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a communication channel. A receiver may obtain received symbols for the data
transmission and may perform the complementary processing to recover the transmitted
packet.

[0004] It may be desirable for the transmitter to process and transmit the packet in a
manner such that good performance can be achieved for the data transmission and such
that the receiver can recover the packet in an efficient manner. There is therefore a need

in the art for techniques to efficiently transmit packets in a communication system.

SUMMARY

[0005] Techniques for transmitting packets in a manner to achieve good
performance and low decoding latency are described herein. In an aspect, a packet may
be partitioned into multiple subpackets, and each subpacket may be sent on all or a

subset of the resources assigned for transmission of the packet. The mapping of



may include multiple tiles, with each tile
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BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1 shows a wireless communication system.

[0010] FIG. 2 shows an example frame structure.

[0011] FIG. 3 shows transmission and reception of a packet.

[0012] FIG. 4 shows mapping of three subpackets to eight tiles.

[0013] FIG. 5 shows mapping of three subpackets to transmission units in one tile.
[0014] FIG. 6 shows processing of the packet at a receiver.

[0015] FIG. 7 shows a block diagram of a base station and a terminal.

[0016] FIG. 8 shows a block diagram of a transmit (TX) data processor.

[0017] FIG. 9 shows a block diagram of a receive (RX) data processor.

[0018] FIG. 10 shows a process for transmitting data.



[0017] FIG 9 shows a block diagram of a receive (RX
data processor. [0018] FIG 10 shows a process for

W0 e@n®sior4 i ng data.[0019] FIG 11 shows an appBCHUSZR08/050080

for transmtting data. [0020] 3FIG 12 shows a process
for receiving data. [0021] FIG 13 shows an apparatus
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[0023] FIG. 1 shows a wireless communication system 100, which may also be
referred to as an access network (AN). For simplicity, only one base station 110 and
two terminals 120 and 130 are shown in FIG. 1. A base station is a station that
communicates with the terminals. A base station may also be referred to as an access
point, a Node B, an evolved Node B, etc. A terminal may be stationary or mobile and
may also be referred to as an access terminal (AT), a mobile station, a user equipment, a
subscriber unit, a station, etc. A terminal may be a cellular phone, a personal digital

assistant (PDA), a wireless communication device, a wireless modem, a handheld

device, a laptop computer, a cordless phone, etc. A terminal may communicate with



may al so be referred to as an access term nal (AT), a

nobil e station, a user equi pnent, a subscriber unit, a
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personal digital assistant (PBA), a wreless

comuni cation device, a wreless nodem a handheld

devi ce, aptop co r, a cordl ess phone, et.c.
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K hop-ports may be defined and may be mapped to the K total subcarriers based on a
known mapping. The tiles may then be defined based on either subcarriers (which are
physical resources) or hop-ports (which are logical resources).

[0027] In general, a tile may cover time frequency resources of any size, dimension,
shape, and characteristic. In one design, a tile may cover a block of contiguous time
frequency resources. In another design, a tile may cover a block of time frequency
resources that may be distributed across the system bandwidth and/or over time. In one

design that is assumed in much of the description below, each tile may cover Nprock



K hop-ports may be defined and may be mapped to the K
total subcarriers based on a known mapping. The tiles
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are physical resources) or hop-ports (which are
| ogi cal resources). [0027] In general, a tile may
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whi ch nay rise al set of -ports napped togy
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of | the syetvHzbandwi [dt h. Thezmﬁpplng of hop portX to
subtartiers nmay val'y Wt ma PHY fTame for gi obat
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which may comprise a set of hop-ports mapped to subcarrlers dlstrlbuted across all or a

large portion of the system bandwidth. The mapping of hop-ports to subcarriers may
vary within a PHY frame for global hopping. For local hopping, a packet may be sent
on Block Resource Channel (BRCH) resources, which may comprise a set of hop-ports
mapped to contiguous subcarriers within a subzone. A subzone may cover a particular
number of (e.g., 64 or 128) subcarriers. The mapping of hop-ports to subcarriers may
be constant across a PHY frame for local hopping. Other hopping schemes may also be
supported for the forward and reverse links.

[0030] The system may support hybrid automatic retransmission (HARQ). For

HARQ, a transmitter may send one or more transmissions for a packet until the packet
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order for the subpacket, where in general N, >

The above mapping characteristics may be achieved as described below.
[0034] FIG. 3 shows a design of transmission and reception of a packet. A

transmitter may determine the size of a packet as follows:

PacketSize =8| pn, N, /8 |- N crepas Eq (1)

where pis the spectral efficiency of the first transmission of the packet,
ng 18 the number of usable hop-ports for the first transmission of the packet,
Nt is the number of PHY frames in which the packet is sent,

Ncre pata 18 the number of cyclic redundancy check (CRC) bits for the packet,



PacketSize = 8 L O Nf /8j-N CRC Data , Eq (1) where p

is the spectral efficiency of the first transm ssion
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for the first transm ssion of 7t he packet, Nf is the

nunber of PHY frames in which the packet is sent, NcRC
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packet|, |a . . s a floor operator. [0035]
The sp trlag Ote%?li]lglore(ﬂJ Paq&ema\y be determ ned based on

Fd?ﬁgﬁe' R\ rb?ﬁc%\ﬁk]if b@ﬁet@ﬁﬁlhg@'\'})gﬁdb&ﬁb&annel cfondmons
recel ver and sent to nsm tter may be equa
tvbicB NRRAME estfmdtbdk bp aaieeenversanpiesent tofthaltraﬂesmiﬁnﬂ elN; may be equal to
gﬁratlo tra smSS|onfandrrT?gébeeual to. I\/g |
be Pt inapareet &) ey dyral RN iSRRGy pe equl to

