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METHOD TO DETERM NE THE NUMBER OF DATA STREAMS TO BE

USED IN A M MO SYSTEM The invention relates to a
wOoredosi78D determi ne a transm ssion node to bePCUBER2088/067712

a MMOtransmtter . New wireless radio systens wl|

enhance spectral efficiency significantly by using the

spatial dinmension with M MO transm ssion. M MO neans

rrul tipl e ant ennas at transrrit as well as recei ve si de.

In case that there are nore than_ 1 antenna_at

BT R S ERPUSE: R 0P THP RSOOSR, By 4 oo svema

a single input single output (SISO system nay be
exploited in mainly 3 different ways. The sinplest way
is to use the additional antennas or AEs as a further
source of diversity. Diversity is especially hel pful

s frﬁz%ﬁqt!@ﬁ)’k@ﬂa{@sd't% %hﬁ@%bé whi e exhihbi & 8MBldnission

scC % g m be the case for fast novi ng
Iﬂﬁ S it Fﬂy 1fe?l OoF§anﬁ)ﬁ}<1f1'rﬁ.ﬁn Rati o Conbi ni ng
(MRC) yields the highest performance and may be

haplemented abalhesylx 5isde by éﬁl@ar\l@é |sﬂé%@%l%§f@dﬁténcy
scherre or gener al I%mby space tipe cod

PP et aL Y oRY i S télesFﬁﬁFéajadeber@%I 0 §’1F]éqbﬁwcéd
t\lemts;mlseawhor HiNg meaors asilspete aeimtcmmsElagenb@aMH as

PLM NG relcg@(,gv§§dg he spectral efficiency due to an
i mproved |ink budget i.e. an inproved signal to

interference and noise ratio (SINR) . The signal power
Is daawr ehsedthsre hergpower itsagohcemtgrateedti Akoatdeor Rx

di gechiiannaf, Lherof her f%teéhbﬁnc Hle%l rt%d' 05k hgke Wﬂuet

t he |ntertference m ght be red uce @a’ﬁ?‘)f/ a(:| n% suj tab
W9 O HPHE éﬁ%%%nasypgétet“epﬁ Py eﬂ%%?le% 3at
tedrdnongatrter m CSI and is especially useful for UEs

at

The simplest way is to use the additional antennas or AEs as
a further source of diversity. Diversity 1is especially
helpful for fast varying radio channels which exhibit small
scale fading as it might be the case for fast moving UEs with
nearby reflectors. Maximum Ratio Combining (MRC) yields the
highest performance and may be implemented at the Tx side by
the well known Alamouti scheme or generally by space time
coding. The implementation is quite simple as no CSI is

required.

Next, Beamforming - or as special case Eigenbeamforming -
improves the spectral efficiency due to an improved link
budget, i.e. an improved signal to interference and noise
ratio (SINR). The signal power 1is increased as the power is
concentrated into the direction of the other station of the
radio link while the interference might be reduced by placing
suitable nulls in the antenna patterns. Beamforming requires
at least long-term CSI and is especially useful for UEs at
the cell border of wide area systems with moderate or low

time variance of the radio channel.
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the cell border of wide area systens with noderate or
low tinme variance of the radi o channel.Least, spatia

woroziopl7exi ng gi ves in case of high SNIR the hPQh&B1006/067712

performance gain as it opens besides tinme and

frequency the space as a new,di nensi on for

mul tiplexing of data. In this case full know edge of

the so called "channel state information, CSI" is

requi red. Hi gh performance gains are possible

especi allay 1A6rmihdioggre tingngaivssi on @ stohtghadlgeR the

H&&HBE%’p%&@BrﬁgﬁééQﬁhﬁga%n!tfgﬁ@%%“6%31d@%lHHMefQM@d in
beIOM/roo tog scenari o0s. $ :$e av |Iafle at

TEIERY. 18P SR Hott Tx-RY- Ia%ns He st BBt EXHY iGF

thghesin persorasnceilbutknavdedhe ghesthecomplexiiey "channel

£wgéﬂeﬂnf@lﬂn5€£&m | @on gl %ehhﬂ?f’é W@lrgsy%e?@erﬂnaﬁ@@rgalns

ssin matri x eration v
e BB TE batke P ¢ Toaftt v deeey Rpaont
E&ﬁqﬂIQNN§OOThanmI$EﬁﬂterNDg pnmcEQﬁman}swaymheaﬁytfpund in

sh gl f i.Gart oper fosimnce gains at the cost of increased
processi ng conpl exity. SenS|t|V|ty to CSI estimtion

errors mght be decreased in case of NL processing at
B¢ siigitobei praebselk idt The TxRst der i doichgTkhgxNide,

