WO 20. 0/ 03173PCl 1EP2009/ 062255 DESCRTPTTON 111LB METHOD AND APPARATUS FOR
PRCVI DI NG STGNALTNG OF REDUNDANCY VERSI ONS BACKGROUND [0001] Radio
comuni cation systens, such as a wireless data networks (e,g., Third

Cener at i onyBahiongisshi p Project (3GPP) 10 Long Ter m Evol piti/pphotddemlsssyst ens,
spread spectrum systens (such as Code Bi vi sion Ml ti pl e Access (COWA)

networks), Tine Division Miltiple Addess (TDVA) networks, WffAX

0, Vor10wi de interoperability for Mcrowave Access), etc.), provide users
with the ' ofalong with?. rich set of 15 services and features,
Thi s convgjrolﬁr%%gg%%g spawned signifi- cant adoption by an ever grow ng
nunber of consuners as an accepted node of communi cation for business and
personal usessz To pronote greater adoption, the tel econmunication industry,
from manufacturers to service pravids, has aSg,Tr(l_)eed 20 at great exgense and

effort to GeV@Pop St ARBARHSUF of O it i 1 'G5t i 017 Prdt'oc 6F s FERAEPiider 1 i e t he

vari ous semwrscesisand. features. One area of effort involves acknow edgnent
signaling, whereby transm ssions can be inplicitly or explicitly

acknow edged to convey successful transm ssion of data., An in- 25
efficient acknow edgenment schenme can unnecessarily consundo network
resour ces.p,Jx@@82\pTherefore, there is a need for an approach for pro-.

vi ddne efficient signal in, which can cc-exist with already devel oped

st andar de [@9@1dr ototiol s:omMNDi2@10,0338FBPCTI EP200%1D62 265 c3AVE EXANPLE

e R T L
met hodOal Sencorfprins@soassigni Nyl redurrdancypread 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.



5 version sequence at the start of the transm ssion w ndow. [0004]
According t.0 anot her enbodi nent, a conputer readabl estorage radi um
carrying on or nore sequences of one on nore instructions which, when
execut ed hyooNR/Rig/A0r e processors, cause an apparatus pergpisissart of a
systeminfornmation 10 message transnussion wi ndow. The apparatus is al so
caused to assign a redundancy version sequence at the start of the

transm ssi en wi ndow. [0005] According to another enbodi nent, an apparatus
com prisesa redupdaneyrvwersikQigsi gnal i ng nodul e configured to 15 detect
start of a systeminformation nmessage transffdssion wi ndow and to assign a
redundancy[Ql%}?sli ohCaelliet & @totchemrar fieat - t ReMek ARG NF SR OFF A ritfow.
[00061 According, tQ another S?@?Qh@ﬁforrﬁ&%{)%@stéé LCOMpLLZessmeans for
detect Thg stai:,” of a systeminfornmation mrs- sage transm ssion w ndow.
The appar atusical-so Itenpeitses atanschpr assi gri Nigrra nedunddnoyavey si on
sequence al Lhe stark gt cthe Lransm ssiop window, L9007 Acegrding to

anot her enbodi ment’, nethod conprises assighing a regungancy ver si on
sequence ato@ 4t artcofdihe 25 drransem ssiboniwendowa byomabltocatiagiddhie
sequence to nonwol ticast subfrnmes within a system inf or mat i on nessage
transm ssi o idrdSw T 4Ad “By &I 'Bcati Wy The S'Se%q}ﬁhcgst 6'r énai A ng°Subf r anes
Wi t hi n t hei sytsteMiicRfsOkARELONwABS SAGEcitf &NSHY S0 rWnidews 30k 00004,
Accordi ng to anot her enbodi ments a conputer-readabl e storage nedi um

carryi ng OitUSSr SPoPerséqhencks Sftone OriTore. d mttGMaadhsTRAFERY when

executd By CUR DN D6 REQ68SHOhSow CAUSE: Bl APRAMAL US k0585808 to

redundancy version sequence at start flf one 'transm ssion w ndow b
al | ocat i ng* T Hg s @quencedandy 2031 $ 03" | STBPCHEZZO0IE062255 £6 AbAvmI ti cast

subf rai mﬁé’%}&éﬁi%s%o%y%ﬁﬁbmf ormati on nmessage transm ssion w ndow, and by
al l ocating e sequence to renmai ning ncbfranes within the system

i nf or mat i o 0fifds afyec ¢ r@nsInitssicoly tiemd ewp o5 0009] At coreh rig- 1o canot her
enbodi ment,,an apparat us corn. pLi ses. a1 edundancy, \version si ggayi ng modul e
confi gsrei T'o AsS| gn a rsauﬁdancy version sequence at a start of the
transis m &siean }M’tradeohiyaalsys*aémni]nfdsms:eiqnemsta@enomannintiseasm subf ranes
W thin a gggﬁégwIgg%pagaggggggEgs?&&uéééﬂﬁ?“&éﬁéigy 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-
20 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
25 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.
30 [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



10 wi ndow, and by allthe sequence to remaining subframes wthin the system
i nformati on nmessage transm ssion wi ndow, [0010] According to yet another
enbodi mant, an apparatus conprises nmeans for assigning a redundancy version
sequenc atwa #lAklg,9f the transm ssion w ndow by all ocapipgpohdf.58- 15
quence to non-nulticasm subfranmes within a systeminfornmation nmessage
transm ssion w ndow, and bv allocating the sequence tc remaini ng subfranes
wi thin the system inforntion nmessage transm ssi on wi ndow. [0011] Still
other aspeci s,of 6RLYL S s a0d, adyant ages, of 4 hg 2Q. m&ee&mgel@ﬁeméeadl ly
appaxent fromthe follow ng detailed description, sinply by 113ustrati.ng a
nhnber of m@tltmn&mléﬁbedl Wen@@Wan@lddan@rﬂemC@ttll@@s thienekadeéngethe best
node cont LN t e s al so
capabl e o?l[g?{ q‘tﬁ% n%%??%@fg%ng IL’)tlfln}i)o éll?rreen gqﬁtosgﬁlgg\%%-%gg?%% details
can be rmchﬁaresuhusnsmar wougoebvi ous respects aII wi t hout departi ng fromthe

spirit _and e f th.lnventlon Acco the draw
descri Btl o@g’%g Cbe Fetfar ded RS T ﬁ?%?gtll Vet i nthatidre an&orrlnot as
restrictive;i BRI BF rBESCRRRTY ON= OFi diriEs DRAVWNS; Md&ObZ}:o}Elﬂegeﬁb@dtdsrent s of
the invention are illustrated b of exanple, and not ty way
limtati.drSio tahéeijBE}F‘@gyo’f’e%/‘Flboé Ag dr &Wehgs* or’ e trans_

2010/ 0318%34RGHnFR2009(,0622551 $ 0913} g Rl s]equ‘-ér@ed*t@ghém-ﬂﬁlﬁléé)wum cation
syst4=m g, ; : pahl o of providing signa ?I ng of redundancy ver si ons, accordi ni
to an exen%%baﬁrr@“@ﬁbéféﬁﬁﬁeﬁta SY0pA] 1 1BAUSIA N N JegiPE IF| 6WERERE §5 op1 processes
for signaljngof redundaney,versions,e according 0 Vanh Qusexenpl Ay,

enbodi nment sl [00015] ?35 6%\ and 613 %re di agrans, rr esﬁect?vel y, of Sé
convent i on@ltmebhbbaﬁwteer s 6nr NEppd N gsThere tr@rm@mefssaorleﬂm@%ﬂcy ver si on
mappi ng Scfb‘?ﬂ% ac X i t schene
pertaining to zln Zgé)%érir}p %eg gﬁe:tﬁ%%r %?égm%@gs%g a\{/ﬁ eag%l\r/%vul ength of 15
ns; [0016]cd§1p(3&se%Amaads7SOaressilca:gxragrm reespecticyelygrsobnaseqnevent i onal

dund ' h d of d
Cahone aCElr &) A5 oC6 Gh. EHBrpIAL g L. T HONI oAy, “SaCN°SERanE Bor LA ning to

an ezespl axjersystembnf-aunel con: n@mﬂgmevm ndaw ilheagkhRsebmlbnasrfi®tion

Frequency Division Duplex (FOD), 0017] Fi Gs.. 8A and al are di agxans,
respect i vélSPSa6F §r€8ﬁ%ﬁ?%%a‘l"l?‘e fX/ér%oﬁtﬁrﬁﬁpFHﬁ SEABTECS and of a
redun -  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:



20 dancy version mappi ng schene according to an ezenpl ary enbodi nent, each
schene pertaining to an exenplary systeminformati on nessage w ndow | ength.
of 15 ms for Time Division Duplex (TDP); [0016] FIGs. 9A and 98 are

di agr ans 3 ex P! ary W MAX 25(Wor | dwi de | nt er oper abpbjfyrod sl cr onave
2:-.1ccess Oarlcﬂﬁ)?t ec- ture, in which thee systemor FTG [ can opérate,

according- to various exenplary enbodi nents of the invention; [0019] FIGs.
10A- 1,00 are diagrams of colLg-fliication systens having exenplary |ong-term

evol ution ﬁdeﬂ%ﬁ) F%@.hilt G Ur €80 B30 e A1 Chh g USeS o LU RIBNL. JCUE) cand t he

base station o , 1 can operate, according to various exenplary
enbodi nents efravhdingventnahi ng WX 2041\ 08E873PCIE7ZEP2009MB2255011©020] FI G

ii 1S a diagram of har re. t can be used to | npleneht an enbodi nent of
t he inventaingr?;xr%%&a[féfogwoﬁf%zg&l’z is a diagram of ezenpl axy conponents
user term onfjgured taq agper iLn.the_.s 0 | . .and 10,
accordi ng [{b?léﬁ gEtnio(gsd’l ‘rar‘%n% a(:)rtept%ﬁgtw:éﬁ%gﬁ igﬁ.gﬁg%%l%ﬁ%fg%&%%

EVMBODI MENES r[c0022knAn appatat s, aaeihddig and veafibwar extoplanplécitly

si gnal i ng redundancy version information are disclosed. In the follow ng

descri pti S35 the purposes of ezpl anation, 10 nunerous specific details

are set forth _in order to provide It thorough. understandi ng of the
Sbod: mentlO%E Tt Hol G it it Pt o€ HpRaFent, TOMRNER - 65 ond SkErhad in

the art tRatnttibeaenbedinBahsy Ofctditod MvIHiinen saymbe phachE cedryddhout
these specific details or. wth an equival ent arrangenent, in other 15
i nst ances,JaREY VRAGWAT sTRBIR LY e3C R deiA BEs-"4r & Os RBWAR*FRPbFBEKEEi agr am

formip ongderf@ravebdn YRREGESSAFd ¥ QRS W ing khepenbodipents of the
invention [0023] Al though the enbodinents of the i nvention are di scussed
Wi th respetrneg i@nwineeFess wetWwWoF kietBrpldfant® Wisth the 20 Third Generation
Partnership Project (3GPP) Long Term Evolution (LTE) architecture, it is

r ecogni zed WY 6dnel B¥s ordi maxdy "Skiglck Phaghenar t r¢Haciiie lehbedi mefPs —of t he

i nvention plLi NN t ;of i cat j;0nSysS nd
equi val en?e?ﬁ\r{@tni%gngleggg%gtﬁ/i ‘r{?re%y%é?lag%z?ﬁg %%E%%'l ghg gf a%r%%n&% a
comuni catdaorrys ystrempncapabl eg of clprroviadiaqrig Gsingnalbi pg ekenepdandagicy ver si on,

according.to .an _ezenpl ar nbodi ment. .As 0 in Fl 1, _a.c nn’mm_i cation
syst ergngloéjqdﬁéqe& ésggﬁg %Cr: ot epét}!satearrnelqnﬁ |?)Crbr>e\r/1g{;ll Ff??@%“qoiy%%ér)nﬁni cating
W th a. basenmstabnoneiBf3gewhicdow Sl gartth off am ac- 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;



30 cess network (e,g,, 3GFP -1,1'E or E-UTPAN, etc. (not. shown), Under the
3GPP. LIE architecture (as shown in FI Ge, 10k-10D), the base station 103 is
denoted as an enhanced Node E, (eNE). 'WO 2010/ U31873PCPEP20091062255 The

OR 101 flapobgo@RYsst ype of nobile staflons, such as hanpéﬁ,hszoo;,&gfgbnal s,
stations, units, oFew ces, nultinedia tablets, Internet no

conmuni cator s, Personal Digital Assistants (PDAe) or any type of interface
to the user (s..."th as 5"wearable"” circhitry, etc.), The NE 101 includes a

trans- cei uaf,ok05-and an 1a§1taem%g§¥1§1t em 197akhat coupl s, e thed ransceiver
105 to receive or transmt signals to the base station 103. The antenna.

syst em 107igareriend] ade evhedorenor ef anteninasntRem t kedpur poses of .
illustration, the tinme divi- 10 sl.on duplex (TDB) node of 302P is
descri bed H&Y2diln; Fhoweleris ia disigregoghi zedmphaty ot trerormpdes cdanlt be

SUpportedtm%ﬂgtb 1%gﬁig§ng%¥£§&o C%ﬁgﬁ%%élfﬂ kf89%9%%§ A@f“@i@sth§ UR

101, the base stati transcei ver transmts

i nformati cmd a0, hectdsdlog, td5all soyodherbase sthat ilomebh@3ccan enpl oy one or
nore antennas 111 for trabsmtt.ing and receiving el ectromagnetic signals,
For instance, the Node IF 103 may utilize a Multiple Input Miultiple Qutput
(1,fi-NO antenna system whereby the Node B 103 can support nultiple

ant enna t rREPSRANT TANd OF ec €1y eE200RR BaBIS i ties. This arrangement can support

t he parall a d t hi gh dat a
aten ot v P R i N G bR T e AT, L
exenpl ary enboediimentredusésnOF| DM € Ot hngﬁmarlatﬁxoelqaeﬁcylisr:Wse@nal In

Mul ti pl exi a downlink..(fil) transm s- ion sc

si ngl 2- cartrq%)eri%t%‘rlé)ﬁ's%gsa Sﬁrfétl%]‘)” S'Icfz% (pélrl%)l escgr%rl er aggh%ﬁ’cv

Di vi siton Milntdrphe A@@essla; w;tall:sycdu't@ prtefdoctforint bedepl tnkpr@ﬁ_ae a
transm ssi on schenme. SC-S can also be realized u

princi pl e, ERAHH" §n8§F§FP881??] F00P'F $BY DtEnt] tltgﬁ lﬁﬂ%’f%%‘? Layer

Aspect s 30ftori sFvelowedant UTRAwevdr 1, S5 Gondvlyk 120061 (iwhiceb hsti PEgt porat ed
herein by reference in its entirety), SC-FDVA, also referred to as

Ml ti - Us ere'SCOEmvAL SaPF o8 misl TP XSS R Heanshet §iAliPEanEdesty on
di fferent sub-bandger 052010/ 031873RCPERZ0QLI %@%%%ée[n@%(i] bR ohe-r

cahoddnment, the systemof FIG 1 provides MEM (Vi ultjmedi a Broadcast
Mul ti éast lStaStfaiflqe&Zesf)?léekW@@sS*iﬁu%thBSI BN MetliceedpacBFbadeast Si ngl e

Frequency M&fr&&)agéfgﬁ“ n%ﬁ’\hﬁyﬁi&&'% i9f hel, e %Fsggkz?&%osbé@%%

uni cast net g at the sane frequency, nmuzOni ca |ons
bet ween t hehd Enb@tiandtthefbbke stwention.

[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 equipment (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).



tion 103 (and thus, the network) is gdverned, in part, by control
i nformati on exchanged between the L,,,Fo entities, Such control lciertion,
in an exenplary enbodinent, is trans-. |le ported over a control channel 113

on, for exg@Pl§osidys downlink frdmthe base station 1031’&?/13%%9/4&}525%011 Ey
way of exanple, a number of communication channels are defined for use in

the systdm 100. The channel types include: physical channels, transport
channel s, and | ogical channels. For in- 15 stance in LIF system the

physi cal channel s dnclude, %H?ngy?éhgfSmoﬁﬁfﬂ“@%é%ﬂoﬂ@@wgbbﬂkaghﬁéﬁg—Channel
(PESCH), Physical Downlink Control Channel (PDCCH), Physical unlink Shared

Channel 0,setys( 3EDninadd, Physiéahs Uphihks Cotrtviogte ChannglimePUECByb— The
transport n b fin y fer 20. a _the
radi o intef adeq%héﬁgﬁg %ﬁgggét§§P§¥?£§¥%ﬁn$hé%£%gﬁgﬁ'Pﬁgﬁggﬁd%g%?%nk, t he
transport tchamelEDasncloudenyanpng ef herntserzadyr caddast vckanrelichBEH) , pagi ng

channel_ (P d ,Down Li.nk Shared nn (Pt--BCE) ., In LILE uplink, the
exenpdary t¥ #ﬁéﬁ%ﬁ: EHéﬁHéF§yar8£S'haﬁggﬁ?igiégb'éﬁgﬁ# ““( RACE)"25 and

Dpl i nk Shateid;CGhameland( 8k, a5C€Hhna Eaght 4 anspartatc hannelesi somapped to one
or nore physical channels according to its %Q%fkggl characteKistics,

[0028] Bacht3byicaleTcHARNEP E8RSHES def i et F\ge and réqifred Quality

of Servi ces(H309) 10f3.i nfreeMBhi@Anthaysidm car? 30 ridsuden okkPosystea the
associ ated | ogical, channels include, for exanple, a broadcast coni-rol

channel (REM)elr@spagifng Eoft PEFPehannef {PocH):2Dedi cated tEBAt fléV i Thannel

, ' 099/ 96225 bl l; ,Ch of. XCH)
bedi cated THalT1€ Ohannal ' DTGL) ot o (0029). 11 LHE eyeteni (R 13000

(Erch, KkaitstisCortocolniGhanheh) chhebeno@dppethronto ot rtBeH and- 01, - SCH, As

such, this.is 5 : h : .y the tinme-frequency resource can be
dynanicaJI@F%]??%%ggggl%gohs?HgP%%>IE%@%bntrol. channel (POCCH), In this

Pooet i oS adEepagash, AL LENANNE chet BT P 0 N YL TRIPAY 2Ty

Identifier) 1s used to’i € resource allocation infor i on.
10[ 0030] Torarnsuxercacdlat ehdehi veayswoits nfroramtdtorrbetoween Uhel@NB 103 and

t he UEP;Oé$ Ryg §¥§;§n1109 Eili error q;ectiO%Inggulesﬁi15gaand 115h,
respecti vely>%i nl % @ﬁ&nﬁlﬁg Pﬂféﬁgnf?%n,zé.dfcﬁ§brld ARO (HARY ' “HAP.Qis a
concat enation @fr k'remwandtEnE0rn€or&eet v oy (FEQ: eadigng tand sagnAug o-
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.



