SAMSUNG 1005-0148
148



10

15

20

25

WO 2007/142492 PCT/KR2007/002784

delay processing;
FIG. 17 is a flow chart illustrating a procedure of receiving and decoding data
transmitted in a code sequence expanded through grouping and delay processing;

FIG. 18 is

®)

a structural view of unit data to illustrate one embodiment of the present
invention, which transmits data by using a code sequence expanded through PPM
modulation;

FIG. 19 is a flow chart illustrating a procedure of receiving and decoding data
transmitted in a code sequence expanded through PPM modulation;

FIG. 20A and FIG 20B are ﬂov;r charts illustrating a procedure of performing
synchronization in a random access channel in accordance with a data transmission method
of the present invention;

FIG. 21 illustrates a method of transmitting data to a receiver through a signaling
channel in accordance with one embodiment of the present invention; and

FIG. 22 illustrates an example of a receiver and a transmitter for transmitting a
preamble and data through RACH, SCH or other channel in accordance with one

embodiment of the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

Hereinafter, structures, operations, and other features of the present invention will be
understood readily by the preferred embodiments of the present invention, examples of which
are illustrated in the accompanying drawings.

A random access channel (RACH) is used to allow a user equipment to access a
network in a state that the user equipment is not uplink synchronized with a base station. A
random access mode can be classified into an initial ranging access mode and a periodic

ranging access mode depending on an access mode to network. According to the initial
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ranging access mode, the user equipment acquires downlink synchronization and first
accesses a base station. According to the periodic ranging access mode, the user equipment
connected with a network accesses the network if necessary. The initial ranging access mode
is used to allow the user equipment to synchronize with the network while accessing the
network and receive its required ID from the network. The periodic ranging access mode is
used to initiate a protocol to receive data from the base station or when a packet to be
transmitted exists.

In particular, the periodic ranging access mode can be classified into two types in the
3GPP LTE (long term evolution) system, i.e., a synchronized access mode and a non-
synchronized access mode. The synchronized access mode is used if an uplink signal is
within a synchronization limit when the user equipment accesses the RACH. The non-
synchronized access mode is used if the uplink signal is beyond the synchronization limit.
The non-synchronized access mode is used when the user first accesses the base station or
synchronization update is not performed after synchronization is performed. At this time, the
synchronized access mode is the same as the periodic ranging access mode, and is used when
the user equipment accesses the RACH for the purpose of notifying the base station of the
change status of the user equipment and requesting resource allocation.

On the other hand, the synchronized access mode alleviates limitation of a guard
time in the RACH by assuming that the user equipment does not depart from uplink
synchronization with the base station. For this reason, much more time-frequency resources
can be used. For example, a considerable amount of messages (more than 24 bits) may be
added to a preamble sequence for random access in the synchronized access mode so that
both the preamble sequence and the messages may be transmitted together.

A structure of the RACH, which performs a unique function of the RACH while

satisfying the aforementioned synchronized and non-synchronized access modes will now be
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described.

FIG. 5 is a diagram illustrating an example of a structure of a random access channel
(RACH) used in an OFDMA system. As shown in FIG 5, it is noted that the RACH is
divided into N number of sub-frames on a time axis and M number of frequency bands on a
frequency axis depending on a radius of a cell. Frequency in generation of the RACH is
determined depending on QoS (Quality of Service) requirements in a medium access control
(MAC) layer. In general, the RACH is generated per certain period (several tens of milli-
seconds (ms) to several hundreds of ms). In this case, frequency diversity effect and time
diversity effect are provided in generating several RACHs and at the same time collision
between user equipments which access through the RACH is reduced. The length of the sub-
frame can be 0.5 ms, 1 ms, etc.

In the RACH structure as shown in FIG. 5, a random sub-frame will be referred to as
a time-frequency resource (TFR) which is a basic unit of data transmission. FIG 6A is a
diagram illustrating a type of sending a random access signal to the TFR in a time domain,
and FIG. 6B illustrates a type of sending a RACH signal in a frequency domain.

As shown in FIG 6A, if a random access signal is generated in a time domain, the
original sub-frame structure is disregarded and the signal is aligned th1;ough only the TFR. By

onntragt

2 ¥l - Araca ~F 11
CoI1trast, as I 1

. 6B, in case of the synchronized random access mode, the sub-
frame structure is maintained in the frequency domain and at the same time a random access
signal to be transmitted to sub-carriers of each OFDM symbol is generated. Accordingly,
orthogonality can be maintained between respective blocks constituting TFR, and channel
estimation can easily be performed.

FIG. 7 is a diagram illustrating another example of a structure of RACH used in an

OFDMA system. As shown in FIG. 7, it is noted that a preamble ‘b’ and a pilot ‘a’ are

partially overlapped in a TDM/FDM mode and a TDM mode of RACH burst duration of an
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10
attached wideband pilot. It is also noted that a pilot ‘a’ and a pilot ‘b’ are simultaneously
overlapped with a preamble ‘a’ and the preamble ‘b’ in the TDM/FDM mode and the TDM
mode of an embedded wideband pilot. In other words, it is designed that a preamble and a

milat cea koA gott o Fenaeaaad
pilot are together transmittie

so that message decoding is easily
performed through channel estimation if message is added to the RACH. Alternatively, a
wideband pilot is used so that channel quality information (CQI) of a total of RACH bands
can be acquired in addition to a preamble band of the RACH.

FIG. 8A and FIG. 8B are diagrams illustrating another examples of a structure of the
RACH used in the OFDMA system,

As shown in FIG 8A, a preamble is transmitted for a predetermined time period
through a frequency band, and a short block duration is provided at a certain period so that
a pilot for decoding a preamble is transmitted to a corresponding short block. At this time, the
pilot transmission is performed through a part of a total of frequency bands (transmission
through 25 sub-carriers corresponding to a middle band of a total of 75 sub-carriers), so that
the pilot can be transmitted to a specific user equipment under a multi-access environment.

Furthermore, as shown in FIG 8B, a message to be transmitted and a pilot for
decoding the message are multiplexed and continue to be transmitted through some frequency
bands (for example, 25 middle sub-carrier bands of a total of 75 sub-carrier bands) selected
from a total of frequency bands. Accordingly, respective user equipments which perform
multi-access can be identified by allocating some frequency bands at different frequencies.

FIG. 9 is a diagram illustrating a structure of RACH according to one embodiment of
the present invention.

Generally, frequency in generation of the RACH is determined depending on QoS

requirements in a MAC layer. The RACH is generated at a variable period (several ms to

several hundreds of ms) depending on requirements of a cell. The RACH can be generated in
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a time domain or a frequency domain as described above with reference to FIG. 6A and FIG.
6B. In the embodiment of FIG. 9, the structure of the RACH corresponds to the case where a

random access signal is generated in the frequency domain.

Referring to FIG 9, in this e

{

required for retry when the user equipment fails to access the RACH, a corresponding RACH
resource is dispersed in each frame within one period if frequency in generation of the RACH
and the quantity of overhead are determined. The number of frames included in one period
can freely be determined as occasion demands. At this time, it is preferable that the RACH is
divisionally arranged so as to be uniformly distributed for each frequency band with respect
to a plurality of frames constituting one period. However, position on the time axis may be
changed without change of position on the frequency axis and vice versa depending on
specific requirements (synchronized action or decrease of inter-cell interference) of a cell or
if a system band is small. Also, arrangement of any one of frequency and time may be
changed to obtain the minimum interval between the RACHs arranged in each frame.

In the embodiment of FIG. 9, the network should notify the user equipment of
position information of the allocated RACH resource. In other words, the network can notify

each user equipment of frequency and time information occupied by the RACH resource

access through the allocated RACH resource by using the position information from the
network. The position information of the RACH resource of each frame can be expressed by
sub-carrier offset, the number of sub-carriers, timing offset, and the number of symbols.
However, if the RACH information on each frame is expressed by the above four parameters,
it may be undesirable in that the quantity of the information can be increased. Accordingly, a
method of decreasing the quantity of the information for expressing the position information

of the RACH allocated on each frame is required. The position information of the RACH can
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12
be transmitted through a broadcast channel (BCH) or other downlink control channel.

As one method, a method using a hopping pattern may be considered. The hopping
pattern means a pattern consisting of information indicating frequency domains of the RACH
resource allocated to each frame within one period. In other words, in the embodiment of FIG
9, since the RACH resource is divisionally arranged so as to be uniformly distributed for each
frequency band with respect to a plurality of frames constituting one period, an indicator
which indicates a frequency band that can be allocated to each frame as the RACH resource
is previously determined, and the frequency band of the RACH resource allocated to each
frame within one period can be notified through a pattern of the indicator which indicates a
corresponding frequency band.

For example, if four frames are used as one period in a system which uses a total of
bands of 10MHz, the position of the RACH includes sub-bands having an interval of 2.5MHz
as one RACH frequency band (band smaller than 1.25MHz or 2.5MHz). At this time, a total
of bands consist of four sub-bands, wherein the respective sub-bands are designated by
indicators, which indicate each sub-band, as 1, 2, 3 and 4 in due order from a hi g‘rf frequency
band to a low frequency band. In this way, the frequency band position information of the
RACH resource allocated to all frames within one period can be expressed by patterns
configured by the above indicators, for example 2, 3, 1, 4. The hopping pattern may be
configured differently or equally depending on each frame. Time information of the RACH
resource allocated to each frame within one period can generally be expressed by timing
offset and the number of symbols. At this time, at least any one of the timing offset and the
number of symbols may be fixed to decrease the quantity of the information. For example, if
it is previously scheduled that the timing offset and the number of symbols for the RACH

resource of each frame are fixed, the network only needs to transmit the hopping pattern to

notify the user equipment of the position information of the RACH resource of all frames
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within one period.

If each sub-band is narrow or considering influence of interference between user
equipments, hopping patterns for all frames may be set equally. In this case, the network only
needs to notify the user equipment of a frame period.

Hereinafter, the procedure of transmitting uplink data from the user equipment to the
base station by using the structure of the RACH as shown in the embodiment of FIG. 9 will
be described. In this case, data transmission is performed through the RACH among reverse
common channels consisting of a plurality of frames.

First of all, the user equipment tries to access the dispersed RACH included in the
current frame to transfer its information to the base station. If the user equipment successfully
accesses the RACH, the user equipment transmits preamble data through the corresponding
RACH. However, if the user equipment fails to access the RACH, the user equipment tries to
access the RACH divisionally arranged in the frame of the next order. At this time, the RACH
included in the frame of the next order is preferably arranged in a frequency band different
from that of the RACH of the previous frame if the frequency band is not sufficiently wide or
there are no specific requirements (inter-cell interference or limitation in action range of user
equipment). Also, the above access procedure continues to be performed in the frame of the
next order until the user equipment successfully accesses the RACH.

Meanwhile, in case of the synchronized RACH, the sub-frame of each frame
preferably includes a short block to which a pilot for the user equipment which has accessed
the corresponding RACH is allocated. At least one RACH pilot and access pilot may be
allocated to the short block at a predetermined pattern. In other words, the user equipment
which has accessed the RACH should know channel information to receive a channel from
the base station. The channel information may be set in RACH pilot within an uplink short

block. The base station allocates a proper channel to the user equipment through the
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corresponding RACH pilot. Meanwhile, if the user equipment which accesses the RACH
notifies the base station of information of channel quality as to whether the user equipment is
preferably allocated with which channel through the RACH pilot, a favorable channel can be
allocated to the user equipment during scheduling, whereby communication of good quality
can be maintained.

Accordingly, the RACH pilot that can be used for the user equipment which accesses
the RACH is separately allocated to the sub-frame which includes RACH. Thus, the user
equipment which accesses the RACH sends a preamble to the base station through the
corresponding RACH and also sends a pilot for transmission of channel quality information
to the designated RACH pilot. The RACH pilot is a sequence designated depending on a
preamble, and it is preferable that the user equipments, which use different preamble
sequences, use different RACH pilot sequences if possible or select RACH pilot of different
sub-carriers or partially overlapped sub-carriers.

FIG. 10 is a diagram illustrating a structure of a random access channel of a sub-
frame to which the RACH pilot is allocated. It is noted that each sub-frame includes at least
one short block to which at least one RACH pilot and access pilot are allocated at a
predetermined pattern. In this case, the RACH pilot exists in the frequency band of the
allocated RACH and other system bands. In this embodiment, it has been described that
two short blocks exist per one frame and the RACH pilot is transmitted to the short blocks.
However, the present invention is not limited to such embodiment, and various modifications
can be made within the apparent range by those skilled in the art.

As described above, it has been described that preamble, synchronization timing
information including pilot information, uplink resource allocation information and message

such as uplink data can be transmitted through the RACH of various structures. It will be

apparent that the data transmission method according to the embodiments of the present
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invention can be used in the RACH and other channels.
Meanwhile, the preamble and the message may separately be transmitted through the

RACH. Alternatively, the message may be transmitted by being implicitly included in the

preamble through the latter transmission manner. In one embodiment of the present invention,
a code sequence more expanded than that of the related art can be used for effective
transmission of the preamble. Hereinafter, a method of improving CAZAC sequence
according to one embodiment of the preseni invention for effective transmission of the
preamble will be described.

Since the receiver should search a start position of a transmission signal in the
random access channel, it is generally designed that a transmission signal has a specific
paitern in a time domain. To this end, the preamble is transmitted repeatedly or a certain
interval is maintained between sub-carriers in a frequency domain to obtain repetitive
characteristics in the time domain, thereby identifying time synchronization.

In the former case, the preamble represents a reference signal used for the purpose of
initial synchronization setting, cell detection, frequency offset, and channel estimation. In a
cellular mobile communication system, a sequence having good cross-correlation
characteristic is preferably used for repetitive transmission of the preamble. To this end,
binary hardamard code or poly-phase CAZAC sequence may be used. Particularly, the
CAZAC sequence has been estimated that it has excellent transmission characteristics as it is
cxpressed by a Dirac-Delta function in case of auto-correlation and has a constant value in
case of cross-correlation.

The CAZAC sequence can be classified into GCL sequence (Equation 1) and
Zadoff-Chu sequence (Equation 2) as follows.

[Equation 1]
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. +1
N M)=exp ( ) JrME(E+1) )
N 4 forodd N
. 2
c(k N, M)= exp(-——*‘}mw,k )
N foreven N
[Equation 2]
3 -+
c(k;N,M)=eXp( Skt 1) )
N for odd N
. 2
N for even N

In the above Equations, it is noted that if the CAZAC sequence has a length of N,
actually available sequences are limited to N-1 number of sequences. Accordingly, it is
necessary to increase the number of CAZAC sequences to efficiently use them in an actual
system.

For example, a method of expanding the number of available sequences by 1 is
suggested by providing an improved CAZAC sequence p(k) in such a way to multiply a
CAZAC sequence c(k) by a predetermined modulation sequence m(k). In other words,
assuming that Zadoff-Chu sequence is used as the CAZAC sequence, the CAZAC sequence
c(k), the modulation sequence m(k) and the improved CAZAC sequence p(k) can be defined
by the following Equations 3, 4, and 5, respectively.

[Equation 3}

CAZAC sequence:

c(k;N,M)zexp( JaMk(k+1) )

N
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[Equation 4]

Modulation sequence:

m(fc)=exp( J ZNWS k)

5 [Equation 5]

Improved CAZAC sequence (or improved preamble):

PpO=c(BD)*m(k) exp( N KD

The improved CAZAC sequence p(k) maintains auto-correlation and cross-

correlation characteristics of the CAZAC sequence. The following Equation 6 illustrates

10  auto-correlation characteristic of p(k), and it is noted from the E{juation 6 that the final result
is a Dirac-delta function. In particular, if the modulation sequence m(k) is a sequence having

a certain phase, it 1s characterized in that the modulation sequence m(k) always maintains the

auto-correlation characteristic.

[Equation 6]
- - ¥, - ,
TN Ve JEME e a4y o 2T ey
QG = XD WK T E T L) T e T )
2P T Y J

_ (P2 ., 2l
= Ekje‘p L 2k +d{d+1)) + L d)

= exp(*%ﬁid)gexp(iﬂ;—i (2dk +dld+1 ))] = {é g z %
15 Tk T
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Furthermore, the following Equation 7 illustrates cross-correlation characteristic of

pk).
{Equation 7]
ce(d) = Nesp(ZLEL) (b dyk 4 d+1) + 25 (k+4) ]
& LN
exp(— %k (E+1)— -*}LLG,J
= Eexp(—&i’i (k+d)lk+d+1 ;}
k £
exp(LHE (k+ )+ d+1) + B3 (k+ )
mp( P g (1) — B20)
= Ef‘\p(% (e +d)(k+d+1))
E'xp(-*}—— (dk +d{d+1)) + %af)
= cap (L d(d+1) )Y exp(-BE )k +d+ 1)
exp(—ﬁ?j%w—k)
5 In this case, although Equation 7 seems to be similar to Equation 6, it is noted that in

view of summation term, auto-correlation is expressed by sum of exponential but cross-
correlation is expressed by the product of two sequences. The first term is another CAZAC
sequence of which seed value is x, and the second term is a simple exponential function. The
sum of the product of two sequences is equal to obtaining a coefficient of the exponential

10  function, and its value is equal to a value obtained by converting the CAZAC sequence of
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which seed value is x into a frequency domain and extracting a value from the frequency
position of exponential.

Since the CAZAC sequence has auto-correlation of Dirac-delta characteristic, if it
undergoes Fourier transform, it maintains auto-correlation characteristic of Dirac-delta of a
constant amplitude even in the transformed area. For this reason, if values of specific
positions are extracted from the frequency domain, their sizes are 1 and equal to each other
but their phases are different from each other. Accordingly, if this result is added to the
Equation 7 to obtain cross-correlation, the obtained cross-correlation can briefly be expressed
by the following Equation 8.

[Equation 8]

ecld) = r‘-nzp[ JTM g1y 4 3““" d)zk} (ij;‘;i iﬁ:+d}ik+¢i+13j

— exp (i‘——dfd+ 1)+ i——gs)f;*gdﬁmv. )

It is noted from the Equation 8 that since C(dM/N;x) always has a size of 1 and an
exponential term also has a size of 1, the cross-correlation is always fixed at 1.

After all, characteristics of the related art CAZAC sequence can be maintained by
the Equation 5 and at the same time the number of codes can be increased. This means that
the result in the area where the exponential terms are multiplied is equal to applying circular
shift to the Fourier transformed area, and multiplying exponential sequences in the time
domain is equal to performing circular shift in the frequency domain.

In other words, it is noted that if correlation between two sequences p(k;M,N,d1)

and p(k;M,N,d2) of which seed values are equal to each other is obtained, impulse occurs in a
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point where a delay value d in cross-correlation reaches d1-d2. Although design of the
improved sequence as above has the same result as that of circular shift of the CAZAC
sequence, this embodiment of the present invention is advantageous in that the result can be

1 i 3 inl e ~a withen
btained by a simple procedure such as multiplying two exponential sequences without

]
n
u§ .
o]
ot
[¢]

Fourier inverse transform after Fourier transform and circular shift.

Hereinafter, a method of improving data transmission reliability of a preamble by
performing predetermined data processing for the related art code sequence and a method of
expanding a length of a code sequence when data are simultaneously transmitted will be
described. If the CAZAC sequence is used as the code sequence, the CAZAC sequence
expanded by the above method is preferably used. However, the CAZAC sequence is not
necessarily limited to the CAZAC sequence expanded by the above method, and the related
art CAZAC sequence may be used.

First of all, a structure of transmission data, i.e., prean;ible, which is commonly
applied to the embodiments of the present invention, will be described.

In a 3GPP LTE (Long Term Evolution) system, a transmitter can repeatedly transmit
the same sequence two times or more so as to allow a receiver to easily detect transmission
data or improve additional detection performance (i.e., increase of spreading gain).
Accordingly, since the receiver only needs to detect repetitive patterns regardless of the type
of the received sequence, it can simply identify time position of a user equipment which
accesses the RACH and improve detection performance.

FIG. 11 is a diagram illustrating a structure of a preamble according to one
embodiment of the present invention. In an orthogonal frequency divisional transmission
system, a cyclic prefix (CP) is used, in which the last part of OFDM symbol is copied and
then prefixed to the OFDM symbol to compensate a multi-path loss in signal transmission.

Accordingly, if the OFDM symbol consists of two repetitive preambles, a part of the
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preamble of the later order is copied in the first part by CP to enable compensation of the
multi-path loss for the corresponding preamble. Also, the CP is advantageous in that it is easy

to identify user equipments which access different RACHs in case of CAZAC having good

Since inter-symbol interference does not occur even though a single sequence is
transmitted by prefixing CP thereto instead of repetitive transmission of sequence, a
predetermined receiving algorithm can be realized in the frequency domain without any
problem. However, if the receiver realizes a receiving algorithm in the time domain with
neither repetitive transmission nor CP, the receiver should detect all kinds of code sequences
to identify user equipments which access the RACH. In this respect, the preamble is
preferably realized by a structure of a repetitive pattern. At this time, whether to realize a
repetition pattern can be determined depending on a data rate supported by the system or the
number of repetitive times can be determined if a repetitive pattern is realized. For example,
to support a minimum data rate supported by the system, RACH preamble can repeatedly be
transmitted one or more times depending on the length of the sequence.

First to fourth embodiments which will be described later relate to a data processing
method of a sequence constituting the structure of the preamble. In these embodiments, data
transmitted to the receiver could be the siructure of the preamble of FIG. 11 or a pariially
omitted structure (having neither repetitive transmission nor CP). Although it is assumed that
the CAZAC sequence is used as the code sequence for data transmission, the code sequence
is not necessarily limited to the CAZAC sequence. Every sequence having excellent
transmission characteristic, such as Hadarmad code and gold code, can be used as the code
sequence.

<First Embodiment>

To transmit data, a landmark that can be identified is generally required for a
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transmission signal constituting data. In this embodiment, conjugation is used as the
landmark. Since a phase variation width between a conjugated transmission signal and other
transmission signal is very great, interference between transmission signals decreases,
ity of data transmission can be improved in spite of influenc

FIG. 12 illustrates a method of transmitting data through conjugation according to
one embodiment of the present invention. In the embodiment of FIG 12, one CAZAC
sequence is divided into four blocks, and ‘0’ or “1° indicates whether to perform conjugate for
each block. For example, it may be promised that a block which is not conjugated is
expressed by ‘0°, and a block which is conjugated is expressed by °1.” In this way, one
CAZAC sequence can express information of 4 bits. In other words, if one CAZAC sequence
is divided into N number of blocks, information of N bits can be expressed.

At this time, in a single CAZAC sequence of a long length corresponding to a length
of transmission data, a part of the single CAZAC sequence, which corresponds to a specific
block having a value of 1, may be conjugated. Also, in a plurality of CAZAC sequences of a
short length corresponding to each block length of transmission data, a CAZAC sequence
corresponding to a specific block having a value of 1 may be conjugated.

FIG. 13 is a diagram illustrating an example of a method of receiving and decoding
the sequence transmitted through conjugation from the transmitter in accordance with one
embodiment of the present invention.

It is preferable that the transmitter always allocates a value of 0 to the first block of
the transmission data so that the first block is used as a reference later. Accordingly, the
receiver identifies sequence ID for the received first block (S1101), and then measures a peak
by using only the corresponding block (S1102). Next, the receiver identifies sequence IDs for

the first and second blocks (S1103), and then measures a peak by using the first and second

blocks together. At this time, since it is unclear whether the sequence of the second block is in
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the conjugated status, the receiver respectively measures a peak corresponding to the case
where the corresponding block is conjugated (S1104) and a peak corresponding to the case
where the corresponding block is not conjugated (S1105), and then selects greater one of the
two peaks (S1106). Subsequently, the receiver identifies sequence IDs for the first to third
blocks (81107), and then measures a peak by using the first to third blocks together. In this
case, since it is unclear whether the sequence of the third block is in the conjugated status, the
receiver respectively measures a peak corresponding to the case where the corresponding
block is conjugated (S1108) and a peak corresponding to the case where the corresponding
block is not conjugated (S1109), and then selects greater one of the two peaks (S1110). In this
way, decoding is performed for the first block to the last block so that the original data is
finally decoded.

<Second Embodiment>

FIG 14 is a diagram illustrating a method of transmitting data using a sequence
according to another preferred embodiment of the present invention. Although data
transmission is performed by change of the sequence in the first embodiment, in this
embodiment, a type of a sequence for expressing one block is divided into a sequence (first
sequence) for a block value of ‘0" and a sequence (second sequence) for a block value of ‘1.’
and the first and second sequence are grouped. In this case, since the receiver detects only
sequence ID (ID of the first sequence or ID of the second sequence) for each block, the
receiver is less affected by noise or channel.

All sequences are expressed by one group "{co(k;My), ci(k;M;)}" by grouping two
sub-sequences (first sequence and second sequence) (i‘ and j are integers different from each
other). In this case, co(k;M;) is the first sequence for the block value of 0 (or bit value), and
c1(k;My) is the second sequence for the block value of 1. At this time, a CAZAC sequence of

a long length corresponding to a length of transmission data may be used as each sub-
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sequence constituting each group. Alternatively, a CAZAC sequence of a short length
corresponding to each block length of transmission data may be used as each sub-sequence

constituting each group.

Q

f each block, and identifies a type -
of the sequence (first sequence or second sequence) for each block from a sequence ID set
consisting of the identified sequence IDs. At this time, the type of the seéuence for each block
can be expressed by group ID. In other words, in this embodiment, since it is assumed that
code values of each block can be expressed by 0 and 1, two types of the sequence for each
block or two types of group ID are obtained. The code values of each block can be restored
through group ID. This decoding procedure will be described in detail with reference to FIG.
15.

The receiver identifies sequence ID of each block constituting a corresponding
sequence if the sequence is received (81501), and measures a peak for a sequence ID set
consisting of the identified sequence IDs (S1502). In this case, two peaks having high
frequency in generation are selected (S1503) so that sequences which generate the
corresponding peaks are identified as the first sequence and the second sequence constituting
the group. At this time, if the first sequence and the second sequence are expressed by
predetermined group IDs, respectively, first group ID indicating a code value of 0 and second
group ID indicating a code value of 1 can be identified. After all, group ID of each block can
be identified through the step 81503 (S1504), and thus the code value of each block can be
identified (S1508).

If sequence IDs that can not identify group ID exist due to error occurring during the
decoding procedure, peaks are searched for a set of corresponding sequence IDs (S1505), and
among the peaks, two powerful peaks are detected (S1506) so that group IDs are again

identified from the detected powerful peaks (S1507). Subsequently, code values of the
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corresponding blocks can be identified from the identified group IDs (S1508).

<Third Embodiment>

FIG. 16 is a diagram illustrating a method of transmitting data using a sequence
according to another preferred embodiment of the present invention.

If the second embodiment is more expanded, a total number of data bits that can be
transmitted through one group can be increased. For example, if two sequences are defined as
one group like the second embodiment, data of 1 bit per block can be transmitted. If four
sequences are defined as one group, data of 2 bits per block can be transmitted. If eight
sequences are defined as one group, data of 3 bits per block can be transmitted. However,
since a plurality of sequences are grouped and defined as one set, a problem occurs in that if
the length of each sequence is short, the number of groups that can be selected is decreased in
proportion to the short length of each sequence.

Accordingly, it is necessary to expand the length of the sequence to increase the
number of groups that can be selected. To this end, in this embodiment, the length of the
sequence for each block is expanded while rFespec'cive sequences are multi-overlapped as
shown in FIG 16B and independence is maintained owing to transmission delay between the

overlapped sequences.