Pre-HLCessLNg: ndVan Hl%h‘é%%e?@féﬂﬁinc%s%ukng%gdlgf‘ghest
%ﬁ?t'al mul ti pl exing wi'll per form beanform ng only

g€ dF high SNR values in the order of HdB.
Generally spatial nultiplexing is nore realistic for

shart: HaNge reL L NOOQr; 4 aRsHL §8k PN, W Je n@%aﬂiﬁég@ngw;
and diversity w|| be chosen for w de area and g q

?ﬁﬂﬁq%%%?g Rrght oW the MUTRA %?%kiﬁ%f?bﬁ?FSHsz%a
yersiaomes. 80" el g. | MENded bordapmy|paﬂ910nsmﬂuhl¢ﬁﬁ}%A
There are several "Tx

"Non linear, NL" processing may lead to significant
performance gains at the cost of increased processing
complexity. Sensitivity to CSI estimation errors might be
decreased in case of NL processing at RX-side or increased if

the Tx-side is doing the NL pre-processing.

Even in case of full CSI knowledge spatial multiplexing will
outperform beamforming only in case of high SNR values in the
order of 11dB.

Generally spatial multiplexing is more realistic for short
range or indoor transmission while beamforming and diversity

will be chosen for wide area and high mobility.

Right now the "UTRA MIMO Extension 25.876, version 1.80" is
intended for application with HSDPA. There are several "Tx

Mode Proposals" which are specified in the succeeding.

The so called "Per—-antenna Rate Control, PARC" is best known
from academic literature. It can be applied to any

transmission scheme and therefore it is simple for migration
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Mode Proposal s" which are specified in the succeedi ng.
The so called "Per-antenna Rate Control, PARC' is best

wop@mesf;Bom acadenmic literature. It can be appPCPEP1006/067712

any transm ssion schenme and therefore it is sinple for
m grationfrom WDVA to OFDM swhere it is called
"“channel -adaptive nmulti-antenna bit-loading" . PARCIis
the nost stable and variabl e sol ution when very little
channel information is available at a base station BS.
Then 6 0EAl FedOFIRG MPRTS §thasedabled Heltaahghoadaptive

éﬁiﬁﬂn%ntEWQaaﬁlﬁﬂHEHhﬂﬁ%e thersane mmdwati gpaand and
information is

cod so reduc .

R O L b N
@Tﬁ&ﬂahhgratuﬁebamheﬂeasomhésldea is, to use sub-groups
of antenna pairs On each pair one strean1is

transmt dvanta e i at s one cap use
M s Br P Do gosplc PO i THancaE R §me. Two
deraminzal uaﬁdthﬂe$@M&Mmpduahesoad&@mnqnﬂamgfSthamsnamd S1e)

E%&@&ﬁiE%edEE@kSPnﬁﬁhE&Qo Sipghe-ftd eam C osed | oop
For exanple there will be used 4 Tx antennas

and a nunber of L Rx antennas. This is based on
fhwwsdiqﬂilbeahp$rﬁwﬁﬂﬁ$0dndsusésoskmqﬂneﬂmpmeahe Theesg ure,

&@éﬂ&ﬁe +Ber14Yseri éJn'ttcfiru)éeR%EE &P@&ﬁ@'of BH2BGna USESr& on
f|§$d codebook fo retpodln . e tlggwss t he SI NR .
FOT S5CH BBFeﬁH%i‘m prie 66‘8??5‘8 Fr% ri PRADAF nt® tHE
ehraamme] canduthenomd rarx ehmem thetlcoderrosk At Ther?s | Shan at

£Qk&§ﬂ%%%ﬁ19£lagnérEk@&eQ%ré 999@3r@HJéd%aggh@f39r§ﬁgﬂf¥j
"TPRC for CD-SIC M MJ' uses the conbinatiion of two

LEtHqdes - first the so called "Code- Donain
Successi ve Interference Cancell ation, CD-SIC' and

§@§QQﬂc%h§e§°"§§$éf¥jStream Closed loop MIMO". For example
there will be used 4 Tx antennas and a number of L Rx
antennas. This is based on down-link beam-forming and uses

single stream.

