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Amendments to the Claims

1. (Currently amended) A method of transmitting system information on the
downlink of a wireless communication network comprising:
transmitting (440)-system information in recurring time windows overlaid on a
sequence of transmit channel subframes;
dynamically selecting {402)-which subframes within a given time window are to
be used for carrying the system information; and
including {406-/-408)-an indicator in each of the selected subframes to indicate to

receiving user equipment that the subframe carries system information.

2. (Original) The method of claim 1, wherein dynamically selecting which subframes
within a given time window are to be used for carrying system information comprises

selecting a contiguous set of subframes within the given time window.

3. (Original) The method of claim 1, wherein dynamically selecting which subframes
within a given time window are to be used for carrying system information comprises

selecting a non-contiguous set of subframes within the given time window.

4. (Original) The method of claim 1, wherein dynamically selecting which subframes
within a given time window are to be used for carrying system information comprises
selecting which subframes to use for transmitting system information in view of

competing transmission priorities associated with other control or data signaling.

5. (Original) The method of claim 1, wherein including an indicator in each of the
selected subframes to indicate to receiving user equipment that the subframe carries
system information comprises using an RNTI (Radio Network Temporary Identifier) to

denote that the subframe carries system information.

6. (Original) The method of claim 1, wherein including an indicator in each of the
selected subframes to indicate to receiving user equipment that the subframe carries
system information includes using an end-of-system-information indicator in a last

subframe of the given time window that carries system information.
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7. (Original) The method of claim 1, further comprising varying window sizes of the

recurring time windows.

8. (Original) The method of claim 1, further comprising dynamically configuring a

window size for the recurring time windows.

9. (Original) The method of claim 1, wherein including an indicator in each of the
selected subframes to indicate to receiving user equipment that the subframe carries
system information includes using different indicators corresponding to different types of
system information, such that the indicator used for a particular subframe indicates the

type of system information carried in that subframe.

10. (Currently amended) A network transmitter {+48)-comprising a baseband

processor {1308}-configured to:
generate system information in recurring time windows overlaid on a sequence of

transmit channel subframes;

dynamically select which subframes within a given time window are to be used
for carrying system information; and

include an indicator in each of the selected subframes to indicate to receiving

user equipment that the subframe carries system information.

11. (Original) The network transmitter of claim 10, wherein the network transmitter

comprises a radio base station configured for operation in accordance with 3GPP E-

UTRA standards.

12. (Currently amended) A method of transmitting system information on a downlink
shared channel structured as successive subframes, the method comprising:
transmitting (400—418)-system information in regularly occurring time windows,
each time window spanning some number of successive subframes; and
indicating {406-/408)-to receiving user equipment which subframes within a

given time window carry system information.

13. (Original) The method of claim 12, wherein indicating to receiving user equipment

which subframes within a given time window carry system information includes indicating
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the last subframe within the given time window that carries system information, thereby
allowing the receiving user equipment to cease monitoring for system information within

the given time window.

14. (Original) The method of claim 12, further comprising dynamically selecting which

subframes within a given time window are to be used for carrying system information.

15. (Currently amended) A method for a mobile station to receive system information
from a supporting wireless communication network, the method comprising:
beginning monitoring {500-and-502)-for the receipt of system information at the
start of each time window in a succession of recurring time windows used
for the transmission of system information, each said time window
spanning a number of signal subframes;
within each time window, monitoring {504—518}-each signal subframe for an
indication of system information and reading system information from the
signal subframe if such information is present; and

terminating monitoring {642}-at least at the end of the time window.

16. (Original) The method of claim 15, further comprising recognizing an end-of-
system-information indicator in a signal subframe received within the time window and

terminating monitoring for the time window in response.

17. (Original) The method of claim 15, further comprising adapting to changing or

configurable window sizes used for the time window.

18. (Original) The method of claim 15, further comprising storing a default window

size for monitoring for system information transmissions.

19. (Original) The method of claim 18, further comprising monitoring for system
information transmissions based on a specified window size indicated in received

information rather than the default window size.
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20. (Original) The method of claim 15, further comprising recognizing different types
of system information based on recognizing different system information indicators in

different signal subframes.

21. (Currently amended) A mobile station {420)-comprising a baseband processor
440)-operable to:
begin monitoring for the receipt of system information at the start of each
time window in a succession of recurring time windows used for the transmission
of system information, each said time window spanning a number of signal

subframes;
within each time window, monitor each signal subframe for an indication

of system information and reading system information from the signal subframe if
such information is present; and

terminate monitoring at least at the end of the time window.

22. (Original) The mobile station of claim 21, wherein the baseband processor is
operable to recognize an end-of-system-information indicator in a signal subframe
received within the time window and terminate monitoring for the time window in

response.

23. (Original) The mobile station of claim 21, wherein the baseband processor is

operable to adapt to changing or configurable window sizes used for the time window.

24. (Original) The mobile station of claim 21, wherein the baseband processor is
operable to monitor for system information transmissions based on a specified window

size indicated in received information rather than a default window size.

25. (Original) The mobile station of claim 21, wherein the baseband processor is
operable to recognize different types of system information based on different system

information indicators detected in different sighal subframes.
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Remarks
Applicant submits the foregoing claim amendments prior to examination on the
merits for consideration by the Examiner. The amendments revise claims 1-25 by
removing reference numbers. The claims are otherwise unchanged; thus, no new matter
has been added.
Applicant respectfully requests that the Examiner enter the amendments prior to

examination on the merits.

Respectfully submitted,
COATS & BENNETT P.L.L.C.

Date: 11 December 2009 Michael D. Murphy
Registration No. 44,958
Telephone: (919) 854-1844
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Description
FIELD OF THE INVENTION

[0001] The present invention relates to a method and transmission apparatus for transmitting broadcast system in-
formation in a mobile communication system. Further, the invention relates to a method and mobile terminal receiving
the broadcast system information.

TECHNICAL BACKGROUND

[0002] W-CDMA (Wideband Code Division Multiple Access) is a radio interface for IMT-2000 system (International
Mobile Telecommunication system), which was standardized for use as the 34 generation wireless mobile telecommu-
nication system. It provides a variety of services such as voice services and multimedia mobile communication services
in a flexible and efficient way. The standardization bodies in Japan, Europe, USA, and other countries have jointly
organized a project called the 3'd Generation Partnership Project (3GPP) to produce common radio interface specifica-
tions for W-CDMA.

[0003] The standardized European version of IMT-2000 is commonly called UMTS (Universal Mobile Telecommuni-
cation System). The first release of the specification of UMTS has been published in 1999 (Release 99). In the mean
time several improvements to the standard have been standardized by the 3GPP in Release 4, Release 5 and Release
6. A discussion on further improvements is ongoing under the scope of Release 7 and Study Item on Evolved UTRA
and UTRAN.

UMTS Architecture

[0004] The high level Release 99/4/5 architecture of Universal Mobile Telecommunication System (UMTS) is shown
in Fig. 1 (see 3GPP TR 25.401: "UTRAN Overall Description®, incorporated herein by reference, available from http:
/fwww.3gpp.org). The UMTS system consists of a number of network elements each having a defined function. Though
the network elements are defined by their respective function, a similar physical implementation of the network elements
is common but not mandatory.

[0005] The network elements are functionally grouped into the Core Network (CN) 101, the UMTS Terrestrial Radio
Access Network (UTRAN) 102 and the User Equipment (UE) 103. The UTRAN 102 is responsible for handling all radio-
related functionality, while the CN 101 is responsible for routing calls and data connections to external networks. The
interconnections of these network elements are defined by open interfaces (lu, Uu). It should be noted that UMTS system
is modular and it is therefore possible to have several network elements of the same type.

[0006] In the sequel two different architectures will be discussed. They are defined with respect to logical distribution
of functions across network elements. In actual network deployment, each architecture may have different physical
realizations meaning that two or more network elements may be combined into a single physical node.

[0007] Fig. 2 illustrates the current architecture of UTRAN. A number of Radio Network Controllers (RNCs) 201, 202
are connected to the CN 101. Functionally, the RNC 201, 202 owns and controls the radio resources in its domain and
typically terminates the Radio Resource Control protocol on the access network side. Each RNC 201, 202 controls one
or several base stations (Node Bs) 203, 204, 205, 206, which in turn communicate with the user equipments. An RNC
controlling several base stations is called Controlling RNC (C-RNC) for these base stations. A set of controlled base
stations accompanied by their C-RNC is referred to as Radio Network Subsystem (RNS) 207, 208. For each connection
between User Equipmentandthe UTRAN, one RNS is the Serving RNS (S-RNS). It maintains the so-called lu connection
with the Core Network (CN) 101. When required, the Drift RNS 302 (D-RNS) 302 supports the Serving RNS (S-RNS)
301 by providing radio resources as shown in Fig. 3. Respective RNCs are called Serving RNC (S-RNC) and Drift RNC
(D-RNC). It is also possible and often the case that C-RNC and D-RNC are identical and therefore abbreviations S-RNC
or RNC are used. Commonly, a Drift RNS 302 is used for soft handovers of UEs between different RNS.

General Description of the Protocol Model of the UTRAN Terrestrial Interfaces

[0008] Fig. 4 shows an overview of the protocol model of the UTRAN in an UMTS network. For a better understanding,
only a brief description is provided herein; further details may be found in Holma et al., "WCDMA for UMTS", Third
Edition, Wiley & Sons, Inc., October 2004, Chapter 5, incorporated herein by reference.

[0009] On the horizontal plane, the protocol model can be split into the radio network layer and the transport network
layer. AllUTRAN-related issues are visible and handled on the radio network layer, while transport network layer typically
represents standard transport technology that is selected to be used for data transport for the UTRAN without any
UTRAN-specific changes.
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[0010] On the vertical plane, the protocol model can be split into contral plane and user plane. The control plane is
used for UMTS-specific control signaling (i.e. signaling related to radio and transport interfaces) and includes the Appli-
cation Protocol (AP), e.g. RANAP on the lu interfaces, RNSAP on the lur interfaces, NBAP on the lub and RRC on Uu
interfaces. The control plane functions and Application Protocol allows setting up traffic radio bearers to the UEs via so-
called signaling radic bearers.

[0011] While the control plane protocols are responsible for the UMTS-specific control signaling, the user plane trans-
ports the data streams sent by and sent to the users, such as voice calls, streaming data, packets of packet-switched
services, etc. For transport, the user plane contains the so-called traffic radio bearers (also sometimes referred to as
Data Bearers).

[0012] The transport network control plane is used for control signaling within the transport network layer and does
notinclude any radio network layer related information. The transport network control plane includes the ALCAP protocol,
which is used to set up the traffic bearers for exchanging user plane information and the signaling bearers required for
communicating ALCAP protocol messages. Due to the presence of the transport network control plane, it is possible
that the Application Protocol within the control plane may operate completely independent from the technology selected
for data transport on the traffic radio bearers in the user plane. The transport network control plane controls the operation
of the transport network user plane.

UTRA Radio Interface Protocol architecture

[0013] An overview of the radio interface protocol architecture of the UTRAN is shown in Fig. 5. Generally, the radio
interface protocol architecture of the UTRAN implements Layers 1 to 3 ofthe OS| protocol stack. The protocols terminated
in the UTRAN are also referred to as the access stratum (protocols). In contrast to the access stratum, all protocols not
terminated in the UTRAN are typically also referred to as the non-access stratum protocols.

[0014] As has been discussed with respect to Fig. 4, the vertical split of the protocols into user plane and control plane
is illustrated. The Radio Resource Control (RRC) protocol is a Layer 3 protocol of the control plane which controls the
protocols in the lower layers of the UTRA Radio Interface (Uu).

[0015] The RRC protocol is typically terminated in the RNC of the UTRAN, however other network elements have
also been considered for terminating the RRC protocol in the UTRAN, e.g. the Node Bs. The RRC protocol is used for
signaling of control information to control access to radio resources of the radio interface to the UEs. Further, there is
also the possibility that the RRC protocol encapsulates and transports non-access stratum messages, which are usually
related to control within the non-access stratum.

[0016] In the control plane, the RRC protocol relays the control information to Layer 2, i.e. the Radio Link Control
(RLC) protocol, via signaling radio bearers through Service Access Points (SAPs). In the user plane the non-access
stratum protocol entities may use traffic radio bearers to directly access Layer 2 via SAPs. The access may be made to
the RLC directly or to the Packed Data Convergence Protocol which in turn provides its PDUs to the RLC protocol entity.
[0017] The RLC offersthe SAPs to the higher layers. The RRC configuration defines how RLC will handle the packets,
e.g. whether RLC is operating in transparent, acknowledged or unacknowledged mode. The service provided to the
higher layers in the control plane and user plane by the RRC or PDCP are also referred to as signaling radio bearer and
traffic radio bearer, respectively.

[0018] The MAC/RLC layer in turn offers its services to the RLC layer by means of so-called logical channels. The
logical channels essentially define what kind of data is transported. The physical layer offers its services to the MAC/RLC
layer, the so-called transport channels. The transport channels define how and with which characteristics the data
received from the MAC layer are transmitted via the physical channels.

Logical and Transport Channels in UTRAN

[0019] In this section the mapping between logical channels and transport channels will be outlined referring for
exemplary purposes to the UMTS architecture. The mapping of logical channels to transport channels may be utilized
for some of the signaling messages within a RRC connection establishment procedure.

[0020] The characteristics and mapping of logical and transport channels for UTRA and E-UTRA are summarized in
the following tables. Logical channels are mainly described by data type to be transmitted whereas transport channels
are mainly described by respective transmission types and identification method.

[0021] The table below contains a description of logical and transport channels for UTRA and E-UTRA, respectively.

ERICSSON EXHIBIT 2002
Apple, Inc. v. Telefonaktiebolaget LM Ericsson
IPR2022-00338, Page 13



20

25

30

35

40

45

50

55

EP 1799 003 A1

Table 1
Channel characteristic
Logical (LCH) or Transport - - Maboin
Channel (TrCH) type vs. o D'r_e°t'°": o (ng i g
channel characteristic and Data Type Transmission | Uplink (L.IL) Identification e >
mapping Type or Downlink method rCH)
(DL)
BCCH system N/A DL N/A BCCH
(Broadcast information ->
Control (broadcast) BCH
CHannel)
CCCH common N/A UL or DL N/A, Note: this CCCH
(Common service logicalchannel ->
Control control is mainly used FACH, RACH
CHannel) (unicast) for
transmission
of control
LCH _ plane
information
prior to
identifier
assignment to
UE by radio
access
network
DCCH dedicated N/A UL or DL N/A DCCH
(Dedicated service ->
Control control FACH,
CHannel) (unicast) RACH, DCH
BCH N/A Common DL N/A due to N/A
(Broadcast channel with broadcastdata
CHannel) static type
configuration
TrCH
FACH N/A Common DL Layer2inband N/A
(Forward channel with when carrying
Access semi-static DCCH, N/A
CHannel) configuration otherwise
RACH N/A Common UL Layer2inband N/A
(Random channel with when carrying
Access semi-static DCCH, N/A
CHannel) configuration otherwise
and contention-
based access
DCH N/A Dedicated UL or DL N/A since this N/A
(Dedicated channel with is dedicated
CHannel) semi-static transport
configuration channel

[0022] Please note that mapping of DCCH in the table above may be possible on a Fractional Dedicated Channel in
downlink direction for UMTS Release 6 and on Enhanced Dedicated Transport Channel in uplink for UMTS Release 6
of the Evolved UTRA. These options have however not been considered in the table for the sake of simplicity.

[0023] For UTRA, identification of transport channels as shown in the table above is Layer 2 inband. Layer 2 inband
identification means that header of a Layer 2 MAC PDU contains UE identifier pointing at a specific UE as a destination
or source of information for downlink or uplink direction, respectively. Consequently, for mapping of logical channels
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containing data of system information and common service control type identification is not needed. Identification is
applicable onlyto commontransportchannels (RACH and FACH) apart from broadcast common transport channel (BCH).

[0024] The following table shows an exemplary description of logical channels and transport channels in the Evolved
UTRA (E-UTRA).
Table 2
Channel characteristic
Logical (LCH)orTransport .
Channel (TrCH) type vs. Direction: Mapping
channelcharacteristicand | pata Type Transmission | Uplink (UL) | Identification (LCH ->
mapping Type or Downlink method TrCH)
(DL)
BCCH system N/A DL N/A BCCH ->
(Broadcast information Evolved-BCH
Control (broadca st)
CHannel)
CCCH common N/A UL or DL N/A, Note: this CCCH ->
(Common service logicalchannel SDCH (in
Control control is mainly used downlink
CHannel) (unicast) for direction
transmission only), CACH
of control
plane
information
prior to
LCH identifier
assignment to
UE by radio
access
network
DCCH dedicated N/A UL or DL N/A DCCH->
(Dedicated service SDCH,
Control control SUCH
CHannel) (unicast)
Evolved- N/A Common DL N/A due to N/A
BCH channel with broadcastdata
(Evolved static type
Broadcast configuration
CHannel)
CACH N/A common UL Layer2inband N/A
(Contention channel with when carrying
Access semi-static DCCH, N/A
CHannel) configuration otherwise
and contention
TrCH -based access
SDCH N/A Shared DL Layer 1 N/A
(Shared channel with outband
Downlink dynamic
CHannel) configuration
and scheduled
access
SUCH N/A Dedicated UL Layer 1 N/A
(Shared channel with outband
Uplink semi-static
CHannel) configuration
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[0025] It can be noted that legacy FACH is not used and that shared channels are used instead of legacy DCH. It is
assumed that associated physical channels in downlink direction are used for both SDCH and SUCH. An example of
associated physical channel could be Shared Control Signaling CHannel (SCSCH).

[0026] The transmission types description in the respective column of the table above should be understood as follows.
A static configuration means that the transport format attributes of the channel, e.g. modulation, forward error correction
scheme etc. are system-specific and are not subject to change by the network. In & semi-static configuration the transport
format attributes of the channel, e.g. modulation, forward error correction scheme etc. are subject to change by recon-
figuration procedure. The procedure is fairly slow introducing latency of the order of 100 ms. Finally, in a dynamic
configuration the transport format attributes of the channel, e.g. modulation, forward error correction scheme etc. are
subject to change by signaling on associated control channels. The procedure is fairly fast relative to semi-static recon-
figuration and may introduce a delay of the order of several sub-frames (1 sub-frame - 0.5 ms). Dynamic configuration
may be carried out so as to optimally match transmission format to temporal variations of radio channel in which case
it may be referred to as link adaptation.

Information that may be transmitted by this channel is given in the table below:

[0027]

Table 3

Control signaling for downlink

Control signaling for uplink

Physical control

» Demodulation

¢ Chunk allocation information
e Data modulation

* Transport block size

» Transmission power control bits

» Transmission timing control bits

» ACK/NACK bit for the reservation channel and fast access
channel

L2 control » Scheduling » Scheduling
* UE identity * UE identity
» H-ARQ * Chunk allocation information
* H-ARQ process information | ¢ Data modulation
* Redundancy version * Transport block size
* New data indicator » H-ARQ

* ACK/NACK
[0028] It canbe seenfromthe tablethat UE identification informationis contained in both downlink and uplink directions.

Thus, by virtue of Layer 1 outband identification, having decoded the data on the SCSCH and having determined that
the identifier transmitted on the associated physical channel corresponds to the identifier assigned to the UE during the
RRC connection establishment procedure, the UE can receive physical channels on which respective shared transport
channels are mapped and further process Layer 2 PDUs (Protocol Data Units) corresponding to SDCH and SUCH
shared transport channels. |dentification for CACH transport channel is analogous to the identification for RACH transport
channel in E-UTRA. It can be concluded that identification is applicable to common and shared transport channels
(CACH, SDCH and SUCH) apart from evolved broadcast common transport channel (Evolved-BCH). Identification for
said common transport channels is of L2 inband type, while the identification for shared transport channels is of Layer
1 outband type.

[0029] From the definitions of "Layer 2 inband" and "Layer 1 outband" identification one could infer that there is one
and only one identifier per UE. Hence, once a Signaling Radio Bearer has been established, the UE has been assigned
identifier that can be used for Traffic Radio Bearer as well. However, it is possible that multiple identifiers per UE are
defined and used per configured transport channel.

Spectrum allocation

[0030] With respect to stand-alone operation of the mobile terminals spectrum allocations of different sizes (e.g. 1.25
MHz, 2.50 MHz, 5.00 MHz, 10.00 MHz, 15.00 MHz and 20.00 MHz) have been suggested in 3GPP TR 25.912,
" Requirements for Evolved UTRA (E-UTRA) and Evolved UTRAN (E-UTRAN)", version 7.1.0 (available at http://www.
3gpp.org) . It can be shown that data rate of evolved Primary Common Control Physical Channel (P-CCPCH - in legacy
system, the BCH transport channel is mapped to the P-CCPCH) varies depending on size of spectrum allocation (as
indicated in the table below), assuming that configuration of Evolved Broadecast Transport Channel is semi-static.
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Table 4
[MHz] 1.25 2.50 5.00 10.00 15.00 20.00
[kbps] 4.00 8.00 16.00 32.00 48.00 64.00,

[0031] Itcanconcludedthatthe UE readingtime for reading a predetermined amount of data from the physical channels
depends upon spectrum allocation. Therefore, for smaller spectrum allocations, the UE reading time and thereby power
consumption is increased. Furthermore, whenthe data size implies the transmission of the data over several transmission
time intervals (TTls), the UE has to power its receiver to receive data at all TTls in which the data is provided. For larger
spectrum allocations, the UE reading time is decreased, but if several data portions are sent in one TTI, UE may need
to decode irrelevant portions in that TTI, since the receivers may typically only be tuned to receive data of a complete
TTI. This may also lead to unnecessarily increased UE power consumption.

[0032] The potential shortcomings outlined above are illustrated in Fig. 8 and 9 for the transmission of broadcast
system information (BSI), which is typically partitioned into system information blocks (SIBs) in UMTS (Fig. 7). From Fig.
8, it can be recognized that for a spectrum allocation size of 5.00 MHz, the UE has to receive contents of the broadcast
control channel BCCH over two successive TTls to acquire information contained in SIB8, even though possibly MIB
(at a given time instant) and SIB7/9/10 may not be of interest for the UE. Also, for larger spectrum allocations, e.g. of
the size 10.00 MHz, as shown in Fig. 4, the UE decodes the master information block MIB and SIB1. In addition, the
UE also decodes SIB2 and SIB3 even though the contents of these information blocks may not be necessary for system
access or elementary mobility functions.

SUMMARY OF THE INVENTION

[0033] The object of the invention is to suggest an improved method for broadcasting broadcast system information.
[0034] The object is solved by the subject matter of the independent claims. Advantageous embodiments of the
invention are subject matters to the dependent claims.

[0035] According to an aspect of the invention, different partitions of broadcast system information are mapped to a
sharedtransport channel or abroadcast transport channel for transmission. According to an embodiment of the invention,
the mapping may take into account parametersinherent to the mobile terminals to which the broadcast system information
is to be transmitted and/or parameters inherent to the different partitions of broadcast system information.

[0036] In an embodiment of the invention, a method for transmitting broadcast system information in a radio access
network of amobile communication systemis provided. Accordingto the method, systeminformationblocks of abroadcast
control logical channelis mappedto a shared transport channel or a broadcast transport channel depending on a property
of a respective system information block or the mobile terminals to receive the broadcast system information, and the
system information blocks are transmitted via the shared transport channel and the broadcast transport channel, re-
spectively.

[0037] Forexample, the intrinsic property of a system information block may be at least one of the temporal variability
of the information contained in the system information block, the size of the system information block, the necessity of
the information comprised in the system information block for system access, and the necessity of the information
comptrised in the system information block for tracking user location within the mobile communication system.

[0038] Examples for an intrinsic property of the mobile terminals may be a capability to support an optional feature
within the mobile communication system.

[0039] In another embodiment of the invention, a master information block of a broadcast control logical channel is
transmitted periodically via the broadcast transport channel. The master information block may comprise control infor-
mation associated to a respective one of the system information blocks. The associated control information may indicate
whether a respective system information block is mapped to the broadcast transport channel or the shared transport
channel.

[0040] Incase asystem information block is mapped to the shared transportchannel, in a variation of the embodiment,
the associated control information comprises transmission format and timing of a respective system information block
transmitted via the shared transport channel.

