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II.  Background

[0003] Wireless communication systems are widely deployed to provide various
communication content such as voice, video, packet data, messaging, broadcast, etc.
These wireless systems may be multiple-access systems capable of supporting multiple
users by sharing the available system resources. Examples of such multiple-access
systems include Code Division Multiple Access (CDMA) systems, Time Division
Multiple Access (TDMA) systems, Frequency Division Multiple Access (FDMA)
systems, Orthogonal FDMA (OFDMA) systems, and Single-Carrier FDMA (SC-
FDMA) systems.

[0004] A wireless communication system may include a number of base stations
that can support communication for a number of user equipments (UEs). A UE may
communicate with a base station via the downlink and uplink. The downlink (or
forward link) refers to the communication link from the base station to the UE, and the
uplink (or reverse link) refers to the communication link from the UE to the base
station.

[0005] A base station may allocate resources to a UE for data transmission on the

downlink and/or uplink. It may be desirable to allocate resources such that diversity can
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input index to two different output indices in two slots to achieve second order diversity
when one virtual resource is allocated and (i1) map two consecutive input indices to four
different output indices in two slots to achieve fourth order diversity when two virtual
resources are allocated. The re-mapping function may also be defined to support
efficient allocation of resources, as described below. In one design, the permutation
function may map consecutive input indices to permuted output indices to achieve
diversity. = The permutation function may comprise a bit-reversed row-column
interleaver or some other function.

[0009] The selected subset may be one of multiple subsets of physical resources

formed with the plurality of available physical resources. The second mapping function
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[0020] The techniques described herein may be used” for various wireless

communication systems such as CDMA, TDMA, FDMA, OFDMA, SC-FDMA and

other systems. The terms “system” and “network™ are often used interchangeably. A
CDMA system may implement a radio technology such as Universal Terrestrial Radio
Access (UTRA), cdma2000, etc. UTRA includes Wideband CDMA (WCDMA) and
other variants of CDMA. c¢dma2000 covers IS-2000, IS-95 and 1S-856 standards. A
TDMA system may implement a radio technology such as Global System for Mobile
Communications (GSM). An OFDMA system may implement a radio technology such
as Evolved UTRA (E-UTRA), Ultra Mobile Broadband (UMB), IEEE 802.11 (Wi-Fi),
IEEE 802.16 (WiMAX), IEEE 802.20, Flash-OFDM®, etc. UTRA and E-UTRA are
part of Universal Mobile Telecommunication System (UMTS). 3GPP Long Term
Evolution (LTE) and LTE-Advanced (LTE-A) are new releases of UMTS that use E-
UTRA, which employs OFDMA on the downlink and SC-FDMA on the uplink.
UTRA, E-UTRA, UMTS, LTE, LTE-A and GSM are described in documents from an
organization named “3rd Generation Partnership Project” (3GPP). ¢cdma2000 and UMB
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adjacent subcarriers may be fixed, and the total number of subcarriers (Ngrr) may be
dependent on the system bandwidth. For example, Nprr may be equal to 128, 256, 512,
1024 or 2048 for system bandwidth of 1.25, 2.5, 5, 10 or 20 MHz, respectively.

[0023] FIG. 2 shows a design of a resource structure 200 that may be used for the
downlink or uplink. The transmission timeline may be partitioned into units of
subframes. Each subframe may have a predetermined duration, e.g., one millisecond
(ms). A subframe may be partitioned into two slots, which may include a first/left slot
and a second/right slot. Each slot may include a fixed or configurable number of
symbol periods, e.g., six symbol periods for an extended cyclic prefix or seven symbol

periods for a normal cyclic prefix.



adj acent subcarriers may be fixed, and the total

nunber of subcarriers (NFFT) may be dependent on the
waymvamspandw dt h. For exanpl e, NFFT nmay be eqeel/US28909/038345

128, 256, 512, 1024 or 2048 for system bandw dt h of

1.25, 2.5, 5, 10 or 20 MHz, regspectively. [0023] FIG

2 shows a design of a resource structure 200 that may

be used for the downlink or uplink The transm ssi on

in be Parhit N of ubfra :
02 < ciypatert e PR RERE R uh b raithloieur LT Eped in cach
I ( su
e LA B s £
g, AN secl@nsubchglets)shaine skatc hl'lsd odmbayofi eeduwckeblackd deehch slot
or configurabl e nunber of synbol periods, e.g., six
swypibol dgpendeotion ftior smrleba@dmsdl @t}d:m'ay rpngsf framdy tes &b n The Ngp

FUOE pBo ket hady SRR aotivind bl inddky ke lne
Emc sned Vikuglaesostcet btk (VRBSRL dy tdcAlbe SHERRT te sEmplify the

h resource bl ock may cover c subcarriers (e.g
N@ya&ormf PRI |PeNé§B mﬁy baee die seme FhHecnsignrsra B and may cover

N §% ?lﬁ)rcg%epg B% El{% slog 1ne g gﬂtu%r acgnm(gﬁfy rfkggnp‘%e@%ﬁ%'tapﬁ‘% ttORa'%B based

bﬁsm%-@mmSpp’[ﬁg aflm rbey b@ﬁl@cﬁda&d tb h AT Ep,hundli teakmissions for
resource bl ocks éPRBS) [ 0025]. Virtual resource bl ocks
RAL e sans gn BB Bede Phislh the 2l49csisdi YRBs #s manpséat i on
E{QZEFS Oy ¢85 rna? b\éaﬁloﬁ@%d Qﬁy %uhm@r §PﬁRBg |18 Qﬁ %e Qﬁ‘ the available
may cover Nsc subcarriers in one slo
PRBs.udhe dhmtard PRB¥RBrayebe doevempi pet:h i bltmalPlaBmpasegl Nap bits, one