The so called "Per-User Unitary Rate Control, PU2Z2RC" uses a
fixed codebook for pre-coding and estimates the SINR for each
potential pre-coding matrix from knowing the channel and the
matrix from the code-book. There is a retransfer of an index

of a code matrix.

The so called "TPRC for CD-SIC MIMO" uses the combination of
two techniques - first the so called "Code-Domain Successive
Interference Cancellation, CD-SIC" and second the so called
"Tx Power Ratio Control, CD-TPRC".

The so called "S-PARC" intend to improve PARC in the low SNR
region. Therefore it adaptively selects the number of
antennas from which to transmit, i.e., mode, as well as

selects the best subset of antennas for the selected mode.
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"Tx Power Ratio Control, CD-TPRC'. The so called
"S-PARC' intend to inprove PARC in the | ow SNR region.

wab@resose it adaptively sel ects the nunber of PETERIWNEB67712

fromwhich to transmt, i.e., node, as well as selects
t he best subset of antennas fior the sel ected node. The
so called "Double Transmt Antenna Array, D TxAA"
transmts each streamvia two ant ennas whi ch use

Ei genbeanf orm ng. The wei ght vectors are the

Ste grigestl LEAgehvab resT damstnhe Shiaemed Ag0var i AnEeAA”

ﬂﬂﬁérﬁ&t ST@gcﬁoS@?éE!lﬁedfl"aS@aibi ght demonali chu EBQ Channel

cC | e Tx antennas . and f
TS R LR S S At o PR
Be@s&ro@muvs tar bloe ctiaammell co&tangam@e inttrraguced The so
cal | ed Doubl e Adaptive Space Tine Transmt D versity

Rat e Contr ol D- AST SGRC! conbi nes
e Rl ARy D ] R heanfiadte g 1oy
esrllratle ifpdst Tkaghrgprats tehe fecei y@r-gddupisstontemdedit o

é;ﬁ'@il%\ia.yt %ﬁ@@ﬁ@ie@éd’%a%‘at ypatither § eceiver chdhfe 8% oding
& Multiple Code vord MMO Wi th Virtual

Cal Si n
g. ng, SCW MCW VA" is intended to nmerge sone
of the pr eviously presented M MO techniques into a

ﬁhéﬂgécﬁ RARES ahohih ke AR BL-AS], %a@émfl‘?rfe TSaRARE - Dﬂ&@lty

only PARC matches well to S not o
Forh L TREP S TeS g i Bope TRt aror g Rt ana
sehienes, pbasedsibhf VDM, ast aghes tandmulbte- Oser fading

Pr ea10dicng s 30d. SPt oy %Q%n%ga{f@eim%denLt%in?Br&Decﬁleversity
are two proposals. First one defines multiple

?ﬁot%ﬁleéebggjé codes per cell. Miltiple codes increase
the conplexity of channel estimation.

The so called "Single & Multiple Code Word MIMO with Virtual
Antenna mapping, SCW/MCW-VA" is intended to merge some of the
previously presented MIMO techniques into a single proposal
like "CR-BLAST" and/or "S—-PARC".

Right now only PARC matches well to FDD, but is not optimal
for TDD. There is a significant potential for better schemes,
based on SVD-MIMO, single- and multi-user pre-coding and so

on.

For Midambel definition there are two proposals. First one
defines multiple mid-amble base-codes per cell. Multiple

codes increase the complexity of channel estimation.

It is the aim of the present invention, to provide a generic
framework for the support of MIMO in down-link direction,
especially for the so called "UTRA FDD LTE" air interface.