15 nati o Repeat Request (ARC)) protocol, In one enbodinment, the error
detecti on nodul es 115a-115b work in conjunction. with the scheduling nodul e
119 of the eNE 103 to schedule the transm ssions of: error control

signal li ngwo%'fo@?@é% c Repeat Request (ARcY) is an er rorpéﬁg%éggr/@ézggchani sm

used on the I'in ayer, As such, this’error recovery sc IS used in
con- junction with error detection schenes (e.g., CRC (cyclic redundancy
check)), and ".L3 handled with the assistance of error detection nodul es

and wi thi e ok 1. e ively, he : hanj,sm
perndts t ﬁﬁgée?&e#%%e%%o%ﬁeﬁiowét %9?%%1’?(:(% eFIt%-' thé tr 5%% t?ltggfs) (e.
g., eNE3 10B)lttihatlia packetaor Mub:packetSchas ceeenseevervedin neofBE6 |y,

d thus, ts.the t i t d th i cul ,
[0031]  Thel BARG PURGE FBRALTE)" SHETEYS ' GORdAncy CAPoF bat | DR e g,

redundancy wersiloR GEW opaeanet efig)otinC MHIFols ble ud@chsansat 8silons.
Accordingly, the eNB 103 and UN_101 possess, in an exenplary enbodi nent,
redundancy’BrérSitBA &Fghafi Ry fodr S € 17a and 117b, respectively, For
exanple, the UN 101 can be configured to use tl?,@l sa i.ncremant al

redundancyt&%&’]  WWBBELGO3PETPIPETIEP20687 062255 9 ort ol Sta

tfansnHss'cions' pAcgandi pghy, ame R\bisequence speerinbuesihhgaRY, paranmeters
associated with a block of. transEfssions, 0032] it should he noted
that for tWeatErandhifesMohieon SFCHABIGH SiGrateca. 6R6r tReSPEYRSEEr - BUHAR(2 in

i ts normal. fermi s Rotnyused,, as, there.dmgingghanpeliifiehecarEyi pgndhis
informa- tion- However, the PV properties of HARQ during the transnission

of theéldi frifeertent oyab- parestobl ¢herencoded packer eanmbecexploited,
10[ 0033] 'c{%w%’l‘in%”’?%{p”?ﬁé%aéé‘e?t?ﬂ('%o]n(’% Ot§ ans [E'htes Usﬂolb?r. m ﬁ'ﬁl v§a§f o& UE.
Cc s (e.g. tro annel

101) using comon contro anne the Broad-- cast Co
(BOCH) ) wietdampdei, abl eumedundancymmwerisianson Ripnneuts wrehoafitde@ for

Xsrergfpfﬂgl's%%i%%lniecis§/s£S%”Pgﬁ‘.ncyw:hé’ec:rhsén%%l signaling, Determnation of the

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 controcl channel (BCCH), a paging

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



15(and at the eNE 103) for the transm ssion of the BOCE (car- ried over the
D- SCE an FDSCH) can be prublematic, [0034] It is observed that the
transm ssion of the BCCh over DL-SCH PDSCE has the foll ow ng

characf erigbifamsfEsst, multiple systeminformation bl ogkspsRfRs8arried
on the BCC, gg’eac with, its own transhission tine ' ..nfe.flia.lD(TTI),

denoted. as T, Ce"g,, 3ystemInformation. 3lock Type 1 (3161) has the TTI
of 80nms, for SI-2 the TTlI can he 160ns, etc, for SI -x, x [0035] Second, SI

8 transni@sion eOhciayecuhhbpl gotf ANGEs i o thih - TEhange. | those
mul ti ple transm ssions can be soft-conmbined at the UE 101 within a. w ndow,

The w ndowsiZe /i s etenfi gurable; and the sane for all SI -x within one
cell, it is one of w00, 2,5, 10J5, 20,40rn (see CORP IS 36.331. v8,2,0,
"Evol ved Ufl0ZH]saln Terk eststical, Radi BCAEce8s0ofdcasUTRA)L o RadicgnRésour ce

ol or once 111 e "GRE Py R’ onabt W 24) T/ 03T TATICT] ER20DS/ 41622551

bosi t f 6n ambrtche tnutakbePDOCHS| £ e t ¢ ansi ssiwmdynsteancesewrbhi pet ¢he- Wi ndow
w. is eNT3 103 inplenentatign-specific 36] .Thi.rd, nulti - X

t ransni ssi'tii9istané Ogﬁheaamé ‘ﬂ?:fIf’%r%]r}tLO}r)echdﬁ(ﬁr‘nlcfh\?gpgﬁoﬁgscf%)o‘rder to
obt ai n i ncrrenentalcaser edundaneyo i) stgaidrs ur ichanng 1t henabovraaest i oned
soft conbi ni ng approach at the UE 101. | 0037€] Fourth, the BCCH transni ssion
over thc, NPOOCH i'$TOCREdI dSE tht & s peti |l USWhIRKREEBY) “BBntFol channel

(PDC. CH) referded tioqas i DawahepknSongkol information (DCl) 10 format |C
whi ch conpared ...other DCl formats does not, for exanple, contain the 2

expligipt bidgssdior iRVensignaldngdck oedeket-9 kedugesthe oyenheadenand
i ncrease coverage. [0038] As used herein, downlink (DL.) refers to

comuni catlifon 6NB tIRe a@nfe&br ol of 0t het NE VIR g Inetwarikey e6-2hedUE 101,
15 while L@Jﬁgllfvn( Qo}au&%gatl@gatgn&om@w catdn.divehihe diregthongplgthe FE
101 to the e 103 (or network.),
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 UE 101

can be configured to use the same incremental redundancy ver-



[0039] In view of the above, inplicit RV signaling has received significant
attenti on- For exanple, one traditional approach provides that the
redundancy version sequence of 20 0,2,3,1 is optimal anong all possible

(pernut at i @RS, Rk sequences,’ and this offers perforpaAgsedRs_st 0 the
optimal IN performance of so called pure circular buffer, [0040] 1n another

approach, this RV. sequence is used for. LTE UL non-adaptive, synchronous
1-. M RO retransm ssi ons. However, 25 in such a case, the eMdde B knows the

exact timeifistances WaeLeah: s6ah, 8xpectcd,hs JLts ansnkgskensenn the
contrary, for '3COMtransm ssions the eNode B has the fielbility to select

t he subfr amssifdeshitéh REt Pansneissi onsswidiattegke ighacebsockhef FEEa T~ does
not have %ﬁ% f. knowl edge about tine in- 30stances of retransm ssion.

I
[0041] In ané?%gf'approach, the ECCH s RV s are linked to subtrame nunber

(Pis"r1,.0 oy 9 r.to radi uny =" Ty _
201010318 botoar Babl i, n%qﬁgx%gﬁfo 2R TR e E Tabl e 1
for SIE] anddSimex.ioh Pabkee[ D042}, THERT iirstitapproac camnnot sbeot eused
directly for the S R | determ nation because the ti i nstances for BCCH
retransniéﬁ*%%saﬁrg%E5F #8011y @%L%???%ék g%?<§?r9?ﬁ8geﬁgﬁﬁa§n%%ﬁm?ﬁlI
flexibilityidm seweekr,tbrenenberomatt posidi onkRuslingXtd8 transtissi ons
within the respective windowi, In the second approach, for Si-x's RV-

sel ection,Siq% %6 5BSefvEGSTRAE FIPTRHot YudrantecédFRaPEheh S -5 wi ndow

position wiiddihecaligned with the start of subfrane nunbering. (Ft, or
nrnmod 4). In these cases the PV sequence way be subor:timal if the en-3.

103 15gdecigest orschedu @ ddecsl - Xntr ansm ssi onai fistances consecuki vel y
wi thin the correspondi ng wi ndow. Mreover, for certain window sites (e', 20

ms and 40 fs)y--afd dPso For PPN Wi HoW posirtinens, (Ehe-pkobabitidy of
occurrence. of; each BY E8.RRL1 equaky) Additi onalily, ot his,anproach. does” not

t ake
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{,2510,152040ms (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



20i nto account possible tiL z.libf5.-
possi bl e MBSFN subfraffs,

;,mes (4.n case of TOO carriers) and
whi ch m ght further escal ate the above probl ens

ef unequal probabilities of RV occurrence and subopti mal RV sequences. WO

2010103181@89{“%%P399/062255 [ 0043] The above tradltlonﬁ¢ng$ﬁﬁgﬁﬁ

inplicit inc axe

urther described in ttHe followi ng. (a whi ¢

i ncorporated heroin by reference in their entireties): PJ- 030945,

"Simdaticb results on RV usage for uplink HART,

s for
are

5 Noki a Si emens Networ ks,

Noki a; R1- f%%ll%%n s RY.5el eation £orspl ink HARQ;LO E&@egﬁe@g C§1t@§52 TS

36. 321v8.

