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S ' . The transmtter
her?%é%ldge?{%él ég&oﬁéﬁ%g?l g}eg%ﬁigﬁéjegéﬁd trai ni ng sequence
to generate a radio frequency (RF) nodul ated si gnal
and transmts this sig ' i rel ess channel. The
wi rel ess channel di st o:ﬁécﬁ@éﬁﬁgm tted signal with
I @ Cﬁi@ﬂﬁe' response and further degrades the signal
wi th noise and interference. [0004] The receiver
r ecEhev@ssenhdistlosuns melhtee demirgyath camahpicies s@sl thive specifically
recei ved signal .to obtain.s nEI es. The. receiver my
to 15N tor PSRN RS 408 IR P FIRPBRSH Wb t he
traini ng sequence. The receiver may then perform data
detection (e.g., equalization) on the sanples with the
II.chaBasgrewmid mat e to obtain symbol estimates, which are
estj mates of the data synbols sent by the transmtter.
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) t4 (o) ' 0 .
o S, PP refB o nk i iR SR Bt may
mulsigtekor maning sedimnes with thhdata sgnholadgo s e moivee pedemmyarious

over head that reduces the efficiency of .the syste
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wi'rel ess conmuni cati on system
generate a radio frequency (RF) modulated signal and transmits this signal via a

wireless channel. The wireless channel distorts the transmitted signal with a channel
response and further degrades the signal with noise and interference.

The receiver receives the transmitted signal and processes the received signal to
obtain samples. The receiver may estimate the wireless channel response based on the
training sequence. The receiver may then perform data detection (e.g., equalization) on
the samples with the channel estimate to obtain symbol estimates, which are estimates
of the data symbols sent by the transmitter. The receiver may then process (e.g., symbol
demap and decode) the symbol estimates to obtain decoded data.

The training sequence is useful to achieve good performance. However, the

training sequence represents overhead that reduces the efficiency of the system. There
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SUMVARY [ 0006] Techniques for transmtting data and

trai ning sequence efficiently in a wrel ess
we@ornruziigat i on system (e.g., a GSMIEDGE syst empCHIB2006/017961

descri bed herein. These techniques may utilize new

slot formats and/or new bl ock formats having hi gher

data capacity and descri bed “bel ow. [0007] According to
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effiTesmtliy \in a Wieeldk o6aamalcation gaegnate mul tiple bursts
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includek ai 18gst SREIPROBER0PHRMW PREMOFYN Tt otRE@ () igeierfit-Bultiple bursts
equal i zatign) on the nultiple bursts with the channel
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el AR TORE B s SRBRGEIE e SR e

chahnél pstin®s Hakdds bnr @6 akalfingt schB@ft AndOp&tdrad SlafaOdeteion (e.g.,
of . mul tipl e output blocks. The bursts for different
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time slo a respective frane. € processor
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invention are described in further detail
one burst in each time slot. The bursts for different output blocks are sent in different
frames.

According to yet another embodiment, an apparatus is described which includes
at least one processor and a memory. The processor(s) receive at least two bursts for
each of multiple output blocks. The bursts for different output blocks are received in
different frames, and each burst for each output block is received in one time slot of a
respective frame. The processor(s) process the bursts received for the multiple output

blocks to obtain symbol estimates and further decode the symbol estimates to obtain a
decoded data block.



bel ow. BRI EF DESCRI PTI ON OF THE DRAW NGS [0012] FIG 1
shows a block diagramof a transmtter and a receiver.
WO 003221 G 2 shows a franme structure in GSM BEDIEES2006/017961
[0014] FIG 3 shows transm ssion of a packet data
bl ock in GSM EDGE. [0015] FIG 4 shows a normal burst
in EDGE. [0016] FIG 5A show® a burst with no traini ng
sequence. [0017] .FI 5B shows a bur.st with hort .
[0011]} trai\l‘ﬂ‘?ﬁ‘;‘s SBREG e %@mntquf(;he gnveaH ey are egc_rﬁqeétm further detail
be%,q‘;'rrat with no guard period between two bursts. [0019]
I GS. 6B and 6C show 2-slot fornmats with a training
sequence shared by two bursts and no guard period

bet ween t he 00201 i -sl ot

format wth Wﬁ’l r’l§el’ QFZ\MQ%@F&E&H od
[0012] bet viaen 1RHEWS 8 bidcR@Zaklant bfn trdBnsiferEndea RBéiVér: S| Ot

format with full and short training sequences and no

[0013]  guartdGparhewus béewestueuresinISNIFIGE. FI G 8 shows

tra 1 §S4 . e t i ot
[0014] al | oq?g?t' ?’éhg\gf ﬁ%@%@ﬁgﬁ@a éaﬁié%n(%téglggélg%wd} rané%%ési on
[0015] of &FIgadkkdéwsanarmldatst iiEBGE: sl ot al | ocati on using

nor nal bur%ts and concat enated bursts, respectively.

[0016] [ 0024 pArEhoYE 2 N IO {EHRIBE SeNCBEE- a packet data
bl o ' thi )l Igﬁ% FIG 10 shows
[0017] a pféggéglgaspg%tglrbgﬁsgﬁttht%ishgﬁ%%a seltqf%‘glgcl%]ot aggr egati on.
[0018] [ 00ZE(5. PAGhows agdhdoisfornprotessgiad peredbativagn ohat urstst h
sl ot gregation. . [ 0027 | G, 12. shows .a process for
ooty 7, o FIERISBORA 0 snbu it orapeofie® AR R EREES Sy by ovo
buldtEandlso SRAWDeRoPPAFESSthE Burstsecei vi ng data with data
bl ock aggregati on. DETAI LED DESCRI PTI ON [ 0029] The o
[0020]  wor &Iﬁeg wisyrmplg-slef dropat vetna trainiRgasequense ind go gyargrperiod
beﬁ%@eﬂugstsi nstance, or illustration.”" Any enbodi nent
described herein as "exenplary" is not necessarily to
[0021] be GsUBwhdwas mulefsdstrfemmarwiddfidindngghottsraining safubsdes and no
enpodj nents. [0030] The techni ques described herein
2t PEOd heEHe TRy i ous wi rel ess conmuni cation syst ens

[0022] Suchras s ThoRs Padnii@sh Mol RabEetAaRaRScKs YR sISHaBbEon.

[0023] FIGS. 9A and 9B show transmission of a packet data block in a 2-slot allocation
using normal bursts and concatenated bursts, respectively.

[0024] FIG. 9C shows transmission of a packet data block in a multi-slot allocation.

[0025] FIG. 10 shows a process for transmitting data with slot aggregation.

[0026] FIG. 11 shows a process for receiving data with slot aggregation.

[0027] FIG. 12 shows a process for transmitting data with data block aggregation.

[0028] FIG. 13 shows a process for receiving data with data block aggregation.

DETAILED DESCRIPTION
[0029] The word “exemplary” 1s used herein to mean “serving as an example, instance,

or illustration.” Any embodiment described herein as “exemplary” is not necessarily to
be construed as preferred or advantageous over other embodiments.

[0030] The techniques described herein may be wused for various wireless
communication systems such as Time Division Multiple Access (TDMA) systems,

Code Division Multiple Access (CDMA) systems, Frequency Division Multiple Access
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Code Division Multiple Access (CDMA) systens,

Frequency Division Miltiple Access(FDVA) systens, and
w@xdokogamnl Frequency Division Miltiple AccessPCIIBEENBG/017961

systens. The ternms "systent and "network"” are often

used i nterchangeably. AT system may i npl enent a

radi o technol ogy such as d obal System for Mbile
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Proj ect"” cdma2000 i s described in docunents
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much of the descrl tion bel ow. [0031] FIG shows a
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] ece 150. be rt of a bjle.sta (MB) .
ORBANIG S wrBincaydR o2l it i B B YeGintied BB par
of FIGDAI dRwEt AbIRR. diﬁ%}ﬁnr(ﬁcﬁi ¥@bodirdnfTBY abc%m@éit{er af10%nd a
base station. A base station is generally a fixed

recgivgt il ofhin hakiredesmeomnamicaiomnetivork éom | e GHRAN o For dagnlink

Ha%lsﬁln’? 3Fa§1§1§%tgelr\?lrelrb%§ l? @a‘f’rt ?fBﬁ.l\%?se SE t1o %tﬁis rregewer 150 may
be tpert o Aaheigle stAiciOOISE Bdraipliok tﬂi(ﬁsmf@ﬁoﬁ I ﬁ@ﬂnmiterflﬂblﬂl@/ be part

and may also be referred to as a user equi pnent (UE),
of g myhile’station ARd recgivie A may, begpastipk a brisestademyt Aol?ase station is

geliegflﬁlu?tfﬁ%a skt &Y cg)gﬁlmurﬁ;;ﬂ%ibév iff tfd fobfl sfﬁ@ﬁn% E)rb(gsn,ay lso be

phone, a persona |ta assi st ant
refeiireceloes Idedﬂ Bean a:msrm)hrﬁsasbamdemcea/eh atadbe (BT8E vi s@ne other

xRN R OTE B Ry ol AP else b rafoged to as

usdr@g@ipnRst (UR f:h %sé}%ﬁmhﬁllata tBRYinBIE aPAbSdriteP BRH0h NE:Os0ome other
packet data bl ocks. Processor 120 processes (e.qg.

tergiadeRss  Antnobie extativavaey bée@c?ﬁlbléﬁ;kldlond,aa @etsoodkdigital assistant
(Pﬁg? %r\gl%igs% de}clg Qw(fr%fje's@l%oa e, anl?angim)dev1ce or some other device or

apparatus.