NEF [, OMRIRRES Thé 99&@1 sizdRaPask et PRYmPRA Rbthif @R, or

into t subpackets. Ih one design, the packet my
[ﬁﬂ3phr t i Eheqragkktinhayi be pg’utlam@ieqr sphtmtat sebpapkats. In one design, the

Packet.Si t (2
bR s b B on i A SR R Sulop e ol
subpacket size, and " " denotes a ceiling operator.
[ 0037] }he Pasdeedizamay Wbe partitioned such that each
D

subpatk roxi mately equal number of bits Eq(2)
ii%f%%gé%

or bytes. et may be processed (e.qg.,

encoded, interleaved, and synbol mapped) separately to
ghtal Ma@SﬁlSI‘ach&B%% {9 iRy SHBRREKEL:, athe T out put
subpackets nmay be mapped Stiles based on a
subpatkef’ dbmett'sdleelhmg)ppamodescrl bed bel ow. The

nodul ati on synbols in the NTILES tiles may be
fH032ks s elthcarpdclat ansyi e ganitianed cowhutiat atdabn sibpdcket  contains

N B A e TR A
snoshed, SnikdEavied CaryT, dylnﬁial tnkdpP&d ) patafeBy tof diRaiRACkREespotldeng output

det ected synbol s may be estinmates of the nodul ation

suppelics s@ﬁ@ tj wtpwesuhna@l@ts Ty Peceirpef iwaiNrdendiest besed on a
I

£ub|g§86kfe't ‘éogﬁ%ﬁg?@@@@és%{lﬂ&f@éégEg‘ggg(&dtﬁﬁtu%h @bbl@ 11‘?the I\éTILES tiles

pay be predsdy ahd eatishaitisd fatactomrnaddutioadidkyved subp ac k et

may be processed. (e. % synbol demapped,
H)@% Bl er 14athed recghgr, the packet transmission from the transmitter may be

processed to obtain detected symbols for the Nrygs tiles used for the packet. The
detected symbols may be estimates of the modulation symbols sent in the tiles. The
receiver may demap the t received subpackets from the Nppgg tiles in a manner
complementary to the subpacket-to-tile mapping performed by the transmitter. Each
received subpacket may be processed (e.g., symbol demapped, deinterleaved, and
decoded) separately to obtain a corresponding decoded subpacket. The t decoded
subpackets may then be assembled to obtain a decoded packet.

[0039] The t subpackets may be mapped to the Ny gg tiles in various manners. In
one design, the packet may be modulated on to the hop-ports assigned to this packet

according to the following procedure:

1. Initialize a port counter 1 to 0, a frame counter f to 0, and an OFDM symbol

counter j to 0.



decoded) separately to obtain a correspondi ng decoded
subpacket. The t decoded subpackets may then be

wasmsnkdoad to obtain a decoded packet. [0039] H¢EUS2008/050080
subpackets may be mapped to tBe NTILES tiles in
vari ous manners. In one design, the packet may be
nodul ated on to the hop-ports assigned to this packet
Rocor & rﬁgﬂ%e_ttﬁ%sert&ﬂ%wlﬁ Ob-rpeetéaﬁﬁl@eﬂ@ thiRiperiegt i hcgf-th PHY
port CoYptRs of trhRnfssich, T AR GOUIGSS ofdel 018 tiRNEsMing sequence
OFDM synbol counter | to 0.2. Arrange the set of
usabl e hepdgotadsbyagsi gned, a1t Wherepaak te fotal tthenlfer tdf hop-ports

Lot t he Raigtach P Budith ke BuPhenofubd BRI
pn-1 3. Where bb thesubbritOfnabx &%Péf@ﬁérhd?ﬁ Rt fin the j-th OFDM
0

assigned to this packet in the f-t frame

t ransm symbal oBthe &th REY Femeryd sanseassianer Litndéx the modulation
correspangdi 0 hpp-port ., Pl he jsth OFDM s l. of .

the f-t hor%ﬁ@gfb % f}llrsret:,\cpgofr Ql?er é\%lsﬂrri%lgsf%ao n bﬁ_tté?nsc% 3t )Ié’g;? Eis function
modul at igdn pactier for@abelfused dvilablogof trahsnllbiod, rtAere a dhodulation

transm ssion, whjch is a function of a packet format.

1T nsc is¥mRehis|wish enedyationagrdes gsisogeneratesh frgm subpacket m by a
nodul at i i ion order g is

gener at ég&@%%gﬁ%aﬁg&%ﬂgﬁdhggmwl ator, where m may

be equal to: m=( TILE+ ( j + mqd NBLOCk ) mq d

N ' SUBRAGKETLS (Nl tabd )N g, )t mpd N Eg,3)s whed endd b5,  Eq (3)
the total nunber of subpackets in the packet, N BLOCK

is the nunber of hop-ports in atile, itiLEis atile
i ndex arvehage enthggotal mumiger of pubipagkens Blthapacket, and
NsuBPACKETS-i\N-Ti LE is the n er of. subpackets in a
tile. NsuBPA ?%@llsl{peﬁllt‘-%?ogﬂgp'gg& U aetgl%as follows: a
. N SUBPACKETS: | iNa Hid dex tind Biven T HE, <[ (/W T| LESna0d t
) Eq (4) where N TILE = [n/N BLOCK J°, "and”N'b. N
SUBPACKETS- | WglhtaExrrs M stis theMubhbet 6f4ubbseketste atly. N
TILES -(N TILES nod t ) 4. Modul ation synbol s may be
nodul at e¥upkackEIpovEE HBHRS ¢ammitedasfeliopsrt P, and the
val ue of the corresponding subcarrier may be VP s . P
may be tahe Ngppackersmorns =1t 1f Ly <(Nppes mod t) Eq (4

where N, = \_n/ NBLOCKJ , and

NMIN t
- (NTILES mod t)

b. Ngyppackersmemee = Min {t a|7 —‘ ] otherwise. Eq (5)
TILES

4. Modulation symbol s may be modulated with power density P on hop-port

pi, and the value of the corresponding subcarrier may be JPs. P may be the
power density used for this assignment in the f-th PHY frame of
transmission. The modulation may be done on an antenna with index k if
ite 18 @ DRCH resource in the SymbolRateHopping mode and on a tile-
antenna with index k if it g is a BRCH resource in the BlockHopping mode.
In the SymbolRateHopping mode, the power density P may be constant over
all hop-ports assigned to the packet. In the BlockHopping mode, different
values of power density P may be used for BRCH resources.

