METHOD AND ARRANGEMENTS IN A TELECOVMUNI CATI ON SYSTEM
TECHNI CAL FI ELD The present invention relates to a
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icular it relates to a nethod and arrangerents
for Multi User Multiple-Input-Miltiple-Qutput
signaling in the tel econmuni cati on system BACKGROUND
In the cellular tel ecomrunication system which

t WAEFRIODY ANDRRRAGGEMENTIS [NSA Tl edOMMIUNICATION SSTEM
network 1, a radio access network 2, User Equi pnents

(UEs) 4 and base stations 3 nultiple transmt antennas
can be used for achieving high data rates in various

vvangH,&I@gﬂFqu)l nput-nmul ti pl e-output (M MO) channel
is formed 1f also the receiver has nultiple antennas.
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rates to a single user. By transmtting on
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Inteléadnﬁmnmtﬁno@aystbxe achi eved under favorabl e channel
conditions. This is called single user MMO (SU-M M)
since the data on several layers is intended for a
single receiver/user/UE/termnal. Figure 2 shows an
eXBAPIKGROUNIPase station 20, with multiple transmt
antennas 23, that is transmtting in SU-M MO node to a
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aretransmttedtoasmg n figure 2 the
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LTE- syst “em I's an evolution of the
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n_OpeaRUEtBQEd a gk txsh:&nBmenslnay&&[, dnr &neni kigeronviiich aneans that the

{r]l%rrenation is transmitted on several bit streams the information is spread in the
spatial domain, substantial improvement in data rate can be achieved under favorable
channel conditions. This is called single user MIMO (SU-MIMO) since the data on
several layers is intended for a single receiver/user/UE/terminal. Figure 2 shows an
example of a base station 20, with multiple transmit antennas 23, that is transmitting
in SU-MIMO mode to a single UE 21. As shown in figure 2 several layers 22 are
transmitted to a single UE 21. In figure 2 the UE is also transmitting to the base
station 20 using several layers. The telecommunication system may be a LTE-system

which is an evolution of the UMTS.

The number of simultaneously transmitted layers depends highly on the
properties of the MIMO channel. Because of for example fading, usually the
MIMO channel does not support more than one layer transmission to a single
UE. This limits the data rate and means that spatial multiplexing gain is not

possible. To still reach high system capacity it might be beneficial to transmit



UE. This limts the data rate and neans that spati al
mul tiplexing gain is not possible. To still reach high
pacity it mght be beneficial to tr ]
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i nstead schedul e several users on the sanme physi cal
resource (e.g. tinme - frequency - code tile) and use
the spatial domain (layers) to separate the users. In
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or one | ayer. There are basically three proposals for
MJ M MO support under discussion: 1. O assical

SR Yo « QL ¢ r-gé L&flent
R AT S R e e R

20 " Md-ti Mbpﬁmbf SU MlMO and MU-MIMO in the downlink and that there will
be the possibility to semi-statically switch between these two modes. Each UE
(user/receiver) can in the MU-MIMO mode receive zero or one layer. There are

basically three proposals for MU-MIMO support under discussion:

25 1. Classical space-division multiple access (SDMA) for correlated
antenna array setups described in 3GPP RI-072464, “MU-MIMO for
E-UTRA DL", Ericsson. TSG-RAN WG1 #49, May 2007 .

[

Zero-forcing beamforming described in 3GPP R1-071510. “*Details of
Zero-Forcing MU-MIMO for DL E-UTRA”, Freescale Semiconductor
30 Inc, TSG RAN WG #48bis, March 2007.



E-UTRA DL ", Ericsson. TSG RAN WA U9, May 2007 . 2.
Zero-forcing beanform ng described in 3GPP R 1-071 5
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2007.3. Per user unitary rate control (PU2RC)
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EUTRA", Sanmsung, TSG RAN Wd #44. Feb 2006 . It has
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reference synbols (RS) and data synbols transmtted to
the UE. The base station has a certain transmt power
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power offset can however also fluctuate because of a varying number of
multiplexed UEs on the same physical resource. The available transmission
power may for example be equally divided among UEs scheduled on different

20 layers in the MU-MIMO mode, meaning less power per UE when several UEs

are multiplexed.

SUMMARY

It is therefore an object of the present invention to provide an improved solution for

25  MU-MIMO signaling in a telecommunication system for obviating at least some of
the above mentioned problems. The inventive solution to this end intends to enable
reuse of SU-MIMO functionality as much as possible in order to support MU-MIMO
operation and to reinterpret any signaling in SU-MIMO mode that is not needed for
MU-MIMO.
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MJ M MO signaling in a tel econmunication system for
obvi ating at | east sone of the above nentioned

The inventive solution to this end j
(?(E)(R)grqa e reuse of SU-M MO functionality as n%(g*{%@ﬁsmsosss
possible in order to supporty MJM MO operation and to
reinterpret any signaling in SU-M MO node that is not
needed for MJM MO More specifically a first aspect of
t dogerspeefitallly vt aspectrcﬁltraet @8schOinerdtidh oldieh @ a MétHod for Multi
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nmethod is to inform V|a si gnal 1 ng about

r él“?ﬂeerﬁpr"@fchtsieﬁnmofhet'heth@@dum@amfpﬂblths Ul hea senhlog about the
F{nt}: r{:tﬁg{g’]ﬂ)éf; @giflea l{ghﬂiiﬁﬁ}ﬁkjb%r%g? J%mgnses a fo%mh step of

