DESCRI PTI ON Tl TLE METHOD AND APPARATUS FOR PROVI DI NG SI GNALI NG OF
REDUNDANCY VERSI ONS BACKGROUND [ 0001] Radi o commruni cati on systens, such as
a W rel essodatoeo3mgBwor ks (e.g., Third qeneration Par t nershigr20w0p26t ( 3GPP)
Long Term Evol ution (LTE) systens, spread spectrum systens (such as Code
Division Multiple Access (CDVA) networks), Time Division Miltiple Access
(TDMA) networ ks, WMAX (Worl dwi de Interoperability for Mcrowave Access),
etc.), prwyds wi th the convenience of nobility along with a rich set
of services and features. This conveni ence has spawned signifi cant
adoption by an ever growi ng nunber of consuners as an accepted node of
comuni cat{d@R for business and personal uses. To pronote greater adoption,
the tel ecomuni cation in dustry, frommanufacturers to service providers,
has agr eétFTat°HgréGt A@%&&M%ﬁé%ﬁ%‘ftmw@dé@%%@&aﬁ@?WN&AWmmni
catiop protrgcalnss that underlie the various services and fea tures. One area
of effort involves acknow edgnent signaling, whereby transm ssions can be
inplicitly or explicitly ac know edged to convey successful transm ssion of
data. An inefficient acknow edgenent schenme can unnecessarily consune

net wor k E§§9#¥{§ﬁn)[0002] Therefore, there is a need for an approach for
pro viding efficrent signaling, which can co-exist with already devel oped

st andar dsf cod Jpr L @co! soHRME EXAMPL Es EMBEORE VENTSH [ 9903] whcsDedingat e one
enbodi ment, a nethod conprises de tecting start of a systeminformation
nmessage eARSHRsSs | G 9.+ Third Generation Partnership Project (3GPP)

10 Long Term Evolution (LTE) systems, spread spectrum systems
(such as Code Division Multiple Access (CDMA) networks), Time
Division Multiple Access (TDMA) networks, WiMAX (Worldwide
Interoperability for Microwave Access), etc.), provide users
with the convenience of mobility along with a rich set of

15 services and features. This convenience has spawned signifi-
cant adoption by an ever growing number of consumers as an
accepted mode of communication for business and personal
uses. To promote greater adoption, the telecommunication in-
dustry, from manufacturers to service providers, has agreed

20 at great expense and effort to develop standards for communi-
cation protocols that underlie the various services and fea-
tures. One area of effort involves acknowledgment signaling,
whereby transmissions can be implicitly or explicitly ac-—
knowledged to convey successful transmission of data. An in-

25 efficient acknowledgement scheme can unnecessarily consume

network resources.

[0002] Therefore, there is a need for an approach for pro-
viding efficient signaling, which can co-exist with already

developed standards and protocols.



wi ndow. The method al so conprises assigning a redundancy version seqguence
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assign a redundancy version sequence at the start of the
transmission window.

[0005] According to another embodiment, an apparatus com-
prises a redundancy version signaling module configured to
detect start of a system information message transmission
window and to assign a redundancy version sequence at the
start of the transmission window.

[0006] According to another embodiment, an apparatus com-
prises means for detecting start of a system information mes-—
sage transmission window. The apparatus also comprises means
for assigning a redundancy version sequence at the start of
the transmission window.

[0007] According to another embodiment, a method comprises
assigning a redundancy version sequence at a start of the
transmission window by allocating the sequence to non-
multicast subframes within a system information message
transmission window, and by allocating the sequence to re-
maining subframes within the system information message
transmission window.

[0008] According to another embodiment, a computer-readable
storage medium carrying on or more sequences of one or more
instructions which, when executed by one or more processors,
cause an apparatus to assign a redundancy version sequence at

a start of the transmission window by allocating the sequence



cause an apparatus to assign a redundancy version sequence at a start of

the transm ssion wi ndow by all ocating the sequenceto non-nul ti cast
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regarded as illustrative in nature, and not as restrictive.

[0010] According to yet another embodiment, an apparatus

comprises means for assigning a redundancy version sequence

at a start of the transmission window by allocating the se-

15 guence to non-multicast subframes within a system information

message transmission window, and by allocating the sequence

to remaining subframes within the system information message

transmission window.

[0011] Still other aspects, features, and advantages of the

20 invention are readily apparent from the following detailed

description, simply by illustrating a number of particular

embodiments and implementations, including the best mode con-

templated for carrying out the invention. The invention is

also capable of other and different embodiments, and its sev-

25 eral details can be modified in various obvious respects, all

without departing from the spirit and scope of the invention.

Accordingly, the drawings and description are to be regarded

as illustrative in nature, and not as restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS

30 [0012] The embodiments of the invention are illustrated by

way of example, and not by way of limitation, in the figures

of the accompanying drawings:



BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0012] The enbodi nents of the invention
are illustrated by way of exanple, and not by way of limtation, in the
figures oVotzhm/@cgrenpanyi ng dramﬁngs:[QplS] FIG 1 is aPrdrape@ioef2sa
comuni cati on system capabl e of providing signaling of redundancy versions,
according to an exenpl ary enbodi nent; [0014] FIGs. 2-5 are flowharts of
processes for signaling of redundancy versions, according to various

exenpl aryfo@n3jodroent 5; 1 §0018] a&t&8. 0 6Az andmbbn acet dbagsassemr especlevel vy,
of a con ventional redundancy version mappi hg schenme, and of a redun dancy
versi on rHppiaty SERehe 1&ECdrdihg &t &4 A5 SEriodi PECOr Bdch tsehene
pertai ni ng, tQ A 1XEM BN S¥stem i n formation message wi ndow | ength of 15
nms; [0016] FIGs. 7Aand 7B are diagrans, respectively, of a con ventional

r edundancyy oversi PRcIBPPL BY, Schens, -and, of ;a pedun;dancy, ver sion, mappi ng

schene accor?ing to an exenplary enbodi nent, eacﬁsscﬁene per%alnln to an
exenpb ar y s ystcemdam dyo vaats iom sye ssage diingdaw  vengtdu sofe xEsnprase yf em—Fr equency
Divi sion plex (FDD) ; [0017] FIGs. 8A and 8B are diagrans, respectively,
of a conX %ﬂﬁﬁ’redundancy ver si on mappi ng schene, and of a redundancy

version na(fing schene _according to an exenplary em bodi nent, each schene
pertainiHﬁplé]ahF§§%np?%r9“§y§?eﬁ¥?nd¥69ﬁﬁ@ on*REELAGEV W RdoWF | @ngPRof 15

ms for Tdm ilindision upleX, GEN:on A8 FldhenRA andh 9B ar 6 diiggrans of
an exenplary WMAX (Worl dw de Interoperability for Mcrowave Access)
ar chi t ec damcy, viar svlvire magchpe oy stadransf  aRIC@.r Al ngary coper atxe@mracenr dinng t o

10 bodiment, each scheme pertaining to an exemplary system in-—

formation message window length of 15 ms;

[0016] FIGs. 7A and 7B are diagrams, respectively, of a con-
ventional redundancy version mapping scheme, and of a redun-
dancy version mapping scheme according to an exemplary em-—
15 Dbodiment, each scheme pertaining to an exemplary system in-
formation message window length of 15 ms for Frequency Divi-

sion Duplex (FDD);

[0017] FIGs. 8A and 8B are diagrams, respectively, of a con-
ventional redundancy version mapping scheme, and of a redun-
20 dancy version mapping scheme according to an exemplary em-—
bodiment, each scheme pertaining to an exemplary system in-—
formation message window length of 15 ms for Time Division

Duplex (TDD);

[0018] FIGs. 9A and 9B are diagrams of an exemplary WiMAX
25 (Worldwide Interoperability for Microwave Access) architec-
ture, in which the system of FIG. 1 can operate, according to

various exemplary embodiments of the invention;

[0019] FIGs. 10A-10D are diagrams of communication systems

having exemplary long-term evolution (LTE) architectures, in
30 which the user equipment (UE) and the base station of FIG. 1

can operate, according to various exemplary embodiments of

the invention;



various exenplary enbodi nents of the invention; [0019] FIGs. 10A-10D are
di agrans of conmmuni cation systens having exenplary | ong-term evol ution
(LTE) ar ohOtemtasnszs, in which the user 5equi prmrent (UE) amdTtEreodomsrsst ati on
of FIG 1 can operate, according to various exenplary enbodi nents of the
invention;[0020] FIG 11 is a diagramof hardware that can be used to

i npl ement an enbodi nent of the invention; and [0021] FIG 12 is a diagram
of exenpl@o20jonpoaents of a dsegrierof nabraeatéguned tenoperatedi bot he
systens of FIGs. 9 and 10, according to an enbodi nent of the invention.
DESCRI PTI*ER OGP SSOVETENBENINVERTS [C022° AR Vaparatiusiet hod, and software
for inplicitly signaling redundancy version information are disclosed. In
the foll d\ﬂ%ldegg@i ptfohS fofie@EBABUPHOSESBE 2BX pFfaRAPTORAL S ndfref ous

spect {1 ¢ lahald A S elof Il 0F dfe 0 Priovide a,ldionaugl undelstanding
of the enbodi nents of the invention. It iIs apparent, "however, to one

skil | ed iama R ,ardtcadratiriche ce o cimreratisneoft tdfe tihmy emtvicort imay. be practi ced
Wi t hout these specific details or with an equival ent arrangenent. In other

i nstances, well-known structures and devices are shown in bl ock di agram
formin order to avoid unnecessarily obscuring the enbodi nents of the

i nvent i oEJURIZI]ION tdiourghit i@ BSIddiNent s of the invention are dis cussed
with res t.1.0 a wireless network conpliant _with the Third. Generation
Par t ner ST 25 loj B2t “PEEPP) “Eone TaPif EvRruTr S ¢ ETE) Chr CAPESCLULe, it is
recogni zed oy 1aney ofe Rindidtar Westdildn iih fidienaaritor hate theamedi nents of the
inven tions have applicability to any type of comuni cation system and
equiva|emﬁqlﬁgﬁquﬁﬂg(gﬂﬁgﬁqHQ$%§_ or the purposes of explanation,

10 numerous specific details are set forth in order to provide a
thorough understanding of the embodiments of the invention.
It is apparent, however, to one skilled in the art that the
embodiments of the invention may be practiced without these
specific details or with an equivalent arrangement. In other

15 instances, well-known structures and devices are shown in
block diagram form in order to avoid unnecessarily obscuring

the embodiments of the invention.

[0023] Although the embodiments of the invention are dis-
cussed with respect to a wireless network compliant with the

20 Third Generation Partnership Project (3GPP) Long Term
Evolution (LTE) architecture, it is recognized by one of or-
dinary skill in the art that the embodiments of the inven-
tions have applicability to any type of communication system
and equivalent functional capabilities.

25 [0024] FIG. 1 is a diagram of a communication system capable
of providing signaling of redundancy version, according to an
exemplary embodiment. As shown in FIG. 1, a communication
system 100 includes one or more user eqgquipment (UEs) 101 com-—
municating with a base station 103, which is part of an ac-—

30 cess network (e.g., 3GPP LTE or E-UTRAN, etc.) (not shown).
Under the 3GPP LTE architecture (as shown in FIGs. 10A-10D),

the base station 103 is denoted as an enhanced Node B (eNB).



[0024] FIG 1 is a diagramof a comunication system capable of providing
signaling of redundancy version, according to an exenplary enbodi nent. As
shown i n WD@o10I03187a communi cati on syst em 100 i ncl udes omeT@MP20MOM062285Er
equi pnment (UEs) 101 com nunicating with a base station 103, which is part
of an access network (e.g., 3GPP LTE or E-UTRAN, etc.) (not shown). Under
the 3GPP LTE architecture (as shown in FIGs. 10A-10D) , the base station
103 is denet et a9 larcenhanced Noge B elNB)i LeThe aWE ol carctbesamaricype of
nmobi | e stations, such as hand sets, termnals, stations, units, devices,

nul ti mediSe%Sab HSEs 2 it e rStét 1vddes M rdmmuiicdadtSsrss, Pertsdirall Ditgital Assi s

tants (PDAR)s O AR P8 Rled NEIEREE 10 JE ws8lsLsuch a8 rearahle”
circuitry, etc.) . The UE 101 includes a trans ceiver 105 and an antenna

syst em 10Antsat (FEW| e tet heyrter arfs ceitwerf al@s tto theceisge olsuatarsm t

signals to,the hase station 103, The antenna. system 107 can inclyde one or
nore antennas. For the purpd@es of "'l | ushtratl on,” the time di vision dupl ex

(TDD) node i6fe 3@RR iahdlescrdretrhersisterhawey ehat tedup reecagnitzed t hat
ot her nodes can be supported, e.g., frequency division duplex (FDD) .
[0025] ASHAT NS UE (P01 0 tFEHase St tHoGTIEG3 Serislady’s & t4han Sver 109,

whi ch transmits, i1nf-0r maton o the JEAQL Al 9 gzll%ﬁi%e,o%,teatdro%o]r%?’ can
enpl oy one or nore antennas 111 for ‘transmtting and receivVving
el ect r onegrietnna ssi giralrs .t eorpunpstsarc et tild udddetB o0 3 tiey tutnid iddey ia

Mul tiple I.nput | tipl t t St wher eby the Node B
Y05 B Bt R i £ e By P it T o Th o
arrangenemt igan-<spparded heparaldeal rornsmassien ivddrdepgndent. dat a

streans to achieve high data rates between the UE 101 and Node B 103. The
base st atfitrgguency division duplex (FDD).

