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ADVISORY: If filing by EFS-Web, do NOT attach the PT0-2038 form as a PDF along with your EFS-Web submission. Please be 
advised that this is not recommended and by doing so your credit card information may be displayed via PAiR To protect your 
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Lee, Hong, Degerman, Kang & Waimey 
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FIG. 14 
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Mixed CAZAC sequence having length of single CAZAC sequence 

[QJ CAZACl sequence of 0 ~ CAZAC2 sequence of 1 
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FIG. 19 
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FIG. 20A 
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[CLAIMS] 

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

communication systetn, the 1nethod comprising: 

5 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 1s a CAZAC (constant 

10 amplitude zero autocorrelation) sequence. 

15 

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 

divided by at least two blocks to indicate predeteuuined infouuation; and 

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

2 0 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 m a mobile 

2 5 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 seco11d code sequenee 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 

10 sequence group consisting of2n number of first code sequences. 

15 

20 

9. The method of claim 6, wherein the combination of the at least two fi~st 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: 

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. 

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 

2 5 sequence is performed in a frequency domain. 
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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. 

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

10 

15 

20 

25 

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 

transmitting the repetitive code sequence, 1n which the CP 1s generated, to a 

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 infonnation of the random access channels allocated to the at 

least t\~vo consecuti\le fra..-tnes to at least one user equipment. 

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. 

1 0 20. The method of claim 18, wherein the allocation information includes a hopping 

pattern of the frequency bands of the random access cham1els allocated to the at least two 

consecutive frames. 

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

15 allocated to the at least two consecutive frames. 

20 

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

transmission of a pilot sibllal at the user equipment to at least one sub-frame to which the 

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 

2 5 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 ofblocks are mapped, 

by a specific code sequence; and 

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. 

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 

2 0 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. 

25 

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

mapping. 
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METHOD OFTRANSMITTINGDATA 

IN A MOBILE COMMlJNICAITON SYSTEM 

[DESCRIPTION] 

5 TECHNICAL FIELD 

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 

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

lO BACKGROUNDART 

A user equipment uses a random access channel (RA CH) to access a network in a 

state that ~he 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 

15 characteristic is realized by repetitive transmission of a preamble. 

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

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

expressed by a Di1~ac-Delta fL111ction in case of auto-correlation and has a constant value in 

case of cross-correlation. In this respect, it has been estimated that the CAZAC sequence has 

2 0 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 ofN. 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 fi:om a random 

2 5 access channel by using the CAZAC sequence. Of them, the first method is to directly 
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interpret CAZAC sequence ID to message information. Assum.ing 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 perfonned with only CAZAC sequence ID without 

additional manipulation. However, since a method of transmitting additional information 

5 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 

1 0 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 log2N bits when the ·walsh sequence has a 

15 lengthofN. 

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, m1.d the \l.falsh sequence is interpreted as 

message information. FIG 2 is a block diagram illustrating a data processing procedure at a 

2 0 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 

2 5 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 infonnation, and the modulated 

sequence is den1odulated and then used as message infonnation. FIG 3A illustrates data 

modulation according to the fanner method of the fourth method, and FIG 3B illustrates data 

5 modulation according to the latter method of the fourth. 

Furthennore, 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 

10 of blocks to which orthogonality is given. 

15 

20 

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

susceptible to change of channel condition. 

DISCLOSURE 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 

user equip1nent and a base station by using a long sequence to maximize time/frequency 

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. 

2 5 Further still another object of the present invention is to provide a method of 
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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 

tl1e i11ventio11, as embodied and broadly described herein, a data transtnission 1nethod through 

5 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 the present invention, a data transmission method by using a 

code sequence in a mobile communication system comprises conjugating at least one element 

1 0 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 

15 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 still another aspect of the present invention, a code sequence transmission 

method in a mobile communication system comprises generating a combination code 

2 0 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 

2 5 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. 

L11. fi1rther still another aspect of the present in\7ention, a method of allocating a 

5 random access channel (RACH) in a multi-carrier system comprises allocating a random 

access channel to each of at least two consecutive frmnes 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. 

l 0 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 o~1e 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 

15 multiplied by the specific code sequence to a receiving side. 

20 

BRIEF DESCRJPTION OF THE DRAWINGS 

FIG. 1 illustrates an example of a data trans111ission 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 illustrate still another example of a data transmission method 

through a random access chmmel in an OFDMA system according to the related art; 

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

2 5 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 strt1ctc1re of a randotn access chan_nel of FIG~ 5; 

5 FIG. 7 illustrates another example of a structure of a random access channel used in 

an OFDMA system; 

FIG. SA 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 

1 0 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; 

15 FIG. 12 is a structural view of unit data to illustrate one embodiment of the present 

20 

invention, which transmits data by using a code sequence expanded through conjugat_ion; 

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

trat1Slllitted i11 a code sequence expanded tt.uough conjugation in accorda.."llce \Vith 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 ofunit data to illustrate one embodiment of the present 

2 5 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; 

FIG 18 is a strt1ctt1ral vie"'If of urJt data to illustrate o11e e111bodirnent of the present 

5 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 flow charts illustrating a procedure of performing 

1 0 synchronization in a random access chatmel 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 

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

embodiment of the present invention. 

BEST MODE FOR CARRYll'fG OUT THE ll-.TVENTION 

Hereinafter, structures, operations, and other features of the present invention will be 

2 0 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 

2 5 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 \:vith the nehvork ·while accessing the 

5 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-

1 0 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 

15 synchronized access mode is the same as the periodic ranging access mode, and is used when 

the user equipme~t 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 limitatio11 of a guard 

time in the RACH by assuming that the user equipment does not depart from uplink 

2 0 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 togefuer. 

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

2 5 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 

di,rided into lxT number of sub-frames on a time axis and I\1 number of frequency bands on a 

5 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 

1 0 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, 

15 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 

contrast, as shown in FIG 6B, in case of the S)mchronized random access mode, the sub-

frame structure is maintained in the :frequency domain and at the same time a random access 

2 0 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 perfonned. 

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 

25 partially overlapped in a TDM/FDM mode and a TDM mode ofRACH 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 are together transtnittcd tt..rou&-~ the P'""_i1~CH, 

5 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, 

10 As shown in FIG. 8A, a preamble is b:ansmitted for a predetermined time period 

through a frequency band, and a shmt 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 perfom1ed 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 

15 the pilot can be transmitted to a specific user equipment under a multi-access enviromnent. 

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-cau.ier bands) selected 

from a total of frequency bands. Accordingly, respective user equipments which perform 

2 0 multi-access can be identified by allocating some frequency bands at different frequencies. 

FIG. 9 is a diagram illustrating a structure ofRACH 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 

25 several hundreds ofms) 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 embodiment, to overcome a drav•;back of a long interval 

5 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 detennined 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 

1 0 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. 

15 In the embodiment of FIG. 9, the network should notify the user equipment of 

position infonnation 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 

allocated for each fra1ne included in one period, and each user equipment can try rfu~dom 

access through the allocated RACH resource by using the position information from the 

2 0 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 

2 5 of the RACH allocated on each frame is required. The position information of the RACH can 
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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 v=1ithin one period. In other \x.rords, i11 the etnbodiment of FIG. 

5 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 detennined, 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 

1 0 corresponding frequency band. 

For example, if four frames are used as one period in a system which uses a total of 

bands of lOMHz, the position of the RACH includes sub-bands having an interval of2.5MHz 

as one RACH frequency band (band smaller than 1.25MHz or 2.5MHz). At this time, a total 

of bands consist of four :mb-bands, wherein the respective sub-bands are designated by 

15 indicators, which indicate each sub-band, as 1, 2, 3 and 4 in due order from a high 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 exaw.ple 2, 3, 1, 4. The hopping pattern may be 

configured differently or equally depending on each frame. Time information of the RACH 

2 0 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 bansmit the hopping pattern to 

2 5 notify the user equipment of the position infonnation 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. 

5 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 

l 0 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 acc_ess 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 

15 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 untii the user equipment successfully accesses the RACH. 

Meanwhile, in case of the synchronized RACH, the sub-frame of each frame 

2 0 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 

2 5 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 t.he user equipment during scheduling, \'lhereby con11nunication of good quality 

5 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 

10 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-

15 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. 

2 0 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 infom1ation and message 

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

2 5 apparent that the data transmission method according to the embodiments of the present 
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Meanwhile, the preamble and the message may separately be transmitted through the 

R..I\.CH. Alternatively, the message may be transmitted by being implicitly included in the 

prea.mble. One embodiment of the present in,rention relates to a me~~od of transmitti11g a 

5 preamble through the latter transmission manner. In one embodiment ofthe 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. 

10 

15 

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 

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 

2 0 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. 

2 5 [Equation 1] 
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( 
1 ·N· i\ 4\- ( jmVlk(k+ 1) ) c "=' ~Y.L.J-exp - N 

for odd N 

for even N 

[Equation 2] 

(J.nMk(k+I)) 
c(k;N~Nf)=exp N 

for odd N 

5 
( 

"1ti\£ k2 ) c(k;N='M)=exp =--J __ 

N forevenN 

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. 

10 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 predetennined 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 

15 by the following Equations 3, 4, and 5, respectively. 

[Equation 3] 

CAZAC sequence: 

( 
J·mvtk(k+ 1) ) 

c(k'fl~M)=exp N 
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[Equation 4] 

Modulation sequence: 

5 [Equation 5] 

Improved CAZAC sequence (or improved preamble): 

·1flvf ·2x8 
p(k)=c(k)*n1(k)=exp(J k(k+l)+J k) 

1V N 

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

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

1 0 auto-correlation characteristic of p(k), and it is noted from the Equation 6 that the final result 

15 

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-conelation characteristic. 

[Equation 6] 

( 
j'21f8 d)"' (j;r.Jttl ( d'T~ d (d 1 ))l {1 = e~t-:p N . ~exp N .2 t~:.+ + .)= 0 

d=O 
d?O 
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Furthennore, the following Equation 7 illustrates cross-correlation characteristic of 

p(k). 

[Equation 7] 

I: exp ( j;:': (k + d) (k + d + 1 ) J 
k . ,.-! 

- ~exp('~~ Cir+d)(k+d+l)J 
k ' / 

exp(j~I (2dk + d (d + 1)) + i~5 d) 

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 

1 0 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 

5 constant amplitude even in the transformed area. For this reason, if values of specific 

10 

positions are extracted from the fi.·equency 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] 

,_ : .1!!!:}!!_ . . , . , ).-.ITI) jlf;).~ .- . · , 
(

• lL.J "') ') F'• ) 

cc(d) =ea.~p ~ l\T d(a+l)+-=-w--d ~expl.Jv !.k+d)tk+d+1) 

r i'21rd1vr 1-.•. ·) 
expl. N tf. 

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 

15 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,dl) 

20 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, thi::; embodiment of the present invention is advantageous in that the result can be 

obtained by a simple procedure such as multipl~{ing t'vvo exponential sequences without 

5 Fourier inverse transform after Fourier transform and circular shift. 

Hereinafter, a method of improving data transmission reliability of a preamble by 

performing predetenuined 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 

10 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., preamble, which is commonly 

applied to the embodiments of the present invention, will be described. 

15 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 

2 0 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. 

2 5 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 

periodic correlation. 

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 

10 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 th~ 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 

15 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 structure of the preamble of FIG. 11 or a partially 

omitted structure (having neither repetitive transmission nor CP). Although it is assumed that 

2 0 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> 

25 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, 

whereby reliability of data transmission can be improved in spite of influence of chan.11el. 

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 <o• 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 

1 0 CAZAC sequence can express information of 4 bits. In other words, if one CAZAC sequence 

is divided into N number ofblocks, information ofN bits can be expressed. 

At this time, in a single CAZAC seguence 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 

15 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. 

20 

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

the sequence trarL8mitted tl1rough conjugation from the trru.1sn1itter i11 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 (SllOl), and then measures a peak 

by using only the corresponding block (S 11 02). Next, the receiver identifies sequence IDs for 

the first and second blocks (Sl103), and then measures a peak by using the :first and second 

2 5 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 (S 11 05), and then selects greater one of the 

two peaks (S1106). Subsequently, the receiver identifies sequence IDs for the first to third 

5 blocks (S 11 07), 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 (S 11 09), and then selects greater one of the two peaks (S 111 0). In this 

1 0 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 

15 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 

2 0 receiver is less affected by noise or channel. 

All sequences are expressed by one group " { eo(k:;Mi), c1 (k;Mj)}" by grouping two 

sub-sequences (first sequence and second sequence) (i and j are integers different from each 

other). In this case, co(k;lvli) is the first sequence for the block value of 0 (or bit value), and 

CI(k;Mj) is the second sequence for the block value of 1. At this time, a CAZAC sequence of 

2 5 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. 

1v1eru.twhile, the receiver identifies sequence ID of each block, and identifies a t)'Pe · 

5 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 sequence 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 

10 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 (Sl501), and measures a peak for a sequence ID set 

consisting of the identified sequence IDs (S 1502). In this case, two peaks having high 

15 frequency in generation are selected (Sl503) 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 

20 be identified through the step S1503 (81504), and thus the code value of each block can be 

identified (S 1508). 

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 (81505), and 

among the peaks, two powerful peaks are detected (S 1506) so that group IDs are again 

2 5 identified from the detected powerful peaks (S 1507). Subsequently, code values of the 
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corr-esponding blocks can be identified from the identified group IDs (S 1508). 

<Third Embodiment> 

FIG. 16 is a diagram illustrating a method of transmitting data using a sequence 

according to an. other preferred e1nbodiment 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, 

1 0 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 

15 sequence for each block is expanded while respective 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 of2 bits is given to each block. Accordingly, a 

sequence group for each block consists of four different CAZAC sequences. Since each 

2 0 CAZAC sequence constituting the sequence group should identify four values, a group size 

should be increased corr-espondingly. 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 

2 5 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 

each 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 embodi1nent. Hereinafter, a data decoding procedure of the recei\rer \'/ill be described 

5 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 (S 1702). In this embodiment, since one block 

expresses two bits, first, second, third and four sequences which express 00, 01, 10, 11 form 

10 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 

15 code value ofOO, second group ID indicating a code value ofOl, 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 S 1703 (S 1704), and thus the 

code value of each block can be identified (81708). 

