WO 2008/ 060247PCT/ SG2007/ 000389 1 Method for sel ecting transm ssion
paranmeters for a data transm ssion and data transm ssion controller
Field of twe2pmwertti on 5 The invention generally rel at CTWSG2007000380d
for selecting transm ssion paraneters {or a data transm ssion and a
data transm ssion controller. 10 Background of the invention Adaptive
modul ati on_ gad,Gorlignd. CANEL i ag20. 8L Lol &ln (00lnl0 SQURLES 8Ckatadi ng
and enhance theé pertormnce o Wi Teless ¢o B cation sys

task of AMC is trawlsedisstbe bedt ddta nochn sl comeandotioddeschene
(MCS) on the basis of channel state information (CSI) about the
communi cation channel between a transmtter and a receiver so as to
achi eve htighey odataet Hhewghpvth of the communi cati on system Each MCS
is associated wth a coding rate and constellation size, which 20 has
a givén bit rate. The packet error rate (PER) of the data

transm ssipn 1heLWesBnt Renkkansyl ki estandd he ﬁ@c@ﬁﬂd’%ror(:%@l@@tﬂﬁéd as
a basis for-a Quality of Service (QoS) constraint to select the best
MCS for thHenemdseArnc SRdrPrEATraf fonea civi M amsmdmsdivanpar, aTAetPER
determn r ransm ssions required which affects
bot h thrgﬁaﬁgﬁgggn %dg%%5§§%igéfay Summary of the invention 30 A

nmet hod for selecting transm ssion paraneters for a data transm ssion

is p&BVI% ) %@BB‘SBQth%t LoLning. for each of a plurality of

trans sfeﬁg%afaﬁetef—setgrﬁgs——a—data t hroughput that is expected
when the transnission parameter WO 2008/ 060247PCT/ SG2007/ 000389 2
setting i ed for t trans SsSi.pn ei.n the a.throughput is
ot or ARG BogrEab AR, AnOS R OB et Hi o =Bkr BHEE oFo
set ti ngs downdatracthradghpubsdasdhsetecthd par fdrasites SifORiRalapet er

setting based gn the 5 determ ned expected data throughputs
g commun%ca 1on systems. The task 09 %s to %l%ct the best

15 modulation and coding scheme (MCS) on the basis of channel
state information (CSI) about the communication channel
between a transmitter and a receiver so as to achieve higher
data throughput of the communication system. Each MCS is
assoclated with a coding rate and constellation size, which

20 has a given bit rate. The packet error rate (PER) of the data
transmission between the transmitter and the receiver can be
used as a basis for a Quality of Service (QoS) constraint to
select the best MCS for the current condition of the
communication channel. The PER defermines the number of

25 retransmissions required which affects both throughput and

delivery delay.

Summary of the invention

30 A method for selecting transmission parameters for a data
transmission is provided comprising determining, for each of
a plurality of transmission parameter settings, a data

throughput that is expected when the transmission parameter



Short description of the figures [Ilustrative enbodi nents of
the invention are explained below 10 wwth reference to the draw ngs.
Fi gure 1 sWoOwE0s#6edfmuni cati on system accordi ng to an ertiuE2evoass
the invention. 15 Figure 2 shows a flow diagram according to an
enbodi ment of the invention. Figure 3 shows a data transm ssion
controll els or e i pen enti.on.. . Fi
shows a def g'%l Gat o%l/s&gcggl ngggjg/s 11;l%tc‘jt:sc‘)sfl \ﬁ(?raer%%e odlgﬁéﬁt of
t he i nvertimughEugurie Be$lacam¢nédnusimg| agr;aﬁms;ezﬁxgitre@ ﬁla$>bdzwg atcfl ow
di agram gccordi,ng.to an d| ment, of t vent i on ure 7
shows a fIGWALEG LR RE‘ESF‘& e F%’EBhn%%b t&’rr"é’t?thﬁ’éltusng%u on.
Fi gure 8 sews iadf |a0WrdhagliaﬁlaﬁCpéﬂaIﬁ’@:é1§) St teiteo tazedt oaf thie
i nvention, WD,2008/ 060247PCT/ S&007/000389 3 Figure 9 shows a flow
di agr am AEESFHIRGS §RFCERPodRhRNENEPUINRI S vention. 5 Figure 10
shows a data flow diagramillustrating the MCS selection according to
an enbodi t hent of the i nventl on. Det ail ed description 10 Figure 1

¢ CiraRtd ¢ g¥¢f ng to an enbodi ment of the

i nventi on.

Illustrative embodiments of the inventicn are explained below

10 with reference to the drawings.

Figure 1 shows a communication system according to an

embodiment of the invention.

15 Figure 2 shows a flow diagram according to an embodiment of

the invention.

Figure 3 shows a data transmission controller according to an
embodiment of the invention.
20
Figure 4 shows a demodulation/decoding system according to an

embodiment of the invention.

Figure 5 shows function graphs.
25
Figure 6 shows a flow diagram according to an embodiment of

the invention.

Figure 7 shows a flow diagram according to an embodiment of

30 the invention.

Figure 8 shows a flow diagram according to an embodiment of

the invention.



The conmuni cati on system 100 includes a transmtter 101 and a 15
receiver 102. The transmitter 101 includes a plurality of transmt
ant ennas 199,208846824f r ansnmit ant enna 103 bei ng coupl ed vRGISGR007/000389
respective sending circuit 104. Each sending circuit 104 is
supplied with a conmponent of a 20 Nt x 1 signal vector s =s2,
..,SNt]T where Nt is the nunber of transmt antennas 103. Each
sending circuit 104 transmts the respective conponent of the signal
vect or s Hisiurg tthehowspecfilve dhagram dOKrdirgh ticham aibodémbet, of he
signal vector s i ent_, ransm tted signal vector is 25 received
by the transmtte%h%oi%gﬁgggﬁﬁm ality of receive antennas 105, each
recei ve antenna 105 being coupled with a respective receiving circuit
106, in form.of .the received Nr 1 signal vector r = [21,12 L XNr T
1OVt aba G OO BB EnAnABER 1660 L S o LR TR TBE, ThE MGl ve
antennas 105. WOs20Q@8406824¢P6Hd56x 007/ H003GdAnSinic@sNEhand Nt are
assuned to be bigger than one, the comunication system 100 is a M MO
(mul tipl e-i nput m¥PFEPCaCBut put) system for exanple with Nt = Nr = 4
or 8. 5 Each receive antenna 105 receives one conponent of the
received signal vector r and the respective conponent is output by

t he receDgtadled dgiscringioror exanpl e, the conmunication system 100
i's a;gommuni cation 10 system according to Wfi |EEE 802.11n, W Max

| EEE 802.16, or 3GPP LTE (Third Generation Partnership Project Long
Ter m Evolfigugr) 1 shogseaeaboniinibea b 1ethe wiramdiddatticonrdysgehr 180 is a

M MO embodiment of the invention.

The communication system 100 includes a transmitter 101 and a
15 receiver 102. The transmitter 101 includes a plurality of
transmit antennas 103, each transmit antenna 103 being

coupled with a respective sending circuit 104.

Each sending circuit 104 is supplied with a component of a

T

20 Nt x 1 signal vector s =|}1,52,...,5Nt1 where Ny is the

number of transmit antennas 103. Each sending circuit 104
transmits the respective component of the signal vector s
using the respective antenna 103, such that altogether, the
signal vector s is.sent. The transmitted signal vector is
25 received by the transmitter 102 by a plurality of receive
antennas 105, each receive antenna 105 being coupled with a
respective receiving circuit 106, in form of the received
]T

. x 1 signal vector r = . <. via a communication
Ny g =0 s N, a

channel 108. N, denotes the number of receive antennas 105.

30



15 system associ ated wi th orthogonal frequency division nultiplexing
(OFDM . Various transm ssion nodes can be considered for a given

mul tipl e aWwOeAR068EFt I ng. These transm ssi on nobdes i nclREESGEA087/000389
space-tinme coding (STC), spatial divisgon nultiplexing (SDM, and
hybrid SDM STC 20 nodes. The various transm ssion nodes can be

classi Tl odh A% ARCUALW. UreClalSElohO0B bl Il FedNWHLASAN @REN | 0OP

transmni ssion node he channe te in mation about e

conmuni caidrafundzaliamely=10h 150kneve My (muliieILeapher mh2ipYken
certain channel know edge is known at the_ transmtter 101, the
transni sSUPHIdSNEF cEOSe87RBBHS t YEHHR 5 ST Al mode 20WRen t he
transmtter 101 operates in closed-loop node there is the possibility
of perform ng a singular val ue deconposition 30 (SVD) of the channel
matri % t Eabhagecaliivee ahltenababgl ré&osiess borEFMdrpdhearr o€r tae will be
expl ai ned in.nore detai.l be%OML WD 2008/ 060247PCT/ S&2007/ 000389 5 In
the enbodiSiENT 'S UELIPEedSCROFRE FRF I VR N SHECY iy S SOMRRR hat St he

communi Cahit@mtSyst eMel @R cesesnSDM t&@nsm @ sl on node designed for open
| oop and cl osed | oop operation. However, in other enbodi nents, other

nodes (STC and hybrid SDM STC) may 5 be used. Uneven MS, i.e.

di ff er entpgyodul=aih@n sehemBsmbnlcgiifer te?rpa!ttdoalisﬁar% Hﬁun@étf&lﬂer

error correction coding, e.g., low density parity check(LDPC) codes,

Tur béOcodwstegr accogdinal §8 BefinEFERIed02 nloy,t e Meys 18RENBAR) 16100 he
setting ofspd Mep ((FRdylatian ap %gopé%&%ﬁg?{ﬂoﬁef&r 18X ™BL &, t he

setting of a constellation, a coding rate an ansm ssron node. In
one enbodivedmttionhe recei ver 102 runs an adaptive 15 nodul ati on and
codi ng al gorithm which determ nes the best MCS avail able for the
mul ti pl e antenna setting. The adaptive nodul ati on and codi ng

al gori t hmnf oneexabpdéemenitesthe omhum Zeativen Htsteat 4 06f ikhe WMam@

transpm ssion _between.the o transmtt 01 and the receiver 102
underoa PEREEnEEPRAE e 4], OB RedT i BRI PER L FREPPER i 5 a
functi onmfittibéeMiBg t((DEDESL whdidhe endkatidsdngt hodesecahhpe nunber

of bits included in_a data.eacket The nunber of paraneters in this
functi on S°&54 §FFyf9§r? given multiple antenna setting. These

transmission modes include the space-time coding (STC),
spatial division multiplexing (SDM), and hybrid SDM-STC

20 modes.

The various transmission modes can be classified as open loop
or closed loop. It is known as an open loop transmission mode
when the channel state information about the communication

25 channel 108 is known only to the receiver 102. When certain
channel knowledge is known at the transmitter 101, the
transmission mode is a closed loop transmission mode. When
the transmitter 101 operates in closed-loop mode there is the
possibility of performing a singular value decomposition

30 (SVD) of the channel matrix to diagonalize the channel for
each OFDM subcarrier as will be explained in more detail

below.



25 high. To reduce the conplexity of the PER prediction, these
paranmeters may be mapped onto a Link Quality Metric (LQW, which can
then be nepypedosdeedet |y to PER by a | ook-up table. For REAEIG2MEH00389
is possible to define a range of LQM vglues over which the MCS

maxi m zes the data throughput of the 30 conmunication system 100. The
nost conmpn N e 4 n [ - 1:Q- hoi,se .rati

(SNR). Itis ef#‘?}ogo lg% nttt%edfa g'? IE:%B%@ ?ﬁgé%%/e%eo% ’helscsrfh?ar%eS umed
nmodul us ofhathe:hecaimrethisiagiah sygstbe hoo sesgpovEd trMDsmission mode

2008/ 06024 7PCT/ 07/000389 6 However PER of given _MCS nmay,
vary si gnﬁieﬁjﬁnﬁaoéoqrorog’&nf é’PE’nFn\é}ﬁgﬁ‘ﬁ%‘?é Ihi%?pl 22 Efrc?ﬁ?%\ﬂ 't %Oﬁﬁg%anén
I nst ant angthtsr SR odireing spaytexrSinodese (P aithmed:id soMdisel)t heyAMC

sel ects MCS i ch has PER.that is ch higher, than the 5 target
PER  Fhi £ é‘h’sc?g]'t FheVERORES | ink-f ofiLEHEEThir 4 Afepindeherss £RE

channel coiveransh (o iaA Sekehin8) hRdtdiiSe PrOMEMdcr ARt Lolilfg,
SNR thresholds with a safety margin for a nore robust MCS sel ection.

However, &4f-g FE3LIGeRSikYaPrEdGYL FRRCK ALRRFoudRRy ofTumhbe spdeem 10

In order 4,q. requce shics Leak BkY WBBETE Bro e RERd OfintRlar, and the
exponential effective SNR mappi ng (Exp-ESM rethod nmay be used to
predi ct the PER performance. In both cases, a scalar is conputed

based,on e f l. - 1 ndi \ Is ed
on 10”0t AR, & pES R SEIA DU Wt 7 TRCHRS 13 B8
real i zat iexwsnrdree thearskytpagablfek. céns tealicator, iss calipgt edtehbal &s
mapped tﬁﬁtq’le m%orr.e%porggiGng di stance (in dB) fromthe PER performance
in an additAVEWTTCE BRGSsi an noi se (AWGN) channel. This mapping is
done by curve fitting 20 for each conbination of the code rate, the

nodul ation and the information bl ock siz For the - ES nmet hod,
it consists B c?é‘&’lo\?ilﬁ‘&nﬁ's%gFafeEWeJ&aﬁ%f%ﬁp@ﬁ’e%Eé%tlgg ective

SNR. 1Fhi snddi1tahtd cBNRnidhabdway! 8186r i€ wietko e i sc kaBnBE st oMcs
obtain the sane PER as the communi cation system 100. The way 25 to

obt ai n t AY&EFRIEt FP& SRR TELEPEPt AR RAT IOV dNeargaPEABagh

nunber ofpddiderareeandc l&a_amﬁg. 688bt Zetrh OftSr A& AING i@ sCebt AbRimize
criteria. In_general, it is difficult to characterize the PER

per f or marfd® Bttaréds &f pheafdtar trapsmisiiql oefateareitdes may be used

to predi qlrddi6iRERPRDIOLABNERe FOEe XS 1ihdBBl ROGERA%EH s0Ra WL NY
th(:/[gost- detection SNRs may be used to predict PER performance in
M

OFDI -$ys Be R XiAERe addeledt FBBm i s encoded separately. WD
2008/ 060247PCT/ SG2007/ 000389 7

The PER is a function of the MCS, the CSI and the packet
length, i.e. the number of bits included in a data packet.
The number of parameters in this function is usually very
25 high. To reduce the complexity of the PER prediction, these

parameters may be mapped onto a Link Quality Metric (LQM),
which can then be mapped directly to PER by a look-up table.l
For each MCS, it is possible to define a range of LQOM values
over which the MCS maximizes the data throughput of the

30 communication system 100.