At transmitter 110, a transmit (TX) data processor 120 receives traffic data that
may be partitioned into packet data blocks. Processor 120 processes (e.g., encodes and
interleaves) each packet data block in accordance with a coding scheme (MCS) and
provides multiple (e.g., four) output blocks for the packet data block. Processor 120
may perform processing for Radio Link Control (RL.C) and Medium Access Control
(MAC), which are two sublayers at a link layer (L2) in a protocol stack. A modulator

122 multiplexes the output blocks with training sequences and overhead bits, processes
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provides nultiple (e.g., four) output blocks for the
packet data bl ock. Processor 120 may perform
w@eweasding for Radio Link Control (RLC) and Medi/u§2006/017961
Access Control (MAC), which are two sublayers at a
link layer (L2) in a protocql stack. A modulator 122
mul ti pl exes the output blocks with training sequences
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| ocks. t he processing at or
decmddd Rxtadblioeksor do esnorl, 1180 precesung Ibencmm@uiat@m 15 @nd RX data
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prdcetbr 010, edspédiivens as@dsmidd 1d0d 170 direct the
oper ation of vari ouggdor ocessi ng units at transmtter

110Canoliesy/pogessomss B0 prds p2R Wirpet| the operabien ef VEGIRUS pEpcessing
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t ded t
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traﬂs%ﬁ@sﬂ%df\ﬁ@é@ﬁﬁo '%uﬁéiﬁ%ﬁ{e% ang; ey, Qﬁra(ﬁ?cr hhd Iy O&\ﬁgtlél{]g? 6.12

mul tifranes. nmultiframe sp mlli1secon
SecpnéS) arghihcludes lll&l%@ TRMADNEs: aﬁmpenﬁmrranay @elmkmiomtd asto 51

b1 ahed gliFB s o igkofRafd e Fritypb Zpma
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|s further ﬁartltloned into 8 tine slots, which are

TDMb drapesa® thionsh Jit ans TDM dieames713 threvghn 2driof siagh mudtiframe.
Ea8PFBMA ﬁ%m%lsﬁﬁns' SolEhshER f{nqhé%%aﬁmoned into § time slots, which are

labeled as time slots O through 7. A transmission in each time slot is referred to as a
“burst” in GSM. The frame structure for GSM/EDGE is described in 3GPP TS 05.01,

entitled “Technical Specification Group GERAN; Digital cellular telecommunications

system (Phase 2+); Physical layer on the radio path; General description,” Release 1999,
November 2001, which is publicly available.
Time slot management and scheduling in GERAN occur on two levels:

assignment and allocation, which may be briefly described as follows:
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"burst” in GSM The franme structure for GSM EDCE i s

described in 3GPP TS 05.01, entitled "Technical
wop@eiitaient i on Group GERAN, Digital cellular PCT/US2006/017961
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transm ssion of a packet data block in GSM EDGE. A

packdG. éaﬁhawmt@@mwynaifsaopwet datarbleak ingGEM/EDGE. A packet

S afa bl o
canfR i, AR S bore sk b B Ao g e A C el
an BAIGMA O Btodks ofJ sanestrd tdrtigology. OfIﬁatpTaﬁd;t dencsldsdis processed
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the format of a normal burst 410 used to send traffic

dat q, |Slog%,ambgﬁh¥§%§m&o includes two tail bit

field 1 € WO stealing flag

FIG. 4 shows the format of a normal burst 410 used to send traffic data in

EDGE. Normal burst 410 includes two tail bit fields, two data fields, two stealing flag
(SF) fields, a training sequence field, and a guard period. The duration of each field, in
number of symbols, is shown below the field. EDGE uses either GMSK or 8-PSK.
Each symbol carries one bit in GMSK and three bits in 8-PSK. Each tail bit field carries
tail bits, e.g., all ones or all zeros. The tail bits are used to set an equalizer/decoder at
the receiver to a known state at the start and end of the burst. The stealing flags may be
used to indicate which packet format is employed for a packet data block, whether
traffic data or signaling is being sent in the packet data block, and/or other information

regarding the packet data block. Each data field carries traffic data. The training



(SF) fields, a training sequence field, and a guard
period. The duration of each field, in nunber of
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chansara e T i Lk B BEEIEReE 13k 18fs Sy apa 34

iy e it s

approrigately 25% (Qﬁigmgéﬂﬁé%%s& gl e pgcket formats and
T

Thasamew gonfdrmats) @moxe geyaih@vadead fieldse msthla‘Mthd autamlng sequence

ARG R0 BBE I Du MG b inleie JaitaPdTy Some new sto
forap raleol iRbIOE g Z@%at{oar of ditid 6iné kot dalkidsiof AREAlonkN Some
an aspect, new slot formats having hi gher data

nevgeiot é‘P’@FﬁE%/ﬁ@B’é?ed‘ﬁé fpupeleis sdopasigng Mdtlef sherenesv slot formats
areg@%\f@foq%?,jllgl ﬂ?t%%‘%ﬁsd fields, such as the training

sequence and t he guard period, in sone

burBIG. 64 isheweameembddimeapatid YIS-Foerebun@Ws H) Giith no training
of multjiple tinme

|
seqifisee TSrTF P S0GEHI QAL HbG held fad AR, Fetriald may
hav@®le @tﬁaﬁ'&? giveRbeRngt el % tlﬁE E&%@&lh&ﬂ? tﬂ%‘ﬂrélﬁm%tsgﬁfence field

new sl ot formats are suitab
andgthe gt stealing flapiglds Rr@prrﬁweds hE\S/sfranblmﬂaﬁ)tﬂ hentn @fﬁcaency of

b t 510 ra| uence. TS-f
appfibily 0820 Ghor i B, 1oh O fE SRSy impipvement of
apptax@indte\E24H oveehdtmaByurkieme lhm@GdAur ation given bel ow

the field. In this enbodinment, the training sequence
fi eV rieHcPtherebursi Withaull traing [segpenremay alsodeotrfineddIn another

el s ISR RN, PR e oo

fieldf The stealing flag field may be located next to the left tail bit field, the right tail bit

field, or some other location within the burst. In yet another embodiment, a TS-free
burst includes multiple (e.g., two) stealing flag fields that may be located in the symbol
positions shown in FIG. 4 or some other positions. In yet another embodiment, a
stealing flag field is combined with the tail bit fields. For example, all zeros for the tail
bits may correspond to a stealing flag of ‘0’, and all ones for the tail bits may

correspond to a stealing flag of ‘1.
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approxi mately 24% over normal burst 410 in FIG 4.

[ 0044] Various other bursts w thout training sequence
woreaneataae2 be defined. I n anot her enbodi ment, aPdBU§20€017961

burst includes two tail bit fields, a data field, and

a stealing flag field. The %teal ing flag field may be

| ocated next to the left tai® bit field, the right

Lﬁlr |I§t k))zlet} ﬁ{(%;grd%{ﬂ@?rq%sogtg ﬁg’tg-:’;'{% lrﬁlfr:&t In%)-l%d%gr tggiygﬁﬁdg{% field. The
rec.tkﬁvg% Hﬁngéﬁggé }‘aﬁ Rh&alfz8r thas ddedGlot SRRtk itad bits agthel selrtisnd end of a

ocated in the symbol positions shown in
burst. G Indyesr arties onhedimenisia T8Hsce brrsy deaclagdest pegyclic prefix field

nbadi nent, .a, stealing fl el d is canbi j .
rolfSRR T e GRIE . R B i g s a7 f B b Vorion
of Bhd Haf¥B¥eldOr MasPpeRUct frefix Toaddrisng lideay cohivélutiomnttoad Icircular

ones for the tail bits nmay correspond to_a SEPngtll?g
cofvodugiopfand pllope tarstecsiveryte taksidasidiougapsansierm (FEL) of a burst and