)

Referring to FIG. 16(a), a data value of 2 bits is given t
sequence group for each block consists of four different CAZAC sequences. Since each
CAZAC sequence constituting the sequence group should identify four values, a group size
should be increased correspondingly. However, in this case, a problem occurs in that the
number of groups that can be used by each base station is decreased. Accordingly, as shown
in FIG 16, the length of each CAZAC sequence is expanded as much as need be while a
predetermined delay is given to each CAZAC sequence during data transmission, whereby

independence is maintained between the respective CAZAC sequences.
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Meanwhile, the receiver identifies ID of a corresponding block based on the order of
cach CAZAC sequence represented in the time/frequency domain, and its method of
decoding a code value from corresponding block ID is almost identical with that of the

second embodiment Hereinafler
CCO a i€re I

a a rocediire of the receiver will he described
110 CROUVUGICH LGl 4 Gawa LULOLUIT Ui vl 1000 11 OO UoosLiiot

g P
in detail with reference to FIG. 17.

The receiver identifies sequence ID of each block constituting a corresponding
sequence if the sequence is received (S1701), and measures a peak for a sequence ID set
consisting of the identified sequence IDs (S1702). In this embodiment, since one block
expresses two bits, first, second, third and four sequences which express 00, 01, 10, 11 form
one group. Accordingly, the receiver should select 4 peaks having high frequency in
generation as a result of measurement (S1703). In this case, the selected peaks are
respectively mapped to the first, second, third and foul"thl sequences in accordance with the
order represented in the time/frequency domain. Also, if the first sequence to the fourth
sequence are expressed by predetermined group IDs, respectively, first group ID indicating a
code value of 00, second group ID indicating a code value of 01, third group ID indicating a
code value of 10, and fourth group ID indicating a code value of 11 can be identified. After

all, group ID of each block can be identified through the step S1703 (S1704), and thus the

If sequence IDs that can not identify group ID exist due to error occurring during the
decoding procedure, peaks are again searched for a set of corresponding sequence IDs
(81705), and among the peaks, four powerful peaks are detected (S1706) so that group IDs
are again identified from the detected powerful peaks (S1707). Subsequently, code values of
the corresponding blocks can be identified from the identified group IDs (S1708).

<Fourth Embodiment>

FIG 18 is a diagram illustrating a method of transmitting data using a sequence
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according to another preferred embodiment of the present invention.

In the case that the second embodiment and the third embodiment are more
expanded, the signal position is changed through pulse position modulation (PPM) so that the
length of the sequence can be expanded logically. The PPM originally transmits data with
relative pulse delay but PPM based on start position of the sequence is used in this
embodiment.

If bits of data to be transmitted are determined, the base station selects a sequence to
be used for transmission of corresponding data and determines a length of a block for
applying PPM to a corresponding sequence and a length of a duration constituting each block.
A sequence corresponding to each block is separately required when a preamble is generated.
However, in this embodiment, since circular shift equivalent to a specific duration within a
specific block constituting a corresponding sequence is applied for the same sequence, the
respective sequences are originally the same as one another but are identified from one
another by circular shift.

For example, assuming that one sequence length is divided into four blocks (block 1
to block 4) and each block is expressed by 2 bits, each block is again divided into four
durations (duration 1 to duration 4) to express values of “00, 01, 10, 11.” At this time, four
art identification positions of circuiar shift for a
sequence corresponding to a corresponding block. If a preamble to be transmitted has a total
length of 256, block 1 can have a circular shift value of 0~63, block 2 64~127, block 3
128~195, and block 4 196~255. If a specific sequence to be used for transmission of the
preamble is determined and “00” is transmitted through block 1, sequence 1 undergoes
circular shift so that a start position is arranged in duration 1 (0~15) of block 1. If “10” is
transmitted to block 2, sequence 2 undergoes circular shift so that a start position is arranged

in duration 3 (96~111) of block 2. In this way, circular shift is applied for the other blocks

EVOLVED-0001814

ZTE/SAMSUNG 1005-0169
169



10

15

20

25

WO 2007/142492 PCT/KR2007/002784

28
and then the respective sequences (sequence 1 to sequence 4) are grouped into one to
generate one preamble. In this case, the number of blocks can be generated from 1 to every
random number. Also, a minimnum unif of circular shift can be limited to more than a certain
value con ing chann timing error.

Meanwhile, the receiver identifies respective sub sequences (sequence 1 to sequence
4) constituting corresponding sequences by data processing the transmitted sequences, and
searches a start position of each of the identified sequences to perform data decoding. This
will be described in detail With‘reference to FIG. 19.

If a sequence is received in the receiver (S1901), the receiver detects ID of the
corresponding sequence (S1903) and performs full correlation through predetermined data
processing for a total of received signals (received sequence) by using the detected result
(81905). At this time, a full search algorithm or a differential search algorithm can be used
for detection of the sequence ID.

Since the received signal is transmitted from the transmitter by gathering a plurality
of sequences, the signal which has undergone the correlation includes a plurality of peaks. In
this embodiment, four peaks are detected, and the receiver determines whether each of the

detected peaks corresponds to which one of block 1 to block 4 and also corresponds to which

data (S1911).

The method of effectively transmitting the preamble sequence and message through
the RACH has been described as above. Finally, a procedure of transmitting a preamble from
a user equipment (UE) to a base station (Node-B) and performing synchronization between
both the user equipment and the base station will be described based on two embodiments.
FIG. 20A and FIG. 20B illustrate the two embodiments.

In the embodiment of FIG. 20A, synchronization is performed in such a manner the
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user equipment accesses the base station only once. In other words, if the user equipment
transmits a preamble and a messing including information required for synchronization to the
base station (S2001), the base station transmits timing information to the user equipment
{S2003) and at the same time allocates a resource for transmission of uplink data (S2005).
The user equipment transmits the uplink data to the base station through the allocated
resource (S2007).

In the embodiment of FIG. 20B, for synchronization, the user equipment accesses
the base station twice. In other words, if the user equipment transmits a preamble to the base
station (S2011), the base station transmits timing information to the user equipment and at the
same time allocates a resource for a request of scheduling (S2013). The user equipment
transmits a message for a request of scheduling to the base station through the allocated
resource (S2015). Then, the base station allocates a resource for transmission of uplink data
to the user equipment (S2017). In this way, the user equipment transmits to the uplink data to
the base station through the secondly allocated resource (S2019).

FIG. 21 is a diagram illustrating a method of transmitting data to a receiver through a
signaling channel in accordance with one embodiment of the present invenﬁon.

Since the receiver should search a start position of a transmission signal in actually
realizing the random access channel, it is generally designed that the random access channel
has a specific pattern in the time domain. To this end, a preamble sequence may be used so
that the random access signal originally has a repetitive pattern. Alternatively, a certain
interval may be maintained between sub-carriers in the frequency domain to obtain repetitive
characteristics in the time domain. Accordingly, the access modes of FIG. 6A and FIG. 6B are
characterized in that the start position of the transmission signal should easily be searched in
the time domain. To this end, the CAZAC sequence is used. The CAZAC sequence can be

classified into GCL sequence (Equation 1) and Zadoff-Chu sequence (Equation 2).
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Meanwhile, a specific sequence of a long length is preferably used to transmit
unique information of the user equipment or the base station through RACH (Random Access
Channel) or SCH (Synchronization Channel). This is because that the receiver easily detects
corresponding ID and more various kinds of sequences can be used to provide convenience
for system design.

However, if message is transmitted with corresponding ID at a sequence of a long
length, since the quantity of the message is increased by log, function, there is limitation in
message passing with ID only when the sequence exceeds a certain length. Accordingly, in
this embodiment, the sequence is divided by several short blocks, and a short signature
sequence corresponding to data to be transmitted to each block of the sequence is used
instead of specific manipulation such as conjugation or negation.

Referring to FIG. 21, the sequence is divided into a predetermined number of blocks,
and a short signature sequence corresponding to data to be transmitted is applied for each of
the divided blocks. A long CAZAC sequence is multiplied by combination of the blocks for
which the short signature sequence is applied, whereby a final data sequence to be
transmitted to the receiver is completed.

In this case, assuming that the short signature sequence consists of four signatures,

constituting the signature sets, any other signature set may be used without specific limitation.

1) Modulation values: {1+, 1+, -1-j, -1+j}

2) Exponential sequence: {[exp(jwon)]l, [exp(jwin)], [exp(w.n)], [exp(iwin)l},
where n=0...Ns, and Ns is a length of each block

3) Walsh Hadamard sequence: {[1111], [1-11-1], [11-1-1], [1-1-11]}, where, if the
length Ns of each block is longer than 4, each sequence is repeated to adjust the length.

Examples of the long CAZAC sequence that can be used in the embodiment of FIG.
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21 include, but not limited to, one GCL CAZAC sequence, Zadoff-Chu CAZAC sequence,
and a sequence generated by concatenation of two or more short GCL or Zadoff-Chu CAZAC

sequences having the same length or different lengths.

transmission and reception to the long CAZAC sequence is advantageous in that it is less
affected by channel than the related art modulation method of transmission data and
performance is little decreased even though the number of bits constituting one signature is
increased.

FIG. 22 illustrates an example of a receiver and a transmitter for transmitting a
preamble and data through RACH, SCH or other channel by using the aforementioned
manner.

Since the number of bits can be increased in accordance with increase of signatures,
channel coding can be applied for the transmitter. If channel coding is performed,
time/frequency diversity can be obtained through an interleaver. Also, bit to signature
mapping can be performed to minimize a bit error rate. In this case, Gray mapping can be
used. The sequence which has undergone this procedure is mixed with CAZAC and then

transmitted.

each of bits. Then, the receiver decodes transmission data through a channel decoder.
Considering complexity according to sequence search of the receiver configured as shown in
FIG 22, the transmitter preferably uses an exponential sequence as a signature sequence. In
this case, the receiver can simply search CAZAC ID through phase difference Fourier
Transform. Afterwards, the receiver can again simply calculate LLR from the signature
through Fourier Transform.

According to the present invention, the structure on the frequency axis/time axis of
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the RACH can be identified more definitely. Also, since the RACH resource is divisionally
distributed for each frame, even though the user equipment fails to access a specific RACH,
the user equipment can directly access RACH of the next frame, whereby access to the base
station is improved. Moreover, the user equipment can easily access the RACH even in case
of a traffic area of which QoS condition is strict.

Furthermore, according to the present invention, since information is transmitted and
received between the user equipment and the base station by using the code sequence,
time/frequency diversity can be maximized, and performance attenuation due to influence of
channel can be alleviated through the signature manner.

According to the present invention, since the total length of the corresponding
sequence can be used with maintaining the advantage of the code sequence according to the
related art, data transmission can be performed more efficiently. Also, since the code
sequence undergoes predetermined data processing, the quantity of information to be
transmitted can be increased and the transmitted data becomes robust to noise or channel.

It will be apparent to those skilled in the art that the present invention can be
embodied in other specific forms without departing from the spirit and essential
characteristics of the invention. Thus, the above embodiments are to be considered in all
respects as illustrative and not restrictive. The sco
by reasonable interpretation of the appended claims and all change which comes within the

equivalent scope of the invention are included in the scope of the invention.

INDUSTRIAL APPLICABILITY

The present invention is applicable to a wireless communication system such as a

mobile communication system or a wireless Internet system.
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A& O
(e}

tel A

[

g

=

=

| AT, wEpbA,

S

J(multiplexing)

e}

gl A
=)

- Eal Ao M (o]
Elek

El

<55>



24 dE 45 sl 4 A EH we e Fue oy
<36 ol el A, vk 2o RACHE Fsl =8 (preamble) T, A A

X
(pilot)E Algr 57] Elol® AXW(timimg information), 9H I *d odF Fw

<57> S, RACHE %3] 7] =B vAA= dHAZ AsdE $% i

olalo A= QB 9l I A AATA CAZAC AA~7F 8 o] g2 ko)
, ool JmAARl e dls AE5S 9eh ¥ EH el CAZAC AR A er

s8> A WA Aol RS0l AE Ame] A4 SKE AN ok o

Aol Aol o2 98 me]UB(preanble) S WEAO® AFAY, Fus

A AollA] FwkE(subcarrier)e] Alolo] ARG AL Fowx A7k o)A

<59> oA7|Al, A2 ZE] e (preamble)S B4l Al2=®loA] 27| 57 A4, A
g Fae @Al Bl oAd A To SAos A= 7]F A& (reference

signal )& 7181719, AET (cellular) °o]&E4 A]AElo

2
o

el kg A

Tl
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S 98 AEAT 540 T AT AFEH T Fo] midHEl . o2 93
o]l g}t}ut= T = (binary hardamard code)W T4 (poly—phase) CAZAC(Constant
Amplitude Zero Auto-Correlation) AR A7F AFEE 4 glom, o] 5 E3] CAZAC
A~ 71T auto—correlation)?] -4 Y -2 E(Dirac-Delta) 4= ¥4
H a1 wzRd #(cross—correlation) o] A5 A5 A ERE AE 540l St
Aoz F7pdan .

<60> CAZAC A Ar 83 o] A7 6l AEA(52 19 Zadoff-Chu A]E 2~

o jaMk(k+ 1
c(k;N,A/[)—eXp(—j = ) )
<61> N for odd N
AL Fe”
T/ i
c(k;]‘\/@]\/[)=e};p(—“}’7;r )
<62> N for even N
[32 2]
¢ JrAME(KE+1)
c(k;N,j‘vD:exp( iy; )
<63> : for odd N
A ke
7
c(k;N,]\/I)ZeXp(—J .- )
<64> N Y “ for even N
<65> A7 FHER FE CAZAC Al 1 4o]7F NQI A9 A= ARgS 4

59-18
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O) -

Qo Adzat Ul dgEY s Ae ¢ 5

<66> <A1 2 A] o>

<67> upeba], 3 Ao A= CAZAC A2 ekl 2739 Rgeol4d Aldax

Al 71
1O T

= CAZAC A&~ 2 Zadoff-Chu AlF 27}
AFeHET s 1A SHE CAZAC A~

1\
2
=
\/
jou
iy
_Lf.i
ﬁ
>
A
[
2
z
W
e

Ml CAZAC

ARz ploE B 4 3, £4 4% 54 52 212 god -

&yt A T ATt
[<7314 3]
<68> CAZAC AdE~
7 (k+1
c(k;NJ@Zexp(Jm{k(k ) )
<69> N
[_/Ffﬂ-/kl 4]
<70> REH ol Al (modulation sequence) :
_ J2md
m(k) exp( Iy k)
[st2 5]
<72> A CAZAC Al (s e el
.2 6 .
PO = *m()—exp( L5 k)
<73> N
50-19
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<74> ¥ CAZAC A2~ pk)= CAZAC A A A9 A7] AT (auto—correlation)id

AT (cross—correlation) 54 1= FA gl g9 =2 62 pk)e A

i

7143 54 BT 9lon #HF AUt Yg-@dER(Dirac-delta) 50
o9l E3 mEdgold Al@a w7 Aok 94 (phase)S 7FA = AR~

Qe A ] AR B0l fAHTE del 540] 9l
ad(d) = Eexp]ﬂf%+¢f*€k+d+13 +J*—“” k+d*)j

hApL N Eik+4+1) o f»)

B}

gexpL PTY (2dk +d(d+1)) +-L304)

#

o f 2ah et fon - o, . { 1 d= 0
= E,EPL 7 d)gezxp( i (2dk —i—did—l—l}}lg{— 0 d=0
<75>
6 me, o] 4 7 p(09) FEFW B RelFH ok,
59-20
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2 (k- d) k4 d+1) + 22 e +d)
+ #

exp[— %k (k+1)— J&;«; ]

‘!'S«

Eexp' i!x—!-ffifﬁf—kdﬁkl)}
T A
EKPLM (k+d)(k+d+1 ﬁ+i—“‘j‘ z’k-+{£j:1

ol FEME L 4 2mE 0
ehpL s klE+1] 7 AJ

E?Kp{ﬂfk+&;) k+d+1) ]

37 ]Pir i ; . £ - %% 3 aﬁq \
e&p(*"ﬂ;—f (2dk +dd+1))+ %ﬁf}

JTE (4 d ) A+d+13)

Holrp, Aro] A (summation) TS
B A714ae] A ©ee A (exponential) o s v o] WS, A
e A fols 7 ARA Yo YEhE L b ¢ vk 1 FollA] A

A e A= (seed) Zho] x¢l I T}E CAZAC AlEZ2-ola, T HlA o sk

Ag Groldh. olmiE ¥ AAzd ¥ we AF @i A5 Tas A

59-21
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2 A= gho]l xQl CAZAC Al A~E T3 d9yo= Weksial 1 FolA

i
b
¥
2

<79> CAZAC AN E A+ #A7)dTo] gg=dEl(Dirac-delta) 54 71xx2 7] w

g

e “_Tif - . f,\gé ':.‘ ) ‘:;T } s
celd) = exp (‘%d d+1)+ %d];exp[% (k+d)(k+d+1))

o ! Tl.xl."fr g " BTS ; TR ST

<80>
<81> o 71 A, C(AM/N;x)= A7) 7F dAY 190l ®A] S E(exponential )&= =717} 1
o] 7] e FEdde G 12 IHEE o 5 Ay
<82> Aar, 2 el gro] AldHE AT FEll CAZAC Al#E e 5A4E TglE
FAEFAA] =] A solvs adE M A Hyl ol A HE wEks
goe] Aut Fjol WHsly oo =X A(circular shift)2 2835 A
50-22
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I TAUE, o]l & AlZF Ao A A Al A(exponential sequence) S WL
Zlol T3 g oA FRAAL TSt Ay LTS Hlgl).

<83> =, A= gel e 5 oAFEs pGaMN.dDF p(kMN,d2)9] A
(correlation)& siu™ A5 vel] glojxl Heo] d7F di-d27F ¥ A alelA

ATk, ook T2 A Al AAl= CAZAC

12
i)
P
Y
g

=
w

D

-3
N
S
e
o
=
hilof
1
A

AHA2E oA Alcircular shift)gt A3 FA3 A3 5 A, ol& 93] 7+

31
=

5
N

L

1l

o 7

il
=y
ko

&

et

I

of Mg ¥l FIAAE A8elar yA ] 9

4»

ke
=

e
i1

ATt

rr
o2

ol A1

r {

2l (exponential )& o= 7ietel dxpwtow

N
ol

Aol e} efm 7L Q)
<84> ojgtoll = Fefe]l m= Afse] 2R dolE A E Jhste] ZE Qe
deolg A% AFHEE ol WH(AZ, 3 A 2 HeolE /) FA0 dEE u
Fe Al dol AAE ek W A4, 5 AAldDe dis] ATRrE
). o)A, A7) mE AAAE CAAC A AT AFRET A9 Az ulA A5 A
Aol A1 AA o] o B CAZAC A AT AFEHE Aol mpgA sy, Wb

=2 ool gebe A ofur Fule] CAZAC AEA7F Ot H8E 2 v

<85> A, A2 AAd xR A5 AAdeA] FEHoR HE8HE dE dolH
= B PxE Ayn s s
<86> 3GPP LTEOIA] =25 = B4l Al2BoA = F4AlS0] E dolgHE £o|5HA

59-23
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RN TR

sto] thEAze wol o] FolH

5}

2ol o

R

3L

=

fix)
.

of CP= Ao rH

A=)
BRLE

(Multipath)ol tj
5

o
=]

<B7>

&)

FA

U]—/\(]S]'Cj

=

e}

i

Interference)

d (Inter—Symbol

A
H

e ek Add

ke)

A~

[5)

<88>

&

!

Aol A 4l

s olustar PulA

2~
£  y

RACH®I|

b e

3
n
o

W
1A
W
o}
il
<

4
Gy

)
k-

obelel A

<89>

F ¢

&
ul

B4 gAY, Pk AYEA ko) Fx7 4

=

sl

)

Hlo

Fopepe e

[

o 2

o,

KX
T
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<90> <A|2 2L Al o>

<91> At oz HolEE dEdY] YaiAe dHolHE FAASE dE Al 24
WM sl A Aol shi-r) B AlAldol Al rolel mAo = #Ad s
t IO e T T = I r I - ) - =1 i [ b | I S A T~ Tl Vi

(conjugation)< ol&stv}, A SE HE Ase 8 e A= A=27F A
of Wzlo] v Ar R HE AT e gEko]l Esle] Ade ol &
shar dlolE dEe] AHAdE Y 7 A, A7 AddgEs = 108 FaR AyE
W thes g,

<92> R Wi, dEd doHE dE ey ¥

=1
2
R=)
A
F>
oX
=
b
B
i
__v;

CAZAC A2~ FollA 19 e 7HA = 54 550 sidshs CAZAC A&7 Ad

<93> g, FASFNAE Fewe AA Ao Adstd B =S wdet

<o FAFANANT AE dolEe) 1 B gislel A4 dvdsw olgd

59-25
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LV78T000-THATOAX

9¢-69

iy T 20l H SilE Sl Ehallh klesle BRIl BEEET |of

Y

tsle 6 lofks d B SRb kRl h=le™ lzln kklvE 2l & ok
fn

S5 1z Slvlikesrd S lo hidEE 2ciL b BRIl Tk srRIv T
e "o mL s & (PRl 2k)TRIv 2 51 e 0 (TR k™

Bly lh o0, BEE 248 byl Bl llev® B255 bhle Slelly

B oa ilrleSE Ehlelh bkl TR ekl YR SlellvE ol <06>
<ol > <s6>

hElEew cbBlolh B bk Bles Sleew tklss
e ZTokt o tolo (OISO herlr 5 = & Fle & bileds 2F

= {z4z lelh e(601IS)4 & o kEfd 4Elre H (BOIIS)SE it

zr

B ol los® Bl malp® L bBRE Bkl Lokl s RBE v
S o TR s BEE el kB FEE BE b =E R CLOIS)E
ik 201 TRl Rl ls® BE kb B ESh U EREE %

2 2 Elr & pleds SFE kb lefziz (OTIOEE o ek LekE

B GOIIS)S & Bfed 4E2krE kb g &l =afesqsm bR BklkrE
e Bly baas e e 'balelks EFlE blédly klE o8 W tsa

T “(0TIS)% oot BAI ¥Ely Rl losEd W & Wl S T(Z011S)
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st v g

it

97> = BE AFEAE T A9 AR AEAAEL AEA D A2 AlEAE B

A st 18 {eokoMy), (kM) o ®m TAFE TS i AR s 5. o

714 colksM) = BESA(ET E4) 05 9k Al AlAZ2oln, (kM) EF

m

)
£

18 9ok A2 A Ao, A7l aBe o]B zF Alm AlF@AE A"E f)o]

Bl o] dojoll A-gslis 71 dolY CAZAC A A= AFEE S i, A% doE Y

Oh

7y B2 Zdolo] AS5hE HE Aol CAZAC A A7) A" % Q).
<98> S, FAISAE 4 B2 AfEA IDE yorslar, yotd AfEA IDER
o] Fold AF 2 D HERYNYE 7 B2 g AfAAY BRI AAAA A2

AdzlA)E Fetett, olu), A7) 4 Bl de Adse FHE 1R D2

<99> FASNA = AT} FAHA Y AFAAZ FASE 7 BEEo AR

2 IDE Fobalar(81301), o2 A oty AdA IDEZ FAHT AdEA D AE

of ths] ¥ F(peak)E FZATT(S1302). 7], B ¥HILY) & F A IE A9
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% INE ¥EsE, ZEA 0L s Al 1F Do ek 18 e A2
OE IDE FES 5 Qur. A, A7) S1303 THAIE B9 2 B9 0% e I
obst = QQa(S1304), olE Il ZF Ex9 I=ge Zobdl 4 A B UH(S1308).

<1005 gref, ¥®as mAolA 9 Rs wAlEte] 1% IDE Solst 5 gl AlFa

(S1305) 1 % ¥ 7 JAAE 480 (S1306) 125 B 15w IDE vhA] spotet

Y(S1307). ©]o)A, dotd a5 InER HH dd E59 A=gSs Fopd ¢ 9l

TH(S1308).

<101> <Al4 AR >

<1025 A3 AA S £ v Gdeha shie]l e SE) AR s HoE
FUEFE F/AL S oAv. A Eo| A3 AAdelAe o] 27e AHAE

Btel FoR gk A9 BEY IS dolgs Asd £ Adn, 449 A

g e aFor Aohz AS BIY 229 el A% 5 Yo,

<103> upebA], A8 Thset 1 Ee 527] 8] Al ZHols A Had

of lew olE f&f & AAldlol = 4 5ol did Aldae] dols fEA7

59-28
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A% GAolE Tol SHAel RAHES @l olg ge dao] A WAL =
1UE Axeo AWad Jgen g
<104 © Mol A 7t B gulEe] dlolE o] FolH s ASE B3 s

Shvh. wkebA, b sl gk Afs 2HS AR GE e CAC AlE R
Ak, ol A ARs EE TASE 7 CAZAC ARas b4 A9 )
S FEAAC slmm o) wel OF A7% AAMok shAR, 1 AG 7 A=
AR T Eo A5 EolE AE BAET. wela, = 140 HT
ol Z CAZAC A2 Zelg daol vy FAANAH, dHolg dAEAol 2Hzhe
CAZAC Ao 24 <] dio]2 7hate] Abeo @M ZF CAZAC Alf2 glho] =8
e FAAR

<105> SHl, FAIS A 7 CAZAC AR ARE/ St G ellA] vt A
o skl s 559 IDE ote], dd BE DRFH =4S Has) U
O A3 AAdel ulgaelsitl. osl, & 158 Farw FAlSelA o] dolE

Bgoh B A8 4EErw an.

2

<106> FASZNAM = AR FAEE Y AfaE P E A BEsEY A9
2~ IDE olstar(s1501), ojg Al gotdl Alds IDER FAHEE Ads 1D AE
of s ¥ A(peak)E FASI(S1502). ¥ Ao shte] EXo] #dd =
H|E7F 270025 00,01,10,118 3£dst7] 9k Al Alf2, A2 A#f2, A3 A

A, A4 AAATE sy S YAdste, AV 54 43 2y W= 58

4709 IS AEste]ol (S1503). oA, AEE ZF HI5S AN/ FI

59-29
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<107>

<108>

<109>

<110>

Aol Al YER S

A2 vig .

Tl

sy, SZZ=F 002 7tE7lE Al 1% 1D, SIE=FE 012
FEF 102 7FEl71= A3 2% 1D, I g 11E
4 odvk. AL, A S1503 wAE Hel Z)

(S154), °l& &3l & E59 I=Fe zhold F

IDEo] EAletE A9, AT Af~

D<)

(51505) == & 9 4712 A= Ao (S1506) L=H-TF L5

orsltH(S1507) . ©oloj A, oty 1
A TH(S1508) .

<AS A A} o>

AS AAlal =R

Modulation)S E3)] Al&9 A= WA 7 o024
Ak G v, 23 PP AFdi ARl Aol A

ol ARk Al@aol Az JHE 7|HNFo R PPUS

AAE AEsa slg Aldzsol PRI
FASE e dold ARat. 457
59-30

IDE=

Aol el A A A,

0 F7} WA IR

7}2]

B0 1F

A3 A, A4 A

A1 A WA A4 AFERE A 2 e 1% IDE R

7Fe 71 A2 L 1D,
1= A4 1F DR RS

IDE dofd 4 dar

Al #YH(S1508) .