The most common LOM used is the instantaneous signal-to-noise
ratio (SNR). It is defined as the ratio of the average of the

squared medulus of the received signal to the noise power.



The effective SNR for each streamis then mapped into the
correspondi ng PER which is used in predicting the overall PER 5
Recent | y, wibewe/desea7 been a | ot of enphasis on joint detmaysceo7005s9
decodi ng of coded wireless systens by ¢he iterative decoding which is
based on the Turbo principle. It is an efficient and powerful nethod

for deco rel.ess stens since approaches .t h of .t he
opt i mum deayss BN ERKIHETR FHASE e MY AR e iaPacteRhta ety th
i nt er synadlffetieanf ehanae]l puilipdiei@d emn:as ‘thalshimeati hsean8adeous

mul tiple users, Such syste are gfifntla serial ,concatepa %IOH

schenes. P&~ dRFTFaPEYCERLFT chAlh iSort® #RiFR BREsi¥te to

char act elgs2@dthhe aBBs(RhicRrigs £ atmy) merd qrgrwa:a iaégaért PRahtEKat i ve
decodi ng using extrinsic information .transfer EXIT% functions. AMC
4

may aP so tige e FERentRES heaif @ & tiakaisiligh feratheedreabioRs s
wi th perigelnGeht \é’ﬂ%ﬁé“eﬁ&%é‘i’p&%f’&fdeo“tﬁ?e tﬂesgﬁuﬁﬁ&p%faﬁf@me

of the recéivers is based on an EXIT anal ysis. the error
probablIpﬂpbdﬁmeaéhtblﬁhiétc%mﬂl$Nﬁnﬁhﬂ%ﬁhQiﬁ§p@n&énﬁ sréetermargitn

other bl L bN5oPER, £f.boudlet Lt by 20RER . Lo JecuPERI A1)

where B is't nurber bits acket cod
systens,rEH@cBERnlsnuthabmghpmkrmﬁznhﬁjsyamﬂnthe probability of an
errog in a bit is not independent from30 errors in other bits.

Ther ?ore (1) is only a coarse approximation of the PER WD

2008/ 060247 BLleBG200r£806088%n s | suddiey fmaidodw, NGhea PGRASHASEALOE MMDCK

fadi ng el for the DM communi cati,on system 100 i s assune
It is fu ePXBQQSHEH%h%fP:%H‘ée%WPﬁ}S%é F‘PeF@M nMeERAC cRER Do

synmbol anged @cDprenirbel shoerewasketormtited.adinnboehanngks, agescalar

is computed based on the knowledge of CSI. The PER-indicator

15 method is based on the observatien that the PER curves of all
the channel realizations are nearly parallel. Bn indicator is
conmputed which is mapped t¢ the cerresponding distance ({in
dB) from the PER performance in an additive white Gaussian
noise (AWGN) channel. This mapping is done by curve fitting

20 for each combination of the code rate, the modulation and the
information block size. For the (Exp-ESM) method, it consists
of deriving a scalar LOM called exponential effective SNR.
This is the SNR that would be required on an AWGN channel to
obtain the same PER as the communication system 100. The way

25 to obtain this effective SNR is to f£it the mocdel over a
large-enough number of independent channel realizations
according to certain criteria. In general, 1t is difficult to

characterize the PER performance by a scalar parameter.

30 Multiple parameters may be used to predict the PER
performance. For example, a method based on using the post-
detection SNRs may be used to predict PER performance in

MIMO-OFDM systems where each stream is encoded separately.



5 assuned to remain static during each packet transm ssion. The

guasi -static assunption of the channel is not essential. The

enbodi nentwodessisided in the foll ow ng can al so be usedeau/sdros7medsar
update CSI. 10 According to OFDM the -sending circuits 104 perform an
inverse fast Fourier transform (I1FFT) on the signal vector s.

Furt her, C [ ef i nser cyc nser n)., b h
sendi ng gﬁ¥cé§#§ Egngg %rgoge%a 1 éﬁéléﬁ hr%nsﬁggnéd éFéng?e
vect or s ceiraeishentiiagspPER aniemnﬁs ﬁiéﬁ ithersddealingStkecboerslls for
exanple %%ﬁrated froman input data streamwhich is processed by
encodi ng, terl eaving and nodul ati on and then denultiplexed to the
sending circuits 104. Optionally, a transmt spatial processing nmay
be carried out _after denultip Iexmg&r 20 Accordingly, the receiving

f

ci rcu?t s REGEEdppvERBRE B§8| PR rafhcl Qﬁufﬂ@&@ﬁéﬁnPan3PFﬁt @@¢%¢ﬁgon

case thahphhekeck$ng btansgad fPAI1Ms VAR BY the §eesh¥eye 102
carries out the corfesponding inverse operation on the output of the

25 recei dergdéngcuhish1bs, based on rideibsparilaciplocessi 8, 2™n t he
fece'Vede%Eﬁ%§%n¥68£8r Bweﬂ¥ﬁifﬁﬁﬁﬂ¥fq%ﬁ!Qﬂ&%dﬁﬁ t%&r&lé ?exe ul't

of the receive spafial “processing I ere1s on i s nu
denodul atsédcedéitneprkeavkds Eﬁ&jlﬁa@ddedfsﬂma1o@hamum decoderrubtemhs

dat tream.c spgndi n 3 a tr erated
& g Hén§§ go%%iﬁoc anne%ﬁgg%ﬁ%n q?%ﬁtgt Sﬁg}§§?ﬁ ?
O Nf1ntﬁr§ubeﬁbéiemuanﬂplémantéﬂndﬁ)=mdlt1caxwmerlﬁnﬁfﬁnAEipﬁeis

glven by %ers %uc% syg Llé ére SSe:%lggi} Qerl céngg enatlén
schemes. For any particular channel realization, it is
possible to characterize the BER (bit error rate) performance
15 of the iterative decoding using extrinsic information

.transfer (EXIT) functions.

AMC may also be implemented in MIMO systems using iterative
receivers with perfect CSI, wherein the approximation of the
20 BER performance of the receivers is based on an EXIT
analysis. If the error probability of each bit is
conditionally independent from errors in other khits, the PER

can be determined by

25 PER = 1 — (1 — BER)® (1)

where B is the number of bits in the packet. However, for

coded systems, the BER is usually correlated, i.e. the

probability of an error in a bit is not independent from
30 errors in other bits. Therefore, (1) is only a coarse

approximation of the PER.



11/ 1/ where R = R 1/2 RR2 land= S 2i S 2|.represent the receive and
transmt spatial correlation matrices, which are determ ned by the
spaci ng anwotzbés/mvegf e spread of the M MO 10 ant ennas 108;T/sk®B07/000389
the nunber of resolvable paths of thegfrequency sel ective fading
channel s between the transmt antennas 103 and the receive antennas

105 1 aug PRLTEepsoulA), e efpits helng Lodepepdanis apdd e aald v

circul ar Synme dassian distri accordin
NcM al) MEM%UFBMecmsmﬂemhtmrb&yatémpéﬂdems dosudedf eTents vﬁa.inié@rof

1. L-1 Th d 0
Lhi 5 mouspsBRES! ooas et (i et - BRs ek B LAt iah sl
both the,}yags gb%éﬁrsﬁ%ﬁﬂdpém% J ARG V%el%dlﬁst cﬁQﬁnéfé ajie

ant enna spaC|ﬁ etween t ant énnas 103, 105 207 (measured I n nunber

of wayel gaghiied & md Dy émzrcewr\mgaahennpsc&@s Bigh shhi d Difort .hehe
transmt antennas 103. In addition, |et_ the pean angle of arr.ival

(AoA), nEHASARGFRLEF WHHRHD Clobhe FE‘E‘BP% SRghets The

trans”‘teﬁﬂgﬁﬁmg@t§Fméﬁﬁkiﬁédkﬂﬂnﬁﬁé %%l@%wghgcﬁanaﬁﬂséibe used with
respectively. The
regular update ‘csI.

10 According to OFDM, the sending circuits 104 perform an
inverse fast Fourler transform (IFFT) on the signal vector s.
Further, a cyclic prefix is inserted (cyclic insertion} by
the sending circuits 104 before sending the IFFT-transformed
signal vector s via the transmit antennas 103. The signal

15 vector s is for example generated from an input data stream
which is processed by encoding, interleaving and modulation
and then demultiplexed to the sending circuits 104.
Optionally, a transmit spatial processing may be carried out
after demultiplexing.

20
Accordingly, the receiving circuits 106 remove the cyclic
prefix, and perform an FFT. In the case that there is a
transmit spatial processing the receiver 102 carries out the
corresponding inverse operation on the output of the

25 recelving circuits 106, i.e. a receive spatial processing, on
the received signal vector r. The recelved signal vector x
(or the result of the receive spatial processing if there is
one} is multiplexed, demodulated, deinterleaved, and decoded
such that a reconstructed data stream corresponding to the

30 input data stream is generated.



25 actual AoA and AoD are denoted bylir = O + Ornand Pt :?CI + et ,
with O - N(O0,45) and et - No, 66 . 10 Wth these definitions, the

(i,j)-th elements of Rand S are given by R = exp[-j2n(]j - 1)dr cos
(et) - (27t(j) - i)dr sin (0r)G)2/2], S, =exp [-)j27c(i - j)dt cos
(et) - (27C(i - j)dt sin 030302 / 2] . 949J (3) Wien it is assuned that

there is proper cyclic insertion and sanpling, the M MO OFDM

conmuni catlihen fsgsenc0fodeto uHamdihe-dshegdentyt: set egt i aree ahamnel s
into Nf correlated flat fading channels according to a [ID] =

Hklj k[ p] “¥nk[P} - f o'tk L) psubcangiar pnd,thegp-th gy = 04, (-4 §p whér e

a EO is. th ecei ved signal vector (indexed by EXN the
SLB!carriéFEWhﬁg8ﬁ k¥, 9I1I%e is the matrix of 15 conpl ex channel
frequency responses defined in (2), a[p] e Onis the transmtted
nmodul ati on synbol vector with el enents chosen fromthe conpl ex scal ar
constellation S wit —hnhg,fve&ggg power, Ak specifies the transmt
spati aP proddssting (Lf BihertaS) s ‘om&p —&AdknkfH] E CNrois the addit@ve
20 noise with i.i.di=¢i ndependently identically distributed) elenments
according to Nc(O NOI).

1/2,1/2 _l/21/2
1/ B3 =5/ %8

where Ry = and S .represent the

receive and transmit spatial correlation matrices, which are
determined by the spacing and the angle spread of the MIMO

10 antennas 103, 105. L is the number of resolvable paths of the
frequency selective fading channels between the transmit

antennas 103 and the receive antennas 105. H; are matrices

with elements being independent and identically circularly

symmetric complex Gaussian distributed according to Nc@,a%)

15 and are assumed to be independent for different values of 1.
L—-1
The power of Hy is assumed to be normalized by 2: af =1. In
1=0
this model, it is assumed that there are uniform linear
arrays at both the transmitter 101 and the receiver 102. Let

the relative antenna spacing between the antennas 103, 105

20 (neasured in number of wavelengths) be d, for the receive
antennas 105 and dy for the transmit antennas 103. In

addition, let the mean angle of arrival (Aod), mean angle of

departure (AcD), receive angle spread and transmit angle
spread be denoted as er,et,oﬁ, and G%, respectively. The
25 actual RoA and AoD are denoted by 8, = 6, + B.1and

8 =6 + 68, with 8, ~ M0, 62) and B ~ MO, of).



The out put of the receive spatial processing (if there is one) can be
witten as 25 11 where Bk is a transformation representing the.-
recei ve spatial processing. In the following, for sinplicity of
notation, the indices k 5 and p are omtted for the channel matrix H,
the received signal vector r, etc. If tifere was full know edge of the
channel state information at the transmtter 101, the communication
channel 108itH0(tASSSciiaféninions a es t @i )sibcaieirentscofll R 4l S are
deconposquii‘;grpb t hogonal spatial channels by nmeans of a singul ar
val ue deconposition. However, in practice, the know edge of the
channel state information at the transmtter 101 is never perfect.
Thus, 15 (6) where fl is the estimted channel matrix obt%i ned by

zer o-f or ci NnRi9p Ao iRy tolvVBE scAanndbrgst ixgts on®amd.)E/i3, t he 20
estimation error matrix. 2 and E are uncorrel ated due to jhe propeity
of zero-for dipg DEANBEEhaniet cost®mat i@l FEadh s2ZnaPeivedit /61 . E i s
i.i.d. with Nc(0,0e), where the variance is given by ci = E[I 141, -
ni,j 12]. The estimted channel matrix

When it is assumed that there is proper cyclic insertion and
sampling, the MIMO-OFDM communication system 100 decouples

the frequency selective channels into Nf correlated flat

fading channels according to

10
(o] = HrAgsklpl + nxlp]

(4)
fork=D,...,Nf—l,p=0,...,Np—l,

where npl € cNr is the received signal vector (indexed by

the sub-carrier number k), Hy € CNrXNe  is the matrix of

15 complex channel frequency responses defined in (2),

sglp]l € CNHl is the transmitted modulation symbol vector with

elements chosen from the complex scalar constellation 8 with

unit average power, Ap specifies the transmit spatial

processing (if there is one), and nylp] € Canis the additive
20 noise with i.i.d. (independently identically distributed)

elements according to N(0, NgI).