[0041] In afurther variation, the associated control information specifies at least the position of the respective system
information block on the broadcast transport channel, the time interval at which the respective system information block
is transmitted and a timer value- or value tag-based update mechanism to be utilized to update the information of the
respective system information block.

[0042] In a further embodiment of the invention the control information is transmitted on a control channel associated
to the shared data channel. The control information may indicate to the transmission format and timing of a respective
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system information block transmitted via the shared transpotrt channel.

[0043] In a variation of the embodiment, the control information further comprises identification of the logical channel-
to-transport channel mapping.

[0044] In another embodiment of the invention part of control information is transmitted in the headers of shared
transport channel packets and comprises an identification of the logical channel to transport channel mapping.

[0045] In both embodiments above, the identification of the logical channel-to-transport channel mapping may be
made by including a plurality of configured or default identifiers to the control information as transmitted on master
information block.

[0046] In a further embodiment of the invention the system broadcast information comprises information on the con-
figuration of at least one shared transport channel of a neighboring radio cell.

[0047] Another embodiment of the invention relates to the reception of broadcast system information in a radio access
network of a mobile communication system by a mobile terminal. The mobile terminal may receive a master information
block of a broadcast control logical channel via a broadcast transport channel. The master information block may comprise
control information associated to a respective one of a plurality of system information blocks used to convey the broadcast
system information. Further, the associated control information may indicate to the mobile terminal whether a respective
system information block of a plurality of system information blocks conveying the broadcast system information is
mapped to the broadcast transport channel or a shared transport channel. The mobile terminal may receive system
information blocks of a broadcast control logical channel on a shared transport channel or a broadcast transport channel
according to the indication in the master information block.

[0048] In case a system information block is to be received via the shared transport channel, a variation of the em-
bodiment foresees comprising a configuration of the shared transport channel to which the system information block is
mapped, further associated control information in the master information block, and identifying the shared transport
channel on which the system information block is mapped among a plurality of shared transport channels based on the
indication in the associated control information of the master information block to receive the system information block
via the identified shared channel and transmitted configured or default identifier. The configuration may for example be
a set of transmission format parameters. The indication of the mapping of individual SIBs to the shared transport channel
may for example be made by using configured or default identifiers, each identifying an associated transport channel in
the system.

[0049] In another embodiment of the invention the mobile terminal may receive control information on a physical
control channel associated to the shared data channel. The associated control information may indicate the transmission
format and timing of a respective system information block transmitted via the shared transport channel. The mobile
terminal may utilize the indicated transmission format and timing for receiving the respective system information block
via the shared transport channel.

[0050] Further, in an embodiment of the invention, the system broadcast information received by the mobile terminal
may also comprise information on the configuration of at least one shared transport channel of a neighboring radio cell
and the mobile terminal may use the information on the configuration of at least one shared transport channel of a
neighboring radio cell for receiving broadcast system information in the neighboring radio cell, in case the mobile terminal
is handed over to the neighboring radio cell.

[0051] Another embodiment of the invention provides a transmission apparatus in a radio access network for trans-
mitting broadcast system information in the radio access network of 2 mobile communication system. The transmission
apparatus may comprise a processor to map system information blocks of a broadcast control logical channelto a shared
transport channel and a broadcast transport channel depending on a property of a respective system information block
or the mobile terminals to receive the broadcast system information. Further, it may comprise a transmitter to transmit
the system information blocks via the shared transport channel and the broadcast transport channel, respectively.
[0052] In avariation of the embodiment, the transmission apparatus is configured to perform the steps of the method
for transmitting broadcast system information according to one of the various embodiments and variations described
herein.

[0053] A further embodiment of the invention relates to a mobile terminal for receiving broadcast system information
in a radio access network of a mobile communication system. According to this exemplary embodiment the mobile
terminal comprises a receiver for receiving a master information block of a broadcast control logical channel via a
broadcast transport channel. Moreover, the mobile terminal may be configured with a processor for obtaining control
information from the master information block. This control information is associated to a respective one of a plurality of
system information blocks used to convey the broadcast system information and may indicate whether a respective
system information block is mapped to the broadcast transport channel or a shared transport channel. The receiver may
further receive system information blocks of a broadcast control logical channel on a shared transport channel or a
broadcast transport channel according to the indication in the master information block.

[0054] The mobile terminal according to another embodiment of the invention may be configured to perform the steps
of the method for receiving broadcast system information according to one of the different embodiments and variations
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described herein.

[0055] Other embodiment of the invention relates to the implementation of the different aspects of the invention in
software. Therefore, an embodiment of the invention provides a computer-readable medium storing instructions that,
when executed by a processor of a transmission apparatus, causes the transmission apparatus to transmit broadcast
system information in a radio access network of a mobile communication system. In this embodiment, the transmission
apparatus is caused to transmit broadcast system information by mapping system information blocks of a broadcast
control logical channel to a shared transport channel or a broadcast transport channel depending cn a property of a
respective system information block or the mobile terminals to receive the broadcast system information, and by trans-
mitting the system information blocks via the shared transport channel and the broadcast transport channel, respectively.
[0056] Thecomputer-readable medium accordingto anotherembodiment of the invention may further store instructions
that cause the processor of the transmission apparatus to execute the steps of the method for transmitting broadcast
system information according to one of the embodiments and variants described herein.

[0057] A further embodiment of the invention provides a computer-readable medium storing instructions that, when
executed by a processor of a mobile terminal, causes the mobile terminal to receive broadcast system information in a
radio access network of a mobile communication system.

[0058] The mobile terminal may be caused to receive broadcast system information by receiving a master information
block of a broadcast control logical channel via a broadcast transport channel and by receiving system information blocks
of a broadcast control logical channel on a shared transport channel or a broadcast transport channel according to the
indication in the master information block. The master information block may comprise control information associated
to a respective one of a plurality of system information blocks used to convey the broadcast system information. The
associated control information indicates whether a respective system information block is mapped to the broadcast
transport channel or a shared transport channel.

[0059] The computer-readable medium in another embodiment of the invention further stores instructions causing the
processor of the mobile terminal to execute the steps of the method for receiving broadcast system information according
to one of the various embodiment and variants thereof described herein.

BRIEF DESCRIPTION OF THE FIGURES

[0060] In the following the invention is described in more detail in reference to the attached figures and drawings.
Similar or corresponding details in the figures are marked with the same reference numerals.

Fig. 1 shows the high-level architecture of UMTS,

Fig. 2 shows the architecture of the UTRAN according to UMTS R99/4/5,

Fig. 3 shows a Drift and a Serving Radio Subsystem in a UMTS network,

Fig. 4 shows an overview of the protocol model of the UTRAN in an UMTS network,

Fig. 5 shows an overview of the radio interface protocol architecture of the UTRAN,

Fig. 6 shows the structure of a Master Information Block (MIB),

Fig.7to 9 show examples of transmissions of Broadcast System Information (BSI) in System Information Blocks

(SIBs) at different using different channel bandwidths,

Fig. 10 shows an exemplary mapping of system information blocks of broadcast system information to a broad-
cast transport channel and a shared transport channel using Layer 1 outband identification according
to an embodiment of the invention,

Fig. 11 shows an exemplary format of a Master Information Block used in the mapping of system information
blocks in Fig. 10 according to an embodiment of the invention,

Fig. 12 shows an exemplary mapping of system information blocks of broadcast system information to a broad-
cast transport channel and a shared transport channel using Layer 2 inband identification according to

an embodiment of the invention,

Fig. 13 shows an exemplary format of a Master Information Block used in the mapping of system information
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blocks in Fig. 12 according to an embodiment of the invention,

Fig. 14to 17  show different examples of mapping of system information blocks to a shared transport channel and a
broadcast transport channel based on different criteria according to different embodiments of the in-
vention, and

Fig. 18 shows a mapping of system information blocks of broadcast system information comprising information
on ashared transport channel in a neighboring radio cell to a broadcast transport channel and a shared
transport channel and a handover of a mobile terminal to the neighboring radio cell according to an
embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0061] The following paragraphs will describe various embodiments of the invention. For exemplary purposes only,
most of the embodiments are outlined in relation to a UMTS communication system and the terminology used in the
subseqguent sections mainly relates to the UMTS terminology, as the invention may be advantageously used in this type
of communication system. However, the terminology used and the description of the embodiments with respect to a
UMTS system is not intended to limit the principles and ideas of the invention to such system.

[0062] Also the detailed explanations given in the Technical Background section above are intended to better under-
stand the mostly UMTS specific exemplary embodiments described in the following and should not be understood as
limiting general ideas underlying the invention to the described specific implementations of processes and functions in
a mobile communication network.

[0063] Accordingto one aspect of the invention, it is proposed to map broadcast system information of logical channels
to a shared transport channel and/or to a broadcast transport channel. Broadcast system information may for example
be information transmitted over a broadcast control logical channel.

[0064] In an embodiment of the invention, the mapping of different portions of the broadcast system information, also
referred to as system information blocks herein, to either one of the two transport channels is based on a certain criterion
or certain criteria. For example, criteria that may be used as a basis for the mapping decision may be intrinsic property
of a system information block or an intrinsic property of the mobile terminals to which the system information is to be
broadcast.

[0065] Examples for an intrinsic property of a system information block may be temporal variability of the information
contained in the system information block or the size of the system information block. Another intrinsic property of a
system information block is for example the necessity of the information comprised in the system information block for
system access or the necessity of the information comprised in the system information block for tracking user location
within the mobile communication system.

[0066] An intrinsic property of the mobile terminals may for example be the capability of terminals to support feature
(s) defined optional within the mobile communication system.

[0067] The mapping of system information blocks to a shared or broadcast transport channel can be advantageous
in that the acquisition of this information by mobile terminals in terms of terminal processing time and power consumption
may be optimized. Other advantages that may be achieved when applying the invention may be improved reading time
for broadcast system information of mobile terminals for all sizes of standalone spectrum allocations, greater flexibility
of operators in configuring transport channels for broadcast and increased scheduling efficiency of system information,
which may be a result from mapping system information to a shared transport channel.

[0068] Another aspect of the invention is the behavior of the mobile terminals to receive the broadcast system infor-
mation. According to another embodiment of the invention, the mobile terminals will receive a master information block
on the broadcast transport channel, which indicates the mapping of individual SIBs to either the broadcast transport
channel or the shared transport channel. Based on the indication of the mapping used, the mobile terminals will receive
the SIBs either on the broadcast control channel or the shared control channel. In another embodiment of the invention,
Layer 1 outband or Layer 2 inband identification is used for providing the mobile terminals with control information
necessary to appropriately receive the SIBs, as will be outlined in more detail below.

[0069] Inthefollowingthe structure of system broadcast information and their allocation to different System Information
Blocks (SIBs) according to an exemplary embodiment of the invention is outlined considering a UMTS system. The
structure of the information transmitted on the broadcast control channel - a logical channel - may be tree-like. A so-
called Master Information Block (MIB) forms the root of the tree structure, whereas the so-called System Information
Blocks (SIBs) represent its branches. The MIB information may be transmitted less frequently than the SIBs carrying
the broadcast system information. The information in the MIB may also not need to be read by the individual terminals
each time the MIB information is transmitted.

[0070] The structure of the information on the BCCH is shown for exemplary purpose in Fig. 6. One part of MIB may
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for example be reserved for information upon each System Information Block. The control information associated to a
respective SIB and comprised inthe reserved parts may have the following structure. Each control information associated
to a SIB may indicate the position of SIB on the broadcast transport channel on which it is transmitted relative to common
timing reference. Further, a repetition period of SIB may be indicated. This repetition period indicates the periodicity at
which the respective SIB is transmitted. The control information may further include a timer value for timer-based update
mechanism or, alternatively, a value tag for tag-based update of the SIB information.

[0071] For SIBs whose reference in MIB contains timer value, a mobile terminal may update system information after
expiry of value indicated in timer field of MIB. For SIBs whose reference in MIB contains value tag, a mobile terminal
may update system information after the value of tag as indicated in respective field of MIB has been changed with
respect to the value from the previous update. Respective exemplary MIB formats according to different embodiments
of the invention will be described with reference to Fig. 11 and 13 below.

[0072] The table below shows an exemplary overview of the categorization and types of system information blocks
in an UMTS legacy system (see 3GPP TS 25.331, "Radio Resource Control (RRC)", version 6.7.0, section 8.1.1, incor-
porated herein by reference; available at http:/www.3gpp.org) that may be used in the different embodiments of the
invention described herein. In this example, the classification of the system broadcast information into the different SIBs
is based on the content and temporal variability.

Table 5

SIB Content Temporal Variability
SIB1 NAS info, UE timers/counters low
SiB2 URA identity low
SIB3 Cell selection parameters low
SIB4 Cell selection par. for connected mode low
SIB5 Common physical channels configuration medium
SIB6 Common physical channels configuration medium
SIB7 Interference/ dynamic persistence level high
SIB11 Measurement control medium
SIB12 | Measurement control information for connected mode medium
SIB13 | ANSI-41 info low
SIB14 | Outer loop power control information medium
SIB15 | Positioning information low
SIB16 | Preconfiguration medium
SIB17 | Configuration of shared physicalchannelsin connected mode high
SIB18 | PLMN IDs of neighboring cells low

[0073] The contents of the table illustrated above should be only considered as one possible example of the contents
and classification of the broadcast system information. Also the classification of the frequency at which the different
portions of the system information is broadcast and its classification into the different SIBs is intended to serve only for
exemplary purposes and is not intended to limit the invention to this example. It is recognized that in the ongoing
development and improvement of existing mobile communication systems, the content, format, periodicity of transmis-
sion, etc. may change.

[0074] Fig. 10 shows an exemplary mapping of system information blocks of broadcast system information to a broad-
cast transport channel and a shared transport channel using Layer 1 outband identification according to an embodiment
ofthe invention. In Fig. 10, the data mapped to three different channels, a broadcast transport channel, a shared transport
channel and a physical control channel associated to the shared transport channel, is shown. The control channel is
associated to the shared transport channel in that it contains control information describing transmission format and
timing of the data on the shared transport channel. In another embodiment of the invention the parameters describing
transmission format may define the format for an OFDMA based radio access as described in Tdoc R1-050604 of the
3GPP TSG RAN WG #1 ad hoc, "Downlink Channelization and Multiplexing for EUTRA", June 2005 (available at http:
/www.3gpp.org), incorporated herein by reference).
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[0075] Further, the mobile terminal (or, equivalently, logical to transport channel mapping) to receive the system
information may be designated by respective Layer 1 outband identification as discussed previously. Accordingly, the
logical-to-transport channel mapping is indicated on the associated physical control channel (e.g. SCSCH).

[0076] The broadcast system information provided on the broadcast control logical channel (e.g. the BCCH in UMTS),
is mapped to the shared transport channel and the broadcast transport channel of Fig. 10.

[0077] Forthe broadcasttransport channel, three transport blocks are shown in Fig. 10. In the exemplary embodiment,
a Master Information Block (MIB) is transmitted periodically (MIB repetition period). For example, the MIB may be
transmitted at the beginning of each transport block or after a predetermined time span, such as a given number of
transmission time intervals (TTIs). Further, a transport block may comprise one or more System Information Blocks
(SIBs). A SIB comprises a portion of the system broadcast information to be transmitted. For example, each SIB may
comprise a predetermined or configurable set of information of a certain category as exempilified in the Table 5.
[0078] The MIB used in the exemplary embodiment shown in Fig. 10 is illustrated in Fig. 11 in further detail. The
structure of system broadcast information according to this embodiment of the invention is also tree-like, as has been
outlined above. The MIB comprises different partitions of control information each of these partitions being associated
to a respective SIB.

[0079] Forthose SIBs that are mapped to the broadecast transport channel for transmission, the control information
associated to a respective SIB may have the following structure. Each control information associated to a SIB (pointer
to SIB #n) indicates the position of the SIB on the broadcast transport channel on which it is transmitted relative to
common timing reference. Further, a repetition period of SIB indicating the periodicity at which the respective SIB is
transmitted may be indicated. Inthe exemplary embodiment shownin Fig. 10, the controlinformationinthe MIB associated
to SIB1, SIB3, SIB 4 and SIB6 have this structure.

[0080] Incontrastto SIB1, SIB3, SIB 4 and SIB6, SIB2 is transmitted via the shared transport channel. The MIB control
information relating to SIB2 has a different structure than the control information for the set of SIBs. According to the
exemplary embodiment, the control information for SIB2 in the MIB comprises an indication of the shared transport
channel on which SIB2 is transmitted. This indication is illustrated by the dashed arrow pointing from the MIB to the
shared transport channel in Fig. 10.

[0081] Based on the control information in the MIB, the mobile terminals may recognize which SIBs are transmitted
and to which channel they are mapped. |.e. in the exemplary embodiment, the maobile terminals determine that SIB1,
SIB3, SIB4 and SIB6 are mapped to and transmitted on the broadcast transport channel, while SIB2 is mapped to and
transmitted on the shared transport channel.

[0082] Asindicated above, Layer 1 outband identification is used for indicating the logical channel-to-transport channel
mapping to the receiving mobile terminals. For this purpose and identification of the mapping is transmitted on the
associated control channel (see "ID"). This identification may for example use default or configured identifiers of the
logical channel to which a respective transport channel is to be mapped on the receiving side. These identifiers may be
transmitted by in the MIB.

[0083] The identifiers may for example be HEX-values:

H 0x0000 OOFF logical channel BCCH (Broadcast Control Channel) is mapped upon SDCH,
B 0x0100 01 FF logical channel PCCH (Paging Control Channel) is mapped upon SDCH and

B 0x0200 FFFF logical channel DCCH/DTCH (Dedicated Control Channel/ Dedicated Transport Channel) is mapped
upon SDCH

[0084] The identifiers used may be default values or may be configured by the system.

[0085] The control channel associated to the shared transport channel comprises control information, which indicates
the scheduling of the SIB on the shared transportchannel. The control information may at least indicate temporal position
of the SIB(s) mapped to the shared channel on that channel for a respective SIB. In another embodiment of the invention
the control information on the associated control channel is scheduling information as shown in Table 3 above and may
comprise information on chunk allocation, data modulation and transport block size. According to an embodiment of the
invention the transmission format parameters may be defined as in in Tdoc R1-050604 3GPP TSG RAN WG1 ad hoc
"Downlink Channelisation and Multiplexing for EUTRA". mentioned above,

[0086] Hence, in the exemplary embodiment shown in Fig. 10, the MIB control information indicate to the mobile
terminal that SIB2 has been mapped to the shared transport channel, while the control information for SIB on the
associated control channel indicates the temporal position of SIB2 on the shared channel to a receiving mobile terminal
and transmission format.

[0087] According to one embodiment of the invention, the temporal position can be given as dynamically changing
scheduling information with respect to common system timing reference. An exemplary implementation is for example
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described in the TS 25.331 "Radio Resource Control (RRC)" mentioned above. As explained above, the transmission
format may indicate at least chunk allocation, data modulation and transport block size. Finally, although not explicitly
mentioned, a configuration of the associated physical control channel (e.g. SCSCH) may also be necessary.

[0088] Returning to the transmission of broadcast system information in UMTS systems for exemplary purposes only,
Layer 1 outband identification and transmission of scheduling information are specific for shared downlink transport
channel while scheduling information of system information blocks conveyed via broadcast transport channel is trans-
mitted within the Master Information Block of the broadcast transport channel, that is within Layer 2 transport blocks.
The configuration of the broadcast transport channel may be for example semi-static, while the configuration of the
shared downlink transport channel may be semi-static or dynamic. The flexibility of dynamic configuration of the shared
transport channel in this embadiment of the invention may be advantageous from radio resource utilization perspective
since fast scheduling of broadcast system information could be efficiently supported.

[0089] In an exemplary embodiment of the invention, the shared transport channel may be the Shared Downlink
CHannel (SDCH) of a UMTS system, while the broadcast transport channel may be the Broadcast CHannel (BCH); the
control channel associated to the SDCH may be the Shared Control Signaling Channel (SCSCH).

[0090] Fig. 12 shows another exemplary mapping of system information blocks of broadcast system information to a
broadcast transport channel and a shared transport channel using Layer 2 inband identification according to another
embodiment of the invention.

[0091] Inthe exemplary embodimentillustrated in Fig. 12, a shared channel is used without the need of an associated
(physical) control channel for identification. As in the embodiment of the invention described with respect to Fig. 10 and
11, also in the embodiment shown in Fig. 12 broadcast system information is mapped to a broadcast transport channel
and a shared transport channel. The identifier ("ID) indicating the logical channel-to-transport channel mapping and
semi-static configuration information (timing and transmission format) of the shared channel (e.g. SDCH) and configu-
ration of associated physical control channel (e.g. SCSCH) are transmitted inband. This means that both pieces of
information are transmitted at Layer 2. For example, the identification ("ID") may be provided within the header of Layer
2 packets of the shared transport channel, while the configuration information of shared channel may be provided within
MIB.

[0092] The identifier ID may be a default identifier or may be configured/assigned through MIB of the broadcast
transport channel, as described above. Fig. 13 shows an exemplary format of a Master Information Block used in the
mapping of system information blocks in Fig. 12. The structure of the control information for SIBs mapped to the broadcast
transport channel is similar to that in the MIB shown in Fig. 11. The MIB control information of the SIBs mapped to the
shared transport channel may in addition comprise an indication of the shared transport channel to which they have
been mapped respectively.

[0093] In the following paragraphs the mapping of the system information blocks transporting the individual portions
of the broadcast system information of the broadcast control logical channel according to different embodiments will be
described. In the following embodiments of the invention described with respect to Fig. 14 to 18, the broadcast system
information is transmitted in system information blocks that are mapped to a broadcast transport channel or a shared
transport channel using either Layer 1 outband identification (Fig. 10 and 11) or Layer 2 inband identification (Fig. 12
and 13). As will be explained in the following, the mapping may be based for example on a property / properties inherent
to a respective SIB or the mobile terminals to receive the SIBs.

[0094] Fig. 8 and 9 show the transmission of broadcast information over broadcast transport channel on a time axis.
Fig. 8 is plotted for spectrum allocation of 5 MHz and broadcast data rate of 16 kbps. Fig. 9 is plotted for spectrum
allocation of 10 MHz and broadcast data rate of 32 kbps.

[0095] In Fig. 14 to 18, the spectrum allocation of either 5 MHz or 10 MHz is assumed and respective data rates of
16 or 32 kbps are (usually unevenly) distributed between broadcast and shared transport channel. By mapping broadcast
system information to broadcast and shared transport channels a more flexible transmission scheme for broadcast
system information may be in compatison to cases where broadcast system information is mapped only to a broadcast
transport channel. For example, in Fig. 15 the data rate of broadcast and shared transport channel is divided in ratio 3:
1 since the resulting data rate on the shared channel is sufficient to transmit SIB1 over the shared transport channel in
one TTI, as will be explained below.

[0096] It should be noted that the actual resource utilization is not precisely plotted in Fig. 8, 9 and 14 to 18.

[0097] According to one embodiment of the invention, a criterion based on which the mapping of SIBs to either a
shared transport channel or a broadcast transport channel is decided, may be the importance of the information of a
respective SIB for mobile terminals.

[0098] Information important for mobile terminals may for example be system information that is necessary to be
received, stored and kept up-to-date by mobile terminal in order to perform system access and elementary mobility
procedures.

[0099] Considering for exemplary purposes only a UMTS system, system access may designate the procedure aimed
at establishing signaling connection (signaling radio bearer). Hence, in this exemplary scenario the important information
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is information necessary for the mobile terminal to establish a signaling connection. Elementary maobility procedures on
the other hand designate the procedures aimed at tracking user location by the network on tracking area level - without
established signaling connection - and on cell level - with established signaling connection.

[0100] Following the definition of important information and considering the exemplary classification of broadcast
system information as shown in Table 5, SIB1, SIB2, SIB3, SIB5, SIB6, SIB17 and SIB18 may be classified as information
important for mobile terminals, since they are necessary for performing system access and elementary maobility proce-
dures. On the other hand, for example SIB13 and SIB15 may be classified as information not important (optional) for
mobile terminals since they are not necessary for performing system access and elementary mobility procedures.
[0101] Fig. 14 shows an exemplary mapping of system information blocks to a shared transport channel havinga 5
MHz spectrum allocation and a data rate of 8 kbps and a broadcast control channel also having a 5 MHz spectrum
allocation and a data rate of 8 kbps according to an embodiment of the invention. Fig. 14 proposes a mapping overcoming
the problems discussed with respect to Fig. 8, where the mobile terminal had to receive two successive TTls to obtain
the important SIB8. In Fig. 14, SIB8 is now mapped to the shared transport channel, which allows transmitting SIB8 in
a single TTI, thereby reducing power consumption of the mobile terminal. Further, the MIB can be transmitted simulta-
neously (i.e. in the same TTI) as SIB8 which allows the mobile terminal to acquire the important information in SIB8
faster compared to the scenatio in Fig.8.