I esignaBmgd nﬁbmhuoedmmtmmtd with MUA/IH\&OomddeaSpex@ingaﬁe tréigterpreted
prese Lnovention relates to a radio base station in a

cdi nﬁf"&gf %-on system conpri si ng

Mul tiple-Input-Miltiple-Qutput (MM) antennas for
signaling to one of a plurality of nobile term nals

and conf| ured Tt\/a both Single User and Multi User

M tSSpTE- W,salt hg .%@S@ntwwm}ton( iUty WD dafrdlinbasy pigjion in a
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signaling modes where the base station comprises means for switching between the
modes. The modes having partly shared signaling and the base station further
comprises, a signaling mode comparator means for identifying, SU-MIMO mode
signaling which is redundant for MU-MIMO mode. A reinterpreting means is also
present for reinterpreting bits of the redundant signaling to comprise signaling
information, associated with MU-MIMO mode. Further means in the base station is a
transmitter means for informing via signaling to the UE about the reinterpretation of

the redundant bits and signaling information associated with MU-MIMO mode by

using the reinterpreted redundant bits.
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Fig. 1 illustrates a cellular teleconunication system
wherein the present invention may be inplenented. Fig.

' ates a base station operating in SU
W(ﬁ%@é}pb,ﬁgf %\/LII‘ n/g 2008/050383

ig. 3 illustrates a base station opera
MJ M MO node. Fig. 4 illusgrates bits used for
signaling in SU-M MO node and MJM MO node. Fig. 5
illustrates a nethod according to enbodi nents of the
BRSFDHESOREPTION OFTHE BRAWINGS at es a base station
according to enbodi nents of the present invention.
Fig. 7 illustrates a nobile term nal according to
enbodi ments of the present invention. DETAILED
PESGRIRIAN 468108 eeedmdudbfioftsh8Em Abier&f tise prR&NH Rention
and advantages of the invention will be apparent from
Y beamplsmiengddet ai | ed description of preferred
enbodi nents. The present invention relates to a
diég- 120l lustrates  bessrataiivn eaciabrg syS3t-dHMEE mod¢.ustrat ed i n
fig. 1. The present invention sets forth a nethod and
drig. Inlestmares ¢ bhgersivightoperakieg in MU-MIMO mode.
Mul tiple-Input-Miltiple-Qutput signaling in a
thag.elctnsmates bis hsed feysgrating iTHEJ-BHYQ miode andMU-VEMO mode.
present invention is to utilize the fact that MJM MO
diigl SSUudutaNDasieainel avaordingitorembedimiers of tHowessent inveaijorar e
currently classified as two quite different nodes, but
tHigréallusrages ladasd swatgaiaocdrdiogrocsmphadirhemygof the pessmrorvantidny
between the two nodes for reducing the nunber of
Higiail lusugtes ptnnahils teriftina avwordigk to@mbodinyenmadthesprageheinvention.
i mpl enentation of transmtters and receivers but it
will also facilitate testing of equipnent to ensure
that it fulfills the standard. Wen transmtting in
SU-M MO node or MJ M MO node a precoding matri x needs
to be selected by the base station for the
IDENANMLED DESCRYFJI0ON ng to 3GPP st andar dt he precodi ng
matri x shall be selected fromprecoding matrices in a

3ERRoRizamdaid stRsteotQek fedraed ahdFad @G RRBEOHhe ANBNGnTkIE be
precodi ng matri xes in the codebook, a subset of

epearentifiogn wadeliowing detniedelcssipEpnokrrelsred enbedimsyst he
Node B in possible subsequent downlink transm ssions.
Based on e.g. the antenna configuration of the

In

The present invention relates to a cellular telecommunication system as illustrated in
fig. 1. The present invention sets forth a method and arrangements for Multi User
Multiple-Input-Multiple-Output signaling in a telecommunication system. The basic
idea of the present invention is to utilize the fact that MU-MIMO and SU-MIMO
share many similarities. However they are currently classified as two quite different
modes, but there is a lot to gain from exploiting the commonality between the two
modes for reducing the number of signaling options. This would not only mean
simpler implementation of transmitters and receivers but it will also facilitate testing

of equipment to ensure that it fulfills the standard.