IDE ot 4 gl

AE el gt g 3138 @As

A4 AA A E 5 H

Eg7F AR,

44317 9

o=

206

2

IDE oA 2
s BFe AT stopdl 5

23k PPM(Pulse Position
Al 20 dolE =glAlon 3

AAEA dlolEE Adais 7]

.

g, 2 AAdE = 168 &

A dlolEle HHol] A

EVOLVED-0001851
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sl AR 444 Bew Ao ANk, B AA oA Tdeh Ads
of thate] siF AWLaE FASE 54 BES e 54 SR dolwkd 9
A (circular shift)o] ALz ZF AFAAsE By Hds Adox B &
A7l A A o] A2 FRETE Hol 54 o] ).

11> dlE =ol, s AdAE 1Y E Hl~E54) 02 PR 4 5
HE 2bitE FAsuiar Zp4skd "00, 01, 10, 11"9) ¢S xdstr] & 2 &=
2 YA adle] PG~ o5 o] Aop gkl o, gyl Bl gt

H oMY b2 el B50 sk Alfsel diel seAde] AF R 9 A

i
S
o
a)
v
=)
L
r)d
ofy
e}
I
B
&
il
1o
ofy

dol7F 256 ot ¥, E512 0~63,

B22E 64~127, B23L 128~195, BE4E 196~206714 9] +#AA e A F

et

v, A7 meleEel Agel AHER 54 AR AAED BH1L Ed
00" AT A9 BRI TR0~ A4 AAT emm AAA1E &
AAAA T, BE20] 10" AFFE AE BH29] P61 A% 9]

AP LEs AR TEAAAZIG. of¥l Aom ur{x] ZEfo] sl

H
M
el

AL Hgok & 7} ADAARIAALDE st Agste] shie] Zas
o AT
< S, FalsolAl Aswe Adsg dolE Aled Y AT T4

B 27k A AREAALAREOE FRAWT TRE 7 A0 g

{2

Az A S Fohyloms dHolHE HEstdn. ol & 17 F

filo

2 gAs A

kS

sl ohe gt
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<113> FAIZo] AR~ FAET(SI701) g A9 IDE A E£5F31(S1703),

H Aas of&ste] 7l Am(FalE AR ) Aol el e dolE A

ﬂHN‘

g2 mEd o] (correlation)e F3gth(full correlation)(S1705). o, 47|

Ad2s el HAEL g8l AA ZA(full search) ae]s = Zolzk F A
(differential search) € gszo] 4182 5
<114> TAE A= SAFNA Yy AlAAsE FAFS zlol7] wikitol ] 2

= 1Y Fa3r AEH s, o9t Zo|l AEH 4 A4 distd =51~-554 5
ol B dHat=A, 2Elar Y BE59] ol b HstEAE 5o
2 (S1709) ¥ dlojE 9 nE SA9 HEZHS Bootd 5 JT(S1711D).

<115> o4, RACIE B3] ZIPE Adx9 MAAE axpydo=m dgeis Wil
s ARk, wpx|Ho g AMEA v (User Equipment, UE)e] 7]4]=(Node-
Byoll szEiEs A&eto] SR el sr)stE Faddte A4S ¢ A HAA AR

FRe] AW R St olgh B T A AN NAFOR HEHE =

. A WAL A @Ee] /AT g We) Htow BrsEt g,

AE AEH(S1801), 71A =& AHEA g = Boly ARE G T(S1803)H &

Alell 1A dHoly Adss 9 Ads €95hal(s1805), AREA whEbe ehehd

K
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17> FoAAE B80S g8 AEH wde] A X me] T oW Aests WAl

g
»
[
e¢]
[y
[
et
N
=
k=)
et
I
N
N
H
rlo

= A8 o] Ao r | PBL LT}

1

AR G voln ARE A% Al 2AEY 23S g9 49T Ay

SHeR(S1813) . AFS-A R ] obduh e Gels Fel v A=l 2AEE el

il
et
ofl
o,
a0
oot
2
e
»
i
L
-1
(z
X
L.
e
ofl
i
2L
(e
il

dole Ase 919 44
<11 ol gl MWE B 2@, B ouge] &Halin slERolld B4 AL
AR Aol glol B el /%A AR olbA e Wl Weld old 44 A

g, W W owAe]l Arsinm Aee Axd W A¥E wdo] o8 f4HE 2

<119> Bl oabd, "yl MM s Ago A m= AFEse FH AAE age
A StAA SlG Al #HA dolE g FE 4 ora ol HAEFES W
o gaAom Saer 4 Qul, wal, 3= Al@so] AA9 dolEH A= sleko

24 Add ARFES SIS b mol=u Alde AelAms o 5 9y,
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5314719
(-2 11
T A-AE Fete] HolHE AEshs Wl lolA,
dojy Aol ALE 7hEet 2 GUF FUEHEE A7) Hl AFAE
B A sk oA =l
A7) dlolE AyE m= ADAR HolEHE FAS AEEHs v

g e AW Az AL B dolE H4 g,

271 1= AJ@ A= CAZAC(Constant Amplitude Zero Autocorrelation) Al#

9l e Ao stz WE AA AUS B ol S .

271 dlolE A= A7) CAZAC Al#A 2ol AR o] XS (exponential) A&~

g Fgowd SRR AL Hgow sz Ad s AL B dolE $4
R

dolg] AH2&= dld == A7 Ar]143d (auto-correlation) 2
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agE -

O

=

Al (cross—correlation)

Lo
=0

In

ﬂ_,mo

N2 (preamble) & o]+

e]
=

2 e

|

A

s
oF
ol
4o

X

t o] E]

I

w

Al
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31 CAZAC Al =E A% (conjugation)sl s APLS 5Ho= 3 Wy M~

(7~ 10]

Aggell oA,

& Aol vhe] CAZAC A2 FollAl MIEgke] 191 E50 dsshe 5
A CAZAC Al =7 A sHconjugation) ¥ = A2 502 shi A oAl A

A del¥E A6t 4 559 v Ege] whel S (conjugation) 7t
Ao AEy 5= AD-E Hooshs Wil dolA],

TAlE HolEel 2dolA, A WA 5 dld &£7] FA(peak) B FA T
A 1A

S

O

o

S
I

i
Lz
i
_@

]
0

A2etA
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s

vpA et ] BEo) o] 27744 ] A2 AlE WS ASd A

2 ¥otake A9 A AR S 9 dloly 4 U,
(- 121

A1l hoiA,

471 A A B5L Y 0em d4uHo] FAdE AE 5dow o W
A AES T ey 4 .
(74 18]

Arzgel AoAA, A7) A=

vz 4o 8 553 v ol B0l sl A lek(conjugation)
A2 AAZ A1Y A(peak) E FH 3= A2-16A|

L9 BEE50) ths] Ad g (conjugation) st HA kS AAR A2y A
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Attorney Docket No. 2101-3596

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re application of: Art Unit: 1632

Vanna My n K\AID ei 9!

nnn Huan i
IUUIIB ) lyU\Jli INV VA1 L QA
Examiner: Not yet assigned
Serial No.: 12/303,947
Filed: December 8, 2008 Confirmation No. 1730
For: METHOD OF TRANSMITTING DATAIN A
MOBILE COMMUNICATION SYSTEM

PRELIMINARY AMENDMENT

Mail Stop

Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Dear Sir:

Prior to initial examination on the merits, please amend the above-identified
application as follows below. If you have any questions, please direct further
correspondence to Customer Number 035884 and the undersigned attorney.
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REMARKS

With this paper, claims 1-30 have been canceled without prejudice and new
claims 31-44 have been added. Applicant submits that support for the new claims is
found in the specification as originally filed and that no new matter has been added.

Applicant respectfully requests a prompt examination and allowance by the
Examiner. If the Examiner has any questions regarding the subject matter submitted
herein, please contact the undersigned attorney at the phone number listed below.

Applicant requests that all deficits and credits in regards to this filing be
referenced to Deposit Account No. 502290 order 2101-3596.

Respectfully submitted,

LEE,»H/ONgﬁ DEGERMAN, KANG & WAIMEY
SV S Y, 277

: e . j .
Date: January 21, 2009 By: [Richard C. Salfelder/

Richard C. Salfelder
Registration No. 51,127
Customer No. 035884 Attorney for Applicant
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AMENDMENTS TO THE CLAIMS:

Please cancel claims 1-30 without prejudice and add new claims 31-44 as follows:
1-30. Canceled.

31.  (New) A method of transmitting a preamble sequence in a mobile
communication system, the method comprising:

generating said preamble sequence by repeating a specific sequence at least
one time and concatenating a cyclic prefix (CP) to a front end of said repeated
sequence, said CP being identical to a part of a rear end of said specific sequence; and

transmitting said preamble sequence to a receiving side on a random access

channel.

32.  (New) The method of claim 31, further comprising generating said specific
sequence from a CAZAC (Constant Amplitude Zero Auto Correlation) sequence.

33.  (New) The method of claim 32, further comprising applying a cyclic shift
to said specific sequence generated from said CAZAC.

34. (New) The method of claim 33, wherein a value of said applied cyclic shift
is determined as an integer value of a predetermined circular shift unit.

35. (New) The method of claim 33, wherein a value of said applied cyclic shift

is used as additional information.

36. (New) The method of claim 33, wherein applying said cyclic shift
comprises multiplying said specific sequence by an exponential sequence.
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37. (New) The method of claim 31, further comprising generating said specific
sequence by combining at least two code sequences mapped with at least one

information bit, respectively.

38. (New) A transmitter for transmitting a preamble sequence in a mobile
communication system, the transmitter comprising:

means for generating said preamble sequence by repeating a specific sequence
at least one time and concatenating a cyclic prefix (CP) to a front end of said repeated
sequence, said cyclic prefix being identical to a rear end of said specific sequence; and

means for transmitting said preamble sequence to a receiving side on a random

access channel.

39. (New) The transmitter of claim 38, wherein said means for generating
said preamble are configured to generate said specific sequence from a CAZAC

(Constant Amplitude Zero Auto Correlation) sequence.

40. (New) The transmitter of claim 39, wherein said means for generating
said preamble are configured to apply a cyclic shift to said specific sequence generated
from said CAZAC.

41.  (New) The transmitter of claim 40, wherein a value of said applied cyclic

shift is determined as an integer value of a predetermined circular shift unit.

42. (New) The transmitter of claim 39, wherein a value of said applied cyclic
shift is used as additional information.

43. (New) The transmitter of claim 39, wherein said means for generating
said preamble are configured to apply a cyclic shift by multiplying said specific

sequence by an exponential sequence.
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44,  (New) The transmitter of claim 38, wherein said means for generating
said preamble are configured to generate said specific sequence by combining at least

two code sequences mapped with at least one information bit, respectively.
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In a digital communication system for com-
municating digital information (100), the digital
communication system having a forward link (120)
and a reverse link (130), a system and method for
communicating a data packet. ‘The system com-
prises a communicating transceiver (202), from
among a number of digital transceivers (102), for
sending the data packet on a random access chan-
nel (208) over the reverse link and for receiving the
digital information from the forward link. The sys-
tem also comprises a base station (108) for receiv-
ing the data packet on the random access channel

204
ACCESS CHANNEL
- 7~ 208
RANDOM ACCESS CHANNEL
214
DEDICATED CHANNEL .

(208) from the reverse link (130) and for sending
the digital information over the forward link (120).
The digital transceivers (102) share the random ac-

cxor |

cess channel (208). The digital transceivers (102)
have a bandwidth demand. The system (100) may
also include a dedicated channel (214) for com-

PAGING/A
TRANSCEIVER

TRANSCEIVER

municating the data packet between the communi- B
cating transceiver (202) and the base station (108) *

and B BrOCEIIAT £919Y Far cwwitehimg fomoe tla 2o

ansG a pro’ossor (<i4) 101 a'wwuuus 1IT0m ine ran-
dom access channel (208) to the dedicated channel
(214) when the bandwidth demand exceeds a first
threshold, and for switching from the dedicated
channel (214) to the random access channel (208)

212
CONTROLLER

4 0

when the bandwidth demand drops below a sec-
ond thresheld. The system is well suited for use
in CDMA applications.

Y 10
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‘WO 96/37079 "PCT/US96/06930

1

RANDOM ACCESS COMMUNICATIONS CHANNEL
' FOR DATA SERVICES '

L Field of the Invention

~The present invention relates to a random access cominunications’

channel for data services. More pérticularly, the present invention relates

10 to a method for sharing the resources of existing channels in a cellular
' telephone communications system among a large number of packet data
users, each having a variable and unpredictable demand for transmiséion

. resources.

15  IL Description of the Related Art

Cellular telephone systems have traditionally provided voice services,
patterned on the land telephone system model. In that model, a user places
a call by requesting a connection between one telephone terminal and
20 another such terminal. Once the connection is established, it remains in
place until the calling party or the called party requests that the connection
be released. While the connection is established, the telephongy system.
dedicates system resources, such as trunk bandwidth, to the call. The
resources are dedicated at all times, regardless of whether the callers talk or |
25 are silent. The system resources are not shared among calls.

The land telephone model is followed in conventional cellular
systems. For example, two systems that follow that model are the Advanced
Mobile Phone System ("AMPS") cellular system, described in "Mobile
Station/Land Station Compatibility Specification,” ANSI/EIA/TIA-553

.30 (Septen;tber 1993), and the time division multiple access ("TDMA") system,
described in "Cellular System Dual-Mode Mobile Station/BasevStation ,
Compatibility Standard,” EIA/TIA/IS-54-B (September 1992). The code
division multiple access ("CDMA") cellular system, described in "Mobile
VStation/Base Station Compatibility Standard for Dual-Mode Wideband

35  Spread Spectrum Cellular System,” TIA/EIA/IS-95, Telecommuhications
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Industry ‘Association (July 1993), allows sharing of radio bandwidth, but

follows the land telephone model for connections between the mobile

sWitching center ("MSC") and the public switched telephone network -
{”PST‘\?“). S ) ) ) .
5 The CDMA system described above uses a 1.23 MHz bandwidth to *

serve multiple calls, using a CDMA scheme. Each user is assigned a unique

. code. . All user terminals sharing the radio channel _transmit

.sirr{ultaneoﬁsly,"and the receivers use the unique code to identify and

decode a signal from the terminal that is to be received. The process is

10 - limited by the interference generated by the other transmitters. So long as

the desired signal can be maintained sufficiently strong relative to the total

interference, the signal can be successfullly demodulated. When the number

* of users exceeds the CDMA channel's capacity, howéver, the necessary

signal strength cannot be maintained. This CDMA cellular system provides

15 for a total of 64 forward link channels per cell in each 1.23 MHz band.

Experiments have shoWh that such a system can support more than 60

simultaneous calls per cell in the 1.23 MHz bandwidth under benign
p'ropagatio‘n»and interference conditions. o k

The CDMA cellular telephone system also provides a means of

20 serving a large population of cellular telephone units, most of which are

idle, i.e., not involved in a call. These idle units monitor a special control

" channel known as the "Paging C’hanne!," which continuously transmits

system inf@rmaﬁon and paging messages. Paging messages are used to

inform a mobile terminal that a caller wishes to establish a cali connec;tidn

25 to the mobile. Each Paging Chanhe_lr has one or more associated "Access

Channels." The Access Channels use multiple-access protocols, by which

the mobile terminals transmit call requests (originations) and answer

paging messages. When a connection is established, the cellular base station

M s Ay
obile stat G Carry wme voice

~
Sta

£
o
o
oo
[}

assigns the m ion a dedicated "Traffic Chann
30 information for the duration of the call. o .
7 ‘ The CDMA system was designed to exploit the idleness of the mobile
terminals. If this were not so, the number of mobile terminals supported

would be limited to fewer than 64 pef cell; because of the limited number of

EVOLVED-0001899

ZTE/SAMSUNG 1005-0254
254



WO 96/37079 PCT/US96/06930

3

channels provided in the system design. Because most terminals are idle,

the system can support several orders of magnitude more mobile terminals

per cell, thereby justifying the choice of 64 channels as an upper limit. '
Users of packet data services often utilize system resources in a

5 manner that varies over the course of the packet data session. File transfers,
-e-mail, and information retrieval are examples of packet data services that
follow this pattern. For these services, a few packets are sent while the user
selects the file, e-mail, or other information to be retrieved, then a long
bsequence of packets is sent or received while the information is transferred..

10 In other types of data packet services, only a few packets are sent

- during an exchange of data, and the exchanges occur on an irregular basis.
~ Examples of such services include: credit verification, message and paging

services, order entry, and delivery routing. v
The manner in which these two types of data packet services utilize

15 resources suggests that a packet service should provide two basic service
modes. First, for those cases where large amounts of data are to be
transferred, a service mode should be available that optimizes the data
throughput. Second, for cases where packet transmission is infrequent and
irregular, dedicating a channel assignment to each user would be wasteful of

20 system resources,' because the dedicated channels would be unused most of
the time. For this second case, then, a service mode should be available that
optimizes the sharing of resources, i.e., optimizing channel usage. It should
be possible for a packet service to switch between the two modes in response
to usage demand. :

25 Conventional cellular systems, including CDMA, however, have
neither the capability to efficiently and effectively handle both typéé of data
‘packet servicés, nor the capability to switch between the two. While the
CDMA Traffic Channels do provide dedicated channel assignments and can
thus be used to handle high-throughput packet service to prevent the

30 throughput reduction resulting from channel sharing, they are inefficient
for low throughput, irregular and infrequent data packet transmissions.
Thus, a multiple-access protocol is required for a service mode that

- optimizes sharing of resources.
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4
Despite providing muI_fiple-access protocols, the existing CDMA
Paging and Access Channels 6perate in a manner that is not well suited to
data packet services. For exémple,'those channels can support only a small -
packet size, which reduces the effective throughput of the channel because
- 5 each packet contains header mformatlon as overhead. This overhead
occupies a greater fraction of the available channel bandwidth when the
packets are small. ‘ B
 Furthermore, the Paging and Access Channels carninot support long
packet sizes because of their access methods. The Access Channel provides
10 - no powerAcontrol feedback that would allow the base station to maintain the
" mobile terminal's signal strength in an acceptable réhge during a prolonged
transmission.  Instead, mobile termmals sxmply transmlt messages
.' repeatedly, with mcreased transmit power on successive attempts, until the
base station acknowledges reception of the message. Because longer
15 messages are more susceptible to errors caused by interference or fading, the
mobile terminal's power level may reach very high levels when attempting
. to send a long message. This would result in excessive interference to other
users during the transmission. On the Paging Channel, moreover, long
packets cannot be supported because of the structure of the channel.
20 Messages'are limited to a maximum of 255 octets, and no mechanism exists
 for fragmenting Ionger messages.
The Access Channel also is mcapable of identifying multiple
- propagation paths. On Traffic Channels, each of the mobile terminals has a
unique spreading code that is used by the base station to 1dent1fy and exploit
25 mulnple propagatlon paths, using a sxgnal combmmg method On the
Access Channel, in contrast, all mobile terminals use the same spreading
code for transmissions, making multiple propagation paths
1ndxstmgulshable from transmlsswns from other mobile terminals. .
In some present systems, it is possible to provide connectionless data
30 services, based on the delivery of individual data packets from many users -
who transmit data packets in bursts. Such services preferably do not utilize
fixed allocations of communication resources and allow the sharing of such

resources among multiple users.. In many present communications
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systems, and in particular digital cellular systems and CDMA cellular,
however, no capability exists to provide for communication of data packets
from many bursty users. In such systems, efficient support for
‘connectionless data services requires changes in the access methods used on

5 the radio channel and in the land network.

‘Therefore, a need exists for a random access data packet channel that
can share communication channel resources among a large number of
bursty packet.data users, each having a variable and unpredictable demand
for transmission resources, and for a way to switch between sucﬁ a random

10 -access channel and a dedicated data channel. A need also exists for a coding
scheme that can be used to identify users on the random access channel and

a scheme for overlaying the random access channel with control channels.

SUMMARY OF THE INVENTION

15
Accordingly, the present invention is directed to a random access
channel for packet data services in a wireless communications system that
substantially obviates one or more of the problems due to the liipitations
and disad\}antages of the related art.
20 Additional features and advantages of the invention will be set forth

in the description that follows and in part will be apparent from the
description, or may be learned by practice of the invenﬁon. The objectives
and other advantages of the invention will be realized and attained by the
apparatus particularly pointed out in the written description and claims of

25 this application, as well as the appended drawings.
To achieve these and other advantages, and in accordance with the
purpose of the invention as embodied and broadly described herein, in a
digital communication system for communicating digital information, the
‘digital communication system having a forward link and a reverse link, the
30  invention is a system for commﬁnicating a digital data packet. The system
of the present invention comprises digital transceivers for sending the
digital data paéket on a random access channel over the reverse link and for

receiving the digital information from the forward link. The system further
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comprises a digital base station for receiving the digital data packet on the

random access channel- from the reverse link and for sendihg the digital

information over the forward link, wherein the digital transceivers make N

packet service requests on the random access channel and thereby share the
5 - random access channel. o , _

In another aspect, in a digital communication system for
communicating digital information, the digital communication sjrstem
having a forward link and a reverse link, the present invention is a method
for communicating a digital data packet. The method comprises sending

10  the digital data packet on a random access channel over the reverse link and
- receiving -the digital information from the forward link by a number of
digital transceivers. The method further comprises receiving the digital

data packet on the random access channel from the reverse link and
sending the digital information over the forward link by a digital base

15 staﬁoﬁ, wherein the digital transceivers make packet'service requests on the

random access channel and thereby share the random access channel.

In another aspect, in a digital communication system for
‘cofnmunicating digital information, the digital communication system
having a digital transceiver and a digital base station, the digital transceiver

20 having a bandwidth demand, the present invention is a system for

communicatiﬁg digital data packets. The system of the present invention
) compnses a random access channel and a dedicated channel for
commumcatmg the digital data packets between the digital transceiver and
the digital base station. The system further comprises a processor for
25 switching from the random access channel to the dedicated channel if the
béndwidth'demand exceeds a first threshold level and from the dedicated
" channel to the random access channel if the bandwidth demand below a
second threshold level and/or if the digital transceiver is highly mobile,
frequently moviﬁg from the“coverage area of one base station to the

-30 coverage area of another ) ) k . ) o -

In yet another aspect, in a dlgltal communication system having a
broadcast channel for communicating system information and an access

channel for making access requests, the system information including
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paging messages, the digital communication system including a plurality of
transceivers each having a specific long code, the present invention is a
system for communicating a digital data packet. In the system of the present
invention, a communicating transceiver from among the plﬁrality of
5 transceivers initializes a packet service request, requests a searcher
reservation on the access channel, and sends the digital data packet over a
random access channel using the specific long code coirréspondin‘g to the
communicating transceiver to obtain a coded digital data packet. The
éystem comprises a base station, including a plurality of searchers and a

10  controller for locating a free searcher from the plurality of searchers and for
sending to the free searcher the specific long code corresponding to the
communicating transceiver. Further, the base station assigns the free
searcher to the communicating transceiver and receives the coded digital
data packet from the communicating transceiver over the random access

15 = channel. The plurality of transceivers share the random access channel. .

In all of the systems and methods described above and in the
following description, the digital data can be communicated over the digital
cellular communications system using code division multiplé access
(CDMA). CDMA is a spread spectrum method of multiplexing

20 transmissions by encoding the transmissions so that they are each
distinctive. CDMA multiplexing permit a larger number of transceivers

(i.e., mobile telephone units) to communicate within a corhmunication
network than would other wise be possible without‘thi‘s spread spectrum
technique. o o ‘ » _

25 It is to be understood that both the foregoing general description and :
the following detailed description are exemplary and explanatory only and
are not restrictive of the invention, as claimed.

The accompanying drawings are included to provide a further

nderstanding of the invention and are incorporated in and constitute a

30 part of this specification, to illustrate the embodiments of the invention,

and, together with the description, to explain the principles of the

invention.
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BRIEF DESCRIPTION OF THE DRAWINGS

The features, objects, and advantages of the present invention will
. become more apparent from the detailed description set forth below when :

ur

taken in conjunction with the drawings in which like reference characters
identify correspondingly throughout and wherein: .
| Figure 1 is a schematic overview of an exemplary mobxle cellular
telephone system. ’ _
Figure 2 is a -schematic overview of the process of searcher
10  Treservation in accordance with the present invention.
‘Fx‘gure 3 is a schematic overview of the process of kswitching between
a random access channel and a dedicated channel for reverse link
'Cqmmur\icatibns in accordance with the present'in\'ention.
‘ F1gure 4 illustrates a Long Code Mask used on a forward link
15  Packet/ Pagmg Channel.
Figure 5A and F)gure SB 1llustrates the structure of the forward link
Packet/Paging Channel in accordance with the present invention. k
‘'Figure 6A and rFigur‘e 6B illustrates the structure of the Packet
- . Subchannel of the Packet/Paging Channel of the present invention.
20 : Fxgures 7A-7C illustrate the half-frame structure of the Packet
_Subchannel of the present invention. . o ,
Figure 8 shows the structure of messages sent on the Packet
Subchannel. = 7 - A ‘ ‘
Figure 9 illustrafes the synchronization of a random access channel

anleat Chanmaal) in
aLATL Luanuc;, ikt

Figure 10 illustrates the structure of transmissions sent on the
Reverse Packet Channel of the present invention.
Figure 11 illustrates the message portion of a vtransmission sent on

the Reverse Packet Channel of the present invention.