[0025] As with the UE 101, the base station 103 employs a
transceiver 109, which transmits information to the UE 101.
15 Also, the base station 103 can employ one or more antennas
111 for transmitting and receiving electromagnetic signals.
For instance, the Node B 103 may utilize a Multiple Input
Multiple Output (MIMO) antenna system, whereby the Node B 103
can support multiple antenna transmit and receive
20 capabilities. This arrangement can support the parallel
transmission of independent data streams to achieve high data
rates between the UE 101 and Node B 103. The base station
103, in an exemplary embodiment, uses OFDM (Orthogonal Fre-
quency Divisional Multiplexing) as a downlink (DL) transmis-
25 sion scheme and a single-carrier transmission (e.g., SC-FDMA
(Single Carrier-Frequency Division Multiple Access)) with cy-
clic prefix for the uplink (UL) transmission scheme. SC-FDMA
can also be realized using a DFT-S-OFDM principle, which is
detailed in 3GGP TR 25.814, entitled “Physical Layer Aspects
30 for Evolved UTRA,” v.1.5.0, May 2006 (which is incorporated
herein by reference in its entirety). SC-FDMA, also re-
ferred to as Multi-User-SC-FDMA, allows multiple users to

transmit simultaneously on different sub-bands.



103, in an exenplary enbodi nent, uses OFDM (Ot hogonal Fre quency
Divisional Miultiplexing) as a dowlink (DL) transm ssion schene and a

si ngl e- cawoizero/wtgasm ssi on (e.g., SC EDVA (Si ngl e Carr ipeTAPR@g06226Y
Division Multiple Access)) with cy clic prefix for the uplink (UL)

transm ssi on schene. SC-FDVA can al so be realized using a DFT-S- OFDM
principle, which is detailed in 3GG° TR 25.814, entitled "Physical Layer
Aspect s fl@o28yol vedohﬂ'Pémbommén’é Othé/ayyéﬂ@xﬁ 6whFch. i 5 pnootpes akeds herei n
by reference inits entirety) FDVA, also re ferred to as
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di ff er ent\sub-shands, [HIQ26-da ane LrvedidRii, -t he S¥3tkem ofa Fifasyly provi des
MBVS ( Mul t| medi a Broadcast Ml ti cast Services) services in a MBSFN

(Ml ti medive iBredddcdsts Sitigire nriadurency NBAGTNG) or AmiVBSENneypiccald y has
ot her nelo%hborl n N%Slil}llse or muenl ast nefwor ks operating at the sane
frequenc e[(.‘?ﬁi‘f‘]% Communi ¢at'icons Petweern the UE 101 and the base sta tion

103 (and e net wor overned control i nfornatl on
exchéngeoftoﬁbésmeeﬁownmﬁwt DR ke omR b A ar At Srst Mho4n
exenpl ar y i@pbadiaening ithdd,aRIROMHLHQUEr i @Qﬂztef&iecph@rﬂﬂ@arkﬂ@n for

exanpl e, the downlink fromthe base station 103 to the UE 101. By way of
exanpl e, C@W@Herlfﬁforé@fﬁﬁm cadhem aamedle Sy & hdefite@Tfiort ipse | Putie

system 1%% }Jﬁ o C c &l Lpes i ‘élou%@(e an mbﬁ:t%@%%lts Srt%hqzd %{ws' cal

channel s, annél s. r |ns anc in syst'em
channel spm@a;tdewea:mng;oottlmls,ckmrﬁmsudaﬁ oBvaﬂdmle@mml@d ¢hannel ( PDSCH),

Physi cal Dovvnl i nk Control Channel Phy5| cal UpI i nk _Shar ed Channel
(PUSCH) ,“o3d Py 741 ®0p1 iWeCogrihar anJraQrf)n (PSce L0 The B &Rp ot
channel s Samde def ineehdy JowW e itdanshlchannels are defined for

use in the system 100. The channel types include: physical
channels, transport channels, and logical channels. For in-

15 stance in LTE system, the physical channels include, among
others, a Physical Downlink Shared channel (PDSCH), Physical
Downlink Control Channel (PDCCH), Physical Uplink Shared
Channel (PUSCH), and Physical Uplink Control Channel (PUCCH).
The transport channels can be defined by how they transfer

20 data over the radio interface and the characteristics of the
data. In LTE downlink, the transport channels include, among
others, a broadcast channel (BCH), paging channel (PCH), and
Down Link Shared Channel (DL-SCH). In LTE uplink, the exem-
plary transport channels are a Random Access Channel (RACH)

25 and UpLink Shared Channel (UL-SCH). Each transport channel
is mapped to one or more physical channels according to its

physical characteristics.

[0028] Each logical channel can be defined by the type and
required Quality of Service (QoS) of information that it car-

30 ries. In LTE system, the associated logical channels include,
for example, a broadcast control channel (BCCH), a paging

control channel (PCCH), Dedicated Control Channel (DCCH),



data over the radio interface and the characteristics of the data. In LTE
downl i nk, the transport channels include, anong others, a broadcast channel
(BCH) , pagizngy/siemmnel (PCH) , and Do Li nk Shared Chamro@lEPe@RABESy . I n
LTE uplink, the exemplary transport channels are a Random Access Channel
(RACH) and UpLi nk Shared Channel (UL-SCH) . Each transport channel is
mapped to one or nore physical channels according to its physical

char act erdsidnices .cdri3@28] dtachhdlogicrall)ghamnelcagan e defiinethdndlhe type and
required (%ality of Service (QS) of information that it carries. In LTE
system t & @EYs0ci®ted | ogi cal channel s include, for exanple, a broadcast
control channel (B , a paging control channel (PCCH) , Dedicated
Control G0 %D%& sCohfBn Cont BefH chahpefceeocrynt rpedfeared!l rraf fic

Channel (QTCH). n%tap%fec{ Wz b'&nh%%fﬁ%%%&%—ts% BCGH (& ,d%?ﬁ.lts Gantr ol

Channel ) can be ped onto both BCH and DL-SCH. A s suc S I's mapped
to the PD&8CHead he thhre HOSstuendye reseurioe gamdye mhs narmiec aldry kel Idocat ed by
using L1/L2 control channel, (PDCCH) . In this case, BCCH (.Br cast Control
Chansel) TERNFR (Rad 0 SRERSH o Sty itoiar) Sonnedd B dedant i 1y ¢ he
re sour cepldmcatd-gr i HeaHmatg ad0930Qonta answ-e raguraile deldmery of
informati on between the eNB 103 and the UE 101, the system 100 utilizes
error de Negatdron Tesddrés V1 ISt rand 1E18b, 1 5 éssscttiovaldgntiid YeXéwarngng

i nformatiQn, & %l’(lﬁ}l%%) rid ARQ RO,y HARQis a concatena tion of Forward

(
Error Correction codi ng “and an Aut omati c Repeat Request (ARQ
pr ot %OI [(9I 0cine enbodi nent, the errohdet ect%on ggdulﬁgg&l@&lﬁb work in
[ W to

conj unction thT?h%n%ﬁ%d%??lﬁaaFr%d%?e 118Y of "t he " eNB™ e%%%%%m e the
the eNB 103 and the UE 101, the system 100 utilizes error de-
tection modules 115a and 115b, respectively, in exchanging
information, e.g., Hybrid ARQ (HARQ). HARQ is a concatena-
tion of Forward Error Correction (FEC) coding and an Auto-

15 matic Repeat Request (ARQ) protocol. In one embodiment, the
error detection modules 115a-115b work in conjunction with
the scheduling module 119 of the eNB 103 to schedule the
transmissions of error control signalling. Automatic Repeat
Request (ARQ) is an error recovery mechanism used on the link

20 layer. As such, this error recovery scheme is used in con-
junction with error detection schemes (e.g., CRC (cyclic re-
dundancy check)), and is handled with the assistance of error
detection modules and within the eNB 103 and UE 101, respec-—
tively. The HARQ mechanism permits the receiver (e.g., UE

25 101) to indicate to the transmitter (e.g., eNB 103) that a
packet or sub-packet has been received incorrectly, and thus,

requests the transmitter to resend the particular packet (s).

[0031] The HARQ functionality employs redundancy information
(e.g., redundancy version (RV) parameters) to control the

30 transmissions. Accordingly, the eNB 103 and UE 101 possess,
in an exemplary embodiment, redundancy version signaling mod-—
ules 117a and 117b, respectively. For example, the UER 101

can be configured to use the same incremental redundancy ver-—



transm ssions of error control signalling. Automati c Repeat Request (ARQ
is an error recovery mechanismused on the link layer. A s such, this error
recovery wohemmsig3used in con juncti on, with error deteecrmr2eoherzes (e.g.,
CRC (cyclic re dundancy check) ), and i's handled with the assistance of
error detection nodules and within the eNB 103 and UE 101, respec tively.
The HARQ nechanismpermts the receiver (e.g., UE 101) to indicate to the
transm t tgron &€ok ,aleNB rE3)mitdwatorns packeto rori reill pack &tv kasypleeer r ecei ved
incorrectly, and thus, requests the transmitter to resend the particul ar
packet (SPECYOER [P EHARG F I oRaISAG 2l 8y Ty ed @i P i et i on
(e.g., redundapcy version (RV) paranmeters) to control the transm ssions.
Accordi ngly, the eNB 103 and UE 101 possess, in an exenplary enbodi nent,

r edundanggsensi on shgnahi pg MOl €8l 178, apdo 17hn ofespeshi ¥l ¥y For

exanpl e, the UE 101 can be configured to use the sanme increnenta
r edundancyhfvemsitorf em alHe tAleidin $RNS.n Acconrdimglly, fcam R sedguence
specifies the RV % raneters associated with a block o f trans m ssions

[0032] | t"5§Houlad Tot'ed tht fP e &g & SSIY G TFor mat i on

on the PRICH,. HARQLY, ttheh@myr Jihiles Rt Hised.ad iSd here trsyna U L
channel for carrying this informa tion. However, the RV properties o f HARQ
during t Ay afsmle Sidiagemt reldidadremtt Sl paracsies! Padketerseddd® packet
can b e '1@1%%% [0033] In one enbodinent, the eNB 103 transmts t o
termnals (e.g., UE 101) using comon control channels (e.g. the Broad cast

Cont g | | Er?cc'%on L L var a%% é@Q“T%”%aé{%i sops LRV}, . byt

wi t hout tthe “correspondi ng explicit redundancy version sTgnal I hg.

Det er m natd.en ,0 Ut tihe )RV iatg tdenrddn dhtrol channels (e.g. the Broad-
cast Control Channel (BCCH)) with variable redundancy ver-—
sions (RV), but without the corresponding explicit redundancy
version signaling. Determination of the RVs at the UE 101

15 (and at the eNB 103) for the transmission of the BCCH (car-

ried over the DL-SCH and PDSCH) can be problematic.

[0034] It is observed that the transmission of the BCCH over

DL-SCH/PDSCH has the following characteristics. First, mul-

tiple system information blocks can be carried on the BCCH,
20 each with its own transmission time interval (TTI), denoted

as T, (e.g., System Information Block Type 1 (SIBl) has the

TTI of 80ms, for SI-2 the TTI can be 160ms, etc. for SI-x, X
= 2,..,8).

[0035] Second, SI-x transmission can have multiple instances
25 within a TTI; and those multiple transmissions can be soft-
combined at the UE 101 within a window. The window size 1is
configurable; and the same for all SI-x within one cell, it
is one of we{l25101520,40ms (see 3GPP TS 36.331 v8.2.0,
“Evolved Universal Terrestrial Radio Access (E-UTRA); Radio
30 Resource Control (RRC); Protocol specification”; which is in-

corporated herein by reference in its entirety). The exact



(and at the eNB 103) for the transmssion o f the BCCH (car ried over the
DL- SCH and PDSCH) can b e problematic. [0034] It is observed that the

t ransm ssworrow/d31878e BCCH over DL- SCH PDSCH has t he f ol IPOTRPg009/062255
characteristics. First, nmul tiple systeminformation blocks can b e carried
on the BCCH, each with its own transmssion tine interval (TTl), denoted as
Tx (e.qg., SystemInformation Block Type 1 (SIBlI) has the TTI o f 80ns, for
Sl -2 the pbHitdam el Hmuneter: SOrSIShe Xransmil303h] iSeaenthesShrixhin
transm ssion can have nultiple instances within a TTI; and those multiple
tr ansm SSBn< AP % ‘SOt Eoib nediIE RS AU CTUE BRI -8 wi ndow.  The

w ndow si ze is configurable; and the sane for all Sl-x within one cell, it
is one o O0R&d {Thdrg, | i5lpEr4gins [seesBEPPLInSiBgta33eF8c2nOhavEyol ved

Uni ver saly;kerd estr 'Lae'd \}&%y“% 658 dofe YRR, ge RAA) O RE; %Url%%r%tr{t%' (RRC) ;

Pr ot ocol speC|f| cation”; I'ch 1s in corporated herein y reference in its
entiret y)redufiterexactiFosidaion ahd itdge thenizérovef n8intd drreghsmifgsicomidinst ances
within the wi ndow w is eN 13}3# | enent ati on-specific. [0036] Third,

mul ti pl e ‘SIL R €5 es can have different redundancy versions

in order to _Qhtain increnental redundanc | R) gains durlgg t he above
ment i oned %94 coABF Rl n@h%p%ggﬁcﬁr%?s@ﬁésiﬂn1@‘ier[@@%7 Urth, the BCCH

transm ssi QR AM&I %ﬂ%klp%s%:ﬁéc%aslcbﬁa%h%%kw {th)a SReqiAl di'%"MHélnk (DL)
control channel (P erred to as Downlink Control Information (DCl)

f or mat 1GPIWrﬂHdh r@drﬁxmeeij ttco aot WerwnDAInkf éﬁqm;tr@ldd@sfqmatﬁcm @xdnpl e,
cont bn tgﬁée eﬁ@ i ClthtPll tcsonf ar. erP%/ Si %n n%d f%rmaecr t reducce }{
owril i Cﬁ refers

over head a.l"l({lrl | ncréase covera use herein
to comunieafdl®) contain the 2 expllc1t bits for RV 81gnallng in or-

der to reduce the overhead and increase coverage.