S-free.. t. i .a data field. The receiver
pe%%ry( ﬁ‘ﬁﬁl%{g&éﬁ ﬂge;%a |§%}?5§1ﬁ%{? does not require tail

bi t 9\ aB-fidechitistictansd bessd5H0 i FEGr A, mlay beetsedrfot trapsmission

enbodi nent, a To-free burst |nclude cyclic prefix
wHengied PSSP IeblEoRr TR ARG 5P HEYod RATQPLY it feaiferce. In ome
enfgbgfng:fnﬁa{ T4 2% DubR Y uLll tdhe multB bBIRdcaln.t FoNedimpld)ef N time

ata freld. The cyclic prefix converts a linear
slatoaecillotited, Witre ¥ >ci.rtben the fishbesumay waghdhe tragige sqguence,

receiver.to t fast_Fouri.e I T 0
ant Bieie ek tiddoSaf oSy mag Phe PRl PL{Rhed Hheleclver may
deH¥RIcRannk D848l atdbdsedionaBe buinsig seguelteds theifisst bhikOandimay use
FIG 5A, may be used for transn ssion whenever

thia chipe bastienaisior sRpRlEROT ol PoR SESHTSPE BTN {IAGTpihgr embodiment,
L L e
staiof@ys |thdrs tike ewiadlbwsc ahanie]l whiwyr @of varyl , mudhe pvehdinid, r gtd good

burst nmay carry.the traiping sequence, and the.s d
perTRBAA 1Y b AP DiagndShe T dHaES ey RepilisaTi ('8, every
sot}lﬁ%lﬁl?o%? oY BimdBYtsAG THRIR FehRr D Bktetd bf B9 Rasiedl Ay also be

e training sequence in the first burst and may use
potdibls te heneve! goed tperfatrearfco wibiquicdendiag jany trgfnirgsgequence.

subsequent burst. |In anather enbodi t, o r .
bur :tf‘ ?r‘é)rt‘l%e _?%Pmﬁntst‘g@fﬂ_& By 5[6% _o\ﬁege €ogr ?ﬁ%l-gg'%%%a%ﬁie ulti-slot

alloB4tioR% aiHRnel burktstahe TSSRée bists bt de@tbdsyd oh hepreddi@mined pattern.
wi rel ess channel nmay not vary nuch over tine

. nar By I and goo
Thiepatisrmmar sndiegie bhichdimedvel 1o sensaamakburse apd &Wﬁ%ﬁgne Sots to
S ence i 4] ( \ n ' .
self dESRET R Gon Hh Suirple i P o R AUROMRRIMIED Bl il Ticate
traabSision dfassinkl Buke iache fivse, matide, madfoo othen genmarslotscand TS-free

e kM0, “BLASIES o9 gl L BRI pocoton, e
paWéH ﬁléﬂngicate transmission of a normal burst in every L-th TDMA frame and TS-
free bursts in remaining TDMA frames. The pattern may be defined based on channel
conditions and/or other factors and may be updated as needed. In general, if multiple
bursts are sent within a sufficiently short period of time (e.g., in consecutive time slots)
to the same user, then one or more bursts may be sent with training sequence, and
remaining bursts may be sent without training sequence.

In some embodiments described above, such as the embodiment shown in FIG.

5A, a TS-free burst does not include any stealing flag field. Signaling may be sent in
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al l ocations, nornmal bursts and TS-free bursts are sent
based on a predeterm ned pattern. This pattern may

WO paboa2x1¢2 whi ch tine slots to send normal bur sPET/HRING6/017961
which tinme slots to send TS-free bursts. For exanple,
inanmlti-slot allocation, the pattern may indicate
transm ssi on of nor nal burstQ in the first, mddle,
and/ or other time slots and TS-free bursts in

varma.marmgm i lreong| eglpdimgnta et fivist baiaifpt d1uliiglo transmission may

I t t [ a

infi8 Sodtnd nfis AR Al ool BRuF Rl BRI this muls-sto

trinsaiissi@and I Shother utwidimém, nenmdl rbung 4I'11!Vlﬁlafyr bereised Whenever a

e def i ned based on chann condi ti ons
Stﬁfﬁﬂ’lgotﬁago’tSH@F gt @fisca?nféaqf'ﬁlﬁssﬁé‘ p%&li gas Thectegeigjer pay detect
thQQPﬁﬁaﬁlof algfvelYtdeiRlatueyt! éks}ﬁ 'E:Srrélﬁi?ﬁg Wetrg’(:,érl:ve%l data in the training

ficiently short period time (e.g.,
sequensedield mmstﬂelmlowmsyamlog Bdrqaelsme user, then one or

ot RSB SHPRY R Mt &SP TR RSN £0brt raining

se@emtRN CShorf 'ﬁ@‘ﬂ)ﬁist 5R0 Sﬂﬁmde%ﬁ%dm%ﬁtﬁeIQ’@%Wbld%&dflé’!GQVa@ld a short
such as the enbodi nent shown in FIG 5A a TS-free

trpiing: segernse distd. | Hach eldangy Bavedhe ﬁgraftlpa@quewow the field. The
sIK ggﬁ hfng%?(iﬂ%%ﬁ?ﬁ sﬂ;lgﬂ{: tllglur i @Hﬁnzﬁﬁﬂﬂ)eﬁzﬁn n %e&&%ce in FIG. 4 and

e firs n a nmu
miay e as duatiom®y fivecsymalsol Sfeeialls,ngs $Hoags i m BBy oapphi¢ other
to.all_ subsequent bursts in this nulti-slot

dyration g%%r? ucsisov ik sharhisyningsaguenae Figy Rlsg hedefinad

may He oliRe gURE WhE RBYBinaRion | FPhodiR] Tudds, | BSHREdREstE, Cand short TS
i ndi cal’e transm ssion of signaling. The receilver

butstsenay bdasetldonsinglefslet @dwamltlr%@etrammmmt Foe egamplbya multi-

correlating the received d the guence
Bl il Fo SRR rhEb et GrolEe bl Bhot 18 i FREnother
eB60Wsmalt-a6b edhsmitionf may Sdvdprisd twfﬁlhl %&Qstwdlbwad by a
short training sequence. Short TS burst 520 incl udes

cerppingtign obishorf {18 gyrsty wed dat-bed burstss, Shagt BS dnssts may be sent

peté{u ; a%l\!llgg gfggﬁ?%gtf @Altuﬂslo P%?Eslt ﬁLedrel?% 11\91:{}? gﬁeﬁl%el tracking and

e@muanmq)roasﬁso ﬂIherrectdil'@eﬂ met;ebe( clagsifidd afsutdlonglm@tmomgof multiple
felnélG 4 dma,y have% l{)ratlon of fi
RS class S oRRCITSS FTEY Dbl o S@Ric, Pely without any

trgl'ﬂ[r%t éeﬂﬂen&kiﬁ IS sthe rthIkBH%ﬁ N Winblhe? dersg of réelNeRImay benefit
sequence may al so be defin [0050] I'n general, any

fromﬂo$h®mtrabmingfseqmn¢m$enbm &ich 'of ﬁ&efsﬁcéez tbhnogglsN anzt another class
tTSbur % et %(éftorsn e-s| ot i ¢
FRE et P PR AL PO et S Srunde sy Y g ome of time

slbfsamﬂ[fbﬁg-l N K%bn@lﬁﬂit[dnsﬁf Aor@l HRtst) Arsstred Glits@MAAJMBY short TS
short TS bursts. As another exanple, a multi-slot

byrstg By s kensad foresghe-plobransyessigns. bur st fol | owed by a
Coanﬂ?.sbgnshgtvs Satﬁoérhl%c-)rcﬁm@'ﬁ{ 8t § 208; formbf 860 RHESHS - ‘guard period

between bursts. Slot format 600 includes a full burst 610 having no guard period

followed by a normal burst 620 with a guard period. Full burst 610 includes a single tail
bit field, two data fields, two stealing flag fields, and a training sequence field. The
single tail bit field is located at the start of burst 610, and no tail bit field is included at
the end of the burst. The second data field is extended to include the omitted tail bit
field and the omitted guard period. Normal burst 620 includes all of the fields of
normal burst 410 in FIG. 4 except for the first tail bit field at the start of the burst. The
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periodically (e.g., every other tinme slot) to assist

the receiver with channel tracking and equali zation
w@r@easdes. The receiver may be classified as PeEr/OsmO6IgL7961

to one of multiple possible classes. One class of

receivers may be able to ope, ate well w thout any

traini ng sequence intime sl <9ts 2 through N. Anot her

L5835 BRIV Rl BB

maynmdwhe @h@agén gfveﬁ BElBwWMBE SielRy performwell with a
short training sequence sent in only sone of tine

s| ot ¥apoushpiheig Rulh bussty orifionhtguerd Getiedrpal alsar ke glefined.  For
ox§ gl SRR ey SRS 9L bnd Bied S Bl b i anc

a tskining saquencd ﬁdldl,‘r(éﬁjtonebr moze gitaficidsramdta sHOA it Seduence field,

uard period between bursts. Slot format 600 includes
(43 5P OF Thofe et el ARG SesgPer Heldh 8o oBF b wRRTe ieaking flag

fidl@y, r@j oh b?tm(ﬁngaW ﬁéld@ ald %hg 09%61‘8%11 i flelgé” (6§ 1Ome other
includes a single tail bit field, data fields, two
comhandtiongpffiields- i el ds ~and a traini ng sequence fi el d.
The gi Iet IS t the start of.
pur sk Bofrkihpey Beuustd it by P EorRon 1 amPaf sitiency by
sepdidg @tz inahé gligitl.pefibé@ beweeen dwoainie Slogl Mlocse&1d gRAGMeRer. If
include the omitted tail bit field and the omtted

they yafirds BEPTaRS MMBiPiRasonseRusive sime slats) thee dhafrpnsgtitietmay ramp up
be? r@ltﬂé fipds ¢ ﬂﬁﬂ R, té‘(%vgne bfler Jhg‘la%% t{ﬁﬁegﬁg% rfs)?{er H}Eps may be