]
(=]

Ficures 12A-12C are flow diagrams illustrating an D
rigures l1ZA-120 are fiow diagrams iliustrating np

station searcher management scheme in accordance with the present .

invention.
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Figures 13A-13E are flow diagrams illustrating an exemplary base

station searcher management scheme in accordance with the present

invention.
TIDTATY DN MEOCATDITIDTIAAT M TITD DD DRDLTY
1 ALILECL) VJECOUNTI 1LIUIN U 11N I'INCIEINN\LCL/

5 EMBODIMENTS

Reference will now be made in detail to the present preferred
embodiments of the invention, examples of which are illustratéd in the
10 accompanying drawings. Wherever possible, the same reference numerals
will be used throughout the drawings to refer to the same or like parts.
In accordance with the present invention, in a digital communication
system for communicating digital information having a forward link and a
reverse link, a system and method are provided for communicating digital
15 data packets: The system comprises digital transceivers, for example, mobile
cellular telephones, for sending the digital data packets on a random access
channel over the reverse link and for receiving digital information from
the forward link. The system also. comprises a _digital base statiori for
receiving the digital data packet on the random access channel from the
20 reverse link and for sending digital information over the forward link. The
digital transceivers make paqket service requests on and thereby share the
random access channel. , ‘ A
I - SYSTEM DESIGN
A. Applications
25 An exemplary embodiment of a terrestrial digital cellular mobile -
telephone system in which the present invention may be embodied is
illustrated in Figure 1 and designated generally by reference numeral 100.
The digital communication system illustratéd in Figure 1 may utilize
TDMA, CDMA, or other digital modulation techniques in communications
30 k between the remote user units 102,104 (which may be fixed or mobile and
may also be referred to as mobile stations) and the cell-sites (or base stations)
108. For the remainder of this description, the terms "cell-site” and "base
station" will both be used to refer to terrestrial transceivers that

communicate over-the-air with remote and/or mobile units. It is not
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intended, however, that the preéent invention be limited to cellular systems

and thus to cell-sites.. Cellular systems in large cities may have hundreds or
‘thousands of mobile telephones 102 and many cell-sites 108. Nevertheless, ~
the present system is not limited to mobile telephones 102 and may be used
5 to‘_ interconnect a fixed position cellular communications device 104. For
example, a celh;lar transceiver 104 can be supplied at a building in order to
send and’feceive data and/or voice communications between some device
in the building and a switching station 110 that collects the data.
Transmissions from the cell-sites 108 to the remote user units 102, 104 are
10 sentona forward lmk 120, whlle transmissions in the opposﬁe direction are
sent on a reverse link 130. The cell sites 108 are coupled to the switching
station 110 via backhaul 140 or may be linked to the switching station 110

over-the-air. ' » o ‘ '
~ An example of such a use would be a company that has many
15 vending machines throughout a wide area and that needs to monitor the
requirements of those vending machines. The vending machines could be
equipped with a digital cellular transceiver 104 that can send and receive
data to and from the switching station 110, including whether the machine
' is empty, which slots are empty, whether the supply is running low, and
.20  whether the machine has malfunct:oned In such an application, the
vending machmes would not need to communicate large amounts of data
at any one time, but rather only short packets, such as status reports and
malfunctions, and then only sporadically. With many Qending machines
needing to communicaté data packets to the switching station 110, and vice
25  versa, it would be inefficient and impractical to have the vénding machines
commumcate over a dedicated communication channel, in which system
resources would be dedlcated to each vending machine that requ1red
channel time. ' '

A more éfﬁci“x approach is to provide a random access channel over
30  which the vending machmes can communicate with the switching station -

110. With a random access channel, the vending machines could request

channel time only when they need it. Because the vending machines

‘require channel time only infréquently and briefly, literally thousands of
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vending machines could share a single random access channel without
significant transmission delays due to the random access channel being
busy.
Another application in which a random access channel on a digital
5 cellular system xs useful would be where a fleet of taxicabs reports
information back to a dispatcher. Each taxicab must keep the dispatcher
apprised, for example, of the cab’s location and availability and must
monitor requests for service. As with the vending machine example, many -
cabs must communicate with the dispatcher, but only with data packets that
10 are sent sporadically. Accordingly, in this example as well, a random access
channel would more efficiently serve the communications needs of the
taxicab fleet and dispatcher than would a dedicated data channel.
Furthermore, the cabs could be equipped with a voice/data transceiver so
that they can communicate by voice with the dispatcher when needed and
15 send and receive data from the dispatcher. Communicating both voice and
data over the same system is made possible by the use of a digital system, for
in such systems both the voice and data transmissions are in digital format.
Therefore, in accordance with the present mvent;on, a system for
communicating short digital data packets over a random access channel is
20 provided within the system 100 of Figure 1. An additional feature of the
system of the present invention is the ability to send digital data packets
over a dedicated data channel in the system 100. To facilitate sending digital
data packets over the random access and dedicated channels, t'hevpresernt
invention includes means for switching between the random access and
25 dedicated data channels, depending on the bandwidth demand of the user
(or mobile unit) that is communicating data packets. The details of the
present invention, including the means for switching between the random
access and dedicated data channeis, will be described in detail below. ;
While a appl licable to any digital communications system, the system of
30 the present invention is particularly well suited to the use of CDMA
techniques. In a CDMA system, a "User Specific Long Code" is used to
encode data and voice transmissions sent over the system. As used herein,

the term User Specific Long Code (or Long Code) may refer to a general

EVOLVED-0001908

ZTE/SAMSUNG 1005-0263
263



WO 96/37079 ; : : PCT/US96/06930

12

spreading code used for encoding transmissions. The use of User Specific
Long Codes is a spread spectrum technique by which the data and voice
transmissions. are altered in such a way as to allow one user's data or voice | -
to be distinguished from that of other users. Thus, User Specific Long Codes
5  are a means of identifying one system user from many users and extracting
fhat one user'sbdata from the sum of the data of all the other users.
As embodied herein, User Specific Long Codes are selected such that
they are uncorrelated over one modulation symbol time. Two long codes
- are uncorrelated if the result of exclusive-or-ing thém results in an equal
10 number of 1's and 0's when statistically averaged. For example, the
~ following are orthogonal: 0110 and 0101, because 0110 XOR 0101 = 0011, i.e.,
an equal number of 1's and 0's. Lcmg Codes generated as temporai shifts of
rﬁaximal—length shift register sequences are an example of a means for
producing uncorrelated codes. The Long Codes are generated such that they
15  have long periods; i.e,, the pattern of Long Codes repeats very infrequently.
. For ex’ambpie, if a Long Code is 42 bits long, the period will be 242-1. Because
data sent by one of many users on the systém must be distinguishable from
all other users' data, the Long Codes must appear totally random, so that
two users will not have the same Long Code. A long period for the Long
20  Codes, such as a period of 242.1 accomplishes this goal, because with such a .
long period, the Long Codes repeat very infrequently. In practiée, then,
“having such a long period, the Long Codes are, on average, uncorrelated
over one information bit time. The use of orthogonal Long Codes is well-
known to those skilled in the art. -
25 - In accordance with the present invention, a searcher and a
demodulation element in response to commands from a controller unit,
acquire and demodulate a user’s information sighaL A searcher element is

a sliding correlator receiver that continually scans a time domain window

3 same~l. L PRI Yy Prou PRI SV SEQUNUUN S S SRR e s | Yo o ocxrobass sarstil
iii Staidil oI a Par(u.uuxr usti > HuuUllilatiuil blslldl it a Syosiclit wilit
30 multiple demodulation elements, a searcher element may also scan a set of .

time offsets around the nominal arrival of the signal in search of multipath
signals that have developed. Typically, the controller directs the searcher to

- scan the received signal from the base station antenna and correlate the
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received signal with a known PN spreading sequence (or Long Code)
associated with a particular mobile transmitter. Methods for impjlementing
‘correlators for this purpose are well known to those skilled in the art.
In one embodiment, illustrated in FIG. 2, demodulators 206A-206C
5 are permanéntly assigned to receive signals for paging/access,
paging/randorh-access and traffic channel functions, réspecti‘)ely. The -~
corresponding searchers 210A-210N may be assigned and desassigned to
demodulators 206A-206C as required by controller 212 and communicated
over interconnection bus 214. Géneraily, a searcher is assigned to search for
10 a User Specific Long Code only when the user (or transceiver) initiates a
data transmission session. The searcher to demodulator assighm_erit
scheme, which will be detailed later, enables relatively few searchers to
provide service to potentially thousands of users. It should also be noted
‘that demodulator elements 206A-206C could also be assigned, preferably also
15 under the control of controller 212, to receive éignals for purposes other
than those listed previously . »
In a CDMA system, each transceiver has its own personal, permanent
Long Code, and each cell site 108 has searchers that search for transmissions
using specific Long Codes. (Long Codes need not be permanent, hoWeVer, as
20 they can be dynamically assigned by the cell site 108, generating a private
long code.) Although a user can transmit data at any time, for the data to be
received by the cell site 108, the cell site 108 must a‘ss‘ignAa searcher to the

Long Code corresponding to that user's transceiver. As noted above, many

had its own personal searcher seeking only that user’s Long Code, the
system would- require’ literally thousands of searchers to handle all the

users.

30 searcher before data transmitted by that user can be received by the base
station. Referring to Figure 2, when a system u:ser 202 has data to send to
the switching station 110, the user 202 makes a packet data transmission

request on a standard Access Channel 204, which serves the system on the
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reverse link, i.e., from the ,users'202 to the cell site 108. Although each
Access Channel 204 in the system has its own particular Long Code, each
 user 202 has a priori kndwledge’of that Long Code and thus uses that Long -
- Code to transmit over the Access Channel 204 to an paging/access channei
5 transceiver 206A in the cell site 108 and gain access to the cell site 108, the
transmission being collected at the cell site 108 by an antenna 207 that is
coupled to transceiver 206A. Based on this Access Channel transmission,
the cell site 108 learns of the user's 202 request to access the random access
channel 208 and thereby transmits packet data over paging/ random access
10 transceiver 206B. The user 202 is assigned (i.e., granted access) to the
random access channel 208. ’ )
The ‘user 202 then sends a signal over the Access Channel to the
paging/random access transceiver 206B requesting that a searcher 210 be
- assigned to the user 202. The transceiver 206B sends a signal to a controller
©15 212, asking the controller 212 to locate a free searcher from among the .
’ available searchers 210 that can be assigned to the user 202. The controller
212 examines the searchers 210 and locates a free séarchér (i.e., one that is
not presently assigned to another user) from ﬁmong the searchers 210. Once
the controller 212 locates the free searcher, it assigns the free searcher to the
20 - user 202. In the cell site 108, which has a priori knowledge of each user's
Specific Long Code, the transceiver 206B sends the user's 202 Long Code to
the controller 212, which reiays the Long Code to the free searcher.
The free Vsearcher ass1gned to the user 202 can now begin searching for

ed by the user 202. The free searcher, however, has no
‘th

-1 <o - e o H
mbo L yitt

25 information on when the user 202 will transmit data packets. The free
searcher, therefore, simply begins searching for signais encoded with the
user's 202 Long Code. If the free searcher detects multiple signals with that
user's Long Code, the free searcher is thus receiving multipath signals and
treats them aﬁcerdmgly, e.g., combmmg those s'g*:als to maximize the

30  effective signal-to-noise ratio for the user 202, as described below. . .

Accordingly, the uniqueness of the Long Codes is used by the cell-sxtes ’
108 to identify and exploit multiple propagation paths using a signal

combining method. When a signal is sent between the user 202 and a cell-
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site 108, the signal will likely take several propégation paths, resulting in
- several versions of the samersyigna] arriving at the cell-site 108 at slightly
different times. Multipath effects occur when, for example, the signal is
~ reflected off buildings or other structures between the transmitter and the
5 receiver. By using a specific Long Code for each of the users transmittingb
data, if the cell-site 108 receives several signals, it can distinguish the
transmissions of one user from those of other users. Consequently, the cell-
‘site 108 can distinguish multipath signals from the ‘particula‘r user of
interest from those sent by other users. The cell site 108, using a signal

10 combining method, can take the multiple signals from the one user and
-combine them to combat multipath fading by using all the energy available
at the receiving antenna 207 and by preventing the multiple paths from
combining destructively (i.e., out of phase). Signal combining methods are
well known to those skﬂled in the art.

15 ‘Thus, the user 202 must obtain a searcher assignment before the
‘transceiver 206B will receive data packets from the user 202. Avs a result,
because each system user does not have its t_»wn permanently assigned and
unique searcher, each user need not have its own pérsohal searcher, thereby
reducing the number of searchers 210 required at each cell site 108. There

20 need only be sufficient searchers 210 to handle the anticipated user load on
the system, which is a function of the ahticipated maximum number ofv
total data packet users that will attempt to simultaneously send data packet -

“transmissions. If this maximum number of users is exceeded, i.e., all

channel(s) for communicating data packets are busy, any user that receives a
25 - busy signal will be placed in a queue to be assigned a free searcher. The user

202 does not have to place a request for the free searcher each time it has

data to send. Rather, the searcher reservation scheme of the present

invention will leave the free searcher assigned to the user 202 between data

30 invention, which uses a priority assignment algorithm to handle
outstanding requests from users to reserve a searcher, will be described in

detail below.
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On both random access and dedicated data channels, the power level
of the signal bemg transmltted can be controlled in order to optimize the
effmency of the transmission and to maintain a sufficient power level so as )
to prevent losing any of the data bemg transmitted. In communications
5 systems, a minimum threshold power level exists for data transmissions.
~ When the power level of a signal falls below that threshold level, the cell-
site 108 will be unable to read the data, resulting in data loss. On the other
hand, when the strength of a signal significaﬁt]y exceeds the minimum
threshold po,wer" level, the signal will interfere with other signals being
10 transrﬁittéd within the system, also reéulting in data loss. Accordingly, it is
not only desn’abie, but imperative, to control the power level of signals
being transmitted over a communications system.
Various power control systems are well known in the art that are
compatible with systems that communicate via spread spectrum techniques,
15  such as CDMA. Two such systems are disclosed in U.S. Patent Nos. 5,056,109
~and 5,257,283, which are ‘assigned to the assignee of the present invention.
In those systems, and with reference to Figure 1, cell-site 108 transmitted
signal power‘is-vmeasured as received by the remote unit (e.g., reference
numeral 102 or 104), and the transmitted power is adjusted at the unit in an
20 opposite manner with respect to increases and decreases in received signal
power. Additionally, a power control feedback scheme may be used. In that
~ scheme, at the cell-site 108 communicating with the remote unit 102, the
* transmitted power from the remote unit 102 is measured as received at the
cell-site 108." A command signal is generated at the cell-site 108 and
25 = transmitted td the remote unit 102 for,iadjuvsting the transmission power of
thé remote unit: 102 éorresponding to deviations in the cell-site 108 received
signal poweri The féedback scheme is used to adjust the remote unit's 102
transmission power so as to arrive at the cell-site 108 at a desired power
 level. | ‘ o
30 - In CDMA systems, for example, Traffic Channels are provided to
handle certain transmissions between remote units 102 and cell sites 108.
Such transmissions include voice and data signals. A CDMA system may

also incorporate the random access channel of the present invention, which
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is used to handle data packets transmitted between the remote units 102 and

the cell sites 108. In accordance with the present invention, it is preferable

to use the same power control method, on both the Traffic Channels and

the random access channels. The use of Long Codes on the random access

5 channels makes it possible to identify the power level of individual users
' and therefore makes it possible to control their power levels. '

As noted above, in accordance with the present invention, and with
reference to Figure 2, both a random access channel 208 and a dedicated data
channel 214 can be im‘plemented within the same communication system.

10  Both the random access 208 and dedicated 214 channels can be used to
transmit data packets. A system having many users 202 that communicate
data can have both types of channels 208, 214 and thereby accommodate a
wide variety of data services. v'ly'hus, when a user 202 has a large amount of
data to be transferred to the home base 110, a channel assignment is
15 ‘dedicated to the user 202. Only the user 202 assigned to the dedicated
V channel 214 will be permitted to transmit data over that channel, until the
user 202 completes its data transfer. On the othe_x' hand, when a user 202
transmits bursts of data, it is preferable to have those bursts sent over a
random access channel 208 shared by many users and accessed by request

20 when bursty transmissions must be made.
V With reference to Figure 3, a processor 302, located in switching
_ station 110, may be prqvided that controls switching between the dedicated
channel (or Traffic Channel) 214 and the random access channel 208.
110 coliects communication information
25 306A-306N from the respective base station units 108A-108N. The

bandwidth demand, which is included in communication information

Typically, a switching station

306A-306N, is then utilized by processor 302 to deterrhine, by a method
described later, when switching between the dedicated channel 214 and the
random access channel 208 is appropriate for each mobile station associated
30 with base station units 108A-108N. Alternatively, processor 302 may
determine that all the mobile stations are to switch simultaneously from

dedicated channel 214 to random access channel 208 and ‘Vice-verska,.
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In the system of the present mvent:on a f1rst threshold level, which

re!ates to bandwidth demand, is set that determines when the processor 302
will switch a user 202, who is communicating with a cell site 108 over the -

) randorn access channel 208, from the random access channel 208 to the

5 Traffic Channel 214. As illustrated, the processor 302 may be located at
switching station 110. Alternatively, processor 302 could be located at each
individual cell site (not shown). In either implementation, the processor
302 may cause a switching signal, preferably over paging channel 304, to be
sent the user 202, causing the user 202 to switch between the random access

10 channel 208 and the dedicate‘d (or Traffic) channel 214. As néted above, this

' first threshold level is based on a bandwidth demand of the user 202. W_hén
the bandwidth demand of the user 202 exceeds the first threshold level, the
processor 302 switches the user 202 from the random access channel 208 to
the Traffic Channel 214.

15 Conversely, a second threéhold level is set that determines when the
processor 302 will switch.the user 202, who is communicating with thé cell
siée 108 over the Traffic Channel 214, from the Traffic Channel 214 to the
random access channel 208. This second threshold 'Ieifel is also based on the

» ~ bandwidth demand of the user‘202, and when the bandwidth demand of the

20 user 202 drops below the second threshold level, the processor 302 switches

o the user 202 from the Traffic Channel 214 to the random access channel 208.
As previously mentiioned, the processor 302 may cause a switching signal,
preferably over paging channel 304, to be sent to user 202, causing the user

_ 202 to switch between the dedicated (orrTrafﬁc) channel 214 and the random

25 access channel 208. Each threshold level may be adjusted iﬁdependendy.

, " - As embodied herein, on the reverse link 130, the random access
. channel is associated with a TIA/EIA/IS-95 Paging Chanﬁel, with one or
more Data Packet Channels per Paging Channel. To multiplex data packet
transmissions from remote units 102 with transmissions by other remote
30 | units on the reverse link 130, the User Specific Long Codes are used.
.  RANDOM ACCESS CHANNEL DESIGN
With reference to Figures 4-11, the channel design of the random

access channel of the present invention will be described, referring
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specifically to the CDMA environment and to cellular systems having
'mobile stations communicating with base stations. It is to be understood,
however, that most of the random access channel design described herein is
not limited to CDMA, but rather is applicable in other digital
5 communications systems, including TDMA. Moreover, it‘rshould be
understood that the random access channel design described herein is not
limited to cellular applications or to mobile stations. First, the channel
design of the random access channel forward link will be described. The
' channel design of the reverse link will then be described. B
10 A.  The Forward Link Channel '

The forward link random access channel for carrying packet data can
be considered a subchannel of a combined cellular paging and pécket data
channei on the CDMA forward link.’ An example of a cellular paging
channel is the CDMA Paging Channel defined in TIA/EIA/IS-95. The

15 CDMA Paging Channel is used for communication from the cell site 108 to
the mobilé station 104 for such purposes as broadcasting system overhead
information, locating the mobile, assigning a Traffic Channel, and other
signaling for system control purposes.

Various ways exist for defining a subchannel of a forward link CDMA

20 channel. Some cellular systems pre-define data subchannels as logical
subchannels in a continuous or bursty paging channel data stream. The '
CDMA Paging Channel (TIA/EIA/IS-95) can support a subchannel by
defining a special message type that carries packet data. This method can be

’ used without changes to the IS-95 Paging Channel procedures for Paging
.25 Channel assignment and other call control. This method, however, can be
expected to provide impaired performance for the random access channel
because the packet subchannel must 'compete with other Paging Channel
messages for the Paging Channel data bandwidth. When other messages are
lengthy, random access channel messages will be delayed. This delay will

30  reduce the timeliness of busy/idle channel state feedback to the mobile
stations 102, 104, thereby reducing the efficiency of channel sharing among
users. To mftigate this impairment, an alternative implementation is used

_in the present invention.
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Preferably, the CDMA random access channel is defined as a
-~ subchannel of a new set of paging and packet data channels, using a format
 that differs from the IS-95 Paging Channel format in such a way that normal -
- cellular paging channel functions do not interfere with random access
5 channel data. The new random .access, channels are referred to herein as
Packet/Pagmg Channels. - The Packet/Paging Channel of the present
"invention will now be descnbed with initial reference to the physxcal layer
of the Packet/ Pagmg Channel, and then its structure.
1. Phys:cal Layer _

10 . The modulation characteristics of the Packet/ Pagmg Channel are the
same as that of a CDMA Paging Channel, as defined in § 7.1.3 of
TIA/EIA/IS-95, with the following three exceptions. - First, there can be 0 to 7
Packet/ Pagmg Channels on a forward CDMA channel, usmg Walsh codes

v starting with Walsh code 33 through 39, in sequence. The number of

15  Packet/Paging Channels is identical to the number of Paging Channels, as

' broadcast in the PAGE_CHANk field of the TIA/EIA/IS-95 "System
Parameters Message." Walsh codes 33-39 are 'selected becaﬁse theykare
related to the CDMA Paging :Channel Walsh codes through a simple
transformation, namely, inversion of the last 32 bits of the 64-bit code

20 sequence. This pairing of Paging Cha,nnels'and Packet/Paging Channels
may be advantageous if aggregated channels are used for higher-rate -
services. Any other pairing can be used, however, withdut substantially
changing the nature of the present invention.

Second, the Packet/Paging Channel has a power control subchannel.

25 This power control subchannel is identical to that of a CDMA Forward
Traffic Channel, as described in § 7.1.3.1.7 of TIA/EIA/IS-95." The power
control subchannel is active only when reverse packet channel’data are

- being received. .

v | Third, with reference to rignré 4, the’ racxew?agmg Channel is

30 scrambled using a Packet/Paging Channel Long Code mask 400. Preferably,

~ the mask follows the paramete.rs of the mask shown in Figure 4. Thus, as
illustrated, the Long Code mask 400 contains 42 bits (bits 0 through 41). The
first portion 402 of the Long Code mask 400 is nine bits long (i.e., bits 0-8)
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" and constitutes a Pilot Pseudo-Noise (Pilot_PN) sequence offset index for
the forward link CDMA channel. The Pilot PN sequence offset index is as
defined in TIA/EIA/IS-95 §7.1.3.2.1. The second portion 404 of the Long
Code mask 400 is 12 bits long (bits 9-20), each bit being a zero. ‘The third

5 portion 406 of the Long Code mask 400 is Packet/Paging Channel number,

' whic’h is three bits long (bits 21-23) and identifies the number of the specific
Packet/Paging Channel, each of which is assigned a unique number. The
Packet/ ?aging Channel Number is in the range from 1 to 7, corresponding
to the Walsh Code 33-39 assigned to the Packet/Paging Channel, in order.

10 The fourth portion 408 is five bits long (bits 24-28), each bit being a zero.
Finally, the fifth portion 410 of the Long Code mask 400 is 14 bits long (bits
29-41). The 14 bits of the fifth portion 410 are selected to ensure that the
same Long Code is not used for any other type of CDMA channel. They are
selected arbitrarily to be different from ordinary Paging and Access

15 Channels, and the specific value may be varied without affecting the present
invent'iqn. V

2. Structure :
The structure of the forward link of the Packet/ Paging Channel will
be described with reference to Figure 5A and Figure 5B.- The structure of the

20 forward link Packet/Paging Channel slots 502, frames 504, and half-frames
506 is similar to that of IS-95 Paging Channels. The Packet/Paging Channel
‘is divided into 80 millisecond ("ms") slots. The slots 502 are grouped into
cycles of 2048 slots (163.84 seconds) referred to as maximum slot cycles. Each

U W T 1. ' £ L

maximum sxut cycle begins at tne start of e 5

e frame 508 when System Time,
25 in units of 80 ms, modulo 2048 is zero. The slots of each maximum slot
cycle are numbered from 0 to 2047, as shown in Figure 5A and Figufe 5B. A
mobile station operating in the slotted mode monitors the Paging Channel
using a slot cycle with a length that is a submultiple of the maximum slot

h (eoo £ 6.621.1.3 of TIA /EIA /1S o8),

ength (see § 6.6.2.1.1.3 of TIA/EIA /1S-95)
- 30 Each 80 ms slot 502 comprises four Packet/Paging Channel frames
510, each of the four frames being 20 ms in length. Each 20 ms long
Packet/ Paging Channel frame 504 is divided into 10 ms long Packef/Paging
Channel half-frames 506. Alternating half-frames contain Paging
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" Subchannel and Packet Subchannel data. The first half frame in each
Packet/Paging Channel frame 504 is a Paging Subchannel half-frame 512,
while the second half-frame in each Packet/Paging Channel frame 504 is
Packet Subchann‘el half-frame 514. The 'length of the frames 504, the timing
5 sequence of the half-frames 506, and the division of frames 504 into two
half-frames of equal size is of no consequence to the invention. Thus, the
frames 504 can have a different length than that specified, the timing
sequence can be different, and the half-frames need not be of equal size. |
_ Figure .SA and Figure 5B also shows the structure of the Paging
10 Subchannel half-frames 512. The structure of these half-frames 512 is nearly
identical to that described in TIA/EIA/IS-95, except ‘that successive
alternating half-frames are shown in Figure 5A and Figure 5B as
concatenated to form the Paging Subchannel data stream, rather than
adjacent half—frames as in TIA/EIA/ IS-95. The Paging Subchannel structure
- 15  is shown for reference only, however, because the structure of the Paging
Subchannel is of no consequence to the invention, and any other Paging
Subchannel structure can be used. The messages and protocols of the Paging
Subchannel in the preferred embodiment of tﬁe present invention are
~ identical to those of the CDMA Paging Channel, as defined in TIA/EIA/IS-
20 95 - f
Flgure 6A and Figure 6B xi]ustrates the structure of the half- frames
602 comprising - the Packet Subchannel. The Packet Subchannel is a
continuous bit stream within whlch Packet Subchannei message capsules
begin and end without regard to frame or half-frame boundaries. A Packet
.25  Subchannel message capsule 604 compnses one Packet Subchannel message
plus framing and Cyclic Redundancy Check (CRC); an error detection code,
.as shown by reference numeral 606. - CRC is explained in TIA/EIA/IS-95
§7.7.2.2.2, which defines the 30-bit CRC for the Paging Channel. The Packet
Subchannel could be desigﬁed similarly.
30 , The structure of a Packet Subchann’el half-frame 602 is shown in
) Figures,?A-?C. As illustrated in Figure 7A, each Packet Subchannel half-
' frame 602 contains a busy/idle bit 702 and a half-frame body 704. Referring
to Figure 7B, if the busy/idle bit 702 is set to zero, the half-frame body con-
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tains only Packet Subchannel Message Data 706. When the busy /idle bit 702
is set to zero, the channel is idle and thus open for communication, and, as
illustrated in Figure 7B, the Packet Subchannet Message Data is 95 bits long.
The 95 bit 1engt'h; however, is only exemplary; other Packet Subchannel

5 Message Data lengths can be selected. On the other hand, as illustrated in
Figure 7C, if the busy/idle bit 702 is set to one, meaning the channel is busy,
the half-frame body 704 contains a current user identifier (User ID) 708 (15
bits long) and Packet Subchannel Message Data 710 (shown as 80 bits long).
Again, these bit lengths are only exemplary.