When transmitting in SU-MIMO mode or MU-MIMO mode a precoding matrix needs

to be selected by the base station for the transmission. According to 3GPP standard



base station the base station can further confine the
precoding matrices selection in the UE to a subset of
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? 8%2817°2Y codebook subset restriction. Usi ng co
subset restriction neans that the base station has to
signal fewer alternative precoding matrices to the UE
fromwhich the UE can reconmend one to the base
Sh@ pieBdHinBhattix SHaRi iedselddfd AENE ?%cwhghm i@S Skl ATEG FMsidfdard
codebook subset restriction, nost eve hing from
sode/pads. ﬁe@bUEdﬁC%@ﬂ?l&ﬁs@HO%dhe WM*W}%&@S Asthesrgebegk, a
s(xbe',e?of‘ c&?ﬁ hﬁht Qﬁeb&(gféﬁ(ﬂ)kttg bRGREAB eheMibdd B1i possible
termnals Es on t e sane physical resource. One
tSIqbswguqnhaipwnbxddgammlsﬁeoradae@dtm ¢-pethpanighMOcorddrgtion of the
brz]tgef srtemorr]lghet: g%% ?58 %agltf{lgﬁ? v%g'zﬁnn% t?g&g&%cﬁlﬁ%mﬁ{ﬁ%@ s%%%gé(n in the
tie tpawebset ef ehreepfremdm‘@hninmriﬂtsnimrthmdddboclatTmn tesk@nee atcalled
egst uff|C| ent for e at ed .ant enna
HORSRROK SHEFCL TSI g Ehdss a3 %ﬁbgcstrmoameeémia f {g base
t Qatoh gfagaltd signdl h@w&ommaﬂf/é ?Qt'odlﬁb tagiddESo tHeSUE @rosi GMah the
the total number of multiplexed UEs. The present
|Wé¥ﬂﬁeéﬁ“@%0@d9ﬁ6fl}as‘?8ﬂ'% M MO node signal i ng such
as power offset signaling by utilizing SU-M MO
signaling (i.e. bits) that is not needed for MJM MO
?ﬂggratl on and let thembe re-interpreted as M)} M MO
atizigadhe greediurrkingi aspieion efscadsoqkonidietofesisistion.
S I h I f
PURER i ST SO R e RO N ORI
dabgag @ ipnboexppoikgrforbdddenso aciddde nmevsietememts poWEs on
fsets. The transm.ssian rapk, .i.e. the pu
s 36 poae syare. Coe dnae LR 405 MR B Rhvo
SHMé\@ iSfoEiak i thg U Ji(éefaEIhﬁteMUmMth@pfé&dﬁsl@ﬂh%tlﬁﬁ@ﬂﬁowdﬁ
port a limted transm ssion rank per Bits used

fseb rREB%ENN gts et i debokorankebgeBOWEC éﬁfg{gngﬁ h iy, minor
axﬂ%lh dz?fo'n Qe 1CRIE Q@ﬁ’tﬁ:neﬁ' I?&@DMQSFOF Ic6trEIRRd GARNA HPayle

reused/ rel nterpret ed. Taki ng our transmtti ng ant ennas
aandt sheurlzed @B rdgte@netgp(sappm alermatiyhid ignpliog thepower offset to

the UEs, is to signal the total number of multiplexed UEs.

The present invention adds support for MU-MIMO mode signaling such as
power offset signaling by utilizing SU-MIMO signaling (i.e. bits) that is not
needed for MU-MIMO operation and let them be re-interpreted as MU-MIMO
mode signaling information such as the power offset signaling. Note that the
signaled power offset can be relative to other varying power offset levels such as
data to pilot power ratios and/or measurement power offsets. The transmission
rank, i.e. the number of transmitted layers is one example of such unused SU-
MIMO signaling since the MU-MIMO mode only needs to support a limited
transmission rank per UE. Bits used for precoding matrices not needed because
of e.g. application of codebook subset restriction can also be

reused/reinterpreted.
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transm ssion rank in SU-M MO node requires essentially
two bits. The transmission rank is signaled in the
whenever the UE is scheduled, i.e
(?gdr,ggé)g{c}g sub frame. These bits can be reusedpp\/\g%ﬂoxsmsmw
transmtting in MUM MO node to e.g. indicate a
four-level power offset instead of the transm ssion
rank. The same or a different granularity between the
power offset steps may be used. In the sinplest case,
the power offsets correspond to the factors 1/4, 1/3,
Fhidn@tfhr Fak@iftRERARAM DGt 1R KSUEB, astdirekBmpleV\slg@dlidg @N €he
mul t1pl exed UEs respectively. This would for exanple
ts@]sawlqnc@?@kent SHEMIMMIneds irauigs Spseabialty e bifs- The
W grioﬁ%% ARCR Snbel) ewoevnmﬁl IhineReand emeg&eansid Re.

't near array having 0.5 wavel ength
pd)sm’mbnfor sphcubdansi Hlowse bh$ eanzhetreysad Whem fraepuriiing am MU-

gﬁg’ﬁ? C‘g? eézlﬁglcggél aéenw tflof?l lg\)/(elu O\L %%Jt Ll{lgéa(? Myt m—‘e

nm | arI f case W
trameAS SEidnt raig matsane @5 a dffferént tgm u llaJEQ/ lﬁbﬂsnedne(he‘mbM:rpif’émed
in I\/U-MI\/D fndt ere i s hence a_peed to S|9 nal
HORRITb F SEL (IR TP a1 PAET (S ebesnd 1 the

eRtd:€l At g9, FONR 1fc@r%spgx|1<flﬁ§foqﬁﬁr Braut s Bid@enhepdkay
matrices are typica needed, since the other