5. Incrementi. Ifi=n,increment jand seti=0.



power density used for this assignnment in the f-th PHY
frame of transm ssion. The nodul ati on nay be done on

wa@eooang@®mnha with index k if itiLE is a DRCH r eBOMUS®0$/650080
t he Synbol Rat eHoppi ng node and on a til eantenna with
index k if itiLEis a BRCH resource in the

Bl ockHoppi node. I.n the Synbol Rat eHoppi ng node, the
pomer déE RF“%ﬁ?Jbé)@BHgﬁﬁﬂFn er all hop-ports

assi gnedriyp &H@}@’Y‘%ﬁe of Haﬁs@rﬁs&@ﬁé‘s"@%ﬁ'&&p@éj@ then stop. Else

di fferent values of power density P nay be used for

BRCH r esepratgsps Sthroughréerent i . If i = n, increment j

and set i = 0.6. If j = NFRAME, set | = 0 and

[(m@lﬂ]snerih thie desﬂgn dekcritied abasd, cqlidYiohs aﬁt}Etndf(S)tdeamrﬁlli]ﬂestkb anmber of
ted, then El se re t ste

S been. co st
f Belgh 8. ¢ ngdﬁa] RO eyl Salﬁwget is sent on cach
1861t A Sachdllc 204 ahthe &L BMTHIGIIR r BE TR ackfts in cach tile may be

subpackets in each tile, and equation (3) determ nes
Wttmhnsdibpl@dikes: i s sent on each hop-port in each tile.
I n anot her design, the nunber of subpackets in each
t|Ie y be determ ne s fol] ows: SUBPACKETS-I N TILE

| Netgnemp g £ Jlﬁd@fws MO0 N M N t Eq (6)
NSUBPACKETS—IN—TI LE T Eq (7) TILESi f TILE ( ( NMN
t ) mgdNTILES ) alld NMN NTILES < NMN Ol MN
SUBPAGKETS- | N- TI LE Minefwi se. Eq (8) TILES [0041] The Eq (7)
subpacKet's“Hay "af so Mg .ympped to tiles and hop-ports
based on ot her equatlons In general each subpacket

aasi gned B irmes fatker ) "R each "l Nemray et ol |- G

a subset of the t subpackets. [0042] The

subpacket-to-tile pi? in equations (3) through (5)

m b lpsgiee el apeaic ore [0 ths ko
tiles, wWith NMN = 4

[0041] The subpackets may also be mapped to tiles and hop-ports based on other
equations. In general, each subpacket may be mapped to all or a subset of the Nryirgs
tiles assigned to the packet, and each tile may carry all or a subset of the t subpackets.
[0042] The subpacket-to-tile mapping in equations (3) through (5) may be
illustrated with a specific example. In this example, t=3 subpackets are sent in
Nongs =8 tiles, with Ny =4.

[0043] FIG. 4 shows a mapping of three subpackets 0, 1 and 2 to ecight tiles 0
through 7 based on the design with equations (3) through (5). In this example,

(N 5es mod t) is equal to 2, and the first two tiles 0 and 1 each includes all three

subpackets in the tile, as shown in equation (4). FEach remaining tile includes

min| 3, L S =2 subpackets, as shown in equation (5).
8—(8 mod 3)

[0044] For each of the first two tiles 0 and 1, Ngppackersovrme =3» and the term
(j+1 mod Ny o) mod 3 in equation (3) can take on values of 0, 1 and 2 as OFDM

symbol counter j and port counter i are incremented. Hence, all three subpackets are

mapped to each of tiles 0 and 1, as shown in FIG. 4.



[0043] FIG 4 shows a mapping of three subpackets 0, 1
and 2 to eight tiles O through 7 based on the design
wowdk/osmeat i ons (3) through (5). In this exanpP@l/U§2008/050080

NTILES nod t ) is equal to 2,1and the first two tiles
0 and 1 each includes all three subpackets in the
tile, as shown in equation, (4). Each remaining tile
[094P 11 e Fox epchy %Hlmpérenala@gstﬁw thiQugly datY somadcB.vme = 2> and
%@044] For. each of the flrst two tiles 0 and 1,

URIPACKET NP Nrﬂmce -med 2 PneAuahen {Dren take gn yalygyof 0 and 1 as

u t|on can take on valu
P BT e iR e er P oS LuBidl quly o
APabied %F@i"i‘ﬁa%ged HengLn af |tll$sthﬁ]r§lVél’1p@CkQBSpﬁflgular subpackets
mapped to each of tiles 0 and 1, as shown in FIG

4. 004 3Fend ¢agh -of) mhe 39|a>re meppéchiortic hmJEesT hzs,tsiubpnm@hts 0 and
7. N SUBPACKETS IN TILE = and the te
R oerodfl tadide 3, jukPeskstnq errri ts 3y BappoddR éﬂf‘o%p wjhp%r&wdf and 2 are