BiedT each v mln PRB! T ach rimapit Do Dot e Tadh it oppgaliocated
PRBV‘GF R by b A 0038k it would be

may be all ocated any nunber of PRBs and any one of

@elalrt@@lr@ lﬁglsystdfh é)alaiw@dkaw@m a RRE¢ symbenyoflgwaitadie/REBs

mpggl abl| S ce é %é? %@Bc} ? Irt S?pvggl%gg’&hte %Po.citgg cirgsoulrces the
h\FHﬂllaBlétP&{&fkn@} bepatieenddRBtoOfesdi@ce Bloclt Broups (RBG EEhch RBG may
un-al | ocat ed PRB. However, a |arge bitmap woul

mebdie ngdo P&on%ﬁcuﬁY@%RB%mﬁ@ eoﬁeﬂ?ewemh%theawgtém bandwidth.
ﬁ%l??rllsgftP@¥ﬁhé 8Pp %erpﬁiB eﬁ%lm%ﬁ é&ecql%cd%s phgnaling

over head Tor conveylng oca resour es t he
avai | abl e PRBs may be partltloned into resource bl ock
groups ( RBGs) . Tdke h —HBEG ifie Vershsufiastanp BawdviHdth

consecutive PRBs, where P may be dependent on the

system bandw gl &em Bandwidth (Nisp) RBG Size (P)
<10 1
11-26 2
27 - 63 3
63 - 110 4

[0028] Nreg RBGs may be defined with the Nrp available PRBs, where Nrpg may

be given as:

Nigg = ’_NRB/P—‘ > Eq (D)
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[0032] The system may support multiple resource allocation types, which may include:

e Resource allocation type 0 — allocate an integer number of RBGs,
e Resource allocation type 1 — allocate PRBs within a select RBG subset, and

e Resource allocation type 2 — allocate localized or distributed VRBs.

[0033] For resource allocation type 0, a UE may be allocated any one of the Nrgpg
RBGs. Resource allocation information for the UE may include a bitmap comprising
Nrge bits, one bit for each available RBG. Each bitmap bit may be set either to ‘1’ to
indicate an allocated RBG or to ‘0’ to indicate an un-allocated RBG. The number of
bitmap bits may be reduced by having one bitmap bit for each RBG (instead of each
PRB). However, resources are allocated in coarse units of RBG (instead of fine units of

PRB).
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the RBG subset and (ii) a second mapping function s( ) to map the PRBs in the RBG
subset to all available PRBs. The first mapping function may be defined to support
distributed VRBs within one RBG subset. The first mapping function may constrain the
mapping of VRBs to PRBs within one RBG subset and may thus allow each RBG
subset to be used for any resource allocation type.

[0038] In one design, to simplify the first mapping function, the PRBs in each RBG
subset may be aggregated and assigned intermediate indices k£ =0 to N,—1, where N,, is
the number of PRBs in RBG subset p. N, may have different values for different RBG

subsets and may also be denoted as Nho . The second mapping function may map



the RBG subset and (ii) a second mapping function s( )
to map the PRBs in the RBG subset to all avail able

WORBY/120BkE first mapping function may be def i NnBCI/U82009/038345

support distributed VRBs within one RBG subset. The
first mapping function may cogstrain the mapping of
VRBs to PRBs within one RBG subset and may thus all ow
each RBG subset to be used for any resource allocation
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subset 0. Also, 18 PRBs for RBG subset 0 may be

HWdPEgatldet saemhdamaipgme Ginichore mag diapt the il R PRAssn IRBO sulgset 0 to the

£ avar§Sisrt 1. TRER I % A Ok B ohfiectesiidepad: the firs
AB8ermhP 86 nhpheo BV 4QiccEhs =B a0 MBRRIAGdh NIk = 3, 4 and
may map the 18 PRBs in RBG subset 0 to the 50

aver thabirec PRBs in thamextrRidGanay bendipred th PRB indicesano= 2, 10 and 11.

r the three PR in the first. ma mapped to
Do e, BURES 5 the 1ohudifiha PR iR e BrE BE MiebBed to PRB
thdaRd & feravhitlé PRE] KBRBESwhNnthe. REXAIGRAGHIRY d€example of the
mapped to PRB indices m=9 , 10 and 11. Internediate

pasand axpping fuhdiondenRFE(nguiPREE. IMTRRBT sngbre mappingfupsdions may
to PRB indi for,. t ' le.
E%Bgﬁ%d P_r dﬁ?ﬁe&jﬁ%?subg&s. "I%eas‘é‘%dda aﬁgggﬁ%cgﬁaé BOMIi p RBG

OWs an exa eo

seEtREt Mgayf b Ginpemched iRBMo sfiofat nBinnéd dietete SfRCcamMed manner in
ing_functions may be defined for different RBG

ShisBeRSRBEand disoRaCupstrge A ons for all P REG
fdgﬁ?ﬁt S [®Me A&sikTRhEARE hﬁ?%lhgg&{btlgfl s F\g%%és c%ﬂﬁseg%%&for one

e structured manner I ch the
RBiGs atbsctap eodebntigobus PRBSTH thaRBGesubssti gn,gehérel, IN,réRBs may be

TEBB, MRG0 T R YR o Sk s
B&y &1l be MrYRE%o %ynVEBQ N,, PRBs may also be included in RBG subset p and
may be assigned indices £k =0 to N,—1. The first mapping function f( ) may map
VRB index i to intermediate index £, so that k= f(7).

[0042] The first mapping function f( ) may be implemented in various manners.
In one design, the first mapping function may comprise a re-mapping function »( ) and
a permutation function o( ). The re-mapping function may map input indices to output

indices to obtain certain desired characteristics, as described below. The permutation
function may map contiguous input indices to permuted output indices to achieve
diversity. In one design that is described below, the re-mapping function may be
followed by the permutation function. In this design, the re-mapping function may map

VRB index i to a temporary index j, or j =r(i), and the permutation function may map



avai |l abl e for RBG subset / and may be assigned indices
=0toN-1. VRBindex i may also be referred to as

W@ 2®9/12082PRBs may al so be included i n RBG subseCT/pS202/038345

may be assigned indices k = 0to N- | . The first
mappi ng function / () may mag VRB index i to

internmedi ate index k, so that k =f(i) . [0042] The
first mapping function / () may be inplenented in
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may nmap |nput indices to output” indices tdo ob
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fudGén @faynw completnRniany aF yymﬁﬁa&y sbQhatny erq@dfoatiBe first slot and
index k . [0043] In one design, the re-nmapping
fjungN oni +1) for tieyset@d slopuln thiscdesigs, the roaipyf off smlilketsto largest
obtain certain desired characteristics. The re- mappi ng
fopoc trdéses ety auputandicespn thed@ost slot matekes dhd frapping of largest to
out% |nd|§ 8% in two.slots.of a su f[ams to obtain