[0102] In the exemplary embodiment shown in Fig. 14, the mapping of SIB8 to the shared channel has been based
on the importance of the information contained in SIB8 for the mobile terminals. Another critetion may be the size of the
SIBs. For example, SIBs larger than a predetermined threshold may be mapped to the shared transport channel. For
example, this option may be of advantage, if several TTIs would be required for the transmission of the SIB of broadcast
transport channel and/or the shared transport channel can be sent with higher data rate than that used for the broadcast
transport channel.

[0103] Fig. 15 shows an exemplary mapping of system information blocks to a shared transport channel havinga 10
MHz spectrum allocation and a data rate of 24 kbps and a broadcast control channel also having a 10 MHz spectrum
allocation and a data rate of 8 kbps according to an embodiment of the invention. This exemplary embodiment illustrates
an improvement of the system information allocation in Fig. 9, where SIB1 has been the only SIB containing information
relevant for the mobile terminal (the MIB may not be read every time it is transmitted). Though the mobile terminal may
only be interested in the content of SIB1 of Fig. 9, it would need to read the whole content broadcast on the broadcast
transport channel within a TTI, since receivers may typically only be tuned to receive data within a whole TTI.

[0104] According to the embodiment illustrated in Fig. 15, the SIB(s) comprising information important for the mobile
terminals are mapped to the shared transport channel, while SIBs carrying optional information, i.e. information not
important for the mobile terminals are mapped to the broadcast transport channel. Assuming that the content of SIB2
and SIB3 in Fig. 15 is optional information and that the mobile terminal may not need to read the MIB in this TTI, the
mobile terminal may only read the shared transport channel carrying SIB1 from the shared transport channel and may
save power by not reading the broadcast transport channel in that TTI.

[0105] Further, considering thatthe data rates on shared transport channel and broadcast transport channel may vary
from each other, another benefit of the mapping of SIBs to a shared transport channel offering a lower data rate than
the broadcast transport channel may be an increase in the reliability of the transmitted information in the SIBs transmitted
on the shared transport channel. Since a lower data rate may also imply a lower coding rate and/or a lower order
modulation scheme being used compared to the configuration of the broadcast control channel, the information trans-
mitted viathe shared transportchannel may have a higher reliability. In UMTS systems, the configuration of the broadcast
transport channel may be static and hence its data rate may not be changed.

[0106] Another criterion that may be considered for mapping of SIBs to a shared transport channel or a broadcast
transport channel may be the features supported by the mobile terminals within a certain cell. For example, if none of
the mobile terminals currently present in a cell are suppotrting positioning based on GPS (Global Positioning System),
the related SIB may be omitted from broadcast on the broadcast transport channel and may be instead transmitted via
a shared transport channel. Advantageously, the SIB may be transmitted during discontinuous reception (DRX) periods
on the shared transport channel, if mobile terminals supporting GPS connect / are handed over to the cell. Hence
resources can be dynamically shared with user plane data.

[0107] Fig. 16 shows a mapping of SIBs to a shared or broadcast transport channel based on the variability of the
information in the respective SIB according to an embodiment of the invention. SIBs that comprise broadcast system
information of high variability may be mapped to the shared transport channel. Considering a classification of broadcast
system information as shown in Table & above, e.g. physical channel configuration, interference and dynamic persistence
level may be considered SIBs comprising information undergoing frequent changes. Further, as indicated above, de-
pending on the data rate distribution between the broadcast transport channel and the shared transport channel, the
transmission of frequently changing SIBs via the shared transport channel may allow for lower repetition periods or
alternatively increase the reliability of the transmission of the respective SIBs.

[0108] To generically classify information according to temporal variability, rates f1 and f2 (f1<f2) describing frequency
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of change of this information may be considered. For example, an information (SIB) may be classified to be of low
temporal variability, if its rate of change f relates to f1 as f<=f1. Analogously, information may be of high temporal
variability, if its rate of change f relates to 2 as f>=f2. Finally, information is of medium temporal variability, if its rate of
change f relates to f1 and 2 as f1<f<f2.

[0109] Anocther possible mapping of SIBs to a shared transport channel and a broadcast transport channel according
to a further embodiment of the invention is shown in Fig. 17. In this exemplary embodiment only optional information
(i.e. information not important for the mobile terminals) is mapped upon shared channel. The optional information may
for example be ANSI 42 information or GPS information. This mapping may be beneficial in that the mobile terminals
would only needto acquire necessary information from broadcast transport channel and without reading shared transport
channel. Only if a mobile terminal would support a feature for which the optional information is needed, it may read the
respective SIBs from the shared transport channel.

[0110] Inanother embodiment of the invention, the configuration of shared transport channel used for the transmission
of broadcast system information in neighboring cells may be broadcast to the mobile terminals of a cell. Accordingly,
Fig. 18 shows a mapping of system information blocks of broadcast system information comprising information on a
shared transport channel in a neighboring radio cell to a broadcast transport channel and a shared transport channel
and a handover of a mobile terminal to the neighboring radio cell according to an embodiment of the invention. In the
exemplary embodiment, it may be assumed that the shared transport channel in a respective cell is used 1o provide
system broadcast information to the mobile terminals that is important information, i.e. information necessary to perform
system access and elementary mobility procedures.

[0111] In Fig. 18, at the time instant n+1 (the time instants are given by the number of TTls having past since a given
starting time) the mobile terminal starts receiving the MIB via the broadcasttransport channel. Further it may be assumed
that SIB8 in each radio cell comprises information necessary to perform system access and elementary mobility proce-
dures. The dashed blocks are intended to indicate, that the mobile terminal receiving the information is located in a
source cell, when receiving the information. The MIB received in the TTI following time instant n+1 may comprise an
indication to the shared transport channel at which SIB8 is broadcast in a neighboring cell(s). Alternatively, a SIB
containing this information may be specified by the MIB (for example SIB3 read by the mobile terminal atthe TT| starting
at time instant n).

[0112] Upon the time instant n+2, the mobile terminal is handed over from its source cell to another cell, the target
cell. Since it has already acquired the control information necessary to receive SIB8 on the shared transport channel,
the mobile terminal may already read SIB8 from the shared transport channel of the target cell at time instant n+2.
Hence, the mobile terminal may not need to receive the first MIB in the target cell transmitted at time instant n+3 on the
broadcast transport channel to be able to read SIB8 from the shared transport channel at time instant n+4.

[0113] More generally, information on the configuration of the neighboring cells (including the target cell) may be
provided as part of the broadcast system information within a cell. The configuration information on the neighboring cells
may be for example included in a system information block or may be provided as part of the MIB to the mobile terminals
of a radio cell. The configuration information may depend on the respective mapping used for transmission of the
broadcast system information via the shared transport channel and the broadcast transport channel in a respective
neighboring cell.

[0114] If a configuration as shown in Fig. 10 is used, the MIB may comprise chunk allocation and possibly modulation
format, transport block size etc. of the control physical channel associated to the shared transport channel in the neigh-
boring cell(s). The associated physical control channel in the neighboring cell then contains chunk allocation, modulation
format, transport block size etc. forthe shared transport channel in the neighboring cell. This information may be changed
on a dynamic basis in the neighboring cell.

[0115] Alternatively, when using a configuration as shown in Fig. 12, the MIB in the source cell may comprise chunk
allocation, modulation format, transport block size etc. for the shared transport channel in the neighboring cell(s). This
information may for example be changed on semi-static basis in the neighboring cell.

[0116] In Fig. 10 to 18 illustrating various exemplary embodiments of the invention, the different SIBs have been
distinguished by different numbers (SIB1, SIB2, SIB3, etc.). These numbers are merely intended to exemplarily indicate
different information comprised by the respective SIB. However, in another embodiment of the invention the numbering
of SIBs may indicate their respective content as indicated e.g. in Table 5.

[0117] Anotherembodimentofthe invention relates to the implementation of the above described various embodiments
using hardware and software. It is recognized that the various embodiments of the invention above may be implemented
or performed using computing devices (processors). A computing device or processor may for example be general
purpose processors, digital signal processors (DSP), application specific integrated circuits (ASIC), field programmable
gate arrays (FPGA) or other programmabile logic devices, etc. The various embodiments of the invention may also be
performed or embodied by a combination of these devices.

[0118] Further, the various embodiments of the invention may also be implemented by means of software modules,
which are executed by a processor or directly in hardware. Also a combination of software modules and a hardware
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implementation may be possible. The software modules may be stored on any kind of computer readable storage media,
for example RAM, EPROM, EEPROM, flash memory, registers, hard disks, CD-ROM, DVD, etc.

Claims

10.

11.

A method fortransmitting broadcast system information in a radio access network of amobile communication system,
the method comprising the following steps performed by a transmission apparatus:

mapping system information blocks of a broadcast control logical channel to a shared transport channel cr a
broadcast transport channel depending on a property of a respective system information block or the mobile
terminals to receive the broadcast system information, and

transmitting the system information blocks via the shared transport channel and the broadcast transport channel,
respectively.

The method according to claim 1, wherein the property of a system information block is at least one of the temporal
variability of the information contained in the system information block, the size of the system information block, the
necessity of the information comprised in the system information block for system access, and the necessity of the
information comprised in the system information block for tracking user location within the mobile communication
system.

The method according to claim 1 or 2, wherein the property of the mobile terminals is at least one of the capability
to support an optional feature within the mobile communication system.

The method according to one of claims 1 to 3, further comprising the step of transmitting a master information block
of abroadcast control logical channel periodically via the broadcasttransport channel, wherein the master information
block comprises control information associated to a respective one of the system information blocks, wherein the
associated control information indicates whether a respective system information block is mapped to the broadcast
transport channel or the shared transport channel.

The method according to claim 4, wherein in case a system information block is mapped to the shared transport
channel, the associated control information comprises transmission format and timing of a respective system infor-
mation block transmitted via the shared transport channel.

The method according to claim 4 or 5, wherein in case a system information block is mapped to the broadcast
transport channel, the associated control information specifies at least the position of the respective system infor-
mation block on the broadcast transport channel, the time interval at which the respective system information block
is transmitted and a timer value- or value tag-based update mechanism to be utilized to update the information of
the respective system information block.

The method according to one of claims 1 to 6, further comprising the step of transmitting control information on a
control channel associated to the shared data channel, wherein the control information indicates to the transmission
format and timing of a respective system information block transmitted via the shared transport channel.

The method according to the claim 7, wherein the control information further comprises identification of the logical
channel to transport channel mapping.

The method according to one of claims 1 to 8, further comprising the step of transmitting control information via the
shared transport channel, wherein the control information comprises an identification of the logical channel to trans-
port channel mapping.

The method according to claim 8 or 9, wherein the identification of the logical channel to transport channel mapping
is one of a plurality of configured or default identifiers.

The method according to claim 4, wherein the associated control information specifies at least the position of the
respective system information block on the broadcast transport channel, the time interval at which the respective
system information block is transmitted and a value- or value tag-based update mechanism to be utilized to update
the information of the respective system information block.

16

ERICSSON EXHIBIT 2002
Apple, Inc. v. Telefonaktiebolaget LM Ericsson
IPR2022-00338, Page 26



20

25

30

35

40

45

50

55

12.

13.

14.

15.

16.

17.

18.

19.

EP 1799 003 A1

The method according to one of claims 1 to 11, wherein the system broadcast information comprises information
on the configuration of at least one shared transport channel of a neighboring radio cell.

A method for receiving broadcast system information in a radio access network of a mobile communication system,
the method comprising the following steps performed by a mobile terminal:

receiving a master information block of a broadcast control logical channel via a broadcast transport channel,
wherein the master information block comprises control information associated to a respective one of a plurality
of system information blocks used to convey the broadcast system information, wherein the associated control
information indicates whether a respective system information block is mapped to the broadcast transport
channel or a shared transport channel, and

receiving system information blocks of a broadcast control logical channel on a shared transport channel and
a broadcast transport channel according to the indication in the master information block.

The method according to claim 13, wherein in case a system information block is to be received via the shared
transport channel, the associated control information in the master information block comprises a configuration of
the shared transport channel to which the system information block is mapped, and

the method further comprises the step of identifying the shared transport channel on which the system information
block is mapped among a plurality of shared transport channels based on the indication in the associated control
information of the master information block to receive the system information block via the identified shared channel.

The method according to claim 13 or 14, further comprising the step of receiving control information on a control
channel associated to the shared data channel, wherein the control information indicates the transmission format
and timing of a respective system information block transmitted via the shared transport channel,

wherein the mobile terminal utilizes the indicated transmission format and timing for receiving the respective system
information block on the shared transport channel.

The method according to one of claims 13 to 15, wherein the system broadcast information received by the mobile
terminal comprises information on the configuration of at least one shared transport channel of a neighboring radio
cell and

the method further comprises the step of utilizing the information on the configuration of at least one shared transport
channel of a neighboring radio cell for receiving broadcast system information in the neighboring radio cell, in case
the mobile terminal is handed over to the neighboring radio cell.

Atransmission apparatus in a radio access network fortransmitting broadcast system information in the radio access
network of a mobile communication system, the apparatus comprising:

a processor for mapping system information blocks of a broadcast control logical channel to a shared transport
channel and a broadcast transport channel depending on a property of a respective system information block
or the mobile terminals to receive the broadcast system information, and

a transmitter for transmitting the system information blocks via the shared transport channel and the broadcast
transport channel, respectively.

The apparatus according to claim 17, wherein the apparatus configuredto performthe steps of the method according
to one of claims 2 to 12.

A mobile terminal for receiving broadcast system information in a radio access network of a mobile communication
system, the mobile terminal comprising:

areceiver for receiving a masterinformation block of a broadcast control logical channel via a broadcast transport
channel,

a processor for obtaining control information from the master information block, the control information being
associated to a respective one of a plurality of system information blocks used to convey the broadcast system
information, wherein the associated control information indicates whether a respective system information block
is mapped to the broadcast transport channel or a shared transport channel, and

wherein the receiver is further adapted to receive system information blocks of a broadcast control logical channel
on asharedtransportchannel and a broadcast transport channel according to the indication in the master information
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block.

20. The mobile terminal according to claim 19, wherein the apparatus configured to perform the steps of the method
according to one of claims 13 to 16.

21. A computer-readable medium storing instructions that, when executed by a processor of a transmission apparatus,
causes the transmission apparatus to transmit broadcast system information in a radio access network of a mobile
communication system, by:

mapping system information blocks of a broadcast control logical channel to a shared transport channel cr a
broadcast transport channel depending on a property of a respective system information block or the mobile
terminals to receive the broadcast system information, and

transmitting the system information blocks via the shared transport channel and the broadcast transport channel,
respectively.

22. The computer-readable medium according to claim 21, further storing instructions causing the processor of the
transmission apparatus to execute the steps of the method according to one of claims 1 to 12.

23. A computer-readable medium storing instructions that, when executed by a processor of a mobile terminal, causes
the mobile terminal to receive broadcast system information in a radio access network of a mobile communication
system, by:

receiving a master information block of a broadcast control logical channel via a broadcast transport channel,
wherein the master information block comprises control information associated to a respective one of a plurality
of system information blocks used to convey the broadcast system information, wherein the associated control
information indicates whether a respective system information block is mapped to the broadcast transport
channel or a shared transport channel, and

receiving system information blocks of a broadcast control logical channel on a shared transport channel or a
broadcast transport channel according to the indication in the master information block.

24. The computer-readable medium according to claim 23, further storing instructions causing the processor of the
mobile terminal to execute the steps of the method according to one of claims 13 to 16.
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Description
METHOD FOR PROCESSING PAGING INFORMATION IN A

WIRELESS MOBILE COMMUNICATION SYSTEM
Technical Field

[1] The present invention relates to wireless (radio) mobile communication systems,
and in particular, relates to a method for processing paging information allows the
operations of a mobile terminal to be simplified and permits efficient use of resources
for the mobile terminal
Background Art

2] To support broadband wireless (e.g., WiMAX) access, there are different types of
broadband wireless air interfaces, such as cellular 3G technologies (e.g., UMTS,
WCDMA, etc.), and multi-carrier based multiple access techniques (e.g., OFDMA,
OFDM-TDMA, OFDM-CDMA, etc.). Frequency division multiplexing involves sub-
channelization, of which at least four types (OFDM, Flash OFDM, sOFDMA and
OFDMA) exist.

[3] Orthogonal Frequency Division Multiplexing (OFDM) involves the splitting of a
radio signal into multiple smaller sub-signals that are then transmitted simultaneously
at different frequencies to a receiver. OFDM refers to a form of multi-carrier
transmission where all the sub-carriers are orthogonal to each other. Certain IEEE
standards and 3GPP standards are related to various aspects of OFDM.

[4] Figures 1 and 2 show a typical frame that is used in OFDM. One frame has a time
duration of 10 ms (milliseconds) and consists of 20 sub-frames, each having a time
duration of 0.5 ms. Each sub-frame may consist of a resource block (RB) that contains
data or information, and a cyclic prefix (CP) that is a guard interval needed for con-
ventional OFDM modulation (but not needed for OFDM with pulse shaping, i.e.,
OFDM/OQAM). The sub-frame duration corresponds to the minimum downlink TTI
(Transmission Time Interval).

[5] Figure 3 shows a basic downlink reference-signal structure consisting of known
reference symbols. Namely, a mapping of physical channel symbols in frequency
domain is shown. In other words, channel-coded, interleaved, and data-modulated in-
formation (i.e., Layer 3 information) is mapped onto OFDM time/frequency symbols.
The OFDM symbols can be organized into a number (M) of consecutive sub-carriers
for a number (N) of consecutive OFDM symbols.

[6] Here, it is assumed that 7 OFDM symbols exist per sub-frame (when the CP length
is short). In case of a long CP or a different frame structure, this basic downlink
reference-signal structure would be slightly different.
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[10]
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2

Reference symbols (i.e., first reference symbols) are located in the first OFDM
symbol of every sub-frame assigned for downlink transmission. This is valid for both
FDD and TDD, as well as for both long and short CP. Additional reference symbols
(i.e., second reference symbols) are located in the third last OFDM symbol of every
sub-frame assigned for downlink transmission. This is the baseline for both FDD and
TDD, as well as for both long and short CP. However, for FDD, an evaluation of
whether the second reference symbols are need should be made.

Figure 4 shows an exemplary structure of an Evolved Universal Mobile Telecom-
munications System (E-UMTS). The E-UMTS system is a system that has evolved
from the UMTS system, and its standardization work is currently being performed by
the 3GPP standards organization.

The E-UMTS network generally comprises at least one mobile terminal (i.e., user
equipment: UE), base stations (i.e., Node Bs), a control plane server (CPS) that
performs radio (wireless) control functions, a radio resource management (RRM)
entity that performs radio resource management functions, a mobility management
entity (MME) that performs mobility management functions for a mobile terminal, and
an access gateway (AQG) that is located at an end of the E-UMTS network and connects
with one or more external networks. Here, it can be understood that the particular
names of the various network entities are not limited to those mentioned above.

The various layers of the radio interface protocol between the mobile terminal and
the network may be divided into L.1 (Layer 1), L.2 (Layer 2), and L.3 (Layer 3) based
upon the lower three layers of the Open System Interconnection (OSI) standard model
that is known the field of communication systems. Among these layers, a physical
layer that is part of Layer 1 provides an information transfer service using a physical
channel, while a Radio Resource Control (RRC) layer located in Layer 3 performs the
function of controlling radio resources between the mobile terminal and the network.
To do so, the RRC layer exchanges RRC messages between the mobile terminal and
the network. The functions of the RRC layer may be distributed among and performed
within the Node B, the CPS/RRM and/or the MME.

Figures 5 and 6 show an exemplary architecture of the radio interface protocol
between the mobile terminal and the UTRAN (UMTS Terrestrial Radio Access
Network). The radio interface protocol of Figures 5 and 6 is horizontally comprised of
a physical layer, a data link layer, and a network layer, and vertically comprised of a
user plane for transmitting user data and a control plane for transferring control
signaling. The radio interface protocol layer of Figures 5 and 6 may be divided into L.1
(Layer 1), L2 (Layer 2), and L.3 (Layer 3) based upon the lower three layers of the
Open System Interconnection (OST) standards model that is known the field of com-

munication systems.
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Particular layers of the radio protocol control plane of Figure 5 and of the radio
protocol user plane of Figure 6 will be described below. The physical layer (i.e., Layer
1) uses a physical channel to provide an information transfer service to a higher layer.
The physical layer is connected with a medium access control (MAC) layer located
thereabove via a transport channel, and data is transferred between the physical layer
and the MAC layer via the transport channel. Also, between respectively different
physical layers, namely, between the respective physical layers of the transmitting side
(transmitter) and the receiving side (receiver), data is transferred via a physical
channel.

The MAC layer of Layer 2 provides services to a radio link control (RL.C) layer
(which is a higher layer) via a logical channel. The RL.C layer of Layer 2 supports the
transmission of data with reliability. It should be noted that the RL.C layer in Figures 5
and 6 is depicted in dotted lines, because if the RI.C functions are implemented in and
performed by the MAC layer, the RLC layer itself may not need to exist. The PDCP
layer of Layer 2 performs a header compression function that reduces unnecessary
control information such that data being transmitted by employing Internet protocol
(IP) packets, such as IPv4 or IPv0, can be efficiently sent over a radio (wireless)
interface that has a relatively small bandwidth.

The radio resource control (RRC) layer located at the lowermost portion of Layer 3
is only defined in the control plane, and handles the control of logical channels,
transport channels, and physical channels with respect to the configuration, re-
configuration and release of radio bearers (RB). Here, the RB refers to a service that is
provided by Layer 2 for data transfer between the mobile terminal and the UTRAN.

As for channels used in downlink transmission for transmitting data from the
network to the mobile terminal, there is a broadcast channel (BCH) used for
transmitting system information, and a shared channel (SCH) used for transmitting
user traffic or control messages. As for channels used in uplink transmission for
transmitting data from the mobile terminal to the network, there is a random access
channel (RACH) used for transmitting an initial control message, and a shared channel
(SCH) used for transmitting user traffic or control messages.

One function implemented in 3GPP systems is a paging procedure. The paging
procedure is necessary for converting the UE from idle mode into active mode. This
procedure is implemented via a paging control channel (PCCH), a paging channel
(PCH), a secondary common control physical channel (S-CCPCH), and a paging
indicator channel (PICH). The paging procedure utilizes two different types of data (or
signals), namely, a paging indicator (PI) and substantive paging data. The PI is sent on
a paging indicator channel (PICH) in advance of the substantive paging data. The

substantive paging data is sent on a separate paging channel (PCH), which is
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transported by a Secondary Common Control Physical Channel (SCCPCH).
Disclosure of Invention

Technical Problem

Before sending data to a particular mobile terminal, the network transmits a paging
message on the downlink in order to determine the particular cell that the UE is located
in. In the related art paging message transmitting method, an indicator (which informs
in advance that a paging message will be transmitted) is transmitted through a separate
(distinct) channel, such as a paging indicator channel. Additionally, an indicator
(which informs in advance that a notification message for a multicast and broadcast
service will be transmitted) is also transmitted through a separate (distinct) channel. In
addition to these channels, the mobile terminal must also receive other channels, such
as a broadcast channel used to periodically transmit system information. As there are a
large total number of channels that a mobile terminal should receive due to
transmissions through separate (distinct) channels according to each type of purpose,
problems related to more complicated mobile terminal operations and a waste of
mobile terminal resources occur.

Technical Solution

The present invention has been developed in order to solve the above described
problems of the related art. As a result, the present invention provides a method for
processing paging information such that the operations of a mobile terminal can be

simplified and permits efficient use of resources for the mobile terminal.

Brief Description of the Drawings
Figure 1 shows an exemplary structure of one frame used in OFDM.

Figure 2 shows an exemplary structure of one sub-frame within the frame of Figure

Figure 3 shows an example of how data and reference symbols for OFDM may be
expressed in the frequency domain and the time domain.