"Evol ved Universal Terrestrial Radi o Access -

RA); Medi um

Access Cbnﬂﬁnhnﬁmmmbvmn@teﬁall@becm@lqmﬂnﬁﬂt%OHE§Q©532@¢, cD.C.I Format, 1C
with inplicit RV and TES', Mdtorola; and 3&2 13 36.211 10 v8. 3.0,
"Evol ved. lmﬂ3ﬁérsémiﬂ@%rM§mUﬁpﬂe RddixotAecesssPhysi caét chamelas ande

modul ati on; q;f;%p44ke
esses for ICI

anc VeI’SI on assli nr opose ed,

sqda LLLgate, L ho, abg, VoercPerrOl%' e%%t%?ﬂ %é‘%@rﬁ‘&}%a proc-

etail ed

in FiGs. ZxﬁhuﬁﬁﬁﬁQAHﬁRFlﬁhlna &uﬁiﬁgfﬂhﬁMﬁhﬂN&sn@mtpboedsse§tfoom51@ﬂal|ng

of redundancy versions

enbodi nent*™ WQFHP8€BS§ESt f

O{o vari ous exenpl ary enbbdi nents.

I n one

2-.5 are perforned by the RV signaling

nodul e 117 showmn in FIG 2 (denoted. as,K Method .signal i ng
nmodul e 117[0(5&%7@0@0%?% tsl"tezaLrBtccfﬁﬂf t§§‘§lt35‘r"nssﬁﬂflo?}‘r§f|%khe (E%is)c\é{ F&hsni ssi on

wi ndow (stema2t)ea Nexth, at Bpea§§1 g@mmlrgi the RVrseguensennf102. 31023],
can be started at the beginning o corresponding Sl transm ssion wi ndow.

(step 203)PaWiR metRede aﬁobésf%?YWk&n%nﬁqqﬁ%R%jIq§fr8ﬁE18P APedhbi nat i on

of theoenhancerents. wFatn28o8XaRPh €0 tdie d¥ 0rass Assianaobhen kW seguence
excluding sub - frames #15 in even-nunbered radi o frames (when SF.N nod. 2

- 0) if sustrwlsubcbnamésyheal | eyt i Q%ﬂ?1§PﬁMRﬁd§&9P§&ngah%SO¥ﬁ
Sven- nuTbeied..d Adckr AESocapnola D diserl Ll Sobexal Lr ansm sei on as

they are reserve

1 transm ssi o

30(steps 205 and 207) Al so, the

process asgj sy the ay.s$8; nce excludi ngr, sups fir .case of TDD
carriers Cﬁ{ suhfr%ns‘%%nﬁ%t qhe ﬁ%eg b " SJ;r'_rmgmsn%sss(‘?o (sféps 209 and
211) . T. 1li¥s téan beeconshdefetdhd oeNal 103 Sfbr xaettangm $si bhs @s 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-



WO 2010/ 031873PCT7EP2009/ 062255 tte UL/ DI, conficntrati onA are conveyed by
means of SIM, Al - though parricuinr subfranes are described. (e, g.,

st Li Tame contenpl ated that any predeterm ned subframe can be
utilized_ ppHo0dakisyrt her, the process can assign. the RVi/EeQseRssseX-
cluding MBSEN (e.g., nulti -cast subfrafes) chbframes in. case of nixed

uni cast/ MBSFN sub-frames (steps 213 and 215), For instance, this can be
considered only far SI -x, wheice x>2 as thc uni cast/ MBSFN subfrane

ai | ocationg.Jd ssg@nveygd=by meansod9of Siri2 i[0047],sEkGed showspanot her
process (Method 2) for |rrpf|C|t signaling of redundancy version

i nformati o FdBlerafpPé; Xin one enbodi nent FOP subfranes It 0, 4, 5 and 9
cannot be used for MESEN. One starting point for the inplicit mappi ng of 15
t he redundancy versions is then to have mapping of the sub - franme nunber
to the . Which ensures that the transm ssion works well also in the case
of maxi mals@1 opihebkvVROFRbdSEgEthe BradiAldrasiebhianes exegpt 0, 4, 5 and 9
are used [for. FaSFN (_Lstep BO1) [ I'n_TOD,_ [the sgtrra éthat are not SF
20can be |diffferent |fe. d.2 |20, |£ |5, 6F,| However, the|princt pPe wc?u\le be the
sane: firstoatap the optlimal RY sequence to O [snbffanmes tlhat are never
MBSFV, andifhen fgapthe opLhagls MY, 2¢9Ua0Ee) bq A8 £ eaphlll Nhys AN BgRs

(St ep 303) Adai-t Oi"lall'é, the--MW-—stgnatin rodure—1i7can—enhsure—that he
e

J-_ ~ad 9] It
RV se - "AE*Xgu&idds "aFBenRppbtPERf (4Rt heh S WOEGERRc BYBRE £Bnt i nuous over
adj acent |ragdjQ franes (Step 305). |[9048]; A :|shird @apprfaeach| ¢MetHogd 3)| as
shown in|the procegss of |[FIG W, prloces§g conb| nes thhe above Met hods 1 and.
cordi ng tdméﬂl?eéxenpl ary |enbod] nent|, Specifically, [the proc-|30 egs assigns

14

t he optinmaln,RV sequence |of 02810231 tag subframes |in an Sl fransni ssion
W ndow i1 e TfTifl ow ng way, | The [process of G allfocat e theﬁv
sequence tRé}]t he—st b&fra.“fs—%/h"g argl gu;:foante:u Ret—to bg MDSHFNFUE—Ssubf+ anes

within the SI
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 1s observed that it 1is

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.



WO 20 RO/ 03{873PCDEP20091062255 wi ndow by first determ ning whether the
subfranmes are nulti - cast or uplink. subfranes (step 101) and then whet her
the sub - frames are within the SI wirdws (step 403). If both conditions
are net, t{e Ashgral ing nodule 117 allocations the RVpesangdes.40 the
SUbfralrle (step 405). Next, the process al-. locates the RV sequence to
the remai ni ngnon -UL DI) subfrarres within the ST wi ndow (step 407). (0049]
FIG, 5 shows an optional procedure involviftg the scheduling nodule 119 of

FIG 1, acgay4 JHQTEQ ano-exenplany: JGaenbedibaents FHr ongs enbodidept., -t he

eNT3 103 provides a schede uling functionality (via scheduling. nodule
119), whi cinapidie Keephtracdksofibpe abridalyt airlansimia t(@d 1BefCrelredandancy

verst ons Wil e Shoskidony 10ostep S0t tha schedybing modi ule 119

det er m nes avai contro or exanple et erm ni ng

avai | abl e Qﬂﬁﬂéfﬁ)l ‘tSa,paldlattyonncbadbtssd@manmm tive. updnbér HARA"t ypes of
control 113 that are avaj, bl e he, duI e, 119, The
nodul e 11 AEKS gﬁ% &F/kgéqu%nlcaes &fl #gljhao\g/ée:‘ bg{e%ln transr FAL't e% Wi t hin
the SI w nﬁmmﬂstmmg&OB)LG Basedronithe aves |abl3x .contisob .capaevozuedit y
and/ or the_ tracked RV sequences the schedul IEFS%" nmodul e 119 can schedul e

transm ssiBht 6 2 ECSRTFSPE L oBLal At hn optThal 'RV EEquence P8t 8pC8B8) . For

i nstance, dde:schegiild) ?re;ed@b@ 338c canc el eat” t Ripastpone (DCIaﬁMﬁrﬁQ@) the
transm ssion of a BOH for a few subfrarmas to get the optinum

sequence. 1®050]" litwras céonREnprat 8aS T h&ﬂoqw]ﬁre@%fmfﬁe'r@eéér?B%o

procesges of Fifs “E%o@v%yU%vQEEéPrf‘@ﬁréé‘c@i@’l suldiabhe eedergonTATDI ned
in. any suitable manner, [ 0051] For the purposes of illustration, the

above Met How slidask @b@lﬂ@ﬁﬁéd%ﬁth%@%@‘é@@ﬁo an exenpl ary WY mappi ng. (which
30 is contrasted to conventional arproaches). WO
2010/ 03187BPBK¥ITP20091062255 tdencpover Siroh LABPpping @W@ccﬂmﬂm to an

exenpl ary eﬁosd'frzﬁmmp%sfgtsggsgﬁdgﬁég; AL ng,t o AN Jpkaematiop, gessage

wi ndow | eng
posed, as detalled 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



[ 0053] AA shown, the nunber of subfranmes within the Si: wn-5 dowis
denotedthe RV fox a pozsitd e RCrd4 in subfranei =d3,1",-i within the
wi ndow i s @i van RNV A - nod4, where k =rnoci 4,i0,1,.. pi:. [0054]

In furtherygRhifgs&dti ons the RV sequences areas--- 10 sp@pphobdhchiie sanme
way W th t%}e exception that the nunber 16f subframes within the w ndowdoes

not include suhfranmes #5 in even-nunbered. radio franes C,e., when SFNnbpd2
- 0) and/or Ut subfranes within the windowto ia:0,1,-h,17' -1 and conse-

q:aently ane RY, @R 08X ghsaf 0hnSUbEL aMBs, QINenL L haRn#5€i Bip1.  al-
though particular subframes are described (e.g., subframe
#5), it is contemplated that any predetermined subframe can

be utilized.