b $

ngHAAICH] LU ngliceR/ Bhi@evegenAsioh | ocated. The
Pmn]applmw‘ POESWOR 48R BPMRe rWendpPRISt fuh SHCRs ohe R‘BG subset. In
our different output Tndices j in two slots of
thedfrstashes, the rottappmgffonetion roayderp dipue msicx y d\thoutmm index j=0,
VRBs are_al ]l ocated. |n one design, the re-mppi

pIng .
PR inFeh Noral Lot pus sl e le DA {pdsk 149 QHeuE ndex gompﬁtamd?x N2 to
oﬁtéht) 1858{ 3teﬂf?1| §;(])' (% tInS'Jge Sslegﬁlq sllcﬁc th%l}]e ma }n(% Rﬁlcﬁ(ﬁ rna¥ map input
Indek ar-gest-1i Rpodtpitndidees; + 01 mpuuﬁmk 0 fdbe®st jndex 1t hgput index
first slot matches the mappi ng of | argest to small est
Nputo dunglitdedexi 2, timpudidest] fonslitme syddxrB, tahé ss eaomd shbah.in Table
%0044] Table 2 shows a desi gP of . the re

ppi.
(B Y H3 e ReRped BB PRI e RBCspubist gtwpwéots and may
fh%n rﬁ@l’ﬁ@v@ gecgﬁ'&] 6ideP QivVERYty B phﬁ] Q)'f'tVRﬁkdﬁféy be Qna{p‘ﬁe&’ W R different

I ndex | =
PRBs in an RBG subset in two slots and may then achieve fourth order diversity. For
example, VRBs 0 and 1 may be mapped to four different PRBs o (0), (1), o(2) and

o(3) in two slots.

Table 2 — Re-mapping Function

First Slot Second Slot
VRB Temporary | Intermediate VRB Temporary | Intermediate
Index i Index j Index & Index i Index j Index &
0 0 c(0) 0 1 o(l)
1 2 o(2) 1 3 c(3)




input index N- | to output index 1, input index 1 to

out put index 2, input index Np- 2 to output index 3,
wae@szsoh. I n the second slot, the re-mappi ngPETOBL00WO88345

may map i nput index = N- 1 to output index j =0 ,

i nput index O to output indexqgl, input index N- 2 to

output index 2, input index 1 to output index 3, and

so on. As shown in Table 2, a given VRB nmay be napped

totwo PRBs T am RBG subset i two st ots and—Tmay Tt Hen
achieve second orde¢r divsity| A pair ¢f VRBs may beo(5)
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| ot erve, as nmuch.PRBs as possibl e . .
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hlochigs fisetSdf @hbuaRdVIRIRBSof thd)toRRBeSrom)thé lBottdStﬁ then from the
second slots. A second UE may be allocated VRBs Np-2

e ainbsq omrfaoYiRY figgethorme e@@ﬁ yoveaid thy lsl}ddil% F@reewwt a first UE

I d,
Died e ¥R 0 AR L9AE sten PRARG o 2y i BTRG) storand
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remai ni ng PRBs may be all ocated to other UEs using any
aresNplcandahdyoest FRBs &ypewnd A (30 oathie dinstofot MRBSRBsani0) bed o (2) in
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ction ). A base on a hit-rever

raéwhwi?‘ﬁ%myweaa@ fe- tpjag ?hﬁrs TIPRAS ’%naﬂqna%wn in Table

i el eren bl W
d@fqurt[mﬂ igces j in other manners.

[0046] In one design, the permutation function o( ) may be based on a bit-reversed

row-column interleaver. For the interleaver, a table with C column and R rows may be
defined, where C may be dependent on the system bandwidth and may be defined as

shown in Table 3.

Table 3 — Number of Columns Versus System Bandwidth

System Bandwidth (Ngg) Number of Columns (C)
<63 4
64 —-110 8




shown in Table 3. Table 3 - Nunmber of Columms Versus

Syst em Bandw dt h[ 0047] The nunber of rows (R) nmay be
w@owpuese’ based on the nunber of colums (C), BGI/US2009/038345

follows: R=|N/ C| . Egq (2) [0048] The operation of

the bit-reversed rowcolum ipterleaver may be as

follows: 1. Create a rectangular table of Rrows and C

colunns 2. VVite nunmbers = 0 to N - | sequentially
FRAST MRSuUGPLE AR R RO Sl ot

GﬁhsﬁﬁMM@f the table, e.g., starting fromthe right.

3. Performbit-reversed interleaving of the C colums.

The C columms may be assigned indices 0O to C- 1. The

i ndex of a colunn may have a binary representation

of [b3%|<§ 9@ where b denotes they-th bit of the Eq(2)
col um |ndex A col um with i ndex [bobi . b c] may be

BUBREr i RuCE LR el S Rt B pep olons:

to ri ht and fro bott om ip any filler
el drehte@ic Y Baisgik B@@%&Wéa&f@ fuRY read from

t h@ t ﬁtﬁt@ R cRE d@ neted1 asqdMiallyk bdlum$B-widd from top:to bottom and
Cr (N These el enent’s represent tenporary indices

to V\,hfroim. Iefigo WRE. ilngtirciéer ateenemispipel’l - CHN pdodationd iarthe last row of
the z-th index witten to the table is napped to the
ith eﬂeﬂéﬁtﬁxga@mﬁngﬁnﬁh@etgbte so that VRB index

I's j;mapped t i nter e .ind Sin e

s( |3) Bgrg )rever%e n al;ea\ém% zque EG olalfngs g]ﬁ? %L&r([)? s may be
read 5@&%& hedit@bbao €ourt Frherlqgéx @lf V8IS b MmN aPhave a binary
achi eved for an allocation of two contiguous VRBs

[ 0050fcpFoentatien ek Bpi. ebdhwhercibn denates theyipth pitl@ t\hrnglurnn index.

for one RBG subs table.-with five r .and four .. .

col unectymsL T dideian P rbdbd b b¥Tpngi§a soifiheyith index
Hom[@meWMtomlnCMUmwo nunbers 5 to 9 may be
witten in colum 1, nunbers 10 to 13 nmay be witten

i n 4coRaathowt, the slemenifeiribe fable scqupntiadly 1o -wisctfrasm l¢fh to right and

colu 0§“D3§>3§§%@ Sﬁygggfhe{ag %&gr col ums of Tabl e

ums swapped due to
[0049] The sequence of elements read from the table may be denoted as o(0), o (1),
o(2), ..., c(N,~1). These elements represent temporary indices to which the VRB
indices are mapped. In particular, the i-th index written to the table is mapped to the i-
th element read from the table, so that VRB index i is mapped to intermediate index

o(i). Since elements o(i), o(i+1), o(i+2) and o(i +3) are consecutively read from

the table, fourth order diversity may be achieved for an allocation of two contiguous
VRBs.