Raffeh o i FOMHIRRIn fRYNEEr 1 and port counter |

ar ncrenent ed. nce, only two subpackets are mapped
f0d4ehch lofth¢ desgn hdviar ﬁugd[ua'ﬁonsl () et (5S¢ uh@ ™1y g tiles are arranged
subpackets (i TILE nod 3k§and (i TILE + 1% nod _3) are i
épgelirst graup @ N tTHtss, andyb perordigow ghdN 2= aNmEs N, ftiles,
gﬁpped to tile 2, subpackg}s 0O and 1 are

pie M > Qubpicidiseer MREPE ofteridedpdts 16 ihe grsa gr%rpdncludes an

shown . i Q046 n
DRt PO o B g 3580 RpbileelTRb g Wi gtmaipine dtes.
Endtosubphélcs tis glappdl @f thd shateMof Nyt bl 85 tﬂéﬁjmathéeﬁ‘{@mglroup The
group of N2 = N ﬁll - N1tiles, where M> 0 ,
snallantos ger Mkt 4 M |esubpacketarage mappedato<cagh tileTinethe |ﬁr@tgroup All't
group includes an |nteger multiple oft tiles, and

Sparei g UpAnnee It gash His 8 Bp SRt e Aiary of itheet Subpackets is
ty N
5@?%&8@19@& TBPARY & Fga &r%‘% of TR afles @ %MIFL% VN

es I1nt irst grou smal l er oft or
[Ooui7) Sullpal@é(ﬁaﬁlp@é showapped G, @, @gch + 8] &V, n=heNf+6$tN, =2 and
group. All t subpackets are napped to each tile in the
dednd Tye ditgt. gr&@e inchifdes N, + 6 stilbpank ahs sécondgppgdintiodes N, =2
the sane nunber of tiles regardless of the val ues oft
alesl NitlckES,n, 4 B0Adkch Isnbridekctax ampbed shdwp, +#d fHicGin the fist group.
TILES =8, NMN = N2 =2and M= 2 .
Fiwghdrinos, smeod Y \ixnEMd dés ’T'NM’lN AMt|H2e sybpaktts e menpsAdo cach tile
group includes N2 = 2 tiles. Since NMN < N 1, each
wbaﬁéateroqps Ahp perpacketnammapped i ¢ack ilq in thergecpnd group.

FRAP, THACSETDL B0 RESubbM Y ol o gl v

gre@umlel%ﬂ m%a&@;&s aile, whpRed, ik depa@bnitdn e vBlubHBf Ny ks
second group 48] In the design shown in equations

44 t. aihd af@her @acgn sadhpabkatket & mapgreldtotthe smaller of Nyun or Nyigs
tiles. This may be achieved, e.g., with the design shown in equations (6) through (8).

[0049] As shown in FIG. 4, a given subpacket may be sent on a subset of the Ny s
tiles, without fully using all of the assigned resources. Sending the subpacket in this
manner may allow for pipelining of the demodulation and decoding tasks at the receiver
and may improve decoding latency. For the example shown in FIG. 4, the receiver may
perform demodulation for tiles 0, 1, 2, 3, 5 and 6 in order to obtain detected symbols for
subpacket 0. The receiver may then perform decoding for subpacket 0 while
concurrently performing demodulation for the remaining two tiles 4 and 7. The receiver

may then perform decoding for each of subpackets 1 and 2. In general, the amount of



the smaller of N2 + NMN or NTILES tiles, where Nis
dependent on the values of NTILES and t . In another

waele®Bmsso7£ach subpacket is mapped to the snal | BCT/U82008/050080

MNor NTILES tiles. This mayl be achieved, e.g., wth
t he design shown in equations (6) through (8). [0049]

As shown in FIG 4, a given subpacket, may be sent o
BipEiwpe &aYt‘Pf‘edWeﬁﬁirE% ke Wb Oh s i drHgh 685 %]JbQP‘FL
t NelsT=TeN . I i ot i

P S RSOt R NSRS e SRl Sy LIPRRRHRL. | Run may be
shdenpetlitoatdhaave dhel daecd diivaysityabk saelt sulipecket @ed weay lndqual to 4, 8,
gy inlgr Oﬁ% dglcodi ng | atency. For the exanple shown in

& SYNCPHET VEE®i ver may per f or m denodul ati on for
10058p O.FIG. 5%howds aXicaigd of aitNe ONl@fs dQigdbh dildcHRELrd Bsh-ports in

synbol s for subpacket 0. The receiver may then perform

8 &gV Iy bel perinslp aadk erclpleph £y Gaewmstion bRty yA HepfBISFHPRgnit may
ngg%%urle%tnlreantof ar atrQseourc%nale DENY X0, tr{relsgg'nd“' hoa(qge Zubca;‘rr?e? in one
recerver my t Heh pertor m decod| Hg YorP&ack o

orDPAsKabs! peridddand may Be gesdabatnd desyaiBalivh cach layer available for
of pi peli ning may be dependent on the_ nunber of tiles, )
fTANSAHESAPN.- e%&% syinbekiciRay be serd gy some, f the dggpmisgiopupts in the tile,

r | (oY l.oi 0g.
R B B boem ORh ety Pudh RS ALY,
{051 kacltFIGubpiokitstmted tiamapyeng gfisdbphckets, to8randBission units in one
me ot her val ue, [0050 .5 shows a design

SO [ L Fl G hov of a_ .
tifel kased gnogpatione&y grfior dhe firg tdewdths 1ae Hopedkes 1 jppd g are both

et R E: Edtdhy B Qﬁ%ﬂv!s”%hﬁﬁfeiﬁoéﬁ%‘eﬁ 7 BF SVRERR 9 iggapped o
Fo B3R BRI R EPRGERRE0 08, SAGREL g or
subpbdict Onis ezphed &y bop-pumdill atsl eFdrahe secand r@II3Mosymbeil Ipetiod with