Figure 4 shows an overview of a E-UMTS network architecture.

Figures 5 and 6 show an exemplary structure (architecture) of a radio interface
protocol between a mobile terminal and a UTRAN according to the 3GPP radio access
network standard.

Figure 7 is a diagram to explain the features of the present invention by showing
where the control information and resource blocks may be located within each sub-
frame with respect to frequency and time.

Figure 8 is a diagram used to explain a control information transmission and
reception method according to an exemplary embodiment of the present invention.
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Figure 9 is a diagram used to explain a control information transmission and
reception method according to another exemplary embodiment of the present
invention.

Figure 10 is a diagram used to explain a control information transmission and
reception method according to another exemplary embodiment of the present
invention.

Figure 11 is a diagram used to explain a control information transmission and
reception method according to another exemplary embodiment of the present
invention.

Figure 12 is a diagram used to explain constituting information of an FCCH
according to an exemplary embodiment of the present invention.

Mode for the Invention

One aspect of the present invention is the recognition by the present inventors
regarding the problems and drawbacks of the related art described above and explained
in more detail hereafter. Based upon such recognition, the features of the present
invention have been developed.

In the related art, it can be said that the system information is always fixed or non-
flexible. Such fixed format allows a mobile terminal to easily detect and properly read
the system information transmitted from the network.

In contrast, the features of the present invention allow at least some portions of the
system information to be dynamically (or flexibly) changed. Appropriate indicators are
included such that a mobile terminal can properly detect and read the dynamic
(flexible) system information. As a result, further system information may be added as
desired in order to support technical evolution and advancements, which thus allows
for future enhancements or continued expansion of currently used system information.

It should be noted that the features of the present invention are related to issues
regarding the long-term evolution (ILTE) of the 3GPP standard. As such, the 3GPP TS
25.813 (LLTE TR) and its related sections or portions thereof, as well as various
developing enhancements thereof pertain to the present invention. Such enhancements
and cvolution have resulted in the usc of a particular prefix (the Ictter E) when labeling
various network entities (e.g., eNode B), protocol layers, channels, and the like.
However, it can be clearly understood that such labeling and other terminology are
merely exemplary and thus may be altered (or later clarified) as a result of ongoing or
future discussions.

First, with respect to the features of the present invention, certain aspects regarding
the paging procedure will be explained below.

In idle mode, the UE needs to complete a periodical supervision procedure in order
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to monitor the paging channel. Upon receiving paging information related to the UE
itself, the UE then changes into active mode and receives paging from the network.
The monitoring in the periodical supervision procedure is realized through the
monitoring of a paging indicator (PI). The paging indicator is sent once via paging
indicator channel (PICH) in every cycle.

When the RRC layer of the UE and the RRC layer of the UTRAN are connected to
transmit and receive an RRC message between one another, the UE is considered to be
in an RRC connected state. When they are not connected, the UE is considered to be in
an idle state.

When in the RRC-connected state, the UE can be divided into a URA_PCH state, a
CELL._PCH state, a CELL_FACH state, and/or a CELL_DCH state. In particular,
when the UE is in idle state (in addition to the URA_PCH state and the CELL_PCH
state), it wakes up only at each discontinuous reception (DRX) cycle to receive a PICH
(Paging Indicator Channel) transmitting paging information, in order to reduce power
consumption.

When in URA_PCH state or CELL_PCH state, the UE receives and stores a
UTRAN specific DRX cycle length, and discontinuously receives the PICH according
to the UTRAN specific DRX cycle length.

In addition, in idle state, the UE receives and stores a CN domain specific DRX
cycle length, and discontinuously receives the PICH according to the CN domain
specific DRX cycle length.

The UE further obtains and uses a DRX cycle length corresponding to its state
through system information broadcast by the RRC layer of the UTRAN.

The PICH is a physical channel used for transmitting a Paging Indicator (PI), and
has a fixed data rate of SF 256. The PICH is always used in association with an S-
CCPCH (Secondary Common Control Physical Channel) to which the PCH (Paging
Channel) is mapped.

The UTRAN periodically transmits information including the PI through the PICH
to the UE. The UE then periodically checks whether the PICH has a PI related to it.
More specifically, the UE in idle state periodically wakes up to check the PICH. Tf a PT
is received through the PICH, the UE receives the S-CCPCH to which the PCH is
mapped, to thereby receive corresponding paging information.

The UTRAN periodically transmits system information through a BCH (Broadcast
Channel) to the UE. More specifically, the UTRAN transmits an SIB (System In-
formation Block) which is a group of information for constituting a channel and a
protocol, using the BCH and transmits information for updating each type of system
information to the UE based on the radio environment, which may undergo constant

changes.
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[45] Figure 7 is a diagram to explain the features of the present invention by showing
where the control information and resource blocks may be located within each sub-
frame with respect to frequency and time.

[46] The structure (format) of a sub-frame in relation to the frequency domain and the
time domain can be understood from Figure 7. Namely, a single sub-frame has a time
duration of 0.5 ms with 7 OFDM symbols (portions) therein.

[47] In the first portion of the sub-frame, control information (i.e., 1.1/L.2 control in-
formation, FCCH, SCCH, etc.) is included, while resource blocks (RBs) that may be in
the form of one or more chunks may be located in the remaining portion of the sub-
frame. Here, a resource block may occupy the entire time duration of the sub-frame
(excluding the time duration for the control information) or some partial time duration
thereof. Also, each resource block (RB) may use a particular frequency range (i.e., a
particular number of sub-carriers).

[48] The frequency axis can be referred to as a scalable cell bandwidth, which typically
has a frequency range of 1.25 ~ 20 MHz. A plurality of sub-carriers exists in the
scalable cell bandwidth. Of this frequency range, a so-called center frequency (of ap-
proximately 10 MHz) is mainly used in transmitting system information.

[49] In the related art, such system information is considered to be fixed. Although this
allows the terminal to easily read the system information, addition of new system in-
formation is not possible. In contrast, the present invention allows for at least part of
the system information to be flexible (or dynamic).

[50] To do so, the present invention divides (or separates or distinguishes) the system in-
formation into primary system information (e.g., Master Information Block: MIB) and
non-primary (or secondary) system information (e.g., System Information Block: SIB).

[51] The MIB is transmitted in a static manner (e.g., via a BCH for fixed manner
transmission), while the SIB is transmitted in a dynamic manner (e.g., via a downlink
SCH for dynamic manner transmission). Here, transmission in a dynamic manner
means that different frequency ranges and time durations can be used.

[52] For each frame, the MIB contains information about where each SIB is located.
Namely, the particular frequency range (i.e., sub-carriers) and particular time duration
(i.e., symbols) for each SIB is specified to allow the terminal (UE) to properly read the
appropriate SIBs. For example, the MIB may indicate that a particular UE (e.g., UE
#11) should read a particular resource block (e.g., RB #3). Here, the RB #3 can also be
expressed as the information located at certain sub-carriers and certain symbols (e.g.,
at sub-carriers #13~60 and symbols #3~5).

[53] In a similar manner, for each sub-frame within one frame, the control information
(located in the first portion) contains information about where each resource block

(RB) is located. Namely, the frequency range and particular time duration for each RB
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is specified to allow the terminal (UE) to properly read the appropriate RBs.

[54] The above concepts generally depicted in Figure 7 will be explained in more detail
in the following description with reference to Figures 8 through 12.

[55] Figure 8 is a diagram used to explain a control information transmission and
reception method according to an exemplary embodiment of the present invention. The
network transmits a frame control channel (FCCH) at every particular period (i.e., a
first period). Hereafter, the particular period is referred to as a frame.

[56] It should be noted that the FCCH may also be described in different terms. Namely,
the control information transmitted by the network may be called 1.1/1.2 control in-
formation, FCCH, SCCH, or the like. Hereafter, such control information will mostly
be referred to as FCCH, merely for the sake of explanation (although control in-
formation and SCCH are also described).

[571 As shown in Figure 8, a MIB (Master Information Block) is repetitively transmitted
at every second period, which is different that the above-mentioned first period. The
MIB includes scheduling information for a SIB (System Information Block) that
transmits system information, a paging message, and a notification message. Namely,
the MIB provides scheduling information related to which frequency and what time is
used to transmit each type of control information, such as multiple SIBs, multiple
paging messages, multiple notification messages, and the like. The second period may
set to be greater than the first period. The MIB may be transmitted in the first frame of
the period in which the MIB is to be transmitted.

[58] Here, the FCCH that is transmitted in each frame can inform about whether the data
transmitted in the corresponding time duration (frame) is a common control message, a
control message dedicated for a particular mobile terminal, common data, or data
dedicated for a particular mobile terminal. Also, the FCCH informs about which
frequency and what time within the frame that a control message or data of the control
information is transmitted.

[59] The mobile terminal periodically receives the FCCH at every first period. If the
FCCH of a particular frame indicates the transmission of a MIB, the mobile terminal
receives the MTB at the corresponding frequency and time in accordance with the
scheduling information included in the indicator information transmitted through the
FCCH. By referring to the MIB, the mobile terminal can obtain scheduling information
for particular paging messages, particular notification messages, particular indicator
messages, and the like. Through such scheduling information, the mobile terminal can
determine which frequency and what time was used to transmit a particular SIB, a
particular paging message, a particular notification message or the like. According to
such scheduling information, the mobile terminal can receive a notification message

with respect to the SIB, the paging message, and the subscribed service that is should
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[65]

[66]

receive.

The MIB may include either a mobile terminal identifier or a service identifier, or
may include an indicator that indicates such an identifier.

Figure 9 is a diagram used to explain a control information transmission and
reception method according to another exemplary embodiment of the present
invention. Referring to Figure 9, the network periodically transmits a PN-MAP (i.e., a
Paging and Notification MAP) that informs about indicator information for a paging
message or a notification message, and about scheduling information. Here, the PN-
MAP may be labeled differently. Namely, the PN-MAP is merely one type of [.1/1.2
control information that may be transmitted by the network. In fact, an MIB may be
used instead of the PN-MAP in order to provide information about paging or no-
tification messages and about scheduling.

Also, it can be understood that paging is provided on a per UE (terminal) basis,
while notification is provided on a per service basis. Thus, the concepts related to
paging with respect to UEs, can be applied to notification with respect to services.

The PN-MAP may be transmitted during the first frame of a paging period or of a
notification period. Here, the paging period and the notification period may be the
same or may be different. The FCCH that is transmitted in each frame indicates
whether the data transmitted in the corresponding time duration (frame) is a paging
message, a notification message, or a PN-MAP. Also, the FCCH informs about the
scheduling information that indicates which frequency and what time within the frame
that each message or data of the control information is transmitted.

The mobile terminal receives the PN-MAP at every paging period or at every
notification period. Here, the mobile terminal can determine whether or not a cor-
responding frame contains a PN-MAP upon receiving the FCCH. Accordingly, the
mobile terminal obtains the PN-MAP via the corresponding frame only when the
transmission of the PN-MAP is informed by the FCCI.

By using the received PN-MAP, the mobile terminal obtains the scheduling in-
formation of a particular paging message or a particular notification message. The
mobile terminal uses the scheduling information to determine which frequency and
what time the particular paging message or the particular notification message was
transmitted. The mobile terminal can receive its corresponding paging message
according to the determined transmission information, and can receive a notification
message with respect to the service it subscribed to. The PN-MAP may include either a
mobile terminal identifier or a service identifier, or may include an indicator that
indicates such an identifier.

Figure 10 is a diagram used to explain a control information transmission and

reception method according to another exemplary embodiment of the present
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invention. Referring to Figure 10, the network transmits a paging message or a no-
tification message of multiple mobile terminals at every paging period. A paging
message (for a particular mobile terminal), which is transmitted during one paging
period, is transmitted through a particular frame that is mapped to an identifier of the
mobile terminal. Also, a notification message (for a particular service), which is
transmitted during one notification period, may be transmitted through a particular
frame that is mapped to an identifier of the service. Here, the paging period and the no-
tification period may be the same or may be different. The FCCH that is transmitted in
each frame indicates whether the data transmitted in the corresponding time duration
(frame) is a paging message or a notification message. Also, the FCCH informs about
which frequency and what time within the frame that each message or data is
transmitted.

[67] The mobile terminal periodically receives (according to the paging period) a
particular frame that is mapped to its identifier, in order to obtain a paging message for
itself. Also, the mobile terminal periodically receives (according to the notification
period) a particular frame that is mapped to an identifier of a service it wishes to
receive, in order to obtain a notification message for the service. Here, before receiving
the particular frame, the mobile terminal receives the FCCH of the corresponding
frame, and only if the FCCH indicates the transmission of the paging message or the
notification message, the paging message or the notification message is obtained via
the frame.

[68] Accordingly, it can be said that the 1.1/1.2 control information (i.e., system in-
formation, MIB, PN-MAP, etc.) serves the purpose of a PICH. Namely, a UE can
monitor the 1.1/1.2 control information to determine the location of a particular
resource block (RB) with respect to the time and frequency domains in order to obtain
the necessary paging message.

[69] Figure 11 is a diagram used to explain a control information transmission and
reception method according to another exemplary embodiment of the present
invention. A cell that supports broadband frequencies with a bandwidth of 10 or 20
MHz, can provide a system bandwidth of narrowband frequencies for a mobile
terminal operating in narrowband frequencies such as 1.25 MHz, 2.5 MHz, or the like.
In this case, as shown in Figure 11, a central bandwidth of the broadband frequencies
is typically used for the system bandwidth. Here, the MIB or PN-MAP, the paging
messages, the notification messages, the SIBs, and the like should all be transmitted in
the system bandwidth. However, SIBs that transmit particular system information may
be transmitted outside of the system bandwidth.

[70] The FCCH (or other type of system information like 1.1/1.2 control information,

SCCH, etc.) transmitted in each frame indicates whether the data transmitted in the
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corresponding time duration (frame) is a MIB or PN-MAP, a paging message, a no-
tification message, an SIB, or the like. Also, the FCCH informs about which frequency
and what time within the frame that each message or data is transmitted. The FCCH
may be transmitted upon being divided into an FCCH for system bandwidth and an
FCCH for non-system bandwidth. Accordingly, a mobile terminal that only receives
the system bandwidth may receive the FCCH for system bandwidth to obtain in-
formation of each data or message that is transmitted via the system bandwidth. Also, a
mobile terminal that receives the non-system bandwidth may receive the FCCH for
non-system bandwidth to obtain information of each data or message that is
transmitted via the non-system bandwidth.

In other words, the concepts shown in Figure 11 are for handling the situation for
mobile terminals in idle mode.

The network (system) supports the cell bandwidth of 20 MHz, while a mobile
terminal typically can only support a 10 MHz bandwidth range. Thus, the L.1/1.2
control information needs to be transmitted in certain units (a frequency range) such as,
a range of 10 MHz, 5 MHz, or the like. As a result, there may be three scenarios for the
frequency ranges used by the mobile terminal for reading data. Namely, of the 20 MHz
scalable cell bandwidth, the mobile terminal may read one of three frequency ranges,
i.e., the lower 10 MHz, the upper 10 MHz, or a middle (intermediate) 10 MHz thereof.

For mobile terminals in RRC connected mode, because the particular cell in which
the connected mode mobile terminal is located is known, any one of the three 10 MHz
ranges and appropriate switching among these three 10 MHz ranges is possible.
However, for a mobile terminal in idle mode, because the particular cell in which the
terminal is located cannot be known, only one of these three 10 MHz ranges can be
used (typically, the intermediate 10 MHz range is used). Meanwhile, the bandwidth
outside the intermediate 10 MHz range can be used for transmitting and receiving
resource blocks for mobile terminals in connected mode.

Here, although the above exemplary embodiment with reference to Figure 11 is
described for 10 MHz ranges, it is contemplated that the 20MHz scalable cell
bandwidth could also be divided up into 5 MH7 units.

Figure 12 is a diagram used to explain constituting information of control in-
formation (i.e., an FCCH) according to an exemplary embodiment of the present
invention. The FCCH provides to the mobile terminal, various types of control in-
formation related to data and control messages transmitted during the corresponding
period (i.e., during the corresponding frame). Here, the FCCH is shown to be
comprised of five different FCCH portions. However, this is merely exemplary, and
the number of FCCH portions may vary accordingly.

Referring to Figure 12, the first FCCH portion is a FCCH MAP that informs about
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the frequency and time of the FCCH transmission, a length of the FCCH information,
radio resource parameters needed for receiving the FCCH information, and the like.
Such FCCH MAP may be always included in each frame. In the present invention,
each frame may include all types of FCCH or may include only portions thereof. The
FCCIH MAP may inform about whether or not the remaining four types of FCCH
portions (excluding the FCCH MAP) are transmitted in the corresponding frame.

The second FCCH portion is a FCCH Idle Mode (DL) that includes control in-
formation needed on order to receive downlink control information when the mobile
terminal is in idle mode. This second FCCH portion may be included in a cor-
responding frame when control information to be transmitted on the downlink exists in
the frame. The control information related to common control messages such as the
MIB, SIB, paging message, notification message, PN-MAP, etc. may be included in
this second FCCH portion. Also, the MIB, SIB, paging message, notification message,
PN-MAP, etc. may be included in this second FCCH portion.

The third FCCH portion is a FCCH Idle Mode (UL) that includes control in-
formation needed in order to transmit uplink control information when the mobile
terminal is in idle mode. This third FCCH portion may include information that is
needed for uplink random access transmissions. When the mobile terminal transmits a
random access message, the network may transmit a response to the ransom access
message via this third FCCH portion. Also, the third FCCH portion can be used to
inform that a response to the random access message is being transmitted in the frame
that is used to transmit the third FCCH portion, and to do so, the third FCCH portion
includes control information related to such response to the random access message.

The fourth FCCH portion includes control information needed in order to receive
downlink control information when the mobile terminal is in active mode. This fourth
FCCH portion may include control information of an downlink shared channel (SCH)
that is transmitted in a corresponding frame.

The fifth FCCH portion includes control information needed in order to transmit
uplink control information when the mobile terminal is in active mode. This fifth
FCCH portion may include control information of an uplink shared channel (SCH) that
is transmitted in a corresponding frame.

The mobile terminal periodically receives the FCCH MAP and may check to see
whether the corresponding frame contains any data or information that is wishes to
receive. After receiving the FCCH MAP, when the mobile terminal is in idle mode,
only the second and third FCCH portions are received. When the mobile terminal is in
active mode, only the fourth and fifth FCCH portions are received.

In order to inform about the control information that is needed for multicast and

broadcast transmissions, the network may add and transmit other FCCH portions as
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needed.

[83] It should be noted that Figures 1 through 12 show exemplary embodiments for a 10
ms frame having twenty 0.5 ms sub-frames. However, the features of the present
invention are clearly applicable to other techniques that employ other frame sizes. For
example, a frame size of 5 ms may be used, and to support LTE (L.ong Term
Evolution) techniques, a frame size of 0.5 ms may be used.

[84] Regarding the effects of the present invention, the wireless network can, in advance,
inform (through a single indicator channel) about the transmission of common control
information (such as particular paging messages, notification messages, system infor
mation, or the like). A radio mobile terminal can periodically receive the single
indicator channel to thus receive the common control information by using the control
information of the indicator channel. By using such procedures, the operations of the
mobile terminal may be simplified and the mobile terminal resources can be more ef-
ficiently used.

[85] Additionally, as the present invention provides information about where each
resource block (RB) is located with respect to the frequency and time domains, system
information, control information, and the like can be processed in a dynamic and
flexible manner, to thus support various enhanced capabilities. Also, when frequency
selective scheduling is performed, improved adaptation to channel changes can be
achieved.

[86] The present disclosure provides a method of reception of paging information for a
mobile terminal in a mobile communications system, the method comprising: receiving
control information in a periodic manner; if the received control information is relevant
to the mobile terminal, receiving paging information using scheduling information that
indicates time and frequency information of the paging information.

[87] The control information includes either a mobile terminal identifier or a service
identifier, or an indicator that indicates a mobile terminal identifier or service
identifier. The received control information and paging information are in the same
sub-frame. The method further comprising: receiving primary system information in a
static manner, the primary system information containing the scheduling information
that is used for receiving the paging information; and receiving non-primary system in-
formation in a dynamic manner, the non-primary information containing the control in-
formation. The scheduling information indicates at least one of a time characteristic
and a frequency characteristic of the non-primary system information. The time char-
acteristic and the frequency characteristic indicate a location of the non-primary
system information to be read by the particular terminal. The primary system in-
formation further comprises an indicator for indicating a particular terminal. The

indicator comprises: at least one of a terminal identifier, a service identifier, and a
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logical channel identifier. The time characteristic relates to symbols and the frequency
characteristic relates to sub-carriers. The paging information is in the form of at least
one resource block. The control information related to paging and notification, and
other resource blocks are received via a center frequency among broadband
frequencies used for a system bandwidth. The control information is for a mobile
terminal in idle mode.

Also, the present disclosure provides a method of downlink transmission of paging
information for a mobile terminal in a mobile communications system, the method
comprising: transmitting control information in a dynamic manner to a group of cells,
wherein the control information comprises scheduling information that indicates time
and frequency information; and transmitting paging information according to the
control information.

The control information includes either a mobile terminal identifier or a service
identifier, or an indicator that indicates a mobile terminal identifier or service
identifier. The transmitted control information and paging information are in the same
sub-frame. The group of cells is related to a tracking area. The method further
comprising: receiving primary system information in a static manner, the primary
system information containing the scheduling information that is used for receiving the
paging information; and receiving non-primary system information in a dynamic
manner, the non-primary information containing the control information. The
scheduling information indicates at least one of a time characteristic and a frequency
characteristic of the non-primary system information. The time characteristic and the
frequency characteristic indicate a location of the non-primary system information to
be read by the particular terminal. The primary system information further comprises
an indicator for indicating a particular terminal. The indicator comprises: at least one
of a terminal identifier, a service identifier, and a logical channel identifier. The time
characteristic relates to symbols and the frequency characteristic relates to sub-carriers.
The paging information is in the form of at least one resource block. The control in-
formation related to paging and notification, and other resource blocks are received via
a center frequency among broadband frequencies used for a system bandwidth. The
control information is for a mobile terminal in idle mode.

Additionally, the present disclosure provides a method for processing system in-
formation for a mobile terminal, the method comprising: receiving primary system in-
formation in a static manner; receiving non-primary system information in a dynamic
manner based on the primary system information, the non-primary system information
comprising control information that includes separate information for idle mode and
active mode; and reading actual data by using the received control information

according to whether the mobile terminal is operating in idle mode or active mode. The
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static primary system information includes scheduling information that indicates time
and frequency information of the non-primary system information.

[91] Furthermore, the present disclosure provides a method for processing system in-
formation for a network, the method comprising: transmitting primary system in-
formation in a static manner; transmitting non-primary system information in a
dynamic manner based on the primary system information, the non-primary system in-
formation comprising control information that includes separate information for idle
mode and active mode; and transmitting actual data to be read by a mobile terminal
that uses the control information according to its operation in idle mode or active
mode. The static primary system information includes scheduling information that
indicates time and frequency information of the non-primary system information.

[92] This specification describes various illustrative embodiments of the present
invention. The scope of the claims is intended to cover various modifications and
equivalent arrangements of the illustrative embodiments disclosed in the specification.
Therefore, the following claims should be accorded the reasonably broadest inter-
pretation to cover modifications, equivalent structures, and features that are consistent

with the spirit and scope of the invention disclosed herein.
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Claims

[1] A method of reception of paging information for a mobile terminal in a mobile
communications system, the method comprising:
receiving control information in a periodic manner;
if the received control information is relevant to the mobile terminal, receiving
paging information using scheduling information that indicates time and
frequency information of the paging information.

2] The method of claim 1, wherein the control information includes either a mobile
terminal identifier or a service identifier, or an indicator that indicates a mobile
terminal identifier or service identifier.

[3] The method of claim 1, wherein the received control information and paging in-
formation are in the same sub-frame.

[4] The method of claim 1, further comprising:
receiving primary system information in a static manner, the primary system in-
formation containing the scheduling information that is used for receiving the
paging information; and
receiving non-primary system information in a dynamic manner, the non-primary
information containing the control information.

[5] The method of claim 4, wherein the scheduling information indicates at least one
of a time characteristic and a frequency characteristic of the non-primary system
information.