PEs gesheetiyehat i @:f,)UIdn}/qr taamplrbe el isdie i kscghasionging
%g%c%\ﬁwﬁlo;\ %ttfll@esi\c@@sg@ﬁmf\c)%{h' egé{{t kRO rmdBenda -LI;PH form

boo nine el ements, which nmeans

tihadr afiay §UDA) lhhengIOérrwmeztengéN@cmcmeﬂaqmg bmcsﬂlglﬁ ahigana o
As il ustra d o s 4

F@?@‘%‘G"l‘ﬂal@ﬂ' E%H)e &lpgeé‘l Lépnaq Floﬁléq\“éso% ?}Pwe sl
sdsalidcen to the UE \Nhl ch precoding matrix that the UE
shoul d choose from In the case of MJM MO node only
two bits 4 1 are needed for signaling to the UE which
precoding matrix that the UE should choose from In

%Mri\fofmg chftewtthawbi thamsif gl eneérinas @b ab awb eldEs canbe
and may therefore be used to signal the power offset

ey tiHexediEn AMIW-NMQo enodle ne dbiiay '%B?’IES %P?ﬁdd@ds‘g’?ﬁl PoWGo
%?flsétsfagifor rlPZS%m?oll.ai 'ﬁ]%dcﬁgtcﬁn&ﬁr%lated SDMA, four different

beamforming/precoding matrices are typically needed, since the other precoding
matrices in the 2 Tx LTE codebook are not relevant for this antenna
configuration. The 2 Tx codebook in LTE has totally nine elements, which

means that five of the elements never need to be signaled to the UE.

As illustrated in fig. 4 four bits 40 are reserved in SU-MIMO mode for signaling
from the base station to the UE which precoding matrix that the UE should
choose from. In the case of MU-MIMO mode only two bits 41 are needed for
signaling to the UE which precoding matrix that the UE should choose from. In
MU-MIMO mode the two bits 42 are therefore redundant and may therefore be

used to signal the power offset to the UE.



I's another inportant scenario that may be benefici al
for MJ M MO operation. |If the antenna pairs are spaced
5> wavel engths apart, it is possible to perform

WQ&WP’@?@?’ed beanforming to separate the users BnfSEzy08/050383
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utilize the two orthogonalgpolarlzatlons for
supporting up to two |ayer “transm ssion for each UE
The 4 Tx SU-M MO codebook has been concluded in the

LA 1SE R0 @b s8lp Q[\@&@Sﬁo v g)QW&@dlﬂssJ]ﬁ)lﬁiz@mﬂEr%as

per transm ssion rank (nunber of transmtted | ayers)
AS n@qﬁhthp@mémwld bat mAy- b bvaefioial fereMboMeM@ernsthtiont Ifip

?a LfSoZHE 0%8 i rwa%lg@lm {? aWh nlSI ;JBBJ; gllg"atgltﬂézﬁgrrg

m ng o ol ar ton I'e
taoaa&mdsl:samfmmm@ toqupzpateab@l esreredxrdntenttslzé dre tdumacbrtlioggn&aﬂ

nsm ssi.on ngl e rank transm s n t it
PR T yphiTine P . Sy BT T Raor By SAne ! HRp T
tSRNEVIG 8bRBoolORdsIbedn Sorid@lded b the PUBBEand&d|zafiéh prdcess, to
needed. This leads to a total of 4*4+42*2= 20

CORBIM &P ielsmentsypir drRnFnissiga rinky umbenafl ganspifteds faypis)- A

I
e R L i

qumﬁnedemmh w:bt:lh enplpmsrmdgl 3Ty yﬁmrfpoallngwnmply pqmlgr,lzatlon
Ff E esrm g fla%ieetrs nsmls anc? tgl\éeér%lg(%deg?é{}grﬁg{tgtr t;og'edntial layer

ure , onhe as
!tmnemtssnom Fal ahgs rhiigk aamsatissaoh, anwa biagbwebaéing toffséton

n cO i catiqn system f.or It|

EPERSo BT R ET SEBS T e P SRRV REVi5H SFig 1
Vde@deMJ ThisPEREs i RUYS M 444D €= pisibihdIoNE) wisibh 6038 into
bet ween the base station and one of a plurality of

rthé Of giftxend cpmbinpieonseY! resafd ebamansradignioit the SPfﬁ‘i;j‘lt sU-
L@m@%&ewmlﬁ véWé)ftféePlnﬁ%I B g miHEd '\\F?Jheo@e‘rt %Esnbly

signal 1 hg nodes. The

mwemlcaﬂywdrgmg; meanéfeetbm feDMhe oz'errabpbwmcnang

beanform ng or per user unitary rate control (PU2RC).