SUTO0LFRY 15, 350 AP ! LRSS AR V2o .
SRR O ARS8 S0-0 ot P AL, of 5B LG v

thi’irGRDMEyaibal petisd ivithope2 | slbpadias eds mapggudthoppottd), .subpacket

For the first tile with iTILE =0, counters i and j

Brisembpyedd tohiopipatti Iz subagkd. 1 Bonappbe tdf hapsporOR Dibpyakigh? is mapped
riod wwth j = 0, subpacket 0 is nmapped to hop-port

%,ehoé)ﬂ%oﬁﬁgclf& 1 is nmapped to hop-port 1, subpacket 2 is

Lm)smed [Theh@BighosHowd, inSéRAGK @33 @avescARPALh € hop-ports in each
0

(i

a.
¢t 1s sent,

-port 3, etc. For the second OFDM synbol peri od
' jsymbpl perighpricidse cyclps thigyshetdre tNsuhopxipemt i@, subpackets and

RO Ehofoss BB b ORI hun MRBEH ROl in iteren
DOPMOYYimtD] Rtiods. FOIf biie érv sabpaBikdYl symbppedper iaodiveh tiile, then

b: 2 , subpacket 2 is rrap(ped,to hg{)- port O, subpacket )
simgAcrappedt o hbpisorerm | (4 ubpBek M dx) NethPhedadasmms) 0

Q(?u%jtigg r(3t) i52 ’eql?alll ?op 8 %(reatll \}Zahiless o??ggf g and same subpacket with index iryg is
mapped to all hop-ports and OFDM symbol periods in the tile.

[0053] Several designs of subpacket-to-tile mapping have been described above.
The t subpackets may also be mapped to the Ny gg tiles and transmission units in other
manners based on other equations to achieve one or more of the mapping characteristics
described above.

[0054] FIG. 6 shows a design of the processing at the receiver. The receiver may

obtain received symbols for all Nryigs tiles used for the packet sent by the transmitter.



to hop-port 3, etc. [0052] The design shown in

equation (3) traverses through the hop-ports in each
W@RDRosopmbol period and al so cycl es through t hBCT™MUS2008/050080

SUBPACKETS- I N- TI LE subpacket si2and maps one subpacket

to each hop- port Different st arting subpackets are

sed :{;’qr%/éigqufofglel nfa(y Igrgo Peg‘frql)rg(gerpﬁ%,‘flkatlon t}(/)r eac% tile based on

M%Q@PGAQ&ES%HON_ ﬂldﬂﬁ tﬁe 1F01t g&rﬁﬁé rﬂe(e@tdr/d'é'mbdﬁ'i@ﬁ)r I?S’l@lnga%enve a
nod N SUBPACKETS | N E) I'n equation (3) 1s equal

tlmn@elf ostinadt¢ has¢dies wbeljvechrpdlot ,Syabdlss ank tlsmbperddeet detection on

d L t l 1 t
Ehiled T58 v bRRIT AR Bty Sty B B g Ryl for the
b mé‘&‘ér’él@ thiy forFBRE HAECtERYENRAE fordagriilcifd rapeMsie section of
The t subgackets may al so be mapped to the N TILES

illee@fﬁﬁé Qransm ssion units in ot her manners based on
e t n chi ev ne_or re of the n
@&) tg%? c?at é)g(?r : %)E d&a oy pf, d% o:g én;a Qch %ubpacket

dzaemegzer el tmetsefop Qe 86i5padketaiavt e eerﬁbdmated ThReX rde@qw&rssor 630
obtain received synbols for all N TILES tiles used
fn@y retﬁgveptélg Ketected ﬁymbgls forar yubapdsst frpwtheyproper sections of tile buffer

SGHOR, satr ol Bg}émﬁﬁﬂ t
tecidl orai1 dg%ggil al{%l ggé?tor ac ?n&ﬁam %or{r etsﬁ%ndmg decoded
subpeckeed Boyedbal 6100 may h&tfotrhlcbtecﬁom oexeantd ey -tile basis, and RX data

det ect or/{ denpdul.at o 0 may d chan estl mat e
B’é’%ﬁ%&orf@@ép?fé%mp 9°8 mgyﬁ—w pa& ¢f- %%‘H’%&?“FB

fREELT | onIopLFEER0URE, FawR Y H&%hﬁln@@?ﬁw%eﬁﬁ%m of detector 610
channel estimate to obtain detected synbol t he

#id X Dataeprooessérl 630ramd snay elsphdlqietfetcpmdhm}agmﬂ ‘éle$eotwo units.

B35 0B ap aer R aE i RECUL Pedtseddy! e and sore the

deeaed SgnbAs ire@le uSIPHEE KRK dahesey®Eoradd0 iyl ®8n heéform decoding
t hat subpacket have been denodul ated. RX data

frowbpadket 83uhimylctestor j6deparfosmg éieef‘@tle@ f@ly KaeRiBing oifleg used for
6
glﬁ)g;%a&e'ﬁt 'Ifhegﬂéélplﬁ go{lilgf 1%t n&%tdnggg T{LBS o%ts %HI]J ggen (%Qected and

roc

alot mb@ﬁ)amh Hag'e@eaod&ddaubpacket Det ect or 610 may
erformdetection on a.tile-by-tile basis, and_RX data
Blﬂéaessa} hegisghHayespdssrdpad BEeBamay Gsnused for traffic data, signaling,

éﬂég’tﬁég%ﬁﬁfe s%@oé Siv bg%%f—ﬁ%ﬁaaﬁosreﬁh% ks Jaﬂtl%l hliLf rfar%hoﬁ 2&ntrol data,

may al r de e operation tector

6Gdi7h<alrdctiat%>(eutatﬁan plraSilﬂIE$sqlren66ﬁ arduemy tahsoitat loow dhannel to hold
i [ in t units. Detector 6 ma

BBt Rhns g e g sV AISEbS Brell st e sent to a

%ﬁgt@lfﬁtt‘%&vérhﬁmﬂ%ﬁcda%jse%y g lgﬁo ;prbftrbée"r‘vé?élfaﬁﬁ Ibr&Bast Béta sent to

a processor 630 may then or m decodi ng
all recetvers. The techniques may be use for a data channel on the forward link, a data

channel on the reverse link, a broadcast channel, a multicast channel, a superposed
channel, etc. Unicast data may be sent in a broadcast segment on the superposed
channel.