[0050] For the example shown in FIG. 4 with 18 VRBs for one RBG subset, a table
with five rows and four columns may be defined. Numbers 0 to 4 may be written from
top to bottom in column 0, numbers 5 to 9 may be written in column 1, numbers 10 to
13 may be written in column 2, and numbers 14 to 17 may be written in column 3, as
shown in the first four columns of Table 4. Columns 1 and 2 may be swapped due to
bit-reversed interleaving, and the table after column permutation may be as shown in the

last four columns of Table 4. The 18 elements of the table may be read out row-wise



bit-reversed interleaving, and the table after colum
pernmutati on nay be as shown in the |last four columms

W@B00%apise7 4. The 18 el enents of the table nay PET/DSWAI/038345

out roww sefromleft to right and fromtop to bottom
to obtain a sequence of 0, 10405, 14, 1, 11, 6, 15, 2,
12, 7, 16, 3, 13, 8, 17, 4 and 9 for (0) to (17).
Table 4 - Bit-Reversed Row Col um Interl eaver [0051]
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interleaver, or sone other permutation function that
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tput indices. [0054] FIG 5 shows a

é}? gg;?n& %ﬁ?ggie)gﬁdesi gn of a VRB-to-PRB mapping unit

500. AVRB index i for a VRB allocated to a UE may be

provi ded t o Tabked € VR&tchBBMEpl;ﬁwg foo One RB G iSubget

mappi ng function / ) for the first slot of a

e L ?gﬁ*ﬁfj;((; secoqﬁﬁgﬂpt T e
0 0 9 17 9
1 2 5 10 15 17
2 4 1 11 13 13
3 6 6 12 11 16
4 8 2 13 9 12
5 10 7 14 7 15
6 12 3 15 5 11
7 14 8 16 3 14
8 16 4 17 1 10




[0055] Wthin block 510a, a block 512a may i npl enent

the re-mapping function r{ ) for the first slot and
woreaponzosei ve VRB i ndex i and provi de tenpor ar yPCHtg2004038345

for the first slot. A block 514a may i npl enent the

pernmutation function s{ ) andigmmy receive tenporary

index 1 and provide internediate index for the first

slot. A block 520a may inplenent the second mappi ng
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A bl.ock 520b may. i npl enent the second i ng function
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secand sl.q e.q., .a hown in Tabl e 2. .samne

RS- Bl Py PN Pt 2 A RfBver of owo and
iinalmbe dfaywhe Tieestrinafatioptindtida rhay slso dodmpeeainetd with a bit-
slots. The pernutation function nay be inpl enmentedw th )
taverspil intedepa s adpsevie-troHomminicHear.eiviame affcipaaniasiey function

OE o s fie SHIPRlcaClo AR el N8 (RETRAMEE LR indicos
p9Sdescriliockd dioosen blbOO 8Bkrahhef raippipn @f bECRBHQPRB mapping unit
R TR B VA BEEES l g boc

B O B L TR i S TR s Bob P4 BB o ook

5100b fanyherfasauimen@fiinot@t fod fhd yspendadie ofalye fubfiaher al | ow
for mxing of different resource allocation types for

ft
H05Fkr enVithisdlegkh &0 2 WeeloAd2a mey inwlermgsithyy T¢-oeping function

r LT i . t . . .
PR bR LBl ks o e T e ey dpen  for
fhénedsi 9Bt MaybLieRe S@Bf@nﬁ'& ihi%@érﬁ&ﬁ tMé hEnRutdtRMIRINSRor0 o0 bhd may
-1 (instead of 0 to NRB-1), which may sinplify the
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map . PRBs i n one RBG suhset to avail ab] e PRBs. and ,
Ay HHB -ep&@nt the second mapping function s( ) and may receive intermediate

index k; and provide PRB index m; for the first slot.

[0056] Within block 510b, a block 512b may implement the re-mapping function
for the second slot and may receive VRB index i and provide temporary index j, for the
second slot. A block 514b may implement the permutation function and may receive
temporary index j, and provide intermediate index 4, for the second slot. A block 520b
may implement the second mapping function and may receive intermediate index &, and
provide PRB index m; for the second slot.

[0057] The re-mapping function may map contiguous VRB indices to temporary
indices in a complementary manner for the first and second slots, ¢.g., as shown in
Table 2. The same permutation function and the same second mapping function may be

used for both the first and second slots. The permutation function may be implemented



i npl enented. [0059] FIG 6 shows a design of a process
600 for mapping virtual resources to physica

WO e®ourmses. Process 600 may be performed by a RET/US2009/038345

eNB/ base station, or sone other entity. A virtua
resource may be mapped to a pfysical resource in a

sel ected subset of physical resources (block 612). The
sel ected subset may be one of nultiple subsets of
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[0060] The virtual resource may also be mapped to a second physical resource in
the selected subset (block 618). The second physical resource in the selected subset
may be mapped to a second allocated physical resource among the plurality of available
physical resources (block 620). The second allocated physical resource may be used for
communication in a second slot (block 622).

[0061] In one design, K virtual resources may be mapped to K physical resources in
the selected subset based on a first mapping function. The K physical resources in the
selected subset may be mapped to N available physical resources based on a second

mapping function. K may be greater than one and may correspond to N, above. N may

be greater than K and may correspond to Ngg above.



mappi ng function may map the |argest to smallest input

i ndi ces to output indices based on the predeterm ned
worap@piizig2T n t he second slot. The re-mappi ng f uPCI/U82909/038345

may map an input index to two different output indices

for the first and second slotg to achi eve second order

di versity when one virtual resource is allocated. The

re-mappi ng function nay al so nap two consecutive input

es r S. | f

Ldﬁgh ecoﬁﬁ n]é l‘&g%%ﬁi ogthgc 1:3{6‘ r&gﬁéﬂgtﬁﬂ?ﬁgﬁ da% 1n8?>§/ é?gwt\}nrt&eh resource

wiag e trnapped té Watmp@aguindes basce oald ecatming fBQHE). IThe temporary

one design, the pernutation function may

P
BeRs a@o{th%amsa9 ap fadexef t %pw%f@au%ﬂlgﬁ}e jehgicdeybset based
Con‘go%ﬁhﬁt\éﬁoﬁj Tﬁﬁ%ﬁéﬁt Yhe @ergﬁrt I’@'ﬁll ?Iﬂt %lrf foRAnd 8N 8ermutation

rise a bit-reverse rovv-c eaver or sone
Gnbgon mapetsoda swePBES] | n one desi gn, the second
s in th