If sequence IDs that can not identify group ID exist due to error occurring during the 

2 0 decoding procedure, peaks are again searched for a set of corresponding sequence IDs 

(S1705), and among the peaks, four powerful peaks are detected (S1706) so that group IDs 

are again identified :from the detected powerful peaks (S 1707). Subsequently, code values of 

the corresponding blocks can be identified :from the identified group IDs (S 1708). 

<Fourth Embodiment> 

25 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 

5 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. 

1 0 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 coiTesponding 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. 

15 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"OO, 01, 10, 11." At this time, four 

durations included in one block are used as start identification positions of circular shift for a 

sequence corresponding to a corresponding block. If a preamble to be transmitted has a total 

20 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 "1 0" is 

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

2 5 in duration 3 (96-111) of block 2. h1 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 fi-om 1 to every 

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

value considering char~el or ti1ning 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 (81901), the receiver detects ID of the 

10 corresponding sequence (81903) 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 

15 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 eacl:J. of the 

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

20 

25 

duration of a corresponding block {81909) to decode bit order and bit value of the oiiginal 

data (81911). 

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 

EVOLVED-0001705 

ZTE/SAMSUNG 1005-0060
60



wo 2007/142492 PCT/KR2007/002784 

29 

user equipment accesses the base station only once. In other words, if the user equipment 

transmits a preamble and a messing including infonnation required for synchronization to the 

base station (S2001), the base station transmits timing information to the user equipment 

(S2003} and at L~e satne time allocates a resource for transmission of uplink data (S2005). 

5 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 

10 same time allocates a resource for a request of scheduling (82013). 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 (82017). In this way, the user equipment transmits to the uplink data to 

the base station through the secondly allocated resource (82019). 

15 FIG. 21 is a diagram illustrating a method of transmitting data to a receiver through a 

signaling channel in accordance with one embodime~t of the present invention. 

Since the receiver should search a start position of a transmission signal in actually 

realizing the random access charmel, it is generally desi0 ued that the random access char.Ll"'lel 

has a specific pattern in the time domain. To this end, a preamble sequence may be used so 

2 0 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 

25 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 ofthe user equipment or the base station through RACH (Random Access 

Cham1el) or SCH (Synchronization Channel). This is because that the receiver easily detects 

corresponding ID and more ·various l<inds of sequences can be used to provide convenience 

5 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 lo152 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 

1 0 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 predetennined number of blocks, 

and a short signature sequence conesponding 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 

15 which the short signature sequence is applied, whereby a final data sequence to be 

transmitted to the receiver is completed. 

20 

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

the following signature sets can. be used. Also, if there is difference between respective data 

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

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

2) Exponential sequence: {[expGwon)], [expGwill)], [expGw2n)], [expGw3n)]}, 

where n=O ... 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. 

25 Examples ofthe long CAZAC sequence that can be used in the embodiment ofFIG. 
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21 include, but not limited to, one GCL CAZAC sequence, Zadoff-Chu CAZAC sequence, 

and a sequence generated by concatenation oftwo or more short GCL or Zadoff.Chu CAZAC 

sequences having the same length or different lengths. 

The aforementioned marJler of appl)'ing a short signatt1re sequence for data 

5 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 

1 0 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 

15 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. 

The receiver detects CAZAC ID, and calculates a log-likelihood ratio (LLR) for 

each of bits. Then, the receiver decodes transmission data through a channel decoder. 

2 0 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. Aftenvards, the receiver can again simply calculate LLR from the signature 

through Fourier Transform. 

25 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 imprO\led~ :t-./loreover, the user equip1nent caJl easily access the RACH ev-el1 i11 case 

5 of a traffic area of which QoS condition is shict. 

10 

15 

Furthermore, according to the present invention, since infonnation is transmitted and 

received between the user equipment and the base station by using the code sequence, 

time/frequency diversity can be maximized, and perfonnance 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 predetennined 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 scope of the invention should be determined 

by reasonable interpretation of the appended claims and all change which comes within the 

2 0 equivalent scope of the invention are included in the scope of the invention. 

25 

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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= . = (57) Abstract: Disclosed is a data transmission method in a mobile ommunication system. The data transmission method through 
N a code sequence in a mobile communication system includes grouping input data streams into a plurality of blocks consisting of 
0 at least one bit so as to map each block 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 
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q~o~ 6}~ ¥All~, ~ "Q-~o] Ri\CH 1j-2-ol] ~1IJl~ ?J-<f- ARAJ_:s=__77}7-]9-J ~-Z=~o1 ~ 

o];z]~ rA1]~o1 ~A~~q. g=~, Ri\CH ~61]/---j ~~¥!. ~Jif-4- -qj~Qj ~~~ ~7Jo1 

~7-] ~g ~-<f- RACH~ 1j-2- ~}Ijj7} ~-_A~~ ~-g-o] ~o};z]~~] J::J-1/-E -q;j'Elj~ RACH 

~¥1, :::GPP LTE Al ~ E~ 611 Ai RAcH-~ §-611 s-:_;za 9.1 u11 AJ 7-J-~- ~ i'-61::= lclJ~ 2 

_::=Ull -T- 7]7-150_ -T-~Brt. ~, -6~'3- Dl]/-]7-]7] -'-'-'21~-~ /-]~~(Preamble sequenc 
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If}SJ_ 5! (attached 

<16> 

<17> 
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<19> 

<20> C47l~-L AJ7l RACH::= ~l:d--~$1-~ qopi~~lEJ(tirne-frequency diversity)iL 

Ol rl 
~}, '--!. 
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<22> 

<23> 

<24> 

<25> 

<26> 

EE ~, /-J-7] /\1]3 Aj-"EJ_ As_ Z! CAZAC Al ~/-(long CAZAC sequence)7} 0 ] %~ 

/-... Ol rl_ 
I N.'-1· 
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<27> 

signature 

<29> 

<30> '<(!! ~ ~ A41 :C:. :7.~ 1@_ (Random Access Channe 1, 0 1 <3-} 'RACH' ) -2. 1£!- W (User 
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<31> 

<32> 

1-11£~-?~_=t_ol] ~4f-B /-J~s__ B~~ ~Rol] lr}l::}/-1 L1P~-?~3_ol] _:::rUJ1u}q ~2t>}::= ~ 

_<f-(periodic ranging, ~71~ ~2)oJ1 RA.CH7} /,}%~4. 0171/-1. ~{7-}Q.j 7z1-9-::= B 

~o] 1:l]Eq-j3oJ] 1j4fi>]-tB_/-] %7]~ op[-JI. 7-]-~oJ]jj] ~_8_~ oj-o]T:i(ID)~ Al]_:g-~ 

7] ~~ -§-_s=_.s_ A}%~JI., ~::-z}::= ~%~ 1Llj~ol e.AR-6}711-f 7]7-]~__<:>_s__-¥-£1 AJ_hl_ 

~ ~{li>}7l ~-oR :rrs_.s=_€~ ~7]jJ}(initiation)A]7]7l ~~ -§-_s=_.s_ "'}%Bt1-. 

~ t>l ~7-}~ ~ -9- ::= 3GPP LTEoJl ~ ~ UJ1 qA] T 7}7-l s_ .=r-~ ~ ~ ~. ::= r:1L 

"E!-~ 01 RACH 0 ll ~-2-'& UJ1 7-}{1~ ~~~(uplink) {1_2__7} *71 ~~l ~ 011 ~),g_ UJ1 

J,H}t>}::= %715!} ~2 y:r=_(synchronized access mode)S>}. %71 ~I'll~ 1)!01):,tg_ 

UJ1 /,}-§-i>]-::= B]%7]:§:]- 1j ~ y:r=(non-synchronized access mode)s__ .=r-~~ ~ 

~),q. U]%7]5!} ~2 _2_:r= ::= 1i}~·o] ~~~ 7]7-]~oJJ ~2-6}::= ~_<f-L}, %7] Jit:;zcJ 

g_ 71~ ~ %71 7~{l(update)7} op"f-01::-z]::-z] ~9}~ ~-9-oJl l-}-§-£1~ lclJ~o]q. o] 

UJ1. %715!} 1J2 _2_:r=::= AJ7l 'T-71~ ~2(periodic ranging):E} ~2. 7R\'1°l~, B 

~o] 7]7-]~01] 11] 7-}{}Ql ~/cll-}-5.} ~_:1;]_9} 7-}-@~'3- _fl~a ~ ~~_Q_s_ RACHOI] ~ ~i>} 

::= 7cJ _<j'- oJ] o j * :'fl Lt . 

o]oJ] BJ-oR, %7]5!} 1j2 _2_:r= ::= B~o] 7]7-]:::;;JI} 'fj~3(uplink) %7] ~ 1)! 

011-f7-l '2J-2. -"crEli4 7}Acli>}JI. ' 7}:;zcloJl lr}4 RACHoJl ~)01"'1 _:1;]__2_ A]Z}(Guard 

time)~ 7-1]~~ ~jJ}~q. ojs__ <?]-oR r1 W52. A]Z}-'T-n}'T 7-}-@(time-frequency 

resource) ~ /, }% ~ 'T ~ ::= Ell, 3GPP LTE oJl "'1 ::= % 7].:Q:} ~ 2 _2_ :r= oJl "'1 ~P0 C>~ A1l ~ 
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<33> 

<34> 

<35> 

o= _J___ -- -

5=j -..iL 1i}7l "'-1 <}-yiL}~ 7}-'tl_ (time-frequency resource, TFR) \1 ()5:'_ ~_Q_ ~ 7cl ~ 6} 

-=[-~;:=;_ (1'-- 7;:1.5::.. -fj-<;zlo-}~"l ztzt OFDM(Orthogonal Frequency Division 
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<36> 

<37> 

<38> 

<39> 

4 H ?1] <iJ Oil Bll ~l B RACH_0.j t!-A, 0 ] ~ :1:_7} ~ s:..~ ~Itl-~ ~ /.] t!- '[w~ ~ op- 6} 

Lf op-JQ:j ~7<]7} ~~~ ~S:.. ~,q. {}.JIS.., S:.. 5~ 0 ]9} ~2 ~/.]oJlOJl Q:j'(i 

0 ]A1], 0 ]5'} ~2 Ri\CH -=f-3':01]/.i "B-~ 0] 7]7-]~0Jl ~'B3. L1] 0 lt=-1 ~ ;;;-1_%6}~ 

JL}~ g ~~ l:i!.T?:! c} g JL} :Q-q. ~ /] /.i . 1:11 °] E-1 Q:j ~% 2 q~Q:j :rr ~11 ~ _Q_s_ TAd~ 

'{} Al . "B-~ 2 7}~ Q:j ~ 7J 7J _1)_ ~ 7] 7-] ~OJ] ~ ~ 6} 7] .. <j!-]8·~ ~ /\~ lL ?1] <iJ OJ] .3r.. 

'l[S~~ 5:1~ ~~B Ri\CHOJ] ~-2-~ /.]S:..<ll-r:t. Oi7]/.i' li1-<?f ~-2-0J] AcJ-=g-6}1?:! -o-~'3-

IV\CH ~ ~-o~ lL '2.] ~~(preamble) 1:1] o] E1 ~ ~ 4f-6}7-]li1-, ~ -2-0Jl ~ TI1j6}1?:! q g 7<}tr

Q] lL 1:11 <iJ OJ] ~ ~ l:l~ 7<] B RACH OJl ~ ~ ~ A l s:.. @-q . 0 1 u:J1 ' q g 7<}tr-Q] lL 1:11 <iJ OJ] .3r.. 

wB RACH~ 0 ] ~ TI ~ll ~ Q:j Ri\CHS'} /-Jo] {>l- Y4~ g ~Oil l:l~ 7<] ~ ~ ~ 0 ] l::l}~zq 6} 

;<j] ~--~ .Q_S'_ -~ 5"~ B t:i-. 

<ll-~ . Zf lL ?1] <iJ 9.1 Ai ..1::! lL ?1] <iJ OJ] ~ -o~ '3- Ri\CHS.. ~ -2- <ll- "B-w ~ ~ <ll- JI} ~ 5l 
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£]oJ1~ i>}l-f op-JQ:j RACH ~~~:CRi\CH Pilot)Jit ~""11~ ~~5-!(Access Pilot) 0 1 :±_ 

L:}. 

<40> 

/..1~~(sequence) 01t:i!. /..1 ~~(Preamble 
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<41> 

<42> 

4h9i 

~ ~ 0 1 ~1 0-j 0 l= 6}vj, 0 1 ~ ~1-5~ CAZAC(Constant Amplitude Zero AutoCorrelation) 

[ 'T- -Q{·~ 1] 

/ ~ _ ~ _ ~ I iruUk( k+ 1 ) \ 

<43> 

c(k;.lV~MJ=exp~- ~ N ~ } 
for odd N 
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<44> 

<45> 

. - ( jTrAfk(k+ 1) ) c( k ~_j_V~~~f) -exp 
JV for odd N 

<46> 

( 
1rAfk2 ) c(k;N~M)=exp -=---J __ _ 

, N for even~ 

<47> <tl~, RACH(Random Access Channel)Lf SCH(Syncronizat ion Channel )O!l/-1 ~ 

<48> 
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<49> 

<51> 

<52> 1) Y~?-1] 01~ ~(Modulation values): {l+j, 1-j, -1-j, -l+j} 

<53> 2) 7-1~~ -~ll'9_/~(Exponential sequence): {[exp(jw0 n)], [exp(jw1 n)], 

<54> 3) i'!---"1 il}u}q = --"1 ~~_/-(Walsh Hadamard sequence): {[ 1111], [ 1-11-1], 

<55> 
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<58> 

AJ?;} -¥-i'iOJl ~~1:-(phase difference Fourier Transform)g ~~R/.-l CAZAC ID ~~g 

<59> 
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<60> 

<61> 
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<61>

BbwBo S]SPM RACHS| 4S}Se/ A Zhe

oF Gat, RACH 4lO]Gh est aVspAl

o] AMsrjess SMA oS sae] RACH

AA AY Oo] OEA]

RACHSS] BCS SolssAl S +H Bry.