5 [0046] Further, the process can assign the RV sequence ex-—
cluding MBSFN (e.g., multi-cast subframes) subframes in case
of mixed unicast/MBSFN sub-frames (steps 213 and 215). For
instance, this can be considered only for SI-x, where x>2 as
the unicast/MBSFN subframe allocations is conveyed by means

10 of SI-2.

[0047] FIG. 3 shows another 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). 1In 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



15 even-nunbered radi o frames) and/ or for non-UL subfranes,

this is

illustrated in FiGs, 711 and 72 for FDD and in Fi Gs. Shand 813 for TDD,
(0055) Regarding Method. 2 (FIG 3), the process for the mappi ng of

R/ val ues @ 8Hhiigses can then he formulated as fol - 20-},pWRa00608Rs RV
val ues are mapped In optimal order to the sub- franes that are guaranteed

to be non-P.4E31M RvVs 0,2,3,1 (are. napped to subfranes V)

0,4,5,9. Also,

t he process provides optimal RV sequences in remai ning subfrans. Further,
the opti ma}; RVsequences éé@e%gﬁlﬁﬁ%ﬂm Q¥ers adi-agent .28 hadi o frames.

The process results in. an RV to su

frame ping, as shown in Table 2.
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frames are within the SI windows (step 403). If both condi-

tions are met, the RV signaling module 117 allocations the RV

5 sequence to the subframes (step 405). Next, the process al-

locates the RV sequence to the remaining (e.g., non-UL —--

i.e. DL) subframes within the SI window (step 407).

[0049] FIG. 5 shows an optional procedure involving the

scheduling module 119 of FIG. 1, according to an exemplary

10 embodiment. In one embodiment, the eNB 103 provides a sched-

uling functionality (via scheduling module 119), which 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

30 is contrasted to conventional approaches).

(which

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

ventional redundancy version mapping scheme, and of a redun-
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dancy version mapping scheme according to an exemplary em-—
bodiment, each scheme pertaining to an information message

window length of, e.g., 15 ms.

[0053] As shown, the number of subframes within the SI win-

il

dow is denoted n], the RV for a possible BCCH transmission

in subframe i, i=0l..,n" -1 within the window is given by:

RVk=[%k]mod4, where
k =imod4, i=0%.,n"-1.

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

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=0,],..,n" -1 and conse-

guently an RV only exists for subframes other than #5 (in
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-
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
radio frames. The process results in an RV to subframe map-

ping, as shown in Table 2.

Subframe # (n, ) |RV
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Table 2

[0056] As for Method 3 (FIG. 4), the number of DL subframes
that are guaranteed to be non-MBSFN subframes (assuming a

maximum MBSFN allocation) within the SI window is denoted as

non—MBSFN jnon-UL
5 7

where the RV for a possible BCCH transmission in

subframe i (DL subframe that is guaranteed to be non-MBSFN),

i=0,],.,n/ " MWl _1 yithin the window is given by:
3
RV, = Ek mod4, where
k — imod 4, i - 0’1"“’ n;mn—MBSFN,non—UL _1 .

[0057] The number of remaining DL subframes (not assigned an

RV in the previous step) within the window is denoted as
n™" . the RV for a possible BCCH transmission in these sub-

s

frames in the SI window is given by:

RVk=(%kand4, where

k =imod4, i=01,... 0 1,

s

[0058] As mentioned, the described processes may be imple-

mented in any number of radio networks.

[0059] The approaches of FIGs. 6B, 7B, and 8B provide, ac-

cording to certain embodiments, a number of advantages over
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the approaches of FIGs. 6A, 7A, and 7B. Under Method 1, the
optimal RV sequence is ensured at the beginning of an SI win-
dow. This is especially important in case of consecutive
BCCH scheduling and/or in case of multiple retransmissions
within short SI windows; the optimal RVs will either reduce
the Signal-to-Noise (SNR) required to correctly receive the
BCCH or enable quicker BCCH acquisition and UE 101 battery
saving. Also, probabilities of occurrence of different RVs
within a window are equalized; this is especially important
for sparse BCCH scheduling. Further, the order (0231..) of
the optimal 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-

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
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 SIBl and cannot be used for other information
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 is ensured at the
beginning of an SI window. In addition, the RVS is ensured

to support the maximum MBSFN allocation.

[0062] The processes for implicit signaling of redundancy

information can be performed over a variety of networks; two
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exemplary systems are described with respect to FIGs. 9 and

10.

[0063] FIGs. 9A and 9B are diagrams of an exemplary WiMAX
architecture, in which the system of FIG. 1, according to
various exemplary embodiments of the invention. The archi-
tecture shown in FIGs. 9A and 9B can support fixed, nomadic,
and mobile deployments and be based on an Internet Protocol
(IP) service model. Subscriber or mobile stations 901 can
communicate with an access service network (ASN) 903, which
includes cne or more base stations (BS) 905. In this exem-
plary system, 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)
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
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-
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
base stations, QoS and policy enforcement, foreign agent
functionality for mobile IP, and routing to the selected CSN
911.
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[0066] The CSN 911 interfaces with various systems, such as
application service provider (ASP) 915, a public switched
telephone network (PSTN) 917, and a Third Generation
Partnership Project (3GPP) /3GPP2 system 919, and enterprise

networks (not shown).

[0067] The CSN 911 can include the following components: Ac-
cess, Authorization and Accounting system (AAA) 921, a mobile
IP-Home Agent (MIP-HA) 923, an operation support system

(0SS) /business support system (BSS) 925, and a gateway 927.
The AAA system 921, which can be implemented 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-
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-
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 88/MS 901 and a CSN (e.g.,
CSN 911a and 911b) for authentication, service authorization,
IP configuration, and mobility management. The ASN 903a and
CSN 91la communicate over R3, which supports policy enforce-

ment and mobility management.

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

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



Table 2 [0056] As for Method. 3 (FTrG 4), the nunber of DT subfranes that
are guaranteed to be none-VeSWN subfranes (assum ng a maxi nrum MBSFN
allocation) within tha SI windowis denoted as where the RV for a possible
E001. 1 traggfsis@is subframe | (1,a, subframe that. ispghppaNGedsto be
non- MBSFN1), -!lthl the window is aiver’by RV =-k nDd4, where krai nik!d4,

[ 0057] The nunber of rama.iningsubfranmes (not assigned an RV Ln the

previ ous step) within the window is denoted as r.t7i'H the RV for a

Eossi bhi Eﬁaﬁdlr apsMhSsi hdd) these subzi-bEagpscins the, Sle Windawelss given
. nod4, ere
y such as 3GPP LTE, as next explained.

[0071] FIGs. 10A-10D are diagrams of communication systems
having exemplary long-term evolution (LTE) architectures, in

5 which the user equipment (UE) and the base station of FIG. 1
can operate, according to various exemplary embodiments of
the invention. By way of example (shown in FIG. 10A), a base
station (e.g., destination node) and a user equipment (UE)
(e.g., source node) can communicate in system 1000 using any

10 access scheme, such as Time Division Multiple Access (TDMA),
Code Division Multiple Access (CDMA), Wideband Code Division
Multiple Access (WCDMA), Orthogonal Frequency Division
Multiple Access (OFDMA) or Single Carrier Frequency 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
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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
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(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
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whi | e 28downfuInkinianciepés cOFPMA. packet screening. Another role of the
PDN Gateway 1018 is to act as the anchor for mobility between

3GPP and non-3GPP technolcgies 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+ is the interface

between the PCRF and the packet data network 1022.
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entity that. Per forms control -plane functionality WW 1. 003
(Packet Data Convergence Protocol) 1039 dnd 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. 1In 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.