This aim is solved by the features of claim 1. Advantageous
details of the invention are described by the features of the

succeeding claims.
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It is the aimof the present invention, to provide a
generic framework for the support of M MO in down-Ilink

walReogosi7on, especially for the so call ed " UTRAPEDBEP100&67712

air interface. This aimis solved by the features of
claiml1l . Advantageous detai ks of the invention are
descri bed by the features of the succeedi ng clains
. The invention is based on a sinplified
transmt-receive chain. The receiver determnes the
Bleg uaiveytopti MMM MO cal gosiibhi f 1<t dtriavehy t anecbased
@fﬁblaq | Q@JéUQet_cl_ﬁblz@T oi@“det%m\&ﬂnb% ’Qlt@e d&csétﬂdlh%d obRithe MIMO
cce e. al gori rts wi
G ng et a2 D TeRe NS i Rel BrbTEor T DLl
Iﬁm affagdbedel 8l NRe forcasacdhngtream i s cal cul ated. Wth
bit loading for a desired BER target, a sui tabI e

dul at | ph t i
Pt ab e F o b At r B TR e PR FRFE® over
al $tsttr eams i $Meldl cul &t dd randiseoxteichn .| Anaeséeontdve SINR

fgﬁr@gdhog,trggﬁ §§ reamathqt he smallest effective SINR
is "switched off" - that is to say, that the effect of

this streamis not considered any nore. The "li near
@i gperigi dpadode, fDE destihethBERexdr sItal kesutodel ¢ at e

ﬂ1<§d1§le<slt%%ﬁqeglp§a}get (ll\_ls | oM vaRd; t@&&éyﬁ%@pgagkn@p table
aI ues of the SINR for the subset of streans are

& STAPEBr 2 few it S8abihy %V%\i?zléuﬁntF%‘f‘%s i
@@Jtcaﬂnae;@.d bhdt bleorealv sumrate with N-I streams is
smal | er than vvith N strearrB the algorithmis
termnated. . Oh third iteration.-

R A L L P ot S
SR wist Hiswit heed em@li NinghNel istreassy, ThetLDCeweffect of

fnexd smalher scade EHE dehVed) bW 1 fore.

The "linear dispersion code, LDC" with the next smaller code
rate 1s selected, e.g. (N-1)/M, and the corresponding values

of the SINR for the subset of N-1 streams are computed.

After a new bit loading a new sum rate is obtained. If the
new sum rate with N-1 streams is smaller than with N streams

the algorithm is terminated.

Otherwise — in a third iteration - the one stream with the
smallest effective SINR is switched off within the remaining
N-1 streams. The LDC with next smaller code rate (N-2)/M is

selected and the steps are repeated accordingly.

The algorithm inherently determines the optimal number of
streams for multiplexing and proceedings are terminated after

Q_start iterations max.

The bit error rate is kept below a certain threshold for all

streams despite the fading in the wireless channel.
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sel ected and the steps are repeated accordingly. The
al gorithminherently determ nes the optinmal nunber of

waregase3f or mul ti pl exi ng and proceedi ngs ar e PCT/EP2006/067712

termnated after Qstart iterations max. The bit error
rate is kept below a certaingthreshold for all streans
despite the fading in the wirel ess channel. For the
feedback to the transmitter, the best LDC code rate

and the quantized effective SINR on each stream are
Fepdritcedeedbthe baseissttatinenipret r ansmbesar LDUherde tipd e

£$@ahmﬂg%b§tQBe@QQM&KRH%et%@Nﬁnb§&kﬂﬁ1@quahsaﬂ§Q%mmrted

The fined | ookup .table

T g FHfaet R htt GVasr e CapRErt y HEh “REAFA P bl Fie Lon
@b¢uﬂwﬂh§etc@npmexsca1@@W&tﬂ@n@a¢m4ch are beyond the
capabilities of typical HVin case of high data rate
transm ssion. SO start at S eratively the
trandm&disrds f %]ﬂépvﬁ ti%o}ﬁ% %%s%orp&afg rﬁ%ﬁ%lél"i@“ the
dei iy acdendanadi w |Whiemd wepliinr dadl 15T entdeirgs s ¢ nc purlex

é%ﬁ@ﬂfﬁﬂibn%f§H§8%S§Héﬂbeybﬂdcéﬁg éiﬁ%ﬂfﬁ%ﬁ@@%koﬁh@§ﬁﬁﬂal HW
br eaks dovvglgp ga orlthn1falls down to the nost

TOBUETE o t?tﬁq“%|68P§Wf§?l%% al so adaptation

to the avail abl e feedback/ channel state information
&8 5Hé¥ﬂl%%d tT§@U§Qﬂﬁﬁﬁ&1@bh Wehd NG 3tiisQRoRf s e¥EE with

{he 3&@91?@!859?%65% R APl AT MR Saf O B baa

$edrormigsi an butere@swunsing icmahsghestorcapacity. The
overaII concept fquiIs the adapt ati on of power and
| ati on schenes tqo each sub-carrier/chunk_as

%% Ctacfet h&Cs pAE T AT i THENSIEON Pof 2 h e Yeendrfo 10 al%%thm
fanks afowinheéochammedstmatobiustasowe) |1 &s. tfivé ladt uatsi8SN,Rso

also adaptation to the available feedback/ channel state

information is provided.