A] Voy el Vs Way as1 oa tf lo

35-20

Se
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SEALE} QoS(Quality of Service)
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+ Se AS S BY Bar aS (Random

Access Channel, RACH)2 45a] tole}S <espe HMO] gol),

Udo] aq Aes salele False 4 Malle) we Bs)sl RACH S eal

S=Aae) RACHQoS ASHE EA:

Aly] 4sto] ASG 422, ad RACHS Bal Be] MES(preamble) Bolas

AGéHe UA: y

37) Atl Asie BH, US AKee] Buoy et uals RACH] Wee

AJGA

S 2c PH Bar ASS Sat Dole] AS WH

[aya 2)

AAA Lola,

$7) RACIG= @b 7) Ol s= 4p Soll Tapp USNS AVspa] we

qa He Wass ay hAA Aas So Woe AS ww

[3a 3]

AZBOTA

237) RACH 2} =also] vs} RACHS| Z4fo] BAZ} |S Sapp Bal

ZEUS Se Oe Br} Of
to

o} Sap} Wass ae ae. al
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} SkoqAy,|aloOo~ ofALeb U4] ase Se 4

refpO

x=Qo
Betie1)OK

0
PLEO]

oI
128 (short block)°]

ao} E|LLe act
aes a

Loa)r"ko

ol} SLOlAt,asAa

cea2. BED
on74(RACIL Pilot) =}

=

ay)
Ql

2] RACH =}eo}

(Access Pilot)°o] #42] ae

aaSaha)i
Xx

a
ldroeO‘ala ae] Below FF

= aeneAll A)ACsequence)
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[ oats Te 7]

Aol] Slo Ay,

44) al2 ajgeam 424 Waele] Ae Alceey>a Aashort signature

sequence) 7} S} 2S] 4 1aey ev

[a74 8]

ANT HOM BLA,

ay) Be Alite| al AAA Ay) Sale Se} pe] Masha (Modulation

[Ae

ATAGola,

SA, Be ATS) AAAS 7] Pee Se ee] 2]st Aa

|r aa LJ (us ot & 2, Ey(Exponential sequence) & 77d = ou.

[210]

AlT@oH hd,

S7, Be AtAse 87] Tala Se we] AA) ohyrp= Ala

“(Walsh Hadamard sequence)= SYS E ATER Foye AS WHR.

[4s 11]

AIGa- UA) 41046 ZG Oo]. et atol} ghopay,

Abs] ANS ALBA SL Zl CAZAC ALA 22 Clong CAZAC sequenee)/} °o] 2S] = ALL
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111 ; 

/-,};;1 ~~¥} _:I!_c:J~ r:~:no1E1~ '?lE1t:'-jl=:lJ(interleaving)6}~ \1-111; 

/-,}71 <:?_! E1 t-1 BJ ~ 1:11°1 El ~ A1 :t Ll ~1 uJ~ (signalure mapping)il}~ q-111; ~ 

--'c]-71 Alll A1 ~/-7} -j'f-il~ ~ 1:11°1 E1 ~ ~Acl 7lT-~ ~ ~ _Q_s_ T~ 6}~ ~ ~ ~ 

All2 A1 ~A~ 4A,:jo} ~ IC!-111; 
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[~J-=f--q} 18] 
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AZ] alg ABA) ZF BYS ay rAS] A Byo] aoe agar Ax

A+7| al ALAAs 21 CAYAC AV 4AClong CAZAC sequence) 7) °]) 2H = 4)
F

AZ] Al2 AAAS AD Wo] Be ATMA AAACshort signature

ofpsequence) 7- oO] RS ALT ELS ee] e] ale HRA.

[4-4 17]

Al lesbo], ghoyAy,

YY) Be. AYA ABA AY) FHS BS Nepe] BSS} F¥k (Modulation

values)OoS SAE AS y Mele] asd

ters 18]

AWIGSs ol] QLOqA],

AW) Bo AYA ABA 7) SSese BS Alfe] 42s Aas
 

 

(Exponential sequence)= ~AE = Al_tyle Gpol Ee] 2 HbR.
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A1l14-f>JOjl ~ op,l, AJ7l Alll -Al-'@cC:9i ~6}71 li±;iil 0 1 ~ Ojj 

"T-~ -'8. ""'l -=r ~ '28 t:1l 0 l E1 so_ -9- E1 CAZAC o} 0 l L1 ~ 4-~- 6} ~ 1J- :ill ; 

"T-~B -A]-=:L~~ r:1] 0lEl~ Ll<:?JE1T:qBd(Deinterleaving)6}~ lJ-;ij]; ~ 

AJ/l c]c;>l El t:q Bd B t:1l 0 ] El ~ ;);~ ¥'1 c] J1_ '3 (channel decoding)6} ~ \!-:ill; 
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[CLAIMS] 

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

co1nmunication syste1n, the 1nethod comprising: 

5 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 

10 amplitude zero autocorrelation) sequence. 

15 

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 

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 

2 0 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 m a mobile 

2 5 communication system, the method comprising: 

EVOLVED-0001783 
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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'ving 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 infonnation bits, the at least two first code sequences are selected from a 

1 0 sequence group consisting of 2n number of first code sequences. 

15 

20 

9. The method of claim 6, wherein the combination of the at least two fi~st 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: 

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. 

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 

2 5 sequence is performed in a frequency domain. 
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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 ofthe 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 

transmitting the repetitive code sequence, in which the CP is generated, to a 

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 

least P110 consecutive frrunes to at least one user equipment. 

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 cham1els allocated to the at least two 

consecutive frames. 

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

15 allocated to the at least two consecutive frames. 

20 

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

transmission of a pilot si!:>ual at the user equipment to at least one sub-fra111e to which the 

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 

2 5 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, 

by a specific code sequence; and 

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. 

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 

2 0 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. 

25 

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

mapping. 
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METHOD OF TRANSMITTING DATA 

IN A MOBILE COMMUNI CAlTON SYSTEM 

[DESCRIPTION] 

5 TECHNICAL FIELD 

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. 

10 BACKGROUNDART 

A user equipment uses a random access channel (RACH) to access a network in a 

state that ~he 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 

15 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 

expressed by a Dirac-Delta fllllction in case of auto-con&elation and has a constant value in 

case of cross-correlation. In this respect, it has been estimated that the CAZAC sequence has 

2 0 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 ofN. 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 

2 5 access channel by using the CAZAC sequence. Of them, the first method is to directly 
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interpret CAZAC sequence ID to message infonnation. 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 perfonned with only CAZAC sequence ID without 

additional manipulation. However, since a method of transmitting additional information 

5 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 

1 0 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 logzN bits when the vValsh sequence has a 

15 length ofN. 

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, m1d the \Xfalsh sequence is interpreted as 

message information. FIG. 2 is a block diagram illustrating a data processing procedure at a 

2 0 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 

2 5 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 infonnation, 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 

5 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 

1 0 of blocks to which orthogonality is given. 

15 

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

susceptible to change of channel condition. 

DISCLOSURE 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 

user equipment and a base station by using a long sequence to ma.~imize ti.--ne/frequency 

diversity and alleviating performance attenuation due to channel. 

2 0 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. 

2 5 Further still another object of the present invention is to provide a method of 
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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 

tl1e i11ventio11, as embodied and broadly described herein, a data trans1nission 1nethod t!trough 

5 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 0-e present invention, a data transmission method by using a 

code sequence in a mobile communication system comprises conjugating at least one element 

1 0 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 

15 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 still another aspect of the present invention, a code sequence transmission 

method in a mobile communication system comprises generating a combination code 

2 0 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 

2 5 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 f1Jrt11er still another aspect of the present inventio11, a tnethod of allocating a 

5 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. 

10 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 o~1e 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 

15 multiplied by the specific code sequence to a receiving side. 

20 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG 1 illustrates an example of a data transmission n1.ethod trrrough a random access 

chrumel 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 

2 5 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 strt1ctr1re of a random access cha11nel 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 

1 0 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; 

15 FIG. 12 is a structural view ofunit data to illustrate one embodiment of the present 

invention, which transmits data by using a code sequence expanded through conjugat_ion; 

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

trat1s111itted i11 a code sequence expanded fruough conjugation in accordance \Vith one 

embodiment of the present invention; 

2 0 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 

2 5 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; 

FIG. 18 is a strw.ctt1ral viev~f of unit data to illustrate 011e et11bodiment of the preseni 

5 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 flow charts illustrating a procedure of performing 

1 0 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 

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

embodiment of the present invention. 

BEST :MODE FOR CARRYll{G OUT THE ll"VENTION 

Hereinafter, structures, operations, and other features of the present invention will be 

2 0 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 

2 5 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 

c01mected with a network accesses the network if necessary. The initial ranging access mode 

is used to allow the user equipment to syncb.ronize with the neh:vork ·while accessing the 

5 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-

1 0 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 perfonned after synchronization is performed. At this time, the 

15 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 t.lJ.e other hand, the synct-uorJzed access mode alleviates lhuitation of a guard 

time in the RACH by assuming that the user equipment does not depart from uplink 

2 0 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 

2 5 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 l'J nmnber of sub ... frames on a time axis and I\1 nu1nber of frequency bands on a 

5 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 

1 0 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 sh<:'wn 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, 

15 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 

contrast, as shown in FIG. 6B, in case of the s:ynchronized random access mode, the sub-

frame structure is maintained in the frequency domain and at the same time a random access 

2 0 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 perfonned. 

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 

2 5 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 are together trans1nitted ttuou&.~ the P'"i~~..CH, 

5 perfonned 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. SA and FIG. 8B are diagrams illustrating another examples of a structure of the 

RACH used in the OFDMA system, 

10 As shown in FIG. 8A, a preamble is h·ansmitted for a predetennined time period 

through a frequency band, and a short block duration is provided at a certain period so that 

a pi~ot 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 

15 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-cauier bands) selected 

from a total of frequency bands. Accordingly, respective user equipments which perform 

2 0 multi-access can be identified by allocating some frequency bands at different frequencies. 

FIG. 9 is a diagram illustrating a structure ofRACH 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 

25 several hundreds ofms) depending on requirements of a cell. The RACH can be generated in 
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a time domain or a fi-equency 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 embodiment, to overcome a drav;back of a long interval 

5 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 detennined 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 

1 0 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. 

15 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 

allocated for each fra1ne included in one period, and each user equipment can try r&~dom 

access through the allocated RACH resource by using the position information from the 

2 0 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 

2 5 of the RACH allocated on each frame is required. The position information of the RACH can 
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be transmitted through a broadcast channel (BCH) or other downlink control chmmel. 

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 v~vithin one period. In other \",(lords, in the embodiment of FIG. 

5 9, since the RACH resource is divisionally arranged so as to be unifonnly 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 fi:equency band of the RACH resource allocated to each 

frame within one period can be notified through a pattern of the indicator which indicates a 

10 corresponding frequency band. 

For example, if four frames are used as one period in a system which uses a total of 

bands of lOMHz, the position of the RACH includes sub-bands having an interval o~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 m·e designated by 

-
15 indicators, which indicate each sub-band, as 1, 2, 3 and 4 in due order from a high 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 

20 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 

2 5 notify the user equipment of the position infonnation 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. 

5 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 

l 0 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 acc_ess 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 

15 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 

2 0 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 

2 5 block. The base station allocates a proper channel to the user equipment through the 
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conesponding 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 equip1ne11t during scheduling, v"l:1hereby con11nunication of good quality 

5 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 

conesponding RACH and also sends a pilot for transmission of channel quality information 

10 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-

15 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. 

2 0 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 

2 5 apparent that the data transmission method according to the embodiments of the present 
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Meanwhile, the preamble and the message may separately be transmitted through the 

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

preamble. One e1nbodi1nent of the present invention relates to a n1.ethod of transmitti11g a 

5 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. 

10 

15 

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 

characteristic is preferably used for repetitive transwission of the preamble. To this end, 

binary hardamard code or poly-phase CAZAC sequence may be used. Particularly, the 

2 0 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. 

2 5 [Equation 1] 
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( 
jnMk(k+ 1) ) 

c(k;N:>1U)=exp - N 
foroddN 

2 
_- 1 "AT l ,I'._ ___/ _iruU k )\ 

C\JC:;Jv ='llll J- exp(--
\ J\l for even N 

[Equation 2] 

( 
J"nMk(k+ 1) ) 

c(k;N='M)=exp N 
for odd N 

5 

2 

( 
·n1Vf k ) c(k;N='M)=exp =-J __ 

N forevenN 

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. 

10 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 predetennined 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 

15 by the following Equations 3, 4, and 5, respectively. 

[Equation 3] 

CAZAC sequence: 
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[Equation 4] 

Modulation sequence: 

5 [Equation 5] 

Improved CAZAC sequence (or improved preamble): 

"nM "2 6 
p(k)=c(k)*n1(k)=exp(J k(k+l)+J n k) 

JV N 

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

correlation characteristics of the CAZAC sequence. The following Equation 6 illush·ates 

1 0 auto-correlation characteristic of p(k), and it is noted from the Equation 6 that the final result 

15 

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. 

[Equation 6] 

lr jrr .A.!! k (k 1 ) j~ 8 1-.. ) .. exp - N --:, ~ + • - f(. 

( j21fi5 d)" ·('jn.tVI ( .1k d (d l ))) {1 = e~t~p .lv . ~exp N .2cct." + , + . = . 0 
d=O 
d~O 
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Furthermore, the following Equation 7 illustrates cross-correlation characteristic of 

p(k). 

[Equation 7] 

cc(d) = -:Eexp( jrr(_~;'-~r) (k+d)(k+d+l) + j~J (k+d)J 
/1; ' 1' ·' 

(

d }'T.kl" k (.k ) j2rr5 l~~ .. exp _-·P.J ·. , + 1 - J"'\l •t) 

- 'E exp l .. ·· j;;-: (k + d) (k + d + 1 )J 
k . / 

j'11rri f. r,. + r ))·. N Vf a. 

- ~exp(·t;,: (k + d)(k + d + 1 )j\ 
f(: • 

. ( . .f2rrdJ.1tf k) exp JV . 
. ~ 

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 

1 0 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 fi·om 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 

5 constant amplitude even in the transfonned area. For this reason, if values of specific 

positions are extracted fi·om the fi·equency 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. 

10 [Equation 8] 

l"' jK .1111 - · 'j2m5 ) - · , · 
= e;cp f\T d (d + 1) + JV d GtdJl,f;N;:r) 

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 

15 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) 

20 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 

obtained by a simple procedure such as multiplying rv·vo exponential sequences without 

5 Fourier inverse transform after Fourier transfonn and circular shift. 

Hereinafter, a method of improving data transmission reliability of a preamble by 

performing predeten11ined 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 

10 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., preamble, which is commonly 

applied to the embodiments of the present invention, will be desc1ibed. 