I rst ta|I It f?el start o
orTittedl arst daiatmayf belsehtiia @@k berdegudrd periodutewiete tiontitst esld last
btail bit field. Each field of each burst may have the
UWiki$-ati on given bel ow the field. [0052] Various other

f ul I THeu8It it WelddQHhy BEaERRET %@né’@:y r&h QI Qeangelfa Ee&wns are
For exanple, a full” burst nmay include on y on

ongigied, sisbpwn i PIG.de @thenﬁclels dablatSfS|6éDdtgd éﬁ@l meaytatsai bei ragoved.

fi one or ds a
P RAHTRRT aht, Bl oot RBe AhaES rifb B s SR e the owo
sefsifIsebaling fibg Belds ﬁﬁy%@‘ﬂé&ﬁﬂﬁ‘dﬂ fh®écdon.and one or nore
stealing flag fields, (5) one or nore data fields and

one G-t} ghavesi an esphodimentcnf, a Zslog s AR2 Gitithes training sequence
shﬁl‘éfm)‘yﬂ%' lﬁﬁlstfgncf ﬁcf % Lﬁ&?ﬁétw%ﬁ Uhﬂsts L%I?Ltfoﬂﬁ% 6%% 1H<§§&jes full

In a mul ocaplon I nprove efticrency
busst rtdiOnfplldeed biyra THdreguanst 36k i DS- ftﬁ@t&ﬂﬁrﬁ?ﬂ(}\m(:lﬁld@a smgle data

BTN R T 0 AT e S,

enaroa D& 686 andBY tﬁﬂiﬁﬁ? fioR1 i@,qﬁaﬁ&ed 418nd | gtaﬁ of teBurst! athe %ﬁ% field
ranp down after the last time slot. O her ranps nay

is gxiendasicto ingludedhe annmd thd biidirld,itrrinihg sefuendeefiejdaand steahnc flag
fid& ']é)a%ﬁ ffké?& Heath Bur%t m'a35 veatﬂe dura’?ion Ell’\llre% ]i)slow the field.

In slot format 602, the training sequence is sent in the first burst 610 and is
located in the same position as the training sequence in normal burst 410 in FIG. 4.
This placement of the training sequence in slot format 602 may simplify receiver
processing. However, performance may be improved by moving the training sequence
to another location.

FIG. 6C shows another embodiment of a 2-slot format 604 with a training
sequence shared by two bursts and no guard period between bursts. Slot format 604

includes a full burst 612 followed by a burst 632. The combination of bursts 612 and
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[0054] The tail bit fields may be renoved whenever
ranp ups and ranp downs are omtted, as shown in FIG
woG2006et1ez fields in bursts 610 and 620 may al BOI/DB82006/017961
renmoved. For exanple, one of the two training sequence
fields may be renoved, one pf the two sets of stealing
flag fields my be renoved, 'and so on. [0055] FIG 6B
63%s H%Wde@rlﬂlegp ﬁ%’ &AL o?fbugstﬁﬁf({) %%df&'bn%%t Fﬁ?éﬁﬂw tI-ITO\gevgr in this
raining sequence shared by s an

empatiinealt, et weaimgieqwinge fiSdandftis tved ste8lzhg Ml ﬂlkfil&s;arfa lmhdved near
burst 610 foll owed g)éa TS-free hurst 630.
theggptet olsthy tva Aegregdted duisis 11 4dio3 ¢ .Sé?tcfonaatsﬁoﬁg%ﬂtﬁ & fhe data

blieft i BRes
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traibing Sfe'qmmte itlgani m&ilmlcfeﬂnﬂtGOﬁh d'hst cemterofg d¢fithe baingtg seffhence may
is.extended to,include the omtted tail bit

. data fr'k el d
ImErPYs PETIQIMAnGe inf WREYAWEE B, and stealing flag
fiekrss. dRehohiebd s%we@&h] 9%10t TBMnAAS S HREmEbS at@tﬁ@r slot

gi ven below the field. In slot format 602, th
formptsifat gy Bursly apryealiosh eql wﬂlrfewprl, differenty @tadézt@nalrfelelds and

possﬁb q‘t Qfﬁﬁtﬂ?edﬁélas Pﬂ%d%%@he??%fhbﬁﬁ as the training

ence 1n n FIG 4. This pl acenent
of FIG. 1A ahdmv.n@l sabedment dfanN-lot fatimw FOGGRh mayaining sequence

agelé{rpllfy receiver processi ? However, perfornance
BRI 2 P PrBUATA e O BeFvigeny w@stee\aleﬁéﬁ >4 o %lﬁtoﬁoe@at 700

ma 95 ﬁgé ra [ngﬁé 7slot a l&aﬁgﬁ;oﬁﬁlgﬁzsth@ﬂ B H BhneSIRO ] rrgJodﬂnent

ornra a tralning sequence s are
a tramgmqsem:eafmdld amd guastdalmgrﬂagcﬁddﬂ gve achd msdrshe Stridr of the N

bury oFfios B3imine S Felt ot sGrine eateds i issphala within a
sm%l@@u%ﬂ%‘é sBbvnQh HIGE7AI ﬁ%'gdsif of isbA 84® V@ﬂi@) 8NfhaP 3Parl feross two

However, in this enbodi ment, the tralning

bursfé@aéh@\én in BIG. 66ée-g-hid N mleqxeamahe)f The firsteNctd buress may be

ro RSN b 05 R B B 1ot SR £RCHEPan iR s

maV @fdludencallibifiel@ tgerdaf the hermnn@bm@taﬁel tHeUAS bErshaml itlude
shorter distances to the training sequence than in

a tag) Wt fielglneated aiothe Rd of Berhuatti Ap ereralen fY-glphiosgat may include

t
any RO Bl R e AR b PR el Bl e K-G0
s| oFIGo7Batl®vwisoan embodimest of afdiNislot dbotatf H2nwith fiirand short
t I f d th f ff t
il R E A 1 AR DR S BGeBIAP s+ hiie Hogi R 4 fraining
seqRbReefell Nindt KRS siegl_ﬁtg%t ﬂ@g‘f’&elc{soﬁégﬂmlﬁh&l it £heS BRWSHURR. A short

enbodi nent of an format 700 with a training
tral@@«gum@en@hamedb%ynqmd@drlgt eachngibsegugntabtrspex | dyg some of the

Sublggqtu\é/g%rayrsts, where N > 2 . Slot format 700

In an embodiment, a 2-slot format is defined for two time slots, a 3-slot format is
defined for three time slots, a 4-slot format is defined for four time slots, and so on. A
specific slot format may thus be defined and used for each possible multi-slot allocation.
The receiver would then have knowledge of the slot format used for a given multi-slot
transmission based on the number of allocated time slots.