The communi cati on system supports switchi ng between

t he nodes which al so have partly shared signaling. The

mEéﬂE\x@dg vz 5i snesdspaun of the tpleserft lironentiar felatas 16 b gnetleodSn a radio

r h
ng) slta%gﬁ 1}1 ae ccs)’rtngﬁlmcatlon system for Multi User Multiple-Input-Multiple-

Output (MU-MIMO) signaling via Multiple-Input-Multiple-Output (MIMO) antennas
between the base station and one of a plurality of multiplexed mobile terminals
supporting both Single User and Multi User Multiple-Input-Mulitiple-Output (SU-
MIMO and MU-MIMO) signaling modes. The MU-MIMO modes can for instance be
SDMA, zero-forcing beamforming or per user unitary rate control (PU2RC). The
communication system supports switching between the modes which also have partly
shared signaling. The method, which is shown in the flowchart in figure 5, comprises

the steps of:

501 Identify SU-MIMO mode signaling which is redundant, ie. not
needed, for a MU-MIMO mode signaling.
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501 Identify SU-M MO node signaling which is
redundant, i.e. not needed, for a MJ M MO nobde

W(ZIE(?)EBM(%?P 502 Re-interpret or re-define bits f’Cle/SEﬂﬁ'sE/@sm%

the identified redundant signaling to
conprise signaling informgtj on, associated with
MJ M MO node, 503 Informthe UE about the
reinlerpretation of the redundant bits, 504 Signal

i nf or ped iReFn@EFACHAFcedt e s M- WMBiRDEL tHeYidesiffed @dirdant
reinterpreted redundant bits. In one enbodinment of the
met ho8iZ8 B8 A FRIBPHSS stanaling iBtasmatiqnngsatipieh With pU-MIMO mode,
redundant SU-M MO node signaling relates to

t r ans AV SRR tha ME ahoyhidie regeRireation o€ Yapdundamdifs.
signaling. According to one enbodi nent of the nethod .
accor éPhgpigns! tiptorpateie assosinigd it ithh MY IV Be Arods j byg using said

redung@mglg?éégé]wemmtssi gnaling information is

reinterpr to conprise a power offset between a
power reference and data synbols of said one termnal.
The power reference can for instance be reference

IPROL S B A0 LA SSSURISD I bl gion. e st
rSél- Ml medded sigoal mgnmiatee td hmngnoisadn numbeignelfing laed precoder

| tiplexed terninals. The reint d MO nod
Alerien PG el Aot ecoRRoheh PUr B apho L scfSdRE S e

sedieduheshtioNaet faehtifagpedindaht SIMMIME@SRIe sighibid inddrmation is
relates to a radi o base station 60 in a comruni cation
doatcEsted ecompsise dPANELAITISH betpsehPewer dfgHRRCE And dadq panbols

g)g s?@%m%inﬁl. Ghe !pBR'E’llt rebdibdck RhP P sPitke BMév?L%&rkS'ﬁlBGl@.sThe

5 for enabling signaling to at Ieast one o )
pdentified trgdundanty bighadingx edonmabipn ecap ezlpd rial anothent ershpgigpsnt  be

and rs%glhﬁS'g Uﬁ ng%t'lyﬁ inals. Th
TP PABEET B AL e b s
stigrgiretnd MUAESMOT e deoblies namybd aigBii Vomeeor thel &treidal is
anlt en{%ﬁ arrays setups, zero-forcing beanform ng or per
§s%dulsfi tary rate control (PU2RC) or ot her MUM MO

nodes. The base station further conprises neans 6 1

for switching between said nodes and signaling node
conparator nmeans 62 for identifying reduyndant SU .
An%?her aspect of the present invent?on relz}{es 90 a ragl% %ase statll\(/)lnNQO in a
communication system. The base station 60, which is shown in figure 6, has Multiple-
Input-Multiple-Output (MIMO) antennas 65 for enabling signaling to at least one of a
plurality of multiplexed mobile terminals (not shown) and supports both Single User
and Multi User Multiple-Input-Multiple-Output (SU-MIMO and MU-MIMO)
signaling modes. The modes may be SDMA for correlated antenna arrays setups.
zero-forcing beamforming or per user unitary rate control (PU2RC) or other MU-
MIMO modes. The base station further comprises means 61 for switching between
said modes and signaling mode comparator means 62 for identifying redundant SU-
MIMO mode signaling that can be reinterpreted to be used with MU-MIMO mode.
The redundant SU-MIMO mode signaling can for instance relate to transmission rank
signaling and/or precoder element signaling. The radio base station 60 also has
reinterpreting means 63 for redefining bits of the redundant signaling to comprise

signaling information, associated with the MU-MIMO mode. The MU-MIMO
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node signaling that can be reinterpreted to be used
wth MJM MO node. The redundant SU-M MO node

Wé&(ﬂ)@ﬂ{)b@p can for instance relate to transm s% &{0@)&03%
e ra

signali'ng and/ or precoder el enment signaling. r

base station 60 also has rgjinterpreting neans 63 for
redefining bits of the re undant signaling to conprise

signaling information, associated with the MJM MO
ipelinglin€orMatidd Mag icgmptibang pbwéros it ba%a’ay p@QB{Dfeif@@ca (e.g.
power offse Qgﬁmeen a power reference . reference

5 WB?%SYC‘F@;S)( ha%@ew@m usd dey tppspit gﬁtg rﬁvwba'at faltcmmwely

STVl ;MO tgmaah s Mfoymithe MabigMsMOusi @ial didtber of multlplexed

information conprises the total nunber of nultipl exed

temiaiaTae baesidiay alssrcampyses sassnidenprinsdd for ifasming e UE

@B&R%h@f’euﬁt&f rétzmo(l)lr tﬂﬁ rédlﬂﬁd ##lf ?r'ljc{)SIFIIilﬁln ntormatl n. associated
ant bi Ad"STghal’i ng

rel nterpret Aion o ere

ivifloMaMIMO assieciyatsulg \Nnet nlriwplfeteki'oedmdiambyumsT ihagMUREIMO
reinterprete re unda s. The M MO node