LBREL {20 08 v R K Bnie: Rt fors g i 6 PE Y gt input

[MRIRRYEE BatpaN thdi®Y bRSedeRPh ipp@Rk@miRId hbishise i tefkst slot. The re-
subset. Different second mappi ng functions may be

mephing &eyicsion smaydingp thedatzestibseta e&ﬁﬁnrphytyh@f‘alto output indices based

{)r: %l:p(r)gl%%f %6%111%1 gﬁ? ecogt? nlg ee drvebrﬁipg)%lé% %CPOH may map an
ﬁ%ao Udee tH&WoC&lﬂfodnS SutpuPRRlicckhor thé i@l andesoufid slodNth achieve

e aIIocated physi cal resource may al so conprise
o4 oxdep diyersfty e ang aértual fesgmise diealiqgatedt Hac pemagpingyfunction

n %Ys%+%?%ﬁe9&%§élﬁ@e 1{}@? ?]ﬁlcgge%sto TBYr aﬁﬁeféﬁ E)llgphtolﬂgge% in the first

groups ach group |nc
fhd eedong udors tphaycdiicyal fousth obrtdere divesitg. whas tsh om‘tualnresources are
6‘:19 3A. P may be one or greater and may be dependent
@458 nunber of avail abl e physi cal resources. P

fuoget s IﬁfonQ RSikf Bdhe | ﬁﬁ&tﬁ&%f&ﬁ%ﬂmpﬁl@%{?%ﬁ%\éﬁ&%ﬁ%ﬁ indices

e
subset i ncl uding eve|P P-th group starti ] '
fon not:lrnalte@ ramm;pltfmdlcth eto sacbsaefb lebl@ltyruI (i h@IIErmutaSQm sfupétion may
S0 be for

Si. cal,b esour ma%‘ tﬂ é‘f‘
v W%Pff fOrYV 6f n@e‘&?‘?&ﬁm’é\ 0% %‘%m%? & rpgign.
[@%9]; I Caf ofBYMchien AhS Q6donH Gfappitd fulnbEors la§ Qﬁ@j%@dﬁ\‘éﬁfesources in

sical resources. Virtual Tresources in e set
thaysebeteélsu@@htoetbe plyralge pSavilabls physiea! tresoneacs h@d m@y\hé@nphcable

SRR ST RSB DA R AR o o
ﬁﬂﬁ&r@hy&sealofpﬁmm e86uicts.each subset nmay be all ocat ed

[006g]ser SIn one design, the virtual resource may comprise a VRB, and the allocated
physical resource may comprise a PRB. The virtual resource and the allocated physical
resource may also comprise other types of resources. In one design, the plurality of
available physical resources may be partitioned into multiple groups, with each group
including up to P contiguous physical resources, ¢.g., as shown in FIG. 3A. P may be
one or greater and may be dependent on the number of available physical resources. P
subsets of physical resources may be formed, with each subset including every P-th
group starting with an initial group for the subset. The multiple subsets of physical
resources may also be formed in other manners.

[0067] In one design, a set of virtual resources may be associated with the selected

subset of physical resources. Virtual resources in the set may be allocated to users or
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[0070] The modules in FIG. 7 may comprise processors, clectronics devices,
hardware devices, electronics components, logical circuits, memories, software codes,
firmware codes, etc., or any combination thereof.

[0071] FIG. 8 shows a block diagram of a design of an eNB/base station 110 and a
UE 120, which may be one of the eNBs and one of the UEs in FIG. 1. ¢eNB 110 may be
equipped with T antennas 834a through 834t, and UE 120 may be equipped with R
antennas 852a through 852r, where in general T>1 and R>1.

[0072] At eNB 110, a transmit processor 820 may receive data for one or more UEs
from a data source 812, process (e.g., encode, interleave, and modulate) the data for
cach UE based on one or more modulation and coding schemes for that UE, and provide

data symbols for all UEs. Transmit processor 820 may also process control information
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[0074] On the uplink, at UE 120, data from a data source 862 and control

information from controller/processor 880 may be processed by a transmit processor
864, precoded by a TX MIMO processor 866 if applicable, conditioned by modulators
854a through 854r, and transmitted to eNB 110. At eNB 110, the uplink signals from
UE 120 may be received by antennas 834, conditioned by demodulators 832, processed
by a MIMO detector 836 if applicable, and further processed by a receive processor 838
to obtain the data and control information transmitted by UE 120.

[0075] Controllers/processors 840 and 880 may direct the operation at eNB 110 and
UE 120, respectively. Processor 880 and/or other processors and modules at UE 120
may implement the VRB-to-PRB mapping shown in FIGS. 4 and 5 and may perform or

direct process 600 in FIG. 6 and/or other processes for the techniques described herein.
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[0078] The various illustrative logical blocks, modules, and circuits described in
connection with the disclosure herein may be implemented or performed with a general-
purpose processor, a digital signal processor (DSP), an application specific integrated
circuit (ASIC), a field programmable gate array (FPGA) or other programmable logic
device, discrete gate or transistor logic, discrete hardware components, or any
combination thereof designed to perform the functions described herein. A general-
purpose processor may be a 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, ¢.g., a combination of



descri bed functionality in varying ways for each
particul ar application, but such inplenentation
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departure fromthe scope of the present disclosure.
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magnetic disk storage or other magnetic storage devices, or any other medium that can

be used to carry or store desired program code means in the form of instructions or data
structures and that can be accessed by a general-purpose or special-purpose computer,
or a general-purpose or special-purpose processor. Also, any connection is properly
termed a computer-readable medium. For example, if the software is transmitted from a
website, server, or other remote source using a coaxial cable, fiber optic cable, twisted
pair, digital subscriber line (DSL), or wireless technologies such as infrared, radio, and
microwave, then the coaxial cable, fiber optic cable, twisted pair, DSL, or wircless
technologies such as infrared, radio, and microwave are included in the definition of
medium. Disk and disc, as used herein, includes compact disc (CD), laser disc, optical

disc, digital versatile disc (DVD), floppy disk and blu-ray disc where disks usually
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mediumthat facilitates transfer of a conputer program
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wi thin the scope of conputerreadabl e nedia. [0081] The
previ ous description of the disclosure is provided to
enabl e any person skilled in the art to nake or use
t he di sclosure. Various nodifications to the
di sclosure will be readily apparent to those skilled
in the art, and the generic principles defined herein
may be applied to other variations wthout departing
fromthe spirit or scope of the disclosure. Thus, the
di sclosure is not intended to be limted to the
exanpl es and designs described herein but is to be
accorded the w dest scope consistent with the
princi pl es and novel features disclosed herein. [0082]
VWHAT IS CLAI MED | S: CLAI M5