[0038] As used herein, downlink (DL) refers to communication
in the direction of the eNB 103 (or network) to the UE 101,
15 while uplink (UL) relates to communication in the direction

of the UE 101 to the eNB 103 (or network).

[0039] In view of the above, implicit RV signaling has re-
ceived significant attention. For example, one traditional
approach provides that the redundancy version sequence of
20 0,2,3,1. is optimal among all possible (permutations of) RV
sequences; and this offers performance close to the optimal

IR performance of so called pure circular buffer.

[0040] In another approach, this RV sequence is used for LTE
UL non-adaptive, synchronous HARQ retransmissions. However,
25 in such a case, the eNode B knows the exact time instances
where it can expect the retransmissions. On the contrary,
for BCCH transmissions the eNode B has the flexibility to se-
lect the subframes in which retransmissions will take place
so the UE 101 does not have the full knowledge about time in-

30 stances of retransmission.

[0041] In another approach, the BCCH’s RVs are linked to

subframe number (n,,n, = 0,1,..,9) and/or to radio frame num-
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t he eNode B knows the exact tine instances where it can expect the

retransmn ssi ons.

On the contrary, for

LTE UL
in such a case,

BCCH transm ssi ons the eNode B has

the flexibility to se lect the subfranes in which retransm ssions will take
pl ace so g UEtlﬁel Rd;oel&rmétd ft%/Q:HehQ:Jdi'd Ao eﬂﬂ&e&bmgm)l ne | nstan0<=s
of retransm ssi [UU-H.] ther proa,n the HVS a inked
to subfr nurrb@r 1(ns 2rs3 = :),41,5. .. 603 a18/01r t32ra?d| o] fqraﬁna uﬁnber
(SFN, SHENce0, 1 ., 1P23; Th|s|is i stra in Tabhle 1|fqgr SIBlI |and
Sl-x. Tg (| The [T17rst 0 h mt u L r he
S v oo P 2 T ?rg“P/f%i e hdar LEER Lo ‘?\?}%14 i Drs
are not |fSR-xy ©doi f dde iRVe llntlwéi B tives S Hame Ifqnmmqult)y to sel ect
t he nunt ogLtrong.of 3 firansm ssiops w th rgspectifv
wi ndow) gljlb%nﬁalﬁ‘ge second %\pprca%ch, for SI-x's se| éctl gﬁ, i380| s ol?ser ved
that it |irsmmetr gupr ant epd t hat eac¢h SI{x w ndow positiagn wl|{l be aligned
with the gtart of| subfranme nynberiing (|tis of nsmod 4 )| . I
RV 0 2 3 1 0 2 3 1 0 2
5 Table 1
[0042] The first approach cannot be reused directly for the
BCCH RV determination because the time instances for BCCH re-
transmissions are not fully specified (i.e., the eNB has the
full flexibility to select the number and positions of SI-x
10 transmissions within the respective window). In the second
approach, for SI-x’s RV selection, it is observed that it is
not guaranteed that each SI-x window position will be aligned
with the start of subframe numbering (n, or n,mod 4). In
these cases the RV sequence may be suboptimal if the eNB 103
15 decides to schedule the SI-x transmission instances consecu-
tively within the corresponding window. Moreover, for cer-
tain window sizes (e.g., 20 ms and 40 ms), and also for cer-
tain window positions, the probability of occurrence of each
RV is not equal. Additionally, this approach does not take
20 into account possible UL subframes (in case of TDD carriers)

and possible MBSFN subframes, which might further escalate
the above problems of unequal probabilities of RV occurrence

and suboptimal RV sequences.



t hese cases the RV sequence may be suboptinmal if the eNB 103 decides to
schedul e the SlI-x transm ssion instances consecu tively within the

corr espomnaioregiovismsfeow. Mor eover, for cer.,tain w ndow si zesT(EP2@9/06259 ns and
40 ns) , and also for cer tain w ndow positions, the probability of
occurrence of each RV is not equal. Additionally, this approach does not
take into account possible UL subframes (in case of TDD carriers) and

possi bl e (MBARY subér anese whachthvght fpptbechescabat emphecabovegpadbl ens
of unequal probabilities of RV occurrence and suboptim

/ I\
sequences: 0043 T Pafo e XGaditd oflal™ "epprdactied F o lilmifi ¢t S1 gidl i ng
are furthef. desgridied Hdrdihe Jioldowng Laliln efhwhi ehanedincarpenat ed
herein by reférence in their éntireties) : R - 080945, "Sinulation results
on RV usdfd ¥or, UPpimikd sHARD' reoKites Sinerdh g sNetawdTcks utNokika;HARQ 081009, "RV
sel ection. far | i nk ' G El ect.ronics; RT3, 6 ..321v8 .2 .0 ,
"Evol %/ed r]ﬁl\?e;gs)laelme‘iﬁesrrees wrolr!'.akIS’Ré\%ﬁ(olaAC(?gsso 8( -OL?TRA)R%; Sl\%lcﬁcl]}n%o ccz:fé)srs
Control WAGnkpHRICY! 1speniditeatnias’;; Rpr0&3204 . 32068 Faroyat EG middh
inplicit RV and TBS', Modtorola; and 3GPP TS 36.211 v8.3.0, "Evol ved
Uni ver salVrérestly iTar iRadite 9c Gess o BAITRA) ; (FPRYEifodl Menantie As o

modul ati on,t L0044, To i gate dhe ahove piobl ers and i awback s, A0

c
esses for inplicit redundancy version assignment are pro posed, as é%tailed
in Fl Gs. 1Z 5:1igr0045]1 ikliGs RW2-ahcarld S, owsttanrtcsl eof gurdocedded S ai6 .silgnal i ng of

redundancy, versi Q| accordi.ng to various exenplary em bodi nme I n one
ol mort - T e el e L Y e el SR e R St g
modul e 1bhyA S 1showhdd Flaad hddeanetied as Method 1), the RV signaling
nmodul e 117 detects the start of systeminformation (SlI) transm ssion w ndow

[0044] To mitigate the above problems and drawbacks, proc-
esses for implicit redundancy version assignment are pro-

posed, as detailed in FIGs. 2-5.

15 [0045] FIGs. 2-5 are flowcharts of processes for signaling
of redundancy versions, according to various exemplary em-—
bodiments. In one embodiment, the processes of FIGs. 2-5 are
performed by the RV signaling module 117. As shown in FIG. 2
(denoted as Method 1), the RV signaling module 117 detects

20 the start of system information (SI) transmission window
(step 201). Next, the assignment of the RV sequence of
02310231.. can be started at the beginning of a corresponding
SI transmission window (step 203); this method can be further
optimized by one or a combination of the enhancements. For

25 example, the process assigns the RV sequence excluding sub-
frames #5 in even-numbered radio frames (when SFN mod 2 = 0)
if such a subframe(s) fall within the SI window (subframes #5
in even—-numbered radio frames cannot be used for SI-x, x>1
transmission as they are reserved for SIBl transmission)

30 (steps 205 and 207). Also, the process assigns the RV se-
quence excluding UL subframes in case of TDD carriers (UL
subframes cannot be used for SI transmission) (steps 209 and

211) . This can be considered for all SI-x transmissions as



(step 201) . Next, the assignnent of the RV sequence of 02310231... can be
started at the beginning of a corresponding SI transm ssion w ndow (step
203); thiwormetanmsds7eaan be further opti r‘rilged by one or a eomEPrewioe2sHf t he
enhancenents. For exanple, the process assigns the RV sequence excl uding
subfranmes #5 in even-nunbered radio frames (when SFN nod 2 = 0 ) if such a
subfrane(s) fall within the SI w ndow (subfranmes #5 in even-nunbered radio
frames canrotutheiuset fiourSl-donsxzrd ransmyssi ay agdhey farsgarlaseraied for
SI Bl transm ssion) (steps 205 and 207) . Also, the process assigns the RV
se quence EHANAFG OU SUbfFRTESTST e I51 TODCar (6 -6rs (UP ¥ anes

cannot beggysed f QLrs Slo At ARaAEs AMat $hEPSHROR ranthigbl) supktsnLan be

considered for all SI-x transm ssions asthe UL/ DL configurations are
conveyed dsy utgdngest. SIBI. Al though particul ar subfranmes are descri bed
(e.g., subframe #5) , it is contenplated that any predeterm ned subfrane
can be ut[00644dd. F0046}, Fune herocehe paocessigant]aesR@ns@QeeR&/esequence ex

cl udi ng @SFEréguﬁ%fer I t| - cast ubf rage%futg‘n]r?%r caseS oll;]ﬁ rsrclaé%g
uni cast/ ot be
consi der et anlyed anl%ar@g/mm K2 faSinthe (Lgtle%ﬁsStZ/ﬂ‘@%ﬂ& sulfyr aneor

all ocations is conveyed by neans of SI-2. [0047] FIG 3 shows anot her
process (WEtted<2 Eifigr dafpldeciaorsiigivalschgroty r rﬁiaﬁfoy WSS G<r?2 as

f t t., ¢ o and
| nf or mat .90, uFOJ fy‘%ﬁ%ﬂm%&e%m%”%%%%'h équs e mp %épt ahs an

9 cannot tbe used starting poi At pi ng of
t he It@dumfamdyLZ\/.erm ons is then to have mappi ng of the sub frame nunber to
the RV, which ensures that the transm ssion works well also in the case of
maxi mal qooam]i nei G VBSFAhosagenother process (Method 2) for implicit

signaling of redundancy version information. For example, in
one embodiment, FDD subframes # 0, 4, 5 and 9 cannot be used
for MBSFN. One starting point for the implicit mapping of

15 the redundancy versions is then to have mapping of the sub-
frame number to the RV, which ensures that the transmission
works well also in the case of maximal or optimal MBSFN usage
-— i.e., all subframes except 0, 4, 5 and 9 are used for
MBSFN (step 301). In TDD, the subframes that are not MBSFN

20 can be different (e.g., 0, 1, 5, 6). However, the principle
would be the same: first map the optimal RV sequence to DL
subframes that are never MBSFN, and then map the optimal RV
sequence to the remaining subframes (step 303). Addition-
ally, the RV signaling module 117 can ensure that the RV se-

25 quences are mapped so that the sequences are continuous over

adjacent radio frames (step 305).

[0048] A third approach (Method 3), as shown in the process
of FIG. 4, process combines the above Methods 1 and 2, ac-
cording to an exemplary embodiment. Specifically, the proc-
30 ess assigns the optimal RV sequence of 02310231.. to subframes
in an SI transmission window in the following way. The proc-—
ess of FIG. 4 allocates the RV sequence to the subframes that

are guaranteed not to be MBSFN/UL subframes within the SI



- i.e., all subframes except 0, 4, 5 and 9 are used for MBSFN (step 301)
. I'n TDD, the subframes that are not MBSFN can be different (e.g., 0, 1,
5, 6 ) .wbawevsig7dt he principle would E)e t he sane: fir @CcTmepoovine226pt i nal

RV sequence to DL subframes that are never MBSFN, and then map the opti nal
RV sequence to the remai ning subfranes (step 303) . Addition ally, the RV
signaling nodule 117 can ensure that the RV sequences are napped so that

t he sequencesvans cantstnuRts reveri radjwacenie o adico sfusresngsStee J0R) - [ 0048]
A third approach (Method 3 , as shown in the process of FIG 4 , process
combi nes 4% &Bove IWethere I adind 2Asteqe “ddrdiany (18 eah WesedinTary e fbbdi nent .

Speci fi cald e £ REPFAGESS, 3SR NS JiRRIRRL | MRl RV (sgquence 1of 102310231, .. to
subframes in an SI transm ssion window in the follow ng way. The proc ess

of FIG 4iansocatesctthe tR¢ Sequance ltiga e dulsf rlaive s itlvata taroe sgtridrcamteed
not tpo be MBSEN UL subfra wi thin the Slw.ndow hy first _determ nin

Whet her BeCRIb Siod o o e Cao 0P Ak SR ar? SR oD and

t hen whetikeyatidie t3ub fir aemcare Wd hine trhegmaShn wihdewsy .(Strepm-403)-- | f both
condi tions are nmet, the RV signaling nodule 117 allocations the RV
sequence -6t ks IS Y Stidp 405 Nextindde rtGdedd /al- 1 ocates the RV
sequence to the remaining (e.g., non-UL -- i.e. DL) subframes within the Sl
wi ndow (St04A07¥IG- [ D0a0PwE| & Srshensl aprepeienal ipyetedudetRavol ving the

schedul | ng ANl e 19 Bh PG, be Accond ng.dig anexemlar gghadirent - 10

one enbodi nent, provi des ‘a sched ul'ing functional ity (via
scheddl i rgbmadulesntl19)In whiec lemiiddinkeep tuhaclkeNs tdte ralaveadys tar ansEd-t ed
BCCH r edundancy_ ver sions within the S| w ndow. In stego 501, the scheduling

mDd Ul e PHY HetRTIHTES Sl dbl'e SOOI SR RS P exdhpicd will

keep track of the already transmitted BCCH redundancy ver-—
sions within the SI window. In step 501, the scheduling mod-
ule 119 determines available control capacity. For example,
15 determining available control capacity includes determining
the number and types of control channels 113 that are avail-
able to the scheduling module 119. The module 119 then
tracks the RV sequences that have been transmitted within the
SI window (step 503). Based on the available control capac-
20 ity and/or the tracked RV sequences, the scheduling module
119 can schedule transmission of a BCCH to obtain an optimal
RV sequence (step 505). For instance, the scheduling module
119 can elect to postpone (or advance) the transmission of a

BCCH for a few subframes to get the optimum RV sequence.