[0058] The techniques may also be used for a multiple-input multiple-output
(MIMO) transmission from multiple antennas at the transmitter to multiple antennas at
the receiver as well as non-MIMO transmissions. A single modulation symbol may be
sent on one transmission unit in one layer for a non-MIMO transmission. Multiple
modulation symbols may be sent on one transmission unit in multiple layers for a

MIMO transmission. In general, one or more modulation symbols may be generated for



for subpacket O while detector 610 perforns detection
for remaining tiles used for subpacket 1. The
w@e@elosdrsag may continue until all NTILES til eBCTTEHS®08/050080
been detected and all t subparkets have been decoded.
[0057] The techni ques descri bed herein may be used for
§f|CCMIa signalin etc

) eras S uences
HGARATPRESI8 WS " st RoRBOR 91 sact GRLRG Iy mbpbperiad) psed on the
GaphaQk \ﬂ%&;@d 9\UBAheAdnAGL uRikC A%fﬁ&@rﬁuﬁ&nﬁe?od{eﬁ%efmm the

|s a se ce transmtted on a channel to hold it In
subpacies erag de orfsedjiatwnerﬁteeht desteil quebenefymed Bgidisyndet.

L@{S?f gf?rﬁdgd t0§/ésﬁlt aélpgﬁg %)]fdleéi%lzr: gf E%S\régs[[dtlé)ﬁdl 10 and terminal

breadgast . dathds &R, bgsea;,tdnoﬁqqehs\/@jhﬁppezmﬁthtﬁsrhsmﬁ@e§4a through
arg{ be used for a data channel on the forward link,

saanchigrpapl by 1s keuippsdeyv il T angganag’ Hadhwegh S%thwhﬁr@l in general

%ﬁ“lﬁc{‘f i channel , a superposed channel, etc.
ni ca dat'a may be sent in a broadcast segnent on the

p006eT pos®d tishaiald 1ihROBBHasEnRaticdC ), EX A8y HosBs®e710 may
used for a nmultiple- |nput nmul ti pl e- output M MO)
chalﬁgm@gk%wffd@@nﬁoﬁmrmﬂrrﬂ d 2@ Aosh p dlatagiourase’ O rand gpdst pastition the

at
AT R BRRRS 2 T, DB RS B b B g emcoe
eerbant, aad spmboltmammls mhpaclwn kd obtmncanc&)rﬂeap(mdufgocsutmt subpacket
-M MO t ans S|on NB ati on wbo
B‘ép @é}ﬁfﬂaaﬁ ﬁ‘étﬁ’i“s%‘ B%ka‘ﬁ.t?t eﬁ ﬁmwsgaﬁi ré%%@l%lon of the

ke M ¥R MIM@ 'Bré@e'séﬁ? 720" m3§NRlIRplex ARE n%du‘fg?foﬁ symbols in the
nodul ati on synbol’'s may be generated foreach

outants nsubpadketsunwith ( piloeasymidp- gerforrof dwch MHEMY mapping or

e B R hiner T AP e B AU BeS | GR: BaThq opfieams to

trmsnﬁu&@ qv;kﬂtR)rrpyzahﬁrougﬁ 4200 E@dhetrréﬂsﬁn‘&&en(iefﬁh}l‘ Bfbcess its output
unber of nodul ati on synbols. [0059] FIG 7 shows a

wr@w stiparg e &or @Flah@ltg ebigin pagetpyt evip ofcant.0 Eaghgtransmitter 722
55T R ol B35 R 3528108, cu

tleip Rirtah ad@Qericsateq lﬂdnp@@cﬁ hmk tignal. @l’lﬁ)ﬁﬂﬂdSmKFs?g’haIsfffcﬁﬂ @hnsrmtters
752t where in general S >1 and T > 1, [0060
2ajitroueh 7Aks may be gaesnafted frop S awenngs ?%%ﬁl@ r786é§§&5>.ectwely

Eﬂbgéfgy Atetgr%lu}{$ OgZO o 31'?'1%5&199; 7%.ttﬁ'rofugﬁ gﬁgtrrgéasnﬁelce&g Qnef foRWard link

source partitio
sighdls floen sasb patketl$0, ahX cdelt antprecEésmny iﬁﬁﬁ'ldee@/rdcbmad signal to a

ocess (e, g er | eav and sng‘o map)
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to the tiles aSsigned for transm ssion of

(e.g., for OFDM) to obtain received symbols, and provide the recelved symbols to a
MIMO detector 756. MIMO detector 756 may perform MIMO detection on the
received symbols, if applicable, and provide detected symbols for the assigned tiles. An
RX data processor 760 may demap the subpackets from the assigned tiles, process (e.g.,
symbol demap, deinterleave, and decode) each subpacket, and provide a decoded packet
to a data sink 762. In general, the processing by MIMO detector 756 and RX data
processor 760 is complementary to the processing by TX MIMO processor 720 and TX
data processor 710 at base station 110.