[6] The method of claim 5, wherein the time characteristic and the frequency char-
acteristic indicate a location of the non-primary system information to be read by
the particular terminal.

[71 The method of claim 6, wherein the primary system information further
comprises an indicator for indicating a particular terminal.

[8] The method of claim 7, wherein the indicator comprises: at least one of a
terminal identifier, a service identifier, and a logical channel identifier.

9] The method of claim 5, wherein the time characteristic relates to symbols and the
frequency characteristic relates to sub-carriers.

[10] The method of claim 1, wherein the paging information is in the form of at least
one resource block.

[11] The method of claim 1, wherein the control information related to paging and no-
tification, and other resource blocks are received via a center frequency among
broadband frequencies used for a system bandwidth.

[12] The method of claim 11, wherein the control information is for a mobile terminal

in idle mode.
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A method of downlink transmission of paging information for a mobile terminal
in a mobile communications system, the method comprising:

transmitting control information in a dynamic manner to a group of cells,
wherein the control information comprises scheduling information that indicates
time and frequency information; and

transmitting paging information according to the control information.

The method of claim 13, wherein the control information includes either a
mobile terminal identifier or a service identifier, or an indicator that indicates a
mobile terminal identifier or service identifier.

The method of claim 14, wherein the transmitted control information and paging
information are in the same sub-frame.

The method of claim 13, wherein the group of cells is related to a tracking area.
The method of claim 13, further comprising:

receiving primary system information in a static manner, the primary system in-
formation containing the scheduling information that is used for receiving the
paging information; and

receiving non-primary system information in a dynamic manner, the non-primary
information containing the control information.

The method of claim 17, wherein the scheduling information indicates at least
one of a time characteristic and a frequency characteristic of the non-primary
system information.

The method of claim 18, wherein the time characteristic and the frequency char-
acteristic indicate a location of the non-primary system information to be read by
the particular terminal.

The method of claim 19, wherein the primary system information further
comprises an indicator for indicating a particular terminal.

The method of claim 20, wherein the indicator comprises: at least one of a
terminal identifier, a service identifier, and a logical channel identifier.

The method of claim 18, wherein the time characteristic relates to symbols and
the frequency characteristic relates to sub-carriers.

The method of claim 13, wherein the paging information is in the form of at least
one resource block.

The method of claim 13, wherein the control information related to paging and
notification, and other resource blocks are received via a center frequency among
broadband frequencies used for a system bandwidth.

The method of claim 24, wherein the control information is for a mobile terminal
in idle mode.

A method for processing system information for a mobile terminal, the method
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comprising:

receiving primary system information in a static manner;

receiving non-primary system information in a dynamic manner based on the
primary system information, the non-primary system information comprising
control information that includes separate information for idle mode and active
mode; and

reading actual data by using the received control information according to
whether the mobile terminal is operating in idle mode or active mode.

[27] The method of claim 26, wherein the static primary system information includes
scheduling information that indicates time and frequency information of the non-
primary system information.

[28] A method for processing system information for a network, the method
comprising;:
transmitting primary system information in a static manner;
transmitting non-primary system information in a dynamic manner based on the
primary system information, the non-primary system information comprising
control information that includes separate information for idle mode and active
mode; and
transmitting actual data to be read by a mobile terminal that uses the control in-
formation according to its operation in idle mode or active mode.

[29] The method of claim 28, wherein the static primary system information includes
scheduling information that indicates time and frequency information of the non-

primary system information.
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TRANSMISSION OF SYSTEM INFORMATION

BACKGROUND
Technical Field

The present invention generally relates to wireless communication networks, and

particularly relates to the transmission of system information to user equipment (UE) operating in
such networks, such as the transmission of system information by radio base stations in a wireless
communication network configured according to 3GPP E-UTRA (evolved Universal Terrestrial
Radio Access) standards, also referred to as 3GPP LTE (Long Term Evolution).

Background

In the 3GPP LTE, downlink user-data transmission is carried out on the Downlink Shared
Channel (DL-SCH) transport channel. In LTE, the time dimension is divided into radio frames of
length 10 ms, where each radio frame consists of 10 subframes, each of length 1 ms
corresponding to 14 OFDM (orthogonal frequency-division multiplexing) symbols. Each subframe
consists of two slots, each of length 0.5 ms or seven OFDM symbols. Note that, in case of Time
Division Duplex (TDD), only a subset of the subframes of one frame is available for downlink
transmission. On the other hand, in case of Frequency Division Duplex (FDD), all subframes on a
downlink carrier are available for downlink transmission.

In LTE, the overall time/frequency-domain physical resource is divided into resource blocks,
where each resource block consists of twelve OFDM subcarriers during one slot. DL-SCH
transmission to a UE is carried out using a set of such resource blocks during one subframe. Layer
1/ Layer 2 (L1/L2) control signaling, also known as the Physical Downlink Control Channel
(PDCCH), is transmitted at the beginning of each subframe. The L1/L2 control channel is typically
used to inform a UE about various items. For example, the L1/L2 control channel may identify
whether the DL-SCH carries data to the UE in the given subframe. More specifically, the L1/L2
control channel then includes the RNTI (Radio Network Temporary Identifier) associated with the
UE for which the DL-SCH carries data in the given subframe. The L1/L2 control channel then also
identifies the physical resource, more specifically the specific set of resource blocks that is used for
the DL-SCH transmission to the specific UE in the given subframe. Moreover, the L1/L2 control
channel then identifies the transport format (e.g. the modulation scheme and coding rate) used for
DL-SCH transmission to the specific UE in the given subframe. Separate DL-SCH transmissions,
using different physical resources (different resource blocks), can be carried out to different UEs
during the same subframe. In this case there are multiple L1/L2 control channels, one for each UE
that is to receive DL-SCH transmission in the given subframe.

In addition to user data, system information is aiso transmitted on the downlink within each
cell. The system information may, e.g., include: public Land Mobile Network (PLMN)
identity/identities, identifying the operator(s) to which the cell “belongs”; Neighbor-cell list, i.e. a list
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of the cells that are neighbors to the current cell; and different parameters used by the user
terminal when accessing the system, e.g. random-access parameters and cell-access restrictions.
The system information can be divided into two parts, one part being fixed and the other part being
dynamic. The fixed part of the system information is transmitted on a pre-determined physical
resource, i.e. a specific set of OFDM subcarriers during a specific time interval. using a pre-
determined transport format. There is thus no flexibility in the amount of information in the fixed
part of the system information. There is also no flexibility in the transmission structure (the physical
resource and the transport format) used for the fixed part of the system information. In LTE, the
fixed part of the system information is transmitted using the BCH (broadcast control channel)
transport channel. Furthermore, for LTE it is currently assumed that the BCH is transmitted in the
six centre resource blocks in subframe #0 of each frame.

The dynamic part of the system information is assumed to be transmitted using the DL-
SCH, or at least a DL-SCH-like transport channel, similar to normal data transmission as described
above. New UEs continuously “enter” the cell, either entering from a neighbor cell, due to power-
on, or upon return from out-out-service, and the UEs must quickly acquire the system information.
Thus the system information (both the fixed part on the BCH and the dynamic part on the DL-
SCH or a DL-SCH-like channel) should be repeated regularly.

As an example, in LTE the fixed part of the system information (transmitted using the BCH)
is assumed to be repeated every 40 ms. Also the dynamic part of the system information should be
repeated more or less regularly. However, different portions of the dynamic part of the system
information are more or less time critical, in the sense of how quickly the UE must acquire it, and
thus need to be repeated more or less often. This can be described so that the dynamic part of the
system information is divided into different so-called scheduling units, also referred to as System
Information Messages. In general, information corresponding to scheduling unit number n should
be repeated more often than information corresponding to scheduling unit number n+1. As an
example, scheduling unit #1 (SU-1) may be repeated (approximately) once every 80 ms,
scheduling unit #2 (SU-2) may be repeated (approximately) once every 160 ms, scheduiing unit #3
(SU-3) may be repeated (approximately) once every 320 ms, etc.

SUMMARY
The invention described below allows for transmission of the dynamic part of the system
information fulfilling these requirements and desirable properties while, at the same time, aliowing
for low UE complexity. One aspect of the teachings presented herein is to transmit system
information in regularly occurring (system information) windows, with specific RNTIs indicating the
presence of system information in a subframe, and with another specific RNTI indicating the end of
system information transmission. This enables UEs to stop receiving, demodulating and decoding

subframes when no more system information is expected during the current window.
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In one embodiment, a method of transmitting system information on a downlink shared
channel structured as successive subframes includes transmitting system information in regularly
occurring time windows, each time window spanning some number of successive subframes. The
method further includes indicating to receiving user equipment which subframes within a given time
window carry system information.

Of course, the present invention is not limited to the above features and advantages.
Indeed, those skilled in the art will recognize additional features and advantages upon reading the

following detailed description, and upon viewing the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a block diagram of an embodiment of a wireless network that overlays or
otherwise defines a recurring sequence of time windows for the transmission of dynamic system
information using subframes falling within the defined time windows.

Figure 2 is a diagram of an embodiment of different system-information time windows
having different repetition periods.

Figure 3 is a diagram of an embodiment of overlaying or otherwise defining a recurring
sequence of time windows for the transmission of dynamic system information using subframes
falling within the defined time windows.

Figure 4 is a flow diagram of an embodiment of program logic for overlaying or otherwise
defining a recurring sequence of time windows for the transmission of dynamic system information
using subframes falling within the defined time windows.

Figure 5 is a flow diagram of an embodiment of program logic for processing recurring
system-information time windows containing dynamic system information included in subframes
falling within the defined time windows.

Figure 6 is a diagram of an embodiment of variably sized recurring system-information time
windows for the transmission of system information.

Figure 7 is a diagram of an embodiment of different system-information time windows.

DETAILED DESCRIPTION

Figure 1 illustrates an embodiment of a wireless network 100 including one or more
network transmitters 110 such as a radio base station which services one or more UEs 120. The
network transmitter 110 includes a baseband processor 130 for generating one or more scheduling
units 132 (also referred to as System Information Messages) including dynamic parts of the system
information. The network transmitter 110 sends the scheduling units 132 to the UE 120 using
different system-information windows. In one embodiment, the system-information windows occur
with a period corresponding to the repetition period of the most frequently occurring scheduling
unit 132 as shown in Figure 2 where “SU-n" refers to the nth scheduling unit 132. System
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information corresponding to the most frequently occurring scheduling unit 132 is transmitted within
each system-information window while less frequently-occurring scheduling units 132 are
transmitted only within a sub-set of the system-information windows, where system information is
shown as a shaded area in Figure 2. For illustrative purposes only, system information
corresponding to a second one of the scheduling units 132 could be transmitted within every
second window, system information corresponding to a third one of the scheduling units 132 could
be transmitted within every fourth window, and so on.

In one embodiment, the transmission timing corresponding to each scheduling unit 132 can
be pre-specified when a limited amount of transmission periods are employed by the network 100.
In another embodiment. the window transmission timing can be signaled to the UE 120, e.g. when
more specific values for transmitted scheduling units 132 are specified. Either way, a variable
window size can be used if the amount of system information is not the same in each window. In
one embodiment, the window size is increased when system information from additional
scheduling units 132 is transmitted.

Figure 3 illustrates one embodiment of transmitting the dynamic (possibly changing) system
information within regularly occurring windows with well-defined starting points (specific subframes)
and of a certain size in number of (consecutive) subframes. In the illustration, the system-
information windows, more generally regarded as recurring time windows defined for the
transmission of system information, start at subframe #5 of the frame with frame number 8*k and
have a size of 13 subframes. The network transmitter 110 only transmits the dynamic part of the
system information within these windows. Moreover, the window occurs (is repeated) often
enough to fulfill the repetition rate of the most often repeated system information (in LTE
terminology, system information corresponding to the first scheduling unit 132, as described
above).

In one or more embodiments, within each recurring time window, the transmission of
system information is carried out similar to the transmission of user data on DL-SCH (dynamic
resource and transport format with signaling on L1/L2 control channel), with some exceptions.
Instead of using an RNT! of a specific UE 120, a specific System-Information RNTI (SI-RNTI),
indicating that system information to be read by all UEs 120 is being transmitted, is included in the
corresponding L1/L2 control signaling. Also, for the last piece of system information to be
transmitted within the window, the SI-RNTI is replaced with an End-of-System-Information RNTI
(ESI-RNTI). The reception of an ESI-RNTI informs the UE 120 that no more system information is
transmitted within the window. The UE 120 can stop demodulating and decoding the L1/L2 control
channel when there is no more system information to be transmitted in the window, thus improving
UE power-saving performance.

Moreover, the system information does not have to be transmitted in consecutive

subframes. This way, the network transmitter 110 can dynamically avoid transmitting system
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information in certain subframes when a more pressing need for subframes arises, e.g., when a
subframe is needed for high priority downlink data transmission or for uplink transmission in case
of TDD. In addition, the set of subframes in which system information is actually transmitted does
not have to be the same between consecutive windows. Furthermore, the network transmitter 110
can dynamically vary the number of subframes used to carry system information without prior
knowledge of the UE 120 (i.e., prior to the UE 120 reading the L1/L2 control channel).

As non-limiting examples, the teachings presented herein for transmitting system
information yields several desirable properties. For example, there are several requirements and
desired properties for the transmission of the dynamic part of the system information. From a UE
power-consumption point of-view, it is desirable to transmit the different parts of the system
information as close in time as possible to each other, in the ideal case in a set of consecutive
subframes. This enables the UE 120 to receive the maximum amount of system information during
a minimum reception time, reducing UE reception time and UE power consumption.

The teachings herein also allow system information to be transmitted in recurring time
windows, where the particular subframes within each window used for carrying system information
are selectable. If current conditions, e.g., competing transmission priorities permit, the system
information can be transmitted in a contiguous set of subframes within the time window.

It is also desirable to have flexibility in terms of exactly where the system information is
transmitted, i.e., exactly which set of subframes within a given time window carries the system
information. Some subframes, depending on the situation, may not be available for transmitting
system information. For example, some TDD subframes may not be available for downlink
transmission. In another example, for latency reasons there may, in some situations, be a benefit
to not having too many consecutive subframes used for transmission of system information, thus
making them unavailable for downlink user data transmission. As such, it is also desirable to
dynamically (with low delay) decide in exactly what subframes the system information is to be
transmitted.

Further, it is desirable to have flexibility in the rate by which different parts of the system
information is repeated. in this way, a higher repetition rate (shorter repetition period) can be used,
e.g. in the case of wider overall transmission bandwidth, when the overhead of the system-
information transmission is less of a concern. It is desirable to have flexibility in the number of
subframes used to transmit the system information. As an exampile, in case of smaller overall
bandwidth or larger cells, more subframes may be needed to transmit a given set of system
information. Moreover, the amount of system information, e.g. neighbor lists and PLMN lists may
be of different sizes for different cells.

The teachings presented herein provide for methods and apparatuses where system
information is transmitted within recurring time windows, but with flexible selection of which

subframes within those windows are used to carry system information. Figure 4 illustrates one
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embodiment of program logic for transmitting system information from the network transmitter 110
to the UE 120. According to this embodiment, the baseband processor 130 inciuded in the
network transmitter 110 initializes the first subframe in the system-information window (Step 400).
The baseband processor 130 then determines whether the current subframe is to be used for
transmission of system information (Step 402). If so, the baseband processor 130 determines
whether the current subframe is the last subframe in the window (Step 404). If the current
subframe is the last subframe, the RNTI of the L1/L2 control channel is set to ESI-RNTI for
indicating to the UE 120 that the subframe is the last subframe in the window containing system
information. (Step 406). Otherwise, the control channel RNTI is set to SI-RNTI for indicating to the
UE 120 that the subframe contains system information, but is not the last subframe. (Step 408).
The corresponding system information is transmitted on the DL-SCH within the current subframe
(Step 410). The baseband processor 130 determines whether the last window subframe has been
transmitted (Step 412). If not, Steps 402 — 412 are repeated for the next subframe within the
window. The system information transmission process ends when the last subframe is transmitted
(Step 416).

Figure 5 illustrates one embodiment of program logic carried out by the UE 120 for
processing the system information transmitted by the network transmitter 110. According to this
embodiment, the UE 120 includes a baseband processor 140 for demodulating and decoding
received subframes. A window detection and evaluation unit 150 included in or associated with the
baseband processor 140 begins the window reception process by initializing the first subframe
received within the window (Step 500). The baseband processor 150 then demodulates and
decodes the L1/L2 control channel of the current subframe (Step 502). The window detection and
evaluation unit 150 determines whether either SI-RNT! or ESI-RNTI is detected for the current
subframe (Step 504). If so, the baseband processor 140 demodulates and decodes the
corresponding DL-SCH transport block to retrieve the system information provided therewith
(Step 506). The window detection and evaluation unit 150 then determines whether the current
subframe is the last subframe in the window or the last subframe containing system information,
e.g., whether the RNTI of the control channel is ESI-RNTI (Step 508). If neither condition exists,
Steps 502 — 508 are repeated for the next subframe within the window (Step 510). The baseband
processor 140 stops demodulating and decoding DL-SCH transport blocks when either the last
subframe or ESI-RNTI is detected, indicating no more system information is forthcoming
(Step 512). Thus, the UE 120 demodulates and decodes the control channel starting with the first
subframe in the system information window and checks for specific system information RNTls until
either the ESI-RNTI is detected or the last window subframe is received.

As discussed above, some parts of the system information (corresponding to the
scheduling units 132) may not need to be repeated as often as some other parts of the system

information, implying that certain windows will include more data (more scheduling units 132) than
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other windows. Thus, the window size may be of varying length, with a longer window at the time
instances where more system information (more scheduling units 132) is to be transmitted.
Figure 6 provides an illustration of a variable-length window embodiment.

Note that the window size can be specified in either the radio-access specification or be
configurable. In case of a configurable window size, the UE 120 can use a default (large) window
size before it is informed (via the system information) about the actual window size. Moreover, the
RNTI may indicate more than just system information such as more details about the system
information. In one embodiment, several different SI-RNTls could be used, e.g., SI-RNT11, SI-
RNTI2, SI-RNTI3, ..., with corresponding multiple ESI-RNTIs, e.g., ESI-RNTI1, ESI-RNTI2, ESI-
RNTI3, etc.

In one embodiment, the scheduling units 132 transmitted at the same time use the same
system-information window as shown in the upper part of Figure 7. Alternatively, the scheduling
units 132 are transmitied using different system-information windows as shown in the lower part of
Figure 7. In either embodiment, system information is transmitted in regularly occurring system-
information windows, with specific RNTIs indicating the presence of system information in a
subframe, and with another specific RNTI indicating the end of system information transmission.

Of course, other variations are contemplated. Thus, the foregoing description and the
accompanying drawings represent non-limiting examples of the methods and apparatus taught
herein for the transmission of system information. As such, the present invention is not limited by
the foregoing description and accompanying drawings. Instead, the present invention is limited

only by the following claims and their legal equivalents.
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CLAIMS
What is claimed is:
1. A method of transmitting system information on the downlink of a wireless communication
network comprising:
transmitting (410) system information in recurring time windows overlaid on a sequence of
transmit channel subframes;
dynamically selecting (402) which subframes within a given time window are to be used for
carrying the system information; and
including (406 / 408) an indicator in each of the selected subframes to indicate to receiving

user equipment that the subframe carries system information.

2. The method of claim 1, wherein dynamically selecting which subframes within a given time
window are to be used for carrying system information comprises selecting a contiguous set of

subframes within the given time window.

3. The method of claim 1, wherein dynamically selecting which subframes within a given time
window are to be used for carrying system information comprises selecting a non-contiguous set of
subframes within the given time window.

4, The method of claim 1, wherein dynamically selecting which subframes within a given time
window are to be used for carrying system information comprises selecting which subframes to use
for transmitting system information in view of competing transmission priorities associated with

other control or data signaling.

5. The method of claim 1, wherein including an indicator in each of the selected subframes to
indicate to receiving user equipment that the subframe carries system information comprises using
an RNTI (Radio Network Temporary Identifier) to denote that the subframe carries system
information.

6. The method of claim 1, wherein including an indicator in each of the selected subframes to
indicate to receiving user equipment that the subframe carries system information includes using
an end-of-system-information indicator in a last subframe of the given time window that carries

system information.

7. The method of claim 1, further comprising varying window sizes of the recurring time
windows.
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8. The method of claim 1, further comprising dynamically configuring a window size for the

recurring time windows.

9. The method of claim 1, wherein including an indicator in each of the selected subframes to
indicate to receiving user equipment that the subframe carries system information includes using
different indicators corresponding to different types of system information, such that the indicator

used for a particular subframe indicates the type of system information carried in that subframe.

10. A network transmitter (110) comprising a baseband processor (130) configured to:
generate system information in recurring time windows overlaid on a sequence of transmit
channel subframes;
dynamically select which subframes within a given time window are to be used for carrying
system information; and
include an indicator in each of the selected subframes to indicate to receiving user

equipment that the subframe carries system information.

11. The network transmitter of claim 10, wherein the network transmitter comprises a radio
base station configured for operation in accordance with 3GPP E-UTRA standards.
12. A method of transmitting system information on a downlink shared channel structured as
successive subframes, the method comprising:
transmitting (400 — 418) system information in reguiarly occurring time windows, each time
window spanning some number of successive subframes; and
indicating (406 / 408) to receiving user equipment which subframes within a given time

window carry system information.

13. The method of claim 12, wherein indicating to receiving user equipment which subframes
within a given time window carry system information includes indicating the last subframe within
the given time window that carries system information, thereby allowing the receiving user
equipment to cease monitoring for system information within the given time window.

14. The method of claim 12, further comprising dynamically selecting which subframes within a
given time window are to be used for carrying system information.
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15. A method for a mobile station to receive system information from a supporting wireless
communication network, the method comprising:
beginning monitoring (500 and 502) for the receipt of system information at the start of each
time window in a succession of recurring time windows used for the transmission of
system information, each said time window spanning a number of signal subframes;
within each time window, monitoring (504 — 510) each signal subframe for an indication of
system information and reading system information from the signal subframe if such
information is present; and

terminating monitoring (512) at least at the end of the time window.

16. The method of claim 15, further comprising recognizing an end-of-system-information
indicator in a signal subframe received within the time window and terminating monitoring for the

time window in response.

17. The method of claim 15, further comprising adapting to changing or configurable window
sizes used for the time window.

18. The method of claim 15, further comprising storing a default window size for monitoring for

system information transmissions.

19. The method of claim 18, further comprising monitoring for system information transmissions
based on a specified window size indicated in received information rather than the default window

size.

20. The method of claim 15, further comprising recognizing different types of system
information based on recognizing different system information indicators in different signal
subframes.

21. A maobile station (120) comprising a baseband processor (140) operable to:
begin monitoring for the receipt of system information at the start of each time
window in a succession of recurring time windows used for the transmission of system
information, each said time window spanning a number of signal subframes;:
within each time window, monitor each signal subframe for an indication of system
information and reading system information from the signal subframe if such information is
present; and

terminate monitoring at least at the end of the time window.
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22. The mobile station of claim 21, wherein the baseband processor is operable to recognize
an end-of-system-information indicator in a signal subframe received within the time window and

terminate monitoring for the time window in response.

23. The mobile station of claim 21, wherein the baseband processor is operable to adapt to
changing or configurable window sizes used for the time window.

24. The mobile station of claim 21, wherein the baseband processor is operable to monitor for
system information transmissions based on a specified window size indicated in received

information rather than a default window size.

25. The mobile station of claim 21, wherein the baseband processor is operable to recognize
different types of system information based on different system information indicators detected in
different signal subframes.
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2. Citations and explanations (Rule 70.7)

The claimed invention

The claimed invention concerns a method for transmitting
system information.

In LTE, system information can be divided in two parts, a
fixed part sent on BCH and a dynamic part sent on the DL-SCH.
Different portions of the dynamic part of the system
information need to be repeated more or less often.

The claimed invention solves this problem by transmitting
control information in recurring time windows and indicating
to the receiving UE which subframes that are dynamically
selected to carry control information.

Cited documents:

Dl: “Draft text proposal capturing agreements on system
Information”
R2-072205%
3GPP TSG-RAN2 Meeting #58
Kobe, Japan, 7th-11lth May 2007

D2: “System information scheduling and change
notification”
R2-071912
3GPP TSG-RAN2 Meeting #58
Kobe, Japan, 7th-11th May 2007

D3: 3GPP TS36.300 V8.0.0 (2007-03)

D4: WO 2007052917 a1l
D5: EP 1799003 A1l
ceo/ e
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Supplemental Box

In case the space in any of the preceding boxes is not sufficient.
Continuation of: Box V

D1, which is considered to represent the most relevant prior
art, describes transmission of system information in LTE. See
the whole document.