In general, various multi-slot formats may be defined for aggregation of time
slots in multi-slot allocations. Intermediate ramp ups and ramp downs, and hence the

guard periods, between allocated time slots may be removed. In an embodiment, a
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may be used for a nulti-slot allocation of nore than

two tine slots. In this enbodi nent, a training
weewasrae2 field and two stealing flag fields aper/pbmoeol7961

near the center of the N bursts. The training sequence

field and stealing flag fielgls may be located within a

single burst as shown in Fi 7A (e.g., if Nis an odd

I rs n r h
g Y SR 06 AR P By, o
tramrayisshen fsudlcbstlbuﬂatat 8s shmwinnig HIGS gbButidopglr TBA$n othBlerhtliments, a
ast  burst. has_a u r ri The first burst may
o Siog sl iy ot 1ol wimas seieenes #hd opt of mere shor
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a nfultilslaaneénshizsionf iﬁSHUVﬁglrﬁEm reze $hrefigh MB. IMB6HePERbRERents,
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oneseigmmetfcadditional; tail-bit fighs spasabe mgluded gluring|(elg., an éhe middle of) a
Hmhpgby@ﬁgnh he first burst. A short training sequence
may be inc ed in each subsequent burst or only sone

of The r@u@@écgﬁewnerhnadsﬂleids [sﬁ1616 ]a]s the teainiagegudieatfield, guard
time slots a 3-sl ot

perintotng ot Pl b SBlds Hows G ogf el 0 be sent in

the RfiBREd iovethShd MRMUs! OrThE C4dittdnaP dalaOk b
specific slot format may thus be geffpﬁc? uggve d as an

incgeggenimp Bansividid shuthei physisel kyen cehitlmmayThe uusatecp wenrd more data
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1ncmh$e(maﬂeembﬁ, hﬁ&es&hb&c‘abelb‘QOGZ] I n general, various
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date efftriéney rthyougbi reglogalt phisoie g)vsﬂm:ude Ifizdds. s AsesHown il FIGS. 6B
ans e rest of the

78, S shbRLSTRAES FpRmiabe Sambisihid fomramaerested sot. I
onetdnibodfhent Bach BnRidl&mas H@ﬁﬁﬂn@ﬁ ¥ ?15? 85 %561 petiols. Multlgle time

transm ssion may include (1 tTal ni'ng sequen
sloty mpyisegarespisd suethibet the reapn mglod@q trermndxf ti@jastiilrstiip hieleast

quences [ i ort .tra

5 st RSN, SBUEIRTSapdoBlpE L TAHSE o] g Vi o
tlms Ishutst of 150,ni36g 1560USHICET, 166, (50 aiP 156 AyMbADp éx%ﬂdenﬁc?r both
.one enbodi nent, tail_ bit fields are incl uded at the
emb guts, GANEMIPUS FYIRDORTRiNE $na3t be AR gRedgictnss ansniélsaagregated
ot r oent s...one
slot rﬁgrtgz{tg‘ggl[pg@agfﬁ}gl lﬂttllal czgib?/ t% Q.ngmﬁﬁ'ﬁge% fl gohsecutive glfnﬁ:gslots
canpe agoided.n the middle of) a

The removal of the training sequence may not degrade performance. For small
aggregations (e.g., aggregation of two time slots), the duration of a new slot format may
still be within the coherence time of interest. The coherence time is the time span in
which a wireless channel is deemed to be relatively static. For example, even at 200
Km/h in GSM900 frequency band, the coherence time is approximately 3 ms, which is
longer than five time slots. The coherence time is even longer for lower velocities.

Hence, a single training sequence may be able to provide good performance when
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multi-slot transm ssion. [0063] The renoval of

overhead fields, such as the training sequence fields,
w@oaed23ez i ods, stealing flag fields, and tailP@i/US2006/017961

fields, allows nore data synbols to be sent in the

renmoved overhead fi el ds. Z addi tional data capacity

nay be viewed as an increas&in bandwi dth at the

sica whi ch used tQ send
pIe0 e dhe TG, LY PORE SISt EPHRE P9y oy e time slots.
Me sdhE[ € aR8ded, hi hy
B 0 ST B, i i
desggdmpedgatmaxer ef ers to conbi ni ng or aggregati on of

mul tiple tinme slots such that t e 1 t.he
1 B Be i i plkiat fushodbing Bhalidy B B
eﬂbﬁﬁh&&e @@Hlﬁrg]@f £gg%@ﬁ@ﬁs ). QH@Teg&m\bﬂfoﬂforSﬂm tlme slots) The
over head f shown in FIGS. 6B through 7 g
chanmebincking @qw&bzqa,wr@a}sb%@seé@n&@naﬂaa‘w REX IR 5?411100 sequence

Le tie k as
coRGLFERE S8 Felmeb TS ERPOMLORR A SR MAATE 5 ol
slots may be aggregated such that the guard period at

t he 2enBlauk formadtsfor RIVGAMALC at | east 8 synbol peri ods
l ong. In anot her enbodi nent, a TDVA frane is defined

haviggefing bagk & PIG. Rfa ﬁ&?{et d£8 blotRGnclt&eés, a L3headdrtand an L2
156 and 156 synbol erlods For both enbodi nents

paglond.i Abols he mdlqaut% theyintenred aecipippicofithroproket %%blgﬁk among
entir t t I § e

G 508000 54, ! 50 A PO en aqdc oo

suﬁﬁ)ravmddgckchélﬁ%a]sl Theugk G84ahndoMQ lhélmughl MiO9g The L2 payload

camtg g aiPOne! (89gior CAGRECGIPTEn COR GiReR Gt SngadgS1 through
MtéES aH8HRb bRIAKOET @t 8 PRy hRIWBRIMOBY. ShéH blobR isMppahded with

e coherence tinme of interest.” The coherence tine is
12tgasity butss(Bﬂ&é iollowadhycdix 40°viaid bitegsfounarfnehatted bcﬂ@éinélales%Panty

be re For exa n at Kng h Jn ..
bitgaD BUCFPL G B e SRR APE B ApElye 1or ol btfotion.
E28R Hbﬂffdtﬁatlﬁédk i3 efiBodedhivith al onbGl0g6Hal Icbédaid p@ndnilrar& to obtain a
slots. The coherence tinme is even | onger for

code| etk hayng mmdésueal simgete of 1caip big- S§H&1éﬁﬂfbé th%q”oé\eader is
apR.fI&%fit Rt ﬁrg éf’lt g {t? 3'{){119\5'?@0 shepp! "ﬁgegn&)%@{i %HE esllnother

vering our or possi
cofivslatibnaleodd, Qh& puﬂ\ddtetll to I’mhen‘atel 4 cmiedsl’readd;r tFel pﬁrﬂg bits for the
sequence( s) be sent, eeded, hi eve
L2y ggqqeé@rfbéqulgq ae a ][16@@816]:0 SEQUENGS; &-g? a{e Bsed for error
de'tém#)ﬁ Mefife @m?eta kab@lar bLh@TOHOY bESHLA) | € milQpleRBY, O¥iRrleaved, and
pertormance arger aggregations (e.g., aggregation
pagtitidned rinto fouronuput bheks| Bow)burgthere generated for the four output blocks

and sent in four time slots with the same index in four consecutive TDMA frames, as
shown in FIG. 3.

FIG. 8 shows transmission of two packet data blocks 8§10 in a 2-slot allocation.
Each packet data block 810 is processed to generate four bursts, which are sent in four
time slots. In general, with the conventional block format shown in FIG. 8, L packet
data blocks are sent in an allocation of L time slots, where L. >1. One packet data block
is sent in each allocated time slot. Each packet data block is processed and transmitted
in the same manner regardless of whether any other packet data blocks are also being

sent. Each packet data block includes an L2 header, which is overhead that reduces data
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using N-slot format 700 in FIG. 7A. Packet data block 930 may be processed to
generate four output blocks, which may be sent in four TDMA frames. Each output
block is sent in an aggregated slot composed of N time slots. Packet data block 930
includes a single 1.2 header and has an L2 payload that is more than N times the 1.2
payload of packet data block 810. The additional data capacity results from not having
to include L2 headers for time slots 2 through N as well as higher capacity of the N
bursts in N-slot format 700.

FIGS. 9A through 9C show exemplary new block formats for 2-slot and N-slot

allocations. Other new block formats may also be defined. In an embodiment, a 2-slot
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as ¥h&éWMtin FIGS. 9A and 9B. For aggregation at both the physical layer and

RLC/MAC, a single packet data block may be processed to generate one set of output
blocks, and each output block may be sent in an aggregated slot composed of multiple
time slots.

[0076] The new slot and block formats described herein improve data capacity by
reducing overhead. More data may be sent with the higher data capacity. Hence, higher
data rates and throughput may be achieved with the new slot and block formats.

[0077] The new slot and block formats also support more efficient coding schemes,
which may provide additional gains. Tail-biting convolutional coding in GSM with
Viterbi decoding may provide good performance for small block sizes (e.g., up to 150

bits). Larger blocks may be sent using the multi-slot formats and/or multi-slot block
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block format is defined for an allocation of three
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The new sl ot and block formats al so support nore
* of fThei wifeleshdichyorscsigms, the mobile station to a packet data channel

(PDCH) and determines whether the PDCH employs new slot and/or block formats

z;—

for the mobile station, if the mobile station supports them. This allows the wireless
network to operate in a “legacy” mode and use conventional slot and block formats

for “new” mobile stations that can support the new slot and block formats.