15 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 

2 0 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. 

2 5 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 

periodic correlation. 

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 

10 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 

15 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 

transrr.J.tted to the receiver could be the structure of the preamble of FIG. 11 or a partially 

omitted structure (having neither repetitive transmission nor CP). Although it is assumed that 

2 0 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> 

25 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, 

whereby reliability of data transmission can be improved in spite of influence of chm:1nel. 

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 

10 CAZAC sequence can express information of 4 bits. In other words, if one CAZAC sequence 

is divided into N number ofblocks, information ofN 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 

15 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. 

20 

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

the sequence transtnitted tl1rough conjugation from the trru.ismitter 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 (SllOl), and then measures a peak 

by using only the corresponding block (81102). Next, the receiver identifies sequence IDs for 

the first and second blocks (S 11 03), and then measures a peak by using the first and second 

2 5 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 (S 11 05), and then selects greater one of the 

two peaks (S 11 06). Subsequently, the receiver identifies sequence IDs for the first to third 

5 blocks (S 11 07), 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 (81108) and a peak corresponding to the case where the corresponding 

block is not conjugated (S 11 09), and then selects greater one of the two peaks (S 111 0). In this 

1 0 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 

15 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 

2 0 receiver is less affected by noise or channel. 

All sequences are expressed by one group " { c0(k;Mi), c1 (k;Mj)} 11 by grouping two 

sub-sequences (first sequence and second sequence) (i and j are integers different from each 

other). In this case, eo(k;1\1i) is the first sequence for the block value of 0 (or bit value), and 

CI(k;Mj) is the second sequence for the block value of 1. At this time, a CAZAC sequence of 

2 5 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. 

~v'leru1wl-rile, the receiver identifies sequence ID of each block, a11d identifies a t~ype · 

5 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 sequence 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 

10 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 (S 1502). In this case, two peaks having high 

15 frequency in generation are selected (Sl503) 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 

20 be identified through the step Sl503 (S1504), and thus the code value of each block can be 

identified (S 1508). 

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 (S 1506) so that group IDs are again 

2 5 identified fi.·om the detected powerful peaks (S 1507). Subsequently, code values of the 
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corresponding blocks can be identified from the identified group IDs (S 1508). 

<Third Embodiment> 

FIG. 16 is a diagram illustrating a method of transmitting data using a sequence 

according to another preferred e1nbodiment of the present i11ve11tio11. 

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, iftwo 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, 

1 0 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 

15 sequence for each block is expanded while respective 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 of2 bits is given to each block. Accordingly, a 

sequence group for each block consists of four different CAZAC sequences. Since each 

2 0 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 

2 5 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 

each 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, a data decoding procedure of the receiver vvill be described 

5 in detail with reference to FIG. 17. 

The receiver identifies sequence ID of each block constituting a corresponding 

sequence if the sequence is received (81701), and measures a peak for a sequence ID set 

consisting of the identified sequence IDs (S 1702). In this embodiment, since one block 

expresses two bits, first, second, third and four sequences which express 00, 01, 10, 11 form 

1 0 one group. Accordingly, the receiver should select 4 peaks having high frequency in 

generation as a result of measurement (S 1703). 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 

15 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 S 1703 (S 1704), and thus the 

code value of each block can be identified (S 1708). 

If sequence IDs that can not identify group ID exist due to error occurring during the 

2 0 decoding procedure, peaks are again searched for a set of corresponding sequence IDs 

(S 1705), and among the peaks, four powerful peaks are detected (S 1706) so that group IDs 

are again identified from the detected powerful peaks (S 1707). Subsequently, code values of 

the corresponding blocks can be identified from the identified group IDs (S 1708). 

<Fourth Embodiment> 

25 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 PPlvi originally transmits data with 

5 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. 

1 0 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. 

15 For exan1ple, 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"OO, 01, 10, 11." At this time, four 

durations included in one block are used as start identification positions of circular shift for a 

sequence corresponding to a corresponding block. If a preamble to be transmitted has a total 

2 0 length of 256, block 1 can have a circular shift value of 0~63, block 2 6~ 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 

2 5 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 

value considering char~el or timing error. 

Meanwhile, the receiver identit1es 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 (81901), the receiver detects ID of the 

10 corresponding sequence (81903) and performs full correlation through predetermined data 

processing for a total of received signals. (received sequence) by using the detected result 

(S 1905). 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 

15 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 eac}_l of the 

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

20 

25 

duration of a corresponding block (S1909) to decode bit order and bit value of the original 

data (81911). 

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 desctibed 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 (82001), the base station transmits timing information to the user equipment 

(S2003) and at the same titne allocates a resource for transmission of upliPlc data (S2005). 

5 The user equipment transmits the uplink data to the base station through the allocated 

resource (82007). 

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 (82011), the base station transmits timing information to the user equipment and at the 

10 same time allocates a resource for a request of scheduling (82013). The user equipment 

transmits a message for a request of scheduling to the base station through the allocated 

resource (82015). Then, the base station allocates a resource for transmission of uplink data 

to the user equipment (82017). In this way, the user equipment transmits to the uplink data to 

the base station through the secondly allocated resource (82019). 

15 FIG. 21 is a diagram illustrating a method of transmitting data to a receiver through a 

signaling channel in accordance with one embodime~t of the present invention. 

Since the receiver should search a start position of a transmission signal in actually 

realizing the random access charruel, it is generally designed that the random access chann.el 

has a specific pattern in the time domain. To this end, a preamble sequence may be used so 

2 0 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 

2 5 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 v~-rious lcinds of sequences carl be used to provide convenience 

5 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 log2 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 

1 0 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 

15 which the short signature sequence is applied, whereby a fmal data sequence to be 

transmitted to the receiver is completed. 

20 

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

the following si1:5uarure sets can be used. Also, if there is difference between respective data 

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

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

2) Exponential sequence: {[exp(jwon)], [exp(jwtn)], [exp(jw2n)], [exp(jw3n)]}, 

where n=O ... 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. 

25 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 oftwo or more short GCL or Zadoff.:.Chu CAZAC 

sequences having the same length or different lengths. 

The aforementioned martiler of applying a short signatt1re sequence for data 

5 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 

1 0 preamble and data through RACH, SCH or other channel by using the aforementioned 

n1anner. 

Since the number of bits can ~e increased in accordance with increase of signatures, 

channel coding can be applied for the transmitter. If chrnmel coding is performed, 

time/frequency diversity can be obtained through an interleaver. Also, bit to signature 

15 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 

trrn1smitted. 

The receiver detects CAZAC ID, and calculates a log-likelihood ratio (LLR) for 

each of bits. Then, the receiver decodes transmission data through a channel decoder. 

2 0 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. 

25 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 imprO\'ed. I\1oreover, the user equip1nent can easily· access the RACH eve11 i11 case 

5 of a traffic area of which QoS condition is strict. 

10 

15 

Furthermore, according to the present invention, since infonnation 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 perfonned more efficiently. Also, since the code 

sequence undergoes predetennined 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 fom1s 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 reshictive. The scope of the invention should be determined 

by reasonable interpretation of the appended claims and all change which comes within the 

2 0 equivalent scope of the invention are included in the scope of the invention. 

25 

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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BJ<{] ,<:'_ CAZAC A]-=fl~OI] ~~~ 7.]4- A]-=el_~~ -tf-il}~ ;@_%01] 0]%~ 4- ~~ CAZAC 

A]-=el_~9~ tl] E 4- ~ ~~J6} ~ 3-! o] jl, T ~ 0'~ l-1J~ ,<:'_ ~% r~] o] El9~ ~ ~iUOI] u}2} 

-o~t3- CAZAC A]-=el_AO!l ~JI]~(conjugation)~ 4-B~6}~ ~~.Z} ~?-J7;}~ 311] ~c= 

~ 3-! o]t9 , .A~] ~ 0'~ BJ~ ,<:'_ T ~ ff-Q] A]-=el_~ ~ 6} l-t.9-l .:::::L ~ -.2._50_ 6} ~ CJ\Zl\C -''1-=el 

A~ ~%6}JL o] T -z*~ A]-=el_A~ o]-§-6}o'j r~]o]E1 ~ Jt_A]6}~ 3-!o]JL, 1-i] ¥1_ 

0'~ BJ~ ? ~% r~] 0] E1 Q] Zf ~~Oil AJ g 6} ~ CAZAC A]-=fl~ zl-011 ~ ~~1 °1 ~ 'T-~ ~ 

~Al7l£1 4 CAZAC A]=clA.Qj ~ 01·~ ~111 ~11]6]::= ~ 0]Dl, GJ·)! ~y;ll BJ~,<:'_ ·~i'

r~]0]£lQ] zt ~~011 AJg6}~ CAZAC Al~~O!l ~~7.]'?=!g ~%6}~ 6}1-f~ A]~~ 

ol] qoJ~ r~lo]q iU"g ~%'& 4- ~Jq. 

s:.. 16 

R~CH, CAZAC, conjugate, code sequence, preamble 
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transferring through Random Access Channel} 
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oJl. 

<3> c 3a t:Il c 
__l_._ 7': __l_._ 

:sf_ q~ <?i ~ Al oJl. 

<4> c 4a t:Il c 
__l_._ :A __l_._ 

:sf_ q~ ~~Al oJl. 

<5> 
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<16> SL 162 PPM WHS SS BAe FE AMA ORS ASse 2 EA

<l7> S172 PPM W2&e Sa] Foe Te AAAS ASH S VMAS +4
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<19> 

<21> 

<22> 

'iffi~ ~J-1]~ 31~\':l(Random Access Channel. RACH) ,0~ B~0] 7] :A]~JI1 ~ "83 

(uplink) %7]7] 0P"f~017-]7-] i?J-2_ -'(}~61]/.l "L-1]t'=-iq361] ~-2-6}7] ~]-o~ /.}-§-B4. 

0 ]9} ~2_ '<ill~ ~J-1]~ 31~\':!61]/.l~ 4-~~61]/.l ~1;- ~9~Qj /.]3}- ~7-l~ % 0 ]6}111 

AJ7] :rr ~ 0~ ~ g_ -T<R 6}71 -'fl ~ rlln~ '{} A]-1'1~5'_ CAZAC(Constant 

Amplitude Zero AutoCorrelation) A]=tl_~~ ~ 4- 914. CAZAC A]=tl_~~ 7-}7P·Jtl 

w 4- 914~ ~11]7} 9101 ~7]Q] -9-4-~ ~Acl g =rrt~£ %?-]6}li1/.-l /.]=;<l~Q] /.}-§-

7}'0 tl]E4-~ ~'2-17] ~~ lclJ~o] iL-T~JL ~4. 

~JI:i, CAZAC A] =;<1~ ~ o] ~g~6}0:j '<;'ll ~ ~ J-1] ~ 7,~ \':! 61] Al r1l o] Sj ~ ~ 1;- 6}7] -Si'1 

iJl] G] 0J~ lclJ~~ 0] A1]/.]_£]JL 91GJ. 0]~~~ -'f]~ A1]llclJ~2_ CAZAC /.]=tl_~ TD~~~ ~l=l] 

5'_ D]j AJ 7-j 7d ~l:fi~S'_ -(;~ ~ 6} ~ 5} 0 ] 4. I ~l 1-f, A-j]l lclJ~ 61] );1 01 Al ~ ~6} JL7} 6} ~ 'C1j 
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0 1 ~ il}qu} r J:L r (binary hardamard code)Lf q~-V-J(poly-phase) CAZAC(Constant 

Amplitude Zero Auto-Corre I at ion) Al-¥1. .A 7} A}%~ -'T- ~J_Q_ Pi , 0 1 7: ~ill CAZAC 

<60> 

<61> 
(

! J"xNlk( k+ 1) ) 
c(k;l\l~j_\dJ=exp - N 

for odd N 

<62> 
( 

xN!k2 ) c(k;N~Nf)=exp _J N 
for even N 

<63> 

(k·N ~ n= ~ (~ jru"fk(k+ 1) )' c . ~ ~_i_LL-' exp 
.. N for odd N 

<64> for even :\ 
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[ 4- -Q{~l 4] 
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"dl "2 8 . 
p(k)=c(k)*m(k)=exp( J N k(k+l)+J; k) 
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+ d) k + d + 1 ) + :j'lJrJ 

~exp(i2~M 
~ \ 1 

+d +1 
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~··. 'M. ' 

-~ .. -
1
'.JIT', .+;,r} - L..iexp i\T 

b;. \ .1\f 
+d +dl 

l 

+1 -

~exp( i~rx +d) +d + 1 ) 

+d) + d + 1 + }"27fi5 
2\l 

+ 1) - j'2IT(~ k.J 
/ 

2:exp( ~f 
k 0 

+d +d+1 ) 

exp(j:~ ( +d 

( i1f d (d + l )-)L exp .l/ ·~~· 
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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. 

Appiicant respectfuiiy requests a prompt examination and aiiowance 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. 

Date: January 21, 2009 

Customer No. 035884 

Respectfully submitted, 

/~ 

LEE, H~~N~,PE~ERM'\N, KANG & WAIMEY 

{_I ; c __ ~ , 
By: /Richard C.· Salfel~r/ 

~.. Richard C. Salfelder 
Registration No. 51,127 
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 

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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and a reverse link (130), a system and method for 
communicating a data packet: The system com
prises a communicating transceiver (202), from 
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The digital transceivers (102) share the random ac
cess channel (208). The digital transceivers (102) 
have a bandwidth demand. The system (100) may 
also include a dedicated channel (214) for com
municating the data packet between the communi
cating transceiver (202) and the base station (108) 
and a processor (212) for switching from t.'1e ran
dom access channel (208) to the dedicated channel 
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1 

RANDOM ACCESS COMMUNICATIONS CHANNEL 

FOR DATA SERVICES 

BACKGROUNu OF THE INVENTION 

I. Field of the Invention 

The present invention relates to a random access communications 

channel for data services. More particularly, 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 transmission 

resources. 

15 II. 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 telephone 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 (September 1993), and the time division multiple access ("TDMA") system, 

described in "Ceiluiar System Dual-Mode Mobile Station/Base Station 

Compatibility Standard," EIA/TIA/IS-54-B (September 1992). The code 

division multiple access ("CDMA") cellular system, described in "Mobile 

Station/Base Station Compatibility Standard for Dual-Mode Wideband 

35 Spread Spectrum Cellular System," TIA/EIA/IS-95, Telecommunications 

EVOLVED-0001898 

ZTE/SAMSUNG 1005-0253
253



W096/37079 PCTIUS96/06930 

5 

2 

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 

("PSTi~~~). 