The output of the receive spatial processing {(if there is
cne) can be written as

25

Yk[pP]l = Brxk[pl, (5}



for each subcarrier can be diagonalized by singular value 25
deconposition as = 000(7) XNt where O E CNr XNrand 101 e CNtare
unitary matrices, and 30 6 E CNr XNt is a diagonal matrix whose -

el ements are the WO 2008/ 060247PCT/ SG2007/ 000389 12 ordered singul ar
val ues of the estimated channel matrix ITthe rank Nm of A is at npst
mn(Nr,Nt) and hence at nost m n(Nr,Nt) of its singular values are
nonzero. THese Bal desa tasesflenoiteibrbyepttbehating £hd, recgiNa NpaNake
that the Xj are 5 the ordered eigenval ues of the conplex Wshart
matrix O HORSESIFYINR-{ ii. = Ligif Nr . t AHHIf Nt .. Nt _ (8) 10
In the exanpl e that the conmunication system 100 i s based on singul ar
val ue deconposition, the synbol vector (transmt signal vector) s is
t ransf or méd hemflctlilpkyhag for wiinplimgty of notation, the indices k

5 and p are omitted for the channel matrix H, the received

signal vector r, etc.

If there was full knowledge of the channel state information
at the transmitter 101, the communication channel 108

10 (associated with a certain subcarrier) could be decomposed
into orthogonal spatial channels by means of a singular value
decomposition. However, in practice, the knowledge of the
channel state information at the transmitter 101 is never
perfect. Thus,

15

|
I
a8
+
&)

(6)

where B is the estimated channel matrix obtained by zero-

forcing or according to MMSE channel estimation and E is the

20 estimation error matrix. H and E are uncorrelated due to

the property of zero-forcing or MMSE channel estimation. Fach

element of & is i.i.d. with Ncw,cg), where the variance is

given by Gg = E[| H; 5 - ﬁLj F]. The estimated channel matrix

for each subcarrier can be diagonalized by singular value
25 decomposition as

i = 05¢ (7)

where U e CNeXVr 4ng Ve CNeX*Nt 4pe unitary matrices, and

30 De cNeXNe 55 4 diagonal matrix whose elements are the



matrix V: 15x = Vs(8) i.e. the vector s fed to the sending circuits
104 is replaced by the vector x. The resulting received signal vector
r i s givenybyréskfdnzaThe receive spatial processing consigdsséhoronsse
multiplying r with -H U, which result§ inthe formy =(O+ fi)s +
z(11) 13 Due to the orthonormality oft OH, the noise vector z remains
Gaussi an with nean 0 and variance Nol. The conmponents of y are given
by 5n = pipdered gZhgular valies of the e2fipgteforhpenddiatidanionibdge
of CSI, (12) shows that_.the transmi ssion can be seen as taking place
on a setThe Rapk Nm hr@l el abghevhl BER MwitduaPf BRBARERS. M¥ohever,
when there 1Q is i rfect kno ed%e of CSIé ﬁct‘z?zse ch neeles 48,30

| onger i Hnabn 1D FRIHEG VERRES FE° 1T ot HiagShar® | n
ot her words, there existgs—not only AWGN, but al so cochannel.

i nt er f er eneede@erd frvm/dt h&orchafndl .- Nm - Note that the A are

5 the ordered eigenvalues of the complex Wishart matrix #

given by
o |aAF dew, < W
W=q . (8)
A8 1if N < W

10 In the example that the communication system 100 is based on
singular value decomposition, the symbol vector (transmit

signal vector) s is transformed by multiplying it with the

matrix ¥:

15 x=1¥s (9)
i.e. the vector s fed to the sending circuits 104 is replaced
by the vector x. The resulting received signal vector r is
given by

20

r=00s+8Vs+n (10)
The receive spatial processing consists of multiplying r with
ﬁH, which results in the form

25

-~

y=0+Bs+z (11)



15 It is assuned that the CCl termEE,isj is Gaussian j#i

di stributed. The signal-to-noise ratio (SNR) Ti for the i-th channel
(i =i s defwoegosagozar 20 I n one enbodi nent, the receiverpchR:206R50389

iterative decoding for decoding the received signal vector processed
by receive spatial processing y. lter ad ve decodi ng for coded

M MO- OFDM systens i s based on exchangi ng extrinsic soft information

25 bet weenet ke MMOorershyenaldeyossl @ orinhatngash wihear 1 eenandst he
soft-input soft-output (SISO decoder. For each subcarrief, there are

m\m t r an§aiusisédncudel bees Gszerdiwuihrwie Woilhe Theccempgnentglaf,y
where m= 10g2(M denotes the bits WD 2008/ 060247PCT/ SG2007/ 000389
14 per Ma&ey I&RFPBYul ati on symbol (assuming that QAMis used for
nodul ation). The receiver (denodul ator) generates extrinsic log-ratio
on each coded bit which is given by P(Yi | si)pa(ci,i) si:ci,j.,
5 yi = (\[?Z + '-':‘:i,i sy + Z Ej,isj + 24, fori =1...,Np (12)
J#i

For perfect knowledge of CSI, (12) shows that the
transmission can be seen as taking place on a set of Ny

parallel equivalent (virtual) channels. However, when there

10 is imperfect knowledge of CSI, these channels are no longer

independent due to the fact that Q%—@ is not diagonal. In
other words, there exists not only AWGN, but also cochannel

interference (CCI) from other channels.

15 It is assumed that the CCI term 2: éjiSj is Gaussian
J£d
distributed. The signal-to-noise ratio (SNR) ¥4 for the i-th

channel (i =1,...,Np) 1s defined as

~

yi = 10log — (13)
Np + Npoe

20
In one embodiment, the receiver 102 uses iterative decoding
for decoding the received signal vector processed by receive
spatial processing y. Iterative decoding for coded MIMO-OFDM
systems is based on exchanging extrinsic soft information

25 hetween the MIMO receiver (demodulator) at each subcarrier
and the soft-input soft-output (SISO) decoder. For each

subcarrier, there are mi¥ transmitted coded bits associated

with the vector y in (11}, where m = logp(M) denotes the bits



Ad,i =1og p(yi I si)n pa(ci,i) si: ci, j =01#} 5 where pa(cd,l) is
the a priori probability of the coded bit ci,1 obtained fromthe
out put of wbeodslos@4gecoder. This ext rinsic information dcarddaeny/opessed

on to the SISO decoder as a priori H#F i nformati on. The SI SO
decoder for exanple 10 uses the BCJR gorithm and outputs extrl I’ISI C
I nformati on for the_code I ts, hlsthenfor g othe
recelverpﬁﬁeWDBHVaQ%M)mo %F%ﬁﬂnﬁ é&'éﬁ PP@FBElgﬁ g@%

i terativeodemedungtid®) Wikwutedsd NG aidevalone adeepnpentth s the
maxi mum a posteriori (I\/AP) recei ver for the received signal vect or r

at each S#b&EAPELer LPg-Frvkh By o3l Icogied patchirh1dF HY9y PY pin
pa(ci,i) si.0 (15) 20 e ex nentlhﬁi comput ati onal conpl exity of
(15) has led to research,on ¥ 'obts'fL PT®Wyldonpl exity SI SO receivers
based on soft interfsyepcp=rancel |l atlizgn. These receivers are based on

the combi n&ﬂ,pf&o%—Werference 25 cancel {4,
For each transnit antenga i, Pthel Sotl leRtFites for si may be
conputed by WD 2008408Q24FPCT/ SG200#:000389

5

where pakgql) is the a priori probability of the coded bit
ci,1] obtained from the output of the SISO decoder. This

extrinsic information is then passed on to the SISO decoder
as a priorxi input information. The SIS0 decoder for example
10 uses the BCJR algorithm, and outputs extrinsic information
for the coded bits, which is then forwarded to the MIMO
receiver (demodulator). This completes an iteration stage of

the iterative decoding.
15 Without singular value decomposition, the maximum a

posteriori (MAP) receiver for the recelved signal vector r at

each subcarrier is given by

> pizlo]] pa(éi,l)

- sy:cy =1 1#j
Ai 4 = log T3 ] (15)
r] a
> pzl o]] pet,1)
sj:cj 4=0 1#]

20
The exponential computational complexity of (15) has led to
research on suboptimal, low complexity SISO receivers based
on soft interference cancellation. These receivers are based
on the combination of a linear filter and an interference

25 canceller. For each transmit antenna i, the soft estimates

foxr s; may be computed by



15 =(16) si ES where pa(si) is the a priori probability which is
fed back by 5 the decoder. After cancellation is perfornmed, the soft
out put is wouversoeyz4t17) 10 where ji = [F".1,...,0i _1, Ghdrisezoo7/o03dbm T
are the soft estimtes conputed accorgisng to (16). Next, in order to
further suppress the residue interfer&nce in fi, an instantaneous
linear filter may be applied to gi. 15 A popul ar choice of such a
linear filter is the MVBE filter. However, the follow ng anal ysis and
t he enbodi pents theﬁ,{%&venti on described in the followi ng are 61'630
applicableStdt ned& e ati o combi ning (or the matched filter()
recei ver where spieS& 20 The MVBE filter is designed such that it
mnimzes the nean square error al wwn_ -Ea 12]. As a result, the
filter vector -1 wids obtained as 25w NO) Eel. -1 (18) WO

20081060%§gggj£§£299£éQ:qg%?;%%ori probability which is fed back by

5 +the decoder. After cancellation is performed, the soft output

is given by
% = Hs-5)+Es+n (17)

10 where § = ﬁlr---réi—1r0r§i+lr---r§NnﬂT are the soft estimates

computed according to (16). Next, in order to further
suppress the residue interference in %, an instantaneous

linear filter may be applied to % .

15 A popular choice of such a linear filter is the MMSE filter.
However, the following analysis and the embodiments of the
invention described in the following are also applicable to
the maximum ratio combining (or the matched filter) receiver
where wi = Hej .

20

The MMSE filter is designed such that it minimizes the mean
sguare error E[]y?;i-—si P]. As a result, the filter vector

wilis obtained as

_..1 .
25w = (BwA" 4 oI)  fer, (18)



22 whereDiag(cr12' " ' ai-1'" 1' ai2+1" ' ' alit) and ei is a
Nt - di mensi onal vector of all zeros except for the i-th el enment which

is 1. The warv@mee4gi Ni s given by 2- 2 5a. = Edcrie2dionessy
Pa(si)- si Si e S (19) The output of. the i-th filter is then

approxi mat ed by an equi val ent AWGN ch% nel having si as its input
synbol . This equival ent channel_is represented as 10 = aisi + bi, (20)
wher e aiywhsrd hg; &qm'j_\é@k@%;t. .arnai?i_tludpclfl_l; he. ,sdr%n)alanain@it He noise term
bi is a Gaussian randomvariablé with*Zg&ro neant 15 and vari ance a2 .

The par ael §fife,Ali MMl A% AR CHTRYLCePYsbiRieft Abr rand 20,

element which is 1. The variance ciﬂs given by

5 o= 3 Isg PP poPss-13 P (19)
s; €S

The output of the i-th filter is then approximated by an
equivalent AWGN channel having sj as its input symbol. This

equivalent channel is represented as
10

H = ajsi + by, {20)

where aj is the equivalent amplitude of the signal and the

noise term bj is a Gaussian random variable with zero mean

15 and variance c%.. The parameters aj and Gi- are computed by
1 i
aj = w;Hei, (21)
and
20
c = a-4—o2wHw- (22)
by 1 e=i=i-
The SNR yiifor the channel is
:
25 yi = 1l0log > > (23)
aji t OgWyW, —ay



22 H abi

= ai + The SNR yi.ofor the channel is 25Ti = 10log (23)

2H a+ 2iaew. w. -1-i al WD 2008/ 060247PCT/ SG2007/ 000389 17
Extrinsic wof@ésmRéds®n is given as )Jexp(- |- si F/ (3, Z3ysdz067@03s9

si:c:4j=11 -

10

15

20

25

17

EBxtrinsic information is given as

D, exp (* | % -8y °/ 0120:1) IT #%ei,1)

- sy ici 4=1 1]
A4,5 = log =] ] : (24)
Z exp (— b4 — s [2 / G%’i) H pa(cirl),
si:cq,5=0 1#]

In one embodiment of the invention, an adaptive modulation
and coding algorithm is carried out. This algorithm is based
on a packet error rate prediction wherein the channel

estimation error may or may not be taken into account.

- A method for selecting transmission parameters for a data

transmission according to an embodiment of the invention is

illustrated in figure 2.

Figure 2 shows a flow diagram 200 according to an embodiment

of the invention.

In 201, a data throughput is determined, for each of a
plurality of transmission parameter settings, that is
expected when the transmission parameter setting is used for
data transmission, wherein the data throughput is determined
using a pre—-generated mapping of transmission parameter

settings to data throughputs.

In 202, a transmission parameter setting is selected based on

the determined expected data throughputs.

The transmission parameter setting is for example selected .
such that the expected throughput is maximized. In one

embodiment, the data throughput is determined from an error



Il pa(ci,i) 1# (24) exp(- | -Ea F /GO fl pa(cix: 10j 5 In one
enbodi nent of the invention, an adaptive nodul ati on and codi ng

al gori t hmywe 20@6622¢l out. This algorithmis based on a wagkehoA0iRS
rate prediction wherein the channel estimation error nay or may not

be taken into account. 10 A nethod fof® sel ecti ng transm ssion
parameters for a data transm ssion according to an enbodi nent of the
i nvent i oreties thialtudsr axpecitadf vheRetlpe transipspic® PadEsREes FRbWNI

di agram (&C%I’Oq.l t&g taotggngﬂgggigg@pt 15 of the invention. In 201,
a data th rou put etermn for each of a plurality of

transm ssi on pararret er settl ngs, that is expected when the

transm ssi on,.harane n e n ssion,
wher ei nsfl}?e atra thr guéﬁp [L“)E Qx e(?n(?en% ué?endjq}asq&trgg%g %r at ed
mappisng gefnetda&laasim,@lpdngpalfateaesmsmicprngmntaonei:aIa sefrtdaglspibserxor
In 202, a transm ssion paraneter setting is selected based on 25 the
determ n?d:ee'&pect ed data throughputs. The transm ssion paraneter
setting is for exanple selected. such that the expected throughput is

maxi m zed. I n one enbodi nent, the data, throu ut i.s determned. from
an errorThWI?@@WGG?HPé?F@%’EBE??%EWr& ﬁgqegqlﬁgt 54 s &B@EFeﬁ

}[A/nen the, tyARYE $3-9F RALATBbAELSSLAE NGE | BhaISeitd Aratdid ssion. The
ransm ssi on.
10 target error rate constraint is for example cbtained from a

Quality of Service constraint of the data transmission.