10 User IDs are local to a Packet/Paging Channel. That is, the same User
ID may be used for different mobile stations on different Packet/Paging
Chanf\els. A single Packet/Paging Channel is identified by its Walsh code
and the PN sequence offset of the forward CDMA channel (PILOT_’PN, as
shown in Figure 4). ‘ . |

15 P@cket Subchannel messages 606 have a structure such as that shown

' in Figﬁre 8. At the begiﬁning of the message is a flag octet 802, which may
be standard "01111110" flag used in "High-Level Data Link Control" (HDLC)
framing, as defined in "Data Communication--High—Levei Daté Link
Control Procedures-‘-Consolidation 6f Elements of Procedures,”

20 International Organization for Standardization ("ISO"), 1SO-4335, 1984.

" Standard HDLC rules for zero insertion and deletion are used to prevent
data between flags from being interpreted as flags. The field 804 is a 30-bit
- Frame Check Sequence (FCS), which is the CRC described in TIA/EIA/IS-95
§7.7.2.2.2. Other framing and frame check methods may be used in

25 accordance with the present invention. The Message Text field 806 holds
the data packet being transmitted and has a maxixﬁum length of 2048 octets.
The message also includes a message type 808, an 8-bit meséage identifier.
Finally, at the end of the message is a second flag octet 810, the same as the

scribed above. Those skilled in the art will recognize that

flag octet 802 de
30 - this inessage structure is only eﬁemplary.
3. Signaling
“To support the Packet/Paging Channel, two Paging Channel message

types are used: Packet/Paging Channel Aséighment and Packet/Paging
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Channel Qverhead. These messages can be sent on any CDMA Paging
Channel, including those defined in TIA/EIA/IS-95 and the Paging
Subchannetl of the Packet/Paging Chaﬁnels of the present invention.
- The 'Pa;két/Paging Channel Assignrhent message is sent by a base
5 station to assign or deassign a mobile station to the Packet/ Paging Channel.
Implementations can also include the a'bility to assign mobile stations to a
particular Packet/Paging Channel. The Packet/ Paging Channel Assignment
message contains a Mobile Station Identifier (MSID), which cén be a mobile
identification number (MIN), electronic serial number (ESN), or other
10 identifier in the format defingd in 1S-95. The Assignment message also
contains an ASSIGN_TYPE field, which indicates to which type of channel,
a Paging Channel or Packet/ Paging Channel, the base station is assigning the
mobile station. For example, if ASSIGN_TYPE = 0, then the mobile is being
 assigned to the Paging Channel; if ASSIGN_TYPE = 1, then the mobile is
15  being assigned'to the Packet/Paging Channel. Finally, the Packet/Paging
Channel Assignment message contains a CHANNEL field, which contains
an optional CDMA frequency channel number assigned by the base station.
. The Packet/Paging Channel Overhead message is sent by the base
station to control global parameteré related to the Packet/Paging Channel.
20 The Packet/ Faging Channel Overhead message contains a MAX_LEN
parameter, which ihdicates the number of octets permitted in a reverse
packet channel transmission burst. The burst may consist of one or more
reverse packet‘channel messages, but the total burst length must not exceed
the value of the MAX_LEN parameter. The default value for MAX_LEN is
25 2047 octets. The Paéket/ Paging Channel Overhead message also contains a
LOCATION_CTRL field, which provides information concerning location
‘of the mobile unit. For example, if LOCATION__CTRL = 0, the base station
inay rely on IS-95 registration methods to locate the mobile station. If
LOCATION_CTRL = 1, the mobile station transmits a Packet/Paging
30 Channel Request Message after every idle handoff. The methods of mobile
station location will be described in detail below.
Two Packet Subchannel ’message types may be used in this invention

“to support the Packet/Paging Channel: User ID Assignment messages and
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Packet Delivery messages. The User ID Assignment message consists of the
two types of information in the Message Text field of the Packet Subchannel
- message. First is a User ID field, which is a 15-bit number identifying a
mobile station or broadcast message. User IDs 0-15 are reserved for special
‘5 uses, as defined in the procedures below. The base station may assign other
User IDs to individual mobile statlons, permitting them to transmit on the
Reverse Packet Channel. The second type of information is a mobile station
identifier (MSID), which constitutes an MIN, ESN or other 1dent1f1er, in the
formats defined in IS-95. o
10 . 'The Packet Delivery message consists of three types of information in
the Message Text field of the Packet Subchannel message. The first is an
ID_TYPE field, with the value "0" indicating a User ID and the value "1"
indicating a MSID. The second type of information is an identifier, which
can be either a User ID or MSID, according to thé value of ID_TYPE. UID
15 and MSID are as defined for the User ID Assignment message. The third
type of information is the packet data being transmitted (DATA field). The
format and contents of the DATA field are not important to the present
invention. In the preferred implemenfation, however, the contents of this
field are in accordance with the Internet Point-to-Point Protocol (PPP) ‘as
20 defined in Internet RFC 1661.

B. The Reverse Link Channel

The reverse link channel of the random access channel will now be
described. For convenience, it will be referred to herein as the Reverse

» Packet Channel. The physical layer, synchronization, structure, and
25  signaling of the Reverse Packet Channel will be described.
1. . Physical Layer ' ,

The Reverse Packet Channel of the present invention is idénﬁ_cal to
the CDMA Access Channel defined in §§ 6.1.2 and 6.1.3 of TIA / EIA/ IS-95
with four exceptions. First, the Reverse Packet Channel is addressed by long

‘30 .code PN, using the Public Long Cdde Mask based on mobile station
Electrohic Serial Number (ESN), as for CDMA Reverse Traffic Channels (see
Figure 6.1.3.1.8-2 of TIA/EIA/IS-95). Such addressing permits identification

and signal level measurement of transmissions from individual mobile
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stations and thus also provides the ability to use multipath diversity
reception and to use closed-loop’ reverse link power control on the Reverse
Packet Chahnel_s.
v ‘Second, one Reverse Packet C‘nah_nei exists per assigned User ID.
5 Third, the reverse link transmit power is determined as for a CDMA
Reverse Traffic Channel, using the opeh and closed loop procedures defined
in §§ 6.1.2.3 and 6.1.2.4 of TIA/EIA/ IS-95. Fourth, the synchronization and
structure of the Reverse Packet Channel are as defined in the following
descriptions and therefore corresponding sections §§ 6.6.3.1.1 and 6.7.1.1 of
10 TIA/EIA/IS-95 do not apply.
| | 2. | Synchronization
The timing of Reverse Packet Channel transmissions will be
described with reference to Figure 9. Figure 9 illustrates the timing of the
Reverse Packet Channel 902 with respect to the forward link Packet/Paging
15 Channel 904 described in dét‘ail above. As can be seen, the Reverse Packet
Channel 902 has a preamble 906 and a packetk data message field 908. The
Packet/ Paging Channel 904 has a Paging Subchannel half-frame 910 (which
repédts periodically) and a Packet Subchannel half-ffame 912 (which also
- repeats periodically). A frame 914 of the Packet/Paging Channel 904
20 comprises the Paging Subchannel half-frame 910 and the Packet Subchannel
" half-frame 912. At the beginning of each Packet Subchahnel half-frame 912
of the Packet/Paging Channel 904 is a busy-idle bit 916, which indicates to
the mobile stations monitoring the Packet/Paging Channel 904 whether it is

eeeee $1ak1n £ B T Y e 7ot sy
avaliauic 1 L -

25 The preamble 906 of the Reverse Packet Channel 902 is the same as
for the CDMA Access Channel. The length of the preamble 906 is the same
as that of a CDMA Access Channel burst, which is broadcast in the

PAM_SIZ field of the Access Parameters'Message, as déﬁned in TIA/EIA/IS-
95§7.72322 In va-xre 9, the prenmh 06 nF the Reverse Packet Channel

30 902 is shown as one CDMA frame in length.
Mobile stations without User ID assxgnments cannot transmit on the
' Reverse Packet Channel 902. The mobile station with a User ID assignment
may begin sending the preamble 906 of the Reverse Packet Channel 902 after
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the end of a frame 914 containing a busy/idle bit of "0" (see reference

numéfal 916). The first preamble frame 906 is aﬁgned exactly with the

frame boundary 918, but the mobile station transmitter is not enabled until

the preceding Packet/Paging Channel frame 920 has been decoded and
5 deinterleaved, and the state of its busy/idle bit 922 has been determined.

If busy/idle bit 922 is "1", the maobile station does not enable the
transmitter, discards the preamble frame 906, and waits until a subsequent
Packet/Paging Channel frame for its next atterﬁpt to transmit. Ran-
domization techniques, such as exponential backoff, are well known to

10 those skilled in the art as methods of selecting the frame for the next
attempt in order to minimize the likelihood of simultaneous transmissions
(collisions) from multiple mobile stations.
If the busy/idle bit 922 is "0", as shown in Figure 9, the mobile station
enables its transmitter and continues sending the preémble 906 for the
15  number of frames indicated in the PAM_SIZ field of the Access Parameters’
Message. At the end of the preamble transmission, the mobile station
begins transmitting Reverse Packet Channel data in the pécket, data message
field 908. | | |
' When the base station detects a preamble transmission from a mobile'
20  station having an assigned User ID on a Packet/Paging Channel, it sets the
busy/idle bit to "1 (see reference numeral 924) and places the User ID of the
mobile station being received in the UID field 926 of the Packet Channel
half-frame. k ' _
o ) tations observe the busy/idle bit 924 and the
25 UID field 926 in each Packet Subchannel half-frame 912 following the end of
the Reverse Packet Channel preamble 906. The mobile station disables the
transmitter and schedules a retransmission of the pécket data 908 if either of
the following two error indications occurs prior to the end of the Reverse
Packet Channel 902 data transmission. The first error indication occurs
30  when the busy/idle bit 924 is set to "0". The second error indication occurs
when the busy/idle bit 924 is set to "1" and the UID field 926 does not
contain the User ID assigned to the mobile station. For this second error

indication, a User ID of "0" can be used by the base station to force all
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mobiles monitoring the Packet/Paging Channel 904 to‘sfop transmitting.
' This method is also used to indicate that an error has been detected in
receiving the packet data 908 from the mobile.
The base station keeps the busy/idle flag set to "1” for two frames
5 following the end of the mobile station’s packet data transmission.  The
User ID in these frames is the User ID of the mobile station if no errors were
detected during transmission, or "0" if errors occurred. The base station
-considers the tranismission ended after any of the following: (1) when the
base station has received the end ofvthe data part of the transmission, as
10 determined from a length field (see Figure 10) of the reverse packet data
transmission, or (2) at the end of the first frame in which a reception error is
detected, or (3) at the end o’f' the first frame during which the mobile station
was commanded to cease transmission. ’
o The transmitting mobile station also observes the busy/idle flag for
15 two frames following the end of transmission. If either of the two error
' indica{ions (see above) oécurs, the mobile station assumes that the reception
was‘not successful and reschedules the transmission.
3. Structure k ‘
The struéture of Reverse Packet Channel tfansmissio_ns 11000 is
20 illustrated in Figure 10. As shown in Figure 10, Reverse Packet Channel
transmissions 1000 have a preamble 1002, a length field 1004, a message field
-1006, and a padding field 1008. The preamble 1002 is as discussed above with
respect to synchronization of the Reverse Packet Channel. The length field
1004 contains the number of CDMA fra;ﬁes that will be transmitted by the
25 mobile station ‘in this transmission. The meSsage part 1006 of the
- transmfs_sioh may contain one or more Reverse Packet Channel messages, ‘
having the format shown below. The padding field 1008 consists of all zeros
" and is added to the end of the message field 1006 to make the transmission
_ span an integer number of CDMA frames. The size of the padding field 1008
30 s determined by the size of the message field 1006 after zero insertion.
‘ With reference to Figure 11, the message field 1006 of the Reverse
Packet Channel transmission 1000 contains one or more instances of

message'structure, which is the same as for the forward Packet Subchannel.
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As illustrated in Figure 11, the message structure of the message field 1006
~comprises five fields: a first flag field 1102, a message type field 1104, a
message text field 1106, an Frame Check Sequence (FCS) field 1108, and a
secon& flag field 1110. As shown, the first and second flag fields 1102, 1110

5 ‘are each 8-bit fields. The first ﬂag field 1102, however, can be omitted for the
fix;st message in a Reverse Packet Channel transmission. Only one ﬂag field
is required between successive messages in a transmission. The message
type field 1104 is an 8-bit field, and the FCS field 1108 is 16-bits. Finally, the
‘message text field 1106 is at most 2048 octets long, although it may be

10 shorter. All indicated field sizes, however, are before zero insertion. ’

4. Signaling ; o
. To support the random access channel of the present invention, the
mobile stations signal the base stations on Access Channels. Various Access

, Channel message types are used to support the random access channel,

- 15 including Packet/Paging Channel Requests and User ID- Requests. These"
messages are sent on the Access Channel selected by the mobile station.
Neither of these messages is considered an "implicit registration,” as
defined in 15-95. The Reverse Packet Channel uses Packet Submit message
types, as described herein.

20 Furthermore, it is assumed that Access Channel messages, such as
Origination Messages, can be sent on the Reverse Packet Channel as well as
oﬁ the COMA Access Channel. This allows the use of the Reverse Packet
Channel for more efficient transmission of call control messages, especially
for Origination Messages, whose length may be restricted on the Access

25 Channel, requiring an Origination Continuation Message to complete the
transmission of all dialed digits. '

IIL  OPERATING PROCEDURES
| A. Packet/Paging and Access Channel Selectioﬁ

I

w3

Packet/Paging Channel selection, mobile stations and base stations

30 select the Packet/Paging Channel in the same manner as selection of the
Paging Channel in TIA/EIA/IS-95 §6.6.2.2.1.2. The Walsh code for the
selected Packet/Paging Channel is the Paging Channel Walsh code pli;s 32.
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In Access Channel selection, when monitoring the Packet/ Paging
»Channel mobile stations making' access éttempts use the same Access
: Channel as would be used for accesses when monitoring the corresponding
Paging Channel. Access Channel selection is described in TIA/EIA/IS-95
5 §6.63.1.1.2
Figure 12A illustrates Pa’cket/P‘aging Channel selection. After a
mobile station begins the process of obtaining a Packet/Paging Channel '
(Step 1202) the mobﬁe station’s IS-95 control processor generates a Connect
Indication signal (Step 1204), indicating that the mobile station is connected
10  to the IS-95 Paging Channel, which is then monitored by the mobile station.
The mobile station then sends a Packet/Paging Channel Request Messal_ge on
the Access Channel (Step 1206) to the base station and enters an Assignment
" Wait State 1208, in which the mobile station awaits assignment by the base
station to a Packef/_ Paging Channel. If the mobile station receives no answer
15 to the Packet/ Pagihg Channel Request Message, the control portion of the
mobile station gene}r.ate}s a Timeouf Message (Step 1216), which causes the
mobile to leave the Assignment Wait State 1208 and to send another
- Packet/Paging Channel Request Message (Step 1206). The mobile station
then reenters the 'Assignment Wait State 1208. If, however, the base station
26 ) answers the mobile station’s Packet/Paging Channel 'Request Message and
sends a Pééket/Paging Channel Assignment on the Paging Channel (Step
1210), the rﬁobiie station deletes any previous seércher reservation by setting
the User ID to zero and sets the Wait List Flag to False (Step 1212), which
indicates that the mobile station is not on the base station's Wait List
25 awaiting a free searcher. The mobile station then enters the Idle State 1214
and monitors the assxgned Packet/ Pagmg Channel. '

B. Slotted Pagmg Mode : .

When using the Packet/Paging Channel of the preéent 'mvéntion,
ns that do not have a User ID assignment may operate in the
30 slotted paging mode. This is done according to the requirements of

TIA/EIA/IS-95 § 6.6.2.1.1. Use of the slotting paging mode provides battery
savings during periods when no packet data are being sent or received by

the mobile stations.
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C Searcher Management
Acquisition of packet transmissions on the Revérse Packet Channel is
performed by a functional entities called "searbhers," which are located at
base stations and which were described above with fefe:ence to Figures 1
5 and 2. The searcher entity is a correlator that continually scans the received
signal from the base station antenna, seeking to detect the presence of a
reverse channel signal by examining the correlation betweén the received
signal and the known PN spreading sequence (or Long Code) of a mobile
transmitter. Methods for implémenting correlators for this purpose are
10 well known to those skilled in the art. The searcher looks for a Long Code
corresponding to a particular mobile station and that is known to the
searcher, as well as preamble data that is also known to the searcher.
The searcher's task is complicated by uncertainty in the delay between
the signal emanating from the ‘transmitte: and reaching the receiver's
15 antenna. This uncertainty is the result of timing synchrénizafion error and
variability in the distance from transmitter to receiver. These factors are
.inheren,t_ in a mobile communication system and cannot be eliminated
without a great increase in system cost and complexity. As a result of this
uncertainty, a searcher must try a large number of possible timing offsets
20 when seeking a transmitted signal. Since each correlation attempt at a
distinct offset requires the collection and integration of signal samples, the ’
searcher hardware and/or software needed for the process is ma_dé
considefably more complex. Moreover, the time to perform the correlation
suggests that a single searcher génerally cannot seek more than one PN
25 spreading sequence at a time. Consequently, if there are mahy possible
transmitters, each with a distinct PN sequence to be searched, then in
general many searchers are needed.
On the IS-95 Access Channel, the need for many searchers is
_ mitigated by having all mobile stations on a given Access Channel use the
30 same PN spreading sequence (i.e., Long Code). This reduces the number of
searchers required, but makes it izhpossible to resolve transmissions from
different mobile stations that transmit simultaneously. (In a CDMA system,

if different PN sequences are used, transmissions can be resolved using the
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processing gain inherent in CDMA.) ‘The inability to resolve transmissions
from different mobiles transmitting simultaneously has the following
disadvantages: (1) Transmissions from different mobile stations cannot be
distinguished from multipath arrivals of the signal from the same mobile

5 . station, and, therefore, it is not possible to combine multipath energy. This

- results in considerable degradation of the sensitivity of the base station’s
receiver. (2) Mobile station identity cannot be established,tin_til the message
is fully received and decoded. This prevents using closed-loop power
control for Access Channel transmis'sibns and prevents fast feedback to the

10 mobile station about success or failure of the access attempt. These
disadvantages reduce the 'efﬁciency of the reverse link by requiring more
mobile station transmit power to provide fade margin and by fnaking it
impossible to quickly terminate mobile station transmissions if errors are

~ detected by the receiver. “ _

15 ©  The Reverse Packet Channel described herein eliminates these
problems by i.is:ing a mobile station-specific PN sequence (i.e., a‘Mobile
Specific Lbng Code) for reverse transmissions. From the discussion above,
it is clear that the disadvantages of the Access Channel are mitigated by this
approach, but at the cost of requiring a searcher for each mobile station that

20 may transmit on the Reverse Packet Channel. Because searcher hardware
and/or software will not generally be an unlimited resource, it is necessary
to provide a means for sharing a limited number of searchers among all the
'mobile‘ stations that use a given Reverse Packet Channel.

_ ‘Two known methods are available for searcher sharing.‘ The first

25 _method is polling, wherein the base station sends a poll to each mobile
station in turn, giving permission to transmit. This method may be the
most efficient for a single searcher, but is inefficient when many searchers

~are available. The second method is searcher reservation, which is a
method used in the present invention, wherein *ﬁobile stations use the

- 30 Access Channel to request searcher assignment and only transmit on the
Reverse Packet Channel when a searcher has been reserved.

1 Mobile Station Searcher Management
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The mobile station procedures for searcher management will now be
described with reference to Figures 12A-12C. Before entering the searcher
- management procedures, a mobile station first obtains a Packet/Paging
Channel Assignment from the base station. This was described above with
.5 reference to Figure 12A. As illustrated in Figure 12A, to enter the Mobile
' Station Idle State 1214, or after an idle handoff, the mobile station is first v
connected to and then monitors the 1S-95 Paging Channel (Step 1204). The |
mobile station sends a Packet Channel Request Message on the Access
- Channel (Step 1206) and enters thé Assignment Wait State 1208. If the base -
10 station does not respond with a Packet/Paging Channel Assighment‘
Message within a set amount of time, the control portion of the mobile
station generates a time out signal (Step 1216), indicating that the base
station has not responded, and causing the mobile station to send another
Packet Channel Request Message (Step 1206). If, however, the base station
15 does respond and assigns the mobile station to a Packet/Paging Channel
k (Step 1210), the mobile deletes any previous seatcher reservation, sets the
User ID to zero and the Wait List Flag to false (Step 1212) and enters the Idle
State 1214. The mobile station then monitors the assigned Packet/Paging
Channel. ;
20 Referring now to Figure 12B, when in the Idle State 1214, mobile
stations monitor the Packet/Paging Channel at all times while asSigned to
such a channel, including when transmitting. As a result, when m the Idle

State 1214, the mobile station may receive a User ID Assign.inerit Message

from the b i acket/Paging Channel causing the mobile to -

25  delete its searcher reservation and User ID assignment. For example, if the
mobile station receives a User ID Assignment Message from the baée‘vstation
that contains the mobile station's assigned User ID, but with an MSID that
does not match the mobile station's MSID (Step 1254), the mobile station

will examine the received User ID (Step 1256). If the received User ID is not

30 equal to the currently assigned User ID (the "<> UID" branch of Step 1256),
the mobile station simply reenters the Idle State 1214. If the received User
ID is equal to the currently assigned User ID (the "== UID" branch of Step

1256), the mobile station deletes the searcher reservation and sets the User
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| ID equal to zero (Step 1258). It then reenters the Idle State 1214. Similarly, if
the mobile station receives a User ID Assignment Message from the base
~ station containing the mobile's MSID and a User ID of zero (Step 1260), the
mobile station sets its User ID equal to the received User ID and deletes its

5 Searcher reservation (Step 1262). "Again, it reenters the Idle State 1214.

Mobile stations use the following procedure for reserving: searchers
ahd‘se'nding pacrket'data on the Reverse Packet Channel when in the Idle
State 1214. When a mobile station has Apacket data to send (Step 1218), it

~ must be determined whether its has a searcher reservation (Step 1220). If
.10 the User ID is less than or equal to 15, as shown in Step 1220, the mobile
 station does not have a searcher reservation, and it must then be
determined whether the mobile is on the base station Wait List (Step 1222). ‘
If it is on the Wait List (i.e., WtList Flag = TRUE), the mobile station is
placed in the User ID Wait State 1226. If, on the other hand, the mobile
'15 station is not on the wait list (i.e., WtList Flag = FALSE), the mobile sends a v
User ID Request Message on the Access Channel (Step 1224) and then enters
the User ID Wait State 1226. o i S
~ As illustrated in Figure 12C, once in the UserAID Wait State 1226, the
~ mobile station éwaits assignment of a User ID from the base station. The
20 control po‘x"tion of the mobile station monitors the time that the mobile has '
been in the User ID Wait State 1226 without receiving a Use.r ID assignment,
and if that time éxceeds some set amount, the control genevrates a timeout
signal (Step 1228). The mobile station then sends another User ID Request
Message to the base station on the Access Channel (Step 1230), and the
25 mobile station returns to the User ID Wait State 1226. '

If the timeout is not exceeded, and the mobile station receives a User
ID assignment from the base station on the Packet/Paging Channel (Sfep
1232), the mobile station has a searcher reservation and can transmit data

30 the base station (Step 1234). The mobile can then send packet data on the
Reverse Packet Channel (Step 1236). The mobile station monitors whether
packet data transmissions are successful (Step 1238).  If transmission was
successful (the "TRUE" branch), the mobile station séts the Wait List Flag to
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"TRUE" (Step 1240) and enters the Idle State 1214. If, on the other hand, '
transmission was unsuccessful (the "FALSE" branch), the mobile station
sets the Wait List Flag to "FALSE" and the User ID to zero (Step 1242). The
~ mobile then sends another User ID Request Message on the Access Channel
5 (Step 1244) and reenters the User ID Wait State 1226. '
‘ Referring back to Figure 12B, if the User ID received by the mobile
station is greater than 15 (see Step 1220), the mobile station already has a
User ID and can send packet data. The mobile sends its packet data on the
Reverse Packet Channel (Step 1246). It then checks whether transmission
10 was successful‘(Step 1248). If successful, the Wait List Flag is set to "TRUE"
(Step 1250), and the mobile reenters the Idle State 1214. If unsuccessful, the
Wait List Flag is set to "FALSE" and the User ID to zero (Step 1252). Thus,
with reference to Figure 9, the mobile station deletes its searcher reservation
if the Packet Subchannel busy/idle flag 916 of the Packet/Paging Channel 904
15  is not set to busy following transmission of a preamble 906 on the Reverse
Packet Channel 902. The mobile station then executes Steps 1222-1226
described above.
If the mobile station had successfully transmitted a packet on the
" Reverse Packet Channel after making a deleted searcher reservation, the
" 20 mobile station will be placed on the base station's waiting list and need not
request a new reservation when it has data to send. Instead, it may wait for
the bése station’s automatic reassignment, which normally occurs at the end .
of a waiting period. If the mobile station had not successfully transmitted a
packet on the Reverse Packet Channel after making the searcher reservation '
25 just deleted, the mobile station reqﬁests a new reservation when it has data
to send.
A 2. Base Station Searcher Manageﬁent
With reference to Figures 13A-13E, the base station searchei‘
management procedures will be described. - Referring to Figure 13A, after
30 initialization (Step 1302), the base station awaits a Packet Channel Request
Message sent by a mobile station over the Access Channel (Step 1304). When
the base station receives such a message, it sends a Packet Channel

Assignment Message over the Paging Channel (Step 1306) to the mobile
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stanon The base stanon then enters the Idle State (Step 1308), in whxch it
awaits a User ID request from the mobile station. Presumably, both the
mobile and base stations are in the Idle State at this point waiting for a User
ID request. Upon receiving a User ID Request Message from the mobile
5 station on the Access Channel (Step 1310), the base station examines the
User ID list (Step 1312), looking for an idle searcher. '
At this point, the base station begins searcher management
procedures. If the base station receives a User ID Requeét Message from a
, mobile station when a searcher is idle (i.e., when the User ID list is "NOT
10 EMPTY" in Step 1312), the searcher is assigned to the mobile station, a User
ID for the mobile station is selected, and the base station sends a User ID
Assignment Message to the mobile station on the Packet/ Paging Channel
(Step 1314). The base station may verify the mobile station’s identity and its
‘ permission to use pécket data services prior to assigning a User ID. Upon
15 -sending the User ID to the mobile sté_xﬁdn, the base station management
- procedure enteifé the Active State 1316, and the searcher begins searching for
transmissions from the mobile station encoded with its User Specific Long
Code.’ If, however, the base station receives a User ID RequeSt Messagé from
the mobile station when no searcher is idle (i.e., when the User ID list is
20 "EMPTY" in Step 1312), the base station places the mobile station on a Wait
List (Step 1318) and sets the Wait List Flag to "FALSE". The ‘base station
then enters the Wait State 1320, and both the mobile station and base station
wait for an available User ID. k
Reterrmg now to l-lgure 13B, the base statlon may exit the Wait State 7
25 1320 under at least two circumstances. - First, when a searcher becomes
available, a User ID notificaﬁon‘ signal is generated by a base station global
searchér control (Sfep 1322), notifying the base station of the available User
ID. The base station then reassigns the available searcher to the waiting
mobile station and sends a User ID Assignment Message on the
30 Packet/Pagmg Channel to the waiting mobile station (Step 1324). The
 mobile station then enters the Active State 1316. '
Second, when the wamng mobile exceeds its wait time, as determmed

by the base station global searcher control, a Wait Time Exceeded signal is
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generated by the global searcher control procedure (Step 1326). The base

station then examines the User ID list to determine whether or not it is

empty (Step 1328). If the User ID list is not empty, the base station reassigns

the searcher to the waiting mobile station, executes Step 1324, and then

5  enters the Active State 1316. If the User ID list is empty (Step 1328), a Ready

Notification Signél is sent to the gylobal searcher control (Step 1330)

indicating that the mobile has exceeded its wa'it time and that no available

User ID exists. The base station thén enters the 'Read'yr State 1332, which

indicates a greéter urgency for the mobile to receive a User ID. When a User

10 ID becorhes available, the global searcher control then generates a User ID

Notification Signal (Step 1334), notifying the base station of the available

User ID. The base station then reassigns the searcher from a mobile having

an a_ssignéd User ID that exceeds its usage allocation, in accordance with its

assigned relative priority, to the waiting mobile station. The base station

15 sends a User ID Assignment Message on the Packet/Paging Channel to the

waiting mobile station (Step 1336). The mobile station then enters the
Active State 1316. »

’ Base stations can use the same User ID pfeviously assigned, or can

use a new User ID. If a new User ID is used, the base station must s.ena a

20 separate User ID assignment message to the mobile whose searcher has been

reassigned, revoking the User ID assignment. If, however, the revoked

mobile station had successfully transmitted a data packet since receiving the

-
T
-

25 the revoked mobile station a User ID in accordance with Wait List priority. }
Various methods can be used to manage the priority list for waiting

and User ID-assigned mobiles, but in the preferred embodiment, the
following procedure is used. For each mobile station, a base station
maintains four elements that determine the priority order in which User ID

30 assignments are made: (1) Wait time, which is the time elapsed since the
mobile station has been placed on the Wait List. (2) Idle time, which is the

time since the last successful transmission from a mobile station that has a

: User ID assignment. (3) Assignment time, which is the time since the
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mobile station was assigned a User ID. ' (4) Mobile subscriber 'priority level,
in accordance with the subscribed grade of service for the mobile station
‘user. A wait-time threshold, which is shorter for higher priority levels, an
idle-time threshold, which is longer for higher priority levels, and an

5 assighment-time threshold, which is longer for higher priority levels, are all
associated with each subscriber priority level. The wait-time threshold is

- fixed, because it must agree with the mobile station’s wait-time threshold,
and the latter is not controllable by the base station. Idle—tinﬁe thresholds
~and a351gnment -time thresholds, on the other hand, can be varied by the

10  base station in response to traffic load.