The new slot and block formats may be used for downlink transmission from a
base station to a mobile station as well as for uplink transmission from a mobile station
to a base station. The same or different new slot formats may be used for the downlink
and uplink. Similarly, the same or different new block formats may be used for the

downlink and uplink. The specific slot and block formats to use for each link may be
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FIG. 11 shows an embodiment of a process 1100 for receiving data with slot

aggregation. Process 1100 may be performed by a receiver, which may be a base
station for uplink transmission or a mobile station for downlink transmission. Multiple
bursts comprising a training sequence that is shared by the multiple bursts are received
for each of multiple output blocks (block 1112). The multiple bursts for each output
block are received in multiple time slots, one burst in each time slot. A channel
estimate is derived for the multiple bursts for each output block based on the training

sequence in the multiple bursts (block 1114). Data detection (e.g., equalization) is
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and each burst for each output block is received in one time slot of a respective frame.
The bursts received for the multiple output blocks are processed (e.g., equalized) to
obtain symbol estimates (block 1314). For block 1314, a channel estimate may be
derived for the bursts for each output block based on the training sequence in these
bursts. The bursts for each output block may then be equalized with the channel

estimate to obtain the symbol estimates for the output block. The symbol estimates are
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thattumay phee referepted espughout hibe aboivprdeseripiton| é@gt be rrepresented by

hort traini e The cha stl
£55 fj‘fréenﬂ)su gel% Fjg gla?c avess IBﬁgneblf: eﬂ(cfs cefes %étléa'f ields or
paﬂmt 6flandl domtiRioatthéreaSt one short training sequence
in the nultiple bursts for that output bl ock. éOOS]
FI G Thpse giovgll afowdnBthee spPissial Hidh B syatiowy tigyrative logical

blg{@”%ﬁ%ﬁésn%&aﬁ@ MZ& halgd?-ftﬁ’mb lstg@ &ga{b%eam %Bgné%’ugﬁ‘t Rith the

'S pfocesséd enco I nterleave
enpdinénto desdjoséd he:ieiramay rhal 1mp|d>¢memd psJ tlebﬂr@uk hafdyaps keomputer

212). The data bl o y .conprise a header .indicating.
sofifgd, rﬁre?fa%%rnﬁwsp?fg ﬁ?éﬁﬁ TOnEPRAY AR, 1 4o f%l&%egﬁﬂﬂy of
hae @l 4r¥ 1aRg sgﬁ%ﬁre V&%\S&aﬂlﬁstbzlt% leofndIAY, &16cks] F@dules, circuits, and
det erm ned by fhe number of tine slots allocated for

sttmélamb@nmeemedubem gengradlyda lterimyof M@I@W@@@f@mﬂw t Whether such

fuglgtr 1pha tgzogsg g{ngﬂtg o5 dh%ﬂa@arec goﬁtﬁ 8%})638%8}1 h[ﬁé %artlcular
apipBEdtion MR sigh tconéthentSihboset @nahkd pudralb kpsidss. Sktllekl@&'istans may

two bursts are(generat ed for each output bl ock (bloc
impperggnt the, desgribec Aactipn@ity i ¥eiREVa¥aloR cath Beﬁl%habatp ication,

b\? irsﬁcel?igxﬂ)g?lééhtgt oxJ &R ords o1l 'ﬁ?t & ﬁie?%lfef%dgts ca EH%Bah‘éFe from

a respective frame urs
the seope i die frbdeatiova@id) . The bursts for dlfferent

exanbies vaRotsy IBRSEANES HPBEHS biseEs BORES] Tk cigpity eseribed in
cdilﬁ&émﬁl Witk thea@bddiRichidr déctosk @ heteif ndaQ We ﬁgﬂﬁﬁént@ﬂ BE f&formed

may be sent in four consecutive franes. The
withiras genefrdr papose DLACPIFOL,bA @hg;talr@ygr(al)pr@qg ), an application

S R AR, Ml B e D o oo

proglanfdnl i188ica déviest disetete Miate fdretrtndiasatiegic; atdlstchﬁe hardware
start of the first burst and a second tail bit fi

cqrepaReRty, o anheompimaden ihegeof depigpert & perfgrm Bl?rfélpgthrﬁrdescnbed
h&@i‘ﬁ.h &ﬂeﬂéﬁd-ﬂ!ﬁ%‘e Wes@&sﬂlap P& microprocessor, but in the alternative,

the processor may be any conventional processor, controller, microcontroller, or state

machine. A processor may also be implemented as a combination of computing
devices, e.g., a combination of a DSP and a microprocessor, a plurality of
microprocessors, one or more microprocessors in conjunction with a DSP core, or any
other such configuration.

The steps of a method or algorithm described in connection with the

embodiments disclosed herein may be embodied directly in hardware, in a software



[0092]

[0093]

[0094]

different and/or additional fields. [0087] FIG 13

shows an enbodi nent of a process 1300 for receiving
waolaioa/19d18h dat a bl ock aggregation. At | east tweChUSBENE017961

are received for each of nultiple output blocks (block

1312). The bursts for dlffergnt out put bl ocks are

recelved in different frane@ and each burst for each

put blo%g is received in one tine

%%Pt of

EXACHIGE DY rARRRCeSH e OB i & COMPHRHPY Qf thedvor heﬁrfaftmafﬂ godule
%“tré’éf(tle bh ORKS1 Gh&MBY Cﬁacsﬁei:heﬁﬁ)rg (ﬁ’\qufi‘ilefn%%fj) EPROM memory,

btalin synbol estinafes (block 1314 For Dbl ock

EEPROShmemoes tregmues, ayd diskde rrcmewhbﬂeo diskhe CBQHRQM foo any other
each out put bIo base n the training sequence in

forp @ étofﬁﬁgﬁeéh‘m’r °%H r‘%g&’ %rAagéﬂnBla{yp%?ms? 14fp {5 coupled to

thd ﬁi&e@@r ﬁﬁ:ﬁ&héﬁﬁ@' PFMCEQOF b&h FAaRMBImASIn MBheandwaiks Riférmation
the synb estima for the output block. The synbo

toe@ﬁlstﬁti%‘sma@é@e cadbg afterngtive,\the hto‘é?\gﬂfdﬁ%u@é@%b? Intggral to the

proice oA o aros Rt P BBt Ji R REI oy 88 Ry asic

mamretsiale im b tusevCendinaln dartsé aleknatval thenfrocessdriand thastorage medium

s may be represented using any of a variety of
m%ﬁ ?ef-‘ Féﬁfils‘ffé@lfﬁg}mﬁ?‘g§Hh"i"lklsecré%mwagues For exanpl e,
dat q{ea!dﬁ%%réfgtlhg’lﬂaed GRAERNDS » refeddRE RHd @6‘ ale?'lﬁnﬁ)'cﬁmg certain
bits and chips that may be referenced
se¢tinmsu gjlﬂmtt healdinga oo potdetendegtd bmitrths sdope rof rahees@weptd described

vol t agges, rents | ect roomagn
thiiPio) SR angdhesE ontert G e el D {5 el APt Jproughour
th@aMHggﬁQﬁnghb@n t hereof. [0089] Those of skill mould
further appreciate that the various illustrative
| ogi Bl prb‘n@teq@scrmsm qf ghe dis¢lesgdiegnbogdiaends isanoyifed reaghle any
pefoR GkliRAYn t f‘rﬁ&ﬁé %sgﬂ thé‘p{epe% ?ﬁ%ﬁﬂbﬁe%gm?é $642R& 0ns to
erern nmay ement ed as* el ectronic hardware,
these rgmbiodimand W\ﬂabe reafilycapphtenatd those sifilldibinhthe Bot, @ahé dlid generic
il strat @ghls i nt rchangeablthy of . har dwa

prigsinlsiAebined here may | e aBphat o T SHROERRIYS Wbtﬁieem%epartmg from

thé“é’ Ve %§ sccﬁier&l’ché SveRtich. Sf{ﬁ% tH@X){?esQﬁEiHv&%%ﬁ ik BS&@QRM@ to be
er al internms of their functionality

hmnmh td mlnactembndulmetngs plowmhlersine rhuEds 4s beaaapoeded tda:: w1dest scope

cohisiel B RErRr S i pea Ca s Ao ey stam

Skilled artisans may inplement the described
functionality in var |ng ways for each particul ar
appl WEHAT &8 CLARMEDAS: | npl enent ati on deci si ons shoul d
not be interpreted as causing a departure fromthe
scope of the present invention. [0090] The various
illustrative |ogical blocks, nodules, and circuits
described in



connection with the enbodi nents di scl osed herein may

be inplenmented or perforned with a general purpose
wpe@easdaer , a digital signal processor (DSP), BEI/US2006/017961