The COMA 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 

simultaneously, 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 successfully demodulated. When the number 

of users exceeds the COMA channel's capacity, however, 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 shown that such a system can support more than 60 

simultaneous calls per cell in the 1.23 MHz bandwidth under benign 

propagation and interference conditions. 

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 Channel," which continuously transmits 

system information and paging messages. Paging messages are used to 

inform a mobile terminal that a caller wishes to establish a cali connection 

25 to the. mobile. Each Paging Channel 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 

assigns the ~~,obile station a dedicated "Traffic Chanr1er' to carry the voice 

30 information for the duration of the call. 

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 per cell; because of the limited number of 
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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 utiiize 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 

sequence of packets is sent or received while the info~ation 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. 

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 types of data 

packet services, 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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Despite providing multiple-access protocols, the existing COMA 

Paging and Access Channels operate in a manner that is not well suited to 

data packet services.· For example, those channels can support only a small 

packet size, which reduces the effective throughput of the channel because 

5 each packet contains header information as overhead. This overhead 

occupies a greater fraction of the available channel bandwidth when the 

packets are small. 

Furthermore, the Paging and Access Channels cannot support long 

packet sizes,because of their access methods. The Access Channel provides 

10 · no power control feedback that would allow the base station to maintain the 

mobile terminal's signal strength in an acceptable range during a prolonged 

transmission. Instead, mobile terminals simply transmit messages 

repeatedly, with increased 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 longer messages. 

The Access Channel also is incapable 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 identify and exploit 

25 multiple propagation paths, using a signal combining method. On the 

Access Channel, in contrast, all mobile terminals use the same spreading 

code for transmissions, making multiple propagation paths 

indistinguishable from transmissions from other mobile terminals. 

In some present systems, it is possible to provide conriectionless 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 

connectioniess 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 such 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. 

15 
SUMMARY OF THE INVENTION 

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 limitations 

and disadvantages 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 invention. 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 communicating a digital data packet. The system 

of the present invention comprises digital transceivers for sending the 

digital data packet 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 sending the digital 

information over the forward link, wherein the digital transceivers make 

packet service requests on the random access channel and thereby share the 

5 random access channel. 

In another aspect, in a digital communication system for 

communicating digital information, the digttal communication system 

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 station, 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 

·communicating 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 

communicating digital data packets. The system of the present invention 

comprises a random access channel and a dedicated channel for 

communicating 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 

bandwidth· 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 moving from the coverage area of one base station to the 

. 30 coverage area of another. 

In yet another aspect, in a digital 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 comJ!lunication 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 plurality 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 corresponding to the 

communicating transceiver to obtain a coded digital data packet. The 

system 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 multiple 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 communication 

network than would other wise be possible without this spread spectrum 

technique. 

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 

understanding 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 

5 taken in conjunction with the drawings in which iike reference characters 

identify correspondingly throughout and wherein: 

Figure 1 is a schematic overview of an exemplary mobile cellular 

telephone system. 

Figure 2 is a schematic overview of the process of searcher 

10 reservation in accordance with the present invention. 

Figure 3 is a schematic overview of the process of switching between 

a random access channel and a dedicated channel for reverse link 

communications in accordance with the present invention. 

Figure 4 illustrates a Long Code Mask used on a forward link 

15 Packet/Paging Channel. 

Figure SA and Figure SB illustrates the structure of the forward link 

Packet/Paging Channel in accordance with the present invention. 

Figure 6A and Figure 6B illustrates the structure of the Packet 

Subchannel of the Packet/Paging Channel of the p~esent invention. 

20 Figures 7 A-7C illustrate the half-frame structure of the Packet 

Subchannel of the present invention. 

Figure 8 shows the structure of messages sent on the Packet 

Subchannel. 

Figure 9 illustrates the synchronization of a random access channel 

25 (or Reverse P~cket Channel) in accordance with··the present irtventiort. 

30 

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 transmission sent on 

the Reverse Packet Channel of the present invention. 

Figures 12A-12C are flow diagrams illustrating an exemplary mobile 

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. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Reference will now be made in detail to the present preferred 

embodiments of the invention, examples of which are illustrated 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 station 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 packet service requests on and thereby share the 

random access channel. 

L 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 illustrated in Figure 1 may utilize 

TDMA, COMA, or other digital modulation techniques in communications 

30 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 present 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 iimited to mobile teiephones 102 and may be used 

5 to interconnect a fixed position cellular communications device 104. For 

example, a cellular transceiver 104 can be supplied at a building in order to 

send and receive 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 sent on a forward link 120, while transmissions in the opposite 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. 

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 malfunctioned. In such an application, the 

vending machines 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 vending machines 

needing to communicate data packets to the switching station 110, and vice 

25 versa, it would be inefficient and impractical to have the vending machines 

communicate over a dedicated communication channel, in which system 

resources would be dedicated to each vending machine that required 

channel time. 

A more efficient approach is to provide a random access channel over 

30 which the vending machines can communicate with the switching station 

110. With a random access channel, the vendin:g machines could request 

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

require channel time only infrequently 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 appiication in which a random access channel on a· digital 

5 cellular system is 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 invention, 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, the present 

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 channels, will be described in detail below. 

~Vhile applicable to any digital communications system, the system of 

30 the present invention is particularly well suited to the use of CDMA 

techniques. In a COMA 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 
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spreading code used for encoding transmissions. The use of User Sp~cifk 

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 

that one user's data 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 them results in an equal 

10 number of 1 's and O's when statistically averaged. For example, the 

following are orthogonal: 0110 and 0101, because 0110 XOR 0101 = 0011, i.e., 

an equal number of l's and O's. Long Codes generated as temporal shifts of 

maximal-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 example, if a Long Code is 42 bits long, the period will be 242_ L Because 

data sent by one of many users on the system 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-I accomplishes this goal, because with such a 

long period, the Long Codes repeat very infrequently. In practice, 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 skiUed 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 signal. A searcher element is 

a sliding correlator receiver that continually scans a time domain window 

in search of a particular user's information signal. In a system with 

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 implementing 

correlators for this purpose are well known to those skilled in the art. 

In one embodiment, iiiustrated in FIG. 21 demodulators 206A-206C 

5 are permanently assigned to receive signals for paging/access, 

paging/random-access and traffic channel functions, respectively. 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. Generally, 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 assignment 

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 signals 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 assign a searcher to the 

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

users (perhaps thousands) may be attempting to transmit data packets to a 

25 single cell site 108 via a random access channel. With so many users, if each 

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. 

Therefore, in the present inv·ention, each user must be· assigned a 

30 searcher before data transmitted by that user can be received by the base 

station. Referring to Figure 2, when a system user 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 knowledge of that Long Code and thus uses that Long 

Code to transmit over the Access Channel 204 to an paging/ access channel 

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 searcher (i.e., one that is 

not presently assigned to another user) from among 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 controller212, which relays the Long Code to the free searcher. 

The free searcher assigned to the user 202 can now begin searching for 

data packets transmitted by the user 202. The free searcher, however, has no 

25 information on when the user 202 will transmit data packets. The free 

searcher, therefore, simply begins searching for signals 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 accord~ngly, e.g., combini~g th<:>se signals· to maximize the 

30 effective signal.:.to-noise ratio for the user 202, as describedbelow. 

Accordingly, the uniqueness of the Long Codes is used by the cell-sites 

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 propagation paths, resulting in 

several versions of the same signal arriving at the cell-site 108 at slightly 

different times. Multipath effects occur when, for example, the signal is 

reflected off buiidings or other structures between the transmitter and the 

5 receiver. By using a specific Long Code for each of the users transmitting 

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 particular 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 skilled 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. As a result, 

because each system user does not have its own permanently assigned and 

unique searcher, each user need not have its own personal 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 anticipated maximum number of 

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 

packets ser1t by user 202. The searcller reservatior, scheme of the· present 

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 being transmitted can be controlled in order to optimize the 

efficiency of the transmission and to maintain a sufficient power level so as 

to prevent losing any of the data being 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 significantly exceeds the minimum 

threshold power level, the signal. will interfere with other signals being 

10 transmitted within the system, also resulting in data loss. Accordingly, it is 

not only desirable, 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 COMA. 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 measured 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 to the remote unit 102 foradjusting the transmission power of 

the remote unit 102 corresponding to deviations in the cell-site 108 received 

signal power. The feedback 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 

30 In COMA 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 implemented 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. Thus, 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 

channel 214 will be permitted to transmit data over that channet until the 

user 202 completes its data transfer. On the other hand, wheri. 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 transm~ssions must be made. 

With reference to Figure 3, a processor 302, located in switching 

station 110, may be provided that controls switching between the dedicated 

channel (or Traffic Channel) 214 and the random access channel 208. 

Typicaily, a switching station 110 coHects communication information 

25 306A-306N from the respective base station units 108A-108N. The 

bandwidth demand, which is included in communication information 

306A-306N, is then utilized by processor 302 to determine, 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 channel214 to random access channel 208 and vice-versa. 
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In the system of the present invention, a first threshold level_ which 

relates 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 

random access channei 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 theuser 202 to switch between the random access 

10 channel 208 and the dedicated (or Traffic) channel 214. As noted above, this 

first threshold level is based on a bandwidth demand of the user 202. When 

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 Chaimel 214. 

15 Conversely, a second threshold level is set that determines when the 

processor 302 will switch the user 202, who is communicating with the cell 

site 108 over the Traffic Channel 214, from the Traffic Channel 214 to the 

random access channel 208. This second threshold level 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 

the user 202 from the Traffic Channel 214 to the random access channel 208. 

As previously mentioned, the processor 302 may cause a switching signaL 

preferably over paging channel 304, to be sent to user 202, causing the user 

202 to switth between the dedicated (or Traffic) channei 214 and the random 

25 access channel 208. Each threshold level may be adjusted independently. 

·As embodied herein, on the reverse link 130, the random access 

channel is associated with a TIA/EIA/IS-95 Paging Channel, 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. 

II. 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 COMA 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 iimited to CDMA, but rather is applicable in other digital 

5 communications systems, including TDMA. Moreover, it should 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. 

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 packet data 

channel on the COMA forward link. An example of a cellular paging 

channel is the COMA Paging Channel defined in TIA/EIA/IS-95 .. The 

15 CDMA Paging Channel is used for communication from the cell site 108 to 

the mobile 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 COMA 

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 

!engt..J..:.y, random access channel messages wili be deiayed. 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 mitigate this impairment, an alternative implementation is used 

in ·the present invention. 
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Preferably, the COMA 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 

celiuiar paging channel functions do not interfere with random access 

5 channel data. The new random access channels are referred to herein as 

Packet/Paging Channels. . The Packet/Paging Channel of the present 

· invention will now be described, with initial reference to the physical layer 

of the Packet/Paging Channel, and then its structure. 

1. Physical Layer 

10 The modulation characteristics of the Packet/Paging 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/Paging Channels on· a forward CDMA channel, using Walsh codes 

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_CHAN field of the. TIA/EIA/IS-95 "System 

Parameters Message." Walsh codes 33-39 are selected because they are 

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 Channels and Packet/Paging Channels 

may be advantageous if aggregated channels are used for higher-rate 

services. Any other pairing can be used, however, without 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. 

Third, with reference. to Figure 4, the Packet/Paging Channel is 

30 scrambled using a Packet/Paging Channel Long Code mask 400. Preferably, 

the mask follows the parameters 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/15-95 § 7.1.3.2.1. The second portion 404 of the Long 

Code mask 400 is 12 bits iong [bits 9-20}, each bit being a zero. The third 

5 portion 406 of the Long Code mask 400 is Packet/Paging Channel number, 

which 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/Paging 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 

invention. 

2. Structure 

The structure of the forward link of the Packet/Paging Channel will 

be described with reference to Figure SA and Figure SB. 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 

maximum slot cycle begins at the start of the 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 SA and Figure SB. A 

mobile station operating in the slotted mode monitors the Paging Channel 

using a slot cyde with a length that is a submultiple of the maximum slot 

30 

C'fcle length (see§ 6.6.2.1.1.3 of TlA/EIA/15=95). 

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 Packet/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 Subchannei haif.~frame 514. The iength of the frames 504, the timing 

S sequence of the half-frames S06, and the division of frames S04 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 SB 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 SA and Figure 5B as 

concatenated. to form the Paging Subi:hannel data stream, rather than 

adjacent half-frames as in TIA/EIA/IS-95. The Paging Subchannel structure 

lS 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 a~d protocols of the Paging 

Subchannel in the preferred embodiment of the present invention are 

identical to those of the COMA Paging Channel, as defined in TIA/EIA/15-

20 9S. 

Figure 6A and Figure 6B illustrates the structure of the half-frames 

602 comprising the Packet Subchannel. The Packet Subchannel is a 

continuous bit stream within which Packet Subchannel message capsules 

begin and end without regard to frame or haif-frame boundaries. A Packet 

25 Subchannel message capsule 604 comprises one Packet Subchannel message 

plus framing and Cyclic Redundancy Check (CRC), ali 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 desi0ned similarly. 

30 The structure of a Packet Subchann:el half-frame 602 is shown in 

Figures. 7A-7C. 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 78, the Packet Subchannel Message Data is 95 bits long. 

The 95 bit iength, however, is only exempiary; 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). 

Agairi., these bit lengths are only exemplary. 

10 User IDs are local to a Packet/Paging Channel. That is, the same User 

15 

ID may be used for different mobile stations on different Packet/Paging 

Channels. A single Packet/Paging Channel is identified by its Walsh code 

and the PN sequence offset of the forward COMA channel (PILOT_PN, as 

shown in Figure 4). 

Packet Subchannel messages 606 have a structure such as that shown 

in Figure 8: At the beginning 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-Level Data Link 

Control Procedures--Consolidation of Elements of Procedures," 

20 International Organization for Standardization ("ISO"}, IS0-4335, 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 maximum length of 2048 octets. 

The message also includes a message type 808, an 8-bit message identifier. 

Finally, at the end of the message is a second flag octet 810, the same as the 

flag octet 802 described above .. Those skilled in the art will recognize that 

30 this message structure is only exemplary. 