SRR R PP SATA JEh taens? Bt RME HER Rt natper of
aérfriedls @t atr@mumprrfbceﬂ ofthetpdiy it adssurchat are mul ti pl exed
on the physical resource. Yet another aspect of the

present invention relates to nobile termnal 70. The
nmobile termnal 70. which is shown in figure 7, has

Mt bhRh@-akpaebibf e phdsBhian{atiby teldidd MD).o@rétt@mnﬁeﬂ 764TIRNGobile
supports both Single User and Ml ti

Mmmqé|7e~wlwglut&ﬂmwﬂu@ﬁéure@mwvul(ﬂs@lwpw@ﬂahmlq\@ptwwmo)
Sh@RRs! 7294508 Ports TEh yan@%tﬁ%ew lﬁ@@rlﬂllﬁmgllple-

antenna arrays setups, ero orci ng bea ng or
L@E}PUllﬂﬁUtMi‘MOri’aﬂ eMdavitvMo) SIgFHUZB@0®$ TdthmdewmaMbMSDMA for

RoeRss BE R ARG SEITLAR ek SR iR R e e iR
I’éﬁﬁkﬁolS(l{UEﬂlG)ngr Qﬂ’g:/rfIOIIIJ an«togrmmief .efTh¢ endtolet reamnbal I9i Oither
ran signalln an or recoder . el enent SI a

RBTEI YRR f?lzswgcha}gs'aﬁtmea\ﬁlaéwd% Reduigh s PMIMO mode
ts?ghmn&alcm?%rf Qfst’ﬁ@@@él\eﬂen% tlﬁ&mlﬁuﬁa%ksﬁgﬁdlﬂﬂ 4Rk precoder
S omn) i nformati on about a relnterpretatlon

rebapnt sigeal 9g- Reeviyepimeosns Thés alscrrpyided n’e@ﬁsnmleutgr_mmal 70 for
rycre \hr? fr%g]nglb%gg Eﬁfl{{}? '\)E.Sﬁcs% Xfﬁ)oﬁlf&% b %hpb it ﬁggﬁ{ekpqaation of

assocCl y receiving t

rreduntian SleMIMO diﬂusnﬂihafnrecblvbnsmea'dsen\/i} Mrit® sordrgatdadnlg receive
is?gfnglrmg in o?rr%atrl%a assocnyteé wnh %/II?WO d% %ty receiving the reinterpreted
redundant bits. The MU-MIMO signaling information may comprise a power offset
between a power reference (e.g. reference symbols (RS)) and the power used to
transmit data symbols. Alternatively, the MU-MIMO signaling information may
comprise the total number of multiplexed terminals. The mobile terminal also
comprises means 75 for interpreting the received reinterpreted redundant bits using

the information about the reinterpretation of redundant SU-MIMO bits.

The invention herein disclosed provides significant advantages by proposing a

way for supporting MU-MIMO by reusing as much as possibly of the signaling
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bet ween a power reference (e.g. reference synbols
(RS)) and the power used to transmt data synbols.

W(%Jo%&%l vely the MJ M MO signaling infor matilg&/ 08/050383

conprise the total number of nultiplexed termnals.
The nobile term nal also coymprises nmeans 75 for
interpreting the received reinterpreted redundant bits
using the informati on about the reinterpretation of

rf@cttinaany fidkr FUMAIMIA fodd By LEMe RbdeYdokINeN rddirREboSed
provj des sl&aifiqant advant.ages by proposing a way for
SOPBBRIShY I RUNINNeRaby scherdiling saerdnléls 98 thi sang physiel

tr&%ufcleggeéohr&fe%%@mu-wMU o &%Miééamgsor{eﬁyatuédspg

codebook subset restriction in conmbinati'on W
ifet SAMiAotnal ¢opredacaveanignina grrexsy svhen theReEware timfernehas a high
' | b
GRE LR e QST pe B B SRR L M MR e
. .ed. . t ' t
SR s MO B oL o190 8 PBRnle RO RS £
riehey enapplieabde @girdibas of MJAMIVIO. mddee i nvention i s

however not limted to SDMA and correl ated ant enna
ahie diygh r@8sel df signylileerap ek sogidrémpgrndties sndproMdedviMer

nmode. .The hi gh reuse of signaljng enables_sinpler .
ORISR ARG 48 1515509 e e e mPER e G 1A g testing
SiA e@ipmdh@olitLwith Safakd.i cul arly inportant for
facilitating testing that equi pnment conplies with

standard. Note that although term nology from 3GPP LTE
has been used in this disclosure to exenplify the

NE T nlioﬁ %ﬂ“é;e?m 20REY ‘#roﬂpﬁGlhfL?E BRs B3n lubdd ihiune dk%‘l@sure

scope o nvention to only the aforenentione
sy sxeamplifiptiveinvelitiop] isshoyldinetbe aeep aallisoting Hefscepd efghe
expl oiting,the ideas covered w thin thi [ osur e,
Prfiel ol A, ORGP S, teh ahithSs MRl R o
rtenéfiti fedne @xploitth@whet iiddss asverrdd whlinhikisafigllososb[Ferthemore,
upl j nk Iransnission.technigueﬁ as. \v | L. Means . P
TWGHIEA 1§ POLORESSTAT RS B ICHRAL oW Imbirs (b Watieakls &r
r@gn@tra&aﬁgy@rt@cmﬁﬁ%amem combi nation of both. Wile
the present invention has been described with respect

1NN rhdnEBAGY in the present description can be software means, hardware

means or a combination of both.