application specific integrated circuit (ASIC), a

field programmabl e gate arrgay (FPGA) or other

progranmabl e | ogi c device, discrete gate or transistor

| ogi c, discrete hardware QAapagents, or any

conbi nation thereof designed to performthe functions

* descri bed herein. A general -purpose processor nmay be a

m Chopro but in the alternative, the processor

essar ¢
may ~be a%\? aé’g?i@%lﬁtc%lﬁgfmﬁr ocessor, controller,

M ChOGRBE oAt | Rbcessr Edndiiglrodatighforat® MURNPRS HAfstdT@Ymprising a
al so be inplemented as a caonbi nati on of con?utl n% _
traiging segyence that is ghagedipyi ampplsusstprm tarfgnd the multiple bursts in

munm.t}ﬁéﬁﬁ{e%?(ﬁ§%%5buﬁtHlléégﬁltiﬂe%l&fa Croprocessors, one or
rem

cropgrocessors In conjuhction with a DSP core,
or amensdrheousedto thoaf legutioat poxeessp091] The steps of a
nmet hod or al gorithm described in connection with the
enbodi ments di scl osed herein nmay be enbodi ed directly
i N har AWahe appitaits SPIAINRS BIRALLS BXGAMEBE BMs® comprise a first
processor, or in a conbination of the two. A software
bunspwith ¢hentegining seqien¢anandnsesembbyrst Withaih airimng seqrOMe.
menory, EPROM nenory, EEPROM nenory, registers, hard
di sk, a renovable disk, a CO-ROM or any other form of
st opage madiapparki®en claimtieviidin ¥ reXBIFNegliohcs tiolr@Rd near
mediumis coupled to the processor such that the
thegpiddiesaf dhe malipleiystsnf or ration from and wite
information to, the storage medium In the
alternative, the storage nediummy be integral to the
pr odessofThe ipgargnociedsiar 1 awbertinghs miltgge bamdi furtheraspmprise at
reside in an, ASIC. The Aﬁlsg ma%/.r.esi de in S .useil
leagtenfi - NG HREQUIICRy RSP SPRTT ARG SERMSBES Peigg ghofiy than the
trafifY REFed¥edi UM May reside as discrete conponents in a
user termnal. [0092] Headings are included herein for
reference and to aid in |ocating certain sections.

These heagdings are t.intended to.limt the scope of ..
{neSconcapt aotmaby phdtie AeFBRE h8 s o Fn@aSRem T a ot
buiCOHTRP bl iy bildkCarPPhdreidbath temdiNin@ bORE c&fpiide® AShort training
t hroughout the entire specification. [0093] The
sequeRes tBalds sleoster thenitemirgpIngiteqyinee | osed enbodi nents is
provi ded to enable any person skilled in the art to
make or use the present invention. Various
nodbf i caflhe rappiratuk héf sedaientio sihersit shevdultiie buesadihbye no guard
a ﬁ)rent t%,thoi)e skilled in the art, and the generic
Perb‘?q% CHHCBACHEFT P8 Ser ei n nmay be applied to ot her
enbodi nents w thout departing from

7. The apparatus of claim 1, wherein a guard period follows a last burst of
the multiple bursts.
8. The apparatus of claim 1, wherein the multiple bursts comprise at least

one burst having only data and tail bits.



the spirit or scope of the invention. Thus, the

present invention is not intended to be limted to the
weredvod2ament s shown herein but is to be accor depCT/H82006/017961

wi dest scope consistent with the principles and novel

features disclosed herein. [,Q094] WHAT IS CLAI MED

| S: CLAIMS 1. An appar at us c& rising: at |east one

progessorconfigure Q ner at.e i.pke burst .
Cons o g ernppiatl ol g e aeRE i Poblfhas nipsl e pgmerice o
firBithil ibR! fecl® Udcatesl ANke §trt $€ B dirktRirdantiapdeCodiUaitht fidld located at
multiple time slots, one burst in each tinme slot; and
th%leﬂﬁe?%’lﬁmd%‘ﬁ%laé@ngéhqlﬁélt@letP”éﬁ%t one processor. 2. The
apparatus of claim1l1l, wherein the nultiple bursts
conprise a first burst with the training sequence and
a sdoond Therappatatishfclaia It mdieredim thesaojtipledersts furfhiee comprise at
agg}gat lfS g_Ia cl (ilm 1, wherein the training sequence is
legsheng feplingdleedifld ni ddi e of the multiple bursts. 4. The
apparatus of claim1l1, wherein the nultiple bursts
further conprise at | east one short training sequence,
eachllshorkhet pppariing ofeclammcle whemip #hieomudtiple hbursts hae sent in
COt reai tnien@?sel%gse%cer 5.e The apparatus of claiml1,
AP PR SO Y hi 8% sequence is sent in a first burst
of the nmultiple bursts, and wherein each renai ning

burst conprises a short training sequence that is
shorkZer tHeraPPREtys fi himgl.oipaein dhe algleastipae RERsa$saE REPCEsSes a

. ‘ o . :
o115ty AT L LR BB RMGHE Byt of
the mitipld outphtehlecks. a guard period foll ows a | ast burst

of the nmultiple bursts. 8. The apparatus of claim1,

wherein the nultiple bursts conprise at | east one

bur si3. haviyataipataudlet Sagnd, bakleid Eﬂesatgleas}— RBe ﬁ)%&%ﬁ)tr Wlnerates

of claim1, wherein the multiple bursts further

the empiiple ebugsts | insaccomiahcep mithf Glebdl Systamefpraiobie Gomamunications

e e S 3 B SR E R o dGR bl e bursts.
10. The apparatus of claim1l, wherein the nultiple

bursts further conprise at |east one stealing flag
fielld. A method comprising:

generating multiple bursts comprising a training sequence that is shared by the
multiple bursts; and

sending the multiple bursts in multiple time slots, one burst in each time slot.

15. The method of claim 14, wherein the generating the multiple bursts
comprises generating the multiple bursts to have no guard periods between adjacent

bursts.

16.  The method of claim 14, wherein the generating the multiple bursts

comprises generating at least one burst to have only data and tail bits.

17.  The method of claim 14, wherein the generating the multiple bursts
comprises generating the multiple bursts in accordance with Global System for Mobile

Communications (GSM) and Enhanced Data rates for Global Evolution (EDGE).



11. The apparatus of claim1, wherein the nultiple

bursts are sent in consecutive tine slots of a frane.
wa2006/Tpa4mppar at us of claim1l, wherein the at PERESE20061@17961

processor processes a data block to obtain multiple

out put bl ocks and generates the nultiple bursts for

each of the nmultiple output B ocks. 13. The appar at us

of claiml1l, wherein the at | east one processor

generates the nultiple bursts in accordance with

do Sy Lk nmuni cati ons (GSM and

Enhglﬁééed %lg?%ﬂa?ggseé@?%bﬁggbal Evol ution (EDGE). 14. A

met hoekns ofvprgesénating gewldpkt burgts admprising buraining sequence that is

conprising,a,training, sequence that is shared by the
s %yﬁﬁ%“‘glﬂpﬁ urs h%&sendi ng the multiple bursts in

Mul thedR fbi BEhAS Othe , mEPIOBISE ih PB@SIB tinhé ol @he bt in each
~The nethod of claim14, wherein the generating the
timgBlot-pl e bursts conprises generating the multiple

bursts to have no guard periods between adjacent

bursts. 16. The nethod of claim 14, wherein the

generat i Mphd dpparauist offpll @mblf, sihsretothpmcras fareyeaemting theahultiple

| east one burst {o have only data .and tail bits. 17. )
burpis COBPHSt BEaR it gengratipp dhe milipe Byatie fo MK nppard periods
beﬁ%kéﬂ Rli&eUzls conprises generating the multiple

ursts’in accordance with d obal System for Mobile

Comuni cations (GSM and Enhanced Data rates for

d ob Eval ution.(E .1 An_appar at us .conpri Si : .
means’'f o r%&?@f‘?ﬁ‘&nﬁﬂ ng Iwéleﬁeﬂf? g}es}necagﬁgorri %%Bﬁrﬁ ﬁgg the multiple

buirk® cBpses %@h@ﬁ@@g ithedst bife ltayt6 thaty/orilh atiiahtl kgl Bits.
bursts; and neans for sending the nultiple bursts in

multiple tinme slots, one burst in each tinme slot. 19.

The par i m-18 ' - :

gonea b i uttts YHERE R hn Ry e mutip
b@eis evoadpirisgs inbansniol tgepbratibg tist switipldrawstsnia gaarddnce with Global

peri ods between adj acent b ts. 20, The arat us of
Sytegp e o PARUHER GRS ) agér@w?fé T Tates {or Global
Ewh{i&p{@ 'sts conprises generating at |east one

burst to have only data and tail bits.