25 fromtbe network entity that perforns bearer-plane functionality
(Serving Gateway 1010) with a well defined open interface between. them
311. Since 1L---UTRAN 1012 provi des hi gher bandw dths to enabl e new
services agoMhdosasst0 i nprove ex-. isting ones, sepaxapi-pRpRhodiyi;1008
from Serving Gateway 1010 RO inplies tRat Serving Gateway 1010 can be based
on a platformoptimzed for signaling transactions, This schene enabl es

sel ection of nore cost-effective platforns for, as well as independent

scal i ng Ofguﬁﬁﬁh of i these ¢ o glanents, Sarvhees1 W, 2010/ 03 v ing |

| raPal EP2009/ 062255 provi ders can al so select. optim zed topol ogi cal

| ocat i ons @ft<Serwilig SGatéways 12010dek t hi ok hlel network riindependentnof t he

| ocati ons in_order _t i m.ze i.dt I ci es
and avoid %ﬁﬁiﬁgﬁ%é§é£§§agiﬁ?sggﬁsfgf%ﬁgggﬁnﬁ%%7g%é%gmggg%%%gaEfkfﬁggE, t he
E- I 1 TRAL, laqdcengnt, EeNBryl101R24Pnpertades WA h(GEtHM AricaibFELGue Thell=- NTRAN
1012 suyppofte t air interfac d includes ..thiucticmis for radi

resoh: oo COrTPol PRET FoPURCE: GRT t Y Lor T Saorig J£8 CHASCOREr L2 2pl ane
MVE 1008, ahe NEOTlRAN-12QL2sal sorpenhprsscas:itwaricetsy. of 10 functions

i ncludi ns radi o resource managenent, adm ssion con trol, scheduling,

enf or cementoad7 neunt | @t eskh-dfpld Mk (i1, Yin( Q6 atQuabity ofcderivicenkt cell

i nformati on broadcast, ciphering/deciphering of user, , ,

conpr essi ondetoipressi éﬁroﬁmﬂbgﬁﬁh& AHE Ul h K GeBA3prEngepacket P header s
and PacketEtratta okbGonverganeeePr ohogobe ({mp QePnted QQE7LoFhgale 4E 1008, as
a. kev control. node, is responsible for managing nobility DE identifies
and séduriltyr Parandters, dRBSpagi REPCHT Bteddt@litndl ¢dichgl Fepranshi$si ons.
The MVE 1008:d)s dmnvol wedabp:t he bear 85 act dvation/ deact byati,op process and
20 is also responsible for choosing Serving Gateway 1010 for the GE 101,
MVE 1008 f (citGlons lieael BdegNonnaecessaist riatuany NASGAs) gnakrng. ahdrmel at ed
security. MVE 1008 c 2_au i zati 0 t he
servi ce prOV|degﬁé %@ﬁ??“kgﬁag kﬁ%%%%ﬂkb?aggi6%%%ﬁﬁﬁf§aﬁagg%§g$E£§PNE 101
roandng r ecer 26t ¢hieodsscTheeWVEINOQ0Borad sis pregviidest bhéogontrol pl ane
function for nobility between Ji TE and 2@ 3G access networks with the 53

i nt erflace tErgfilnari®g At ilhe sMvEtEG08 xEmoietheh SGEN:  SernimngrnGRRS Suppor t
Node) 1014'ﬁ$0078] hﬁ.SGSE 10%4 i s responsible for tne. delivery of data 30
packets fromand 8 PR BbPI 8T stATi ThE Wi tHl £t £ gedfraphi'car” servi ce
area. |ts dasks imclsydeepacket [odludgs anddg ansfiebr aebeki tymmmnagenment ,

| ogi cal |ink managenent, and aut hentication and chargi ng functions. The 56a
i nterface A\ fféf@?é@él?E@@B@Q@@%ﬁ%%S“E@%Eﬂ%&%OPr&ﬁgf@rpﬁ?c%ﬁ%§%ription
and aut henticatdRp1dat acf eneaptibaElhhaadd nouewthand7 ihngruseloAccess to the
evol ved system (AAA interface ) betwen MVE 1008 and HSS (Hont Subscrit(ar
ServePy 1018 PUTHE I3 QS Atel £ 46 o2 bet weeh! WIVEs ME008 "previvdes 5, MVECR eddcat i on

and VME 1008 1o JWWE-10Q8 j.pf.orpaikom toanshier. o e SeLyving Gateway. 1010 is
the node that termnates the interface towards the E-UTPAN 3012 via Si-U

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.



[0079] The Si -Uinterface provides a per dearer user. plane tunneling
between the 5--1.11TRN 1010 and Serving Gateway 1010, 10 It contains
support for path sw tching during handover be- tween eNEs 103. The 34

interface proyi he user plane with related control i Liy support
bet ween S ﬂozﬁo%ﬁ?sg%d the 301' 2 Anchor Zfunction of Ser V%Egﬁ%%é%lolo,

[0080] The 312 is an interface between UTR7,...N 1006 and. Serv - 15ng
Gat eway. 1010. Packet Data Network (PDN) Gateway 1018 provi des connectivity

to the UE 0 e a S, by i t.h int: .of exit
and entry io(?)]stgr]af ﬁ% é%?é%tﬁlg%%tyls%%% %Egb\lgtﬁgkl %%t ((339\/\/%35/11&%j OJI]% %gllref tg}J s policy
enf or cement]0lpacket dfiisbtleri aglf or skalcheuserlichar girngtsupposplayawsr 20 ful
interrepti or]C.and %cket scr[e%'eni hgg Anlot er rol en%f Enh%PC]\l Gat eway lola is
to act as the anChsr Fof T HBBITT t Yo bet Weeh B30oP and Hon- 3623t gchnol ogi es
such as Wivkexirand 3@2R2e( upb3a stoh and £W0/H{dEvwel uhicondDatiaa Oahy)y~ [ 0081]

The 37 interface provides LLansZel. or ,00S policy. and 25 charging rules
from PERE (P11 Gy "ard "ChaF§7Rd RoY & SURAES 3 §Upoti0y and St gi ng

Enf or cementuFungliingn 12033}tk Bnt hed PENuEateway ck@18nsThe SG6k. pintesface is
the interface between the PIiN Gateway. and the nperatOis TP services
i ncl udi ng PacKet’dat d RetWBrk 4922C¢ étardata Inetwdr KU1022 @8y be. 30 an

operator ezternal,publi ¢ RbuRE! VAl pagkel: dala Rebwor kiPEcaloh e,
operator packet data network, e.g" for provision of :EMS (I P. Miltinedia
Subsyst em s&r vicgesin iRr41ngsdi hect heer frace retiwee s ntheoposd' saheict he packet

dat t , : [ 8 008 in AEG
10C. 1he ONE'T03 Ut i1 S8 an A . UTAT, '(Evol veo Ui varsal Terrbetr 4l Radi o
Access) (usert plrnané®t RispRadi b1Link Cnntrol) 1015, MAC (El edda Access Con-

trol) 1017, and PT' (Physical) 1019, as well as a control 5plane Ke,g,, RRC
1021)), ThEENB 183catdiong nol udes oilse ebbdihent mgo f urict ilonsentlinner Cel | RRM

(Radio Resgurce '\é%%%%e”%”té %B%é’ JSponection Mbi ity gontrol 1025, RE
(Radi o Bear er ntror. C1027 - Radier Adhi €8l 6F E3NCForo1659 ¢ (34R
Measur enentndCanfsitghr attiboniande Provssion 3l hroaad sbynanme Kesout tey Al 1 0-
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. In 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. 1In 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-



| ecation. (Scheduler) 1033, [0083] The eNB 103 conmuni cates with the al 1W
1001 (Access. Gateway) via an 51 interface. The aGWN 1001 i ncludes a User
Pl ane 100la. and a Control plane 1001b. The control plane. 100113 prvides
the foll o nent: SAE (System Archi - 15 tectur YPlohd b9y Bearer
Cont r ol alndBW( Mobi | e Managenent ¥ 7Entity 1. 031, Tﬁ%ﬁusgr M?ane 1001b
i ncl udes a 2DC. P (PEK..(_kt:t Data Convergence Protocol) 1039 and a user

pl ane functions 1041. It is noted that tne functionality of toe aGW 1001
can al so OV £850Mbh DaLion; of . 3, serying gateway (SN

packet datacﬁa([atv\ork %)E C%\N Pr%fa%aGl\ll 1001 can al g]o I nt er?ace Wl?ﬁ a packet
net wor k, smmlpla@qrt@ lanlnettwetrk 1048. ({@08#4jodm .an Talet epnatinveaenbodi ment ,
as shown in FI . -the pagp Packet . Dat a & nvergence Prot )

functi onal 115 % ((:%a"‘n lrlte53|sgle8 a{lﬁe B 103 raet Cf%h grgﬁ!iom. Ct her
than thi s RBCR capabiptiityl, stheaedE fizinctdons cbfg:ElaCE dhﬁ@ atEethSO
provided. in this architecture N{70085 jn_the system of E h a.

functi onal *EPIG I et e 8A TEPUTRAKP AR d® EPE (BVH VEd ‘Paéket "ebr e ?sc?ﬂlow ded.

In this 30nexanien radiee rpret 0cob as€hiteatdy eeofi AeJERANNEsrproyi ded for
the user plane and the control plane. A npre detailed description of the
ar chi t ect #¥ i r oVicdedSi A JOPPET S 9630021 Wo20USB) interface, a

R110318735RGNER2002,062235 3V Thee 103-d nterhaces ouba LbeoOlato the
Servng Gateway 1045, which includes a Mbility Arch,:yring function 1047,

Accor di ng Tlloﬁrt)hllsﬁt@rréﬁlcteec?ﬁﬁe the MME (Mobility Managerrent Entity) 1049
provi des SAM (System Architecture Frolu- 5tion) Bearer Control 1051, Idle
St at e INbbi [§@321Satide Ry A8, land @AS cNeAvAgce’s StratumtSecwdicty 1055.