The base station controls the assignment of User IDs to those mobile

~ stations assigned to the Packet/Paging Channel. If the base station is in the
Wait State 1320 and a searcher becomes available, the base station sends a
User ID Assignment message to the mobile that has exceeded its wait time

15  threshold by the greatest amount (see Step 1322).

‘ Referring now to Figure 13C, if any mobile station on the Wait List
exceeds its wait-time threshold, the base station will reaésign a searcher

- from active mobile stations (see Step 1316) éccbrding to the following
procedure: ’ '

20 (1) If no active mobile station (i.e., mobile stations having a
User ID assxgnment) has exceeded its idle-time threshold, nor has any active
mobile station exceeded its assxgnment-tlme threshold, the base station does
not reassign any searchers from active mobile stations to waltmg mobile

tations. The base station generates a data Tx/Rx Notification signal (Ste

25 1338) and iresets ‘the idle timer and sets the Wait List Flag to "TRUE" (Step
V1340) The base station then returns to the Active State 1316.

' (2 If any mobile station having a UID assignment has
~ exceeded its assignment-time threshold (Step 1342), the base station will
gnt

raacc’
AT aooimd

he searcher of the mobile station that has exceeded its assignment-

30 - time threshold by the maximum amount (Step 1344). This continues until
“either there are no more mobiles in the Wait List that have exceeded their
wait-time thresholds, or there are no more mobiles with User ID assign-

ments that have exceeded their assighment time thresholds. If the mobile
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being examined for assignment time age (Step 1344) is not the oldest active,
the base station enters the Assignment Timeout State 1346. If, on the other
hand, the mobile being examined is the oldest active, its User ID is revoked
by the base station sending a User ID Deassignment Messége to the mobile
5. on the Packet/Paging Channel (Step 1348). The base station global searcher
managerﬁeht control then sends a User ID Notificatigﬁ Message to the next
waiting mobile station (Step 1350), and the Wait List Flag is examined (Step
1352). If the Wait List Flag is FALSE, meaning the mobile is on the Wait
List, the base station enters the Idle State (Step 13545. If the Wait List Flag is

10 - TRUE, meaning the mobile is not riow on the Wait List, the Wait List Flag

is reset to FALSE (Stép 1356), and the base station enters the Wait State 1320.
3) If there remain mobilé stations on the Wait List that

have exceeded their wait-time thresholds, and there are mobiles having idle

- times that exceed their idle-time thresholds (Step 1358), the ba'se‘ station will

15 continue reassigning searchers from the pool of such mobiles, beginning
with the mobile station that has exceeded its idle-time threshold by the
greatest amount (Step 1360). This continues until lveither there are no more
‘mobiles in the Wait List that have exceeded their wait-time thresholds, or
there are no more mobiles with User ID assignments that have exceeded

20  their idle time thresholds. When the cldest active idle mobile '(i.e.,y the one
thét most exceeds its idle time) is located, the same procedufes are followed
as when the oldest active assigned mobile is located (in Step 1344). If the
mobile being examined is not the oldest active idle mobile, then the Ease
station goes to the Idie Timeout State 1362.

25 The mobile station also measures its own wait time, and has a wait-
time thfeshold, which varies with the subscriber priority level. The mobile
station’s wait-time threshold should be greater than the wait-time threshold
used by the base station to allow time for the base station’s reassignment
process to be completed before the mobile station’s wait-time threshold is

30. exceeded. If a mobile station’s measured wait time exceeds the mobile

' station wait-time threshold and the mobile station has data to send, the
mobile station sends a User ID Request Message and resets the wait time to

Zero.
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With reference to Figure 13D, exit from the Idle Timeout State 1362
will be described. As described above, when an active mobilekstatio‘n is
examined . (in Step 1360) that is not the oldest active idle mobile,‘the base

station enters the Idle Timeout State 1362. At this point, the base station
5 - will continue to examine the status of the mobile stations. The base station
global searcher control sends a Ready Notification Message to the oldest
active idle mobile station (Step 1364). - That mobile station’s User ID is then
revoked via a User ID Deassignment Message sent on the Packe't/Pagingb
~ Channel (Step 1368), and a User ID»no:ti'fication signal is generated by the
10  global searcher control for the next waiting mobile (Step 1370). The Wait
. List Flag is then examined (Step 1372). If the Wait List Flag is FALSE,
meaning the mobile station is on the Wait List, the base station goes to the
Idle State 1354. If the Wait List Flag is TRUE, however, meaning the mobile
“is not on the Wait List, the Wait List Flag is reset to FALSE (Step 1374), and

15  the base station enters the Wait State 1320.

When the base station is in the Idle Txmeout State 1362, if the
assagnment time of a mobﬂe is exceeded (Step 1376), meaning the mobile
has had its User ID for too long, the base station enters the Assignment
Txmeout State 1346.  Moreover, when in the Idle _Txmeout State 1362, the

20 gloBal searcher control generates Data Tx/Rx Notification Messages (Step
. 1378) tf\at cause the Idle Timer to be reset and fh’é Wait List Flag to be set to
TRUE (Step 1380), indicating that the mobile station is not on the Wait List.

. The base station the enters the Active State 1316. - |
o Figure 13E, the base station Assignment Timeout
25  State 1346 will be described. The base station may send a Ready Notification
Message to its global searcher control (Step 1382), indicating that the oldest
active assigned mobile station is about to have its searcher reservation
revoked. The base station then revokes that mobile station’s User ID by

Qpnﬂlng a User ID DeaSSIgnmnrﬂ' Messace to the mobile on the

SE8NAINGg a USer 1) JJeabSigiiddiciiy  Vigssx 5% Wi GO e on the

30 ; Packet/ Paging Channel (Step 1386), and a User ID Notification Message is
‘sent by the global searcher control to the next waiting mobile (Step 1388).
‘The Wait List Flag is then examined (Step 1390). If the Wait List Flag is
FALSE, the base station enters the Idle State 1354. If the Wait List Flag is
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TRUE, the Wait List Flag is reset to FALSE (Step 1392), and the base station
returns to the Wait State 1320. 4
Further, in the Assignment Timeout State 1346, the global searcher
I ication Message (Step 1394) when a
5 mobile is transmitting or receiving data. The Wait List’ Flag is ;then set to
. TRUE (Step 1396), and the base station returns to the Assignment Timeout
State 1346. |
D. Mobile Station Location o
When a base statién has packet data to transmit to a mobile vstatiori,
10 ’two basic methods may be used to deliver the packet data: (i) The base
station may rely on IS-95 registration methods to locate the mobile station.
With this method, the base station cén either page the mobile station to
determine its current cell/sector location before transmitting the packet
data, or can simply transmit the packet data throughout the location area of
15  the mobile. (2) The base station may require the mobile station to transmit a
Packet/Paging Channel Request Message after every idle handoff, thereby
providing exact location information (to the cell/sector) for the mobile at all
times. '
The first of these methods minimizes the Access Channel traffic
20 generated by the mobile station, at the cost of an increase in Paging
Subchannel traffic and a possible delay in packet delivery. The first method
-may be a desirable method for high-mobility mobile stations. The second ;
' methdd minimizes delay for most packets at the cost of increased Access
Channel traffic. It may be the best a
25  stations. . :
'When using the first method, the base station sets the
LOCATION_CTRL field (described above) in a Packet/Paging Channel
Overhead Message to "0". The mobile then performs only IS-95 registration
as a means of location and packet delivefy.
30 _When using the second method, the base station sets the
' LOCATION_CTRL field in the Packet/ Paging Channel Overhead Message to

"1". The ‘mobile» station sends a Packet/Paging Channel Request Message
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after every idle handoff. The mobile station also performs 1S-95 registration,
as required accordmg to the normal 15-95 procedures
E. Traffic Channel Management
While packet data services are in progress, a mobile station can
5 commence or end operation on a CDMA Traffic Channel at any time. This
is done by using the channel assignrhent channel release, and related
procedures defined in TIA/EIA/IS-95. Herein, reference will be made to the
CDMA Trafﬁc Channel. It is to be understood however, that in general it is
preferable to use a dedicated channel to send transmissions that exceed the
10 bandwidth of the random access channel (e.g., non-bursiy, lengthy, or
continuous transmissions) between the base station and mobile statiori.
The Traffic Channel referenced in the remainder of this section is merely an
exemplary dedicated channel. This section describes the process for
switching or transitioning between a dedicated channel (or Traffic Channel) -
15 and the random access channel of the present invention whén conditions
dictate that a transition is beneficial. For convenience, the dedicated
channel will be described with specific reference to the Traffic Channel.
This process was described above in less detail wiéhArespect to Figure 3.
. Eithef the base station or mobile station may initiate the Traffic
20 Channel assignment process. A mobile station initiates the Traffic Channel
assignment process by sending an IS-95 Originatibﬁ Message on either the
: acceAss'Channel or Reverse Packet Channel. A base station can initiate a

Trafflc Channel assignment by dxrectly assigning a Traffic Channel, or by

sendi ino a Paoe Message the mobi 1@ station prior to the ascienment
- sending a Page Message to the mobile station prior to the assignment.
25 " The base station uses the foIlowing procedure to determine when to

initiate transitions between the Packet/Paging Channel and Traffic
. Channels: -
k (1) If, over a period of time, packet data to a
received from a mobile station exceed a predetermined threshold level, the
30 Dbase station assigns the mobile station to a CDMA Traffic Channel. This
procedure addresses the problem that packet data usage may exceed the

capacity of the Packet/ Paging Channel or the Reverse Packet Channel under
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circumstances where users transfer large amounts of data, or carry out an
extended session with frequent exchanges of data packets.
(2} If the mobile stdtion user or the basé station sets up a
second call appearance {e.g., a voice call simultaneous with p'z;cket data |
5 service) where a Traffic Channel is necessary to carry the new call
appearance, the base station assigns the mobile station to a CDMA Traffic
Channel. | |
, (3)  If the mobile station is in motion and undefgoes a rapid
succession of handoffs or signal fades, the base station assigns the mobile
10 station to a CDMA Traffic Channel. It will be advantageous to use a Traffic
Channel under such circumstances so that connectivity is maintained (e.g:,
’ using the soft handoff feature of CDMA cellular) without excessive Access
Channel activity to re-establish Packet/Paging Channel assignméhts.
» (4) When a mobile station's Traffic Channel utilization falls
15 below a configured level, the base station releases the Traffic Channel.
Criteria for determining when to release the Traffic Channel include- idle
time (time since the last packet was sent or received), user priority, vand
mobility history (rapid succession of handoffs or sighal fades).
~ Mobile stations can request assignment to a CDMA Traffic Channel by
20 sending a CDMA Origination Message instead of a Paging/ Packet Channel
Request when initiating packet data service. Mobile stations can also
establish their own criteria for making the transition between Traffic
Channel and Packet/Paging Channels, so long as the resulting procedures
 do not conflict with the base station's procedures.
25 IV. CONCLUSION ‘

The present invention prO\}ides the capacity to communicate data
packets in a digital communication system over a random access channel. In
CDMA systems, the invention uses Long Codes to encode the data packets

30 the reverse link, permitting multiple users of the system to share random
access channels. The present invention provides procedures for managing

the searchers. As a result, many users who transmit infrequently and in

small bursts can share the resources of the random access channel without
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the need to have a channel dedicated to each user for transmission of its
data pacikets, thereby increasing efficiency in the sYIStezfx and reducing system
and- subscriber costs. The ability to track the location of mobile units
‘c.omm‘unicating with the base station is also a feature or this invention.
5 Furthermore, the present'invention provides meains for switching or
.transitioning between the random access channel and a dedicated channel.
The random access channel of the 'present invention is designed to handle
bursty data transmissions. A dedicated channel, on the other hand, is
dedicated to the user for the duration of its transmission sequence and is
10 used, for example,.When the user has a large amount of data to send or is
tfansfnitﬁng continuously with little or no break between data
_transmissions. In accordance with the presént‘ invention, both types of
channels may be provided as well as the ability to transition between them
when conditions dictate. Threshold levels can be established for
15 déterin’ining when to transition in either direction (i.e., from the random
access channel to the dedicated channel and vice versa). When these
threshold levels are met, the user is transitioned to the appropriate channel
for transmission of data. In this way, the present invéntion.keeps the
~ random access channel open for bursty users, while providing users with
20  large volume ‘or continuous data a channel by which to cOmmuniéate their
data. Thus, the random access channel is not overburdened and rendered
ineffective for its intended purpose. '
The design of the random access channel may be different for the
forward link and the reverse link. On the forward link, a Packet/Paging
25 Channel is provided incorporating both a Packet Subchannel and a Paging
Subchannel. - This permits the base station to transmit packet data to a
remote user. On the reverse link, a Reverse Packet Channel is provided
that handles packet data from remote ‘users so that the data can be sent to
the base station. ' V
30 The previous description of the preferred embodiments is provided

to enable any person skilled in the art to make or use the present invention.

- The various modifications to these embodiments will be readily apparent to
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those skilled in the art, and the generic principles defined herein may be
applied to other embodiments without the use of the inventive faculty.
Thus, the present invention is not intended to be limited to the
embodiments shown herein but is to be accorded the widest scope consistent’

5 with the principles and novel features disclosed herein.

10 1 CLAIME
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CLAIMS

1. In a digital communication system for communicating digital -

N

information, said digital communication system having a forward link and

a reverse link, a system for communicating a data packet, comprising:

4 a communicating transceiver, from among a plurality of transceivers,
for sending said data packet on a random access channel over said reverse

6 link and for receiving said digital information from said forward link; and

 a base sfation for receiving said data packet on said random access

8 channel from said reverse link and for sending said digital information
over said forward link;

10 wherein said plurality of transceivers share said random access

channel. 1 ‘

» 2. . The system recited in claim 1 wherein each of the plurality of
2  digital transceivers has a long code and the base staﬁon_ has a searcher; and
wherein the communicating transceiver requests reservation of said
4. searcher and sends the data packet over the random access channel on the
reverse link using said long code corresponding to the communicating
6 transceiver to obtain an encoded data packet, said searcher recognizing said
. encoded data packet as being sent by the communicating transceiver based

8 on said long code corresponding to the communicating transceiver.

3.  The _system recited in claim 1 wherein the digital
2 ~communication systemincludes a broadcast channel for communicating

4  information is interleaved with said paging and control messages on said
" broadcast channel.
4. The system recited in claim 3 wherein the digital

2 communication system is a CDMA communication system, and wherein

the broadcast channel and a forward data packet channel are combined to .

Channel an tha farvward link caid Packot /Pacing
waanné: On wc 0Irwaid Nk, s5aia ralkéy/ raging

V-8

obtain a Packet/Paging

Channel including a Packet Subchannel and a Paging Subchannel.
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5. The system recited in claim 4 wherein the Packet/Paging
2 Channel has a power control subchanne! for controlling a power level of
the data packet when the data packet is being received by the base station.
6. The system recited in claim 1, further comprising a dedicated
2 channel for communicating the data packet.

7. The system recited in claim 6 wherein each of the plurality of
2  digital transceivers has a bandwidth demand, the system further comprising
a processor for switching from the random access channel to the dedicated

4 channel when said bandwidth demand exceeds a first threshold level.

8. The system recited in claim 7 wherein the processor switches
2 from the dedicated channel to the random access channel when the
bandwidth demand drops below a second threshold level.

9. The system recited in claim 6 wherein “the digital
2 communication system is a cellular system having a network of individual
cell sites-and an active mobile transceiver from among the plurality of
4 digital transceivers is communicating on the random access channel, the
system further comprising a processor for switching said active mobile
6 transceiver from the random access channel to the dedicated channel if said
active mobile transceiver is undergoing a succession of handoffs between

8 individual cell sites within said network of individual cell sites.

10. The system recited in claim 1 wherein the digital
2 communication system includes a broadcast channel for communicating
_system information and an access channel for making access requests, said
4 - system information including paging messages; 0
wherein the communicating transceiver sends a searcher request
6 message on said access channel and encodes the data packet usingk a specific
long code corresponding to the communicating transceiver to obtain an
8 encoded data packet, the random access channel comprising a Reverse
Packet Channel, the communicating transceiver sending said encoded data
10 packet on said Reverse Packet Channel; and
' wherein the base station assigns a searcher to the:
12 communicating transceiver in response to said searcher requést inessage ‘
and sends a searcher assignment to the communicating transceiver.
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11. The system recited in claim 10 wherein the base station

2  includes a plurality of searchers for locating the encoded data packet based
-on the specific long code; and wherein the base station includes a controller

4 for locating an idle searcher from said plurality of searchers and for sending

the specific long code to said idle searcher.

12. The system récited in claim 10 wherein the digital

2 communication system includes a Packet/Paging Channel on the forward

link; wherein the communicating transceiver sends a Packet/Paging

4 Channel Request Message to the base station on the access channel; and

‘wherein the base station assigns the cdmmunicating transceiver to said

6 Packet/ Paging Channel in response to receiving said Packet/ Paging Channel
Request Messagéﬁ ' :

13.  The system recited in claim 10 wherein the base station
2 includes a plurality of searchers for locating the encoded data packet based
on the specific long code; wherein the base station has a searcher assignment’
4  waiting list; and wherein if the base station is unable to locate an idle
searcher from said plurality of searchers, the base station places the

6 communicating transceiver on said searcher assignment waiting list.

14. - The system recited in claim 13 wherein when one of the
2 plu'rality‘ of searchers becomes a new idle searcher, the base station removes
the communicating transceiver from the searcher assignment waiting list

4 and assigns the communicating transceiver to said neW‘ idle searcher.

15. The system recited in claim 14 wherein each of the phirality of

2 transceivers has a priority level; wherein an assigned transceiver has an

assignment to one of the plurality of searchers; and wherein when said -

4  priority level of said assigned transceiver becomes lower than said priority
" level of the communicating transceiver, the base station revokes said
6 assignment from said as_sighéd transceiver resulting in a revoked
~ transceiver and assigns the communicating transceiver to said one searcher.

16. In a digital communication system for communicating digital

2 information, said digital communication system having a forward link and
a reverse link, a method for communicating a data packet, comprising:

4 _ first sending said data packet on a random access channel over

~ said reverse link by a communicating transceiver from among a pIuraiity of
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6 digital transceivers, said plurality of digital transceivers sharing said
random access channel;

8 first receiving said data packet on said random access channel from
said reverse link by a base station; - ' o

10 second sending said digital information over said forward link by said
base station; and ) ' ,

12 second receiving said digital information from said forward link by
said communicating transceiver.

17.  The method recited in claim 16 wherein each of the plurality of
2 digital transceivers has a specific long code and the base station has a
searcher; the method further comprising: ’

4 ‘requesting reservation of said searcher by the communicating
transceiver;

6 providing‘to said searcher said specific long code corresponding to the
communicating transceiver; and A

8 encoding the data packet being $ent on the random access

channel with said specific long code corresponding to the communicating
10  transceiver to obtain an encoded data packet, said searcher recognizing said

encoded data packet as being sent by the communicating transceiver based
12 on said corresponding specific long code being provided to said searcher.

~.18.© The method recited in’ claim 16, further comprising first

2 communicating a paging message and a control message on a broadcast

channel over the forward link; and interleaving the digital information

4 with said paging message and said control message on said broadcast
channel. ' ,

19. The method recited in claim 18 wherein the digital

2 communication system is a CDMA communication system, the method

further comprising combining the broadcast channel and a data packet

4 channel to obtain a Packet/Paging Channel on the forward link, said

Packet/Paging Channel including a Packet Subchannel and a Paging
6 Subchannel. ' ’

20. The method recited in claim 19, further comprising
2 controlling, via a power control subchannel on the Packet/Paging Channel,
a power level of the data packet when sending the data packet to the base

4 station. ‘ '
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21.  The method recited in claim 16, further comprising
communicating the data packet from the communicating transceiver to the
base station over a dedicated channel.

22. - The method recited in claim 21 wherein each of the plurality of
transceivers has a bandwidth demand, the method further comprising first
switching from the random access channel to the dedicated channel when
said bandwidth demand exceeds a first threshold level.

'23.  The method recited in claim 22, further comprising second
switching from the dedicated channel to the random access channel when
the bandwidth demand drops below a second threshold level.

24.  The method recited in clalm 21 wherem the dlgltal -
commuinication system is a cellular system having a network of individual
cell sites; and wherein an active mobxle transcewer from among the

plurahty of dxgltal transceivers is commurucatmg on the random access

channel, the method further comprising switching said active mobile
transceiver from the random access channel to the dedicated channel if said
active mobile transceiver is undergoing a succession of handoffs between
individual cell sites within said network of individual cell sites.

25. The method recited in  claim 16 wherem the dxgxtal
communication system includes a broadcast channel for commumcatmg
system information and‘ an access channel for makmg access requests, said
system information including paging messages, and wherein the random
access channel comprisés a Reverse Packet Chanﬁel, the method further
comprising: ' V

third sending a searcher request message on said access channel by the
communicating transceiver;

first assigning a searcher to the commumcatmg transcewer by the

‘base station in response to said searcher request message;

fourth sending a searcher assignment to the commumcatmg
transceiver by the base station; and ‘
encoding the data packet using a specific long code corresponding to
the communicating transceiver to obtain an encoded data packet;
 wherein the first sendmg step includes transmitting said encoded
data packet on said Reverse Packet Channel over the reverse link.
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26.  The method recited in claim 25, further comprising locating an
2 idle searcher from a among plurality of searchers; and fifth sending the
specific long code to said idle searcher. '

27.  The method recited in claim 25 wherein the digital
2 communication system includes a Packet/Paging Channel, the method
further comprising fifth sending a Packet/ Paging Channel Request Message
4  to the base station on the access channel; and second assigning the
communicating transceiver to said Packet/Paging Channel in response to
6 receiving said Packet/Paging Channel Request Message.

v 28.  The method recited in claim 25 wherein the base station
2 includes a plurality of searchers for locating the encoded data packet based
on the specific long code; and wherein the base station has a searcher
4  assignment waiting list, the method further comprising placing the
‘communicating transceiver on said searcher assignment list if the base
6  station is unable to locate an idle searcher from among said plurality of
searchers.

29.  The method recited in claim 28, the method further
2  comprising removing the com'municating transceiver from the searcher
 assignment waiting list and second assigning the communicating
4 transceiver to a new idle searcher.

30.  The method recited in claim 29 wherein each of the plurality of
~2  transceivers has a priority level; and wherein an assigned transceiver has an
assignment to one of the plurality of searchers, the method further
4 comprising, when said priority level of said assigned transceiver becomes
lower than said priority level of the communicating transceiver, first
6 revoking said assignment from said assigned transceiver resulting in a
revoked transceiver and third assigning the communicating transceiver to
8 said one searcher. ' ‘

31. In a digital communication system for communicating
2 information, said digital communication system including a digital
transceiver and a base station, said digital transceiver having a bandwidth
4 demand, a system for data communications, comprising:
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a random access channel for communicating arda'ta packet between

- said dzgltal transceiver and said base station;

‘a dedicated channel for communicating said data packet between said

- digital transceiver and said base station; and

a processor for switching from said random access channel to said
dedicated channel when said bandwidth demand exceeds a first threshold,
and for switching from said dedicated channel to said random access
channel when said bandwidth demand drops below a second threshold.

32.  The system recited in claim 31 wherein the information is
communicated over the digital communication system using code division
multiple access (CDMA); and wherein the data packet comprises a CDMA
data packet.

33. In a digital commuriication system for communicating

- information, said digital communication system including a digital

transceiver and a base station, said digital transceiver having a bandwidth
demand, a method for data communications, comprising:

first transmitting a data packet from said digital transceiver to said
base station over a random access channel;

‘second transmitting said data packet from said dxgxtal transceiver to

said base station over a dedicated channel;

first switching from said random access channel to said dedicated

3 channel when said bandwidth demand exceeds a first threshold; and

second switching from said dedicated channel to said random access
channel when said bandwidth demand drops below a second threshold.

34. The method recited in claim 33 wherein the information is

' communicated over the digital cellular communication system using code

division multiple access (CDMA); and wherein the data packet comprises a

- CDMA data packet.

35, In a digital communication system for communicating
information, said digital communication system having a forward link and
a reverse link and having a broadcast channel and an access channel, a
system for communicating a data packet, comprising;: .

.a base station for transmitting said data packet on a Packet/Paging

" Channel over said forward link and for determining a location of a mobile
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digital transceiver, said mobile digital transceiver receiving said data packet
from said Packet/Paging Channel over said forward link.

36. The system recited in claim 35 wherein the base station sends a
paging message on the broadcast channel over the forward link to
determine the location of the mobile digital transceiver before trarismitting
the data packet. '

37.  The system recited in claim 35 wherein the location of the
mobile digital transceiver is within an area; and wherein the base station
transmits the data packet on the Packet/Paging Channel over the forward
link throughout said area. ' ’

38.  The system recited in claim 35 wherein the system includes a
plurality of base stations each having a handoff region; wherein a handoff
occurs each time the mobile digital transceiver moves from said handoff
region of one of said plurality of base stations to said handoff region of
another of said plurality of base stations; and wherein the mobile digital
transceiver sends a request message to the base station on the access channel
over the reverse link after each said handoff to provide the location of the
mobile digital transceiver.

39. In a digital communication system for communicating
information, said digital communication system havihg a forward link and
a reverse link and having a broadcast channel and an access channel, a V
method for communicating a data packet, comprising:

transmitting said data packet on a Packet/Paging Channel over said
forward link by a base station; and

receiving said data packet from said Packet/Paging Channel over said
forward link by a mobile digital transceiver;

determining a location of said mobile digital transceiver while
transmitting said data packet.

40. The method recited in claim 39, further comprising sen ,d,m ga
paging message on the broadcast channel over the forward hnk by the base
station to determine the location of the mobile digital transceiver before
transmitting the data packet.
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41. The method recited in claim 39 wherein the location of the
2 mobile digital transceiver is within an area; wherein the transmitting step
~ includes sending the data packet on the Packet/Paging Channel over the
4 forward link throughout said area. V

42. - The method recited in claim 39 wherein the system includes a
2 plurality of base stations each having a handoff region; wherein a handoff
* occurs each time the mobile digital transceiver moves from said handoff
4  region of one of said plurality of base stations to said handoff region of
. another of said pluralil‘y of base stations, the method further comprising
6 sending a request message to the base station on the access channel over the
reverse link after each said handoff to provide the location of the mobile
8 digital transceiver. '
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DESCRIPTION
RANDOM ACCESS CHANNEL OPTIMISATION

Technical Fieid

The present invention relates to a radio communication system having a
random access channel for the transmission of data from a secondary station
to a primary station, and further relates to primary and secondary stations for
use in such a system and to a method of operating such a system. While the
present specification describes a system with particular reference to the
emerging Universal Mobile Telecommunication System (UMTS), it is to be
understood that the techniques described are equally applicable to use in
other mobile radio systems. In this specification the term random access
channel refers to the logical channel on which random access transmissions
take place, which would typically consist of a number of distinct physical
channels.