3. Signaling 

To support the Packet/Paging Channel, two Paging Channel message 

types are used: Packet/Paging Channel Assignment and Packet/Paging 
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Channel Overhead. These messages can be sent on any COMA Paging 

Channel, including those defined in TIA/EIA/IS-95 and the Paging 

Subchannel of the Packet/Paging Channels of the present invention. 

The Packet/Paging Channel Assignment 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 ability to assign mobile stations to a 

particular Packet/Paging Channel. The Packet/Paging Channel Assignment 

messagt; contains a Mobile Station Identifier (MSID), which can be a mobile 

identification number (MIN), electronic serial number (ESN), or other 

10 identifier in the format defined in IS-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 COMA· frequency channel number assigned by the base station. 

The Packet/Paging Channel Overhead message is sent by the base 

station to control global parameters related to the Packet/Paging Channel. 

20 The Packet/Paging Channel Overhead message contains a MAX_LEN 

parameter, which indicates 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. ThePacket/Paging Channel Overhead message also contains a 

LOCATION_CTRL field, which provides information concerning location 

of the mobile unit. For example, if LOCA TION_CTRL == 0, the base station 

may rely on IS-95 registration methods to locate the mobile station. If 

LOCATION_CTRL = 1, the mobile station transmits a PacketiPaging 

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 stations, 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 identifier, in the 

formats defined in 15-95. 

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 the 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 implementation, 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 physicai 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 identical to 

the CDMA Access Channel defined in §§ 6.1.2 and 6.1.3 of TIA/EIA/IS-95, 

wit.'t four exceptions. First, the Reverse Packet Channel is addressed by long 

30 code PN, using the Public Long Code Mask based on mobile station 

Electronic 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 Channels. 

Second, one Reverse Packet Channei exists per assigned User ID. 

5 Third, the reverse link transmit power is determined as for a COMA 

Reverse Traffic Channel, using the open and closed loop procedures defined 

in §§ 6.1.2.3 and 6.1.2.4 of TIA/EIA/15-95. 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 detail above. As can be seen, the Reverse Packet 

Channel 902 has a preamble 906 and a packet data message field 908. The 

Packet/Paging Channel 904 has a Paging Subchannel half-frame 910 (which 

repeats periodically) and a Packet Subchannel half-frame 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 Subchannel half-frame 912 

of the Packet/Paging Channel 904 is a busy-idle bit 916, which indicates to 

the mobile stationsmonitoring the Packet/Paging Channel 904 whether it is 

25 

available for commurdcation or busy .. 

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 COMA Access Channel burst, which is broadcast in the 

PAM_SIZ field of the Access Parameters Message, as defined in TIA/EIA/IS-

95 § 7.7.2.3.2.2. In Figure 9, the preamble 906 of the Reverse Packet Char.nel 

30 902 is shown as one COMA frame in length. 

Mobile stations without User ID assignments 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 

numeral 916). The first preamble frame 906 is aligned exactly with the 

frame boundary 918, but the mobile station transmitter is not enabled until 

the preceding Packet/Paging Channei 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 "I", the mobile station does not enable the 

transmitter, discards the preamble frame 906, and waits until a subsequent 

Packet/Paging Channel frame for its next attempt 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 preamble 906 for the 

15 number of frames indicated in the P AM_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 packet data message 

field 908. 

When the base station detects a preamble transmission from a mobile 

20 station having an assigned User IDona 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. 

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 packet 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 stop 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/idie 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 transmission ended after any of the following: (1) when the 

base station has received the end of the 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 of the first frame during which the mobile station 

was commanded to cease transmission. 

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 

indications (see above) occurs, the mobile station assumes that the reception 

was not successful and reschedules the transmission. 

3. Structure 

The structure of Reverse Packet Channel transmissions . 1000 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 frames that will be transmitted by the 

25 mobile station in this transmission. The message part 1006 of the 

transmission 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 

30 is 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 

second flag fieid 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 

first 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 

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 IS-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 

on the COMA Access Channel. This allows the use of the Reverse Packet 

Channel for more efficient transmission of call control messages, especially 

for Origination l·v1essages, whose length may be restricted on the Access 

25 Channel, requiring an Origination Continuation Message to complete the 

transmission of all dialed digits. 

llL OPERATING PROCEDURES 

A. Packet/Paging and Access Channel Selection 

In Packet/PaglT"tg Cllailne! 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 plus 32. 
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In Access Channel selection, when monitoring the Packet/Paging 

Channel, mobile stations making access attempts use the same Access 

Channel as would be used for accesses when monitoring the corresponding 

Paging Channel. Access Channei selection is described in TIA/EIA/IS-95 

5 § 6.6.3.1.1,2. 

Figure 12A illustrates Packet/Paging Channel selection. After a 

mobile station begins the process of obtaining a Packet/Paging Channel 

(Step 1202); the mobile 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 Message 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 Packet/Paging Channel. If the mobile station receives no answer 

15 to the Packet/Paging Channel Request· Message, the control portion of the 

mobile station generates a Timeout 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 

20 answers the mobile station's Packet/Paging Channel Request Message and 

sends a Packet/Paging Channel . Assignment on the Paging Channel (Step 

1210), the mobile station deletes any previous searcher 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 assigned Packet/Paging Channel. 

B. SloHed Paging Mode 

When using the Packet/Paging Channel of the present invention, 

mobile stations that d9 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 Reverse Packet Channel is 

performed by a functional entities called "searchers," which are located at 

base stations and which were described above with reference 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 between the received 

signal and the known PN spreading sequence (or Long Code) of a mobile 

transmitter. Methods for implementing 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 transmitter and reaching the receiver's 

15 antenna. This uncertainty is the result of timing synchronization error and 

variability in the distance from transmitter to receiver. These factors are 

. inherent 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 made 

considerably more complex. Moreover, the time to perform the correlation 

suggests that a single searcher generally cannot seek more than .one PN 

25 spreading sequence at a time. Consequently, if there are many 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 mobiie 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 impossible 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 signai from the same mobiie 

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 until the message 

is fully received and decoded. This prevents using closed-loop power 

control for Access Channel transmissions 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 making 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 using a mobile station-specific PN sequence (i.e., a Mobile 

Specific Long 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 I 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 tum, 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 mobile 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 

Channei 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 

connected to and then monitors the 15-95 Paging Channel {Step 1204). The 

mobile station sends a Packet Channel Request Message on the Access 

Channel (Step 1206) and enters the Assignment Wait State 1208. If the base 

10 station does not respond with a Packet/Paging Channel Assignment 

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 

(Step 1210), the mobile deletes any previous searcher 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 128, when iri 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 in the Idle 

State 1214, the mobile station may receive a User ID Assignment Message 

from the base station on the Packet/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 basestation 

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 exami..."le the received User II? (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 

and sending packet data on the Reverse Packet Channel when in the Idle 

State 1214. When a mobile station has packet 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 

User ID Request Message on the Access Channel (Step 1224) and then enters 

the User ID Wait State 1226. 

As illustrated in Figure 12C. once in the User ID Wait State 1226, the 

mobile station awaits assignment of a User ID from the base station. The 

20 control portion of the mobile station monitors the time that the mobile has 

been in the User ID Wait State 1226 without receiving a User ID assignment, 

and if that time exceeds some set amount, the control generates 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 (Step 

1232), the mobile station has a searcher reservation and can transmit data 

packets. Tne mobile station sets its User ID with the User iD received from 

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 sets 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 

mobiie 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 base 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 requests a new reservation when it has data 

to send. 

2. Base Station Searcher Management 

With reference to Figures 13A-13E, the base station searcher 

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 

EVOLVED-0001932 

ZTE/SAMSUNG 1005-0287
287



W096/37079 PCTIUS96/06930 

36 

station. The base station then enters ~he Idle State (Step 1308), in which 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 Request 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 inobile 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 13l4). The base station may verify the mobile station's identity and its 

permission to use packet data services prior to assigning a User ID. Upon 

15 sending the User ID to the mobile station, . the base station management 

procedure enters 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 Message 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. 

Referring now to Figure 13B, the base station may exit the Wait State 

25 1320 under at least two circumstances. First, when a searcher becomes 

available, a User ID notification signal is generated by a base station global 

searcher control (Step 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/Paging Channel to the waiting mobile station (Step 1324). The 

mobile station then enters the Active State 1316. 

Second, when the waiting mobile exceeds its wait time, as determined 

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 mobiie station, executes Step 1324, and then 

5 enters the Active State 1316. If the User ID list is empty (Step 1328), a Ready 

Notification Signal is sent to the global searcher control (Step 1330) 

indicating that the mobile has exceeded its wait time and that no available 

User ID exists. The base station then enters the Ready State 1332, which 

indicates a greater urgency for the mobile to receive a User ID. When a User 

10 ID becomes 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 assigned 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 previously assigned, or can 

use a new User ID. If a new User ID is used, the base station must send 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 

User ID assignment being revoked, the base station automatically places the 

revoked Iitobile station on tile \AJait List. The base ~tatior1 will later reassign 

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 

maintairls four elements Lltat determh'1e the priorit'J order 4"1 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 assignment-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-time thresholds 

and assignment-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 reassign a searcher 

from active mobile stations (see Step 1316) according to the following 

procedure: 

20 (1) If no active mobile station (i.e., mobile stations having a 

User ID assignment) has· exceeded its idle-time threshold, nor has any active 

mobile station exceeded its assignment-time threshold, the base station does 

not reassign any searchers from active mobile stations to waiting mobile 

sta_tions. The base station generates a data Tx/P'-'C J'.Jotification signal (Step 

25 1338) and resets the idle timer and sets the Wait List Flag to "TRUE" (Step 

1340). 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 

reassign the 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 assigrunent 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 Message to the mobile 

5 on the Packet/Paging Channel {Step 1348). The base station global searcher 

management control then sends a User ID Notification 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 1354). If the Wait List Flag is 

10 TRUE, meaning the mobile is not now on the Wait List, the Wait List Flag 

is reset to FALSE (Step 1356), and the base station enters the Wait State 1320. 

(3) If there remain mobile 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 base 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_ 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 assignments that have exceeded 

20 their idle time thresholds. When the oldest active idle mobile (i.e., the one 

that most exceeds its idle time) is located, the same procedures 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 base 

station goes to the Idle Timeout State 1362. 

25 The mobile station also measures its own wait time, and has a wait-

time threshold, 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 130, exit from the Idle Timeout State 1362 

will be described. As described above, when an active mobile station 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 mopile 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 Packet/Paging 

Channel (Step 1368), and a User ID notification 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 Timeout State 1362, if the 

assignment time of a mobile is exceeded (Step 1376), meaning the mobile 

has had its User ID for too long, the base station .enters the Assignment 

Timeout State 1346. Moreover, when in the Idle Timeout State 1362, the 

20 global searcher control generates Data Tx/Rx Notification Messages (Step 

1378) that cause the Idle Timer to be reset and the 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. 

\Vith reference to 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 

sen~ing a User ID Deassignment ~ ... 4essage to the mobile 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. 

Further, in the Assignment Timeout State 1346, the global searcher 

control generates a Data Tx/Rx Notification 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 

When a base station has packet data to transmit to a mobile station, 

10 two basic methods may be used to deliver the packet data: (1) The base 

station may rely on IS-95 registration methods to locate the mobile station. 

With this method, the base station can 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 

method minimizes delay for most packets at the cost of increased Access 

Channel traffic. It may be the best approach for low-mobility mobile 

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 15-95 registration 

as a means of location and packet delivery. 

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 IS-95 registration, 

as required according to the normal IS-95 procedures. 

E. Traffic Channel Management 

\A/hile packet data services are in progress, a z:nobile station can 

5 commence or end operation on a COMA Traffic Channel at any time. This 

is done by using the channel assignment, channel release, and related 

procedures defined in TIA/EIA/15-95. Herein, reference will be made to the 

COMA 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-bursty, lengthy, or 

continuous transmissions) between the base station and mobile station. 

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 when 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 with respect to Figure 3 .. · 

Either 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 Origination Message on either the 

access Channel or Reverse Packet Channel. A base station can initiate a 

Traffic Channel assignment by directly assigning a Traffic Channel, or by 

sendL11g a ~age Message to t.he IrtObile station prior to the assignment. 

25 The base station uses the following procedure to determine when to 

initiate transitions between the Packet/Paging Channel and Traffic 

Channels: 

(1} If, over a period of time, packet data sent to a mobile or 

received from a mobile station exceed a predetermined threshold level, the 

30 base station assigns the mobile station to a COMA 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 station user or the base station sets up a 

secotld. call appearance (e.g .. , a voice call sirr~.ultarleous witll packet 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 undergoes a rapid 

succession of handoffs or signal fades, the base station assigns the mobile 

10 station to a COMA 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 assignments. 

· (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, and 

mobility history {rapid succession of handoffs or signal fades). 

Mobile stations can request assignment to a COMA Traffic Channel by 

20 sending a COMA 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 

25 

do not coPJlict with the base station's procedures. 

IV. CONCLUSION 

The present invention provides the capacity to communicate data 

packets in a digital communication system over a random access channel. In 

COMA systems, the invention uses Long Codes to encode the data packets 

and searchers that recognize the Long Codes for acquisition of packet data on 

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 packets, thereby increasing efficiency in the system and reducing system 

and· subscriber costs. The ability to track the location of mobile units 

communicating with the base station is also a feature or this invention. 

Furthermore, the present invention provides means 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 

transmitting continuously with little or no break between data 

transmissions. In accordance with the present 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 determining 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 invention keeps the 

random access channel open for bursty users, while providing users with 

20 large volume or continuous data a channel by which to communicate 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 Hnk and the reverse iink. On the forward iink, 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. 

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 I CLAIM: 
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CLAIMS 

1. In a digital communication system for communicating digital 

2 information, said digital communication system having a forward Hnk 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 station 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. 

2. The system recited in claim 1 wherein each of the plurality of 

2 digital transceivers has a long code and the base station 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 system includes a broadcast channel for communicating 

paging and control messages over the forward link; and wherein the digital 

4 information is interleaved v-;ith said paging ·and c9ntrol messages on said 
broadcast channeL 

4. The system recited in claim 3 wherein the digital 

2 communication system is a COMA communication system, and wherein 
the broadcast channel and a forward data packet channel are combined to 

4 obtai&~ a Packet/Paging Chatlne.l on the forward link., said 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 subchannel for controlling a power level of 

the data packet when the data packet is being received by the base station. 