The concept allows integration of even more challenging
algorithms like nonlinear pre-coding - requiring even higher
accuracy for the channel state information but resulting in

highest capacity.

The overall concept fulfils the adaptation of power and
modulation schemes to each sub-carrier/chunk as well as to
the spatial dimension of the scenario, i.e. the rank of the

channel matrix as well as the actual SNIR.

Because of the proposed overall concept there is an allowance
of seamless adaptation of MIMO algorithms to varying radio
environments, always giving the maximum performance (as the
mathematical problem is not convex, analytical proof that
indeed the global maximum is already found by this algorithm
was not possible yet but at least the local maximum is found
and it is expected that the performance is near to the global

optimum) .
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Because of the proposed overall concept there is an
al | ownance of seanl ess adaptation of M MO algorithns to

wa@ a007i0sug3r adi 0 envi ronnments, al ways gi vi ng t hePOEEKP2006r067712

performance (as the mathematical problemis not

convex, analytical proof that indeed the gl obal

maxi mum i s already found by this al gorithmwas not

possi bl e yet but at |east the | ocal maximumis found

and it is expected that the performance is near to the
Ylobal roprerai)g . Srgnaxiprocessihyg domdl expt yines orlar of
120t MR sk i ABSw 1 hadu 0fa MLME: PERCES SItNG W HBOHEsi1y
adaptati on.so it can be eaal I% integrated into
NN haP Boar s TS SEpPBAER: is quite straight
forward and integrates other proposals |ike per

B e ohahe: sogt 1l s Addighit 0Rgllyrd tards i%&é%ﬁ?&'@@é &drr
sJ?em al. M I\/%) processi ng al gorl t hns C\é\f{(;l Cfgi m % L _come R
BtoRtadardr Zat Torf " $Eehohr . haVe" Yood Ehangee h 1t 1S
stadidiez avi epe praoc @830 pmothes LITE dowrilkthnk, which might

LERNSIP $31 QRaMbhtabe dhased sens DM HAth GOEBM - he-san®,
f undament al .M MO alegorl t hnms devel oped for narrowband

T iEPGhCR AN B iflsed on each OFDM sub-carrier for
br oadband transmi ssion as well. There is no cross-tal k

Betmeen, tEhe L 8SOULCes: Al sh€ast oh Ny e o 8aYeACYn AL N
this rﬁguces t he COITpU%?tI onal co at

an compl exi t t he
TEr AP ShGnFFTeantIPmenrA ol Gdr 19 R UpRBrt SRty boPed for
haamsmandant engass @tort lenbaseustatomoreadhapFar she-carrier

ter MnalapahRer fah snide need Qf; 50me dddnd 0hoacr88ar-a1x
box" at the transmitter, adapting the nunber of
RpatTdl Iy enbPEPpf exed Istifedfs 't o the TArher Y ofomain and
transAducant ehaasomgtutidte obasecstat 40ty Bhereei semminal
generd ¢ fragework how to realize this

In order to support more transmit antennas at the base
station than at the terminal, there is the need of some kind
of a “gear box” at the transmitter, adapting the number of
spatially multiplexed streams to the number of transmit

antennas at the base station.