D2, which is also considered to be a relevant document,
describes system information scheduling. See the whole
document.

D3, which 1s a background art document, is the 3Gpp
specification for E-UTRA and E-UTRAN, overall description. See
pages 36 and 72-74.

D4 is a background art document. According to D4, in the
related art, it can be said that the system information is
always fixed or non- flexible. Such fixed format allows a
mobile terminal to easily detect and properly read the system
information transmitted from the network. In contrast, the
features of the invention in D4 allow at least some portions
of the system information to be dynamically (or flexibly)
changed. Appropriate indicators are included such that a
mobile terminal can properly detect and read the dynamic
(flexible) system information. See abstract, sections {31-{41,
[15], [32]-(34] and [44]-[59] and figures 2-3 and 7-8.

D5, which is a background art document, describes mapping of
broadcast system information to a shared transport channel.
See abstract, sections [0025]-[{0026] and [0032]-[0048] and
figures 6 and 10-12.

Claim 12

In D1, a group of system information blocks (SIBs) that have
the same scheduling requirements are referred to as a
Scheduling Unit (SU). The most frequently repeated SU (SU-1)
carries scheduling information of the other SUs and indication
in which the SU the SIB is included. An SU may furthermore be
segmented, in which case segments are scheduled in subsequent
consecutive subframes.

To indicate in which the SU the SIB is included is considered
to be comparable to indicate which subframes that carries
system information.

Y
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Continuation of: Box V

Hence, the c¢laimed invention differs from D1 in that each
subframe includes an indicator to indicate which subframe that
carries system information. However, to include an indicator
in each subframe, instead of an indicator in S8SU-1 that
indicates which subframes that carries system information, is
not considered to go beyond what can be expected from a person
skilled in the art. Consequently, claim 12 is considered to
fail to involve an inventive step.

Claims 1-11 and 13-25

The invention defined in claims 1-11 and 13-25 1is not
disclosed by any of these documents.

The cited prior art does not give any indication that would
lead a person skilled in the art to the claimed invention of
transmitting the system information in recurring time windows,
each said time window spanning a

number of signal subframes, and dynamically selecting which
sub-frames within a given time window are to be used and
including an indicator in each of the selected sub-frames to
indicate to receiving User Equipment that the sub-frame
carries system information. Therefore, the claimed invention
is not obvious to a person skilled in the art.

Accordingly, the invention defined in claims 1-11 and 13-25 is
novel and is considered to involve an inventive step. The
invention is industrially applicable.
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Box No. VIII  Certain observations on the international application

The following observations on the clarity of the claims. description, and drawings or on the question whether the claims are fully
supported by the description. are made:

Claims 1, 10, 12, 15 and 21 are not supported by the
description as required by Article 6 PCT, as their scope is
broader than justified by the description and drawings. The
technical feature “downlink shared channel”, included in claim
12, is missing in claims 1, 10, 15 and 21. Furthermore, the
feature “dynamically selecting which subframes to be used for
carrying the system information”, included in claims 1 and 10,
is missing in claim 12.

Since independent claims 1, 10, 12, 15 and 21 do not contain
the same technical features, they do not meet the requirement
following from Article 6 PCT taken in combination with Rule
6.3(b) PCT that any independent c¢laim must contain all the
technical features essential to the definition of the
invention.

Furthermore, claims 1, 10, 15 and 21 do not meet the
requirements of Article 6 PCT in that the matter for which
protection is sought is not clearly defined. In claims 1 and
10 the expression “recurring time windows overlaid on a
sequence of transmit channel subframes” is used. However, in
claims 15 and 21 it is stated “recurring time window used for
transmission of system information”. Since different wordings
are used, it is unclear if the matter for which protection is
sought is equal for claims 1 and 10 as for claims 15 and 21.

The applicant has stated that the feature “downlink shared
channel”, included in c¢laim 12, not is a technical feature
essential to the definition of the invention, since it follows
that "in LTE, the fixed part of the system information is
transmitted using the BCH (broadcast control channel)
transport channel" (see page 2). What should also be noted is
found on page 2, lines 12-14, where it is stated "The dynamic
part of the system information is assumed to be transmitted
using the DL-SCH, or at least DL-SCH-like transport channel,
similar to normal data transmission as described above". The
applicant thus claims that transmitting system information on
the DL-SCH is merely an alternative.

However, from the description it is obvious that the mentioned

system information that is transmitted is the dynamic part of
the system information (see page 2: lines 20-25 and 31).

Y
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The claimed invention is said to solve the problem that
different portions of the dynamic part of the system
information are more or less time critical, and thus need to
be repeated more or less often. Furthermore, line 31 on page 2
states that “The invention described below allows for
transmission of the dynamic part of the system information
fulfilling these requirements and desirable properties while,
at the same time, allowing for low UE complexity.

Hence, since the dynamic part is transmitted using the DL-SCH,
the technical feature “downlink shared channel”, missing in
claims 1, 10, 15 and 21, is considered to be a technical
features essential to the definition of the invention.

Furthermore, the applicant has referred to page 5, lines 24-
26, in order to show the support in the description for claims
1 and 10. In the same section on that page (on lines 22-24) it
is stated that “for latency reasons there may in some
situations, be a benefit to rot having too many consecutive
subframes used for transmission of system information, thus
making them unavailable for downlink user data transmission”,
i.e. the system information and downlink user data shares the
same resources. This clearly shows that the system
information, in claims 1 and 10, is sent on the DL-SCH.
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Box No. VIII (iv) DECLARATION: INVENTORSHIP (only for the purposes of the designation of the United States of America)

The declaration must conform to the following standardized wording provided for in Section 214, see Notes to Boxes Nos. VIII, VI (i) to (v)
(in general) and the specific Notes to Box No.VIII (iv). If this Box is not used, this sheet should not be included in the request.

Declaration of inventorship (Rules 4.17(iv) and 51bis. 1(a)(iv))
for the purposes of the designation of the United States of America:

I hereby declare that [ believe I am the original, first and sole (if only one inventor is listed below) or joint (if more than one inventor
is listed below) inventor of the subject matter which is claimed and for which a patent is sought.

This declaration is directed to the international application of which it forms a part (if filing declaration with application).

This declaration is directed to international application No. PCT/ .SE2Q08/0504Q7. .. ........ (if furnishing declaration pursuant
to Rule 26¢er).

I hereby declare that my residence, mailing address, and citizenship are as stated next to my name.

I hereby state that I have reviewed and understand the contents of the above-identified international application, including the claims
of'said application. I have identified in the request of said application, in compliance with PCT Rule 4.10, any claim to foreign priority,
and I have identified below, under the heading “Prior Applications,” by application number, country or Member of the World Trade
Organization, day, month and year of filing, any application for a patent or inventor’s certificate filed in a country other than the United
Statcs of America, including any PCT international application designating at least one country other than the United States of America,
having a filing date before that of the application on which foreign priority is claimed.

Prior Applications: . US 807944, 628

I hereby acknowledge the duty to disclose information that is known by me to be material to patentability as defined by
37 C.F.R. § 1.56, including for continuation-in-part applications, material information which became available between the filing date
of the prior application and the PCT international filing date of the continuation-in-part application.

I hereby declare that all statements made herein of my own knowledge are true and that all statements made on information and belief
are believed to be true; and further that these statements were made with the knowledge that willful false statements and the like so
made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code and that such willful
false statements may jeopardize the validity of the application or any patent issued thereon.

Inventor’s Signature: . ..
(The signature must be that of the inventor, not that of the agent)

Inventor’s Signatufe: ..
(The signature must b,

D This declaration is continued on the following sheet, “Continuation of Box No. VIII (iv)”.
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TRANSMISSION OF SYSTEM INFORMATION

BACKGROUND
Technical Field

The present invention generally relates to wireless communication networks, and

particularly relates to the transmission of system information to user equipment (UE) operating in
such networks, such as the transmission of system information by radio base stations in a wireless
communication network configured according to 3GPP E-UTRA (evoived Universal Terrestrial
Radio Access) standards, also referred to as 3GPP LTE (Long Term Evolution).

Background

In the 3GPP LTE, downlink user-data transmission is carried out on the Downlink Shared
Channel (DL-SCH) transport channel. In LTE, the time dimension is divided into radio frames of
length 10 ms, where each radio frame consists of 10 subframes, each of length 1 ms
corresponding to 14 OFDM (orthogonal frequency-division multiplexing) symbols. Each subframe
consists of two slots, each of length 0.5 ms or seven OFDM symbols. Note that, in case of Time
Division Duplex (TDD), only a subset of the subframes of one frame is available for downlink
transmission. On the other hand, in case of Frequency Division Duplex (FDD), all subframes on a
downlink carrier are available for downlink transmission.

In LTE, the overall time/frequency-domain physical resource is divided into resource blocks,
where each resource block consists of twelve OFDM subcarriers during one slot. DL-SCH
transmission to a UE is carried out using a set of such resource blocks during one subframe. Layer
1/ Layer 2 (L1/L2) control signaling, also known as the Physical Downlink Control Channel
(PDCCH), is transmitted at the beginning of each subframe. The L1/L2 control channel is typically
used to inform a UE about various items. For example, the L1/L2 control channel may identify
whether the DL-SCH carries data to the UE in the given subframe. More specifically, the L1/L2
control channel then includes the RNTI (Radio Network Temporary Identifier) associated with the
UE for which the DL-SCH carries data in the given subframe. The L1/L2 control channel then also
identifies the physical resource, more specifically the specific set of resource blocks that is used for
the DL-SCH transmission to the specific UE in the given subframe. Moreover, the L1/L2 control
channel then identifies the transport format (e.g. the modulation scheme and coding rate) used for
DL-SCH transmission to the specific UE in the given subframe. Separate DL-SCH transmissions,
using different physical resources (different resource blocks), can be carried out to different UEs
during the same subframe. In this case there are multiple L1/L2 control channels, one for each UE
that is to receive DL-SCH transmission in the given subframe.

In addition to user data, system information is also transmitted on the downlink within each
cell. The system information may, e.g., include: public Land Mobile Network (PLMN)
identity/identities, identifying the operator(s) to which the cell “belongs”; Neighbor-cell list, i.e. a list
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of the cells that are neighbors to the current cell; and different parameters used by the user
terminal when accessing the system, e.g. random-access parameters and cell-access restrictions.
The system information can be divided into two parts, one part being fixed and the other part being
dynamic. The fixed part of the system information is transmitted on a pre-determined physical
resource, i.e. a specific set of OFDM subcarriers during a specific time interval. using a pre-
determined transport format. There is thus no flexibility in the amount of information in the fixed
part of the system information. There is also no flexibility in the transmission structure (the physical
resource and the transport format) used for the fixed part of the system information. In LTE, the
fixed part of the system information is transmitted using the BCH (broadcast control channel)
transport channel. Furthermore, for LTE it is currently assumed that the BCH is transmitted in the
six centre resource blocks in subframe #0 of each frame.

The dynamic part of the system information is assumed to be transmitted using the DL-
SCH, or at least a DL-SCH-like transport channel, similar to normal data transmission as described
above. New UEs continuously “enter” the cell, either entering from a neighbor cell, due to power-
on, or upon return from out-out-service, and the UEs must quickly acquire the system information.
Thus the system information (both the fixed part on the BCH and the dynamic part on the DL-
SCH or a DL-SCH-like channel) should be repeated regularly.

As an example, in LTE the fixed part of the system information (transmitted using the BCH)
is assumed to be repeated every 40 ms. Also the dynamic part of the system information should be
repeated more or less regularly. However, different portions of the dynamic part of the system
information are more or less time critical, in the sense of how quickly the UE must acquire it, and
thus need to be repeated more or less often. This can be described so that the dynamic part of the
system information is divided into different so-called scheduling units, also referred to as System
Information Messages. In general, information corresponding to scheduling unit number n should
be repeated more often than information corresponding to scheduling unit number n+1. As an
example, scheduling unit #1 (SU-1) may be repeated (approximately) once every 80 ms,
scheduling unit #2 (SU-2) may be repeated (approximately) once every 160 ms, scheduling unit #3
(SU-3) may be repeated (approximately) once every 320 ms, etc.

SUMMARY
The invention described below allows for transmission of the dynamic part of the system
information fulfilling these requirements and desirable properties while, at the same time, allowing
for low UE complexity. One aspect of the teachings presented herein is to transmit system
information in regularly occurring (system information) windows, with specific RNTIs indicating the
presence of system information in a subframe, and with another specific RNTI indicating the end of
system information transmission. This enables UEs to stop receiving, demodulating and decoding

subframes when no more system information is expected during the current window.
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In one embodiment, a method of transmitting system information on a downlink shared
channel structured as successive subframes includes transmitting system information in regularly
occurring time windows, each time window spanning some number of successive subframes. The
method further includes indicating to receiving user equipment which subframes within a given time
window carry system information.

Of course, the present invention is not limited to the above features and advantages.
Indeed, those skilled in the art will recognize additional features and advantages upon reading the

following detailed description, and upon viewing the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a block diagram of an embodiment of a wireless network that overlays or
otherwise defines a recurring sequence of time windows for the transmission of dynamic system
information using subframes falling within the defined time windows.

Figure 2 is a diagram of an embodiment of different system-information time windows
having different repetition periods.

Figure 3 is a diagram of an embodiment of overlaying or otherwise defining a recurring
sequence of time windows for the transmission of dynamic system information using subframes
falling within the defined time windows.

Figure 4 is a flow diagram of an embodiment of program logic for overlaying or otherwise
defining a recurring sequence of time windows for the transmission of dynamic system information
using subframes falling within the defined time windows.

Figure 5 is a flow diagram of an embodiment of program logic for processing recurring
system-information time windows containing dynamic system information included in subframes
falling within the defined time windows.

Figure 6 is a diagram of an embodiment of variably sized recurring system-information time
windows for the transmission of system information.

Figure 7 is a diagram of an embodiment of different system-information time windows.

DETAILED DESCRIPTION

Figure 1 illustrates an embodiment of a wireless network 100 including one or more
network transmitters 110 such as a radio base station which services one or more UEs 120. The
network transmitter 110 includes a baseband processor 130 for generating one or more scheduling
units 132 (also referred to as System Information Messages) including dynamic parts of the system
information. The network transmitter 110 sends the scheduling units 132 to the UE 120 using
different system-information windows. In one embodiment, the system-information windows occur
with a period corresponding to the repetition period of the most frequently occurring scheduling
unit 132 as shown in Figure 2 where “SU-n" refers to the nth scheduling unit 132. System
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information corresponding to the most frequently occurring scheduling unit 132 is transmitted within
each system-information window while less frequently-occurring scheduling units 132 are
transmitted only within a sub-set of the system-information windows, where system information is
shown as a shaded area in Figure 2. For iliustrative purposes only, system information
corresponding to a second one of the scheduling units 132 could be transmitted within every
second window, system information corresponding to a third one of the scheduling units 132 could
be transmitted within every fourth window, and so on.

In one embodiment, the transmission timing corresponding to each scheduling unit 132 can
be pre-specified when a limited amount of transmission periods are employed by the network 100.
In another embodiment. the window transmission timing can be signaled to the UE 120, e.g. when
more specific values for transmitted scheduling units 132 are specified. Either way, a variable
window size can be used if the amount of system information is not the same in each window. In
one embodiment, the window size is increased when system information from additional
scheduling units 132 is transmitted.

Figure 3 illustrates one embodiment of transmitting the dynamic (possibly changing) system
information within regularly occurring windows with well-defined starting points (specific subframes)
and of a certain size in number of (consecutive) subframes. In the illustration, the system-
information windows, more generally regarded as recurring time windows defined for the
transmission of system information, start at subframe #5 of the frame with frame number 8*k and
have a size of 13 subframes. The network transmitter 110 only transmits the dynamic part of the
system information within these windows. Moreover, the window occurs (is repeated) often
enough to fulfill the repetition rate of the most often repeated system information (in LTE
terminology, system information corresponding to the first scheduling unit 132, as described
above).

In one or more embodiments, within each recurring time window, the transmission of
system information is carried out similar to the transmission of user data on DL-SCH (dynamic
resource and transport format with signaling on L1/L2 control channel), with some exceptions.
Instead of using an RNTI of a specific UE 120, a specific System-Information RNTI (SI-RNTI),
indicating that system information to be read by all UEs 120 is being transmitted, is included in the
corresponding L1/L2 control signaling. Also, for the last piece of system information to be
transmitted within the window, the SI-RNTI is replaced with an End-of-System-Information RNTI
(ESI-RNTI). The reception of an ESI-RNTI informs the UE 120 that no more system information is
transmitted within the window. The UE 120 can stop demodulating and decoding the L1/L2 control
channel when there is no more system information to be transmitted in the window, thus improving
UE power-saving performance.

Moreover, the system information does not have to be transmitted in consecutive

subframes. This way, the network transmitter 110 can dynamically avoid transmitting system
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information in certain subframes when a more pressing need for subframes arises, e.g., when a
subframe is needed for high priority downlink data transmission or for uplink transmission in case
of TDD. In addition, the set of subframes in which system information is actually transmitted does
not have to be the same between consecutive windows. Furthermore, the network transmitter 110
can dynamically vary the number of subframes used to carry system information without prior
knowledge of the UE 120 (i.e., prior to the UE 120 reading the L1/L2 control channel).

As non-limiting examples, the teachings presented herein for transmitting system
information yields several desirable properties. For example, there are several requirements and
desired properties for the transmission of the dynamic part of the system information. From a UE
power-consumption point of-view, it is desirable to transmit the different parts of the system
information as close in time as possible to each other, in the ideal case in a set of consecutive
subframes. This enables the UE 120 to receive the maximum amount of system information during
a minimum reception time, reducing UE reception time and UE power consumption.

The teachings herein also allow system information to be transmitted in recurring time
windows, where the particular subframes within each window used for carrying system information
are selectable. If current conditions, e.g., competing transmission priorities permit, the system
information can be transmitted in a contiguous set of subframes within the time window.

It is also desirable to have flexibility in terms of exactly where the system information is
transmitted, i.e., exactly which set of subframes within a given time window carries the system
information. Some subframes, depending on the situation, may not be available for transmitting
system information. For example, some TDD subframes may not be available for downlink
transmission. In another example, for latency reasons there may, in some situations, be a benefit
to not having toc many consecutive subframes used for transmission of system information, thus
making them unavailable for downlink user data transmission. As such, it is also desirable to
dynamically (with low delay) decide in exactly what subframes the system information is to be
transmitted.

Further, it is desirable to have flexibility in the rate by which different parts of the system
information is repeated. In this way, a higher repetition rate (shorter repetition period) can be used,
e.g. in the case of wider overall transmission bandwidth, when the overhead of the system-
information transmission is less of a concern. It is desirable to have flexibility in the number of
subframes used to transmit the system information. As an exampile, in case of smaller overall
bandwidth or larger cells, more subframes may be needed to transmit a given set of system
information. Moreover, the amount of system information, e.g. neighbor lists and PLMN lists may
be of different sizes for different cells.

The teachings presented herein provide for methods and apparatuses where system
information is transmitted within recurring time windows, but with flexible selection of which

subframes within those windows are used to carry system information. Figure 4 illustrates one
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embodiment of program logic for transmitting system information from the network transmitter 110
to the UE 120. According to this embodiment, the baseband processor 130 inciuded in the
network transmitter 110 initializes the first subframe in the system-information window (Step 400).
The baseband processor 130 then determines whether the current subframe is to be used for
transmission of system information (Step 402). If so, the baseband processor 130 determines
whether the current subframe is the last subframe in the window (Step 404). If the current
subframe is the last subframe, the RNTI of the L1/L2 control channel is set to ESI-RNT] for
indicating to the UE 120 that the subframe is the last subframe in the window containing system
information. (Step 406). Otherwise, the control channel RNTI is set to SI-RNTI for indicating to the
UE 120 that the subframe contains system information, but is not the last subframe. (Step 408).
The corresponding system information is transmitted on the DL-SCH within the current subframe
(Step 410). The baseband processor 130 determines whether the last window subframe has been
transmitted (Step 412). If not, Steps 402 — 412 are repeated for the next subframe within the
window. The system information transmission process ends when the last subframe is transmitted
(Step 416).

Figure § illustrates one embodiment of program logic carried out by the UE 120 for
processing the system information transmitted by the network transmitter 110. According to this
embodiment, the UE 120 includes a baseband processor 140 for demodulating and decoding
received subframes. A window detection and evaluation unit 150 included in or associated with the
baseband processor 140 begins the window reception process by initializing the first subframe
received within the window (Step 500). The baseband processor 150 then demodulates and
decodes the L1/L2 control channel of the current subframe (Step 502). The window detection and
evaluation unit 150 determines whether either SI-RNT! or ESI-RNTI is detected for the current
subframe (Step 504). If so, the baseband processor 140 demodulates and decodes the
corresponding DL-SCH transport block to retrieve the system information provided therewith
(Step 506). The window detection and evaluation unit 150 then determines whether the current
subframe is the last subframe in the window or the last subframe containing system information,
e.g., whether the RNTI of the control channel is ESI-RNTI (Step 508). If neither condition exists,
Steps 502 — 508 are repeated for the next subframe within the window (Step 510). The baseband
processor 140 stops demodulating and decoding DL-SCH transport blocks when either the last
subframe or ESI-RNTI is detected, indicating no more system information is forthcoming
(Step 512). Thus, the UE 120 demodulates and decodes the control channel starting with the first
subframe in the system information window and checks for specific system information RNTls until
either the ESI-RNTI is detected or the last window subframe is received.

As discussed above, some parts of the system information (corresponding to the
scheduling units 132) may not need to be repeated as often as some other parts of the system

information, implying that certain windows will include more data (more scheduling units 132) than
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other windows. Thus, the window size may be of varying length, with a longer window at the time
instances where more system information (more scheduling units 132) is to be transmitted.
Figure 6 provides an illustration of a variable-length window embodiment.

Note that the window size can be specified in either the radio-access specification or be
configurable. In case of a configurable window size, the UE 120 can use a default (large) window
size before it is informed (via the system information) about the actual window size. Moreover, the
RNTI may indicate more than just system information such as more details about the system
information. In one embodiment, several different SI-RNTIs could be used, e.g., SI-RNTI1, SI-
RNTI2, SI-RNTI3, ..., with corresponding multiple ESI-RNTIs, e.g., ESI-RNTI1, ESI-RNTI2, ESI-
RNTI3, etc.

In one embodiment, the scheduling units 132 transmitted at the same time use the same
system-information window as shown in the upper part of Figure 7. Alternatively, the scheduling
units 132 are transmitted using different system-information windows as shown in the lower part of
Figure 7. In either embodiment, system information is transmitted in regularly occurring system-
information windows, with specific RNTIs indicating the presence of system information in a
subframe, and with another specific RNTI indicating the end of system information transmission.

Of course, other variations are contemplated. Thus, the foregoing description and the
accompanying drawings represent non-limiting examples of the methods and apparatus taught
herein for the transmission of system information. As such, the present invention is not limited by
the foregoing description and accompanying drawings. Instead, the present invention is limited
only by the following claims and their legal equivalents.
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CLAIMS
What is claimed is:
1. A method of transmitting system information on the downlink of a wireless communication
network comprising:
transmitting (410) system information in recurring time windows overlaid on a sequence of
transmit channel subframes;
dynamically selecting (402) which subframes within a given time window are to be used for
carrying the system information; and
including (406 / 408) an indicator in each of the selected subframes to indicate to receiving

user equipment that the subframe carries system information.

2. The method of claim 1, wherein dynamically selecting which subframes within a given time
window are to be used for carrying system information comprises selecting a contiguous set of
subframes within the given time window.

3. The method of claim 1, wherein dynamically selecting which subframes within a given time
window are to be used for carrying system information comprises selecting a non-contiguous set of
subframes within the given time window.

4, The method of claim 1, wherein dynamically selecting which subframes within a given time
window are to be used for carrying system information comprises selecting which subframes to use
for transmitting system information in view of competing transmission priorities associated with

other control or data signaling.