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; · 

wherein the communicating transceiver sends a searcher request 

6 message on said access channel and encodes the data packet using 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 request message 

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 controlh!r 

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 recited 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 communicating transceiver to said 

6 Packet/Paging Channel in response to receiving said Packet/Paging Channel 

Request Message. 

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 plurality 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 plurality 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 assigned 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 plurality 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; 

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 
8 encoding the data packet being sent 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 COMA 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 compnsmg 

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 

2 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 

2 transceivers has a bandwidth demand, the method further comprising first 

switching from the random access channel to the dedicated channel when 

4 said bandwidth demand exceeds a first threshold level. 

23. The method recited in claim 22, further comprising second 

2 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 claim 21 wherein the digital 

2 communication system is a cellular system having a network of individual 

cell sites; and wherein an active mobile transceiver from among the 

4 plurality of digital transceivers is communicating on the random access 

channel, the methodfurther comprising 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. 

25. The method recited in claim 16 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, and wherein the random 

access channel comprises a Reverse Packet Channel, the method further 

6 comprising: 

third sending a searcher request message on said access channel by the 

8 communicating transceiver; 
first assigning a searcher to the communicating transceiver by the 

10 base station in response to said searcher request message; 

fourth sending a searcher assignment to the communicating 

12 transceiver by the base station; and 

encoding the data packet using a specific long code corresponding to 

14 the communicating transceiver to obtain an encoded data packet; 

wherein the first sending step includes transmitting said encoded 

16 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 Chanriel in response to 

6 receiving said Packet/Paging Channel Request Message. 

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 communicating 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 a data packet between 

6 said digital transceiver and said base station; 

a dedicated channel for communicating said data packet between said 

8 digital transceiver and said base station; and 

a processor for switching from said random access channel to said 

10 dedicated channel when said bandwidth demand exceeds a first threshold, 

and for switching from said dedicated channel to said random access 

12 channel when said bandwidth demand drops below a second threshold. 

32. The system recited in claim 31 wherein the information is 

2 communicated over the digital communication system using code division 

multiple access (COMA); and wherein the data packet compr~es a COMA 

4 data packet. 

33. 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 method for data communications, comprising: 

first transmitting a data packet from said digital transceiver to said 

6 base station over a random access channel; 

second transmitting said data packet from said digital transceiver to 

8 said base station over a dedicated channel; 

first switching from said random access channel to said dedicated 

10 channel when said bandwidth demand exceeds a first threshold; and 

second switching from said dedicated channel to said random access 

12 channel when said bandwidth demand drops below a second threshold. 

34. The method recited in claim 33 wherein the information is 
2 communicated over the digital cellular communication system using code 

division multiple access (COMA); and wherein the data packet comprises a 

4 COMA data packet. 

35. In a digital communication system for communicating 

2 information, said digital communication system having a forward link and 

a reverse link and having a broadcast channel and an access channel, a 

4 system for communicating a data packet, comprising: 

a base station for transmitting said data packet on a Packet/Paging 

6 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 

8 from said Packet/Paging Channel over said forward link. 

36. The system recited in claim 35 wherein the base station sends a 

2 paging message on the broadcast channei over the forward iink to 

determine the location of the mobile digital transceiver before transmitting 

4 the data packet. 

37. The system recited in claim 35 wherein the location of the 

2 mobile digital transceiver is within an area; and wherein the base station 

transmits the data packet on the Packet/Paging Channel over the forward 

4 link throughout said area. 

38. The system recited in claim 35 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 plurality of base stations; and wherein the mobile digital 

6 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 

8 mobile digital transceiver. 

39. In a digital communication system for communicating 

2 information, said digital communication system having a forward link and 

a reverse link and having a broadcast channel and an access channel, a 

4 method for communicating a data packet, comprising: 

transmitting said data packet on a Packet/Paging Channel over said 

6 forward link by a base station; and 
receiving said data packet from said Packet/Paging Channel over said 

8 forward link by a mobile digital transceiver; 

determining a location of said mobile digital transceiver while 

10 transmitting said data packet. 

40. The method recited in claim 39, further comprising sending a 

2 paging message on the broadcast channel over the forward link by the base 

station to determine the location of the mobile digital transceiver before 

4 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. 

42. The method recited in chiim 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 plurality 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 

T echnicai 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 

10 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 

15 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 

20 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. 

!n a system where mobile stations often have a requirement to send 

packets of data to the BS when not actually engaged in a call it is 

25 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. 

In an embodiment of a such a scheme being developed for U~ .. 1TS, 

there are a number of random access packet channels available to a MS. A 

30 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 

5 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 

10 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 

15 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. 

20 According to a third aspect of the present invention there is provided a 

25 

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 fOi transmitting, befOie 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 

30 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 

5 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 

10 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 

15 indicate corresponding features. 

Modes for Carrying Out the Invention 

Referring to Figure 1, a radio communication system comprises a 

primary station (BS) 100 and a plurality of secondary stations (MS) 110. The 

BS 100 comprises a microcontroller {IJC) 102, transceiver means (Tx/Rx) 104 

20 connected to antenna means 106, power control means (PC) 107 for altering 

the transmitted power level, and connection means 1 08 for connection to the 

PSTN or other suitable network. Each MS 11 0 comprises a microcontroller 

and power control means (PC) 118 for altering the transmitted power level. 

25 Communication from BS 1 00 to MS 11 0 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 

30 124 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 

5 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 

10 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 

11 0, with each preamble signature corresponding to a limited number of uplink 

and downlink channels. If the BS 1 00 receives and decodes the preamble 

15 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 1 ms in length). The MS 110 therefore transmits another preamble 

202 at a higher power level. Again no acknowledgement is received in the slot 

20 204, so the MS 11 0 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 \rJe!l as informing the r.-.~S 11 0 that its preamble 202 has been 

received, the acknowledgement 206 may be positive, to signal that the 

25 requested channels are free, or negative, to signal that they are in use and 

access is denied to the MS 11 0. 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). Altematively, some of the signatures used by 

the BS 1 00 for acknowledgement may also be used as a NACK. 

30 The BS 1 00 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 11 0 is not at a disadvantage compared to another MS 11 0 nearer to the 

BS 100. if more than one preambie 202 was transmitted but each preamble 

5 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 11 0 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 

10 be received correctly. 

To reduce the chances of this happening, a contention resolution phase 

follows the transmission of an acknowledgement 206 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 

15 100 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 

20 signatures may be shared between access and contention resolution phases. 

The BS 100 then issues a contention resolution acknowledgement {CA) 21 0 

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 11 0 selected the same access 

25 preamble 202 the chance of the same contention resolution preamble 208 also 

being selected is small. 

After this contention resolution phase the BS 1 00 begins transmission of 

a Physical 

information to instruct the MS 11 0 to adjust its transmission power as 

30 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 with the basic scheme described above is that the MS i i 0 

5 does not provide any information to the BS 1 00 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 11 0 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 

10 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 packet. 

15 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 

20 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 unti! 

the end of the data packets 214 is detected. Secondly, the BS 100 can 

25 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 11 0 if it is known that the 

channel \•Jill be available by the time the ~v1S 110 has completed the access 

and contention resolution phases. 

30 Knowledge of the end time of the transmission of data packets 214 by 

the MS 11 0 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 1 oo to signal the required retransmissions at 

the end of the packet transmissions and keep the channel allocated for these 

s retransmissions. However, this behaviour conflicts with the pre-assignment of 

channels by the BS 1 00 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 

10 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 1 00 to confirm their 

correct reception. 

Further advantages of a scheme in accordance with the present 

15 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 

20 100 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 

25 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 

preamble signature, even though other suitabie resources may be avaiiabie, 

making it likely that a MS 110 will spend significant time waiting for a resource 

30 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 A V message 402. Hence the 

packet channel resource can be used more efficiently because the periods 

during which no MS 11 0 is transmitting on a particular packet channei are 

5 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 

10 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 

15 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 

20 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 11 0 only has to transmit the format information 

once, in the header 302, instead of repeatedly vJhile the data packets 214 are 

transmitted. 

25 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 11 0 having data for transmission on 

the random access packet channeL The MS 11 0 receives, at step 504, the AV 

message 402 which gives information on available resources (for example 

30 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 11 0 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 

simultaneously deteimine that the same resource is free. 

When it proceeds, the MS 11 0 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 

10 acknowledgement is received the MS 110 increases its transmission power, at 

step 512, and returns to 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. 

15 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, 

20 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 

25 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 

30 110 is allowed to transmit data having a duration longer than one frame (1 Oms 

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 uplink transmissions take place in different time slots 

5 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 

10 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, 

15 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 

20 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 

application derived therefrom~ 

In the present specification and claims the word "a" or "an" preceding 

25 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. 

lndustilal Applicability 

The present invention is applicable to a range of radio 

30 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, 

5 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. 

10 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 

IS 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. 

20 

25 

30 

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 

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 

availabie 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 

10 transmitted. 

15 

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 

20 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 

25 message. 

11. A method as claimed in claim 9 or 10, characterised by the 

primary station transmitting a control channel, including povver control 

information, during data transmission and ending transmission of the control 

30 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 

that is cuiiently in use but which will be available by the time that a secondary' 

s station has completed its request for use of that resource. 
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! Name of Inventor Residence: CITY I Min Seok NOH Gyeonggi-do 

6 
1 

Mailing Address I I LG Institute, Hogye 1-dong, Dongan-gu, Anyang-si, Gyeonggi-do, 431-080 
1 Republic of Korea 

STATE or COUNTRY 

I Republic of Korea 

CITIZENSHIP 

I Republic of Korea 
I 

STATE or COUNTRY 

Republic of Korea 

CITIZENSHIP 

Republic of Korea 

STATE or COUNTRY 

Republic of Korea 

Cl~ o, of 

STATE or CO 
n of Korea 

CITIZENSHIP 

Republic of Korea 

STATE or COUNTRY 

Republic of Korea 

f"!T!'7C t..!C'Uil''o 
Vf I 14-1-l'i\o.Jl 11r 

Republic of Korea 

I STATE or COUNTRY 

I Republic of Korea 

CITIZENSHIP 

Republic of Korea 

I further declare that all statements made 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 !hat these statements were made with the that willful 
false statements and the like so made are punishable by fine or imprisonment, or both, under Sect1on 1001 Title 18 of 
the United States Code, and that such willful false statements may jeopardize the validity of the or any patent 

thereon. 
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P/\TENT 

DECLARATION 
and POWER OF ATTORNEY 

ORIGINAL 
COf"JTINUATIO~J-It-4-PA~RT 

DIVISIONAL 
As a below named inventor, declare that the information given herein is true, that I believe that I 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 IN A MOBILE COMMUNICATION SYSTEM 

!he spe~cifica!tion of which is attached hereto unless the following box is checked: 

was filed on December 8, 2008 as 

office address and are as stated below next to my name. I aci<nc>wl•ediJe 
disclc,se information, which is material to the of this application in accordance with Title 37, of Federal 
Regulations§ 1 .56. I hereby state that I have reviewed and understand the contents of the above identified specification, 
including the claims, as amended by any amendment referred to above. I 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 365(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 foreign application for patent or inventor's certificate, or any PCT international 

a filing date before of the application on which is claimed: 

COUNTRY APPLICATION NUMBER 

Korea 1 0-2006-0052167 

1 

DATE OF FILING 
Month Year 

June 8, 2007 

June 9, 2006 

PRIORITY CLAIMED UNDER 
35 U.S.C. 119 

claim the benefit under Title 35, United States §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, I 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 

POWER OF ATTORNEY: As a named Inventor. I appoint the following and/or Agen!t(s) to prosecute 
!his application and transact ail business in the Patent and Trademark Office connected therewith: 

THE ATTORNEYS ASSOCIATED WITH CUSTOMER NO. 035884 
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2 

4 

5 

6 

SEND 
CORRESPONDENCE 
TO: WAIMEY 

At the address associated with 
Customer No. 35884 

FAX NO: 

Mailing Address 

LG Institute, Hogye 1-dong, Dongan-gu, Anyang-si, Gyeonggi-do, 431-080 
Republic of Korea 

Inventor 

ggi-do 

ogye 1-dong, Dongan-gu, Anyang-si, Gyeonggi-do, 431-080 

Institute, Hogye ·t-aon1cL 0'0n!gar1-gu, 
Republic of Korea 

Name of Inventor 

'Dong 

Residence: CITY 

Gyeonggi-do 

LG Institute, Hogye 1-dong, Dongan-gu, Anyang-si, Gyeonggi-do, 431-080 
of Korea 

I . 
j Restdence: CITY 

Gyeonggi-do 

ute, Hogye 1-dong, Dongan-gu, Anyang-si, Gyeonggi-do, 431-080 
Republic of Korea 

! Residence: CITY 

I Gyeonggi-do 

LG Institute, Hogye 1-dong, Dongan-gu, Anyang-si, Gyeonggi-do, 431-080 
Republic of Korea 

3) 623-2221 

3) 623-2211/8601 

CITIZENSHIP 

Republic of Korea 

Republic of Korea 

CITIZENSHIP 
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I further declare that ail statements made herein of 
Information and belief are believed to be true: and 
false statements and the like so made are pur1isr1able 
the United States Code. and that such 

thereon. 

SIGNATURE OF INVENTOR 1 

DATE J.o!O G. '1-p·O 

SIGNATURE OF INVENTOR 3 

DATE 

SIGNATURE OF INVENTOR 5 

DATE 

own are true and that all statements made on 
that these statements were made with the that willful 

im~~risonrner1t, or both, under Section 1001 of Tille 18 of 
]ec,pa:rd12:e the validity of the or any 

INVt:N IUK 

DATE 

SIGNATURE OF INVENTOR 4 

DATE 

SIGNATURE OF INVENTOR 6 

DATE 
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et 
Serial No: 12/303,947 
Filed: December 8, 2008 
For: METHOD OF TRANSMITTING DATA IN A 
MOBILE COMMUNICATION SYSTEM 

TRANSMITTAL OF MISSING PARTS 

i'OC>r'\1"\I,.,CO to 

2010 for the above-identified application, enclosed herewith is: 

1. A signed Declaration and Power of Attorney. 

a 

Confirmation 1730 

371 7, 

37 1 

1.825 requirements is not applicable to this application since this application does not include any 

nucleotide/amino acid sequence. Therefore, applicant is not a copy 

in f'f"'I"\"H"\1 

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. 