There is a generic framework how to realize this
functionality using "linear dispersion codes, LDC". In the
succeeding a structure is quoted from ,High-Rate Codes That
Are Linear in Space and Time”, Hassibi and Hochwald, IEEE
TRANSACTIONS ON INFORMATION THEORY, VOL. 48, NO. 7, JULY 2002
(referred as [1l]): “Suppose that there are M transmit
antennas, N receive antennas, and an interval of T symbols
available ... during which the propagation channel is
constant and known to the receiver. The transmitted signal
can then be written as a MxT matrix S that governs the
transmission over the M antennas during the interval T.
assume that the data sequence has been broken into Q sub-
streams and that the streams are mapped onto complex symbols

chosen from an arbitrary, say -PSK or —-QAM, signal



10

15

20

25

30

35

functionality using "linear dispersion codes, LDC'. In
the succeeding a structure is quoted from,, H gh-Rate

w@oeedsihat Are Linear in Space and Tine", HasBCDEPzNE067712

Hochwal d, | EEE TRANSACTI ONS ON | NFORMATI ON THEORY,

VOL. 48, NO 7 , JULY 2002 (peferred as [1] ):

"Suppose that there are Mtransmt antennas, N receive
antennas, and an interval of T synmbols available ...
during which the propagation channel is constant and
kpovire ltlg ttihe - r €eei viemsriihs etlr ahgima t tied tdiegndk f eaed tierthe

bewriditengasadn Ml: matrix S that governs the
transm ssion over the Mantennas during the interval T

..o~ assume that the data sequence has been broken
mt:cz(@Ag,ﬂ%lsﬁearrs and that the streans are mapped onto
conpl ex synbols chosen froman arbitrary, say -PSK or
-QAM (1si gnal constel lation. The transmtted signal is

fhen: defd red1i pciher spaces i Aee desed Miasa Sy={a JAq

+j bgBg) g=\ (1 ) where thé real scalars {aqg,bq } are
determned by sqg ag + jbg ." (2) The matrices Agq and
Bg speli f1 es the mappi ng of the synbols in the

space(-zt)i me domain. Many M MO transm ssion schenes (as
Al anmout'i' s code, the spatial nultiplexing in V-BLAST,
antenna selection etc.) can be represented by the

T rr@s:narctdlsngq reatcr iBgespmfamﬂs Bee pﬁaﬁy\m@rdmghbets\mmls

f I
ﬂ’h S %l'l%op“ e L{‘%ﬁﬁ nQGMh‘?@ 1 2 m@és%glqegéljl&%g

app ecorres ondi ng matri
AFINBEL So CPEe| St}b%sséqaﬁllélt GUéF(%Ja?fﬁé‘gt H@ HuRbe¥ T ofantenna

@€ldaton etc.) can be represented by the corresponding

matrices A; and By.

A switching between different MIMO schemes can be realized by
selecting the appropriate LDC and the corresponding matrices

A; and B,;. So it 1is possible to exchange the number of active
data streams rapidly and to adapt the LDC code rate Q/M to

the time-variant channel condition.

Iterative stream control is an extension of the per—-antenna
rate control (PARC) adapted to the use of LDCs. PARC in
combination with a V-BLAST detector asymptotically achieves

the open-loop MIMO capacity.

This is shown in “"APPROACHING THE MIMO CAPACITY WITH A LOW-
RATE FEEDBACK CHANNEL IN V-BLAST’, CHUNG, LOZANO, HUANG,
SUTIVONG, CIOFFI, EURASIP JASP 2004:5 (2004) 762-771
(referred as [2]), based on Shannon’s gap concept "Proc. of
the I.R.E.", Shannon, Jan. 1949, pp. 10-21, (referred as
[31) .

But that concept only succeeds in systems with orthogonal

channels, which is not true for MIMO detectors right now. In
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data streans rapidly and to adapt the LDC code rate
QMto the tine-variant channel condition. Iterative

waetogam7epnt rol is an extension of the per-antBOTEPI086/@67712

control (PARC) adapted to the use of LDCs. PARC in
conbination with a V-BLAST detector asynptotically

achi eves the open-loop M MO capacity. This is shown in

" APPROACHI NG THE M MO CAPACI TY WTH A LOARATE FEEDBACK
CHANNEL | N V-BLAST", CHUNG, LQOZANO, HUANG SUTI VONG,

1t OFHIse, EURASP PLJASR 20045t i04) [AG217EL (pef@rawethtee a

ﬁﬁeic@f)ime@aﬁﬁg oh-shannen' s gap concept "Proc. of the
R .E ", Shannon, Jan. 1949, pp. 10-21, (referred as