5. The method of claim 1, wherein including an indicator in each of the selected subframes to
indicate to receiving user equipment that the subframe carries system information comprises using
an RNTI (Radio Network Temporary ldentifier) to denote that the subframe carries system
information.

6. The method of claim 1, wherein including an indicator in each of the selected subframes to
indicate to receiving user equipment that the subframe carries system information includes using
an end-of-system-information indicator in a last subframe of the given time window that carries
system information.

7. The method of claim 1, further comprising varying window sizes of the recurring time
windows.
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8. The method of claim 1, further comprising dynamically configuring a window size for the

recurring time windows.

9. The method of claim 1, wherein including an indicator in each of the selected subframes to
indicate to receiving user equipment that the subframe carries system information includes using
different indicators corresponding to different types of system information, such that the indicator

used for a particular subframe indicates the type of system information carried in that subframe.

10. A network transmitter (110) comprising a baseband processor (130) configured to:
generate system information in recurring time windows overlaid on a sequence of transmit
channel subframes;
dynamically select which subframes within a given time window are to be used for carrying
system information; and
include an indicator in each of the selected subframes to indicate to receiving user

equipment that the subframe carries system information.

11. The network transmitter of claim 10, wherein the network transmitter comprises a radio
base station configured for operation in accordance with 3GPP E-UTRA standards.
12. A method of transmitting system information on a downlink shared channel structured as
successive subframes, the method comprising:
transmitting (400 — 416) system information in regularly occurring time windows, each time
window spanning some number of successive subframes: and
indicating (406 / 408) to receiving user equipment which subframes within a given time
window carry system information.

13. The method of claim 12, wherein indicating to receiving user equipment which subframes
within a given time window carry system information includes indicating the last subframe within
the given time window that carries system information, thereby allowing the receiving user

equipment to cease monitoring for system information within the given time window.

14. The method of claim 12, further comprising dynamically selecting which subframes within a
given time window are to be used for carrying system information.
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15. A method for a mobile station to receive system information from a supporting wireless
communication network, the method comprising:
beginning monitoring (500 and 502) for the receipt of system information at the start of each
time window in a succession of recurring time windows used for the transmission of
system information, each said time window spanning a number of signal subframes;
within each time window, monitoring (504 — 510) each signal subframe for an indication of
system information and reading system information from the signal subframe if such
information is present; and

terminating monitoring (512) at least at the end of the time window.

16. The method of claim 15, further comprising recognizing an end-of-system-information
indicator in a signal subframe received within the time window and terminating monitoring for the

time window in response.

17. The method of claim 15, further comprising adapting to changing or configurable window

sizes used for the time window.

18. The method of claim 15, further comprising storing a default window size for monitoring for

system information transmissions.

19. The method of claim 18, further comprising monitoring for system information transmissions
based on a specified window size indicated in received information rather than the default window

size.

20. The method of claim 15, further comprising recognizing different types of system
information based on recognizing different system information indicators in different signal
subframes.

21. A mobile station (120) comprising a baseband processor (140) operable to:
begin monitoring for the receipt of system information at the start of each time
window in a succession of recurring time windows used for the transmission of system
information, each said time window spanning a number of signal subframes;
within each time window, monitor each signal subframe for an indication of system
information and reading system information from the signal subframe if such information is
present; and

terminate monitoring at least at the end of the time window.
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22. The mobile station of ciaim 21, wherein the baseband processor is operable to recognize
an end-of-system-information indicator in a signal subframe received within the time window and

terminate monitoring for the time window in response.

23. The mobile station of claim 21, wherein the baseband processor is operable to adapt to
changing or configurable window sizes used for the time window.

24. The mobile station of claim 21, wherein the baseband processor is operable to monitor for
system information transmissions based on a specified window size indicated in received
information rather than a default window size.

25. The mobile station of claim 21, wherein the baseband processor is operable to recognize
different types of system information based on different system information indicators detected in
different signal subframes.
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Client Docket No. P24241-US1
Attorney Docket No. 4015-5854

TRANSMISSION OF SYSTEM INFORMATION
BACKGROUND

Technical Field

[0001] The present invention generally relates to wireless communication networks, and
particularly relates to the transmission of system information to user equipment operating in
such networks, such as the transmission of system information by radio base stations in a
wireless communication network configured according to 3GPP E-UTRA standards, also
referred to as 3GPP LTE (Long Term Evolution).

Background

[{0002] In the 3GPP Long-Term Evolution (LTE), downlink user-data transmission is carried
out on the Downlink Shared Channel (DL-SCH). In LTE, the time dimension is divided into radio
frames of length 10 ms, where each radio frame consists of 10 subframes, each of length 1 ms
corresponding to14 OFDM symbols. See, e.g., Fig. 1. Note that, in case of Time Division Duplex
(TDD), only a subset of the subframes of one frame is available for downlink transmission, with
the remaining subframes used for uplink transmission. On the other hand, in case of Frequency
Division Duplex (FDD), all subframes on a downlink carrier are available for downlink
transmission.

[0003] In LTE, the overall time/frequency-domain physical resource is divided into resource
blocks, where each resource block consists of twelve OFDM subcarriers during one subframe.
DL-SCH transmission to a user is carried out using a set of such resource blocks during one
subframe. Fig. 2 illustrates the described arrangement.

[0004] Layer 1 / Layer 2 (L1/L2) control signaling, also known as the Physical Downlink
Control Channel (PDCCH), is transmitted at the beginning of each subframe. The L1/L2 control
channel is, among other things, used to inform a User Equipment (UE) about the following: if the
DL-SCH carries data to this UE in the given subframe, more specifically, if the DL-SCH carries
data to a specific UE in the given subframe, the L1/L2 control signaling includes the RNTI

1
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(Radio Network Temporary Identifier) of this specific UE; the physical resource, more
specifically the specific set of resource blocks, that is used for the DL-SCH transmission to this
specific UE in the given subframe; the transport format (modulation scheme and coding rate)
that is used for DL-SCH transmission to this specific UE in the given subframe.

[0005] Separate DL-SCH transmission, using different physical resources (different
resource blocks), can be carried out to different UEs during the same subframe. In this case
there are multiple L1/L2 control channels, one for each DL-SCH transmission.

[0006] In addition to user data, system information needs to be transmitted on the downlink
within each cell. Such system information may e.g. include: public Land Mobile Network (PLMN)
identity/identities, identifying the operator(s) to which the cell “belongs”; Neighbor-cell list, i.e. a
list of the cells that are neighbors to the current cell; and different parameters used by the user
terminal when accessing the system, e.g. random-access parameters and cell-access
restrictions. The system information can be divided into two parts, with one part being fixed and
one part being dynamic. The fixed part of the system information is transmitted on a pre-
determined physical resource using a pre-determined transport format. There is thus no
flexibility in the amount of information‘ in the fixed part of the system information. There is also
no flexibility in the transmission structure (the physical resource and the transport format) used
for the fixed part of the system information. In LTE, the fixed part of the system information
corresponds to the BCH transport channel. It is currently assumed that the BCH is transmitted in
the six centre resource blocks in subframe #0 of each frame.

[0007] The dynamic part of the system information is assumed to be transmitted using the
DL-SCH, or at least on a DL-SCH-like channel, similar to normal data transmission as described
above. New UEs continuously “enter” the cell, either entering from a neighbor cell, due to
power-on, or upon return from out-out-service, and it must be possible for such UEs to quickly
acquire the system information. Thus the system information (both the fixed part and the

dynamic part) should be repeated regularly.
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[0008] As an example, in LTE the fixed part of the system information (the BCH information)
is assumed to be repeated every 40 ms. Also the dynamic part of the system information should
' be repeated more or less regularly. However, different parts of the dynamic part of thé system
information are more or less time critical and thus need to be repeated more or less often. This
can be described so that the dynamic part of the system information is divided into different so-
called scheduling units where, in general, information corresponding to scheduling unit number
n should be repeated more often than information corresponding to scheduling unit number n+1.
As an example, scheduling unit #1 (SU-1) may be repeated (approximately) once every 80 ms,
scheduling unit #2 (SU-2) may be repeated (approximately) once evéry 160 ms, scheduling unit

#3 (SU-3) may be repeated (approximately) once every 320 ms, etc.

SUMMARY
[0009] The invention described below allows for transmission of the dynamic part of the
system information fulfilling these requirements and desirable properties while, at the same
time, allowing for low UE complexity.
[0010] One aspect of the teachings presented herein is to transmit the system infqrmation in
regularly occurring (system information) windows, with specific RNTIs indicating the presence of
system information in a subframe, and with another specific RNTl indicating the end of system
information transmission (thus allowing for the UE to stop receiving when no more system
information is expected).
[0011] In one embodiment, a method of transmitting systemn information on a downlink
shared channel structured as successive subframes includes transmitting system information in
regularly occurring time windows, each time window spanning some number of successive
subframes. The method further includes indicating to receiving user equipment which subframes

within a given time window carry system information.
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[0012] Of course, the present invention is not limited to the above features and advantages.
Indeed, those skilled in the art will recognize additional features and advantages upon reading

the following detailed description, and upon viewing the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0013] Fig. 1 is a diagram of a known frame/subframe signal structure, such as may be
used on a downlink channel of a 3GPP E-UTRA network.
[0014] Fig. 2 is a diagram of a known transport channel configuration for the transmission of
static system information.
[0015] Fig. 3 is a diagram of overlaying or otherwise defining a recurring sequence of time
windows for the transmission of dynamic system information using subframes falling within the
defined time windows.
[0016] Fig. 4 is a diagram of variably sized time windows for the transmission of system

information.

DETAILED DESCRIPTION
[0017] Fig. 3 illustrates one embodiment of transmitting the dynamic (possibly changing)
system information within regularly occurring windows with well-defined starting points (specific
subframes) and of a certain size in number of (consecutive) subframes. In the illustration, these
system-information windows, more generally regarded as recurring time windows defined for the
transmission of system information, start at subframe #5 of the frame with frame numpef 8'k
and have a size of 13 subframes. The network only transmits the dynamic part of the system
information within these windows.
[0018] The window should thus occur (be repeated) sufficiently often to fulfill the repetition
rate of the most often repeated system information (in LTE terminology, system information
corresponding to scheduling unit #1). System information corresponding to other scheduling

units with lower repetition rate should be transmitted within a subset of the windows. As an

4
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example, system information corresponding to scheduling unit # 2 could be transmitted within
every second window, system information corresponding to scheduling unit #3 could be
transmitted in every fourth window, etc. When (within what windows) system information
corresponding to a certain scheduling unit is to be transmitted could either be specified or
signaled.

[0019] In one or more embodiments, within each such system-information window, the
transmission of system information is carried out similar to the transmission of user data on DL-
SCH (dynamic resource and transport format with signaling on L1/L.2 control channel), with the
following exceptions: instead of an RNTI of a specific UE, a specific System-Information RNTI
(SI-RNTI), indicating that system information to be read by all UEs is being transmitted, is
included in the corresponding L1/L.2 control signaling; for the last piece of system information to
be transmitted within the window, the SI-RNTI is replaced by an End-of-System-Information
RNTI (ESI-RNTI). The reception of an ESI-RNTI informs the UE that no more system
information is transmitted within the window. Thus the UE does not need to receive further,
despite the fact that the entire window has not yet been received, thus allowing for reduced UE
power consumption.

[0020] it should be noted that the system information does not need to be transmitted in all
subframes within the window. Furthermore, the system information does not need to be
transmitted in consecutive subframes. Furthermore, the number of subframes used for system
information can be dynamically varied without UE prior knowledge (prior to reading the L1/L2
control).

[0021] As non-limiting examples the teachings presented herein for transmitting system
information fulfills to desirable properties of the previous section. For example, there are several
requirements and desired properties of the transmission of the dynamic part of the system
information. From a UE power-consumption point of-view, it is desirable to transmit the different

parts of the system information as close in time as possible to each other, in the ideal case in a
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set of consecutive subframes. This will allow for a UE to receive the maximum amount of
system information during a minimum reception time, thus reducing UE reception time and thus
UE power consumption.

[0022] The teachings herein allow system information to be transmitted in recurring time
windows, where the particular subframes within each window used for carrying system
information are selectable. If current conditions, e.g., competing transmission priorities permit,
the system information can be transmitted in a contiguous set of subframes within the time
window.

[0023] At the same time, it is desirable to have flexibility in terms of exactly where (in exactly
what set of subframes within given time windows) the system information is transmitted. This is
because some subframes, depending on the situation, may not be available for transmission of
system information. As an example, in case of TDD some subframes may not even be
available for downlink transmission. As another example, for latency reasons there may, in
some situations, be a strong need not to have too many consecutive subframes used for
transmission of system information, thus making them unavailable for downlink user data
transmission. Thus it is also desirable to be able to dynamically (with low delay) decide in
exactly what subframes the system information is to be transmitted.

[0024] Further, it is desirable to have flexibility in the rate by which different parts of the
system information is repeated. In this way, a higher repetition rate (shorter repetition period)
can be used, e.g. in case of wider overall transmission bandwidth, when the overhead of the
system-information transmission is less of an issue. It is desirable to have flexibility in the
number of subframes used to transmit the system information. As an example, in case of
smaller overall bandwidth or larger cells, more subframes may be needed to transmit a given
set of system information. Another reason is that the amount of system information, e.g.

neighbor lists and PLMN lists, may be of different sizes for different cells.
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[0025] The teachings presented herein provide for methods and apparatuses where system
information is transmitted within recurring time windows, but with flexible selection of which
subframes within those windows are used to carry system information. Exemplary network
behavior in one embodiment thus includes: 1) set subframe equal to first subframe in the
window; 2) if this subframe is to be used for transmission of system information then (a) if this is
the last piece of system information to be transmitted within the window, set RNTI of L1/L.2
control channel to ESI-RNTI, otherwise, set RNTI of the L1/L2 control channel to SI-RNTI, (b)
transmit system information on the DL-SCH within the subframe; 3) if all system information is
not transmitted, increase subframe by one and repeat from 2); and 4) if all systemn information
for the window is transmitted, then end.

[0026] Exemplary corresponding UE behavior in at least one embodiment includes: 1) set
subframe equal to first subframe in the window; 2) demodulate and decode L1/L2 control
channel of subframe; 3) if SI-RNTI or ESI-RNTI, demodulate and decode corresponding DL-
SCH transport block; 4) if not ESI-RNTI and subframe not equal to last subframe in window,
increase subframe by one and repeat from 2); and 5) if last subframe then end.

[0027] As discussed above, some parts of the system information may not need to be
repeated as often as some other parts of the system information (different scheduling units),
implying that certain windows will include more data (more scheduling units) than other
windows. Thus, the window size may be of varying length, with a longer window at the time
instances where more system information (more scheduling units) is to be transmitted. Fig. 4
provides an illustration of a variable-length window embodiment.

[0028] Note that the window size could either be specified in the radio-access specification
or be configurable. In case of a configurable window size, the UE could use a default (large)
window size before it is informed (via the system information) about the actual window size.
There could be reasons to have the RNTI indicating not just system information but also

somewhat more details about the system information. In practice this would imply the use of
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several different SI-RNTI, i.e. SI-RNTI1, SI-RNTI2, SI-RNTI3, ..., and corresponding multiple
ESI-BNTI, i.e. ESI-BRNTI1, ESI-RNTI2, ESI-RNTIS, ....

[0029] Of course, other variations are contemplated. For example, further information is
presented herewith in the form of the included ATTACHMENT 1 following the claims presented.
Thus, the foregoing description and the accompanying drawings represent non-limiting
examples of the methods and apparatus taught herein for the transmission of system
information. As such, the present invention is not limited by the foregoing description and
accompanying drawings. Instead, the present invention is limited only by the following claims

and their legal equivalents.

Copy provided by USPTO from the IFW Image Database on 05/23/2008 ERICSSON EXHIBIT 2002

Apple, Inc. v. Telefonaktiebolaget LM Ericsson
IPR2022-00338, Page 146



Client Docket No. P24241-US1
Attorney Docket No. 4015-5854

CLAIMS
What is claimed is:
1. A method of transmitting system information on the downlink of a wireless
communication network comprising:
transmitting system information in recurring time windows overlaid on a sequence of
transmit channel subframes;
dynamically selecting which subframes within a given time window are to be used for
carrying system information; and
including an indicator in each of the selected subframes to indicate to receiving user

equipment that the subframe carries system information.

2. The method of claim 1, wherein dynamically selecting which subframes within a given
time window are to be used for carrying system information comprises selecting a contiguous

set of subframes within the given time window.

3. The method of claim 1, wherein dynamically selecting which subframes within a given
time window are to be used for carrying system information comprises selecting a non-

contiguous set of subframes within the given time window.

4, The method of claim 1, wherein dynamically selecting which subframes within a given
time window are to be used for carrying system information comprises selecting which
subframes to use for transmitting system information in view of competing transmission priorities

associated with other control or data signaling.
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5. The method of claim 1, wherein including an indicator in each of the selected subframes
to indicate to receiving user equipment that the subframe carries system information comprises
using an RNTI (Radio Network Temporary ldentifier) to denote that the subframe carries system

information.

6. The method of claim 1, wherein including an indicator in each of the selected subframes
to indicate to receiving user equipment that the subframe carries system information includes
using an end-of-system-information indicator in a last subframe of the given time window that

carries system information.

7. The method of claim 1, further comprising varying window sizes of the recurring time
windows.
8. The method of claim 1, further comprising dynamically configuring a window size for the

recurring time windows.

9. The method of claim 1, wherein including an indicator in each of the selected subframes
to indicate to receiving user equipment that the subframe carries system information includes
using different indicators corresponding to different types of system information, such that the
indicator used for a particular subframe indicates the type of system information carried in that

subframe.

10
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10. A network transmitter comprising one or more prdcessing circuits configured to:
transmit system information in recurring time windows overlaid on a sequence of
transmit channel subframes;
dynamically select which subframes within a given time window are to be used for
carrying system information; and
include an indicator in each of the selected subframes to indicate to receiving user

equipment that the subframe carries system information.

11. The network transmitter of claim 10, wherein the network transmitter comprises a radio

base station configured for operation in accordance with 3GPP E-UTRA standards.

1"
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12. A method of transmitting system information on a downlink shared channel structured as
successive subframes, the method comprising:
transmitting system information in regularly occurring time windows, each time window
spanning some number of successive subframes; and
indicating to receiving user equipment which subframes within a given time window carry

system information.

13. The method of claim 12, wherein indicating to receiving user equipment which
subframes within a given time window carry system information includes indicating the last
subframe within the given time window that carries system information, thereby allowing the
receiving user equipment to cease monitoring for system information within the given time

window.

14. The method of claim 12, further comprising dynamically selecting which subframes

within a given time window are to be used for carrying system information.
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15. A method for a mobile station to receive system information from a supporting wireless
communication network, the method comprising:
beginning monitoring for the receipt of system information at the start of each time
window in a succession of recurring time windows used for the transmission of
system information, each said time window spanning a number of signal
subframes;
within each time window, monitoring each signal subframe for an indication of system
information and reading system information from the signal subframe if such
information is present; and

terminating monitoring at least at the end of the time window.

16. The method of claim 15, further comprising recognizing an end-of-system-information
indicator in a signal subframe received within the time window and terminating monitoring for

the time window in response.

17. The method of claim 15, further comprising adapting to changing or configurable window

sizes used for the time window.

18. The method of claim 15, further comprising storing a default window size for monitoring

for system information transmissions.
19. The method of claim 18, further comprising monitoring for system information

transmissions based on a specified window size indicated in received information rather than

the default window size.

13
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20. The method of claim 15, further comprising recognizing different types of system
information based on recognizing different system information indicators in different signal

subframes.

14
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ABSTRACT OF THE DISCILLOSURE
In one embodiment, a method of transmitting system information on a downlink shared
channel structured as successive subframes includes transmitting system information in
regularly occurring time windows, each time window spanning some number of successive
subframes. The method further includes indicating to receiving user equipment which subframes
within a given time window carry system information. The method and variations of it are
applied, for example, to the transmission of dynamic system information on the downlink shared

channel or other downlink channel in a 3GPP E-UTRA wireless communication network.
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ATTACHMENT 1

TSG-RAN WG1 #X R1-07xxxx
Source: Ericsson

Title:

Agenda ltem:

Document for: Discussion and decision

1. Discussion

1.1 Introduction

The LTE system information, corresponding to the BCCH logical channel, is divided into two parts
- System information in the Master Information Block (MIB), carried on the BCH transport channel

- The remaining system information (the remaining System Information Blocks, SIBs), carried on the DL-
SCH or, at least, on a DL-SCH-like transport channel'. We will here refer to this information as the
dynamic system information

Different parts of the dynamic system information may be transmitted with different repetition periods depending on
the acceptable delay in the acquisition of each specific part of the system-information. SIBs that are transmitted with
the same repetition period are part of the same Scheduling Unit (SU)

The number of subframes needed to transmit a certain SU may vary for at lest two reasons:
- The amount of system information within the SU may vary, e.g. SU-1 containing different number of
PLMN identities or an optional neighbor list

- The number of subframes needed to transmit a given amount of system information may vary e.g.
depending on the overall system bandwidth and the cell size, with smaller bandwidth and/or larger cell
sizes potentially leading to a need for more subframes (more time) to ransmit a given amount of system
information.

Similar to “normal” DL-SCH transmission, transmission of the dynamic system information should allow for
dynamic frequency-domain scheduling and transport-format selection, with the UE acquiring the instantaneous
frequency-domain resource and transport format from the corresponding PDCCH.

The remaining key question regarding system-information scheduling concerns the system-information time-
domain scheduling and the corresponding signaling.
- In what subframes the system information is or can be transmitted?

- How does the UE acquire knowledge about when the system information is actually transmitted?

! There may be certain specification-related benefits of defining 2 new “DL-SCH-like” transport channel for the
dynamic system information, rather than assuming that the dynamic system information is mapped a DL-SCH. As
an example, it would then be more straightforward to specify that a UE should be able to demodulate/decode the
dynamic system information (of the current cell) in parallel to normal DL-SCH user-data reception (the system-
information transport channel demodulated/decoded in parallel to DL-SCH). Alternatively one would need to
specify that the UE should be able to demodulate/decode two DL-SCH in parallel, assuming that one of the DL-SCH
carries system information.
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1.1.2 Static scheduling

On the other extreme is a pre-specified (static) scheduling, i.e. it is specified in what subframes the different parts of
the dynamic system information is transmitted. However, this is not an acceptable approach either, for several
reasons:
- According to above, certain flexibility in the scheduling is needed simply due to the fact that the number of
subframes needed for the system-information transmission may vary, e.g. depending on the system
bandwidth and the cell size. Thus a fully static time-domain scheduling is not possible.

- Although from a UE power consumption point-of-view, it is preferred to transmit different scheduling units
as close as possible to each other, i.e. in consecutive subframes, this may not always be possible. In case of
TDD, some subframes are not even available for downlink transmission. Furthermore, for user-data-latency
reasons, it may not always be acceptable to have a large number of consecutive subframes reserved for
system-information transmission, thus being potentially unavailable for normal DL-SCH user-data
transmission.

Instead there is a need for a system-information scheduling that allows for certain flexibility in the time-domain
scheduling without leading to unacceptable negative impact on the possibility for power-efficient DRX operation
when acquiring system information. Below we outline two alternatives:
- Semi-static scheduling, with SU-1 indicating the exact time-domain scheduling of the remaining scheduling
units.

- Dynamic scheduling withing a scheduling window, allowing for a more dynamic scheduling of the
scheduling units

1.2 Semi-static scheduling

With this approach, a Scheduling Block in SU-1, transmitted once every 80 ms, informs UEs about the time-domain
scheduling (frame and subframe) of the remaining scheduling units.

Although a possible approach, there are some drawbacks with this approach:
- Additional scheduling information to be transmitted on SU-1, implying larger SU-1 payload

- The scheduling of the remaining scheduling units must be decided at the time of the transmission of SU-1
which is only transmitted once every 80 ms

- Notclear how to allow for a flexible size (in terms of number of subframes) for the scheduling units. One
possibility would be that the scheduling block indicates the first subframe of the scheduling unit and that
the UE then continuous to read PDCCH to find out if additional subframes are used for the transmission of
the scheduling unit

1.3 Dynamic scheduling with scheduling window

This approach can be seen as dynamic scheduling, according to Section Error! Reference source not found., with
certain additional restrictions on the scheduling instants. Alternatively it can be seen as the semi-static scheduling,
according to the previous section (Section 0), extending with a certain degree of dynamic flexibility in the
scheduling. With this approach, the system information is transmitted within periodically occurring system-
information windows with well-defined starting points and consisting of a well-defined number of consecutive
subframes, see Figure 1.
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Figure 1 System-information windows. Each window consists of a number of subframes. In the figure, the
scheduling window occurs once every 80 ms, corresponding to the repetition period of SU-1.