While the present invention has been described with respect to particular
embodiments (including certain device arrangements and certain orders of steps
within various methods), those skilled in the art will recognize that the present
invention is not limited to the specific embodiments described and illustrated
herein. Therefore, it is to be understood that this disclosure is only illustrative.
Accordingly, it is intended that the invention be limited only by the scope of the

claims appended hereto.
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described and illustrated herein. Therefore, it is to
be understood that this disclosure is only
illustrative. Accordingly, it is intended that the
invention be limted only by the scope of the clains
appended hereto. CLAIMS 1. A nethod for a base station
foraAMlsti User Multiple-lInput-Miltiple-Qutput,

MUM MO, signaling from Miltiple-Input-Miltiple-Qutput,

M. MOmefdld 6B 2 Haf statidhaee MR UsenNMuRiph f1paf- Mt 4L0atplut, (M U-
of nobile termnals of a conmuni cati on system

CMngmg@@ﬁlrfgofrmﬁoMHltglmmpgt My liple-Output. MIMO. antennas of a base

] ’ mi¥Hichtion system
Nslﬂéettro'n Nto tobgmeft?rl\ﬁld{ah%u %{91'%19@ terr§H‘aM M‘Da @&q Whichtdion syste

s¢ogﬁallmedlgf0mbdéls Segte tlserf i\/l;}lhtnmhtp@t MMlttrﬂhO‘ymw\e‘éH -MHylg. and
nlglglﬁl User E/ﬁlll]tenlesﬁpﬁggptglcpﬁr%?ﬁyl p%’iltj lf\){ll\ﬁ arsﬁ?]almo 5161831es and

st gnal 71g, i denti f
Stnivpided 36 gdth Iﬁ)@tweﬁhisahl linsdds,ed/hﬂ(émntald @atodes dandpavtiShared
npde,, and reln retln (502) bits of said redundant

sTERANEAkE Pethed iy Présé“gsl gnal ing infornation,

ﬁi@&ﬁg}%g%ﬁ%p LN o 0000 o 2Rkl Wi moce,
rﬁid”?e@ﬁt@t’p@éﬁ% g@ﬂ)fbl&r@f §2ﬂ3@iqma£mb§.1 lﬁbllll\x%nl@ c&h;ﬂ-l’k@' §ifGhling

i nformation associated wth
uisforgaser, dssloelamiemds\rféﬂewh/l@dmﬁfant bits. 2. A rret hod
according to claim 1, wherein the redundant signaling
r elhfatIEISOt(@O&) rthon orbs itaminadnvie §iphagisheutahel fontepraainies the
ne si 0 ing. 3. A nethod according to claim1l or
ﬁu (ﬁ tb{s ‘2“31 d MJ M MO signaling information

t d
dg{ 15@?}:’,?@ {al a £|1 Aﬁfnif%scaclzgédgg\?gl %Bfﬂ\gﬁ\g r%fo%geg)gqlsﬁl@ said
V\J‘tﬁftﬁpfete&%iatcdmﬁmwts.r eference is reference synbols.

2. A method according to claim 1, wherein the redundant signaling relates to

transmission rank signaling and/or precoder element signaling.

3. A method according to claim 1 or 2. wherein said MU-MIMO signaling

information comprises a power offset between a power reference and data symbols.

4. A method according to claim 3, wherein said power reference is reference symbols.

RS.

5. A method according to claim 1 or 2, wherein said MU-MIMO signaling

information comprises a total number of terminals.



RS. 5. A nethod according to claim1l or 2, wherein
said MJM MO signaling information conprises a total

W&O?J&;Pﬁé:ng{ term nals.6. A nethod according to laﬁé/%lgﬂ‘&smsosss
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previous clainms wherein said reinterpre
redundant bits are signal ed, whenever the termnal is
scheduled. 7. A radio base station (60) in a
comuni cation system conprising Miltiple-Input-
NIIA elhed @déRdihg &M oneaott 8BRS L6 2)airhe rwitkkdin 8dill REntefpreted
one of a plurality of nobile termnals and confi gured
frsqiurns‘e'ftr?ltsmps’élalgéé\rhewef s rmingh i seRgdutsdpl e- Qut put .
SUM MO, and Multi User
Multiple-Input-Miltiple-Qutput. MJM MO signaling
nodes, wherein said base station conprises neans @
fBrA sidie baseriptioet (e & EoAMHHERION SYHEH GPHPESINGAVH gle- lnpm-