[3]) . But that concept only succeeds in systens with
orpdogoral wehhanaets;ragpioohinglnotodified arehMde PARC
Q SCLPIS oh' QhI«eQPWndenMI@i@tte%@t e Qg 'Bﬁ'at the ,
%o{ %ﬁg Rk L(% %e gugrantee a prse- 1 ore
fé Eﬁ 2 ]fjeﬁii‘b% R~ a"Cor I'es gondcRgFy %dﬁ? di“
rdzler:ai iivie gPARC &l ot iitthmdepta tleal ttdmmilvsMont elsdipeckry
REOWS; 1that ot Pgnfm&’é fied nEABQaﬁh &% Lipdmkesatiher MM

transm ssi on nuch npre robust eneral and it adapts

P HE T Al s SFRC Rl %Fﬁc\%ﬂl K §Hpgrience outage -
rafkedef coent ] charmelthenwheér edanrr adaitione o§ c henesa 1

mmpsllé&lget aﬁaﬂilwt&@al Qatggyugfrp@rﬂeearla%l%t BY6e-band
Qver-the-air denpnstrati on of

referrin 4

Rt s St I’HJE]P Xt A tat HﬁPéﬁea%taF%&kes KG&PHGT Forl, von
Healclit, mddvasee baid Rrddoessiiagte JAghi ekell 35Ha&t ei n,
Forck, Krueger, Pohl, von Helnolt, Advances in Radio

Sci ence %%Pg&é . 135-140. PARC can be conbj ned wi

TS 46 DIAHL Chidn ARl - afat @ bt 40F oﬁhﬁ?n?%éware
axbechut] agtiiomn olf evied snahd gudwer $etcabhs bend miceeprseted as a

§N@éfﬂyéﬁgdbggmge§wfgJﬁfﬁéeﬁEtWQQHl&gffg}ent modulation

alphabets by which the streams are individually mapped onto
the real scalars {ea,8,} in (1).

A practical control variable is the effective signal-to-
interference-and-noise ratio (SINR) for each data stream
after the detector. It can be predicted at the receiver based
on the known channel and detector structure. Using the
effective SINR for each stream, a decision can be made which
modulation is supported for a given stream (which is also

called bit loading).

But so far the best number of streams for the LDC is unknown.
This number is found using an iterative method or algorithm
performed at the receiver - according to the present

invention.

While in the first option, the scheduling is actually
performed at a terminal, in the second option the final
decision about the transmission mode is made at a base

station.
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erence-and-noise ratio (SINR) for each data stream

after the detector. It can bg predicted at the

recei ver based on the known channel and detector
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deci sion can be nade which nodul ation is supported for

A givespsondéa (i gh ti-gegksve calhded i3 tshbgading)iqures
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H o ) B T h i e Fof A2 s e Sberygy LEEninal

aecontimdgoroMite priesentn-ilpgention . Wiile in the
first option, the scheduling is actually perforned at

t I d opt the fi d
Bh e AR SR b 5o P Rt A BaEe b o
wAl cors eslpondiragned@rsmon- pecedvie thaam.i §hshown $treered

Efc%”t@ﬁe h Gk 12 a0k & 162 uml\‘ﬁhEﬁ@ecﬁ:lcCa kshowsc2 b@8®rmation
%tlon transmtter for MO-LTE down-1link and FIG 2

Hov! élSﬁSbPFe“?"e‘??ﬁ%dfleqPééﬁﬂ%‘fsfor M MO LTE

domn link. The transmtter all ows sel ection between

ﬂhéffgééﬂﬁeED@é§§u¥6%|anaiD@déQEba%%rHHH“a@%bQBin each
%trgﬁﬁ%ﬁThls is steered on1the link adap tgtlon uni t

Paeldbatki I et BRTAnFBir user t6F At utied
tleguiglemerts icThet ¥ evel veretéatemes lavedlBC deeoderrande

QQQth%%n@%ﬂ@dgéééfﬁHhéén%%% EﬁEn%ﬁPﬁiﬁi%%@@‘r§@§%ﬁu9n
the estimated channel coefficients and interference

PeVEl’s thFh@"PP%?%WW@W@S% BBnVP@olpocfét EFhRks T hseINR on

opth ralrekbbCwbbode fattheandeported to the base station via
the fed-back link. The link adaptation unit at the base

station takes this into account as well as user and network
requirements from upper layers and finally it defines the
used transmission scheme. This information is encoded again
and transmitted in the header before the data block (fed-
forward 1link). In practise, the decoded feed-forward
information steers the entire adaptive detection unit at the

receiver.