The target error rate constraint is for example a limit of
the probability that the actual error rate exceeds a pre-

15 specified target error rate.

Tn one embodiment, the pre-generated mapping of transmission
parameter settings to error rates is implemented by using a
look up table pre-generated from the simulation results.

20

A data transmission is for example carried out using the

selected transmission parameter setting.

The transmission parameter setting for example defines at
25 least one of a data transmission mode, a coding rate, a

constellation size, a modulation type, and a coding type.

In one embodiment, the expected error rate for a transmission
parameter setting is an expected packet error rate for the

30 transmission parameter setting.

The pre~generated mapping of transmission parameter settings

to error rates is for example pre-generated based -on an



The error rate is for exanple determ ned using a pre- 5 generated
mappi ng of transm ssion paraneter settings to error rates. The

transm ssiwp @My er setting may be sel ected subject g/ bh@i@eio
error rate constraint of the data tranggi ssion. The 10 target error

rate constraint is for exanple obtained froma Quality of Service

constraint_aof +t.he ta.transm ssion. .. The target error rate

const rai M3 ¥t B &Mt 516 MfopPathy p#%ﬂé%%ﬁ Yy that “Fhé&€act ual
error ratseaxcdeds data ectbrapagi toethd argaie g triremikBiene
enbodi ment, the pre-generated mappi ng of transm ssion paraneter
settings RIS SHE<Y98 i npl emented by using a | ook up table
pre-generated fromthe sinulation results. 20 A data transm ssion is

for exanple carried out using the selected transm ssion paraneter
setti®g. For expa@leratds p¥poreparabed craring Rf fidenerdssiendefi nes

at 25 | egst, 408 O 2t4ahgst £BNSPESS| Lo JD G ﬁ:&—%‘@ﬂé&a&%ﬁebxaone

constel lation size, a nodulation type, and a codi'ng type. |
enbodi mreraimulizd ioxpedhed peergenentecd orarp inamshitgsinemipaianet er

setting i e ; k f.o rnansni.ssi on
par anmet er- se fﬁ%%:%%&%19%88?86555gécé%%%§dﬁ%ﬁ%%gfggm%ﬁ%aﬁg%ysis of-
ext ri nsi cyardmertest ifoont thesbémnulat hon eossnldrs ac einnvieg fdatanggcergi ng
to t res tive transm ssion.paraneter settings. Eor_exanpl e, the
br e doner il ad T Ro PRy PR Suttt o el artrgent §o8R ot
rates is pre-generated by sinulation. The pre-generated mappi ng of
transm ssi,on paraneter settings %o error rates is for

s%ﬁﬁ%éggo

exan‘EI e
pre- gener m-th&e ReHATS MY Qf VoG forngifiegent

transmission parameter settings. In one embodiment, different
curve fitting functions are used for different signal-to-
15 noise ratio regions for the same transmission parameter

setting.

In one embodiment, the transmission parameter setting is
selected by a first communication device and a specification
20 of the selected transmission parameter setting is signaled by
the first communication device to a second communication
device to be used for a data transmission from the second

communication device to the first communication device.

25 The data transmission is for example a data transmission in a
radio communication system, e.g. a multiple-input multiple-
output communication (MIMO) system, a multicarrier (e.g.
OFDM) system, a multiple user system (e.g. OFDMA or CDMA) or
any wireless communication system with intersymbol

30 interference (ISI).

In one embodiment, the transmission parameter setting

specifies a number of spatial streams to be selected for the



10 by fitting a polynom al function to the sinulation results.
Different curve fitting functions nmay be used for different

transm ssiwp p@ve@may er settings. In one enbodi nent, di fécEmsgoRIc6ILe
fitting functions are used for differ signal-to- 15 noise ratio
regions for the sane transm ssion paraneter setting. In one

enbodi nent, the transm ssion g@;aneter setting is _se ectedapxna first

communi c&Eit8n taBUPRES SR 228Dt | [T B SB o5¢ Pﬁﬁ&%&&?% g 1is

transm ssic0@cpanapBEed SRt4 i iV Sol Gnala@ddedt ReahnsssgeaMuUNi cation
device to a second conmuni cation device to be used for a data
transni s PPSANEESIH PRELERE oMRF O RAMIISHIGH "GN PUE T EB PRt RPSL

comuni caliseR 1 Je¥HCR1 + RO Hb e Sl Aofd 18N FE 18Rl keah8hig¥apR!l € a data
transm ssion in a radi o communi cati on syst em e. gﬁba mul ti p| e-1 nput

nul ti | epasamptiercoRkEhIE at VRALIIV Nibe $jiteining trcanrfriedese. g.
OFDM) sy )t i éﬁg% . i any,
mﬁreIessi%ggkﬁ%Fgg#i%ﬁéggg?gigmﬁt:£¥%%g¥g§ﬁggpkggg?ﬁter%e?@%%e (rsr).
WO 2008/ 66624ZPETE 562607/ 000389 X stwttd atlr shsriwsi 0A maddt hkan

transm ssi on_parangeter, sefii 1S . sel ect b A.@sRLevi.
selectedaFFﬁﬁgﬁngfgn{%%rééégéédégﬁtﬁeg§€§%$ g§§g8ﬁgggé$%iééggﬁégér

swi t chi ngettathhg.associ ated with the previously selected transm ssion
5 paigneter setting, wherein the switching table includes information
about~ characteristics of the data transm ssion when a different

nunber ofregpakhabl8} r eREBchSraSask 1R AQFORBENgata thenpheys Dus! s
sel ected transm ssion paraneter setting. 10,
the robustness of the data transmission or the expected

throughput of the data transmission.

15 The transmission parameter setting is for example selected
from a set of candidate transmission parameter settings
generated based on a look-up table which is generated based
on at least one of a transmission parameter setting used for
the transmission of a received data packet, the signal-to-

20 noise ratio of a communication channel via which a data
packet has been received, the number of transmit antennas and
receive antennas used for the data tramsmission, and the
capability of the transmitter and the receiver involved in
the data transmission.

25
In one embodiment, the pre-determined mapping function uses a
post-detection signal-to-noise ratioc as input. For example, a
plurality of spatial streams are used for the data
transmission and the determination of the post-detection

30 signal-to-noise ratio comprises at least one of grouping,
sorting or averaging the signal-to-noise ratios of the

spatial streams.



For exanple, the characteristics of the data transm ssion is the
robustness of the data transm ssion or the expected throughput of the
dat a transwioessmeo24i5 The transm ssion paraneter setti ngschevo003s9
exanmpl e selected froma set of candidgye transm ssion paraneter
settings generated based on a | ook-up table which is generated based
on at |east _one of a transm.ssion r ter tt|n se

transm s Foﬁn8$h§rr%%%ﬁéhﬁFQEﬂza[? 5? ?hgf 6%3Fg%o gE??Eﬁ%éSF%tIO
of a conpunkreattonothhaddel veyinidireis aréa'uaeﬂaﬁbet thasdiesn recei ved,
t he nunber of trapsmt ntenn and recelv anten sed for the
data (1 aREANSEEBALSANRLhe: T At TRy oS FEAPFENSnARE SR A T he

receiver gk pyakx¥gd ff‘oﬁlh@m@&hﬂnﬂéﬁwnr%@e@ﬁe 3atbAngBe &nboghdeiio~ t he
pre-determ ned mapping function uses a post-detection signal-to-noise

rati o asnPapat ra’Fb@ Byl els 35 ERm fj?téffméﬁéflgth%P%%Frsd%eé’t&?@d

for the gg}%ﬁay_ggslq&s_%%@l@ the deternination of the post-detection
30 signal-fo-noise ratio conprises at |east one of grouping, sorting

or averaging the signal-to-noise ratios of the spatial streans. WO

2005 OPVRALTELRGRO0LIONNED Al N LheL ebadLIRals BaPrir Al LY O

transm t “antennas an ity O?E%I’ECEI ve ant gnnas are used fo

t he dat ackaapde sarn:qecarmi;t idy thelanantieanshissdpsntonhntbherasasg s
diff ent iro ge nunb S of rgeceive antennas, a signal-to- 5 noise
ratl of & Pslr%a §2dF ot W&t%rti ni ng the post - detection

signal -to-noise ratio. The nethod described with reference to figure

2 is for_. exanpl e car |edoutb,a,datatan 1 SS] cont IIer
2s 10 i | FAGEFSE dcShove | A = CHIGHT S S4O8n BRBEACUARE £ Arer

control | e 380cAB6QIMLRE 40 B arbeditT®nt. of the invention. 15 The
data transm ssion controller 300 includes a determning circuit 301

configured to determne, for each of a plurality of transm ssion

par ap@t ephaelih k98 raRsHfd & SR € 300 RAseddeR andexsrifithg
error rate) that is expected when the transm ssion paraneter settl ng

i s used FdrcaiBaBlloecrimsindsiometmariorn fre aack PhrawRHpRLTY
determ ngg egaﬂgmﬁ B{&n gonaraled: NRARIAGSOf at HARAM:ARLAGNPRE ABILS
settings to data t roughputs
based on an expected error rate) that is expected when the
transmission parameter setting is used for a data
20 transmission, wherein the data throughput is determined using
a pre-generated mapping of transmission parameter settings to

data throughputs.

The data transmission controller 300 further includes a
25 selecting circuit configured to select a transmission
parameter setting based on the determined expected data

throughputs.

A circuit can be a hardware circuit, e.g. an integrated
30 «circuit, designed for the respective functionality or also a
programmable unit, such as a processor, programmed for the

respective functionality. A processor may for example be a



The data transm ssion controller 300 further includes a 25 sel ecting
circuit configured to select a transm ssion paraneter setting based

on the detgpsadoRxpected data throughputs. A circuit gakddfooeossy
hardware circuit, e.g. an integrated 30 circuit, designed for the

respective functionality or also a pr amabl e unit, such as a
processor, programed for the respective functionality. A processor
may for &I&Fpllgegaced WIsDDOSY DB BEAPCHMRIEGE// GE938959Y & Sc CISC

(reduced (iNngHAWGH QB $ELL EONPILEr oGRS SOr or a C SC (conpl ex

instruction Set conputer). The data transm ssion controller 300 is
for exanple part of a 5 comrunication device 303, for exanple a

conmmuni cati.o Vi . i | ion s e
CFDM com%rfﬂlr?i ggg?‘olﬁg%g{%gﬁ?{%ﬁe@%;i a ;ngl?trgiosgisoﬁ%%o%?ﬁ %rﬁ%%%l\g(%ora
t he chmubimoaniocatidnddevies 3DB), niyr faxanipdre iancoudenacst hmsndditiare

transmtti dat.a according tp the selected tra 1.SSI par anet er
setting G 8 GAIEPAGOTREP LT L AT IS of FAFANEFEY setting to
anot her c¢egmunieation g¢yt&r. as transm ssion paraneter setting to be

used for a data transm ssion by the other 15 conmmunication device. In
the follow ng, an enbodi nent is described where for determ ning the

expect ed tghat dathr eWaRBHL 8516 NSt 18ILO300at R dhe deithAl fethohi ch
are in this exanple expected 20 packet error rates (PERs). For this,

the pPoceesing 8P3)hmayeberiier sityHalde) ectigansmistassErapedl thintr e
detail wighh E@Bgﬂﬁﬁgteoftﬁ%”§éfbcted + i@ 4 03N PWS afeter sett:i_n%e

denodul ati on/ decodi ng system 400 according 25 to an enbodi nent of t
i nventi o@r signaling the selected transmission parameter setting to

another communication device as transmission parameter
setting to be used for a data transmission by the other

15 communication device.

In the following, an embodiment is described where for
determining the expected data throughputs, expected error
rates are determined, which are in this example expected
20 packet error rates (PERs). For this, the processing of the
received signal vector r is described in more detail with

reference to figure 4.

Figure 4 shows a demodulation/decoding system 400 according

25 to an embodiment of the invention.

The demodulation/decoding system 400 is for example part of

the receiver 102. It receives as input 401 the received

signal vector r from the receiving circuits 106, oxr, if there
30 is receive spatial processing, the spatial processed received

signal vector y.



The denodul ati on/ decodi ng system 400 is for exanple part of the
receiver 102. It receives as input 401 the received signal vector r
fromthe r@oevosioggeaci rcuits 106, or, if there 30 is regatys:29@@hiRd
processing, the spatial processed recg&yed signal vector y. WO
2008/ 060247PCT/ SG2007/ 000389 23 The denopdul ati on/ decodi ng system 400

i ncl udes denodyl ator 4 and, a decaoder 3., The input 401.is fed to
t he denod aF@Poaﬁgaﬁﬁﬂn?ﬁﬁpﬁéh?ﬁuS%ﬁt%%édjeﬁB& FQFSra46§m?§u$@H”io
the decoden 483. aNateoctbat sbhereharmnhe aodedisnifenl eavehe5 processing
t he out put of the denodul ator 402 before it is fed to the decoder

403. Thi §emedyAptrEd4forarf nphe cPulputnnd Fosodsmacilakes #3214y fed
exanpl e & MNP deppdulatos. and:d hehfdeqodsle 483 be EOHeLXARPEEadved SO

decoder. 10 The denbdul ation/decodi ng system 400 may perform an

i terabi verpressssnghef ovkeut nphittlro Hengdudaken A2 Bedprechl is fed
descri ptian vepgengg; 15 behaviary ¢f, ansitetatiye decodi ng
aIgorith#?igﬂ%iégﬁogggeg?ri2§$%§?H$ornat?§h Pfané %r ?ExyT) charts.
The denodul at or 402 and the decoder 403 may each be characterited by

a nonlinear EXIT . functio f.outual infarmati fQr bj 0
C O o BRI hREL FoReR R PO 0 BlnBooges Py R
recei vi nglecoteti 483106, fexptaamel: abBIS0 caacdernodel ed as nmul tiple

virtﬁgl AWGN channels with SNR given by (13) and (23), respectively.
G ven“the distribution of the extrinsic information of the decoder

403, the kYl fchdatt hBhonf débestng 5s v tdnalo oc hagneks fbsmdesn ci t &t dne
de = f(da, y)(25) where de,is the extrinsic nutual information of the
30 denodBFEEEESADY, °fatie tPRMa Piori nutual information which may
be fromthe decoder 403, and y is the SNR of the respective virtual

channel .
A convenient graphical description of the convergence

15 behavior of an iterative decoding algorithm is given by
extrinsic information transfer (EXIT} charts. The demodulator
402 and the decoder 403 may each be characteriZed by a non-

linear EXIT functlon of mutual information for a coded bit.