100871 hepfy OTAUARF %oBKh LAl 0nlifg- Ao MUl I qkzehgh§£o£9 Ge PAOCESSES

for implicitly S|gn i ng redundancy version in - forntion ramet er)
may be i vxpuemarilﬂéw vica sthewarnen—101 har et trgieg forgéneleal epeocessor ,

Digital Sign Processmg DSP [ t| iLfic_Trtecrated
Crcuit ( %)h FierdS er Bgr amz%% Jtﬂt%tseyézt%)ma 1§%ex%‘ ngafm ?p}g% (%

war e, or at:mm‘maw Ilnnthbhébemfomecdﬂaﬁb(ﬁmlvaTv)e .har dware for peTr oI m ng t he
descri bed functions is detailed bel ow 15N0861 510, 11 illustrates
exenphary (erabyar erngpaer rwhivchmpar bouse endiott mentisinof ashesenveatéon can be

i | enented. A computin stem 1100 i ncl udes a bus 1101 . or other
conmunt catiSH Sro AT BL SBoREhi 3EY T 16 ridt PORVANANE bFoeeSor 1103

coupl ed to:itdies bus tht0prbeesprocesss ngoid nderdmmtiicon, Then20 seaput imgy
system 1100 al so includes nain nenory 1105, such as a random access nenory

(RAM or diH& “lfy“rYaﬁPé%mﬂé@é%]éWe%m CHftipl it ke BAST963CFER stori ng
informatign.and instEyeLi aealgo beqexecuted by he procegsard103: 1dvai n.

menory 1105 can al so be used for stori ng tenporary vari ables or other in-

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



25 texnedi ate information during execution of instrucpsions by the
processor 1103, The conputing system 1100 may further Include a read on2ly
menory (MOM) 1107 or other static storage device coupled to the bus 1101
for stori Lc-Lnformation and instructions for the -1103. A
st orage dggp?gﬁ?o%}%ﬁllog, sucTh as a. AHgnetic- disk ofpeggtgfl;@ggl?&%ﬁ%k, IS
"coupled to the bus 1101 for persistently storing information and
instructions, WD 20! 03 1S73PClI AP2009/ 062255 in [0089] The conputi ng
system 1100 .nmy, Q%iFOUQI 8dyc¥i 8yl he, bus 1101 foa disphayodidl-nStradl as a
liquid crystal "disolav, or active matriz display, for displaying

i nf or mat i oirdmo vaigser. cAnpihput cadevieel. 1113, such as a. keyboard thclucling
al phanu. - :nmerle and other keys, may be coupled to the bus 1101 for

comuni catliafP4inf oreanaiuen fands comuarde set ectd agied lteo nehle apmegessorn1103. The
i nput device 1113 can inél. ude. a tg‘:urcsto.rcmcsor]ttorcc;il rsot(J:((:arsls%t]sf a_nhouse, a

trackbal | ,70r Cur&of = ai et oh" KeysS ¥ Br° comiuni-CatiRg di Fectton
i nfPrmati anc@and commardmpse| eche 1ddions itond Herpracessoy dud03t and for
control ling- cursor rrgve-. ment on the display 1111, gOOQO] According to
vari ous enbSdimEALS 6f the FiVenttdh,"the ProcesdesdBEEFFHRY helfEin car be

provi ded hittihe qeemputi Agreystem A0 dn respense tosthearphpcessore-1103
executing 15 an arrangenent of instructions contained in rmain nmenory 1105.
Such i nst iRt GREPEERThECREAdT At b7 i 4 eifsT y MEPOB - PORFAATY &2 . hei

conmput er - reagable Medisum,cr SULH @sct he ﬁl@pa%edq%%euéiﬁ%a Exegath i on of

the arrangenent of instructions contained in main nmenory 05 causes the
procesg8or A O30 operf dPAREhey 20eProvessy st éps déséer Phed hefel sPh @t or

TOre PrOCOSSQl 5., QUL 5 REOSESS I\ AT ANASTRY pYoaLspnbeasiplayed to

execute the i nstructions contained in main nenory } ternative
enboTh- f | ent s,nfrard<dwsiedati aodi transmayt béeused riemepl acenat o 4 n

conbi nati on_wi software i nstructions.to inpl 5 Q i ment  of
the i nventﬁoorﬁ—‘latr}?qaengtoﬁlgﬁé%grﬁﬁ) ‘é}&%’ec%unqh f%sgtrjgfg%lr%%hgf%d\%% gtggt)%g%{s?ﬁ el d.
Pr ogrammablectGarerhr nays (EPGAs) can befwsed] denewhioechotheht unctidnad ity
and connec- tion topolo of its logic gates are custom zable at run--
1 e, Ly pi <A B9 BRSO AP FEhory | Saie a 1B 800 Thaer 20 Bhbodi ment s
of the i nugticomyarecnoh rhkAkdedi §:0a AMhspaciddsc teembbnat bona obuhar dwar e
circuitry and software. , .

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



WO 2010/ 031 S73PCT/ LT2009/ 062255 nication interface '1115 provides a

t wo-way data commruni cation coupling to a network Iink (not shown.). The
commm ,mLlen interface 1115 sends and receives electrical (

el ect rorragwgtzhg,mpgnoptl cal signals that carry digital gafgpsbdRayE S
representing various types of informati¥dn, Furthcary the communication
inierfaie 1115 can i ncl ude peri pheral |nterface devi ces, such as a.

Uni versal Serial 'Bus (USE.) interface, a. PCMCI A ; Per sonal Comput er Menory
CaTd Interpald) Ofl%ﬂye@S%Q‘éb%EbHQ) 'ﬁt@{rﬁ?&f@rﬁi Qaalll%[r%%h hbg, peocessor 1103
may execute the transmtted code be.ing received and/or store the
code in tHelisttgriage cdepeeet 11099 oy ettt atomaovolfat Feagpéragenfor| at er
executi on. t-hi n co [ iste ob

appl i cati onélr(gjéa1 etﬁﬁqﬁﬁeg%?%g a@%lér r%ﬂmverﬂddé%ggaﬁxéf 5 Poces
"conput er -seeadalil’e isednoiidas - useédddrertdi s reefegrag itog al‘nye nedrumtdm’ual
part|C|pa n I’OVIdI ins ructlons to th roc rl for xecution.
Such a nedle%rg] maoi%/%1 ﬁyw%% c?”r‘f)chtuldl%éfeh‘P |8I m’ %é‘dh n B¢

non-vol at id @erfe;dma,l Yt@hl@tltbe nredr]a s taadi dit anasmescslomalrredgatal\lomssmd;atl le 20

medi a i ncl ude, r exa tical or netic: di sks such as the storage
devi ce 11094 IP ey e dﬁapfﬁ%’i“a%e %‘?/lrfgﬁi ®5fiob as main nmenory
1105. Tr agﬁﬁ? ﬁdl i ncl ude coa cabl es, ogger Wre and titer
optics, G eV WAt O8o Fl 88SE hEShTs D 1LY FPARSMTdSPon medi a

can 25 al mttkﬂléenhh@eﬁrobm hpagokst i €, aQPtingalemedit 28l 8651 OPBYNEL L Waves,
such as those generated during radio frequency (PF) and infrared (IR) data
communf catfoHs * SCOMD EC1 LBt e of e difpiiter Pdadall ebiedra Taettbed for
exanpl e, & ifd-QPRYgdisk, va1Ehexibl & digk: harg diske ragneti ¢ {@ape, .any

ot her. magnetic 30 nedium a CD CDRW EVE, any other optical medi um
punch car ds.evpapetheapgéaivpt i calthurdh sﬂﬁ?étusfesamf otheinphy'si @alargredi um
with patt f. .hol.es r i.xa jncijcia’ a. RAM a
PROM | an d‘f‘efé%% %sela '&ﬁAg%g%%‘&;foﬁﬁ“%ﬁMs a\wg%%g%é hhe;haci jCi A