FIG 3 shows a structure of a transmission frame.
The preambles A and B are used for synchronisation and
adjustment of a AGC, while preamble C is used for MIMO

channel estimation.

After the calculation of the spatial MIMO filter the signals
in preamble D can be detected like data but with sequence

correlation circuit.

There is also an example of orthogonal sequences to signal
different modulation levels. A second set of half the length

is given which can be used to reduce the number of symbols by
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B aa@ligided , f bhe syoedr griiloael onn are redjusstdmenan opd detected
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? IQ%F“@ﬁégEF hals in preamble D can be detected |ike
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of s&amesl soba fiaet ofe.of. 2600AMb achi eve a further
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-sugmakkedhenﬁmm$mnauﬂwde;ectlon of the modulation levels the
modulation detector (e.g. QAM detector) the demodulator is
always matched to the data even if the feed-back link which
signalled the modulation has an unknown delay of several
frames.

— with OFDM and bundling of sub-carriers for certain uses the
signalling can be done in parallel for different users at

the same time.
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detection or Turbo-detection and can becone very
conplex. - due to the imedi@agte detection of the
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data even if the feed-back |link which signalled the
Pduitatdleamhas an unknown del ay of several frames . -
w th OFDM and bundling of sub-carriers for certain

h [ be d [
b rarion, TadBtte " cara SR Rel GalRRE cPhPhotaed at a
th%@i@ademetmne a transm ssion node to be used at

a M M@e&%@@s%ét@éterm%%&%ﬁso%h£ satiefm RALHOR &1 & mode
optlrrumtransm SSsi on e at the side of a
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di spersil on _code LDC gas t he  SI NR val ue @f each
a

stredm’s (8B t% Edl ef&FSt BT Yy 674 d8sFPe
t argethergasut bab$ Bioudlvat péneadiphebetanf o5 saehh to select,
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[ near di spersion code LDC is selecte
alue 1s separated and is not con31dered furthermore ,

— whereas a linear dispersion code LDC with a smaller code
rate than the first linear dispersion code LDC is
selected,

— whereas SINR-values for the remaining N-1 streams are
calculated and a new sum-rate is obtained accordingly,

- whereas in case that the new sum rate of the remaining
N-1 streams is smaller than the sum rate of N streams,
the sum-rate calculation is terminated,

- wherein, in all other cases, the step of separation of a
stream with smallest effective SINR, the step of
selection of a linear dispersion code LDC with a smaller
code rate than the linear dispersion code LDC before and
the step of calculation of SINR value for remaining
streams are repeated accordingly, and

— wherein the most suitable code rate of the linear
dispersion code LDC is selected after the termination
and the code rate is reported to the transmitter,
together with assigned quantized effective SINR value of
each stream, to allow a final decision about a

transmission mode at the transmitter.
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of the remaining N-1 streans is smaller than the sum
rate of N streans, the sumr@aie calculation is

term nated, - wherein, in all other cases, the step of
separation of a streamwith smallest effective SINR
the step of selection of a linear dispersion code LDC
with a smaller code rate than the |linear dispersion
code LDC before and the step of cal culation of SINR

al ue for remaining streans._are repeated accordj ngl
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| i rredirt adpilepreginbat code lbDEbers set@ctied &bt ehetresired BER
tergdnati 98 apfe theicQde batei hsq repartedctgithe
transmtter, together with assigned quantized
effective SINR val ue of each stream to allow a final
dedigitonl abootdand rtansihadsi dn wineleeat at lvem bit rate is
transdy ttegu® rafMethod according to claim1 , whereas
the selection of the suitable nodul ati on al phabet
according to the desired BER target is done with a
pr etiefhodedchoofing tallleim3l, Wetterd accoomndengof ostreams,

cl ahmch naWheress @&SHUMBI trhALRI 4 dised sagsedmyg ate.
4 . Methqd according to claim1l , whereas a nunber of

st reaf¥™ WAt ch 2%t o be used for transnission, is
used as transmission node. 5 . Method according to
sl aidpnba JWheLgasy a pradeki ned, threshal ¢ kgcusgdqas

bit error _rate. ,
threshold 1s used as bit error rate.