20 PFor both SVD and MMSE based MIMO-OFDM systems, the output of
the receiving circuits 106, explained above, can be modeled
as multiple virtual AWGN channels with SNR given by (13) and
(23), respectively. Given the distribution of the extrinsic
information of the decoder 403, the EXIT function of these

25 wirtual channels 1s described by
de = flda, 7 (25)

where dg 1s the extrinsic mutual information of the
30 demodulator 402, d is the a priori mutual information which
may be from the decoder 403, and y is the SNR of the

respective virtual channel.



WD 2008/ 060247PCTI SG20071000389 24 The EXIT function f is for exanple

obtained b -Carl o sinulation. Exampl es for EX| T functions
for differéﬁ%%ﬂ%ﬁggztions are 5 shown in figure 5. Figd%gw%%@%%mgwg

function graphs 501, 502, 503. The fuBétion graphs 501, 502, 503 are
shown in a coordinate 10 system 500 including an x-axis 504 and a
y-axi s 59he HNET XF@diSi @0 disndbe eabmeipoadsalned ey IR wndCafie
y-axi s coordjnate corresponds to de. The first function graph 501

gi ves a PEPPrAGI?Tom SNR to de for an AWGN channel (i.e. a channe
with additive white Gaussi an noise) for which QPSX 15 and G ay

mappi ng are used, the second functiaon graph 502 gives a mapping from
SNR t o dBxaBPles MAENEXhafisictionswhrenhdt fEﬁRPEﬂH°@§%ﬁF%ﬂﬂ%iﬁ? are

used @andgf ben t D r € qggng_on graph 503 gives a mapping from SNR to de
for an A%NGN channfejjf& or whi ch 64 QAM and Gray mappi ng are used.
da is assunmed to be 20zero. Together, the function graphs 501, 502,

503 can n j fr esgf npgyl athon and SNR to de.

25 The ngqﬁfﬁn%?ggﬁqof {hggégE gkxgog ?é g?vén %"ce = g(ga) (26)

where ca is the a priori mutual information fromthe 30 denpdul ator

402 25, [he| pLoriptd o dd Bt NS4S mBeY! aLer shBh SiR ¥ A lasgause
10 system 500 including an x-axis 504 and a y-axis 505. The x-

axis coordinate corresponds to the SNR and the y-axis

coordinate corresponds to dg. The first function graph 501
gives a mapping from SNR to do for an AWGN channel (i.e. a

channel with additive white Gaussian noise) for which QPSK
15 and Gray mapping are used, the second function graph 502

gives a mapping from SNR to dg for an AWGN channel for which

16 QBAM and Gray mapping are used and the third function graph
503 gives a mapping from SNR to dg for an AWGN channel for

which 64 0AM and Gray mapping are used. dp is assumed to be

20 zZero.

Together, the function graphs 501, 502, 503 can be seen as a
mapping from type of modulation and SNR to dg.

25 The EXIT function of the decoder 403 is given by
Ce = 9(ca) (26)

where ¢y is the a priori mutual information from the

30 demodulator 402.



the output of the denodul ator corresponds to the nultiple virtual ~
AVGN channel s whose EXIT functions are given in (25). 5 Hence, the
distribution of the a priori log-likelihood ratios is a Gaussi an-
mxture NfFNmID(A ¢c) = ENf Nmi=1 (27) - 10 where ¢ = 1 denotes the
bit value, gi = J1 (dai)/2 and J(2g)Q gsdefined by J(211) ="1 - exp
[-(x - 11)2 /7 4] R log2[1 + exp (-z) ] dz(28) 15 Therefore, the

nut ual i NfYMAhifeRNh S 1 8n CORGH SLIRN AR 1220 T BNdO yaFd &2 A chuke
N(x11, 211) where x i s an equi probabl e binary random variable x E {1}.

Fur t her nortdhe thepper bér e céernddu e dit eratriegeodéds ote nigharayu e 2@

| uat ed _hy . rel F h d d
convol Ut i O 0Bt b BERRe o At € CPBER ™ ey T A e Lh (25
approximated by PER =1 - (1 - CBER)B/(29) 25 where BIS the |l ength

of a data packet nd CBER is the coded bit error_rate (BER). In this
exanpl c?%“fet'hé Er FOPEEVRIME LR (I 1Ty Ph P 1P L cUneT HerR i homse TeBERS

funCtion Ii%$ ekatediha hdxbyre

NfNpy
pA | ©) = D Ncui, 2u4) / Ng / Ny (27)

i=1

10 where ¢ = %1 denotes the bit wvalue, M = J_lwai)/Z and

J2Wlis defined by

Jew =1 - [expl-z - w* / 4/ pllogyll + exp(2)] dz (28)

15 Therefore, the mutual information is a consistent Gaussian
random variable A | x ~ Nxi, 2l) where x is an equiprobable

binary random variable x € {Zi}.

Furthermore, the performance of the iterative decoding may be

20 evaluated by relating it to ¢5. For example, the coding is

done by convolutional codes. The packet error rate (PER) may

then be approximated by

PER = 1 — (1 ~ CBERE/ ® (29)
25
where B is the length of a data packet and CBER is the coded
bit error rate (BER). In this example, only the error event
with length ©» is considered. The CBER function is related to
Ca by
30



WO 2008/ 060247PCT/ S&2007/ 000389 26 CBER = 4bEi nR(2a)(30) The function
f(2a) is obtained by sinmulation followed by curve fitting. To be able

to descrihﬁogaﬁg%&ﬂption 5 approximately with reasonabhﬁgﬁﬁgﬁgﬁﬁﬁéy,

the dinension of ca or the SNR is reduced. Reduction in
(in other words, resolution or accurag$) is for exanple done by using
a uniform quantization of four levels. This nethod is nore accurate

than just ¢EikRng f-heri@an of ca. 10 According to one enbodi ment (38)
mappi ng of transm ssion paraneters to packet error rate is
pre-generated. For exanple, the mapping of the type of the nodul ation

to de a illustrated, in fi.g > LML hi Vs
t he SNRSTI%e uanscéllr#%lut Bﬁ?‘%}e-lgeléﬁeg}%gg ggha}ﬁ% %ﬁ% e,r?t%eﬁggg%gct gd

error rage-fOrsitishd yne de mpdel abi agstsivet e nasktiar this, for
exanpl e, the function fcBER is pre-generated, as nt j.oned ,f or

exanpPl e BYPEPFAMHRGIoh WHifd: GHAFOPAPLEI RGP AR 2y rﬁgﬁt sdogs8§ £s
determ ne the for a certain transm sSi efr.: i.ng. From
t he CBERY h’giee e GEEES -e ech}%g?g ?r%yg{}ﬁen e %a{lclﬁlq%glg using -
(29). AsygrdexargdSlutith casadamraeysi der Edrt Emanple domnni catingna2s

system 100, is a M MO OFDM systempwth a rate _1/2 co voc%)u.ti onal code
o th 160 e QIS O FoindB Py S nBELR, SR A SR ¥eengr b
is eithegc4090 Or+18486;hid akiher ehar peblh 5£64,subcarriers and the
channel s have L = 6 resolvable multipaths. For the correl ation

matriicces S and R, 30 it is assuned that dr = dt = 1/2, O = O = 7c/2

and According to one embodiment, a mapping of transmission

parameters to packet error rate is pre-generated. For

example, the mapping of the type of the modulation to dg as

illustrated in figure 5 (in this example also having the SNR
15 v as input) is pre-generated gnd using do, the expected

error rate for this type of modulation is determined.

For this, for example, the function frpgpr is pre-generated,

as mentioned for example by simulation and curve-fitting, and
20 may then be used to determine the CBER for a certain

transmission parameter setting. From the CBER the expected

packet error rate may then be calculated using (29).

As an example, the case is considered that the communication
25 system 100 is a MIMO-OFDM system with a rate 1/2
convolutional code with 16QAM. The interleavers are randomly
chosen. The packet length is either 4090 or 8186 bits. There
are Nf = 64 subcarriers and the channels have L = 6
resolvable multipaths. For the correlation matrices S and R,

30 it is assumed that dy =dy =1/2, 6 =6 ==n/2 and

20% = c% = m/16 for all paths.



== nl16 for all paths. WD 2008/ 060247PCT/ S&2007/000389 27 Two
channel realizations are considered which are fixed throughout the

packet traRgthssisdy S nmul ations of these realizations pdddtagddoodsh
whi ch the average PER perfornmance 5 iégdeternined, show t hat the

si nmul ated PER performance follows clo$ély the performance predicted
by the EXIT analysis (GW4). Wen the channel estimation error is
i ncluded, there is an error margin of around 0.4 dB. This error

”Hrgi nisg aeﬁggn%%lféa'lpyaﬁl%s%%%easaee&ew R Lo AD ofydde CC

in (12). servations can be nade wh IMVSE receivers are
used. Asthngu@mu’ex@hmlzeack&te teasemiissdonsi dénedathens it Hheseket

transm ssig 0 n i ]‘f%]%%%
random y anglggggﬁg% H??fﬁn$hg%P§E§% g%n§ﬂ3£Q%§P%%§ rom ahce
si nulfat i dasdagatmidead, ovisow s yhiehelmaﬂhbedaﬁﬁﬁ peefbmagde n t he
above e ment _ysi I Si_S when r t | umed.
When thSQEﬂgﬂ%%ICtéﬁé$k$%§ﬁ1p%ﬁ¥ mﬁ§cgoﬁ e?é%g 2% é?rg?aﬁgrgln of
around 0a35Us£an(de-opseainead thidbchaneel Eetlh&tﬁ@mvennhseﬁwatlons

al so hold for the MVSE receivers. Finall, ¥l gfhe ca f Sd\ﬁ' sed
M MO- OFDWPSYeEets WieFe vhie\Adh STo@d 2erenhi 8 caﬁg\l d4 onger

streams @igoRDMMt@! z?dli)ycaﬁfs(a%i\/ln&&qllgzhgyvmléecaaagﬁalbyaﬁ&%hﬂma?qrohect

channel 25 estination is assuned. From sinul ations where the PER
per {6t mangether Cef f¥rr B patiEtl are AEERTHARABADERD 0F° RN IAST

measur edMHgEcgg be.seen that-dfe sinmulated PER performance foll ows
closely the per ormance predicted by the EXIT anal ysis according to

t he enbodi nent descri bed above. 30 An exanple for the selection of

e Aol ek e P R 000 SIRSL PR il gt
transmission encounters a channel realization which is chosen

15 randomly and independently. The PER performance gained from

simulations again follows closely the performance predicted
in the above embodiment using EXIT analysis when perfect CSI
is assumed. When the channel estimation error is considered,
an error margin of around 0.35dB can be observed. Moreover,

20 the above observations also hold for the MMSE receivers.

Finally, the case of SVD-based MIMO-OFDM systems with uneven
modulation is considered. The stronger streams are modulated
by 640AM and the weaker ones by 16QAM. Perfect channel
25 estimation is assumed. From simulations where the PER
performance for different packet length and number of
antennas is measured it can be seen that the simulated PER
performance follows closely the performance predicted by the
EXIT analysis according to the embodiment described above.
30
An example for the selection of transmission parameters
according to an embodiment of the invention is described in

the following.



28 For exanple, the setting of transm ssion paraneters is carried out
by the receiver 102 and the transm ssion paraneters relate to the

usage of t W@ 64T cation 5 channel 108, for exanpl e theddspe 00é3se
nodul ati on used, the type of code or the code rate, constellation

size, or transm ssion node. The net hod®for setti ng the transm ssion
paraneters in this 10 enbodinent is a |link adaptation algorithmthat
uses an AMC (adaptive nodul ati on and codi ng) al gorithm whose

objectiveg |s Q'gﬁggi hze thr :
comuni cg?% oeﬁéc ann’elrggfogtett}% g? tgggeggﬁalﬁtg?%%o% ﬁﬁaa?ﬁatn%éﬁliss bel ow a

certain ¢careshnlaitady tthet relceivaralPat engdsthe cenansnismion 15 certain
limt. A flowfor determnin h rQpriake M ._SSi.Qn par anet er
et i ng RATE e st Ar WS PSr Chaddl 3Fi 60° ard o e

ed as i on and codi ng 'schene) is
descrsi beghamdéhel )l |fon rgawpile teEekgpneeof onddglateld 2@dri dbee 6

shows a fl ow di agram 60Q_ accor.di n% to an egbfﬂi ment of the_invention.
The const¥RF M+t (He SR ERER aCRBP PRI TR PR SHAT &%d that t he
dat a r aterd;ssaboyesra iirid.ain threshold may be seen 25 as QS (quality
of service) constraint. In 601, a set of MCSs is sel ected based on

the QoS constraint and the estimted receive SNR and/ or noi se power.

This is $0f SxaEY erSoNQ Y nd eMoRrasknBEiOn ©f rddie: suyTher tofi s

spatial 30 streams and the transm ssion node usi 2@} a | ookup table.