[0062] On the reverse link, at terminal 120, a TX data processor 780 may receive a

packet from data source 778, partition the packet into subpackets, process each



packet. A TX M MO processor 720 may nultiplex the
nodul ation synbols in the output subpackets with pil ot
W@ 0B08®74 per f orm di rect M MO mappi ng or PCT/US2008/050080
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§dhRd@s sdraied 120 f&SdatPirAEERKidPodthe fOXROan@BFRRerse link and may
dei nterl eave, and decode) each subpacket, and provide

assmdomdcepamgetﬂe’s donthdalata teinpiis?®2. | n general, the

PIOBSF S o8k ¥t 2 Y on e R o B8y 65 Bu BB 710, which

ﬁfasa@ﬁs?o@rus&m)rqmd&% AREQOPTEERIHO. 77 Witldh Tb@&zﬁa processor 710, a
station 110. [0062 the reverse link, at term na

naxdet partitoniag am;é B0 ey giecTBDa PAGKe! EcTapsmassigac Retitipn gia packet

R 3 BOMLEE,/ LB, BAGbLS! AT ANRRAsk Sha 0GB IRPRCK B Bkets o 1

process eac subpac k

pmﬂeﬁnngs%hﬁn@d@@&ﬂnﬁﬂ@Mﬁ%@kets for the packet to tiles
assigned for transm ssion of the packet. The output
ckelgh mrnsﬁ?eﬁsenaai?%{loar%?@ésf%?ubm%%y SRC generator 822 may

g%y“&dt@ 'a@‘l@@ 9 sﬁbé ketséﬁlf%}w endro tﬁﬁ%édaéu'b a&epgﬁg@f%e CRC

processor 782, fur processe
aprended totthe Sublﬁdleett A fomghlrd7€51¢1r cooealang FECT ene@der 824 may receive

i gnal snltted Vi a ar
sl St SRR OH 4676 d4h et Rbyr GC code, and
biodeSi @agd Sutpaditet ! FhEFREl ol thaFRYnDeisé 8 TRDERGDIRYa convolutional
antennas 724a through 724s, proCessed by receivers

cr@E:aatlhwoi@ghtymezgy ettkeﬁﬂbliC)b@oda wmbiokdetlecttor Ara@terleaver 826
rrngX %éj:?lte%]\%r oP 1 Rt&: tﬁe blt)é anthf%ogg& pra(c)ﬁgt Saded Z)%Oan interleaving
scheme. A repetition unit 828 may repeat the bits from interleaver 826, if necessary, to
obtain the desired total number of bits. A scrambler 830 may scramble the bits from
unit 828 to randomize the data. Scrambler 830 may generate a scrambling sequence
based on a linear feedback shift register (LFSR), which may be initialized at the start of
the subpacket with a seed value determined based on a MAC ID of terminal 120, a
sector ID or pilot phase of a serving sector/base station, a packet format index for the
packet, a frame index of the first PHY frame in which the packet is sent, and/or some

other parameter. A symbol mapper 832 may map the scrambled bits to modulation



packet transmtted by term nal 120. [0063]
Control | ers/ processors 730 and 770 may direct the
wWop@BAagioon at base station 110 and term nal 12BCT/US2008/050080
respectively. Menories 732 anth 772 may store data and
program codes for base station 110 and term nal 120,
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Eadgnemmlflg prodessingrscofionT8 (dmbya sipr bilg psoresy 1Osubphélesh and provide
ma e used at [ oces 780 in FIG 7.
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conp e a Tur ode a copyol utional_ cade, | ow
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- tbfbhgﬁa{cﬁ@tv@erma%%@r TRY mh P&t RaueeRid §y%9foq’sefor YN LsStiles used
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fehee pracke presfoenni danoappingi fro82@lesrdy snlepekets.t dnal piovilef thometected
terl t ' h ired
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[0068]  r omithiAl grod48ng Sedtion @Qm 762 shbacR@at(R a 1SCTiRAEHOBH ratio (LLR)
830 may generate a scranbl sequence based on a

FOrpREATLGIe BEIb ABR BIRY fIECHER |t1sq gﬁte@testtgsembow%rmba@cmb 0 and may

d
b HLRE Faods Bfis RbgPG apehi AU IS N b o The LLR
fecdachi cbd bit npiyl ﬂlﬁllcolﬁf@a&e lﬂxéglaocﬁi]fzdsﬁ/uhaﬁca&ctblg bélhgszel;o (‘0’) or one
tati.on, a packet ormat |1 ndex for the packet aftlra
f e Ve t mrf’gtqcrqu%ymi forrthg gadg Ritywh éﬁscg%blsra%%mwescmmble
t
R b e R ook R R LR combiner
926 mayetachied Lidbufoatrepratsic batvebisy ovhies n@PSkave libe@ARht in later

BN M Ssionsy i i f Ry eha e Qe b o Y Bt unit 026 in

PIRARSS chdpRBRhiafN t&%}{é ﬁ?&leﬁblﬂgll@”ﬂer&ﬁ@&% it BIG. 8. An FEC
subpacket and provide a correspondi ng out put subpacket
aécodeiAlampyp deepgeritle) deinterleaved LLRs in accordance with an FEC code used
for the subpacket and provide a decoded subpacket. A CRC checker 932 may check the
decoded subpacket and provide decoding status for the subpacket. Each remaining
processing section 920 may similarly process its subpacket and provide a corresponding
decoded subpacket.

[0069] A multiplexer (Mux) 940 may assemble all t decoded subpackets from
processing sections 920a through 920t and provide a decoded packet. In one design, an
acknowledgement (ACK) may be sent for each subpacket decoded correctly. All t

subpackets may be acknowledged together. The subpackets decoded in error may be

resent in a subsequent HARQ transmission.