25 [0050] It is contemplated that the steps of the described
processes of FIGs. 2-5 may be performed in any suitable order

or combined in any suitable manner.

[0051] For the purposes of illustration, the above Method 1
is explained with respect to an exemplary RV mapping (which

30 is contrasted to conventional approaches).

[0052] FIGs. 6A and 6B are diagrams, respectively, of a con-

ventional redundancy version mapping scheme, and of a redun-



determ ning avail able control capacity includes determ ning the nunber and
types of control channels 113 that are avail able to the scheduling nodul e
119. The wodolo®3isr9 t hen tracks the RV sequences t hat hace/Hre@a/otn28msmi tt ed
within the SI w ndow (step 503) . Baseé on the avail able control capacity
and/or the tracked RV sequences, the scheduling nodule 119 can schedul e
transm ssion of a BCCH to obtain an optimal RV sequence (step 505) . For

i nst ance,darhsy sedhredwn ngpmdiy e chkEhecarrelreting a poest poren(lerrvadyeance) t he
transm ssion of a BCCH for a few subfranes to get the opti mum RV sequence.

[0050] | 9% St e At F g Qi Sepy 8 e 'deSEriBed priscessss of

FI Gs. 2-5imy%he herfordred é’o@ﬁqnn5slﬁistoabl e order or conbined in any
sui tabl e manner. [0051] For the purposes of illustration, the above Method

1is expl@ Lt h ec o enpl ar, i ng. i cheoks contrasted
e N e R

to conventional approaches
respesti vl ,i0fdeh g vent ianalry egiindansys 88154 ECampRigssicdensyn  and of
a redundancy version nmappi ng schenme according to an exenplary em bodi nent,
each schere fpeyitaind Ng tie- @n. | Af onmatkeAnmessagenwondew Lenghhpet, e.g., 15
ms . [0053] As shown, the nunber of subfranes within the SI w ndow is
denoted n s w, t §‘ for a possible BCCH transmi ssion in subfrane i , i =
O,I,...,n(tn)Rvk;E ikt Hoa 4t henuidow is given by: RV,, = k nod4 , where 2 k
=/nmod 4, i =0,12..]., n- 1. [0054] In further optim zations the RV
s$quenceg:§§§mg§§ignﬁgohg”hhe4§ane way with the exception that the nunber

o s

[0054] In further optimizations the RV sequences are as-—

10 signed in the same way with the exception that the number of
subframes within the window n” does not include subframes #5
in even—numbered radio frames (i.e., when SFNmod2 = 0) and/or
UL subframes within the window so i=OJWan3—1 and conse-
quently an RV only exists for subframes other than #5 (in

15 even—-numbered radio frames) and/or for non-UL subframes, this
is illustrated in FIGs. 7A and 7B for FDD and in FIGs. 8A and

8B for TDD.

[0055] Regarding Method 2 (FIG. 3), the process for the map-
ping of RV values to subframes can then be formulated as fol-

20 lows. The RV values are mapped in optimal order to the sub-
frames that are guaranteed to be non-MBSFN: RVs 0,2,3,1 —>
(are mapped to subframes #) 0,4,5,9. Also, the process pro-
vides optimal RV sequences in remaining subframes. Further,
the optimal RV sequences are made continuous over adjacent

25 radio frames. The process results in an RV to subframe map-

ping, as shown in Table 2.

Subframe # (n,) |RV
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[ 0057] The nunber of remaining DL subfranes (not assigned an RV in the
previous step) within the window is denoted as n temam. R for a poss BCCH
t ransm ssworroion3igrese sub frames in the,SI w ndow i s gi Pem/EPR009R6I23s = nod 4
, Where [0058] As nentioned, the described processes may be inple nented in
any nunber of radio networks. [0059] The approaches of FIGs. 6B, 7B, and 8B
provide, ac cording to certain enbodi nents, a nunber of advantages overthe
appr oachescofagddrGacteA, ofAFTasd A3, Uaderanietimad Lnddrheicapidaral, RWe
sequence i s ensured at the beginning of an SI win dow This is especially

i npor t antH Eds & Vo fS SEBEECUt iV € B S e dllS E %ARdY S iH Gdse of" Ml tipl e

retransmgsj onssyid hidn Shrds -Sh yMiRdows., dche Rt Sl RVg iddy gither reduce
the Signal-to-Noise (SNR) required t o correctly receive the BCCH or enable
qui cker BCCH acdpddsiltiinen aayed AUE 110 Lasat togy ynusddvicdg,  tAltsen spricisdlsinls ti es of
occurgrence . of. differe RVs within.a window.are, equal.ized; this is
espeC|5 al Iwﬁt?lr%ﬁlorsthé)rﬁt %ﬁ)lr WslﬁléirogeS’Béa—el soc%:elcrlnlflli #SV.S %&?Ilhgrl%hteﬁe roerO{éilecre
(0231. .. )xmef dihgaptdoraloiR¢S (sHR)otredjistrdbed Jbtrhkoed 13 alese iald aws: t wo
types of inplenentation: on-the-fla/HaRv cal cul ati on according to the above

equat i on$ G Wra S ¥ ITER- FY TaBI@isTikiing e SibfildmdatfBer s wi t hin
a wi ndow Jitih, f he ;R\, i disgantangy ated that, Qther, enhadidients are
possi bl e. [0060] According t o certain enbodi nents, the process of FIG 3
(Met hod vitHirkewvsedumodrdescuaiumsel; ofhizdvianteages.idlley dpproodeint
advant ageousl y can proyvjde.a very si e _mapping fromthe frane nunber t
0 thg6 RV,fO ieH 5% %?%ﬁpegr?@eerﬂuel&fngt'hgmévsttheer%p’f rt%r?eo er'Y%sEny Ofsuch an
approach tgan HtS;m=LN RVS is not disturbed. Method 1 also allows two

types of implementation: on-the-fly RV calculation according

to the above equations or via a stored look-up table linking

the subframe numbers within a window with the RVs; it is con-

15 templated that other embodiments are possible.

[0060] According to certain embodiments, the process of FIG.
3 (Method 2) likewise provides a number of advantages. The
approach advantageously can provide a very simple mapping
from the subframe number to the RV, which is independent of

20 the system frame number (SFN). Such an approach can also en-
able two strategies for sending the system information: mini-
mum time (consecutive) and time diversity (sparse). In the
exemplary case in which subframe #5 (in even radio frames) is
reserved for SIBl1 and cannot be used for other information

25 blocks, Method 2 can compensate for by having a transmit op-

portunity for RV=3 three times in each system frame.

[0061] Moreover, certain embodiments of Method 3 can provide
the following advantages. The optimal RVS 1is ensured at the
beginning of an SI window. In addition, the RVS is ensured

30 to support the maximum MBSFN allocation.

[0062] The processes for implicit signaling of redundancy

information can be performed over a variety of networks; two



able two strategies for sending the systeminformation: min i nmmtine
(consecutive) and tinme diversity (sparse) . In the exenplary case in which
subf rame Wb 20iwn3es7en radio franes) is Egserved for Sl Bl pamErPe@nne2sh e used
for other information bl ocks, Method 2°can conpensate for b y having a
transmt op portunity for RV=3 three tinmes in each systemfrane. [0061]

Mor eover, certain enbodi nents of Method 3 can provide the follow ng

advant agescemfhe rgptdymlenRVa ries censutriec dtw itthe deegidmt ng efian S adidndow. I n
addition, the RVSis ensured to support the maxi mum MBSFN al | ocati on.

[ 0062] THe ‘processes for inplicit signaling of redundancy information can b
e perforned over a variety of networks; twoexenplary systens are descri bed
with resgé®63lo Fies: 92andd102 p0O63}apra@ss 9A ande®Baterdi 4giaks of an

exenpl ary, WYX Arghi et Yigcd B rghigh ddie sy stem of, BlBo dhundteerding to

various exenplary enbodi ments of the invention. The archi tecture shown in
FI Gs. 59A vand BB carenguppor tenfiodadie mamadi ¢ heanchweoliiilce .deplhey renthsi-and be

based | nt t Prot |P ' del . Subscrib bi |
Stati ons 907 U COMMICare a 1 A1 heLegs SeHFR InduasTk. (AN 903,

whi ch i ndriddesrane ey ase SHAtoms (BS)oO0R: 1t et exemplary
system the BS 905, in addition to providing the air interface to the

mobi | e st@f)orf$IUES Fossdsses R iaiage st eudtators sad Hardor f
triggeri ’l%o u%itc:‘g%%elwiet t al 'asc*&e'é"é'tseffv%ddeo nree‘c%%gkce(A'E‘%q:}a Nt Qual ity of
service ( policy enforcement, traffic classification, cP nam c
Host 1 Contimall udteat aoal Jorprmmae, deeye rmanagenment (B9eisan manage srendsm-and
mul ti cast group managenent. S[0064] The base station 905 has connectivity to
an accesgl ry systent, the BS 905, in addition to providing the air
interface to the mobile stations 901, possesses such manage-
ment functions as handoff triggering and tunnel establish-
ment, radio resource management, quality of service (QoS)
15 policy enforcement, traffic classification, DHCP (Dynamic
Host Control Protocol) proxy, key management, session manage-

ment, and multicast group management.

[0064] The base station 905 has connectivity to an access
network 907. The access network 907 utilizes an ASN gateway
20 909 to access a connectivity service network (CSN) 911 over,
for example, a data network 913. By way of example, the net-
work 913 can be a public data network, such as the global

Internet.

[0065] The ASN gateway 909 provides a Layer 2 traffic aggre-

25 gation point within the ASN 903. The ASN gateway 909 can ad-
ditionally provide intra-ASN location management and paging,
radio resource management and admission control, caching of
subscriber profiles and encryption keys, AAA client function-
ality, establishment and management of mobility tunnel with

30 base stations, QoS and policy enforcement, foreign agent
functionality for mobile IP, and routing to the selected CSN
911.



network 907. The access network 907 utilizes an ASN gateway 909 to access a
connectivity service network (CSN) 911 over, for exanple, a data network
913. By waip 20fo/mxsmpl e, the net work 9 can be a publi ecaatraom®t226F k, such
as the global Internet . [0065] The ASN gateway 909 provides a Layer 2
traffic aggregation point within the ASN 903. The ASN gateway 909 can ad
ditionally provide intra-ASN | ocati on managenent and paging, radi o resource
managenemntoosd®] atinessgwnotoninbérfeachi ngeofvaubsasi best pnof i keshand
encryption keys, AAA client function aI%%%, est abl i shment and nmanagenent of
d

mobi 11 ty FHAS2 WY h e St &S Polii ¢y Rettlorc st or ei gn

agent funchionaldd ¥, Q5 MObiderd)P.g1and Sreutd RG, L0 (e seleched CSN ,
911.[0066] The CSN 911 interfaces with various systens, such as application

servi ce preovirdersh(IASP QESt o 36iB1)i o SRR e teel éfone etk (EPSEN) 917,
and a5deé%£g%%g tgéy1§%g5§ership Project (3GPP) /3GPP2 system 919, and
ent er pri se networ ks (nhot Sh wn) . [0067] The CSN 911 can include the

foll owi n omonent s: _Ac ss, Authorization_a Accounti ng syste AAA
0oL Oa e R s ot ™ B P b B b e B R R R e B S b i s
/ busi ness-csP it reStRM i(BSSI P 2c ARt id Pakpmway 9Adha)The 1AM systiem 921,

whi ch can be inplenmented as one or nore servers, provide support
aut hent i datifomef d9afie GV ¢EY, Asd errd cavd apedt fSUPrsartvisyesemmhe CSN 911

al so provj Mds i48s %QJédrp%t“%@Psgc%rﬁF”(tB%‘; P a%ﬁ?}c?%cyaltte\(ﬂa Sazl‘i‘ﬁ" as IP
ad dress management, support for “roam ng tweer di fferent network ‘service
provider SSHEN3RS) sydtecatdadn managenent kandmg 1ASNS\.ted as one or more

servers, provide support authentication for the devices, us-

ers, and specific services. The CSN 911 also provides per

user policy management of QoS and security, as well as IP ad-

dress management, support for roaming between different net-

15 work service providers (NSPs), location management among

ASNs.

[0068] FIG. 9B shows a reference architecture that defines
interfaces (i.e., reference points) between functional enti-
ties capable of supporting various embodiments of the inven-
20 tion. The WiMAX network reference model defines reference
points: R1, R2, R3, R4, and R5. Rl is defined between the
SS/MS 901 and the ASN 903a; this interface, in addition to
the air interface, includes protocols in the management
plane. R2 is provided between the SS/MS 901 and a CSN (e.g.,
25 CSN 911a and 911b) for authentication, service authorization,
IP configuration, and mobility management. The ASN 903a and
CSN 911a communicate over R3, which supports policy enforce-

ment and mobility management.

[0069] R4 is defined between ASNs 903a and 903b to support
30 inter-ASN mobility. R5 is defined to support roaming across

multiple NSPs (e.g., visited NSP 929%9a and home NSP 929b).