WO 4608/ esoxdizmary S&@ G0 21000388 rigtapsy 8l TRkl Bpeletad Yo FGhPHE i s
then co ' I5 1RERABP A% HBY | QNgot MB03mdde MIR R ding
the | ar SE%?%#Z%Q p%%l%slos%elae%t ed. ES{BEachgl.i/CS has for exanpl é}.an

i ndex ando tiheximidex tfe tiheoyahputteddrEs katel apEnihe expmmynigation

transm el dO 18 ddsedhackonhanaeh «Ae gfL ek "Al RN Qf o he PER
for a in IS based on a
certain threshold and that the data rate is greater than a
15 certain limit. A flow for determining the appropriate
transmission parameter setting (also denoted as MCS for
modulation and coding scheme) is described in the following

with reference to figure 6.

20 Figure 6 shows a flow diagram 600 according to an embodiment

of the invention.

The constraint that the PER is below a certain threshold and
that the data rate is above a certain threshold may be seen

25 as QoS (quality of service) constraint.

In 601, a set of MCSs is selected based on the QoS constraint
and the estimated receive SNR and/or noise power. This is for
example done by a rough estimation of the number of spatial

30 streams and the transmission mode using a lookup table.

In 602, for each MCS in the set of MCSs, the PER is

approximated, for example based on EXIT analysis as described



10 pre-generated mappi ng of I\/CS'(transm' ssion paraneter setting) to
PER. An exanple for this PER prediction nethod is described in the

f ol | owi ng wibtbosiogdef ence to figure 7. Fi gure 7 shaowsygabid@esse
di agram 700 according to an enbodi ment,gl5 of the invention. In 701,

the inputs of the PER prediction nethod are provided. These are the

channel I I mat r is

no; se. poterRor B P Riee § (ARG BEieo 12, n el Shmpufs Ty dr ees
whi ch t heppxprihadi R shoul d be det er m ned. The out put of the
receiving circuits 106 is nodeled as multiple virtual AWSN channel s
with SNRy given by (13) (in 25 case of SVD) or (23) (in case of
MVBE). A @02, the ex$ rpmsiiciimgt wak natgesat thacefhpiie icutspliecken.
each virtual channel is determ ned accordin 30_1n 703, the

5).
ext rithsi E2fitiaP 3% FMRITIRRE @FnéPGGF‘nanghtg%%?%‘?f%l%f i ual

i nf or mat sefefied!l ey 13 UlarddhiiRARUS kol EhlSedahonPREPXi MBIvil ke PER
according to (29) where CBER is given WO

2008/ 06024gdeHT SEBTI®b0389 30 by (30). The function fcBER depends
on the code that is used. It is pre-generated by sinulation foll owed
by curve fitting. To describe the function fcBER approximately with
r easonabTke coapeerinat iemeiithen $EGN fofr éaMﬁﬁylbeﬁ@gdm:éQﬁSaﬂe@@cﬁl on

I mensi r I ln
the 151 | Bhe rgetEr 8 At B RS BecUReRg,0: U0 S RAATAS ng)
communi cadi PAR deim cesamebo riimghtic a’rERephediLu’_emoncrhetIhrsi |Jra/enti on are
descrlbegescrfbegfféetce féﬁf&ﬁ%ﬂéewﬁt %e%grghggrgogfigure 7.

Figure 7 shows a flow diagram 700 according to an embodiment

15 of the invention.

In 701, the inputs of the PER prediction method are provided.

-~

These are the channel estimate H, the channel estimate erroxr

cg, the estimated noise power Np and a MCS (transmission

20 parameter setting) for which the expected PER should be

determined.

The output of the receiving circuits 106 is modeled as

multiple virtual AWGN channels with SNR y given by (13) (in
25 case of SVD) or (23) {(in case of MMSE).

In 702, the extrinsic mutual information of the output for

each virtual channel is determined according to (25).

30 In 703, the extrinsic mutual information ¢ (including the

extrinsic matwal information of all virtual channels) is used

to approximate the PER according to (29) where CBER is given



In the exanpl e described with reference to figure 8, the link
adaptation is transmtter-based. This neans that the transmtter of

dat a sel eclyd hlishfee (transm ssion paranmeter 15 settingedddzodMBodat @
i th

transm ssion hinself. No MCS feedback_fromthe receiver to e
transmtter is necessary in this case3" Figure 8 shows a flow
-di agram 800 according to an enbodi nent 20 of the invention. A first
comuni chayi 630 HeVike Bowtion fcrrragersadporht tharsedaddad decysgd-

comuni cati on devi ce 80 .g. a biLe_station TA) rtd.cl ein
he 1 ontt 265 THES T ity CHTTORCA0, Sa B0t Riar (e e S L o"
comuni cayi g8sdevhE e18 rhame o CopRNappkbrimebaheotitin ndascmable
communi cation channel that is reciprocal, e.g. according to TDD (tine
di vi si oncduplex)tympdehe Thimenasdams cthgy RREr ke 5eduaed dRadUaik-odhafnel
fromthe first comunication device 801 to the seconﬂ comruni cati on
devi de goimengiens ubt i I GraiRde Cogm PHe8LtBnd G 288vi ce

802 to the first communication device 801. The reciprocal property of
the WD 2008/ 060247PCT/ S02007/ 000389 31 conmunj cati on channel is used
for thisIhitkeafabteing fethekampiesdeornfi hkRE nadprtafion ferrigd

select a NS ofyd Neorild e chan el 28 ¥LEBruLAg Ao Sl Mbrfidd bt

tO, the communi cat 1 on Vi ce 1 transmts a first data frane
811 accoofli hget tnweditot MES JavMed iNed Wathi refiasereop examisure 8 and

i ni t]ii[gl I g.sel ecéed. In 805 (time tl), the second comruni cation device
802 rot8iY8s’the first data franme 811 and (now acting as
transmtter) selects, in 805 a second MCS (MCS B) for data

1 or mmt £BnEE  RASTR T T SRR it SHEPEE PR, Bor TR L (% Link
channel ghapeatpber M&t{0ah ahicide -t sdauniThik mbansethat the
transmitter of data selects the MCS (transmission parameter
15 setting) for the data transmission himself. No MCS feedpack
from the receiver to the transmitter is necessary in this

case.

Figure 8 shows a flow diagram 800 accorxding to an embodiment

20 of the invention.

A first communication device 801, e.g. an access point (AP),
and a second communication device 802, e.g. a mobile station
{STA), participate in the flow.
25
The first communication device 801 and the second
communication device B02 have a communication connection via
a communication channel that is reciprocal, e.g. according to
TDD (time division duplex) mode. This means that there is a
30 downlink channel from the first communication device 801 to
the second communication device 802 and an uplink channel
from the second communication device 802 to the first

communication device 801. The reciprocal property of the



15 This neans that the second communi cati on devi ce 802 sel ects an MCS
for the uplink channel based on the downlink channel. In 806 (tine

t2) the seggngosiRimyni cation device 802 transmts @ sRGIFHo6as a
frame 812 according to the second 20 M3S. In 807 (time t3), the first

communi cati on devi ce 801 receives the second data frane 812 and, in

808, ' ansni | hird 0 f h
down | i S8R PaReRieli BREAFhalt nESad Ftaiion Sp K AeFF R TRce vi ng

t he secometthaia ThamdoBilink ¢ail@i, iddheiddda sb eelwuhi aalCHNL e vilee
801 transm_ts_a third data frame 813 according to the third MCS which
i s recei Ved18¢ SbaPﬂﬁlsﬁﬁ ng* Conffifitati on device 802 (tine t5) and
so on. WD 2008/ 060247PCT/ SG2007/ 000389 32 transmtter of data uses

the MCS for the data transm ssion that it has been told bg t he
recei ver InFEP3t KEdmet RR) cobRint et FPEnEtrerire AsvifreqiPted to be

reci procglgnagitheaMeSrsel @etd Ofdris dane ddect-Benteesi ¥eFirst Egure 9
shows a flow di agram 900 according to an enbodi nent of the I nvention.

Similarl yMEE R) ghhatsitahgs rEer Al dniidd adéyi eeleotiede. g. 10 an
access point (AP), and a second conmuni cation device 902, e.g. a
nmobil e station (STA), participate in the flow The first
communi cani 6A5dévime B, abitk thecwet aehmoorhranioat denidevge? 902 have

ont | Bat P8¢ HESS CaRaF t 5 ACKErH T KD Ahigdre SroHofor sigi 7ed to be

reci procatrankmnif3r(t sakettd, ihesdsi,r st seemmdnivcat i(MOSdByi & XHta

transnit%I%ngkgggiggtgbféggm%égg %ﬁ%ﬁgégﬂé t%%nadggigé.gGE;using the
information it has from receiving the first data frame 811
(e.g. channel state information about the downlink channel).

15 This means that the second communication device 802 selects

an MCS for the uplink channel based on the downlink channel.

In 806 (time t2) the second communication device 802
transmits a seccnd data frame 812 according to the second

20  MCSs.

In B07 (time t3), the first communication device 801 receives
the second data frame 812 and, in 808, (now acting as
transmitter) selects a third MCS (MCS C) for the downlink

25 transmission using the informaticn it has from receiving the

second daté frame 812.

In 809, the first communication device 801 transmits a third
data frame 813 according to the third MCS which is received

30 by the second communication device 802 (time t5) and so on.

In the example described with reference to figure 9, the link

adaptation is transmitter-based. This means that the



20 (MCS X) to the second conmmuni cati on device 901. The first data
frame 911 includes the specification of a second MCS (MCS X1)

r ecomendeglof-as/dkédg; second communi cati on device 902 fe%Qﬁ%ﬁﬁmﬁﬁ§hm)
rate of MCS XI. This specification cag be considered as initia
feedback. 25 In 904 (time U.), the se %nd comuni cati on device 902
receives the first data frame 911 and, in 905 selects a third MCS

(MCS Y) EBebikieer BF 9at% W5es EORIRE 0T ol et i TP FBSSERE next

data trapssi Sst Ofad neued helfd byt +3@ eepBUBLsatron weM car0l to the
second comuni cation device 902 as MCS. This neans that the _receiver

(i n thi scemseniert ket spesImis 88t SATHLEPEEQOZS FSfERNPCRd t RE
transmitigg L&d:éz‘ égj/éc%@ ddhechisr 8t eaaMUpLeprion devi ce 901)
according WO 20 06024 7PCT/ S(20071000389 33 to which MCS it shoul d
(or i* is recomended to) transmt data. In 906 (tine t2), the second
conmuni cat L on_ dgvi Q5 ' e '

ccor di i PEEE o SIS 3 v o HIRRE R, 207 E08ELARS ] AP sk pcinent
conmuni caf i vine dawvvereti3HL in the first data frane 911. The second data
frame 912 includes a specification of the third MCS, e.g. in a
feedback (FE) field of the second data franme 912. 10 In 907 (tine
t3), thesiimiBirTPndinicaiders, davifdestheosnonidatibsm dearee 302 ,ardg.in
908, selects a fourth MCS (MCS that it recommends, for,the n ﬁé

dat 5L T aRSRSSPEh HO Ut lve Bl S SRHANT cAOTBIN HA e S ics She:
first cogmyni gahblmdSsidavidie @8h),! pa209cipit® id)thea 4w d data
frame 913 is transmtted fromthe first comruni cation device 901 to

t he second comruni cati on device 902 according to the third MCS t hat

i ncl udesca. SPeEL{ | Catd Ay Qe ARE deQUikh obESaaad s s&&&ived by the
second communi cation device 902 (tinme t5) and 20 so on. According to
one enbodemewniciticre dewiaa %97, € RCScoBEhaEeRbhoml HHIdhans vidded

for sol ving the.{oll ow ng, QRtdimigakl 98, PERbLEAL r29t to the scenario

according to figure 8, not required to be reciprocal.

In 903 (time t0), the first communication device 801
transmits a first data frame 911 according to a first MCS

20 (MCS X) to the second communication device 901. The first
data frame 911 includes the specification of a second MCS
(MCS X1} recommended for the second communiéation device 202
feedback (FB) rate of MCS X1. This specification can be
considered as initial feedback.

25
in 904 (time tl), the second communication device 902
receives the first data frame 911 and, in 905, selects a
third MCS (MCS Y) to be used by the first communication
device 901 for the next data transmission from the first

30 communication device 901 to the second communication device
802 as MCS. This means that the receiver (in this case the
second communication device 902) instructs the transmittex

(in this case the first communication device 901) according



max rncs(l - PERnts) s.t. Pr (PERnts > PERt erg et)0.05(31) rnts e
MCSset, where the maxim zation is done over all MCSs forma given

(e.g. pre-wghamhesy set MCSset of MCSs and rnts is the gdgio0Muosse
2008/ 060247PCT/ SG2007/ 000389 34 rate a_Jr? PERnts is the packet error

rate of the respective MS. For exanple, the outage probability
Pr (PERncs > PERt arg.et) 5 is set o be less than 5% In the |,

fol | owi ng:° éf"ﬁ’l%%lselFoPhQHlWCgEe}%cjtsi_o‘?‘?%“Wﬁnﬂ?érFF%’EISIBHE by
t he conmypirgati on devices shown in figure 8 and 9, including the PER
prediction is explained with 10 reference to figure 10. Figure 10
shows a data fl ow diagram 1000 illustrating the MCS sel ection

accor di ngf 9oRn @IRAILIPN! 0L {deodd el Bl oabchndbbisechasm! e, the

MCS sel ection algorithmconsists o parts: the construction of
an MCS sdiransidtRCs seacvd diborirdams H adaeriE8gswit Ehengecond MCS

communi oat SheeurzeE ShpReBRt WAL Bt Bfbehkeb it Ml 20k

form of dnMCBet dire}. dEda fhamse k! emeparametedstanyraget ak2n into

cocoun U 868 HRBRHEHahRId0%5 TR iy SRR AL 15 RS- ARt

t he size (@B)t HFaclB8Soz5tReassébond Naisealdind D12n one enbodi ment

staragd froth the
In 207 (time t3), the first communication device the second
data frame 912 and, in 908, selects a fourth MCS (MCS Z) that
it recommends for the next data transmission from the second
communication device 902 to the first communication

15 device 901. In 909 {time t4), a third data frame 913 is

transmitted from the first communication device 901 to the
second communication device 902 according te the third MCS
that includes a specification of the fourth MCS and is
received by the second communication device 902 (time t5) and