Background Art

A random access channel is a normal component of a radio
communication system, enabling a Mobile Station (MS) to send short
messages to a Base Station (BS). Applications include signalling to the BS
when the MS is turned on, sending a packet of data to the BS when the MS
may not be engaged in a call, and requesting the BS to allocate a resource for
the MS to use.

In a system where mobile stations often have a reguirement to send
packets of data to the BS when not actually engaged in a call it is
advantageous to provide a random access packet channel with similar
characteristics to a standard random access channel but intended for the
transmission of small and medium sized packets from a MS to the BS.

=3

of a such a scheme being developed for UMTS,
there are a number of random access packet channels available to a MS. A
request for access to a packet channel sent by the MS is encoded with a
randomly-chosen signature, which corresponds to a packet channel resource.
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If a suitable channel is available for use, the BS allocates it to the requesting
MS.
Disclosure of Invention

An object of the present invention is to provide a random access
channel having improved resource utilisation.

According to a first aspect of the present invention there is provided a
radio communication system having a random access channel for the
transmission of data from a secondary station to a primary station, wherein the
secondary station has means for transmitting, before the transmission of the
data, a message including an indication of the quantity of data to be
transmitted and the primary station has means for determining from the
received message when the data transmission will end.

According to a second aspect of the present invention there is provided
a primary station for use in a radio communication system having a random
access channel for the transmission of data from a secondary station to the
primary station, wherein means are provided for receiving from the secondary
station, before the transmission of the data, a message including an indication
of the quantity of data to be transmitted, and for determining from the received
message when the data transmission will end.

According to a third aspect of the present invention there is provided a
secondary station for use in a radio communication system having a random
access channel for the transmission of data to a primary station, wherein
means are provided for transmitting, before the transmission of the data, a
message including an indication of the quantity of data to be transmitted.

According to a fourth aspect of the present invention there is provided a
method of operating a radio communication system having a random access
channel for the transmission of data from a secondary station to a primary
station, characterised by the secondary station transmitting, before the
transmission of the data, a message including an indication of the quantity of
data to be transmitted, and by the primary station determining from the

received message when the data transmission will end.
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Brief Description of Drawings
Embodiments of the present invention will now be described, by way of

example, with reference to the accompanying drawings, wherein:

Figure 1 is a block schematic diagram of a radio communication
system;

Figure 2 illustrates a basic random access packet channel scheme;

Figure 3 illustrates an enhanced random access packet channel
scheme having a packet header;

Figure 4 illustrates a further enhanced random access packet channel
scheme having a packet channel availability message; and

Figure 5 is a flow chart illustrating a method in accordance with the
present invention for transmitting a packet header on a random access packet
channel.

In the drawings the same reference numerals have been used to
indicate corresponding features.
Modes for Carrying Out the Invention

Referring to Figure 1, a radic communication system comprises a
primary station (BS) 100 and a plurality of secondary stations (MS) 110. The
BS 100 comprises a microcontroller (WC) 102, transceiver means (Tx/Rx) 104
connected to antenna means 106, power control means (PC) 107 for altering
the transmitted power level, and connection means 108 for connection to the
PSTN or other suitable network. Each MS 110 comprises a microcontrolier

P

o antenna means 116,

(#C) 112, transceiver means (Tx/Bx} 114 connected
and power control means (PC) 118 for altering the transmitted power level.
Communication from BS 100 to MS 110 takes place on a downlink channel
122, while communication from MS 110 to BS 100 takes place on an uplink
channel 124.

A basic scheme for a random access packet channel operating in a
frequency division duplex system is shown in Figure 2, with the uplink channel
124 drawn above the downlink channel 122. In an access phase, the MS 110
first transmits a preamble (P) 202, encoded with a signature randomly chosen

from a set of 16 possible signatures, at a low power level in a particular access
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slot. A signature is a signal characterised by its scrambling code and
channelisation code modulated by a specific bit sequence. A mutually
orthogonal set of signatures can be obtained by defining a set of mutually
orthogonal bit sequences for the modulation. Hence, a different set of
signatures can be obtained by changing the scrambling code or the
channelisation code (i.e. the physical channel}, or by using a different mutually
orthogonal set of bit sequences. Alternatively a larger set of signatures may be
defined in such a way as to have low cross correlations, rather than strict
orthogonality. Although the present specification refers to sets of 16 signatures
different implementations may use sets having different numbers of signatures.

In this basic scheme the choice of preamble signature for encoding the
access preamble 202 determines the physical channel requested by the MS
110, with each preamble signature corresponding to a limited number of uplink
and downlink channels. If the BS 100 receives and decodes the preamble
correctly it transmits a preamble acknowledgement (A) 206. In the example
shown in Figure 2, after the first preamble 202 is transmitted no
acknowledgement is returned in the slot 204 allocated for it (which might
typically be 1ms in length). The MS 110 therefore transmits another preamble
202 at a higher power level. Again no acknowledgement is received in the slot
204, so the MS 110 transmits another preamble 202 at a still higher power.
This is received and decoded by the BS 100, which transmits an

acknowledgement 206 and thereby completes the access phase.

As well as informing the MS 110 that its preamble 202 has been

received, the acknowledgement 206 may be positive, to signal that the
requested channels are free, or negative, to signa! that they are in use and
access is denied to the MS 110. A negative acknowledgement (NACK) may be
indicated by the BS 100 inverting the phase of the signature (with respect to

some reference or pilot signal). Alternatively, some of the signatures used by
10

P~

0 for acknowledgement may also be used as a NACK.
The BS 100 will only transmit one acknowledgement for each access
slot, however many preambles 202 were transmitted. One basis for the

selection could be to acknowledge the preamble 202 received with the highest
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power. The initial power level at which a MS 110 transmits the preamble 202 is
typically determined by the MS 110 using open loop power control, so that a
MS 110 is not at a disadvantage compared to another MS 110 nearer io the
BS 100. if more than one preambie 202 was transmitted but each preamble
was encoded with a different signature then each MS 110 will know whether or
not its preamble 202 was received correctly. However, it is possible that more
than one MS 110 selected the same signature, and therefore believes that its
preamble 202 has been received. If each of these mobile stations 110 begins
to transmit its data the result will be a collision, with none of the data likely to
be received correctly.

To reduce the chances of this happening, a contention resolution phase
follows the transmission of an acknowledgement 208 which indicated that the
requested channels were free. Each MS 110 which transmitted a preamble
202 encoded with a signature corresponding to that acknowledged by the BS
100 now transmits a further contention resolution preamble (CP) 208. This
preamble 208 is encoded with a signature randomly selected from another set
of 16 possible signatures. This set may be different from the set used for the
access preamble 202 (either by changing the set of modulating bit sequences,
the scrambling code or the channelisation code), or alternatively the set of
signatures may be shared between access and contention resolution phases.
The BS 100 then issues a contention resolution acknowledgement (CA) 210
corresponding to the selected preamble 208, for example that received with
the highest power, which acknowledgement 210 enables the MS 110 to
transmit its data. Hence, if more than one MS 110 selected the same access
preamble 202 the chance of the same contention resolution preamble 208 also
being selected is small.

After this contention resolution phase the BS 100 begins transmission of
I Control CHannel (PCCH) 212, which includes power control
information to instruct the MS 110 to adjust its transmission power as
necessary, and the MS 110 transmits one or more data packets (PKT) 214 on
the allocated packet channel, which is normally on a different physical channel
to those used for the preamble transmissions. The PCCH 212 may begin
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simultaneously with the transmission of the data 214, or may precede it
sufficiently for closed loop power control to be established before the data
transmission.

A probiem wiih the basic scheme described above is that the MS 110
does not provide any information to the BS 100 about the length of the data
packets 214 that it will transmit. The BS 100 therefore has to detect the end of
transmission by the MS 110 using blind detection, for example by detecting the
position of a correctly decoded CRC (Cyclic Redundancy Check). A further
source of inefficiency with the basic scheme is that format information relating
to the packet is broadcast concurrently with the data packets 214, even if it
does not change during transmission of the packets 214. The format
information may for example include details of error control coding and
puncturing applied to the data, as well as details of multiplex arrangements if
there is more than one transport channel contributing to the packst.

An improved scheme in accordance with the present invention, which
solves the above problem, is illustrated in Figure 3. Before the MS 110
transmits the data packets 214 it transmits a packet header (H) 302, which
contains information on the length of the packets 214. The presence of the
header 302 reduces the complexity of the BS 100, which no longer has to
make a blind estimate to determine the end of the data packets 214.

The header 302 also improves resource utilisation in a number of ways.
Firstly, the BS 100 can stop transmission of the PCCH 212 at the known end

of the data packets 214, rather than having to continue its transmission until
the end of the data packets 214 is detected. Secondly, the BS 100 can
reassign packet channel resources as soon as they become available, without
the extra delay caused by looking for the end of the data packets 214. Thirdly,

the BS 100 can pre-assign a packet channel to a MS 110 if it is known that the

Knowledge of the end time of the transmission of data packets 214 by
the MS 110 also improves ARQ (Automatic Repeat reQuest) performance.
This is because the BS 100 would otherwise have some difficulty in
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differentiating between the normal end of a packet (requiring no
retransmission) and significantly corrupt reception (requiring retransmission). It
would also be possible for the BS 100 to signal the required retransmissions at
the end of the packet transmissions and keep the channel allocated for these
retransmissions. However, this behaviour conflicts with the pre-assignment of
channels by the BS 100 and therefore may not be preferred.

The efficiency of the system is further improved if the MS 110 also
transmits in the header 302 the format information relating to the data packets
214. This information no longer has to be transmitted on a control channel for
the duration of the data packets 214, thereby reducing the load on the control
channel. Other information could also be included in the header, for example a
checksum for the data packets 214 to enable the BS 100 to confirm their
correct reception.

Further advantages of a scheme in accordance with the present
invention are found in conjunction with an improved scheme in which the
availability of packet channel resources is signalled by the BS 100. One such
scheme, disclosed in more detail in our co-pending UK patent application
9921548.5 (our reference PHB 34390), combined with the scheme of the
present invention, is illustrated in Figure 4. In this combined scheme the BS
100 repeatedly broadcasts a packet channel availability (AV) message 402,
which informs a MS 110 about the resources currently available. Broadcasting
the AV message 402 once per frame is a reasonable compromise between
downlink overhead and delay, since the overall transmission delay will be
dominated by the time taken to transmit the data packets 214, typically a few
frames.

This and other similar schemes solve the problem that a MS 110 may
be denied access to a packet channel resource corresponding to its selected
preambie signature, even though other suitabie resources may be available,
making it likely that a MS 110 will spend significant time waiting for a resource
to become available. When combined with the scheme of the present
invention, as illustrated in Figure 4, the BS 100 use the AV message 402 to
signal availability of a packet channel resource which will become available by
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the time that the signalling and any subsequent access attempts are made,
even though it is not available at the time of the AV message 402. Hence the
packet channel resource can be used more efficiently because the periods
during which no MS 110 is transmitting on a particular packet channel are
reduced in length.

A disadvantage of a scheme in accordance with the present invention is
that the length of the message transmitted by the MS 110 (now including both
the header 302 and data packets 214) is slightly increased. However, the
amount of extra data to be transmitted is minimal. For example, to signal the
length of the data packets 214 a MS 110 would preferably indicate the number
of frames of data. Hence a 4 bit message could indicate up to 16 frames of
data, which corresponds to 9.6kb at the lowest bit rate of 60kbps. Even after
the addition of error coding to protect the information, for example repetition
coding or a simple block code, the overhead is minimal. Similarly, the format
information would typically only require a few bits, perhaps 10.

The average delay for packet transmission will not in practice be
increased since resources are allocated more efficiently. Also, the minimal
extra power cost to a MS 110 of transmitting the header 302 is at least partly
offset by other savings in power in a system in which packet channel
availability is signalled. One saving comes from a reduction in the time for
which a MS 110 has to monitor the system before attempting access. Another
saving comes because the MS 110 only has to transmit the format information
once, in the header 302, instead of repeatedly while the data packets 214 are
transmitted.

A flow chart summarising a method in accordance with the present
invention for a MS 110 broadcasting a packet header 302 is shown in Figure 5.
The method starts, at step 502, with a MS 110 having data for transmission on
the random access packet channel. The MS 110 receives, at step 504, the AV
message 402 which gives information on available resources (for example
channels and/or bit rates).

The MS 110 determines, at step 506, whether the required resource is
available. If it is not, then the process restarts at step 504. If the available bit
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rate is sufficient, the MS 110 can proceed. Before proceeding the MS 110 may
wait for a short random back-off period, preferably of up to one frame, to
reduce the probability of excessive collisions if a number of MSs 110

When it proceeds, the MS 110 selects an available resource and sets
its transmission power to a minimum power level. The MS 110 then transmits,
at step 508, an access preamble 202 encoded using a signature
corresponding to the selected resource. Next the MS 110 determines, at step
510, whether it has received an acknowledgement 206 from the BS 100. If no
acknowledgement is received the MS 110 increases its transmission power, at
step 512, and returns fo step 508. If an acknowledgement is received the MS
110 determines, at step 514, whether the acknowledgement was positive, in
which case the process continues, or negative, in which case the MS 110
waits for a random back-off period and returns to step 504.

Next the MS 110, at step 516, transmits a contention resolution
preamble 208 using a randomly selected signature. The BS 100 acknowledges
at most one of the contention resolution preambles 208 and, if appropriate, at
the same time indicates the channelisation code for the PCCH 212 and the
scrambling code for the uplink packet channel. Finally, the MS 110 determines,
at step 518, whether it received a contention resolution acknowledgement 210
from the BS 110. If a CA 210 was received the MS 110 is able to proceed to
transmit, at steps 520 and 522, its packet header 302 and data packets 214 on
the assigned channel, after which the method ends at step 524. If no CA 210
was received, the MS 110 waits for a random back-off period and returns to
step 504. In this case it is preferable for the MS 110 to keep its transmission
power set to the same level as that for the original preamble 202 that
appeared to be acknowledged by the BS 100.

The present invention also has applications to other random access
channel schemes. In general, it is applicable to any such scheme where a MS
110 is allowed to transmit data having a duration longer than one frame (10ms

in UMTS).
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As well as its application in a FDD system as described above, the
present invention could be applied in other types of communication system.
For example, it could be used in a Time Division Multiple Access (TDMA)
system provided that the upiink transmissions take piace in different time siots
to the downlink transmissions.

The embodiments described above relate to packet transmission.
However, the same principles can equally well be applied to a system in which
circuits are set up for data transmission.

From reading the present disclosure, other modifications will be
apparent to persons skilled in the art. Such modifications may involve other
features which are already known in the design, manufacture and use of radio
communication systems and component parts thereof, and which may be used
instead of or in addition to features already described herein. Although claims
have been formulated in this application to particular combinations of features,
it should be understood that the scope of the disclosure of the present
application also includes any novel feature or any novel combination of
features disclosed herein either explicitly or implicitly or any generalisation
thereof, whether or not it relates to the same invention as presently claimed in
any claim and whether or not it mitigates any or all of the same technical
problems as does the present invention. The applicants hereby give notice that
new claims may be formulated to such features and/or combinations of
features during the prosecution of the present application or of any further

In the present specification and claims the word "a" or “an" preceding
an element does not exclude the presence of a plurality of such elements.
Further, the word "comprising" does not exclude the presence of other

elements or steps than those listed.

The present invention is applicable to a range of radio

communication systems, for example UMTS.
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CLAIMS

1. A radio communication system having a random access channel
for the transmission of data from a secondary station to a primary station,
wherein the secondary station has means for transmitting, before the
transmission of the data, a message including an indication of the quantity of
data to be transmitted and the primary station has means for determining from
the received message when the data transmission will end.

2. A system as claimed in claim 1, characterised in that the random
access channel is adapted for transmission of data in packets.

3. A primary station for use in a radio communication system having
a random access channel for the transmission of data from a secondary
station to the primary station, wherein means are provided for receiving from
the secondary station, before the transmission of the data, a message
including an indication of the quantity of data to be transmitted, and for

determining from the received message when the data transmissicn will end.

4. A primary station as claimed in claim 3, characterised in that
means are provided for transmitting a control channel, including power control
information, during data transmission and for ending transmission of the

control channel at the indicated end of the data transmissicn.

5. A primary station as claimed in claim 3 or 4, characterised in that
means are provided for assigning a random access channel resource to a
secondary station while the resource is in use, having determined that it will be
available by the time that the secondary station has completed its request for

the use of that resource.

6. A primary station as claimed in any one of claims 3 to 5,
characterised in that means are provided for signalling the availability of
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random access channel resources to secondary stations and means for
signalling the availability of a resource that is currently in use but which will be
available by the time that a secondary station has completed its request for
use of that resource.

7. A secondary station for use in a radio communication system
having a random access channel for the transmission of data to a primary
station, wherein means are provided for transmitting, before the transmission
of the data, a message including an indication of the quantity of data to be
transmitted.

8. A secondary station as claimed in claim 7, characterised in that
means are provided for including format information relating to the data
transmission in the message.

9. A method of operating a radio communication system having a
random access channel for the transmission of data from a secondary station
to a primary station, characterised by the secondary station transmitting,
before the transmission of the data, a message including an indication of the
quantity of data to be transmitted, and by the primary station determining from
the received message when the data transmission will end.

10. A method as claimed in claim 9, characterised by the secondary
station including format information relating to the data transmission in the

message.

11. A method as claimed in claim 9 or 10, characterised by the
channel, including power control

(o]
o
o
o}
o

primary s
information, during data transmission and ending transmission of the control
channel at the indicated end of the data transmission.
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12. A method as claimed in any one of claims 9 to 11, characterised
by the primary station signalling the availability of random access channel
resources to the secondary stations and signalling the availability of a resource

| P

that ie mrranthy im g bt whink will b ailahl ;
that is currently in use but which will be available by the time that a secondary

station has completed its request for use of that resource.
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any PCT international ap lcatzon which designated at ieast one country other man the Umted States of Amenca fisted
below and have also id
application having a fil

DR;QR FOREIGN APPLICATION(S)

DATE OF FILING PRIORITY CLAIMED UNDER
COUNTRY APPLICATION NUMBER Month Day Year 35 U.5.C. 119
PCT PCT/KR2007/002784 June 8, 2007 YES
Korea 10-2006-0052167 June 9, 2006 YES
Korea 10-2008-0057488 June 26, 2006 YES

| hereby claim the benefit under Title 35, United States Code, §119 of any United States application(s) listed below and,
insofar as the subject matter of each of the claims of this application is not disclosed in the prior United States application
in the manner provided by the first paragraph of Title 35, United States Code § 112, | acknowledge the duty to disclose
material information as defined in Title 37, Code of Federal Regulations, § 1.56 which occurred between the filing date of
the prior application and the national or PCT international filing date of this application.

{Application Serial No.} {(Filing Date) (Status)

POWER OF ATTORNEY: As a named Inventor, | hereby appoint the foliowing attorney(s) and/or Agent{s} {¢ prosecute
this application and transact all business in the Patent and Trademark Office connecied therewith:

THE ATTORNEYS ASSOCIATED WITH CUSTOMER NO, 035884
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SEN

CORRESPONDENCE

TO:

o

Jonathan Y. Kang, £sq.

WAIMEY
At the address associated with
Customer No. 35884

LEE, HONG, DEGERMAN, KANG & TELEPHONE NG

FAX NO..

(213) 823-2221

(213) 623-2211/8601

Name of inventor

Residence; CITY

STATE or COUNTRY

Yeong Hyeon KWON

Gyeonggi-do

Repubtic of Korea

Mailing Address

CITIZENSHIP

LG Institute, Hogye 1-dong, Dongan-gu, Anyang-si, Gyeonggi-do, 431-080

Republic of Korea

Republic of Korea

Name of inventor

Reslidence: CITY

STATE or COUNTRY

Seung Hee HAN

Gyeonggi-do

Republic of Korea

Mailing Address

CITIZENSHIP

LG Institute, Hogye 1-dong, Dongan-gu, Anyang-si, Gyeonggi-do, 431-080

Republic of Korea

Republic of Korea

Name of Inventor

Residence: CITY

STATE or COUNTRY

Hyun Hwa PARK

Gyeonggi-do

Republic of Korea

Mailing Address

CITIZENSHIP

LG Institute, Hogye 1-dong, Dongan-gu, Anyang si, Gyeonggzuﬁo 431-080

Republic of Korea -

Republic of Korea

Name of Inventor

Residence: CITY

STATE or COUNTRY

Dong Cheol KiM

Gyeonggi-do

Republic of Korea

Mailing Address

CITIZENSHIP

LG Institute, Hogye 1-dong, Dongan-gu, Anyang-si, Gyeonggi-do, 431-080

Republic of Korea

Republic of Korea

Name of Inventor

Residence: CITY

STATE or COUNTRY

Hyun Woo LEE Gyeonggi-do Republic of Korea

RAmilime Adpdrmes T IPRICLIT
rediii iy SIS as i b R INSTTIT
LG Institute, Hogye 1-dong, Dongan-gu, Anyang-si, Gyeonggi-do, 431-080 Republic of Korea

Republic of Korea

Name of Inventor

Residence: CITY

STATE or COUNTRY

Min Seok NOH

Gyeonggi-do

Republic of Korea

Mailing Address

CITIZENSHIP

LG Institute, Hogye 1-dong, Dongan-gu, Anyang-si, Gyeonggi-do, 431-080

Republic of Korea

Republic of Korea
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| further declare that all statements mads herein of my own knowledge are true and that all statements made on
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information and belief are believed to be true; and further that these statements were made with the knowledge that willful
false statements and the like so made are punishable by fine or imprisonment, or both, under Section 1007 of Title 18 of
the United States Code, and that such wiliful false statements may jeopardize the validity of the application or any patent
tssuing thereon.

SIGNATURE OF INVENTOR 1 SIGNATURE OF INVENTOR 2&

DATE DATE
,é,{‘»{,\ “Toal 4 Y - fm i~

Ny vt i

SIGNATURE OF INVENTOR 3 Q\A\W SIGNATURE OF INVENTOR %

DATE (‘:{HA ) S“h 2ol . PATE %»’Xa\r& Pl %

¥ A -
SIGNATURE OF INVENTOR 5 T SIGNATURE OF INVENTOR 8
£

DATE I loate 6#, J’M{/\/ |V

btin, fwf\;;f, Lol O
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PATENT (U.S.A)

ATTORNEY'S DOCKET NO. 2101-3596

DECLARATION
and POWER OF ATTORNEY

P ORIGINAL
M eONNTINUIATION IN.D
fod SANSIR B EINSIIN G ISR ¥

I DIVISIONAL

As a below named inventor, | declare that the information given herein is true, that | believe that | am the original, first and
sole inventor (if only one name is listed as 1 below) or an original, first and joint inventor (if plural names are listed below)
of the subject matter which is claimed and for which a patent is sought on the invention entitled:

METHOD OF TRANSMITTING DATA IN A MOBILE COMMUNICATION SYSTEM

the specification of which is attached hereto unless the foflowing box is checked:

[X] was filed on December 8, 2008 as United States Application Number 12/303,947.

My residence, post office address and citizenship are as stated below next to my name. | acknowledge my duty to
disclose information, which is material to the patentability of this application in accordance with Title 37, Code of Federal
Regulations § 1.56. | hereby state that | have reviewed and understand the contents of the above identified specification,
including the claims, as amended by any amendment referred to above. | hereby claim foreign priority benefits under
Title 35, United States Code, § 119 OR 365(b) of any foreign application(s) for patent or inventor's certificate, or 385(a) of
any PCT international application which designated at least one country other than the United States of America, listed
below and have also identified below any foreign application for patent or inventor's certificate, or any PCT international
application having a filing date before that of the application on which priority is claimed:

PRIOR FOREIGN APPLICATION(S)

DATE OF FILING PRIORITY CLAIMED UNDER
COUNTRY APPLICATION NUMBER Month Day Year 35 U.5.C 119
PCT PCT/KR2007/002784 June 8, 2007 YES
Korea 10-2006-0052167 June 9, 2006 YES
Korea 10-2008-0057488 June 26, 2008 YES

{ hereby claim the benefi under Title 35, United States Code, §119 of any United States application(s) listed below and,
insofar as the subject matter of each of the claims of this application is not disclosed in the prior United States application
in the manner provided by the first paragraph of Title 35, United States Code § 112, | acknowledge the duty to disclose
material information as defined in Title 37, Code of Federal Regulations, § 1.5668 which occurred between the filing date of
the prior application and the national or PCT international filing date of this application.

(Application Serial No.} (Filing Date) {Status)

POWER OF ATTORNEY: As a named Inventor, | hereby appoint the following attorney(s} and/or Ageni(s) to prosecute
this application and transact ail business in the Patent and Trademark Office connecied therewith:

THE ATTORNEYS ASSOCIATED WITH CUSTOMER NO, 035884
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SEND
CORRESPONDENCE
TO:

Jonathan Y. Kang, Esq.

LEE, HONG, DEGERMAN, KANG & TELEPHONE NO.:

WAIMEY
At the address associated with
Customer No. 35884

FAX NG

{213) 623-2221

(213) 623-2211/8601

Name of inventor

Residence: CITY

STATE or COUNTRY

Yeong Hyeon KWON

Gyeonggi-do

Republic of Korea

Mailing Address

CITIZENSHIP

LG Institute, Hogye 1-dong, Dongan-gu, Anyang-si, Gyeonggi-do, 431-080

Republic of Korea

Republic of Korea

Name of Inventor

Residence: CITY

STATE or COUNTRY

Seung Hee HAN Gyeonggi-do Republic of Korea

2 | Mailing Address CITIZENSHIP
LG institute, Hogye 1-dong, Dongan-gu, Anyang-si, Gyeonggi-do, 431-080 Republic of Korea
Republic of Korea
Name of inventor Residence: CITY STATE or COUNTRY
Hyun Hwa PARK Gyeonggi-do Republic of Korea

3 | Mailing Address CITIZENSHIP
LG Institute, Hogye 1-dong, Dongan-gu, Anyang-si, Gyeonggi-do, 431-080 Republic of Korea
Republic of Korea
Name of Inventor Residence: CITY STATE or COUNTRY
Dong Cheol KiM Gyeonggi-do Republic of Korea

4 Mailing Address CITIZENSHIP
LG Institute, Hogye 1-dong, Dongan-gu, Anyang-si, Gyeonggi-do, 431-080 Republic of Korea
Republic of Korea
Name of Inventor Residence: CITY STATE or COUNTRY
Hyun Woo LEE Gyeonggi-do Republic of Korea

5 Mailing Address CITIZENSHIP
LG Institute, Hogye 1-dong, Dongan-gu, Anyang-si, Gyeonggi-do, 431-080 Republic of Korea
Republic of Korea
Name of inventor Residence: CITY STATE or COUNTRY
Min Seck NOH Gyeonggi-do Republic of Korea

6 CITIZENSHIP

Mailing Address

LG Institute, Hogye 1-dong, Dongan-gu, Anyang-si, Gyeonggi-do, 431-080

Repubiic of Korea

Republic of Korea

2/3
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| further declare that all statements made herein of my own knowledge are true and that all statements made on
information and belief are belisved to be true; and further that these statements were made with the knowledge that willful
false statements and the like so made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of
the United States Code, and that such willful false statements may jecpardize the validity of the application or any patent

issuing thereon.