[0068] FIG 9B shows a reference architecture that defines interfaces
(i.e., reference points) between functional enti ties capable of supporting
vari ous ewbadimsmi7s of the invention. %;Qe W MAX net wor k pceffee@nme228vdel
defines reference points: R, R2, R3, , and RS . R is defined between
the SS/M5S 901 and the ASN 903a; this interface, in addition to the air
interface, includes protocols in the nmanagenent plane. R2 is provided

bet ween tfo® 793 Mss 98dnandnad CSht(ergwirESMs91dasands 9ddh) béottilized,

aut henti cation, service authorization, |P configuration, and nobility
managenertiCiTRe ASNFoGIE aff ESN o PR '@difthi cate over R3, which supports
policy enforce nent and nobility managenent. [0069] R4 is defined between
ASNs 903d087d 190BECE o stppoPP #htefi ASKREHEBDP i E9TMRE1IFat HeR | ABAt €8S suppor t

roam ng I el Ps. (e. I S P 929 NSP
929D) . w%‘%zﬁ%ﬁ%ﬁg@gﬂg)}?% gcr&vﬂ regég%gfgﬁ&n%%c%ﬁgt%% zed, ‘such as
3CGPP LTEwhashnexte exqdraicred.onfc0q7 1JUER| Gsnd 10v- LGB earse adiiagr afs FOfG. 1

conmruni cat i on _systens havi ng ex | ary. | ong-term evol uti o LTE

oy on t ectP PRt G e Eer B A SCORP e S DS b on of
FIG 1 camcOoperaif,iACCOHE] R O 1V ard0us eXimhar i remedi nenhs of dhe

i nvention. By way of exanple (shown in FIG 10A), a base station (e.g.,

dest i nat isdrirtricde) (Sard ra AeSéri redguipmed Y UBRN] @ ¢sers apdensode) (Wdn

conmuni cate jn t i h , I i.\j Sion
Mul ti p: ea(tfc'cgléésy(ﬁﬁf% %%%%dg%ﬁqglcgﬁ%%ﬁ%t%ls@pﬁgl %&5@“?@8@}1&% ?é%}a?l:j
Codel Di viegicers sMidhigples Acces s o WERMAD 1,v iGritdrogonial i three quercys DITMOMA)QN

Mul tiple Access (OFEDVMA) or Single Carrier Frequency Division Miltiple
Access (FENR) LS FONN D % ComtiTat ot BBR U herebrarh G e RenpIS
enbodi ment,1 thetik uRlddys andodewn! iode e nal Frequency Division

Multiple Access (OFDMA) or Single Carrier Freqguency Division

Multiple Access (FDMA) (SC-FDMA) or a combination of thereof.
15 In an exemplary embodiment, both uplink and downlink can

utilize WCDMA. In another exemplary embodiment, uplink

utilizes SC-FDMA, while downlink utilizes OFDMA.

[0072] The communication system 1000 is compliant with 3GPP
LTE, entitled “Long Term Evolution of the 3GPP Radio Technol-
20 ogy” (which is incorporated herein by reference in its
entirety). As shown in FIG. 10A, one or more user equipment
(UEs) communicate with a network equipment, such as a base
station 103, which is part of an access network (e.g., WiMAX
(Worldwide Interoperability for Microwave Access), 3GPP LTE
25 (or E-UTRAN), etc.). Under the 3GPP LTE architecture, base

station 103 is denoted as an enhanced Node B (eNB).

[0073] MME (Mobile Management Entity)/Serving Gateways 1001
are connected to the eNBs 103 in a full or partial mesh con-
figuration using tunneling over a packet transport network

30 (e.g., Internet Protocol (IP) network) 1003. Exemplary func-
tions of the MME/Serving GW 1001 include distribution of pag-
ing messages to the eNBs 103, termination of U-plane packets

for paging reasons, and switching of U-plane for support of



utilize WCDMA. I n anot her exenplary enbodi nent, uplink utilizes SC FDVA,
whil e downlink utilizes OFDVA. [0072] The communi cation system 1000 is

conpl i antwei20t0/@@GPP LTE, entitled "Long, Term Evol uti on @eCTtEre08GFR5Radi 0
Technol ogy” (which is incorporated heréin by reference in its entirety) . A
s shown in FIG 10A, one or nore user equi pnent (UES) communicate with a
net wor k equi pnment, such as a base station 103, which is part of an access
networ k (& ghobiWiMAX (\Mmcdwitde lanseriopar ahidvid W ar Jdtewenwave Acgess)
3GPP LTE (or E-UTRAN), etc.). Under the 3GPP LTE architecture, base station
103 i s déifot LT erménced MNode 58 HOENB)° L. ORI MFE YNBH 17 Managenent

Entity) /3R \dg 1Gheways (LROL ang connect 4, 1.9 Ahe eNBs 103 dJud ity | or
partial mesh con figuration using tunneling over a packet transport network

(e.g., |mtverteet P30oddl0Y ItR) ssetuwsrlk) CEGGImiBeerplcaripefngnd it iaovws of t he

MVE/S?;Yi%%V%el%OSfl Cij?cl ude di_stribution,of pag ing,nessages t.o the eNBs

103, nati-o 631 élr?taerpéa&ettso ftorracp]){agelang reasons,”an &4 ng of

U- pl ane foimesyppate ofMeE mbiilid satSiwase itone @A tHROkseramtas largateeway to
exter nal networks, e.g., the Internet or private networks 1003, the G
1001 i nclfitde B AdCeSECERRAGHA AN Sifand® ACEHIMS NG S ystfe mAAARCIE005 t o

secur el y dietariined ied dentidy dandoriad | gas oo userAnd 40 drack each

user's activities. Serving Gateway 1001 1s the key
cont r ol - idde®,f arhet WAIEL TR (e des sanetwerdk iand hes beespansidilierafor 1dl e node UE

trackjng .and in racedure incl udi retransm.ssions. Al so, .the MME 1001
S Rborvar R A i G AT I dbss St S
responsi blre fon s@lcactiimg dhew3QW (f2ar W N Gat ewry)ifieri A Wewlcrd hewd niti al
attach and at time of intra-LTE handover involving Core Network (CN)

at time of intra-LTE handover involving Core Network (CN)

node relocation.

[0074] A more detailed description of the LTE interface is
15 provided in 3GPP TR 25.813, entitled “E-UTRA and E-UTRAN:
Radio Interface Protocol Aspects,” which is incorporated

herein by reference in its entirety.

[0075] In FIG. 10B, a communication system 1002 supports
GERAN (GSM/EDGE radio access) 1004, and UTRAN 1006 based ac-
20 cess networks, E-UTRAN 1012 and non-3GPP (not shown) based
access networks, and is more fully described in TR 23.882,
which is incorporated herein by reference in its entirety. A
key feature of this system is the separation of the network
entity that performs control-plane functionality (MME 1008)
25 from the network entity that performs bearer-plane function-
ality (Serving Gateway 1010) with a well defined open inter-
face between them S11. Since E-UTRAN 1012 provides higher
bandwidths to enable new services as well as to improve ex-—
isting ones, separation of MME 1008 from Serving Gateway 1010
30 implies that Serving Gateway 1010 can be based on a platform
optimized for signaling transactions. This scheme enables
selection of more cost-effective platforms for, as well as

independent scaling of, each of these two elements. Service



node rel ocation. [0074] A nore detailed description of the LTE interface is
provided in 3G°PP TR 25.813, entitled "E-UTRA and E-UTRAN: Radi o Interface
Pr ot ocol wepemis1873whi ch i s incorporat §9 herei n by ref ePem®P2009/061285
entirety. [0075] In FIG 10B, a conmunication system 1002 supports GERAN
(GSM EDGE radi o access) 1004, and UTRAN 1006 based access networ ks, E-UTRAN
1012 and non-3GPP (not shown) based access networks, and is nore fully
descri beghddvitR rA3.882,a 1w e licst ngaripdrated drerleigiday referanes idf its
entirety. A key feature of this systemis the separation of the network

entity t &Pl SPhe ot rdl Yl add fundts Aty (MVEPEOES T rdmittre

net wor k - enfd -ty drhats PenfFyr me Reanrersdang J unetiQn @ldity ASeANGy iGateway
1010) with a well defined open inter face between them SI|. Since E-UTRAN
1012 pr oviades dHisghem chandaicd tades e terpddsicde orewtserofi desi lasrenel | as to

i nprove ex isting ones, separation of MVE 1008 from Serving Gateway 1010

i npl i s th0dt763er ks ngeCat emayIE0100Banthe basSEdAvNn (a.pl at E¥BM bptLmzed for

signaling transacti.ons. This sche enabl es sel ectj on. of re

Cont et S AL AHar e R, SBE Wa e | rEnen B S TG WO e of
these twa 8] eeNtiSit SeTaHLePIPVIrdansiccar dlEq 58l ecir opldin zeddepel ogi cal
| ocati ons of Serving Gateways 1010 within the network independent of the

| ocat i onsoBft NNVES(REB08 fui cdridera tid w educeE sestridinge & o didwicdtfy 1odt enci es and

avoi d co tr ints .of fai [007 i.n El OB, t
E- UTRAN %@%Sﬁe, %@ﬁg)l%clﬁogfz e & fdaigiz?‘g\T V%oﬁ% %]ég%gfse\?ﬁ%ff{%eaw.a %;%YE-O RAN
10121 supparrics iloHs dinc livatierd acel iand dsuelrude snafnanetieons faginirsadion reesour ce
cont rol %ERC) functionality corresponding to the contral plane MVE 1008.

The E- UTRAN 202 N0 1Pt 61O 5 Sk ety grpgottated uplink (UL) 7 00s

(Quality of Service), cell information broadcast, cipher-
ing/deciphering of user, compression/decompression of
downlink and uplink user plane packet headers and Packet Data

15 Convergence Protocol (PDCP).

[0077] The MME 1008, as a key control node, is responsible
for managing mobility UE identifies and security parameters
and paging procedure including retransmissions. The MME 1008
is involved in the bearer activation/deactivation process and

20 is also responsible for choosing Serving Gateway 1010 for the
UE 101. MME 1008 functions include Non Access Stratum (NAS)
signaling and related security. MME 1008 checks the authori-
zation of the UE 101 to camp on the service provider’s Public
Land Mobile Network (PLMN) and enforces UE 101 roaming re-—

25 strictions. The MME 1008 also provides the control plane
function for mobility between LTE and 2G/3G access networks
with the S3 interface terminating at the MME 1008 from the
SGSN (Serving GPRS Support Node) 1014.

[0078] The SGSN 1014 is responsible for the delivery of data
30 packets from and to the mobile stations within its

geographical service area. Its tasks include packet routing

and transfer, mobility management, logical link management,

and authentication and charging functions. The S6a interface



functions including radio resource managenent, adm ssion con trol,
schedul i ng, enforcenent of negotiated uplink (UL) QS (Quality of Service)

, cell i nWvormed3esT3br oadcast, cipher i gldeciphering of PUTAP2009/062255

conpr essi on/ deconpr essi on of downlink and uplink user plane packet headers
and Packet Data Convergence Protocol (PDCP) . [0077] The MVE 1008, as a key
control node, is responsible for managing nobility UE identifies and
security cpandanst enrsiratd pag rgrcaceduros iamel uditng ntdid=ansm ssitensorThe MVE
1008 is involved in the bearer activation/deactivation process and is al so

r esponsi 51U NGt IRGdLIH G S g "GatBiRdy 2EPEF S ¢° (e G CLOEC MVE tEb8

functi onsncliude NoR ACersS 3t aiM(NAS) i gnal | NG raANd Jiglatied security.
MVE 1008 checks the authori zation of the UE 101 to canp on the service

provi der 'SerPub))i ¢ ldnd NS 1S3 NSt WerTKE a(CRL N vearedh &MEsY Jé%) 8UB Tl degani ng

restricti .__The 1008 raovide t.r | ane functi for
nnMI%ty eaﬁ§g$%#%%%1r@é%@fé&é%éxhy@£ﬁgyﬁﬁﬁ?%ﬁ? Iﬁnﬁ%:%%g'

term nat iTng ate e gWRLEMRS, firoam tike tSESN JdBemtiatg @RS nSuepordthadNade) 1014.
[0078] The SGSN 1014 is responsible for the delivery of data packets from
and to tHAEHEHa &SI ond St MIRAN & ieogiid@pilcdl: service area. Its tasks

i ncl ude packet routing and transfer, nobility managenment, |ogical |ink
managemert007d abehentVchrtonfand ehav§ing fumeribpgreThesSeaplane

| nter f aceenahlas,d hansfer, ol SubSerl Rl 1100 AN, AULhentipaLlon datg feor
aut henti cat1 ng/aut hori zing user access to the evol ve system (

i ntetbacat hetnweem 08 and WSS H Hone dBubsc rduremoSéraverdveO e~ The SI O
i nterface between N5E§ 1008 provides MVE rel ocation and MVE 1008 to MVE
1008 i nf &rF& G aristrer Tlfhe ‘sdmHGTd a6at &Y 1510 G t1HE Tédé that

term nat s the&diited control and mobility support between SGSN 1014

and the 3GPP Anchor function of Serving Gateway 1010.

[0080] The S12 is an interface between UTRAN 1006 and Serv-—
15 ing Gateway 1010. Packet Data Network (PDN) Gateway 1018
provides connectivity to the UE 101 to external packet data
networks by being the point of exit and entry of traffic for
the UE 101. The PDN Gateway 1018 performs policy enforce-
ment, packet filtering for each user, charging support, law-
20 ful interception and packet screening. Another role of the
PDN Gateway 1018 is to act as the anchor for mobility between
3GPP and non-3GPP technologies such as WiMax and 3GPP2 (CDMA

1X and EvDO (Evolution Data Only)).