20 S0 On.

According to one embodiment of the invention, the MCS
selection algorithm is used for solving the following
optimization problem:
25
max nycgll — PERyMcs)
s.t. Pxr (PERMcs > PERt arg et) £ 0.05 {31)

meg € MCSset,

where the maximization is done over all MCSs form a given

{e.g. pre-selected) set MCSset of MCSs and rycg is the data



(sub-)set of MCSs according to which the sanme nunber of spati al
streamis used as according to the MCS which was used for the

previ ous Ogpdodsideris ssion, e.g. which was used for thedyabafieassdn
of the last received data packet For ]Ia ose 30 MCSs with duplicate

rate, the MCS set inplenented may be stnplified by choosing the one
with the best PER performance armn% all MCSs with the same rate. WO
2008/ 060223FCH 638885 PREkERePEIAF eSS L Inithe LREPesidvaat a
rate (th tical, i.e. not taking into account packet errors), the
MCS set ﬁ&r)% ‘enented nmay be sinplified by choosing the MCS with the
best PER performance armng all MCSs with the sanme data rate. 5 To

search the optinu e MCS set everal different_approaches

can be i st r?éﬁf‘@g']e'FWeeﬁé‘ﬁﬁfgﬁ pﬁﬁb%?ﬁih@fl%( EERNESh By Bk acaretiled

out E t he %%g s .smal | |5Lovm ng the direction of search in the
t, bes 185t E43%0°%r th a PER predi cti on al gorithm for

exarrple the one 'described with reference to figure 7, in 1002. The
search is_for exanple st opped when_a suitabl e choice for the MCS is

found and® H&avESy; §W§-éllgecﬁ‘8def‘ét‘lpt]:l‘ét EO¥ rah MAS §edRGtd 0T 8 90r bt e

sinplificad@nRd Sult0 b3 kARIBoAANMESEi bR dedallL Heeh thakrikiekr gdata
rates are in descending order. The search is for exanple started from

t he mi ddlawkritr ynsfludiact §blee953 Bredhet WIS kshaxrHad nedeish| ect ed
for the g;eef\@%ed@t)aftlﬁg%mlgm on. 20 The MCS search may be limted

to the MCSs with the same spatial stream nunber for conplexity
reduction. In order to further increase the throughput performance,

the chosen ﬁ:{\ﬁé{ P91t 0 E%B%Qe?aBg 398%%&('1 a;t‘ii%(i‘.'n_»%%flkg }é“ﬂécﬁcé‘

25 differe ream nunber Shou 'S casé

t hr oughputelpertfionmakcce rdingescaasr gebedatat: fof tald itlvenk8a.with the
sanes spatial stream nunber. Based on these curves, switching is

i npl enented by a | ook-up table. A MCS of a | ower nunber of spatial
streass mirgtﬁhjlseeadatn@lteo tapl HCB kheecﬂstoaeraﬁ_:fbﬂ\ﬂﬁ&rt acheieeaseft he

t hr ough Onth th hand, a f streams
o b Pt e ten 18 RARS kel TR el Al TRE! BeR, s25FER
thrOUthlngoWﬂHhﬂSV\ﬂah@hlthg_, MCbes®izehDig tdleyddeTeear ch |s smal l er and

In 1001, the common available MCS set for the two

20 communication devices 801, 901, 802, 902 is constructed (e.g.
in the form of a MCS table). For this, system parameters may
be taken into account that are extracted in 1006. This set
can be quite huge as it may contain MCSs with different
numbers of spatial streams. To reduce the size of the MCS

25 search, the search is in one embodiment started from the
{sub—)set of MCSs according to which the same number of
spatial stream is used as according to the MCS which was used
for the previous data transmission, e.g. which was used for
the transmission of the last received data packet. For those

30 MCSs with duplicate rate, the MCS set implemented may be
simplified by choosing the one with the best PER performance

among all MCSs with the same rate.



WO 2008/ 060247PCT/ SG2007/ 000389 36 the conplexity is reduced because
there is no longer required to estimte the PER performance of

mul tiple sRatbhidosflsh cans. The prediction of the PE@&%{%@%G@@

t he channel coherence, 5 time and estinmation reliability. The PER Is
a function given by PER = f(MCS, No, $°1, L)(32) 10 where No is the
noi se variance, His the channel matrix giving the current o

t r ansni s3Eohheharace ¢Sy iwighofthehsapentatircadFon (emeertieHa 1L -i%

h k | h. [,S. . f [
{opena®t ke FRlAY ThE R B RArBoBeofl phebiborsdte MO2

schene d& above an exanpl e used by the conmunication
devi ces 8ApleRfitedORay 302 wisuHldlfiews byFehohbEg dehedi¢Hrwitin TEos5,

the SNR Ti |s term.ned based on t nnel . £sti | |
carried BGFT ?‘g 1%%%0%{??%?‘9 SYICHr Sﬁﬁzgﬂg%nﬂ'ﬁﬁlﬁ%ﬁéﬁ%_&% gaﬁﬁel\'/[)
noduls, one for each spatial stream and subcarrier. 20 The channel
estimation error_ i s included to pr.ovide re,accurate estinate, of
The PER TAnsshrdet Chtyomimiuaf e i roesRRbCaRt o SToreL A ey
is a funﬁﬁ%?@a@ﬁeé had ihd eimmifericdhe «dit gok-0exangdlé heamodgeawariance.

To reduce the conplexity 25 of the PER prediction, these values, are
nmapped omearehemayvles sgrI SN P ol feddie 854t PEE é?r%%ﬂlFo‘?OSe]sF@Hng

Todul ati gponher gl bn | BE SPAldRlirSkHRAMESUSEL! NBvEATtMEDULL Aldsifba t he
SNRs of the spatial streans are first sorted am)n% he spati al
stredhs fotheachERupradidiion adgatidhmay doagedamnle heh80CR¢ equency

domai n oyer .all bthe; SHPCAELIEIS +INQ:2008/ §60247PE0T! SERO0ILHNG38S 37
for example stopped when a suitable choice for the MCS is

found and the MCS is selected for data transmission in 1007.

15 One simplification is to arrange the MCSs in a table such
that their data rates are in descending order. The search is
for example started from the middle entry of the table or at
the MCS that has been selected for the previous data
transmission.

20
The MCS search may be limited to the MC3s with the same
spatial stream nunber for complexity reduction. In order to
further increase the throughput performance, the chosen MCS
might be switched to another MCS according to which a

25 different stream number should be used. In this case, first,
throughput performance curves are generated for all the MCSs
with the same spatial stream number. Based on these curves,
switching is implemented by a look-up table. A MCS of a lower
number of spatial streams might be able to replace the chosen

30 MCS to increase the throughput. On the other hand, a MCS of
the lower numbers of streams may be chosen for improving
robustness while maintaining the same throughput. With

switching, the size of the MCS search is smaller and



For beanform ng node, uneven nodul ati on can be used. Here, the
nmodul ati on schenmes for different spatial streanms may be different. In

this case,wdQhjslodebsk S NOt required. 5 For transmtter btﬂﬁ?%zbéﬂ'ﬁosw
adaptation, safety margins are required when the nunber transm-t

and receive antennas are different. ®fis is to account for the using
of the uplink channel for MCS selection of the downlink channel, an
vi ce versa choplexahpl és redprQHhsﬂﬁUNWeﬁéeﬁﬁeléc@@séobaﬁﬁtr%%%lﬂe 0

oo SRR R, B S el e

experie k experiences
transmt diversity. Safety narglns are reqU|red for the difference in

diversity. 15 For exa nsmiter- e a and
asynmet e BERAFGE-AT ﬁsthﬁng%ﬁd n& (% %E%Béhgél ﬁgﬂ%ﬁ%hﬁ? of
the det gglRr aihg sedehedias ﬁ@iiam&xzt@xtmhé BﬁmﬁmscbaﬁnebtlmntglfﬁmR
given by T1 (where i is the nunber of 20 the virtual channel). The
mappi ngkdf the post detection SNR Ti to the nmutual information of the
detector cai in 1008 can be inplenmented using a | ookup table for

di fferent nodul ati ons based on the data collected fromsinulation

To reduce BEFFoFad@#G%Rdlgr Helbnt , the nmutual information of the def@¢t or
25 can al so be nodeled by a 3rd order polynomal of the form2 cai =
P3Yi 3 P2Y PlYi PO (33) where pi are predeterm ned

Coe?P'Cwﬁgfé Mot &hat nbisksvabighyen H niglBhellmapoleynoatalb
coefficients pi- are determined fromsinulations and can take on
d|fferethMmbuaaef@mnmehteteansmy@@somfChﬁﬂﬂﬂﬁﬁﬂkﬁilcﬁh@fvﬁhées of pi

can al so_be W0 2008/ 0802476CT, §%9007/ 0003 1entn.

The PER is for example predicted for the MCS scheme described

15 above and for example used by the communication devices 801,
901, 802, 902 as follows. For MMSE detection, in 1005, the
SNR v; is determined based on the channel estimation that is
carried out, in 1003, after synchronization in 1004, e.g. by
a MIMO module, one for each spatial stream and subcarrier.

20
The channel estimation error is included to provide a more
accurate estimate of the PER. An offset may be added in the
SNR calculation. This offset is a function of the filter of
the detector and the noise variance. To reduce the complexity

25 of the PER prediction, these values are mapped onto the
average SNR ¥ for each spatial stream. For even modulation
where all the spatial streams use the same modulation, the
SNRs of the spatial streams are first sorted among the
spatial streams for each subcarrier, and then averaged in the

30 frequency domain over all the subcarriers.



different for the sane nodul ation at different SNR val ues. The nut ual
i nformation cai thus generated fromthe Tri with the given nDduIation
schene ar eybhgkRyRs aged over the spatial streans to gi 89
val ue ca. The behavior of the decoder gan al so be nDdeIed y athird
order pol ynom al mappi ng function froMm'the extrinsic information ca
to the coded bit error rate CBER CBER is related to the extrinsic

i nf or mat FoR keapforminpmpede | ¢isvER SoIPdaFHBI FRBNT I 3 it of

ca). 2 (34} mJ&ﬁﬁa’E’P&ﬂ“@éﬂé}ﬁeJ LE?:Pzt Imfba‘reaksgpgei@l NSEr &rhd | mn% He .

I S pre-generated) Monte-Carlo simulations. Pre-generated 1

| ook- up tabBfesentn Ems*d'lib% GRREY iSPttdag 6F DAE peEYHERdal function.
For each code rate and type of decoder used, there is a correspondi ng
mappi ng function. The packet error rate is subsequently esti mat ed
fromsi heFSBERraEsmi‘c’om/diaﬂéCbriajlnlc@@e@i:athenPES@f%tfaUpﬁim(irrmt@tﬁ by 20

zggrl oxi 57%?8'&1555) LFE‘#QT(I r(‘fr%r l'l‘—_%g)ﬁf%?‘ (r%%%g) gﬁ%gggg%%e? s%hdeassﬂ:aﬁeof
t he bl ocki€odeensedrhindin ttcS atdm;drenth ohethein@deﬂ\otthﬂe RERBK s
rel ated Eﬁaﬁgegyf§r3&é%(§e ec 103”“¥n€% d%@% 1n "channel and vice
versa. For example, in a system where the access point has 4
10 antennas and the mobile station has 3 antennas, the uplink
will experience receive diversity, whilst the downlink
experiences transmit diversity. Safety margins are required

for the difference in diversity.

15 For example, for transmitter-based link adaptation and

asymmetric configurations, an SNR offset may be used.

The output of the detector is modeled as multiple virtual
AWGN channels with SNR given by ¥; {(where i is the number of
20 the wvirtual channel). The mapping of the post detection SNR

yi to the mutual information of the detector czj in 1008 can

be implemented using a lookup table for different modulations
based on the data collected from simulations. To reduce

storage requirement, the mutual information of the detector

25 can also be modeled by a 3rd order polynomial of the form

Caj = psvf + pzv:% + P1Yi + PO (33)

where p4 are predetermined coefficients. Note that ¥4 1is
30 given in dB. The polynomial coefficients p4 are determined

from simulations and can take on different values for

different types of modulation. The values of p4 can also be



WD 2008/ 060247PCT/ SG2007/ 000389 39 C ai s 1. A nethod for selecting
transm ssion paraneters for a data transm ssion conprising 5

det er m ni ngo 20fo6@ath of a plurality of transm ssion P afcarse2607/000389
settings, a data throughput that is expected when the transm ssion
parameter setting is used for data transm ssion, wherein the data

t hroughput s dete m using a pre:genera n

transmi sg?-gjﬁejb%?% q'éeetsﬁnﬁgg'ofiﬁi 598&% %%‘ﬁ?ﬁ% 951\9{ Jad&®S5et i ng
a transnpgsi QR per aif?f@ﬁma&qtotm Rg;baged genshersletercn Hﬂ'da d@t arith

t hr oughput . 2. The nethod according to claim 1, wherein the

t r ansni sghengilepanaiEtsrigetschegei srsetken eaverated haten Hdreexpect ed
t hroughput is nmaxi mzed. 3. The nethod accordl.ng to claim1, wherein
t he dat aSPh’ﬁb@bWeaT@S det &iivicRed PEdm BAL8Pr6® -rate that is expected
20 when the transnission parameter setting is used for data

transm ssi on. 4. The nmethod according to claim 3, wherein the
error ralkeilsehEtirmiolthsidegodesr cagendsatled Tegpied kof a third

transm 390 22, P ATEL Ll G3 L0, BAY PEef LS. o i STt hod

accordi n ransm ssion paraneter setting is

sel ect ed; SHBLRLL 140 @a t 86 UEhe CE6AEd IHAle 2R3t f-akAt CRERL heBER! &5
transm ssion. 30 6. The nethod according to claim5, wherein the

target eredatedtio Cnstasiminsis dbtfarmedibnograb@ual ity of Service
constraint of the data transm ssion. WD 2008/ 060247PCT/ SG2007/ 000389
40 79 The nethod accor di ng to claim1l, further conprising carrying

out the data trangm ssi on using the seI ected transm_ssilon paraneter
setting. CBER = E exp C3rd order polynomial function of ca) {34)

This polynomial function is also obtained offline (i.e. is
pre-generated) by Monte-Carlo simulations. Pre-generated

15 look-up tables can also be used instead of the polynomial
function. For each code rate and type of decoder used, there
is a corresponding mapping function. The packet error rate is
subsequently estimated from the CBER. For convolutional

codes, the PER is approximated by

20
PER =~ 1 — (1 — CBER)L/ ¥ (35)
For block code like LDPC, the PER is approximated by
25 PER ~ 1 — (1 — PERg)"/ @ (36)

where PERp is the PER of the block code used, and n is the

length of the codewocrd. PERB is related to ca by a 3rd order

polynomial function.