Within the window, system information is not necessarily transmitted within every subframe. Rather, the network
can, in principle, transmit the system information in an arbitrary set of subframes of the window, as illustrated in
Figure 2 and the set of subframes in which the system information is actually transmitted does not have to be the
same between consecutive windows. On the receiver side, the UE demodulates and decodes the PDICCH, starting
from the first subframe of the system-information window and check for specific System-Information RNTIs. These
RNTIs do not just indicate the presence of system information but also the specific scheduling unit being transmitted
(one specific RNTI for each scheduling unit) in order for the UE to read DL-SCH only for scheduling units not yet
acquired or scheduling units that needs to be re-acquired.

In this way the network can dynamically avoid transmitting system information in certain subframes, should the
need occur (TDD, subframe needed for other purposes, etc.). It should be noted that the UE would anyway, even
with a fully pre-determined time-domain scheduling, need to demodulate and decode the PDCCH in order to acquire
the frequency-domain scheduling as well as the transport format of the system-information transmission.

1 1T 11T

One subframe

I Subframe in which system information is transmitted

Figure 2 Transmission of system information within a window of size 12 subframes (Type 1 frame structure
assumed)

In order for the UE to be able to stop demodulating the PDCCH when there is no additional system information
within the window, the last system-information transmission within the window can be indicated by specific End-of-
System-Information RNTIs (one for each scheduling unit). This would allow for the UE to stop
demodulating/decoding the PDCCH when there is no more system-information to be transmitted within the window,
thus improving UE power-saving performance.

In case the number of SUs and mapping of SIBs onto SUs is flexible in the standard, additional information on the
number of SUs that UE could expect needs to be signaled to the UE.

The system-information windows should occur with a period corresponding to the required repetition period of the
most frequently occurring scheduling unit (SU-1). System information corresponding to SU-1 would then be
transmitted within each system-information window while less frequently occurring scheduling units would be
transmitted only within a sub-set of the system-information windows. As an example, system information
corresponding to SU-2 could be transmitted within every second window, system information corresponding to SU-
3 could be transmitted within every fourth window, etc., see Figure 3. The transmission timing corresponding to
each scheduling unit could either be pre-specified if RAN2 manages to agree to limited amount of transmission
periods or signaled e.g. as part of SU-1 in case more specific values for transmitting SUs need to be specified.
Taking into account that the amount of system information would not be the same in each window, one could thus
also consider having a variable window size with a larger window size for windows in which system information
corresponding to more scheduling units are to be transmitted.
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Repetition period SU-2
*mm e, m e = -

Repetition period SU-1

Figure 3 Scheduling of scheduling units to different system-information windows.

If it is possible to transmit all system information in consecutive subframes, the network will do so and the time
needed to receive the corresponding system information can be minimized.

The scheme is applicable both for FDD and TDD (in case of TDD, the SU content will simply be scheduled in the
next available DL subframe).

In case of small cells, with the flexibility allowed with the proposed scheme, there is always a possibility to schedule
users together with system information by delaying content of SU by few subframes.

2. Summary and conclusions

In this paper we have outlined two alternative approaches to the time-domain scheduling of the dynamic part of the
system information:
- Semi-static scheduling with SU-1 indicating the scheduling of the remaining scheduling units.

- Dynamic scheduling with scheduling window

Of these two approaches we prefer and propose the window-based approach as this allows for the dynamic
scheduling of the system information without compromising the possibility for “optimal” DRX for the system-
information reception.
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INTERNATIONAL PRELIMINARY REPORT ON PATENTABILITY

International application No.

PCT/SE2008/050407

Box No. I

Basis of the report

1. With regard to the language, this report is based on:

X
[]

2. With regard to the elements of the international application, this report is based on (replacement sheets which have been furnished

to the receiving Office in response to an invitation under Article 14 are referred to in this report as “originally filed” and are not
annexed to this report):

X
[]

Ll

5. ]
6. []

s

If item 4 applies, some or all of those sheets may be marked “superseded.”

the international application in the language in which it was filed.

a translation of the international application into
which is the language of a translation furnished for the purposes of:

I:I international search (Rules 12.3(a) and 23.1(b)).
|:| publication of the international application (Rule 12.4(a)).
[:l international preliminary examination (Rules 55.2(a) and/or 55.3(a)).

the international application as originally filed/furnished.

the description:

pages as originally filed/furnished.
pages* received by this Authority on

pages* received by this Authority on

the claims:

pages as originally filed/furnished.
pages™* as amended (together with any statement) under Article 19
pages* received by this Authority on

pages* received by this Authority on

the drawings:

pages as originally tiled/furnished.
pages* received by this Authority on
pages* received by this Authority on

a sequence listing and/or any related table(s) — see Supplemental Box Relating to Sequence Listing.

The amendments have resulted in the cancellation of:
l:l the description, pages
D the claims, Nos.
I:I the drawings, sheets/figs
D the sequence listing (specify):
|:| any table(s) related to the sequence listing (specify):

This report has been established as if (some of) the amendments annexed to this report and listed below had not been
made, since they have been considered to go beyond the disclosure as filed, as indicated in the Supplemental Box (Rule
70.2(c)).

I:l the description, pages

D the claims, Nos.

D the drawings, sheets/figs

EI the sequence listing (specify):

D any table(s) related to the sequence listing (specify):

This report has been established taking into account the rectification of an obvious mistake authorized by or notified to
this Authority under Rule 91 (Rule 70.2(¢)).

Supplementary international search report(s) from Authority(ies)
have been received and taken into account in drawing up this report (Rule 45bis.8(b) and (c)).

Form PCT/IPEA/409 (Box No. I) (January 2009)

ERICSSON EXHIBIT 2002
Apple, Inc. v. Telefonaktiebolaget LM Ericsson
IPR2022-00338, Page 164




International application No.
INTERNATIONAL PRELIMINARY REPORT ON PATENTABILITY

PCT/SE2008/050407
Box No. V Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability;
citations and explanations supporting such statement
1. Statement
Novelty (N) Claims 1-25 YES
Claims [ —— NO
Inventive step (IS) Claims 1-11, 13-25 YES
Claims 12 NO
Industrial applicability (IA) Claims 1-25 YES
Claims ———— NO

2. Cilations and explanations (Rule 70.7)

The claimed invention

The claimed invention concerns a method for transmitting
system information.

In LTE, system information can be divided in two parts, a
fixed part sent on BCH and a dynamic part sent on the DL-SCH.
Different ©portions of the dynamic part of the system
information need to be repeated more or less often.

The claimed invention solves this problem by transmitting
control information in recurring time windows and indicating
to the receiving UE which subframes that are dynamically
selected to carry control information.

Cited documents:

D1: “Draft text proposal capturing agreements on system
Information”
R2-072205
3GPP TSG-RAN2 Meeting #58
Kobe, Japan, 7th-11th May 2007

D2: “System information scheduling and change
notification”
R2-071912
3GPP TSG-RAN2 Meeting #58
Kobe, Japan, 7th-11th May 2007

D3: 3GPP TS36.300 Vv8.0.0 (2007-03)

D4: WO 20070529217 Al
D5: EP 1799003 Al
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Continuation of: Box V

D1, which is considered to represent the most relevant prior
art, describes transmission of system information in LTE. See
the whole document.

D2, which 1is also considered to be a relevant document,
describes system information scheduling. See the whole
document.

D3, which is a background art document, is the 3Gpp
specification for E-UTRA and E-UTRAN, overall description. See
pages 36 and 72-74.

D4 1is a background art document. According to D4, in the
related art, it can be said that the system information is
always fixed or non- flexible. Such fixed format allows a
mobile terminal to easily detect and properly read the system
information transmitted from the network. In contrast, the
features of the invention in D4 allow at least some portions
of the system information to be dynamically (or flexibly)
changed. Appropriate indicators are included such that a
mobile terminal can properly detect and read the dynamic
(flexible) system information. See abstract, sections [3]1-[41,
[15], [32]1-[34]1 and [44]1-~[59] and figures 2-3 and 7-8.

D5, which is a background art document, describes mapping of
broadcast system information to a shared transport channel.
See abstract, sections [0025]7-[0026] and [0032]1-[0048] and
figures 6 and 10-12.

Claim 12

In D1, a group of system information blocks (SIBs) that have
the same scheduling requirements are referred to as a
Scheduling Unit (SU). The most frequently repeated SU (SU-1)
carries scheduling information of the other SUs and indication
in which the SU the SIB is included. An SU may furthermore be
segmented, in which case segments are scheduled in subsequent
consecutive subframes.

To indicate in which the SU the SIB is included is considered
to be comparable to indicate which subframes that carries
system information.
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Continuation of: Box V

Hence, the claimed invention differs from D1 in that each
subframe includes an indicator to indicate which subframe that
carries system information. However, to include an indicator
in each subframe, instead of an indicator 1n SU-1 that
indicates which subframes that carries system information, 1is
not considered to go beyond what can be expected from a person
skilled in the art. Consequently, claim 12 is considered to
fail to involve an inventive step.

Claims 1-11 and 13-25

The invention defined in «c¢laims 1-11 and 13-25 is not
disclosed by any of these documents.

The cited prior art does not give any indication that would
lead a person skilled in the art to the claimed invention of
transmitting the system information in recurring time windows,
each said time window spanning a

number of signal subframes, and dynamically selecting which
sub-frames within a given time window are to be used and
including an indicator in each of the selected sub-frames to
indicate to receiving User Eqgquipment that the sub-frame
carries system information. Therefore, the claimed invention
is not obvious to a person skilled in the art.

Accordingly, the invention defined in claims 1-11 and 13-25 is
novel and 1s considered to invelve an inventive step. The
invention is industrially applicable.
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Box No. VIII  Certain observations on the international application

The following observations on the clarity of the claims, description, and drawings or on the question whether the claims are fully
supported by the description, are made:

Claims 1, 10, 12, 15 and 21 are not supported by the
description as required by Article 6 PCT, as their scope is
broader than justified by the description and drawings. The
technical feature “downlink shared channel”, included in claim
12, is missing in claims 1, 10, 15 and 21. Furthermore, the
feature “dynamically selecting which subframes to be used for
carrying the system information”, included in claims 1 and 10,
is missing in claim 12.

Since independent claims 1, 10, 12, 15 and 21 do not contain
the same technical features, they do not meet the regquirement
following from Article 6 PCT taken in combination with Rule
6.3(b) PCT that any independent claim must contain all the
technical features essential to the definition of the
invention.

Furthermore, claims 1, 10, 15 and 21 do not meet the
requirements of Article 6 PCT in that the matter for which
protection is sought is not clearly defined. In claims 1 and
10 the expression “recurring time windows overlaid on a
sequence of transmit channel subframes” is used. However, in
claims 15 and 21 it is stated “recurring time window used for
transmission of system information”. Since different wordings
are used, it 1s unclear if the matter for which protection is
sought is equal for claims 1 and 10 as for claims 15 and 21.

The applicant has stated that the feature “downlink shared
channel”, included in claim 12, not is a technical feature
essential to the definition of the invention, since it follows
that "in LTE, the fixed part of the system information is
transmitted using the BCH (broadcast control channel)
transport channel" (see page 2). What should also be noted is
found on page 2, lines 12-14, where it is stated "The dynamic
rart of the system information is assumed to be transmitted
using the DL-SCH, or at least DL-SCH-like transport channel,
similar to normal data transmission as described above". The
applicant thus claims that transmitting system information on
the DIL-SCH is merely an alternative.

However, from the description it is obvious that the mentioned
system information that is transmitted is the dynamic part of
the system information (see page 2: lines 20-25 and 31).
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The c¢laimed invention is sald to solve the problem that
different ©portions of +the dynamiec part of the system
information are more or less time critical, and thus need to
be repeated more or less often. Furthermore, line 31 on page 2
states that “The 1invention described below allows for
transmission of the dynamic part of the system information
fulfilling these requirements and desirable properties while,
at the same time, allowing for low UE complexity.

Hence, since the dynamic part is transmitted using the DL-SCH,
the technical feature “downlink shared channel”, missing in
claims 1, 10, 15 and 21, is considered to be a technical
features essential to the definition of the invention.

Furthermore, the applicant has referred to page 5, lines 24-
26, in order to show the support in the description for claims
1 and 10. In the same section on that page (on lines 22-24) it
is stated that “for latency reasons there may in some
situations, be a benefit to not having too many consecutive
subframes used for transmission of system information, thus
making them unavailable for downlink user data transmission”,
i.e. the system information and downlink user data shares the
same resources. This clearly shows that the system
information, in claims 1 and 10, is sent on the DL-SCH.
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VIil-2-1 |Declaration: Entitlement to apply for
and be granted a patent
Declaration as to the applicant's in relation to this international

entitlement, as at the international filing 1i tion
date, to apply for and be granted a applicatio

patent (Rules 4.17(ii) and 51bis.1(a)(ii)),
in a case where the declaration under
Rule 4.17(iv) is not appropriate:

Name (LAST, First) TELEFONAKTIEBOLAGET LM ERICSSON (PUBL)
is entitled to apply for and be granted
a patent by virtue of the following:

wwzui an assignment from DAHLMAN, Erik to
TELEFONAKTIEBOLAGET 1M ERICSSON (PUBRL),
dated 14 November 2007 (14.11.2007)

VIIl-2-1i an assignment from VUKAJLOVIC, Vera to

v) TELEFONAKTIEBOLAGET LM ERICSSON (PUBL),

dated 14 November 2007 (14.11.2007)
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VIII-3-1 |Declaration: Entitlement to claim

priority

Declaration as to the applicants  [in relation to this international

entitlement, as at the international filing 1i ti

date, to claim the priority of the earlier app-Lication

application specified below, where the

applicant is not the applicant who filed

the earlier application or where the

applicant's name has changed since the

filing of the earlier application (Rules

4.17(iii) and 51bis.1(a)(iii))

Name TELEFONAKTIEBOLAGET LM ERICSSON (PURBL)
is entitled to claim priority of earlier
application No. 60/944,628 by virtue of
the following:

wW&”i an assignment from DAHLMAN, Erik to
TELEFONAKTIEBOLAGET LM ERICSSON (PURL),
dated 14 November 2007 (14.11.2007)

wwaﬂi an assignment from VUKAJLOVIC, Vera to
TELEFONAKTIEBOLAGET LM ERICSSON (PUBL),
dated 14 November 2007 (14.11.2007)
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Box No. VIII (ivy DECLARATION: INVENTORSHIP (only for the purposes of the designation of the United States of America)

The declaration must conform to the following standardized wording provided for in Section 214, see Notes to Boxes Nos. VIII, VIII (i) to (v)
(in general) and the specific Notes to Box No.VIII (iv). If this Box is not used, this sheet should not be included in the request.

Declaration of inventorship (Rules 4.17(iv) and 51bis. 1(a)(iv))
for the purposes of the designation of the United States of America:

[ hereby declare that [ believe I am the original, first and sole (if only one inventor is listed below) or joint (if more than one inventor
is listed below) inventor of the subject matter which is claimed and for which a patent is sought.

This declaration is directed to the international application of which it forms a part (if filing declaration with application).

This declaration is directed to international application No. PCT/.SE2008/0904Q7. . ... ...... (if furnishing declaration pursuant
to Rule 26¢er).

I hereby declare that my residence, mailing address, and citizenship are as stated next to my name.

I hereby state that I have reviewed and understand the contents of the above-identified international application, including the claims
of said application. I have identified in the request of said application, in compliance with PCT Rule 4.10, any claim to foreign priority,
and I have identified below, under the heading “Prior Applications,” by application number, country or Member of the World Trade
Organization, day, month and year of filing, any application for a patent or inventor’s certificate filed in a country other than the United
States of America, including any PCT international application designating at least one country other than the United States of America,
having a filing date before that of the application on which foreign priority is claimed.

Prior Applications: . US 60/944,628

I hereby acknowledge the duty to disclose information that is known by me to be material to patentability as defined by
37 C.F.R. § 1.56, including for continuation-in-part applications, material information which became available between the filing date
of the prior application and the PCT international filing date of the continuation-in-part application.

I hereby declare that all statements made herein of my own knowledge are true and that all statements made on information and belief
are believed to be true; and further that these statements were made with the knowledge that willful false statements and the like so
made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code and that such willful
false statements may jeopardize the validity of the application or any patent issued thereon.

Inventor’s Signature: ...
(The signature must be that of the inventor, not that of the agent)

Inventor’s Signatufe: ..
(The signature must b

I:l This declaration is continued on the following sheet, “Continuation of Box No. VIII (iv)”.
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VIil-2-1 |Declaration: Entitlement to apply for
and be granted a patent
Declaration as to the applicant's in relation to this international

entitlement, as at the international filing 1i tion
date, to apply for and be granted a applicatio

patent (Rules 4.17(ii) and 51bis.1(a)(ii)),
in a case where the declaration under
Rule 4.17(iv) is not appropriate:

Name (LAST, First) TELEFONAKTIEBOLAGET LM ERICSSON (PUBL)
is entitled to apply for and be granted
a patent by virtue of the following:

wwzui an assignment from DAHLMAN, Erik to
TELEFONAKTIEBOLAGET 1M ERICSSON (PUBRL),
dated 14 November 2007 (14.11.2007)

VIIl-2-1i an assignment from VUKAJLOVIC, Vera to

v) TELEFONAKTIEBOLAGET LM ERICSSON (PUBL),

dated 14 November 2007 (14.11.2007)
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VIII-3-1 |Declaration: Entitlement to claim

priority

Declaration as to the applicants  [in relation to this international

entitlement, as at the international filing 1i ti

date, to claim the priority of the earlier app-Lication

application specified below, where the

applicant is not the applicant who filed

the earlier application or where the

applicant's name has changed since the

filing of the earlier application (Rules

4.17(iii) and 51bis.1(a)(iii))

Name TELEFONAKTIEBOLAGET LM ERICSSON (PURBL)
is entitled to claim priority of earlier
application No. 60/944,628 by virtue of
the following:

wW&”i an assignment from DAHLMAN, Erik to
TELEFONAKTIEBOLAGET LM ERICSSON (PURL),
dated 14 November 2007 (14.11.2007)

wwaﬂi an assignment from VUKAJLOVIC, Vera to
TELEFONAKTIEBOLAGET LM ERICSSON (PUBL),
dated 14 November 2007 (14.11.2007)
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ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PT0-9199 and select option 2.
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POWER OF ATTORNEY TO PROSECUTE
APPLICATIONS BEFORE THE USPTO

| hereby appoint the Practitioners associated with the following Customer Nurnber:

24112

as attorneys or agents to represent the undersigned before the United States Patent and
Trademark Office (USPTO) in connection with any and all patent applications assigned only to
the undersigned according to the USPTO assignment records or assignment documents
attached to this form in accordance with 37 CFR 3.73(b). This appointment will automatically
lapse five years after the date of execution of this document unless earlier revoked.

Assignee Name and Address:

Telefonaktiebolaget L. M Ericsson (publ)
SE-164 83 Stockholm
Sweden

SIGNATURE of Assignee of Record
The individuals whose signatures and titles are supplied below are authorized to act on behalf of
the assignee
Name: Carl Olof Blomgvist
f

i TR I Yate ctober
Signature %{A(A,{?U!L‘{J{lt/i KW%‘%‘ML’/ Dat October 15, 2007

Title: Senior Vice PresIdent andjeeneréi‘"'cOunsel Telephone | +46 8 7198250
/

Name: Nina Macpherson

Signature /%f{ﬂ Aliipia§o— Date Ociober 15, 2007
Title: Vice President Telephone | +46 8 7190619
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PTO/SB/96 (04-07)

Approved for use through 09/30/2007. OMB 0651-0031

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

STATEMENT UNDER 37 CFR 3.73(b)

Applicant/Patent Owner: Dahiman

Application No./Patent No.: _12/664,347 Filed/Issue Date: December 11, 2009

Entitled: Transmission of System Information on a Downlink Shared Channel

_Telefonaktiehalaget | M Fricsson (publ) » @ _Carparation

(Name of Assignee) (Type of Assignee, e.g., corporation, partnership, university, government agency, etc.)

states that it is:
1. the assignee of the entire right, title, and interest; or

2. |:| an assignee of less than the entire right, title and interest
(The extent (by percentage) of its ownership interest is %)

in the patent application/patent identified above by virtue of either:

A.An assignment from the inventor(s) of the patent application/patent identified above. The assignment was recorded
in the United States Patent and Trademark Office at Reel 023644 , Frame 0119 , or for which a copy
thereof is attached.

OR

B.D A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as follows:

1. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.
2. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.
3. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

|:| Additional documents in the chain of title are listed on a supplemental sheet.

|:| As required by 37 CFR 3.73(b)(1)(i), the documentary evidence of the chain of title from the original owner to the
assignee was, or concurrently is being, submitted for recordation pursuant to 37 CFR 3.11.

[NOTE: A separate copy (i.e., a true copy of the original assignment document(s)) must be submitted to Assignment
Division in accordance with 37 CFR Part 3, to record the assignment in the records of the USPTO. See MPEP
302.08]

The undersigned (whose title is supplied below) is authorized to act on behalf of the assignee.

/Michael D. Murphy/ December 23. 2009
Signature Date
Michael D. Murphy 919-854-1844
Printed or Typed Name Telephone Number

Attorney, Reg. No. 44,958
Title

This collection of information is required by 37 CFR 3.73(b). The information is required to obtain or retain a benefit by the public which is to file (and by the
USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to
complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any
comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer,
U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED
FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PT0O-9199 and select option 2.
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Electronic Acknowledgement Receipt

EFSID: 6704176
Application Number: 12664347
International Application Number:
Confirmation Number: 1464

Title of Invention:

Transmission of System Information on a Downlink Shared Channel

First Named Inventor/Applicant Name:

Erik Dahlman

Customer Number:

24112

Filer:

Michael Murphy/Laura Wade

Filer Authorized By:

Michael Murphy

Attorney Docket Number:

4015-6727 / P24241-US2

Receipt Date: 23-DEC-2009
Filing Date:
Time Stamp: 17:30:05

Application Type:

U.S. National Stage under 35 USC 371

Payment information:

Submitted with Payment no
File Listing:
Document . .. . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (ifappl.)
29796
1 Power of Attorney POA.pdf no 1
cc366f6b785e3a92ff7d215f19176ecdfb394]
bcb
Warnings:

Information:
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43093
Assignee showing of ownership per 37
2 CFR 3.73(b). SB96.pdf no 1
2f548205ad94c9f4650fadal2fc30e2f03e08|
3de

Warnings:

Information:

Total Files Size (in bytes); 72889

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

Address: COMMISSIONER FOR PATENTS
P.Q. Box 1450

Alexandria, Virginia 22313-1450
WWW.uSpto.gov

APPLICATION FILING or GRP ART
NUMBER 371(c) DATE UNIT FIL FEE REC'D ATTY.DOCKET.NO TOT CLAIMSJIND CLAIMS
12/664,347 12/11/2009 1680 4015-6727 / P24241-US2 25 5
CONFIRMATION NO. 1464
24112 FILING RECEIPT
COATS & BENNETT, PLLC
1400 Grescent Green, Sue 300 R

Cary, NC 27518
Date Mailed: 08/17/2010

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)

Erik Dahlman, Bromma, SWEDEN;

Vera Vukajlovic, Stockholm, SWEDEN;
Assignment For Published Patent Application

TELEFONAKTIEBOLAGET LM ERICSSON (PUBL), Stockholm, SE
Power of Attorney: The patent practitioners associated with Customer Number 24112

Domestic Priority data as claimed by applicant
This application is a 371 of PCT/SE2008/050407 04/10/2008
which claims benefit of 60/944,628 06/18/2007

Foreign Applications

If Required, Foreign Filing License Granted: 08/13/2010

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 12/664,347

Projected Publication Date: 11/25/2010
Non-Publication Request: No

Early Publication Request: No
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Title
Transmission of System Information on a Downlink Shared Channel
Preliminary Class

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES
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