[0081] The S7 interface provides transfer of QoS policy and
25 charging rules from PCRF (Policy and Charging Role Function)
1020 to Policy and Charging Enforcement Function (PCEF) in
the PDN Gateway 1018. The SGi interface is the interface be-
tween the PDN Gateway and the operator’s IP services includ-
ing packet data network 1022. Packet data network 1022 may be
30 an operator external public or private packet data network or
an intra operator packet data network, e.g., for provision of
IMS (IP Multimedia Subsystem) services. Rx+ 1s the interface

between the PCRF and the packet data network 1022.



terface towards the E-UTRAN 1012 via SI-U. [0079] The SI-U interface

provi des a per bearer user plane tunneling between the E-UTRAN 1012 and
Servi ng GaDewsy03iL30. It contains suppgy t for path sw t ebirmp2en61295
handover be tween eNBs 103. The S4 intéerface provides the user plane with
related control and nobility support between SGSN 1014 and the 3GPP Anchor
function of Serving Gateway 1010. [0080] The S12 is an interface between
UTRAN 100® 02 SesveagnGahemay. 1000, PacketisData NNei works (EDNE-Gakeway 1018
provi des connectjvity to the UE 101 tqo external packet data networks by

bei ng t he!Eyoilite o TeRiar Sad TSP I atlr AR 1© AGCaSTe UESEFL PLPRé ' PDN

Gateway 1018 pedrforms ol ke Qree enty: Nacket Mddief g <ach user,
chargi ng support, lawful interception and packet screening. Another role of

t he PDN Gatedwayl 01018 ars! thdlYactP hass itdad Jandhidy, feor wedhi last v wetnwesd 3GPP and

non- 3GPP _t.echnol ogi es / Max..and . 3CGPR2, ( 1 X .and E (Evol ution
Dat a gjl %l%ne. ([eo 1] R%}]L&gﬁg‘afﬁi)y{\:'erﬁglcee epl)\]r%ovli es trans elru of” é)%g &C%\il cy and
char gi ng rawliesy faremtRCRE :( Roldcay cand Grar girzglikRolre founeid omnab@2@ g Pol i cy
and Chargi nZ% Enf or cenent Function (PCEF) in the PDN Gateway 1018. The SG

i nt er f ace 455/t RO e & e e ir AHe PDN UG eidy @ ith&ssgétdtor' s | P

servi ces dpglud ilrb@ﬁagg%iioﬁ%%%%tiw ke Q22,1 Racket dat aynetwonk 1022 may

be an operator external public or private packet data network or an intra
oper at or (uadkigturgdtispmetnwortk,ove.sg.on fler3 Ipr avids ilymeapfid Ms Sdu? dellZtlilmedi a

Subsystem . services. + is .t interface between the PCRF and the packet
dat ! het \%ﬁ%%z( 9 F7As 1SO§§H in FIG 10C, t eNB 103 utilizes an E-UTRA

Evol ved iversal Terrestrial Radio Access user pl an e.g., RLC (Radio
(Li nk c:ont[hégﬁa):3 1018 e %&/éd?%m%%%%t%%nmgh(the a8 1601 % (Beeess (

Gateway) via an S1 interface. The aGW 1001 includes a User
Plane 100la and a Control plane 1001b. The control plane
1001b provides the following components: SAE (System Archi-
15 tecture Evolution) Bearer Control 1035 and MM (Mobile Manage-
ment) Entity 1037. The user plane 1001b includes a PDCP
(Packet Data Convergence Protocol) 1039 and a user plane
functions 1041. It is noted that the functionality of the
aGW 1001 can also be provided by a combination of a serving
20 gateway (SGW) and a packet data network (PDN) GW. The aGW
1001 can also interface with a packet network, such as the

Internet 1043.

[0084] In an alternative embodiment, as shown in FIG. 10D,

the PDCP (Packet Data Convergence Protocol) functionality can
25 reside in the eNB 103 rather than the GW 1001. Other than

this PDCP capability, the eNB functions of FIG. 10C are also

provided in this architecture.

[0085] In the system of FIG. 10D, a functional split between
E-UTRAN and EPC (Evolved Packet Core) is provided. In this
30 example, radio protocol architecture of E-UTRAN is provided
for the user plane and the control plane. A more detailed
description of the architecture is provided in 3GPP TS

86.300.



trol) 1017, and PHY (Physical) 1019, as well as a control plane (e.g., RRC
1021)). The eNB 103 al so includes the fol lowng functions: Inter Cell RRM
(Radi o RasounnashManagenent) 1023, Connggti on Mbility Ceorme2oo202£255 RB
(Radi o Bearer) Control 1027, Radio Adni'Ssion Control 1029, eNB Measurenent
Configuration and Provision 1031, and Dynam c Resource Allocation

(Schedul er) 1033. [0083] The eNB 103 communi cates with the aGW 1001 (Access
Gat eway) NMioB&Nn Shei aleriageindberatyé 1004 tnel stdesoatlsesePlrang 1001la and
a Control_ plane 1001b. The control_ plane 1001b provi des the follow ng

conponent&LeSRF (ISt eMPAChilédtnse By dltiilon)y BEs & GontioIctie3s and MV
(Mobi l e Menage nRt)-ERd s 1034 a%i%%%rtbﬁle@n%h%om | M des 2 RPCP

(Packet Data Convergence Protocol) 1039 and a user plane functions 1041. It
i s not ed adeatentthé&rfiunot)i il oy cofidetlse @@V (BOGL cca ralhsid dyg yreoHvddd by a

conbi pati_.an _qf _a servi at.e (S a et, .dat a_network (R GW
The a fdt?fcscaBr?aarlesro C?O?ﬁtgfroflaggo%vxlﬁ’t r?\galep%%?gtepﬁ%t V\l/olr o ght?éh&lalsngt hle 5%?2 er net

1043. [ 0084 Nas ancal-teydeatd & rerhedi menturiasy shosn in FI G 10D, the PDCP
(Packet Data Convergence Protocol) functionality can reside in the eNB 103

rather thaoghe GW1001lor& heryt brn1this PREP-eapabil &t Yecbhei edBrhunctions
of FIG 10C are also provided in this architecture. [0085] In the system of

FI G 10Dthe furrsiasera TP itdetdidgdy E-UITRAN Nén g SEPC demed vwed SPadk et Cor e)
e g e e N e
desct D pt irenrddfartehe(earchi togctatrad it qure@sicded Diyi3ERP SESnal Processing

(DSP) chip, an Application Specific Integrated Circuit

(ASIC), Field Programmable Gate Arrays (FPGAs), etc.), firm-

ware, or a combination thereof. Such exemplary hardware for

performing the described functions is detailed below.

15 [0088] FIG. 11 illustrates exemplary hardware upon which
various embodiments of the invention can be implemented. A
computing system 1100 includes a bus 1101 or other communica-
tion mechanism for communicating information and a processor
1103 coupled to the bus 1101 for processing information. The

20 computing system 1100 also includes main memory 1105, such as
a random access memory (RAM) or other dynamic storage device,
coupled to the bus 1101 for storing information and instruc-
tions to be executed by the processor 1103. Main memory 1105
can also be used for storing temporary variables or other in-

25 termediate information during execution of instructions by
the processor 1103. The computing system 1100 may further
include a read only memory (ROM) 1107 or other static storage
device coupled to the bus 1101 for storing static information
and instructions for the processor 1103. A storage device

30 1109, such as a magnetic disk or optical disk, is coupled to
the bus 1101 for persistently storing information and in-

structions.



86. 300. [ 0086] The eNB 103 interfaces via the SI to the Serving Gateway
1045, which includes a Mbility Anchoring function 1047. According to this
ar chi t ectwoepindses7®E (Mbility Man aggggnt Entity) 104Cpmriodos22SAE
(System Architecture Evol ution) Bearer ntrol 1051, Idle State Mbility
Handl i ng 1053, and NAS (Non- Access Stratum Security 1055. [0087] One of
ordinary skill in the art would recogni ze that the processes for inplicitly
si gnal i ngaosdyndaneycyepst ongi sy foemnalion oy parasebeed tmy beei bpsenent ed
via software, hardware (e.%., general processor, Digital Signal Processing
(DSP) child,?lark AppIdicaticon 1Sddei FUEN ftSegr dtiéd i@ st ASHEP L el F

Progr ammaplie @atg ArLaYs LFhREAS)so 1L o1 1Y Wal @l i@ L HiNaldan

t hereof . Such exenplary hardware for péerformng the described functions is
det ai | ed Aveligwut] OE88]ceFI1G1 31 sudhusts at & vécamsl amye Ivaridwared Alipont-whi ch
vari ous enbadi nent s..of _the invention can qeed-['{%l eqent ed. 1A Gomut icr(ljgn_system

K . n
1100 7 ncltides <'§jnbusOt 1 "or %6t KEr commmitca tion rreecrl])élrﬁ smTfor

conmuni catunig dtifrey matfcmaanidm P eessend B3 cauplred tio tithe dywus k101 f or
processing i nformati on. The conputi ng]( system 1100 al so includes main nmenory

1105, sucirias 'd F-anddif dcEess GRensidy {(IRAMCHY atHer dynaifi’e St 6i%ge devi ce,
coupl ed tq f1he hus, LLOL 0,81 ord ng-Jahonmat ign &ﬁ%o'rr'ﬁirﬂé(‘ctti'ocm%e;y%r,be

executed by the processor 1103. Main nenory 1105 can al so be use
stori ng tfenparcamunigratalyce sliore agtilver dimftcemeagdicat exndchfaammetricorsedwrdng

execution .of instructions by th rocessar 1103. The .conmputing system 1100
oyl £ B A ar U oo RO 91y ISPy L ¥ P S G es i T Vet or age
devi ce couplredt @Hheyibys 41104 1fior storing static information and
instructions for the processor 1103. A storage device

[0090] According to various embodiments of the invention,
the processes described herein can be provided by the comput-
ing system 1100 in response to the processor 1103 executing
15 an arrangement of instructions contained in main memory 1105.
Such instructions can be read into main memory 1105 from an-
other computer-readable medium, such as the storage device
1109. Execution of the arrangement of instructions contained
in main memory 1105 causes the processor 1103 to perform the
20 process steps described herein. One or more processors in a
multi-processing arrangement may also be employed to execute
the instructions contained in main memory 1105. 1In alterna-
tive embodiments, hard-wired circuitry may be used in place
of or in combination with software instructions to implement
25 the embodiment of the invention. In another example, recon-—
figurable hardware such as Field Programmable Gate Arrays
(FPGAs) can be used, in which the functionality and connec-
tion topology of its logic gates are customizable at run-
time, typically by programming memory look up tables. Thus,
30 embodiments of the invention are not limited to any specific

combination of hardware circuitry and software.

[0091] The computing system 1100 also includes at least one

communication interface 1115 coupled to bus 1101. The commu-



1109, such as a magnetic disk or optical disk, is coupled to the bus 1101
for persistently storing information and in structions .[0089] The
conmput i ngveystoasigz300 may be coupl ed vkg the bus 1101 t eCca/rke@plosg2si111,
such as a liquid crystal display, or active matrix display, for displaying
information to a user. An input device 1113, such as a keyboard i ncl uding
al phanuneric and ot her keys, may be coupled to the bus 1101 for com

muni cat i ng datfiemratiten fand damend seldeet isonsid-avayhelgarsocesnnsori cktQ3n The
i nput device 1113 can include a cursor con trol, such as a nouse,

trackbaHQOWﬂl%%ﬂ§6¥5@ﬁﬁ&ﬁ9§ﬁ1%¥ﬁ%,“¥5r%ﬂﬂ%ﬁhﬂcé%ﬁh&qu%&ﬁQQﬁ?oga

i nformat i;00 And, conmand Selectiens 4@ ithe RIeCessor; 11103 and forg-
control ling cursor nove ment on the display 1111. [0090] According to

various erefodi,mem ordfiashe siigrents diatt ke prockssdes ldelsdr sed<serei n can be
provi ded by, the. comput, 1.nd. system 1100 0 respanse to the Jrocessor, 1103
executi ng an arrang At ot netTuct i ons Cont aimed i n e N enory 7105,

Such i nstrtctd=0nsrcamtee fead 11Nt Jmi 1 nErlyy pkkQpHarem amtettterce
conput er -r eadabl e medi um such as the storage device 1109. Execution of the

ar r angenmeitV 161 S st iorts WdntediStdd ST ifei P utenBiSP) 1108 Cddsss the
processorp Q3 t@efi%rofn%rlmcto%&recic%oﬁctyeF&%r@%{ﬂe&%%t{}%rn%ﬂn-As S:i%(r)— nor e

processors in a nulti-processing arrangénment nmay al so be enpl oye

execut e tthen)nstrtgotiiegres edgrt.ai ned in main nenory 1105. In alterna tive
enbodi ments, hard-wired circuitry may be used in place of or in conbination
W t h18of tME92]i nThe uctboassdo 1L pb enent ekbeueabods nentnehithedi aveati on. In
anot her exanpl e, reconfigurable hardware such as Field Programmable Gate

Arrays (FPGAS) “diihé S9 RARHI%Ch S F Gt oA ity T "ESrigs e

vice 1109, or other non-volatile storage for later execution.
In this manner, the computing system 1100 may obtain applica-

tion code in the form of a carrier wave.