22.  An apparatus comprising:

at least one processor configured to receive multiple bursts comprising a training
sequence that is shared by the multiple bursts, to derive a channel estimate based on the
training sequence, and to perform data detection on the multiple bursts with the channel
estimate, wherein the multiple bursts are received in multiple time slots, one burst in
each time slot; and

a memory coupled to the at least one processor.

23.  The apparatus of claim 22, wherein the multiple bursts further comprise
at least one short training sequence, each short training sequence being shorter than the
training sequence, and wherein the at least one processor updates the channel estimate

with the at least one short training sequence.

24.  An apparatus comprising:



21. The apparatus of claim 18, wherein the neans for
generating the nmultiple bursts conprises neans for
w@ewenzxisng the nmultiple bursts in accordance BT/HS2006/017961
G obal System for Mbile Communi cations (GSM and
Enhanced Data rates for d obal Evolution (EDGE). 22.
An apparatus conprising: at 9‘east one processor
confi qured to receive g_ulti pl e bursts conprising a, )
t r ai 31 RS QB RERCEESATHeanigyTedhioy BYCRSS & Halanblpel e obtain multiple
oulbtht Higoks! @ SHEIKLAER FHH Durdds FdrEALIE oRPEEHIOLE. dld&o send the at
trai ni ng sequence, and to perform data detection on
leash éwonblutstpfoe epchr sttputiblohk et tshastrimel tirgs slotaofea respestbierframe,

t he [tiple bursts are received . in.nultiple ti .
ong el in b Bipecok And ety RSty fov Litliient Opeipghlgchs are sent in
differlent @8nkP ahdhe at | east one processor. 23. The

apparatus of claim 22, wherein the multiple bursts

f ur thaemenhgnupked tathe as deast eNieeDIgERSPAL. t r ai ni ng sequence,
each short training sequence being shorter than the
trai ni ng sequence, and wherein the at |east one
pr ocZs s or Thepapphrasustof elaiineddn etheesd thoat Rasitivb bukses fok each output
| east one short trajni g sequence. 24. An apparatus
blg FF?ﬁﬁ@?%ﬁ“@qgigﬁnﬁﬁg 8r ocessor configured to
process a data block to obtain nultiple output blocks,
to generate at |east two bursts for each output bl ock,
and 2 sehee tiperats dfecdsim Ldowbercint Buf ontpetblockutguabtained for

g bl b PR i, B TR o BRI 1 g o o

cohsyculvé frement out put bl ocks are sent in different
frames; and a nmenory coupled to the at | east one
processor. 25. The apparatus of claim 24, wherein the

t | t - h b '
consZhut | T i of QhinfOA Rl e U40E BBk Tcifitecd § hoader
inddoetirgy an fhemdedrecipidnt bf tekitaslecloftdad peytbaddaarrying dleat a

bl ock, and wherein the bursts for the four output
bl ocks are sent in four consecutive frames. 27. The

appaggt USTIRS apaRinkd Fblaithed, S HE il ehd@kR bRICR ®Ks a size dete];mined
conprises a ader i1 ndicating an intended recipient o

basérbonltheanupiber &f @me slatspalpcatad fardhe gatablodet a. 28. The
apparatus of claim 24, wherein the data bl ock has a
si ze determ ned

29.  The apparatus of claim 24, wherein the at least one processor encodes the
data block with a Turbo code to generate coded data and partitions the coded data into
the multiple output blocks.

30.  The apparatus of claim 24, wherein the at least two bursts for each output

block comprise a training sequence that is shared by the at least two bursts.

31.  The apparatus of claim 24, wherein the at least two bursts for each output

block have no guard periods between adjacent bursts.

32,  The apparatus of claim 24, wherein the at least two bursts for each output
block comprise a first tail bit field located at the start of a first burst and a second tail bit

field located at the end of a last burst among the at least two bursts.



based on the nunber of tine slots allocated for the
data bl ock. 29. The apparatus of claim 24, wherein the

w@rotkazd82 one processor encodes the data bl ockpei/uk2086/017961
Turbo code to generate coded data and partitions the
coded data into the multiple output blocks. 30. The
appar atus of claim 24, wher eth the at |east two bursts
for each output block conprise a training sequence
that is shared by the at | east two bursts. 31. The
appagft us AGhethb@Lompisingth€r €i n the at least two bursts
for each output block have no guard periods between
adj aprentssimgrasdata blegk toldheain ppatiple wstpot blokkd; m 24,

wherein the | east two_bursts fagr.each output bl ock
coﬁ?@@tlggﬁ?ieﬁtetf”ghur%sf for g3 &y &’é&cgda%é) the start

of  asehllingtth® df RhstaWd barstefop BECH Qitputtiibelf inlt feakO&GRS @fe slots of
at the end of a |ast burst anong the at | east two

a pgpeatiye Jmmen one thived i eanhriimse algt, andovesseinrhyras utdifferent output

i i.pl e out put bl ocks; generating at
blpélgg#e%%?%gﬁfg?%ﬂwﬁgbegach out put bl ock; and sendi ng

the at |least two bursts for each output block in at
Ieaz%dctvvo tinme slots of a respective frane, one burst

in h tT%n’@Fh&fi,Ofﬁlr‘?Hnﬁﬁe@EPW WRRESEE or di ff er ent
out padteiRmE iRl & BERhtal Blod HAsel SRtihd 'h_ﬁfﬁgér ofgt‘}mei-E%s allocated

nmet hod of claim 33, further conprising etermn

fos theedagef blpple dat a bl ock based on the nunber of tine
slots allocated for the data bl ock. 35. The nethod of
claim 33, wherein the generating the at | east two

burs3s f orhe afebhddlduiinbB R GkhGERRhE SeSerS@emald: Mhst Ko bursts
at | east two bursts for each output block to include a

for paghrpuipptdlenkeirseprisangenestionsheef lpgst tie bursts fensachtangput block
tot?ﬁglﬁﬁesa trgﬁginﬁ%g?ﬁﬁg 'ﬂ?att ﬁsssthgx%mﬂ) 'tlﬁé e s?ﬁ%?ﬁurfst%r

processli ng I"oc 0 obtain nu e out put
bl ocks; means for generating at |east two bursts for

each?mc;utp t block; and means for sending the at |east
two Hur st 3DABPIRYE FOBPEPEE bl ock in at [east two tine

S\ Otihedils f8r piERSH it BIBIEro Aty BiiHlc blipBPAGIBCL, T8
sl ot, and V\ger el ntgbur sts for di ?er eﬁ% eoutpput %]% dcks
ar e meas fongatiefftimgahleasttambsrstsEor eatheovipp dicakuamdof
cl ai ﬁlnegn%’fo; lélgl{ ir?gr the ATHeast two bursts for each output block in at least two
time slots of a respective frame, one burst in each time slot, and wherein bursts for

different output blocks are sent in different frames.

37.  The apparatus of claim 36, further comprising:
means for determining size of the data block based on the number of time slots

allocated for the data block.

38.  The apparatus of claim 36, wherein the means for generating the at least
two bursts for each output block comprises means for generating the at least two bursts
for each output block to include a training sequence that is shared by the at least two

bursts.

39.  An apparatus comprising:



means for determning size of the data bl ock based on
the nunber of tinme slots allocated for the data bl ock.
w@3006/Tha4appar at us of claim 36, wherein the neR@BEUSING/017961
generating the at least two bursts for each output
bl ock conprises neans for generating the at |east two
bursts for each output block6to include a training
sequence that is shared by the at |east two bursts.
39. atrleas e aprosessonpentiduirg i r9ceiyst atolgastpivis bysstsy for each of
nfi qur tq.receiv t S
mifpls et ForistRs e bR at RAE Bl £ R ges o
obtalh stMBolNestiimapdse afdltd décodt aieksynitvw] @biraates sy obialn a decoded data
estimates, and to decode the synbol estimates_ to

blegl, ayherein duessttar dfernbPyeRt bkl &P Heqsivesh @ different frames, and

iffe | i. o i e .
whirtin Sl bl (B Lack ARG, b [ERPLYEEL PnosHEH 3 pospective
framse;raadei ved in one tine slot of a respective frane;

and a nenory coupl e tq the at | east one processor.

40. W@mﬁﬁbé}%i O 4ipe 24 1eAShPPEPTOWT Y ei n t he at | east

two bursts for each output block conprise a training

sequence, and wherein the at | east one processor

deri4es alksheppamdtuseafidlaio 39, hereithdie gt leagidyo hugws fagesghsoutput
far each output. bl ock ba . i nl.ng..s e .
s B b R REI8H ot S B SARS gis

cHangel RstiBhe OO thee ABaso tiv @ birs| for kachi dutpit odkhisased bn the training

estimate to _obtain synbol estimates for the outsptut
segpeficg in the at least two bursts, and processes the at least two bursts for each output

block with the channel estimate to obtain symbol estimates for the output block.