1. A nethod for wrel ess conmmunication, conprising:
mappi ng a virtual resource to a physical resource in a
w@edoeaemse’ subset of physical resources, wherei PCT/H82009/038345
sel ected subset is one of nmultiple subsets of physica

resources fornmed with a pluraj4ty of avail able

physi cal resources, and wherein contiguous virtua
resources are nmapped to non-contiguous physica
resources in the sel ected b '« mappi ng the physica
resource in the selected s o an al |l ocat ed

physi cal resource anong the plurality of avail able
physi cal resources; and using the allocated physica
resoutce farmcbodriorivaet¢ss comphunidagomebhpdsiofz: cl ai m 1
wherei n t.he seleeted su?set i ncludes K.

i ca :
o ouPBBRINE ARGTGN FORIGE 15 GG SOPES 1h7 S RGpbaRPsEtpf physical

tRSuke PR EGR lther mwdcs%séms bhe of aludsile qu&eﬁ&ﬁtp@@wdresomes
on a first map g function, and wherein the

fﬂwlsd odth ¢ ehlmlrtze avmlabhephé/emelcltee(wrs%beed wamelmeqmedous virtual
T rcavaar A& r¥onc Ju ISR PHYSiEa r X P& §1e§c°56‘|9 set;
r?ﬁ%lb Fg''F i BP? TR EER Y gk %Pu{cﬁ% BREITERYS

is gr ﬁlapphgtm@@hﬁlca% resoiecenidt he eRbted! @bsdt ko anh@loRhtdd physical
the nmapping the virtual resource conprises napping an
Tasetere gnophdenlyrality of paibiblcrhysisabres@rigrsi #dy | ndex

based, g ’Ehe a Jg%ﬁ?‘f)&aﬁg}an‘%g&hb?fb{ﬁe pu‘i‘l?c%ﬂb g the

tenporar ysi cal” resource
in the selected subset based on a pernutation

funct The net cIa|n1 wher
re- I’TH%)pI ngl P?Jﬁlf’f}}%{rf)frrﬁ rfﬁlllqr%‘é‘tt 66113‘5?(5%1&%9 ifplydes K physical

FRGEES WHRrGN KR Yirtdal ijésgﬁh%ep aReta@RdaoRhe T@fg)ﬂs‘[@ap ‘?&ources in the

mapping in a first slot and maps | argest t
palgnied subsdtdascd an o litgp utappmgifoesiopaswdwhereinitbe K physwal resources

B A SRR 3 S Uit S RS s

g@i hg RGN HOhdr R idiofdalr @tn el RN liNetegesthheK i1 st
second slots of a subfrane.6. The nethod of claim

3 wherei n the re-nmapping functlon maps two

consee uti V%h? nrge%od ng glgﬁntlo remd l fef %1 g) OHlt Py rtual resource

i ndi ces for gecond 9| ots 0 rane.
COl’IlpI‘lS@S

mapping an index of the virtual resource to a temporary index based on a re-
mapping function, and
mapping the temporary index to an index of the physical resource in the selected

subset based on a permutation function.

4. The method of claim 3, wherein the re-mapping function maps smallest
to largest input indices to output indices based on a predetermined mapping in a first
slot and maps largest to smallest input indices to output indices based on the

predetermined mapping in a second slot.

5. The method of claim 3, wherein the re-mapping function maps an input

index to two different output indices for first and second slots of a subframe.



7. The method of claim1, wherein the mapping the
virtual resource conprises mapping the virtua
WO e®ourse’ t o t he physical resource in the sel eR€BUS2009/038345
subset based on a pernutation function, the
pernutation functi on mappi ng gonsecutive input indices
to pernuted output indices to achieve diversity. 8.
The nethod of claim 7, wherein the pernutation

function c r gV
interFeave?Hpéﬁéﬁﬁi%fq%%nlg §%%% ﬁ@irgﬁkggﬂﬁhmPﬁmm’nmPSvwo
adriseqaaive dnph yisdical torfesodiffeent sutpseiddicos fardimundcatomhslots of a
ina first slot, the method further conprising:
g the virtual resource to a second physica
resource in the selected subset; mapping the second
physi cal resource in the selected subset to a second
al | ocat ed Physhethdd roefsdainmel awhﬂgint e plappaolgi tlgp Uﬁ“[ual resource

avai |. abl e ph 'caL our ce t he e
S RLat SRS B SSUHEE o o Blsfottah feshiicay i splected subset
RGO ast)%utém)n ﬂiﬁ@adﬁettﬁpﬂerﬁfut&io@fﬁhétlonV\ﬂﬂ%lﬁhQ cbf¥cutive input

mappi ng the physical resource in the sel ected Subset
mdnqgs I mtad vyt itvecqsthy s¢hdene diesgsitit-ce in the
sel ected subset to the allocated physical resource
based on a mappi ng function applicable for the

sel ecged suhsetethsthef elain di fwfhereem thap@piudgiohUfaEticinsomprises a
are applicable for the nultiple subsets of physica