5 8. The nethod according to claim1l, wherein the transm ssion
paranmeter setting defines at |east one of a data transm ssion node, a

codi ng ratwo 2a0speest el | ati on size, a nodul ation type, ge/d260Huéxgo
type. 10 9. The nethod according to _claim3, wherein the expected

error rate for a transm ssion pararret3§r setting is an expected packet
error rate for the transm ssion paraneter setting. 15 10. The net hod
accordi ogatmscl ai m 4, wherein the pre-generated mappi ng of

transm ssion paraneter settings to error rates is pre-generated based
on an analysis of extrinsic information transfer in a receiver

recei vi ng gdamathedofdi nge Rcting Heanespestoneperanehessi 6o parddtét er
settings. 11. The nethod, according to claim4, wherein the

pr e- gené&raPERAAPPT NGO BR Lt ni ssi on parameter settings to error

r?t €5 i%e&ﬁ@mﬁﬁmﬁgat €6r byach it at ipdmraa5tylas Ehenﬂmi?@ﬂomcc?r ding to
claimb5, ere the target error, rate constraint . is a_ lim

pr obabi PREGMEREE BRELARTRAI2 H3GT %Oélggj%]geégag precs %%%?‘?e“c’iﬁ%}grget
error 1 ahe 34ndda oI0en i Aoe0s eidliviag asclisim 65 dheacin the
pre-generated mappi ng of transm ssion paraneter set tg;%ggs to

rates i $remshéssapad whersingthe IR dhreagheusr é8g 5’?1’3]816%;%%1}%e
si mul ati_on rQ?r'ﬂ_h,‘g§a1i?Mﬁggﬂg6&%%7f£%%1/09109§§9méﬁer1§etﬂ_ﬁ1@g$’r'8it<$10d
C wherein t

accordi r‘?gpfg alm e pre-generated nmappi ng of
transm skitan thacagbpet; satdings to error rates is pre-generated from

Lhe B MU P RULL S B SUT 48 pRedldidiGer el TAgeBRLAOGhaCCOr di ng

to claim e curve-fitting function’is a polynomal. 10
16. The dmidiadnaccandangntoughpnim 14, wherein different curve fitting
functions are used for different transm ssion paraneter settings.

2. The method according to claim 1, wherein the transmission
15 parameter setting is selected such that the expected

throughput is maximized.

3. The method according to claim 1, wherein the data
throughput is determined from an error rate that is expected

20 when the transmission parameter setting is used for data

transmission.

4. The method according to claim 3, wherein the exror rate is
determined using a pre-generated mapping of transmission

25 parameter settings to error rates.

5. The method according to claim 1, wherein the transmission
parameter setting is selected subject to a target error rate

constraint of the data transmission.

30
6. The method according to claim 5, wherein the target error
rate constraint is obtained from a Quality of Service

constraint of the data transmission.



17. The met hod according to claim 14, wherein different curve 15
fitting functions are used for different signal-to-noise ratio

regions fogollgeed® transm ssion paraneter setting. I&rcdo7 k54104
according to claim1l, wherein the data transmission is a dsata

transmssion in a radio communi cati ond®0 system 19. The nethod
according to claim 18, wherein the communi cation systemis a
mul tiple-input nultiple-output conmunication system 25 20. The net hod

accordi tq claim 16, wherein the co i cat. Y, i

mul ti pl g?i rpa'tﬁ Wﬁﬁrﬂchlaé:-cc?&tdﬁaf] %%F%%%’ngf%’? ofgonaii flrSZLcr]%ency

di vi Si oncdmtt¢im @dtha3@ah. tFhasmessbon acsingitige txelechien 1,
wherein the transm ssion paraneter,setting specifies a nunber of
spati al Sf3EHM}PHE éds?g{:lf‘ﬂe data transmission and the
trangm ssi on paraneter setting is selected based on a preViously
sel ected WD 2008/ 060247PCT/ SG2007/ 000389 42 transni.ssi,on_par.aneter
setting &ndlhe prethnd @aaoFeld ngwitPc AL AT t hbl BreEEHti the & RS PR On
previ ous i S r rog€tdf NG, gaheriahstdigsion
SW t chi X’E%ﬁ%é&% %%{dlg?{arﬁ?%gt iagni‘g%%ﬁt characteristics of the
dat a transtessi orpdinherate . disef conshelhahber sizepaa iBrdskatdans tyee,

used thanngccordéfﬁtiﬁg;fhe previously sel ected transm ssi on paraneter
setti ng.‘—’l P e t ‘according to claim21, wherein the 10

chariacteristics of the data transm ssion is the robustness. of the
data trapsnission or. the expected tgro g?p% of H{&t%@;teax cted
transmi s2i oS %ﬁh%ea%qﬁ%%&’ga Sor iaﬁ}é b A, Sher i T he
t ransm ssi gor 15 Par edetLereseidningioa perentedrfsentingets ¢in candi dat e
transm ssi on paraneter settings, ge era};:| d Pased on - Up . table
whi ch iseﬁﬁﬁ%{)%‘ﬂeﬂa%]‘é%%oe%‘??% ait%agf’ro geo r%“??la%ssjgnogéomg%la%geareanet er
setting ysedifgr the transm ssion of a received data packet, the
signal -to-noise ratio of a
15
10. The method according to claim 4, wherein the pre-
generated mapping of transmission parameter gettings to error
rates is pre-generated based on an analysis of extrinsic
information transfer in a receiver receiving data according

20 to the respective transmission parameter settings.

11. The method according to claim 4, wherein the pre-
generated mapping of transmission parameter settings to errxor
rates is pre-generated by simulation.

25
12. The method according to claim 5, where the target error
rate constraint is a limit of the probability that the actual

error rate exceeds a pre-specified target error rate.

30 13. The method according to claim 11, wherein the pre-
generated mapping of transmission parameter settings to error
rates is implemented by using a look up table pre-generated

from the simulation results.



20 conmuni cati on channel via which a data packet has been received,
the nunber of transmt antennas and receive antennas used for the

dat a transwosesadez4and the capability of the transm tt ecraidedn8o3sy
receiver involved in the data transm ssion. 25 24. The net hod
according to claim1l1, wherein the pré&eternined mappi ng function uses
a post-detection signal-to-noise ratio as input. 30 25. The net hod
according to claim?24, wherein a plurality of spatial streans are

used for thg, data nsm, Ssi d .t deter ghpatineed ghe.
post - dotéct FBR ‘%?Efﬁé%%&?%?% i ic%tagmv\o 608/ 060247PC_T/ISS<32007/ 000389
43 conpgkaegadtdl raspingeobftmprmndissdonsprremgter agtktRIHJER REFLOT

signal -to-noise ratios of th ati.al st {2 h9de-ve-
accor di B§-E8 &FaPﬁ??g?nﬁﬁ%?%fHﬁgmbﬁﬁfagﬁbﬁﬁgﬁlgnt?gﬁg%?%qgitenagz and
a plyralskiyigh.receive antennas are used for the data transnission

and wherein, if the nunber of transmt antennas is different fromthe
nunber of receive antennas, a signal-to-noise ratio offset is used

for detggm phAInERRoAOSECERABGS 11 cSilagmall 4t Owheirsens 8heocudde27. A
data transm ssion controller conprising a determning circuit

confi gufedtivgdéuerhine, 1for RN -plurality of transmi ssion
paraneter settings, a data throughput that is expected when the
transm ssion paraneter 15 setting is used for a data transm ssion,
whetei n ltéhe Tthat methpdughpardinrg der erldifed dusWhGreipr 81§EREFRE eHTVE

mappi ng Qf . transm ssion_p I3 Qrdatankhigygsputs; and a
selectiﬁgtEﬁP@U|Pn8 ﬁPPSu?ggnﬁ%gie ec%hgg%?ﬁhsnissﬁon par anet er
setting chasedter sketdeterm ned data throughput.

17. The method according to claim 14, wherein different curve
15 fitting functions are used for different signal-to-noise

ratio regions for the same transmission parameter setting.

18. The method according to claim 1, wherein the data

transmission is a data transmission in a radio communication

20 system.

19. The method according to claim 18, wherein the
communication system is a multiple-input multiple-output
communication system.

25
20.The method according to claim 16, wherein the

communication system is a multiple-input multiple-~output

system using orthogonal frequency division multiplexing.

30 21. The method according to claim 1, wherein the transmission
parameter setting specifies a number of spatial streams to be
selected for the data transmission and the transmission

parameter setting is selected based on a previously selected



20 28. The data transm ssion controller according to claim27, being
part of a comrunication devi ce. 29. The data transm ssion

control | erwacgais99 to claim28, 25 the communi cation glayddz6R8sRe
part of a radi o conmunication system 0. The data transm ssion

controller according to claim 28, furf%er conprising a transmtter

transmtting data ,according 30 to the sel ected transm ssi net er
setting GEoRFBVEFAAD PASPRSHEL WU T e & B opaFaRErLRCacrt] Hg 1ls a

comuni calskoe @@‘éb@@aﬁédt ﬁﬁﬂﬁmﬁélmxﬁmﬁl@t @Ealéettbungraﬂsmssts&d for
a data transm ssien % t he conmmuni cati on device. 44 31._ A conputer

progr am pRGateterwArERingherh s uttdhe W%%Hﬁu?émenﬁ%%mﬁ%

conput er ;peLEREM: BnMBHBAE ERArS& HGdHIG S bafn%ﬁbsah@a Eﬁéﬁ&ﬁi@éﬁoﬁ or
data transm ssion conprising 5 determ ning, for each Elurallty

of transmihesi endpafanentrnyerey mys snetdata sthesnghpst uﬁﬁét
t ed t
expect € a‘M&%E}d\Fkﬂgr e&getﬁg]eﬁfé%% Oﬁ%t%% ttgﬁﬁshisgﬁg %Qfarﬁi@g&

transm ssion dat a put 1s determned u

pr e- genersatédngmppi ng of transm ssion paraneter settings to 10 dat a
t hroughputs; and selecting a transm ssion paraneter setting based on
the determ ned data throughput. 32. A nethod for estimating the
signal-taznomhe mathodoﬁcaoﬁdwwgnﬁdxﬁﬂaMm.Qhanmebreinnphésing 15

dete an _of fset val ue bas on a first ,val ye ich

Char bt o SeeCESRoPEAChoRbr tind a1 (ArSHUerLEPonEs R fbustness of
charact erhgedathi ttehshossioht@F itk rLgRicted da-aughpgidl 6 the data
determ ning a second val ue characterizing the signal-to-noise ratio

usi ng t h&*gPFB&Es¥aRte. 20 33. The method according to clai m 32,
wherein the signal-to-noise ratio is estimated according to a2 y =

10l og wherein
23. The method according to claim 1, wherein the transmission

15 parameter setting is selected from a set of candidate
transmission parameter settings generated based on a look-up
table which is generated based on at least one of a
transmission parameterlsetting used for the transmission of a
received data packet, the signal-to-noise ratio of a

20 communication channel via which a data packet has been
received, the number of transmit antennas and receive
antennas used for the data transmission, and the capability
of the transmitter and the receiver involved in the data
transmission.

25
24. The method according to claim 1, wherein the pre-
determined mapping function uses a post—detéction signal-to-

noise ratio as input.

30 25. The method according to claim 24, wherein a plurality of
spatial streams are used for the data transmission and the

determination of the post-detection signal-to-noise ratio



2 a+ oewH a2 25wis a vector of filter coefficients; 2 ue
characterizes the noise power; and a is determ ned based on the

filter
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. coa&bizmismnﬁzw and transn ssion characteristics ofpdie2007/000389
conmuni cati on channel .

43

comprises at least one of grouping, sorting or averaging the

signal-to-noise ratios of the spatial streams.

26. The method according to claim 24, wherein a plurality of
transmit antennas and a plurality of receive antennas are
used for the data transmission and wherein, if the number of
transmit antennas is different from the number of receive
antennas, a signal-to-noise ratio offset is used for

determining the peost-detection signal-to-noise ratio.

27. A data transmission controller comprising

a determining circuit configured to detexmine, for each of a
plurality of transmission parameter settings, a data
throughput that is expected when the transmission parameter
setting is used for a data transmission, wherein the data
throughput is determined using a pre-generated mapping of
transmission parameter. settings to data throughputs; and

a selecting circult configured to select a transmission

parameter setting based on the determined data throughput.

28. The data transmission controller according to claim 27,

being part of a communication device.

29. The data transmission controller accoxding to claim 28,
the communication device being part of a radio communication

system.

30. The data transmission controller according to claim 28,
further comprising a transmitter transmitting data according
to the selected transmission parameter setting or signaling
the selected transmission parameter setting to a
communication device as transmission parameter setting to be

used for a data transmission by the communication device.
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31. A computer program product, which, when executed by a
computer, makes the computer perform a method for selecting
transmission parameters for a data transmission comprising
determining, for each of a plurality of transmission
parameter settings, a data throughput that is expected when
the transmission parameter setting is used for data
transmission, wherein the data throughput is determined using
a pre-generated mapping of transmission parameter settings to
data throughputs; and selecting a transmission parameter

setting based on the determined data throughput.

32. A method for estimating the signal-to-noise ratio of a
communication channel, comprising

determining an offset value based on a first value which
characterizes a noise power and filter coefficients which
characterize a filter for filtering received data signals;
determining a second value characterizing the signal-to-noise

ratic using the coffset wvalue.

33. The method according to claim 32, wherein the signal-to-
noise ratio is estimated according to

52

¥ = 10l1log

a 4-0%EHE ——a2

wherein
w is a vector of filter coefficients;

Gé characterizes the noise power; and

a is determined based on the filter coefficients and

transmission characteristics of the communication channel.