Ph{geém {.te%m(snﬁltélmgs gﬁg téﬂ‘hsﬁlﬁ'h %@b.ﬁic Qiaac‘?lﬁil bPhobile

er c ses: -a sl ar a ans
(teﬂr)mél@rand derrﬂgurgd fg, bOSUSNgNOdeéuprlgﬁalbutfi‘gulMIec(PmP\S SU-

@% da?md fé\&H N:U%?r {}(?lﬁlgolsﬁtnput Llltgi%l:gﬁlﬁ[plr ethég%}/lmensmgnalmo

Sm@db’@] Wﬁ@ehosai‘cbﬁmls&?&loﬁlogﬁ-@hwﬁgnéamﬁ Q6 I‘fﬂbi @w:taﬁsgmetafead said
with MJM MO -a transmtter,. mean 64) for :
| RS niaig) '?%WLEVQSOR?E‘HX ARArFee PP g éwitw i fsaifpgase station
rﬁquQ@ﬁ%rggts and signaling information associated

MO node by using said reinterpreted

redypdant npidt %omgﬂrat%r F)ﬁ:ghsow@ﬁ%? I&Bﬁf)’ﬁr%n SECPVd MEdd Qgnaling

claim 7, "wherein the redundant signaling relates to
twhlnbmrs@undmntrfamw}sivgh@ inade.and/ or precoder el enent
signaling. 9. Aradio base station according to claim

7 -oreigerppimgeneans {i68) Mo winkdmpreiinmhits af stidfredyrgdaitosignaling to

cq?gorlses nzﬁlngqq;/\%rmﬁg)fnsgsso zﬁ%&”@?ﬁpﬁ;%\ﬁgn{% erence and

one erm na radi o base

rtéi?tté?ngﬁlét e(‘:c‘géa?‘épgf})eﬁo i m thVth affuls ﬁ\\e I dﬁé"%gzmtlon of the
Stedtinidant BiGCaddig@lih® uﬂ‘braialt‘ibﬂ aﬁbm&.ed whier eliUAME G mode by using

MJ M MO signalin .
said reinterpreted redundant bits.

8. A radio base station according to claim 7, wherein the redundant signaling relates to

transmission rank signaling and/or precoder element signaling.

9. A radio base station according to claim 7 or 8, wherein said MU-MIMO signaling
information comprises a power offset between a power reference and data symbols of

said one terminal.

10. A radio base station according to claim 9, wherein said power reference is

reference symbols, RS.



i nformati on conprises a total nunber of termnals. 12.
A nobile termnal conprising
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configured for both Single User Multi User

Mil tiple-Input-Miltiple-Quput. SUM MO and Multi User
Mul tiple-lnput-Miltiple-Qutput, MJ}M MO signaling

nodes wherein said nobile termi nal conprises neans (7

1)1. AOGdis WatcCdiatim dedramgno saintl 7 P deshersiaisdidmued [ Maviiggling
partly shared signaling and wherein said nobile

t igfosmALigN oMPriBesa CRhPYTRES! terinalscei ver neans (72) for
receiving fromthe base station: -information about a
reinterpretation of redundant SU-M MO bits; and
-signaling information associated with MJM MO node b

 Beds 0YORYE teamthal epmpTEs s Mokliple gainbakipIs Dot MM @ganténnas
3@ (ﬁ\@irguljegtf&r Iﬂﬁl?gfngg S&t g’[d’lt?U@ér%ﬁ’l‘ilﬁtequtQmiﬁ‘gﬁ[@ulput. SU-

usi n or mat 1 on about
rMIMDerzprdetMultlohJsof M'ddglndamtt h@wmmtwu MUIMIMA. signaling
rtga!tfkgva{%{eeﬁtﬁaq@nﬁogﬁé &rrrglng ceo§npr|o tdr*nggrr]\éﬁ’lllg%}esrwq cﬂm%%@tween said
Singdd] $aidymanel Iiviry ey sitarel symiihg sind velerdig said 4nobMe terminal
nmobi | e term nal according to claim12 or 13, wherein
sWTHeIOMBFIARS si gnal i ng i nformation conprises a power
of fset between_a power. refer % and, data synbol s of
sAiTeceHiIfE MK (V) foereagiviae fropsthe RasestAlioR: t er ni nal
according to claim14. wherein sajid power reference is
r ef er efffermajignapaut aRS“‘eilEetaW“rﬁfﬁ?q”@d%"émﬁ MAM%@&SOPQH ng
to claim12 or 13, wherein said MFM M) signali
i nf or meigngingciyMages agsopiged) Wil MléMIO mpds Hmr%ce'vmg said

reinterpreted redundant bits.
-means (75) for interpreting said reinterpreted redundant bits by using the information

about the reinterpretation of redundant SU-MIMO bits.

13. A mobile terminal according to claim 12, wherein the redundant signaling relates

to transmission rank signaling and/or precoder element signaling.

14. A mobile terminal according to claim 12 or 13, wherein said MU-MIMO signaling
information comprises a power offset between a power reference and data symbols of

said one mobile terminal.

15. A mobile terminal according to claim 14. wherein said power reference is

reference symbols, RS.

16. A mobile terminal according to claim 12 or 13, wherein said MU-MIMO signaling

information comprises a total number of terminals.