Pitsdisred sowrolunmhigteflprsd of claim 1, wherein the

virtual resource conprises a virtual resource bl ock

(VRB) and the allocated physical resource conprises a

physi gal r &k l:tfed&)db(bfoaikin( PRBhereih2the BHecarad piogicaf resbadcenis used

wherein the plurality of i |.abl e physica
& SBTRELCAL PR mpgﬁf%t ?110 ﬁli%mﬁlapé %.Lﬁheif P%‘Flgf é%‘u ps, each
g ' OUDPpy Pﬁﬁ«hg HArHA LQuReqs ﬁtsb myﬁpé{§bs%ﬁlrcer1§ ﬁfé‘gefé%ﬁid subset;

where P 1s~one or greater, efein P subsets of
phy3| mappieg othe ceesomt eph&mpdecb,sowp@ hne‘dnchseéwwetsubset to a second

t‘?ﬂ pglgsq:ﬁzé%)t}g)gé?no%r gh r L ﬂ%&vi%l?le Bﬁ%slum? iesources and

Wher ejdin@theqbcdild aﬂb&ité@bhﬁsﬁﬁpfé%&ﬁ@e for compAmicatiesl it §dtond slot.
the sel ected subset of physical resources, the nethod

further conprising: allocating virtual resources in

the s % t OTHe Slreﬁlolayof %1agneirlr,]%lv ieHegn Bl%trﬁ\%%ﬂlgt e pﬁys1g'al %source in the

selected subset comprises mapping the physical resource in the selected subset to the
allocated physical resource based on a mapping function applicable for the selected
subset, wherein different mapping functions are applicable for the multiple subsets of

physical resources.

11. The method of claim 1, wherein the virtual resource comprises a virtual
resource block (VRB) and the allocated physical resource comprises a physical resource

block (PRB).

12. The method of claim 1, wherein the plurality of available physical
resources are partitioned into multiple groups, each group including up to P contiguous

physical resources, where P is one or greater, and wherein P subsets of physical



the set and noving fromthe two ends toward m ddl e of
the set. 14. The nethod of claim11, further
w@ovpneesenhg: al |l ocating physical resources i n BPEEOSHI/038345
the nultiple subsets based on at | east one resource
al l ocation type. 15. The nethgd of claim 14, wherein
the at | east one resource allocation type conprises at
Ieast one of a first resource allocation type used to
1e.0 [ es, | -
BRBBE B BRyRl Rh Rl 308, S RNE K80 BIEMAES Saklhe vith an
ahhﬂgahmdbrﬁ&QQMmsed to allocate one or nore physica
resources in a subset of physical resources, or a
third resource allocation type used to allocate
cont i gyousTyl Liuald SESR Gfe§,h9}%{},0§g t&F \HRPalCt@wu'r&lé Q¥3ssociated
physi cal resources in a subset yS|ca resour ces.
With ththeelavetdrsotised bf physical fesowhes; thermd:th@d fisthegcdrygrising:

ecer DBy B BB TR AL SRR bR en pyo enas of
fi s@@ﬁﬁrrﬁé\lniﬁ fi0f the (/0 B5E ERBIIUAIARI IR s ONPr i Si ng:

at | east one processor configured to map a virtua
resource to a physical resource in a sel ected subset

of ph¥§|ca&%r§§gyrc hnnq H&ﬁ%tgﬁg@, S|cal resource in

the sel'ecte t8"an’ & W%S|cal resource
anDngaMbimﬂg?hyﬁMﬂﬁéﬁﬁMﬁbhﬂbhﬁlQhﬁ&Hﬁathﬁﬁﬁﬂﬁg%ﬁﬁﬁ&ﬁdatbam
to use the al | ocat ed physi cal resource
ewhiveerextliosationyeeei n the sel ected subset is one of

mul tiple subsets of physical resources forned with the
plurality of avail abl e physical resources, and wherein

cont i gilousThe micthad of eldmridewharcin theppleastoae resource allocation type

non-contl uous si.cal resources.in the igleci
CUPRES £5] eaﬁ*h@le @%%ﬁa%t gesoyreeclloeationtypgpesdk ionaliqrategne or more

?ﬁﬁ% P "¥hyRicQIC ?&5191"0e§ ?n GORfYsQubL %h&ﬁcaﬁa&s&ré’ésr tau@cond resource

esources ‘to K physical resources in the selected
slllme‘bn haseded o allcﬁqatescbnermppomg)ffyamlt ieeoyroesnd & wbnap)f physical

t he h Si resource sel ect ed et to

hsrrrab 4 briuicERoreE oo Beaush & elRGRS cntifuitny virtual
fdoEtéOMna ‘ﬁ@dﬂrtﬁ Kon-Sot @b phiybids @é&%urc@@Cian Sibset of physical
greater than K. 19. The appar at us of claim1l7, wherein

Tdseurges. | east one processor is configured to map an
i ndex of the virtual resource to a tenporary index
based on ar e
16.  The method of claim 1, wherein the using the allocated physical resource

comprises sending or receiving data on the allocated physical resource.

17.  An apparatus for wireless communication, comprising:

at least one processor configured to map a virtual resource to a physical resource
in a selected subset of physical resources, to map the physical resource in the selected
subset to an allocated physical resource among a plurality of available physical
resources, and to use the allocated physical resource for communication, wherein the
selected subset is one of multiple subsets of physical resources formed with the plurality
of available physical resources, and wherein contiguous virtual resources are mapped to

non-contiguous physical resources in the selected subset.



mappi ng function, and to map the tenporary index to an

i ndex of the physical resource in the sel ected subset
wha®ed208r7 a permutation function. 20. The appaPEI/US2009/038345

claim19, wherein the re-mapping function maps an

i nput index to two different gutput indices for first

and second slots of a subfrane and maps two

consecutive input indices to four different output

i ndic fo ISt egon 2 e -

apparg ‘us gPégﬁg%ﬁﬁé7?ﬁ é?%?ﬁ ?%%h3§ %détk%%eone]xoang s

cxmﬁgasaiom IInSp ¢ORfrh@alreduicos mREK phwioal résoatces ﬁsdw@edtad subset

phys resource. in the sel ected, subset based o
a%@ﬁﬁqﬁt %ﬁsr BrRPPigadincion. ¢ topt@%mmealﬁpaﬁmﬁqlﬁaqums in the sclected

F%g&' tON QQQEEE%Hy\éi%aI' 1B ds AL GESn Ege&%ﬁg}{%@%ég npiin, where K

Ices to achieve diversity. 22. The appa
olgeaterklian ovieenmd N it peeatat tHaed&t one processor is
configured to use the allocated physical resource for
conmuni cation in a first slot, to map the virtua

resoufge top@ @?mag ahmlﬁalnr QAR &hb Natt REstS Bh& Gr&ssor is
subset, to map the second physical resource in the

gmﬁg@teeidognﬁwt index af dwcoridalakaveest t@da ﬁ@hsp@raémmdex based on a re-

reﬁlgllﬂ% % 1on %d;tge @'tlﬁr | Iéecm;a * ca‘t‘@%fp%%t%% P%XTlcal resource

ﬁﬁﬁ@@él@@ed ams@twmmaap¢rﬁﬂltatf¢p&u§@@and slot. 23. An
apparatus for wrel ess conmmunication, conprising:
means for mapping a virtual resource to a physica