Date: July 7, 2010 

035884 

Respectfully submitted, 

/Harry S. Lee/ 
Harry S. Lee 
Registration 56,814 
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Electronic Acknowledgement Receipt 

EFSID: 7971170 

Application Number: 12303947 

International Application Number: 

Confirmation Number: 1730 

Title of Invention: METHOD OF TRANSMITIING 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-201 0 

Filing Date: 

TimeStamp: 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) 
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File Listing: 

Document 
Document Description File Name 

File Size( Bytes)/ Multi Pages 
Number Message Digest Part /.zip (ifappl.) 

686024 

1 

I I 

21 01-3596_MP.pdf I yes 

I 

7 
19o52fcf4o8c6577794c1dd0f689c7561 e4ee 

b81c 

Multipart Description/PDF files in .zip description 

Document Description Start End 

Applicant Response to Pre-Exam Formalities Notice i i 

Oath or Declaration filed 2 7 

Warnings: 

Information: 

30340 

2 Fee Worksheet (PT0-875) fee-info. pdf no 2 
ead 1 a82488c9d77bfaaa64407721 bd6f18c 

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 A~~lications 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 A~~lication 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/E0/903 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 A~~lication 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 181 0), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/R0/1 OS) 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 

ci~¥ 
~·u•'-"~ 

Ul\TfED STI\TES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adill"'· COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

U.S. APPLICATION NUMBER NO. FIRST NAMED APPLICANT ATTY. DOCKET NO. 

12/303,947 Yeong Hyeon Kwon 2101-3596 

35884 
LEE, HONG, DEGERMAN, KANG & WAIMEY 
660 S. FiGUEROA STREET 
Suite 2300 
LOS ANGELES, CA 90017 

Date Mailed: 08/16/2010 

INTERNATIONAL APPLICATION NO. 

PCT /KR07 /02784 
I.A. FILING DATE PRIORITY DATE 

06/08/2007 06/09/2006 

CONFIRMATION N0.1730 
371 ACCEPTANCE LETTER 

lllllllllllllllllllllllllllllllllllllllllllllllll~~~~!lj~~~~IJ~1111~~~~ ~~ 

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 I 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 

DATE OF RECEIPT OF 35 U.S. C. 371 (c)(1 ), 
(c)(2) and (c)(4) REQUIREMENTS 

07/07/2010 

DATE OF COMPLETION OF ALL 
35 U.S.C. 371 REQUIREMENTS 

A Filing Receipt (PT0-1 03X) 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 lntemational Seaich RepOit 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 BU1LER 

Telephone: (703) 756-1446 

page 1 of 1 

FORM PCT/DO/E0/903 (371 Acceptance Notice) 
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"""'-~ 
~~ UNITED STATES PATENT AND TRADEMARK OFFICE 

ci~¥ 
~·u•'-"~ 

Ul\TfED STI\TES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adill"'· COMMISSIO'JER FOR PATENTS 

APPLICATION 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

NUMBER 
FILING or 

37l(c)DATE FIL FEE REC'D ATTY.DOCKET.NO 

12/303,947 07/07/2010 1110 2101-3596 14 2 

35884 
CONFIRMATION NO. 1730 

FILING RECEIPT 
LEE, HONG, DEGERMAN, KANG & WAIMEY 
660 S. FIGUEROA STREET 
Suite 2300 

111111111111111111111111]~!1]~~~~~~~~~1~~ jll~~~~~lllllllllllllllllllllllll 
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 Cheal 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 

Tr1e country code and number of your priority application, to be used for filing abroad under t11e Paris Convention, 
is US 12/303,947 

Projected Publication Date: 11/25/2010 

Non-Publication Request: No 

Early Publication Request: No 
page 1 of 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-HAL T (1-866-999-4158). 

GRANTED 

LICENSE FOR FOREIGN FILING UNDER 

Title 35, United States Code, Section 184 

Title 37, Code of Federal Regulations, 5.11 & 5.15 

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 
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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. 

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless 
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This 
license is not retroactive. 

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). 
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~~ UNITED STATES PATENT AND TRADEMARK OFFICE 

Ul\TfED STI\TES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adill"'· COMMISSIO'JER FOR PATENTS ci~¥ 

~·u•'-"~ 

APPLICATION NUMBER FILING OR 3 71 (C) DATE 

12/303,947 07/07/2010 

35884 
LEE, HOf\JG, DEGERMAf\J, KAf\JG & WA!MEY 
660 S. FIGUEROA STREET 
Suite 2300 
LOS ANGELES, CA 90017 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

Yeong Hyeon Kwon 2101-3596 
CONFIRMATION NO. 1730 

PUBLICATION NOTICE 

111111111111111111111111]~!1]~~~~~~~~~1~~~~ ~~~ 1~1111111111111111111111111 

Title:METHOD OF TRANSMITTING DATA IN A MOBILE COMMUNICATION SYSTEM 

Publication No.US-20 1 0-0296436-A 1 
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 

EVOLVED-0002013 

ZTE/SAMSUNG 1005-0371
371



Application/Control No. 

Search Notes 12303947 

Examiner 

SHRIPAL KHAJURIA 

SEARCHED 

Class I Subclass 
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SEARCH NOTES 

Search Notes 
Text search of East (US Pat, USPG_Pub, JPO, EPO, Derwent, IBM_ TDB) 
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Country 
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UNITED STA 1ES p A 1ENT AND TRADEMARK OFFICE 

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR 

12/303,947 07/07/2010 

35884 7590 09116/2011 

LEE, HONG, DEGERMAN, KANG & W AIMEY 
660 S. FIGUEROA STREET 
Suite 2300 
LOS ANGELES, CA 90017 

Yeong Hyeon Kwon 

UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

2101-3596 1730 

EXAMINER 

KHAJURIA, SHRIP AL K 

ART UNIT PAPER NUMBER 

2478 

NOTIFICATION DATE DELIVERY MODE 

09/16/2011 ELECTRONIC 

Please find below and/or attached an Office communication concerning this application or proceeding. 

The time period for reply, if any, is set in the attached communication. 

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the 
following e-mail address(es): 

uspto@lhlaw.com 
ip.lhlaw@gmail.com 
ip.lhlaw@ live.com 

PTOL-90A (Rev. 04/07) 
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Application No. Applicant(s) 

12/303,947 KWON ET AL. 

Office Action Summary Examiner Art Unit 
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7)[8J Claim(s) 31-44 is/are rejected. 
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Application Papers 
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Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121 (d). 

12)0 The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PT0-152. 

Priority under 35 U.S.C. § 119 

13)[8J Acknowledgment is made of a claim for foreign priority under 35 U .S.C. § 119(a)-(d) or (f). 

a)IZ! All b)O Some * c)O None of: 

1.[8J Certified copies of the priority documents have been received. 

2.0 Certified copies of the priority documents have been received in Application No. __ . 

3.0 Copies of the certified copies of the priority documents have been received in this t'Jationa! Stage 
application from the International Bureau (PCT Rule 17.2(a)). 

* See the attached detailed Office action for a list of the certified copies not received. 
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Paper No(s)/Mail Date 7117/09. 

U.;:,. 

4) 0 Interview Summary (PT0-413) 
Paper No(s)/Mail Date. __ . 

5) 0 Notice of Informal Patent Application 

6) 0 Other: 

PTOL-326 (Rev. 03-11) Office Action Summary Part of Paper No./Mail Date 20110906 
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Claim Rejections - 35 USC§ 102 
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1. 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: 

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. 

2. Claims 31-44 are rejected under 35 U.S.C. 1 02(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 

[0068], the first or last part of the OFDM symbol is copied and repeatedly 

Page 4 

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]). 

j. 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]). 

I. 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, 1 O:OOAM-

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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TRANSMISSION AND RECEPTION OF REFERENCE PREAMBLE SIGNALS IN 

OFDMA OR OFDM COMMUNICATION SYSTEMS 

CROSS REFERENCE TO RELATED APPLICATION 

5 [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 

10 purposes. 

BACKGROUND 

[0002] This application relates .to orthogonal frequency 

division multiplexing (OFDM) and orthogonal frequency 

division multiple access (OFDMA) communication systems, and 

15 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 

20 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 

25 further divided into two or more sectors. The base 

stations, which conceptually locate at the center of 

respective cells of their coverage, transmit information to 

the mobile subscriber stations (MSS) via downlink (DL) radio 

signals. A mobile station is also known as the mobile 

30 station (MS), the subscriber station (SS), or the wireless 

station. The mobile stations transmit information to their 

serving base stations via uplink (UL) radio signals. 

[0004] The downlink radio signals from the base stations to 

mobile stations may include voice or data traffic signals or 

35 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 

5 receiver in both time and frequency with the observed 

downlink signal and to acquire the identity, such as IDcell 

and Segment, of the base station that transmits the downlink 

signal. 

[0005] IEEE 802.16 OFDMA has been developed to provide 

10 wireless communications based on an orthogonal frequency 

division multiple access (OFDMA) modulation technique. In 

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 

15 of the adjacent cells. In 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 

20 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 

25 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 

30 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. 

2 
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SUMMARY 

[0007] This application provides, among others, techniques 

for generating preamble sequences for OFOM and OFDMA 

communication systems based on CAZAC sequences with desired 

5 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 

10 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 

15 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 

20 modification includes setting amplitudes of spectral 

components in the first portion of the CAZAC sequence to zeros 

and adding a first phase shift on speGtral components of the 

second portion of the CAZAC sequence, without changing the 

third portion. The CAZAC sequence is then modified to produce 

25 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 

30 then combined to form a combined sequence in frequency of a 

length 2L. The first portion from the first modified sequence 

is positioned 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 

35 to generate a first preamble sequence in time for OFDM and 

OFDMA communication. 

3 

EVOLVED-0002036 

ZTE/SAMSUNG 1005-0394
394



wo 2006/015108 PCT/US2005/026766 

[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 pverlap and 

5 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 

10 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 

15 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. 

20 [0012] These and other implementations and their 

variations, enhancements are described in greater detail in 

the attached drawings, the detailed description and the 

claims. 

25 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.lA. 

30 [0015] FIG. 2A shows an example of using the cyclic shift 

of initial CAZAC sequence in the frequency domain to 

generate two new initial CAZAC sequences in the frequency 

domain. 

[0016] FIG. 2B shows an example of using the cyclic shift 

35 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 

5 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 

10 matched filtering of the CAZAC sequence (spaced by symbols) 

without channel distortion. 

15 

[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 

20 sequences has the desired properties of a constant amplitude 

25 

30 

(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(}Bchu(n)),n = 0, I, ... ,L -1 (1) 

where the phase in Chu sequences is 

(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 

5 
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(3) 

where p = O,l, ... ,.JL -1 and q = O,l, ... ,.JL -1, and L is the length of 

5 the sequence and can be the square of any positive integer. 

[0024] Let c = [cL_1,cL_2, ... ,c0f be a CAZAC sequence and define 

the cyclic shift operator matrix M as 

10 

15 

20 

25 

M = [ e, e, .. · e L-• e,] , (4) 

where ek is a standard basis vector of length L. For 

example, ek can be an all zero vector except the k-th 

element of unity. Define the circulant matrix C of the 

CAZAC sequence as 

C = Circ{c} 

eL-I Co cl CL-2 

CL-2 eL-l Co CL-3 

= [c Me ... ML-'c]= CL-3 CL-2 eL-l CL-4 
( 5) 

Co cl Cz eL-l 

[0025] Define a LxL Fourier matrix as 

1 

OJ 
( 6) 

where w = exp(- j2n I L). It can be shown that a circulant 

matrix can be uniquely expressed as 

( 7) 

6 
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where 1'1c=diag{ g 0, g1 , ... gL-I} is the eigen matrix of the 

circulant matrix and ~Y denote the Hermitian transpose. 

[0026] A zero-autocorrelation sequence is characterized by 

5 its identity autocorrelation matrix, or 

( 8) 

[0027] Equation (8) can be used to derive the following: 
10 

( 9) 

[0028] In other words, eigenvalues of a circulant matrix have 

equal amplitudes, or JgkJ=const,k=O, ... L-1. Furthermore, these 

15 eigenvalues constitute the frequency spectral components of 

the ZAC sequence as is evident in the following equation, 

(10) 

20 where e 0 is the last column vector of M, defined in Equation 

(4), and g=[g0,gp···•gL_1t is the column vector formed by the 

eigenvalues of c. 
[0029] Property 1: If c is a CAZAC sequence, then its 

frequency domain spectral components also form a CAZAC 

25 sequence (necessary condition). 

[0030] Proof: 

[0031] Let AM be the eigen matrix of the cyclic shift 

operator matrix M defined in Equation (4). It can be proved 

th t A d . {1 2 L-1} -j2;r/L a M = zag ,m,m , ... ,m ,m=e . Because M is a real 

30 matrix, the following expression can be obtained: 

7 
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(11) 

For k=O, ... L-1, the following can be written: 

gH ( Mkg) = LcHF;MkFL c = LcH (A~ t c 

L-l 

= L L:w-kn ic(n)l
2 = Lo(k), 

(12) 

n=O 

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 

10 g = [g0,gw .. ,gL_1f sequence is a CAZAC sequence. 

[0032] Property 2: If g = [g0,gl' ... ,gL_1f is a CAZAC sequence in 

the frequency domain, then its corresponding time-domain 

sequence is also a CAZAC sequence (sufficient condition) . 

[0033] Proof: 

15 [0034] Equations (10) and (11) can be used to derive the 

following: 

1 1 1 L-1 

cHMkc = L gHFLMkF:g = LgH A~g = L t;rok = o(k) (13) 

This shows that the time-domain sequence possesses ZAC 

20 property. 

[0035] From Equation (10), g can be written as 

[0036] Because g is a CAZAC sequence, the following can be 

25 derived: 

L-l 

o(k) = gHMkg = LcHF:FL(AZ)kF:FLc = Ll}.l2 
w-kn ,k = O,l, .. ,L-1 . (15) 

n=O 

[0037] Rewriting Equation (15) in matrix form yields the 

following: 

8 
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1 

(16) 

Q)-(L-1) 

Solving Equation (16) leads to the following: 

(17) 

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-

10 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 

15 802.16 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. 

20 [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 

25 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 

30 transformed into the time domain under an inverse FFT to 

produce the desired preamble sequences for an OFDM or OFDMA 

9 
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