SIGNATURE OF INVENTOR 1

. ‘,/ -
¥

/
L

SIGNATURE OF INVENTOR 2

DATE o0 | %°

DATE

SIGNATURE OF INVENTOR 3

SIGNATURE OF INVENTOR 4

DATE

DATE

SIGNATURE OF INVENTOR 5

SIGNATURE OF INVENTOR &

DATE

DATE

3/3
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PATENT DOCKET NQ. 2101-3596
CUSTOMER NO. 035884

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Filed: December 8, 2008
For: METHOD OF TRANSMITTING DATAIN A Confirmation No. 1730
MOBILE COMMUNICATION SYSTEM |

In re application of: § Art Unit: -
Kwon et al. t
Serial No: 12/303,947 | Examiner: -
|

TRANSMITTAL OF MISSING PARTS

Mail Stop Missing Parts
Commissioner for Patents
P. 0. Box 1450
Alexandria, VA 22313-1450
Dear Sir:
In response to the “Notification of Missing Requirements under 35 U.8.C. 371" dated May 7,
2010 for the above-identified application, enclosed herewith is:

1. A signed Declaration and Power of Attorney.

Furthermore, please note that a copy of “Sequence Listing” in compliance to 37 CFR 1.821-
1.825 requirements is not applicable to this application since this application does not include any
nucleotide/amino acid sequence. Therefore, applicant is not submitting a copy of the “Sequence

Listing” in computer readable form for the application.

X To the extent necessary, a petition for an extension of time under 37 CF.R. 1.136 is
hereby made. Please charge any additional fees due or credit any overpayment in connection with the
filing of this concurrent and future replies, including extension of time fees, to Deposit Account 502290.

Respectfully submitted,

LEE, HONG, DEGERMAN, KANG & WAIMEY

41
Date: July 7, 2010 By: /Harry 8. Lee/ f/f L
Harry S. Lee
Customer No. 035884 Registration No. 56,814
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Electronic Acknowledgement Receipt

EFS ID: 7971170
Application Number: 12303947
International Application Number:
Confirmation Number: 1730

Title of Invention:

METHOD OF TRANSMITTING DATA IN A MOBILE COMMUNICATION SYSTEM

First Named Inventor/Applicant Name:

Yeong Hyeon Kwon

Customer Number:

35884

Filer:

Harry Sung Lee/Maggie Wen

Filer Authorized By:

Harry Sung Lee

Attorney Docket Number: 2101-3596
Receipt Date: 07-JUL-2010
Filing Date:
Time Stamp: 19:13:20

Application Type:

U.S. National Stage under 35 USC 371

Payment information:

Submitted with Payment

yes

Payment Type Deposit Account
Payment was successfully received in RAM $130

RAM confirmation Number 5097

Deposit Account 502290

Authorized User

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:
Charge any Additional Fees required under 37 C.F.R. 1.492 (National application filing, search, and examination fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.17 (Patent application and reexamination processing fees)

365
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File Listing:

Document .. . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (if appl.)
686024
1 2101-3596_MP.pdf yes 7

9a52fcf4a8c6577794c1dd0f689c7561edee
b8lc

Multipart Description/PDF files in .zip description

Document Description Start End
Applicant Response to Pre-Exam Formalities Notice 1 i
Oath or Declaration filed 2 7
Warnings:
Information:
30340
2 Fee Worksheet (PTO-875) fee-info.pdf no 2
ead1a82488c9d77bfaaa64407721bd6f18cH
32ba
Warnings:
Information:
Total Files Size (in bytes){ 716364

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35

U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PQ. Box 1450

Alexandria, Virginia 223131450

WWW.USDLO.gOv

| U.S. APPLICATION NUMBER NO. FIRST NAMED APPLICANT ATTY. DOCKET NO. |
12/303,947 Yeong Hyeon Kwon 2101-3596

35884 | INTERNATIONAL APPLICATION NO. |

LEE, HONG, DEGERMAN, KANG & WAIMEY PCT/KR07/02784

obU o. FIGUERVUA SITHEEI LA.FILING DATE PRIORITY DATE

Suite 2300 06/08/2007 06/09/2006

LOS ANGELES, CA 90017
CONFIRMATION NO. 1730

371 ACCEPTANCE LETTER

A

NOTICE OF ACCEPTANCE OF APPLICATION UNDER 35 U.S.C 371 AND 37 CFR 1.495

The applicant is hereby advised that the United States Patent and Trademark Office in its capacity as a
Designated / Elected Office (37 CFR 1.495), has determined that the above identified international application has
met the requirements of 35 U.S.C. 371, and is ACCEPTED for national patentability examination in the United
States Patent and Trademark Office.

The United States Application Number assigned to the application is shown above and the relevant dates are:

07/07/2010 07/07/2010
DATE OF RECEIPT OF 35 U.S.C. 371(c)(1), DATE OF COMPLETION OF ALL
(¢)(2) and (c)(4) REQUIREMENTS 35 U.S.C. 371 REQUIREMENTS

A Filing Receipt (PTO-103X) will be issued for the present application in due course. THE DATE APPEARING
ON THE FILING RECEIPT AS THE " FILING DATE" IS THE DATE ON WHICH THE LAST OF THE 35
U.S.C. 371 (c)(1), (c)(2) and (c)(4) REQUIREMENTS HAS BEEN RECEIVED IN THE OFFICE. THIS DATE
IS SHOWN ABOVE. The filing date of the above identified application is the international filing date of the
international application (Article 11(3) and 35 U.S.C. 363). Once the Filing Receipt has been received, send all
correspondence to the Group Art Unit designated thereon.

The following items have been received:
+ Copy of the International Application filed on 12/08/2008

« Copy of the International Search Report filed on 12/08/2008
+ Preliminary Amendments filed on 01/21/2009

« Information Disclosure Statements filed on 07/17/2009

+ Oath or Declaration filed on 07/07/2010

« U.S. Basic National Fees filed on 12/08/2008

Applicant is reminded that any communications to the United States Patent and Trademark Office must be mailed
to the address given in the heading and include the U.S. application no. shown above (37 CFR 1.5)

NINA D BUTLER

Telephone: (703) 756-1446

page 1 of 1

FORM PCT/DO/EQ/903 (371 Acceptance Notice)
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PQ. Box 1450

Alexandria, Virginia 223131450

WWW.USDLO.gOv

APfTIETIl\(/jI/];;lIQON I SSIIE;I)NDGA?E I GRUI;I[I%’IRT I FIL FEE REC'D | ATTY.DOCKET.NO ITOT CLAH\/[SI IND CLAIMSl
12/303,947 07/07/2010 1632 1110 2101-3596 14 2
CONFIRMATION NO. 1730
35884 FILING RECEIPT
LEE, HONG, DEGERMAN, KANG & WAIMEY
5505 FIGUEROA STREET R

LOS ANGELES, CA 90017
Date Mailed: 08/16/2010

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Applicant(s)
Yeong Hyeon Kwon, Gyeonggi-do, KOREA, REPUBLIC OF;
Seung Hee Han, Gyeonggi-do, KOREA, REPUBLIC OF;
Hyun Hwa Park, Gyeonggi-do, KOREA, REPUBLIC OF;
Dong Cheol Kim, Gyeonggi-do, KOREA, REPUBLIC OF;
Hyun Woo Lee, Gyeonggi-do, KOREA, REPUBLIC OF;
Min Seok Noh, Gyeonggi-do, KOREA, REPUBLIC OF;
Power of Attorney: The patent practitioners associated with Customer Number 35884

Domestic Priority data as claimed by applicant
This application is a 371 of PCT/KR07/02784 06/08/2007

Foreign Applications
REPUBLIC OF KOREA 10-2006-0052167 06/09/2006
REPUBLIC OF KOREA 10-2006-0057488 06/26/2006

If Required, Foreign Filing License Granted: 08/11/2010

PP PR S R 1 C.

The couniry code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 12/303,947
Projected Publication Date: 11/25/2010
Non-Publication Request: No
Early Publication Request: No
page 10of 3
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Title

METHOD OF TRANSMITTING DATA IN A MOBILE COMMUNICATION SYSTEM
Preliminary Class

435

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent" and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http:/www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4158).

LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184
Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as

page 2 of 3
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set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

s time on or after the effective date ther

of
1€ effective aate of

eof ur
appllcatlons( ) filed under 37 CFR 1.53(d). T

This license is to be retained by the licensee and may be

IWOHIST 15 0 WO 0 iCU VY IWOHISTOT Qv

1
it is revoked. This license is automatically transferred to an
license is not retroactive.

inles
eS8

w

Q.\_,

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

page 3 of 3
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PQ. Box 1450

Alexandria, Virginia 223131450

WWW.USDLO.gOv

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
12/303,947 07/07/2010 Yeong Hyeon Kwon 2101-3596
CONFIRMATION NO. 1730
35884 PUBLICATION NOTICE
LEE HONG, DEGERMAN, KANG & WAIMEY
660 S. FIGUEROA STREET L
000000044678118

Suite 2300
LOS ANGELES, CA 90017

Title:METHOD OF TRANSMITTING DATA IN A MOBILE COMMUNICATION SYSTEM

Publication No.US-2010-0296436-A1
Publication Date:11/25/2010

NOTICE OF PUBLICATION OF APPLICATION

The above-identified application will be electronically published as a patent application publication pursuant to 37
CFR 1.211, et seq. The patent application publication number and publication date are set forth above.

The publication may be accessed through the USPTO's publically available Searchable Databases via the
Internet at www.uspto.gov. The direct link to access the publication is currently http://www.uspto.gov/patft/.

The publication process established by the Office does not provide for mailing a copy of the publication to
applicant. A copy of the publication may be obtained from the Office upon payment of the appropriate fee set forth
in 37 CFR 1.19(a)(1). Orders for copies of patent application publications are handled by the USPTO's Office of
Public Records. The Office of Public Records can be reached by telephone at (703) 308-9726 or (800) 972-6382,
by facsimile at (703) 305-8759, by mail addressed to the United States Patent and Trademark Office, Office of
Public Records, Alexandria, VA 22313-1450 or via the Internet.

In addition, information on the status of the application, including the mailing date of Office actions and the

dates of receipt of correspondence filed in the Office, may also be accessed via the Internet through the Patent
Electronic Business Center at www.uspto.gov using the public side of the Patent Application Information and
Retrieval (PAIR) system. The direct link to access this status information is currently http://pair.uspto.gov/. Prior to
publication, such status information is confidential and may only be obtained by applicant using the private side of
PAIR.

Further assistance in electronically accessing the publication, or about PAIR, is available by calling the Patent
Electronic Business Center at 1-866-217-9197.

Office of Data Managment, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101

page 1 of 1
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Application/Control Number: 12/303,947 Page 2
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1.

DETAILED ACTION

Claim Rejections - 35 USC § 102

The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that

form the basis for the rejections under this section made in this Office action:

2.

A person shall be entitled to a patent unless —

(e) the invention was described in (1) an application for patent, published under section 122(b), by
another filed in the United States before the invention by the applicant for patent or (2) a patent
granted on an application for patent by another filed in the United States before the invention by the
applicant for patent, except that an international application filed under the treaty defined in section
351(a) shall have the effects for purposes of this subsection of an application filed in the United States
only if the international application designated the United States and was published under Article 21(2)
of such treaty in the English language.

Claims 31-44 are rejected under 35 U.S.C. 102(b) as being anticiapted by Jung

et al US (20060153282).

a. Regarding claim 1, Jung et al teaches a method of transmitting a
preamble sequence in a mobile communication system (see paragraph [0003],
the preamble is transmitted), the method comprising: generating said preamble
sequence by repeating a specific sequence at least one time and concatenating
a cyclic prefix (CP) to a front end of said repeated sequence (see paragraphs
[0064] and [0068], the first or last part of the OFDM symbol is copied and
repeatedly placed), said CP being identical to a part of a rear end of said specific
sequence (see paragraph [0068], the OFDM symbol is copied); and transmitting
said preamble sequence to a receiving side on a random access channel (see

paragraph [0069], the preamble is transmitted in every frame).
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b. Regarding claim 32, Jung et al teaches further comprising generating said
specific sequence from a CAZAC (Constant Amplitude Zero Auto Correlation)
sequence (see paragraph [0045]).

C. Regarding claim 33, Jung et al teaches further comprising applying a
cyclic shift to said specific sequence generated from said CAZAC (see paragraph
[0048]).

d. Regarding claim 34, Jung et al teaches wherein a value of said applied
cyclic shift is determined as an integer value of a predetermined circular shift unit
(see paragraph [0048]).

e. Regarding claim 35, Jung et al teaches wherein a value of said applied
cyclic shift is used as additional information (see paragraph [0068]).

f. Regarding claim 36, Jung et al teaches wherein applying said cyclic shift
comprises multiplying said specific sequence by an exponential sequence (see
paragraph [0048] and equation 1).

g. Regarding claim 37, Jung et al teaches further comprising generating said
specific sequence by combining at least two code sequences mapped with at
least one information bit, respectively (see paragraph [0043]).

h. Regarding claim 38, Jung et al teaches a transmitter for transmitting a
preamble sequence in a mobile communication system (see paragraph [0025], a
method of transmitting a preamble from a transmitter is disclosed), the
transmitter comprising: means for generating said preamble sequence by

repeating a specific sequence at least one time and concatenating a cyclic prefix
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(CP) to a front end of said repeated sequence (see paragraphs [0064] and
[00868], the first or last part of the OFDM symbol is copied and repeatedly
placed), said cyclic prefix being identical to a rear end of said specific sequence
(see paragraph [0068], the OFDM symbol is copied); and means for transmitting
said preamble sequence to a receiving side on a random access channel (see
paragraph [0069], the preamble is transmitted in every frame).

i. Regarding claim 39, Jung et al teaches wherein said means for generating
said preamble are configured to generate said specific sequence from a CAZAC
(Constant Amplitude Zero Auto Correlation) sequence (see paragraph [0045]).

- Regarding claim 40, Jung et al teaches wherein said means for generating
said preamble are configured to apply a cyclic shift to said specific sequence
generated from said CAZAC (see paragraph [0048]).

k. Regarding claim 41, Jung et al teaches wherein a value of said applied
cyclic shift is determined as an integer value of a predetermined circular shift unit
(see paragraph [0048]).

l. Regarding claim 42, Jung et al teaches wherein a value of said applied
cyclic shift is used as additional information (see paragraph [0068]).

m. Regarding claim 43, Jung et al teaches wherein said means for generating
said preamble are configured to apply a cyclic shift by multiplying said specific
sequence by an exponential sequence(see paragraph [0048] and equation 1).

n. Regarding claim 44, Jung et al teaches wherein said means for generating

said preamble are configured to generate said specific sequence by combining at
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least two code sequences mapped with at least one information bit, respectively

(see paragraph [0043]).

Conclusion

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to SHRIPAL KHAJURIA whose telephone number is
(571)270-5662. The examiner can normally be reached on Monday - Friday, 10:00AM-
6:30PM EST.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Jeffrey Pwu can be reached on (571)272-6798. The fax phone number for
the organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a
USPTO Customer Service Representative or access to the automated information

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.
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Supervisory Patent Examiner, Art Unit 2478
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TRANSMISSION AND RECEPTION OF REFERENCE PREAMBLE SIGNALS IN
OFDMA OR OFDM COMMUNICATION SYSTEMS

CROSS REFERENCE TO RELATED APPLICATION
[0001] This application claims the benefit of provisional
U.S. application Serial No. 60/591,894, entitled “METHOD FOR
THE TRANSMISSION AND RECEPTION OF REFERENCE PREAMBLE SIGNALS
IN AN OFDMA SYSTEM” and filed July 27, 2004, which is
incorporated herein by reference in its entirety for all
purposes.

BACKGROUND

[0002] This application relates . to orthogonal frequency
division multiplexing (OFDM) and orthogonal frequency
division multiple access (OFDMA) communication systems, and
more particularly to generation and transmission of preamble

signals for fast cell searching, time-synchronization, and

. correcting initial frequency offset in an OFDM or OFDMA

communication system.

[0003] OFDM and OFDMA systems may be used in various
telecommunication systems, including wired and wireless
communication systems, to provide various types of
communication services, such as voice and data. A wireless
communication system covers a certain geographic area by
dividing the area into a plurality of cells, which can be
further divided into two or more sectors. The base

stations, which conceptually locate at the center of

respective cells of their coverage, transmi
the mobile subscriber stations (MSS) via downlink (DL) radio
signals. A mobile station is also known as the mobile
station (MS), the subscriber station (SS), or the wireless

station. The mobile stations transmit information to their

serving
[0004] The downlink radio signals from the base stations to
mobile stations may include voice or data traffic signals or
both. In addition, the base stations generally need to

transmit preamble signals in their downlink radio signals to

1
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identify to the mobile stations the corresponding cells and
corresponding segments in the cells to which the downlink
radio signals are directed. Such a preamble signal from a
base station allows a mobile station to synchronize its
receiver in both time and frequency with the observed
downlink signal and to acquire the identity, such as IDcell
the base station that transmits the downlink
[0005] IEEE 802.16 OFDMA has been developed to provide
wireless communications based on an orthogonal frequency
division multiple access (OFDMA) modulation technique. 1In
the DL preambles currently defined in IEEE 802.16 OFDMA, the
MSSs store predefined and handcrafted pseudo-noise (PN) like
sequences for identifying IDcell numbers and segment numbers
of the adjacent cells. 1In operation, a MSS captures the
preamble symbols in received downlink signals and correlate
the preamble in each received downlink signal with the
stored pseudo-noise (PN) like sequences to determine IDcell
and Segment of a specific sector for that received downlink
signal. These preamble sequences are handcrafted in advance
and are processed by the MSS one at a time. There are more
than 100 such sequences in some implementations of the
current IEEE 802.16 OFDMA. Performing the cross-correlation
with such a large number of preamble sequences can be time
consuming and increase the hardware costs. In addition,
MSSs store the entire set of preamble sequences and this
storage further increases the hardware cost.

[0006] One important performance perameter of the preambles
is the peak-to-average-power-ratio (PAPR). To reduce the
system cost, the PAPR for the preamble should be as small as
possible. It is well known that OFDM usually has a relative
higher PAPR ratio than other modulations. This is
especially important for a preamble because the preamble is

transmitted in every frame.
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SUMMARY
[0007] This application provides, among others, techniques
for generating preamble sequences for OFDM and OFDMA
communication systems based on CAZAC sequences with desired
properties of constant amplitudes (CA) and zero
autocorrelation (ZAC).
[0008] In one implementation, a method for communications
based on OFDM or OFDMA is described to include selecting an
initial CAZAC sequence; modifying the initial CAZAC sequence
to generate a modified sequence which has frequency guard
bands; and using the modified sequence as part of a preamble
of a downlink signal from a base station to a mobile
station.
[0009] In another implementation, a method for
communications based on OFDM or OFDMA is described to include
selecting a CAZAC sequence of a length L in frequency which
includes spectral components in first, second and third
sequential portions in frequency, and modifying the CAZAC
sequence to produce a first modified sequence. The
modification includes setting amplitudes of spectral
components in the first portion of the CAZAC sequence to zeros
and adding a first phase shift on spectral components of the
second portion of the CAZAC sequence, without changing the
third portion. The CAZAC sequence is then modified to produce
a second modified sequence by setting amplitudes of spectral
components in the third portion of the CAZAC sequence to zeros
and adding a second phase shift spectral components of the
second portion of the CAZAC sequence, without changing the
first portion. The first and second modified sequences are
then combined to form a combined sequence in frequency of a
length 2L. The first portion from the first modified sequence
icned next to the third portion from the second
modified sequence in the combined sequence. An inverse fast
Fourier transform is then performed on the combined sequence
to generate a first preamble sequence in time for OFDM and

OFDMA communication.
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[0010] In another implementation, a method for
communications based on OFDM or OFDMA is disclosed to include
sub sampling a preamble signal in a downlink signal received
at a mobile station receiver to create a frequency overlap and
to minimize a variation in amplitude, extracting an order of
signal components in the preamble signal to identify at least
a base station at which the downlink signal is generated. The
preamble signal is generated from an initial CAZAC sequence to
preserve properties of the initial CAZAC sequence and has
frequency guard bands.

[0011] In some applications, the techniques described here
may be used to provide the downlink (DL) preamble design to
allow for a structural generation of preamble sequences to
facilitate fast cell searching, simple time-synchronization
and correction of initial frequency offset. The new DL
preamble design is based on CAZAC sequences. The IDcell and
Segment parameters are encoded as the code phase of the CAZAC
sequence in the frequency domain or the code phase of the
near-CAZAC sequence in the time domain.

[0012] These and other implementations and their

variations, enhancements are described in greater detail in
the attached drawings, the detailed description and the

claims.

BRIEF DESCRIPTION OF THE DRAWINGS
[0013] FIG. 1A illustrates the processing steps of one
exemplary method of construction of a preamble sequence.
[0014] FIG. 1B illustrates the resulting sequence of each
processing step of the exemplary method shown in FIG.1A.
[0015] FIG. 2A shows an example of using the cyclic shift
of initial CAZAC sequence in the frequency domain to
generate two AC sequences in the frequency
domain.
[0016] FIG. 2B shows an example of using the cyclic shift
of the preamble sequence in the time domain to generate two

new preamble sequences in the time domain.

4
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[0017] FIG. 3 shows an example of a 3-tier cell design used
in various OFDM or OFDMA systems.

[0018] FIG. 4 shows an example of the subcarrier
allocations in the frequency domain of the preamble sequence
in segment 0.

[0019] FIG. 5 shows the corresponding amplitude of the
waveform in the time domain that corresponds to the example
in FIG. 4.

[0020] FIG. 6 shows the time waveform of the result of
matched filtering of the CAZAC sequence (spaced by symbols)
without channel distortion.

[0021] FIG. 7 shows the result of matched filtering of the

CAZAC sequence in a multipath fading environment.

DETAILED DESCRIPTION
[0022] Designing a set of preambles with good correlation
property and low PAPR is a difficult task because these two
requirements tend to be conflicting. A family of
mathematically well studied sequences known as CAZAC
sequences has the desired properties of a constant amplitude
(CA) (representing the lowest PAPR) and zero autocorrelation
(ZAC). Well-known examples of CAZAC sequences include Chu
and Frank-Zadoff sequences.

[0023] A Chu sequence is defined as
c(n) =exp(jb,,(n),n=0,1,.,L-1 (1)

where the phase in Chu sequences is
zn’
Oc,m(n)=T (2)

and L is the length of the sequence and can be any positive
integer. The Frank-Zadoff sequences are also defined in (1)

but the phase is defined as
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27
Opm(n=p+adl)y="EL (3)

JZ 4

where p=0,1,...,«/f—1 and q=0,1,...,Jf—l, and L is the length of
the sequence and can be the square of any positive integer.
[0024] Let c=[c, ,,¢; ,,-C) be a CAZAC sequence and define

the cyclic shift operator matrix M as
M=[e e - e eu], (4)

where e, is a standard basis vector of length L. For
example, ey can be an all zero vector except the k-th
element of unity. Define the circulant matrix C of the

CAZAC seguence as

C = Circ{c}
Cii G G Cra
€ €y G Cra (5)
=[c Me MHC]= €3 Cra Cpq ' Cpg
Sy 4} C G
[0025] Define a LXL Fourier matrix as
1 1 1
111 o o'’
F =—/ (e)
L. . .
1 wL-l w(L—l)(L-l) -
where w=exp(—j2z/L). It can be shown that a circulant
matrix can be uniquely expressed as
H
C=F/A.F,, (7)
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where Ac=diag{gy,g1,..gr-1} 1s the eigen matrix of the

circulant matrix and @yi denote the Hermitian transpose.
[0026] A zero-autocorrelation sequence is characterized by
its identity autocorrelation matrix, or

®.=CC" = I, = FLHACAZFL . (8)

[0027] Equation (8) can be used to derive the following:

A A" = diag{g,| Jg.[ slg[ = FF =1, (9)

2algl

[0028] In other words, eigenvalues of a circulant matrix have
equal amplitudes, or|gA=cmunk=0,"L—l. Furthermore, these

eigenvalues constitute the frequency spectral components of

the ZAC sequence as is evident in the following equation,

1
c=Ce,=F'A_Fe,=—F/g, (10)

JL

where eo is the last column vector of M, defined in Equation
(4), and g=[g, g, »g.] is the column vector formed by the
eigenvalues of C. '

[0029] Property 1l: If c is a CAZAC sequence, then its
frequency domain spectral components also form a CAZAC
sequence (necessary condition).

[0030] Proof:

[0031] Let A, be the eigen matrix of the cyclic shift
operator matrix M defined in Equation (4). It can be proved
~j2r/L

that A, =diag{l,0,0’,...0""},0=¢ Because M is a real
M g

matrix, the following expression can be obtained:
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M=F/A,F, =FALF . (11)
For k=0,..L-1, the following can be written:

g” (M‘g) = Lc"F/M*F,c = Lc"” (A’L )H c
R (12)
= LS(k),

L1
=LY o™ |c(n)
n=0

Therefore, the column vector g is a ZAC sequence. The
eigenvalues of the circulant matrix C of a CAZAC sequence have

equal amplitudes. With Equation (12) it is proven that the

g=[g,g,-2,,) sequence is a CAZAC sequence.

[0032] Property 2: If g=[gmgp"”ngT is a CAZAC sequence in
the frequency domain, then its corresponding time-domain
sequence is also a CAZAC sequence (sufficient condition).
[0033] Proof:

[0034] Equations (10) and (11l) can be used to derive the
following:

1 1 1&
c”M"c:-Zg”FLM"FL”g=Zg”Aﬁg=ZZm" =8(k) (13)
k=0

This shows that the time-domain sequence possesses ZAC
property.
[0035] From Equation (10), g can be written as

g=~LF,c {

[
N

[0036] Because g is a CAZAC sequence, the following can be
derived:
L-1
S(k) = g"M*g = Le"F'F, (ALY FiFe=LY |c,[ o™ k=01, L-1. (15)
n=0
[0037] Rewriting Equation (15) in matrix form yields the
following:
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mop oo 1
-1 . ~(L-1) 2

r 7 “'?' (16)
-y —(L-1)(L-1)

0 1l o @ |Q4F

Solving Equation (16) leads to the following:

e} =<,k =0,1,., L-1. (17)

L

Therefore, the corresponding sequence in the time domain is
also a CAZAC sequence.

[0038] From Property 1 and Property 2, the desired
properties of the constant-amplitude and zero-
autocorrelation of a CAZAC sequence are preserved in both
time and frequency domain. Therefore, a CAZAC sequence can
be used for time and frequency synchronization and channel
estimation by the mobile station receiver. However, due to
guard bands and channel selective filtering in the IEEE
802.16 OFDMA system, a CAZAC sequence may not be directly
used to construct a preamble, because such a CAZAC sequence
does not have proper breaks and voids in frequency to
meeting the transmit frequency spectrum mask for the guard
bands and channel selective filtering.

[0039] In several exemplary implementations described
below, a CAZAC sequence, such as the Chu or Frank-Zadoff
sequence, can be modified in the frequency domain to
generate a modified CAZAC sequence in the frequency domain
that satisfies the IEEE 802.16 transmit frequency spectrum
mask for the guard bands and channel selective filtering.
The modified CAZAC sequence is no longer a mathematically
perfect CAZAC sequence but is a near-CAZAC sequence whose
amplitudes are nearly constant and the autocorrelation is
nearly a delta function. This modified CAZAC sequence is
transformed into the time domain under an inverse FFT to

produce the desired preamble sequences for an OFDM or OFDMA
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