Gal
(esousge | o8 SELERLSH SRS, A Bk ol BFRVER s o
ofpupimydsk catwe edfeuent @atpuo inddats bt firsaaipd sgcahd siptsodf a subframe and

available ysi cal resources wher ei ncant.i gu
PRpE Gap CP@%&W%@% ddiges ﬁeofowoggﬁ%ené SR UBISSS for the first and

RRYS SBls, resources in the selected subset; neans for
mappi ng t he physical resource in the sel ected subset
to an allocated phyS|caI resource anong the plurallty

f | ab d .
Che-afl-ocad B Hyereap SEOGUTCo WERTR OB (At BRe Hgcessor is
I8 GaRRIdoAbS tIRf vigtudl Psddce Wﬁfe\?\%ﬁyskﬁﬁre@@ﬁ@@ e theSIMSRId subset

I ncl udes K physical resources erein Kvirtua
bassd @nce Beratuatipapfyaeliang thehperruistips fondtionewepniee sonssoutive input

nl'(]ﬁe Wﬁ e]?e%fl%ged p}%%tﬁﬁ&%%gﬁaﬁev% dibdiS ty. mappi ng function,

22.  The apparatus of claim 17, wherein the at least one processor is
configured to use the allocated physical resource for communication in a first slot, to
map the virtual resource to a second physical resource in the selected subset, to map the
second physical resource in the selected subset to a second allocated physical resource
among the plurality of available physical resources, and to use the second allocated

physical resource for communication in a second slot.

23.  An apparatus for wireless communication, comprising:
means for mapping a virtual resource to a physical resource in a selected subset
of physical resources, wherein the selected subset is one of multiple subsets of physical

resources formed with a plurality of available physical resources, and wherein



resources in the selected subset are mapped to N
avai | abl e physical resources based on a second mappi ng
wo eovetizese; where K is greater than one, and N PGI/US2009/038345
greater than K. 25. The apparatus of claim 23, wherein
the nmeans for mapping the virjdial resource conprises
means for mapping an index of the virtual resource to
a tenporary index based on a re-mapping function, and
0 ' t r
{;%%ﬁﬂﬁs (fﬂﬁ???égg%ﬁ%g; grei rﬁl datro %“:ﬁz{}g{l&heﬁg}ﬂs{}ase 38I1rces in the
aﬂ@ﬁﬂhymaﬁjon function. 26. The apparatus of claim 25,
wherein the re-nmapping functi on maps. an i nput index to
two dimersy g’htm%’ﬂt%utlhe iPRYPIEH JefyFees rnr@@ S%lﬁ%rei sebsshto an allocated

?llrl?gﬁc%l @so@rc? Hrkﬁf)ﬁ%i e piitd nt?;’%q’ %V&lmleiﬁﬂgz?ﬁﬁl%éd@césn%

Ices to four out put ces for the first
and smecamdoshohstheaocatbkplappal esoscofor cbmmmniation.
wherein the nmeans for mapping the virtual resource
conpri ses means for mapping the virtual resource to

the physi cahe a?ﬁél‘dﬁl@eoﬂ Blath &2 3 el RGtRA1RURIE P 38REt Fhcludes K
a per mut ati on uncti on t he per mut ati on function

pﬂwpqahgesemneﬂe adcrape K mju@l epuireps g mapmdntgtte@ Kopltygigel resources

ce e dlver appar a
I st R RS TR b RO A PR Eh R ek pysical
tsedcéOin thOFrRbMCAabs@ Ard ﬂnappefditb N awglileble phiigcapRanatyBased on a
further conprising: nmeans for mapping the virtua

pesend mearing fncsier.onbrrp Kyis igeter rﬂé@dm%@d N it greatsethar Ked
subset ; means for mapping the second physical resource

in the selected subset to a second all ocated physica
resoutfe ambagppdretuplotichliintls, efhcasiaithablcenpforshggling the virtual
resources; .and neans for using the second all ocated

HYSre SPMPEEdur ce for communi cation in a second sl ot.

29.  AnONPRt %{agpfn%gi'n%'ﬁh&[ QG tyirt e '?Psrohl%er’tg -a t@mgorary index based
conput er - r eadabl e “medi um conpri si ng: code ausi ng
at areasppiopdumiopitndr to map a virtual resource to a

means for mapping the temporary index to an index of the physical resource in

the selected subset based on a permutation function.

26.  The apparatus of claim 25, wherein the re-mapping function maps an
input index to two different output indices for first and second slots of a subframe and
maps two consecutive input indices to four different output indices for the first and

second slots.

27.  The apparatus of claim 23, wherein the means for mapping the virtual
resource comprises means for mapping the virtual resource to the physical resource in
the selected subset based on a permutation function, the permutation function mapping

consecutive input indices to permuted output indices to achieve diversity.

28.  The apparatus of claim 23, wherein the allocated physical resource is
used for communication in a first slot, the apparatus further comprising:
means for mapping the virtual resource to a second physical resource in the

selected subset;



physi cal resource in a selected subset of physica

resources, wherein the selected subset is one of
woriobiipise7 subset s of physical resources for medP@i/Uk2089/038345

plurality of avail abl e physical resources, and wherein

contiguous virtual resources g e mapped to non

conti guous physical resources in the sel ected subset,

code for causing at | east one conputer to map the

o B BRCHB 0500 D AR ey s o

eacahd abbatgdmiskical res@sauimesg thanduaigeof oailgEu phitgeatresources;
| east one conputer to use the allocated physica
#Source for communi cati on.

means for using the second allocated physical resource for communication in a

second slot.

29. A computer program product, comprising:
a computer-readable medium comprising:
code for causing at least one computer to map a virtual resource to a
physical resource in a selected subset of physical resources, wherein the selected subset
is one of multiple subsets of physical resources formed with a plurality of available
physical resources, and wherein contiguous virtual resources are mapped to non-
contiguous physical resources in the selected subset,
code for causing at least one computer to map the physical resource in
the selected subset to an allocated physical resource among the plurality of available
physical resources, and
code for causing at least one computer to use the allocated physical

resource for communication.