15 [0093] The term “computer-readable medium” as used herein
refers to any medium that participates in providing instruc-
tions to the processor 1103 for execution. Such a medium may
take many forms, including but not limited to non-volatile
media, volatile media, and transmission media. Non-volatile

20 media include, for example, optical or magnetic disks, such
as the storage device 1109. Volatile media include dynamic
memory, such as main memory 1105. Transmission media include
coaxial cables, copper wire and fiber optics, including the
wires that comprise the bus 1101. Transmission media can

25 also take the form of acoustic, optical, or electromagnetic
waves, such as those generated during radio frequency (RF)
and infrared (IR) data communications. Common forms of com-
puter-readable media include, for example, a floppy disk, a
flexible disk, hard disk, magnetic tape, any other magnetic

30 medium, a CD-ROM, CDRW, DVD, any other optical medium, punch
cards, paper tape, optical mark sheets, any other physical
medium with patterns of holes or other optically recognizable

indicia, a RAM, a PROM, and EPROM, a FLASH-EPROM, any other



tion topology of its logic gates are custom zable at run tine, typically by
programm ng nenory | ook up tables. Thus, enbodi nents of the invention are
not |im two 20m/@m873speci fic conbi nati og,of hardware cir egirtergocne22sdf t war e.
[ 0091] The conputing system 1100 al so Tncludes at | east one conmmuni cati on
interface 1115 coupled to bus 1101. The conmunication interface 1115

provi des a two-way data comruni cation coupling to a network |ink (not
shown) . mEa®rgommin cat icenrdmitdeyd,ace cbklS cssendsragnd o ecsi veheal ectdieal |

el ectromag netic, or optical signals that carry digital data streans

repr esentiitf varidus QeSS iGforf@d-on. Further, the com nunication
interface 1115 can include peripheral interface devices, such as a

Uni ver sal[08&4]al ‘Busl QUISE)O 1t e st 8P POME 8P Skl 2 Gpdteeri Venory

Card Int ‘%Io'l%teihqo%' SAdad o) dpterface., ef ro_[c%%%%r E%ef eeessor 1103
may execute the transmtted code I enbelngr ceived and/or store the code
in the stdrage derwiccanbl@, tdre dintearundan-oved gtdd esstroriage dfudr dtat er

execution. In thi ner, .the canmputing system 1100 nay obtain app lica

T on Codd F47H I Sorth Of ch ‘CHA A Wi ‘[UOITL et EIR Fc Sitbt SPFF eadabl o
medi unt  agtusediiher &M o efelcy & e amutradi umd haterpar tdc@mpaties ithgpr@vi di ng
instruc tions to the processor 1103 for execution. Such a nedium may take
many for MOLS FEMRIGRY Bwadsott NS mnsdd ucd Ivdrd vidltét iMad nmadine,r walrat i | e
nmedi a, a t 1 SSi i a. -val at -l i a.incl . for | e,
opti cal o%% “r?fasg%z{% ?’loﬁc&sqf lel&qsog’lcsh%rt %e%setlc?%g%g%dgvllnc%e u%cligjég a\/glogi;él ‘e nedi a
i ncl ude dymanietn PEMGr W,0cHIC % yas amine crenersy thE)Slath ans mhss itenl ayeding

i ncl ude coaxi al cables, copper wire and fiber optics, includi ré%ttah%ovm res

that conpri-$e Ak BirS FIOL RIS SSIGH fedita (CarfOnvers the

an infrared signal and transmit the infrared signal to a
portable computing device, such as a personal digital assis-
tant (PDA) or a laptop. An infrared detector on the portable
15 computing device receives the information and instructions
borne by the infrared signal and places the data on a bus.
The bus conveys the data to main memory, from which a proces-
sor retrieves and executes the instructions. The instruc-
tions received by main memory can optionally be stored on

20 storage device either before or after execution by processor.

[0095] FIG. 12 is a diagram of exemplary components of a
user terminal configured to operate in the systems of FIGs. 5
and 6, according to an embodiment of the invention. A user
terminal 1200 includes an antenna system 1201 (which can

25 utilize multiple antennas) to receive and transmit signals.
The antenna system 1201 is coupled to radio circuitry 1203,
which includes multiple transmitters 1205 and receivers 1207.
The radio circuitry encompasses all of the Radio Frequency
(RF) circuitry as well as base-band processing circuitry. As

30 shown, layer-1 (L1) and layer-2 (L2) processing are provided
by units 1209 and 1211, respectively. Optionally, layer-3
functions can be provided (not shown). L2 unit 1211 can in-

clude module 1213, which executes all Medium Access Control



al so take the formof acoustic, optical, or electromagnetic waves, such as
t hose generated during radio frequency (RF) and infrared (IR) data

comuni cavpanr/o3Granon fornms of com puégr-readabl e nmedi aCTMPRuMdR6226Dr
exanple, a floppy disk, a flexible disk; hard disk, magnetic tape, any

ot her magnetic nedium a CD-ROM CDRW DVD, any other optical nedium punch
cards, paper tape, optical mark sheets, any other physical nediumwth
patterns efad)olles cor fairreri opt. cal lninriecogmd alal 16 Hrmdiicira mcalRAM1 2a SPROM
and EPROM a FLASH EPROM any ot hernmenory chip or cartridge, a carrier
wave, or TSy TeHRST BRI OMIMHYe H o SEdisuter  dart SSadP 0094 %ar i ous
forms of conmput eripfierdalle edia mRy ke dyh)vol ved i Rravidi ng dastduct i ons
to a processor for execution. For exanple, the instructions for carrying
out at | east Fart icf itled vdeyent ilomwemmy him tscaliarilpe Bdrenelsmry darag edti c

di sk of not e conputer. l.n.such a scenarig, .the.r t e .conmput er_ | oads
Lhe i Ret rEEL SQTIRELE el “etory oA Sands (e Gnerruct 1OHe Tovar £°

t el ephone Ideg1e dtsiinG canpi@den WA dgmtdforg lo0calr systiemirgeeilves dihe dat a
on the tel ephone line and uses an infrared transmtter to convert the data
to an i nfrrafed FéiignalvSah R dsir tdvd ifarard®r$i-gifdiCto a portabl e
conputing device, such as a personal digital assis tant (PDA) or a | aptop.
An i nf r arl&9 36t e¥hbteohhehenpert aphehednpati ngedevikedr eeefoegeehion

i nformati and jnstructd r J1_nf.r i I s the
data on avg%&s% 'Phug&betfg%cfo%@%f%ﬂ tn%glt%)étagl%fc} %eﬁ{e%n%%rl%?@%’r %%%\A%n%%%a proces
sor retritdwes iancheexecutldsitteel st rasctdrenszariltend ngtvwivwa o inens. friecei ved by
mai n menory can ng{/)ti onal |y bte stored on storage device either before or

after exddi%oR FOCISCEES 1S Thildgramhiof dxénpidry

conponents Bf & the claims. Although features of the invention are
expressed in certain combinations among the claims, it is
contemplated that these features can be arranged in any com-

15 bination and order.



user termnal configured to operate in the systenms of FIGs. 5 and 6 ,
according to an enbodi nent of the invention. A user term nal 1200 includes
an ant ennd0oxyaresns73201 (which can util %ée mul ti pl e ant eroagEP2000/06 2681 ve and
transmt signals. The antenna system 1201 is coupled to radio circuitry
1203, which includes multiple transmtters 1205 and receivers 1207. The
radio circuitry enconpasses all of the Radio Frequency (RF) circuitry as
wel | as lagsemMsand processing circuitry. A s shown, layer-1 (LI) and | ayer-2
(L2) processing are provided by units 1209 and 1211, respectively.
Optionally, layer-3 functions can be provided (not shown) . L2 unit 1211
can in clude nodul e 1213, which executes all Medi um Access Contr ol ( MAC)

| ayer functionsa Aethoiingoapdisahgbrati on nodul e 1215 mai ntai ns proper
timng by interfacing, for exanple, an ex_ternal timng reference (not
shown) . AddFtFohalfyStarproted SHPEE217 {STTALl ddelSSeAder L¥AT S s8enari o,
the user termgdialy 1A0Qic0M cates with a conputing device 1219, which can
be a personal conputer, work station, a Personal Digital Assis tant (PDA)
web appl i aneesigelhnal arrpiionéaney cvefo096] syireecehati phenstanthas been
described in %ggp%%gdg%Aggﬂgda ngg%%ﬁ of enbodi ments and i npl ement ati ons,
the invention is not so 1imted but’ covers various obvious nodifica tions
and equi val ent arrangenents, which fall within the pur view of the clains.
Al t hough features of the invention are expressed in certain conbinations
anong the ckai ns, méethos cdHnteaphat edwhbatibhesSe feaignesnctannbeudesanged in
any conbi nation and order.CLAIMS 1 . A nethod conprising: detecting start
of & Systen iRt SR TmiES £& AP HERTS Neicbr U ABIRS anl Sven-

numbered radio frames if the subframes are within the trans-

10 mission window.

3. A method according to any one of claims 1 and 2,

wherein the assignment includes excluding uplink subframes.

4. A method according to any one of claims 2 and 3, fur-
ther comprising:
15 determining whether the subframes are a mixture of multi-
cast subframes and unicast subframes,
wherein the assignment includes excluding the multi-cast

subframes.

5. A method according to any one of claims 2-4, further
20 comprising:
mapping an optimal redundancy version sequence to remain-

ing ones of the subframes.

6. A method according to any one of claims 2-5, wherein
the subframes are a part of radio frames that utilize either
25 time division duplex (TDD) carriers or frequency division du-

plex (FDD) carriers.



assigning a redundancy version sequence at the start of the transm ssion
window. 2 . A nethod of claiml , wherein the assignnment includes excl uding
one or nowe 2proades7er m ned subfranes in,evennunber ed radiPoTiRPAMA61265t he
subfranes are within the transm ssion Wndow. 3 . A nethod according to any
one of clains 1 and 2 , wherein the assignnment includes excluding uplink
subfranmes. 4 . A nethod according to any one of clains 2 and 3 , fur ther
conpri si ng: 7det ermevhoag sbedbheingheosabfranesoarelaimsxiuee ohepuihi cast
subfranes and uni cast subframes, wherein the assignnment includes excluding
the nul t iSCasts S Ae£RS T eSS ANfe ot "AGCEHdiiFg @ arfF DI St 1 ai ns 2- 4,

further compriRING JRAPING 20 QPtial, redypdancy version sequence to
remai n ing ones of the subfranes. 6 . A nethod according to any one of
clainms 2-5, wherein the subfranes are a part of radio frames that utilize
either time division duplex (TDD) carriers or frequency division du plex
(FDD) carri@rs.? Me aet ReECEEEBY dF g2 tH any eheCobRiBFal mé: 1VBST@hRrein t he

assi gament, LS &% L€ éz%@é}%%lg% (%leernsdeorl QAUENGE, ety %%d%ﬂ?%%%f tver

adj acent radi o franes. according to any one o ms 1-7,
wherein the réduridancy version sequence is calculated according to 3 RV = -
k nmod4, vﬁ‘ér@fgka}m@%hm%rﬁéné? VBEsir6AUBEgUEHCESTRISN] SREPEACE | =
0,1,..., n - 17 and n denotes a nunber of subframes within the system

'nfornatUPQ:qp%&%ﬂ%,tnqpaﬂl§ﬁfgq, and n!” denotes a number of sub-
frames within the system information message transmission

window.

10 9. A computer-readable storage medium carrying one or
more sequences of one or more instructions which, when exe-
cuted by one or more processors, cause an apparatus to per-

form the method of any one of claims 1-8.

10. An apparatus comprising:
15 a redundancy version signaling module configured to detect
start of a system information message transmission win-
dow and to assign a redundancy version sequence at the

start of the transmission window.

11. An apparatus of claim 10, wherein the assignment in-
20 cludes excluding one or more predetermined subframes in even-
numbered radio frames i1if the subframes are within the trans-

mission window.

12. An apparatus according to any one of claims 10 and
11, wherein the assignment includes excluding uplink sub-

25 frames.



wi ndow . 9 . A conputer-readabl e storage medium carrying one or nore
sequences of one or nore instructions which, when exe cuted by one or nore
processorwQ 20BuUBeE87an apparatus to per %Qrmthe met hod ofrcamp2ammen2ts cl ai s
1-8. 10. An apparatus conprising: a redundancy version signaling nodul e
configured to detect start of a systeminformati on nessage transm ssion w n
dow and to assign a redundancy version sequence at the start of the

transm ssi on3w RdowppdtatAn apparaing efiycbaenclimwher eandt he, assi gnnent

i nel udes excl udi ng one or nore predeterm ned subfranes in evennunbered
radi o frafEESi (He ABFIAESYarE AR F AR HPsh NS I iHddw: 12, An
appar at U RECRRAINY ttp any one of claims 10 and 11, wherein the assignnent
i ncl udes excl udi ng uplink subfranmes. 13. An apparatus accordi nhg any one
clains 11 addtépninhevkenhehet hedenidaneyeverseon sigharéngf nbdute-i s

furthgr confiqyr%d f o deterniQF mhethg; t he subfranes are a m xture of
. ast subframes o uqﬁpas subLrames . .
mul ti Cast subftames and unicast” subfrarnes, erei the assignnent includes

excl udi ng theepultitbaskssubhnanesinclddeAncappasahystnecondt ngch ot any one
of clainms 11-13, wherein the redundancy version signaling nodule is further
configured to:SUWrdF it opti mal redundancy version sequence to remaining ones
of the subframes. 15. An apparatus according to any one of clains 11-14,
wherein the subframes are a part of radio frames that utilize

14. An apparatus according to any one of claims 11-13,
wherein the redundancy version signaling module is further

10 configured to:
map an optimal redundancy version sequence to remaining

ones of the subframes.

15. An apparatus according to any one of claims 11-14,
wherein the subframes are a part of radio frames that utilize
15 either time division duplex (IDD) carriers or frequency divi-

sion duplex (FDD) carriers.

16. An apparatus according to any one of claims 11-15,
wherein the assignment ensures the redundancy version se-

quence is continuous over adjacent radio frames.

20 17. An apparatus according to any one of claims 10-16,

wherein the redundancy version sequence is calculated accord-

3
ing to RV%Z{EkWHMd4' where RV, 1s the redundancy version se-—

quence, k = i mod 4, i=0]l..nr"~-1, and n’ denotes a number of

subframes within the system information message transmission

25 window.