2010/ 033. &M@DPAEIEZOGMO&Z}%& nerdryrechigenobecartrerndge, 1a ay ra@r— wave,
or any - ot h her al’{!;_dl umfrom which ac.c.,m:iot..flP can read- [0094] Vari ous
f or s " Of conputer-readaﬁ?e medi a may be invol ved in provi ding instructions
to a procedsor for execu - tion. For exanple, the instructions for carrying
out at Least part of the invention may initially be borne on a nmagnetic.
disk of a. renpote conputer, in such a scenario, the re- note conputer | oads
the instructions into main nmenory and sends the instructions over a

t el ephone line using a nodem 10 A nodem of a |ocal systemreceives the
data on the tel ephone line and uses an infrared transmtter to convert the
data to



an infrared signal. and transmt the infrared signal to a portable
conputi ng device, such as a personal digital assistant (FDA) or a |aptop.
An infrared detector on the portable 15 conputing device receives the
information and instructions borne by the infrared sidnal and pl aces the
data on a. bus, The bus conveys the datadto main menory, fromwhich a
processor. retrieves and ez..ecutes the instructions, The Thsttuce tions
received by main nmenory can optionally be stored. on 20 storage device
ei t her befare1ois after execution by processor. [0095] P10.12 is a diagram
O exenplary conmponents of a user tetmnal configured, to operate in the
systens of FIGs" 5 and 6, according to an enbodi nent of the invention, A
use terninﬁl 1%90 inclqus an _antenna system 1201. (which can 25 utili ze
nmul ti pl e antenfndsREGTFect V& 8nd-TTahsnit signal s The antenna system 1201
i s coupl edmk@nkadios Gdt@dting si2dds ahighsyaebrdes fouhbitpbe Weansyd ters
1205 and receivers 1207. The radio circuitry enconpasses all of the Radio
Frequency (RE-J2R$REHFLPY Win@erF a&dbase- band processing ciEnnitry. As
30shown, | - | | - I ! i ded units.
1209 and 1%%%%? Fggt%%¥?3gP§ﬁy§£f%%%%.%%?QYggggg%ggugggﬁgﬁg%c%% ggxbrovided
(not shown)" 4t2axmi¢f 124¢ taansmékasdennmedoldewl213, whi ch executes al
Medi um Access Control. WD 2010/ 031873PCDEP2009/ 062255 (I1A C | ayer
functions. Atimng and ca'il:vration nodule 1215 mi ntains proper timng-

Ly interfaci ng, faqr e, . - t.exn | M ng .en (nar.. shown).
Addi tional Iy, énp§8P§§%§§F fﬁ?%é@??%éﬁﬁ&ﬁfi@ﬂ%érWﬁﬁigagcgﬁgrﬁ% e User
t er m nala$s il@Oh ¢ ohsrnuab e Al @sratit hoaegapdel pgedet e 2 k9 eddii ehmtaadbe a
personal conputer, work station,. a Personal fIi%;taI Assi stant (PDA), web

appl i ancBR AN 2t phbFR NeRRET £H0SBF L Anit ™ Te tifnvdift i DIP Beeht

descri begd 4 connect - 9N 58 o8 RYABSEY . of enbodi ments and i npl enEnt aki os,
the inven- 10 tion is not so limted but covers vari ous obvi ous

nodi fi cati ons and equi val ent arrangenents, which fall within the purview of
the clains. Although features of the invention are expressed in certain.
combi nat i oAs afBngPPR&adus mecqrding dentehpimat bdofhalailese WE&IGAS can be

arrange@ﬂé1ﬁggh§X¥6§ &éngﬁfﬁgoﬂsaBSanBQQEd to exclude uplink sub-

frames.

4., BAn apparatus according to claim 2 or claim 3, further
comprising:
means for determining whether the subframes are a mixture of
multi-cast subframes and unicast subframes,
wherein the means for assigning is configured to exclude the

multi-cast subframes.

5. An apparatus according to any one of claims 1 to 4, fur-
ther comprising:
means for mapping an optimal redundancy version sequence to

remaining ones of the subframes.

6. An apparatus of any one of claims 1 to 5, wherein the
subframes are a part of radio frames that utilize either time
division duplex (TDD) carriers or frequency division duplex

(FDD) carriers.



30 CLAI M5 1. An apparatus conprising: nmeans for detecting start of a
systeminformati on nessage transm ssi on wi ndow, and nmeans for assigning a
redundancy versi on sequence at the start of the transm ssion w ndow. 2.
An apparatus according to claim1l, wherein the means for assigning is
configured to exclude one or nore predeterm ned subfranes in even-nunbered
radio franmes if the subframes are within the transm ssion w ndow. 3. An
apparatus according to claim1l or claim2, wherein the nmeans for assigning
is configured to exclude uplink sub-franes, 4. An apparatus according
to claim2_or c¢laim3, further conprising: neans fgrgﬂeternhn whet her

the subfrarfes AREAR e B 19 &Rt 2RYpPPant gL algt%géubf r anes,

wher ei n §heraeansné ohedasi @Bk-NEsks gaoRG gy edn fignexd ude dheupal thecast
subf r anes. 5. An apparatus according to any one of clainms 1 to 4,

further coRprian@y: VeBansf 6EAREPPENG Sarooptinvelus etifdatlavarsi padio
sequencef]]_;%n%gnai ni ng ones of the subfranes, G  An apparatus of any one
of clains 0 5, wherein the subfranes are a part of radio franes that
utilize either tinme division duplex (TOD) carriers or frequency division
duplex (FDD) carriers. 31 7. An apparatus according to any one of
clains 1 t@&-6, Avhergiaraths meansrdiorg assigmy ngneésofontpgused to dnsure the

oy el 8 o SPRMARSEab, SRR 2 SR ey fasea-

redundancy version %3 nce is calcul ated accord- 3 - ing to RP;---n4o0d4,
where Riing,t¢ sRihe 3 ebheywhersi 8Wksés the redundancy version se-

quence, k = i mod 4, i=0,l..n' -1, and n denotes a number of

subframes within the system information message transmission

window.

9. An apparatus comprising:

means for assigning a redundancy version sequence at a start
of a system information message transmission window by
allocating the redundancy version sequence to non-
multicast subframes within the system information message
transmission window and to remaining subframes within the

system information message transmission window.

10. An apparatus according to claim 9, wherein the remain-

ing subframes include downlink subframes.

11. An apparatus according to any one of claims 9 and 10,

wherein the redundancy version sequence is calculated accord-

ing to RV;=[%k1m0d4, where RV, is the redundancy version se-

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

subframes within the system information message transmission



guence,i nod 4, 1-0J,,n,7-1, and n denotes a nunber of subfranmes within the
systeminformati on nessage transm ssi on wi ndow. 9. An appar at us
conprising: neans for assigning a redundancy version sequence at a start of
a systeminformation nmessage transm ssion w ndow by allocating the
redundancy versi on sequence to nonnul tizxast subframes within the system

i nformati on nmessage transm ssion wi ndow and to renmai ning subframes within
the systeminformati on nessage transm ssi on w ndow. 10. An apparat us
according to claim9, wherein the remaining subfranes include downlink

subfranes. | 11. An apparatus according to any one of clainms 9 and 10,
wher ei n t h¥1PEQind &fcy NFdisito ik R qUREHEFAFRCE aY REF APBASEEHEPEE iLFd 450 Pk; 3

k 2 inodd,; yhes er R¥nkai sobReypedundancy version se- 32 w ndow, or
wherei n the redundancy version sequence is retrieved froma |ook-up table.

12. An apparatus according to any of clains 9 to 11, fur- ther conprising:
12. An apparatus according to any of claims 9 to 11, fur-
ther comprising:
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 to

obtain an optimal redundancy version sequence.

13. An apparatus according to claim 12, wherein the optimal
redundancy version sequence is obtained at the start of the
system information message transmission window, and wherein

the redundancy version sequence is calculated according to

RV;=[§k1mod4, where RV}, is the redundancy version sequence, k

= i mod 4, i=0,l..,n -1, and n denotes a number of subframes

within the system information message transmission window.

14. An apparatus of according to claim 12 or claim 13,
wherein the optimal redundancy version sequence either reduces
a-signal-to-noise ratio, enables quicker acquisition of the
broadcast control channel signal, reduces power consumption,

or a combination thereof.

1.5v, A method comprising:

detecting start of a system information message transmission
window; and

assigning a redundancy version sequence at the start of the

transmission window.



means for determ ning avail able control capacity; means for the transmtted
redundancy version sequence with the systeminfornmati on nessage
transm ssi on wi ndow, and nmeans for scheduling transm ssion of a broadcast
control channel signal based on the available control capacity to obtain an
opti mal redundancy version sequence. 133 An apparatus according to claim
12, wherein the optinmal redundancy version sequence is obtained at the
start of the systeminfornmation nessage transm ssion. w ndow, and wherein

t he redundancy version sequence is cal cul ated according to nd4, where Rl/4

is the reduyndancy version sequence, k - i nmod 4, 1-0j," -1, and n: denotes
a. nunber Eg'subffﬁﬂﬁ?Qﬁqrﬁéb?ﬁés§9§ten1infornation nmessage transm ssion

wi ndow. 14, Ams s Bl diSa Of e @GRQAHENTvERsEbal BeliediceLlal M Bhamhesein the
opti mal redundancy version sequence either reduces a-signal-to-noise ratio,

enabl es qui ckersTful Rt eFBAt 6PNt RESBREAIEASNSESMTISIN chdifiRy kY ghblo-
(duces PovelCHONSYTOAL 0PeahalnCOMBLRRLLAN LRIGRI b AdIRIAC COMPY ] ST
detecting start of”a systeminformmation nessage transm ssi on w ndow, and
assi gni ng a radufikaney wietkiontbegagptemati ntflverrsttardn ofe ddeyd ransnsssson

wi ndow, 33 16. A nethod conprising: assigning _a redundancy version seguence
at @ start of>WRyELEY rPBinke] HHTALEeATe SLATERES O Rahdair b3y S tem

al l ocating t hinf&EHEEAREYMY8E85ENL SBAUARGA LA ARV L1 cast subframes
within the systeminformati on nessage trahsm ssion wi ndow and to remai ni ng
subfranmes wthin the systeminformati on nessage transm ssion W ndow.