[ 0066] A subpacket-to-tile mapper 840 may receive all
t out put subpackets from processi ng sections 820a

wo koosigre7820t . Mapper 840 may map each subpackRCT/US2088/050080

of a subset of the N TILES tiiges assigned for the
packet. For each tile, mapper 840 may determine at
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decoder 930 may decode the delnterl eaved LLRs in

seppddieribet tiethayabe ReeTeised apd aryflsr distibutsd mseask die dlsde.g., by
c‘ﬂ%g ql?rﬁ ﬁjﬁl%%g?gst é%psgtgﬁh%%etaﬁg%g&{%gﬁ ebg%ﬁze%yeach available

El4ecdder
ara@trrugsuﬁxommtﬂﬁahsubpacket Each renmai ni ng processi ng
section 920 npy simlarly process its subBacket

B¢l de otk ebpondt rsSigBcelbed [@ee@aan%mlmng data.
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packet s Fom processi ng secti
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coded subpackets to the assigned resources, with at least one coded subpacket being

mapped to a subset of the assigned resources (module 1118).

[0073] FIG. 12 shows a design of a process 1200 for receiving data. Process 1200
may be performed by a receiver, which may be a terminal for a forward link
transmission or a base station for a reverse link transmission. Resources assigned for
transmission of a packet may be determined (block 1212). Multiple subpackets of the
packet may be received via the assigned resources (block 1214). The multiple
subpackets may be demapped from the assigned resources, with at least one subpacket
being demapped from a subset of the assigned resources (block 1216). The multiple
subpackets may be processed after demapping to recover the packet (block 1218).



resent in a subsequent HARQ transm ssion.[0070] FIG
10 shows a design of a process 1000 for transmtting
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ED ¢ s PUHERIFdeHgecc st KOMneRs Y legicai gicuitygemagsss cte., or
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rmd 1118 0073] FIG .12 shows a
TRE ndsgattiniaues cii U ap AEERIod oy SRiGny %‘81%9 spware, or a
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forward link transm ssion or base station for a

perfarms ¢hd jtedhniquah sitri ass icotity (%%o@r bess stedomyresda ftomminal) may be

implemented within one or more application specific integrated circuits (ASICs), digital
signal processors (DSPs), digital signal processing devices (DSPDs), programmable
logic devices (PLDs), field programmable gate arrays (FPGAs), processors, controllers,
micro-controllers, microprocessors, electronic devices, other electronic units designed
to perform the functions described herein, a computer, or a combination thereof.

[0079] For a firmware and/or software implementation, the techniques may be
implemented with code (e.g., procedures, functions, modules, instructions, etc.) that
performs the functions described herein. In general, any computer/processor-readable

medium tangibly embodying firmware and/or software code may be used in
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7. The apparatus of claim 3, wherein the at least one processor is
configured to map each of the multiple subpackets to a particular minimum number of

tiles or to all of the multiple tiles if fewer than the particular minimum number of tiles.

8. The apparatus of claim 3, wherein the at least one processor is

configured to map each of the multiple subpackets to an equal number of tiles.
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mapping the multiple subpackets to the assigned resources, with at least one

subpacket being mapped to a subset of the assigned resources.

14. The method of claim 13, further comprising:
encoding each subpacket based on a forward error correction (FEC) code to

obtain a corresponding coded subpacket.

15. The method of claim 13, wherein the assigned resources comprise
multiple tiles, and wherein the mapping the multiple subpackets comprises

mapping each of the multiple subpackets to at least one of a different subset of
the multiple tiles, an equal number of tiles, a particular minimum number of tiles, and

all of the multiple tiles if fewer than the particular minimum number of tiles.
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13, wherein the assigned resources conprise nultiple
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tiles, and all of the multiple tiles if fewer than the particular minimum number of tiles.

20.  The apparatus of claim 17, wherein the assigned resources comprise
multiple tiles, and wherein the means for mapping the multiple subpackets comprises

means for arranging the multiple tiles into a first group of an integer multiple of
t tiles and a second group of remaining tiles, where t is the number of subpackets,

means for mapping a subset of the multiple subpackets to each tile in the first
group, and

means for mapping all of the multiple subpackets to each tile in the second

group.

21. A computer program product, comprising:

a computer-readable medium comprising:



nmeans for encodi ng each subpacket based on a forward

error correction (FEC) code to obtain a correspondi ng
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wherei n the assigned resourcex conprise nmultiple
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subset of the nultiple subpackets to each tile in the
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process the nmultiple subpackets after demapping to
recover the packet; and

24.  The apparatus of claim 22, wherein the assigned resources comprise

multiple tiles, each tile corresponding to a block of time frequency resources.

25. The apparatus of claim 24, wherein the at least one processor is
configured to perform demodulation for each of the multiple tiles and to perform
decoding for each of the multiple subpackets when all tiles to which the subpacket is
mapped have been demodulated without waiting for all of the multiple tiles to be

demodulated.

26. The apparatus of claim 24, wherein the at least one processor is
configured to demap each of the multiple subpackets from a different subset of the

multiple tiles.



a menory coupled to the at | east one processor. 23.
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froma subset of the assigned resources; and

rocessing the nmultiple subpackets after dema
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obtain a corresponding decoded subpacket.

32. The method of claim 30, wherein the assigned resources comprise
multiple tiles, and wherein the processing the multiple subpackets comprises

performing demodulation for each of the multiple tiles, and

performing decoding for each of the multiple subpackets when all tiles to which
the subpacket is mapped have been demodulated without waiting for all of the multiple

tiles to be demodulated.

33. The method of claim 30, wherein the assigned resources comprise

multiple tiles, and wherein the demapping the multiple subpackets comprises
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the multiple tiles to be demodulated.

37. The apparatus of claim 34, wherein the assigned resources comprise
multiple tiles, and wherein the means for demapping the multiple subpackets comprises
means for demapping each of the multiple subpackets from at least one of a
different subset of the multiple tiles, a particular minimum number of tiles, all of the
multiple tiles if fewer than the particular minimum number of tiles, and an equal

number of tiles.

38. A computer program product, comprising;:

a computer-readable medium comprising:
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