18. An apparatus comprising:



either time division duplex (TDD) carriers or frequency divi sion duplex
(FDD) carriers. 16. An apparatus according to any one of clains 11-15,
wher ei n tWe 2apgi3ggTaent ensures the redg?dancy ver si on seClEraae/06R55
continuous over adjacent radio franes. 17. An apparatus according to any
one of clainms 10-16, wherein the redundancy version sequence is calcul ated
accord- 3ing to Rk = - k nod4, where RV k is the redundancy version se-
2 quence, kmsahsnmddrddetécEifgl startnétny sydtemahdf ozmdenoheseasayaber of
subfranes within the system.informati on nessage transm ssion w ndow. 18. An
appar at us conpriciSy:Sieans "Horladet 89 ng start of a systeminformation
nmessage trapsm sskgn wihd M&n?ng P@éﬂ§d£95ya§ékgﬂbﬂgsé% f.edupdapcynyersion
sequence at the start of ransm ssi on w ndow. 19 n apparatus of claim
18, wherein t g aagsigghidmt timancinides aexolindiong one or nore predet er m ned
subfranmes in evennunbered radio frames if the subfranmes are within the
trans m ssion wi ndow. 20. An apparatus according to any one of clains 18
and 19, whergin e, ' nt i es,ex [ 21.

An apgaratuggof %ﬁy %%%kg HE %anf%gﬂaﬁg 2@#g?%?$hg$éc%58§?§?%%§??§ means for
determlnduydmmkhgﬂudnmqmmmzansmmaEEp&ad@@am@j&w.mﬂﬁﬁr@ﬁﬁﬁ.mubﬁnﬂﬁes and

uni cast subfranes ere n the assignnent_ includes excludlnglthe mul ti - cast
numbered 'ra rames 1f the subframes are withilin the trans-

mission window.

20. An apparatus according to any one of claims 18 and
10 19, wherein the assignment includes excluding uplink sub-

frames.

21. An apparatus of any one of claims 19 and 20, further
comprising:
means for determining whether the subframes are a mixture
15 of multi-cast subframes and unicast subframes,

wherein the assignment includes excluding the multi-cast

subframes.
22. An apparatus of any one of claims 19-21, further com-
prising:
20 means for mapping an optimal redundancy version sequence

to remaining ones of the subframes.

23. An apparatus of any one of claims 19-22, wherein the
subframes are a part of radio frames that utilize either time
division duplex (TDD) carriers or freguency division duplex

25 (FDD) carriers.



subframes . 22. An apparatus of any one of clains 19-21, further com
prising: nmeans for mapping an optinmal redundancy version sequence to

r emai ni ngworerw/wis7Bhe subfranes. 23. ,apparat us of anyComP2@b/061285 N6
19-22, wherein the subfranmes are a part "of radio frames that utilize either
time division duplex (TDD) carriers or frequency division duplex (FDD)
carriers.24. An apparatus according to any one of clains 19-23, wherein the
assi gnnent easures spparetdundancyriengi oo seyqoeaceri slgomsi ngons, over

adj acent radio frames. 25. An apparatus accordjng to any one of clains

18- 24, WHEYEHSH T K& WW%%@%%W%@%%M%M%@@OM 3 ing

to R.V _qjl_léﬁc@)CHS’ e R i dihe d-edundancy versiense quence, k =i nod
4 | ., n -1, and n denotes a nunber of subframes within the

systen1|nfornat|on nmessage transm ssion wi ndow . 26. A nmethod conpri sing:
assi gni ng a redundancy version sequence at a start of a systeminfornmation
message transni sAT oAPWARABWE byCaproleat Fagatliecredohdaneynyet 8 ofs sequence

to nop-mihid,cast .5 %be?E%a‘M L 1N& S Yst rfc’éf‘lr A1 BP0 ra-

transm ssion W n om1an to reraining subfr mes within the system

i nformati on nmessage fgarsm ssion w ndow. 27. A nethod of cIa|n126 wherein
t he renailfichg sub¥ea §jﬁW@Hudé”Hﬁﬁhﬂﬂhkl§u5P?aﬁ§§UnQSDCK W@Fﬁéénaééordlng
to any of clains 2 6'and 27, wherein the redundancy version sequence is

CalCU|atqﬂm9%Q§mk = i mod 4, i=0l..,n"-1, and n' denotes a number of
subframes within the system information message transmission

window.

10 26. A method comprising:
assigning a redundancy version sequence at a start of a
system information message transmission window by allo-
cating the redundancy version sequence to non-multicast
subframes within the system information message trans-
15 mission window and to remaining subframes within the

system information message transmission window.

27. A method of claim 26, wherein the remaining subframes

include downlink subframes.

28. A method according to any of claims 26 and 27,
20 wherein the redundancy version sequence is calculated dynami-

cally or retrieved from a look-up table.

29. A method of according to any of claims 26-28, further
comprising:
determining available control capacity;
25 tracking the redundancy version sequence with the system

information message transmission window; and



cally or retrieved froma |ook-up table. 29. A nethod of according to any
of clains 26-28, further conprising: determ ning avail able control

capaci t y;wonaokidmgy3t he r edundancy versggn sequence W t hPCmEP§09062255

i nformation nmessage transm ssion w ndow, andscheduling transm ssion of a
broadcast control channel signal based on the avail able control capacity to
obtain an optimal redundancy version sequence. 30. A nethod of claim 29,
wher ei n t hesoptiublngedunadancys vern sbonasequencest scobtabbhedhatnéhe start of
the systemin formation nessagﬁ1transnission w ndow, and wherein_the redun

dancy  ver si on SéqiendE S €A1 diicatteddEEHrdig e 13 RP A LE K Hro P Adfer e

RVK is the redyndanoyMensiQmEeAUents siforr dedh4 ., 1= 0,1,..., n - 1
and n denotes a nunber of subfranes within the systeminformtion nessage

transm ssion window . 31. A nethod according to any one of clainms 29 and
30, wherein the optinmal redundancy version sequence either re duces
a- si gnal -t o3fei sé Pathed ehablesmgaP ckehereqi sPei oAt oPat hechrbadeast

contr gl | ‘%%gf%ﬁ%'& C%ie%;u%ln’cer %%“%%a&%"é%f AGORFUMR. L), QN OF 12 (\ngr?%ioe?@tiino—n

t her eof onputer-rea e storage nedium carrying nor e
sequencesafmagnemmamyagd ntansetiisenomhiichiowhemdexé coutied the areluor- nor e
processors, cause an apparatus to performthe nethod of clains 26-31. 33.

An appar &0EYe IS i ¢ B ESundardy Yerdicth GGl ity Stbdul e confi gured

to assign a requndancy version sequence at a start of a systemin formation
message tRE@SFEk%h@d¢M nd@w<byral Lecahengetlhedancy version sequence,

k =1 mod 4, i=0l.,n"-1, and n’ denotes a number of sub-
10 frames within the system information message transmission

window.

31. A method according to any one of claims 29 and 30,
wherein the optimal redundancy version sequence either re-
duces a-signal-to-noise ratio, enables guicker acguisition of

15 the broadcast control channel signal, reduces power consump-—

tion, or a combination thereof.

32. A computer-readable storage medium carrying on or
more sequences of one or more instructions which, when exe-
cuted by one or more processors, cause an apparatus to per-

20 form the method of claims 26-31.

33. An apparatus comprising:
a redundancy version signaling module configured to assign
a redundancy version sequence at a start of a system in-
formation message transmission window by allocating the
25 redundancy version sequence to non-multicast subframes
within the system information message transmission win-
dow and to remaining subframes within the system infor-

mation message transmission window.



redundancy version sequence to non-mnulticast subfranes within the system

i nformati on nmessage transm ssion win dow and to remai ni ng subfranes within
t he syst ewpi2nfoar3187at i on nessage transr‘rggsi on w ndow. 34. PAM/ERp@annet2ss of
claim 33, wherein the remai ni ng subfranmes include downlink subframes. 35.
An apparatus according to any one of clains 33 and 34, wherein the
redundancy version sequence is calculated dynamcally or retrieved froma
| ook-up tabBe. 36n Appappanatos atedomndBBg e anynobiee ofeth &hibg38ud5,
wherein the redundancy version signaling nodule is further configured to:
det er ni né TAFET a1 T B daFadRET A eack t he redundancy version sequence
with the systemin formati on nessage transm ssion w ndow, and schedul e
transm ssion of a broadcast control channel sig nal based on the avail abl e

control capasityahoagbhahhudna@pbi-aehgr edundansyeverstoniseqyensea 37. An
apparatus of claim 36, wherein the optimal redun dancy version sequence is

obt ai ned - tHETSHar tthsf nHRISPSIEMSHTSO PRt eSS dde Prlansimtsst ofy
W ndogv, %‘i’m‘@%el@ ELI r}%t;%&g%é@m% é\e/lr(l%o%luﬁae%%%g%e is calcul ated

according to i's the redundancy version sequence,
k =i md 4, i=0,1,..., n- 1, and ns denotes a nunber of subfranes
within the systeminformati on nessage transm ssion wi ndow . 38. An

appar at us agter dhngappaaayusnecoprdiagneo 3aBy apde 37f eheitesn38heSopti nal
redundancy, veriof o0, seaupnce eI her, reduces, 28l gnald NG 3ty enabl es
qui cker acéh|5| ion
configured to:
determine available control capacity;
10 track the redundancy version sequence with the system in-
formation message transmission window; and
schedule transmission of a broadcast control channel sig-

nal based on the available control capacity to obtain an

optimal redundancy version sequence.

15 37. An apparatus of claim 36, wherein the optimal redun-
dancy version sequence is obtained at the start of the system
information message transmission window, and wherein the re-

dundancy version sequence 1s calculated according to

3
RVk:(EkWHmd4, where RV, 1s the redundancy version sequence,

20 k =1 mod 4, i=0l..,n"-1, and n’ denotes a number of sub-

frames within the system information message transmission

window.

38. An apparatus according to any one of claims 36 and
37, wherein the optimal redundancy version sequence either
25 reduces a-signal-to-noise ratio, enables quicker acquisition
of the broadcast control channel signal, reduces power con-

sumption, or a combination thereof.



of the broadcast control channel signal, reduces power con sunption, or a
conbi nation thereof.39. An apparatus conprising: nmeans for assigning a

r edundancwowverizest3sequence at a start ,of a system i nf oPCRIEPRIVINERSRgE
transm ssion win dow by allocating the redundancy version sequence to
non-nul ti cast subfranmes within the systeminformati on nessage transm ssion
w ndow and to remai ni ng subfranes within the systeminfornmati on nessage
transm ssi oB9W nadosppdbatAs apparatusgof claim 39, wherein the remaining

subfranes include _downlink subfranes. 41. An apparatus according to any one
of clains 39°3nd 40T WRE+EPA ThR F%ﬁ%ﬁ%%y Version Seduence #s 2al cul ated

ac- 3 cordi ng §t%r@VJof-a Ié&;s‘%an"%@:"ﬂ?at% I d8 d @AUNCANGIL (V8T §)i0n

sequence, k =i , , ns w denotes a nunber of
subfranes w t hiqw tbh/e aslﬂge@muwf @ﬁmtne@mnﬁ@sm@qnsamgm8§®e@wamtmOw or

wherepn the redundarlcC \éesrtm QR sequen %lthmr rlélc%vesfdE fromfaorlm%ock up. t abl e.

42. An appar at'us accorc? i'ng o' any o ai s her comprisi ng:
neans for det edsdigeg t@é&ién&@sﬁcﬁﬂﬁiﬂr@iomﬁ@@@mt@,remf%amﬁlrﬂcgorsdﬂﬂaﬁrre’ﬁlsrTitted
redundancy version sequence W th the system i nformati on nessage

transni ssi on WiAdow TAfd Sy fior cgdidden ﬁt?stsraﬁr?srﬁrs?ﬁsﬁﬁsﬁfloél Brgadcast
control channgj{ owsignal based on the available control capacity to obtain an
opti mal redundancy version sequence. 43. An apparatus of claim42, wherein
t he optimal redun

40. An apparatus of claim 39, wherein the remaining sub-

10 frames include downlink subframes.

41, An apparatus according to any one of claims 39 and

40, wherein the redundancy version sequence is calculated ac-—

3
cording to RVk:{Ekand4, where RVyx 1s the redundancy version

sequence, k = 1 mod 4, i=0,]l..,n"-1, and n! denotes a number

N
15 of subframes within the system information message transmis-
sion window, or wherein the redundancy version sequence is

retrieved from a look-up table.

42, An apparatus according to any of claims 39-41, fur-
ther comprising:
20 means for determining available control capacity;
means for the transmitted redundancy version sequence with
the system information message transmission window; and
means for scheduling transmission of a broadcast control
channel signal based on the available control capacity

25 to obtain an optimal redundancy version sequence.

43, An apparatus of claim 42, wherein the optimal redun-
dancy version sequence is obtained at the start of the system

information message transmission window, and wherein the re-



dancy version sequence is obtained at the start of the systeminformation
nmessage transm ssi on wi ndow, and wherein the reO O dundancy version
sequence wWe 20slsud7at ed accor di ng to 3 Vv 1 = - k nod4 pCiEPe@9B6d2sK i s the
redundancy versi on sequence, i l,...,n(tm - 1, and n s
denotes a nunber of subfranes mnthln the systen1|nfornation nmessage
transm ssi on wi ndow. 44. An apparatus of according to anyone of clains 42
and 43, whereintit e refitdnmale qiedunrdanc y-alernsizaedsequenca ej ther reduces
a-signal -to- HFIS% ratio, enables quicker acquisition of the broadcast

control channel,si,gnal . Jfeduces, Power ,coRsUIRLLAR, 9L,3:6RMRLAALLAD,

t her eof . k

k =1 mod 4, i=0l..,n"-1, and n’ denotes a number of sub-
frames within the system information message transmission

5 window.

44. An apparatus of according to anyone of claims 42 and
43, wherein the optimal redundancy version sequence either
reduces a-signal-to-noise ratio, enables quicker acquisition
of the broadcast control channel signal, reduces power con-

10 sumption, or a combination thereof.



