1 METHOD AND ARRANGEMENTS I N A TELECOVMUNI CATI ON SYSTEM TECHNI CAL FI ELD
The present invention relates to a nethod and arrangenents in a

5t el ecommuni cati on system In particular lit relates to a nethod and
arrangenments forMulti UserMul tipl e-Input-Miltiple-Qutputsignalinginthe

t el ecommuni cati on system BACKGROUND 10In the cellular tel ecommunication
system which typically conprises, as illustrated in fig. 1, a core network
1, a radio access network 2, User Equipnents (UEs) 4 and base stations 3
multiple transmt antennas can be used for achieving high data rates in
various ways. A multiple-input-nultiple-output (MM channel is forned if
al so the receiver has nultiple antennas. One application in such a setup is

to strive for IMEMHODANBARRANGEMENTS NS ANMHIECENMUNBZATIGN SYETEMNG on
several |ayers which neans that the information is transmtted on several

bit streans the information is spread in the spatial domain, substanti al

i mprovenent in data rate can be achi eved under favorable channel ,
condi ti ons. ThiEECENE2AL €EEDPNngl e user M MO (SU-M M) since the data on
several layers is intended for a single receiver/user/UE/termnal. Figure 2
shows an 20 exidwplpesot mvbatipe selaes oo 20,methadh ard| afrpigememtaninia ant ennas

23, that isetr %g$;' | I own in
figure 2 se\?ergﬁé ayé&ggggﬂgégﬁykgﬁéﬁpgf%kﬁﬁ%tghggﬁgpgﬁbékgﬁéﬁ?ﬁpfigure 2
the UE is al so fer alduftit t Usg t dMultide-bpseMsitialet@unpR0 sighalgeseirer dhe | ayers.
The tel econmuni ' y be a LTE-system which is an evol ution of
the UMIS. 25 Tﬁgaﬁhﬁggg&gk ﬁﬁﬁ]taneously transmtted | ayers depends highly
on the properties of the M MO channel. Because of for exanple fading,
usually the M MO channel does not support nore than one |ayer transm ssion
to a single UEBAlKSROUNDS the data rate and neans that spati al

mul tiplexing gain is not 30possible. To still reach high system capacity it

m ght be bewef ilg il cell@lad teREGHFhiinication system which typically comprises, as illustrated in
’ fig. 1, a core network 1, a radio access network 2, User Equipments (UEs) 4 and base
stations 3 multiple transmit antennas can be used for achieving high data rates in

various ways. A multiple-input-multiple-output (MIMO) channel is formed if also the

receiver has multiple antennas. One application in such a setup is to strive for high

15 peak rates to a single user. By transmitting on several layers which means that the

information 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

20  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.
25

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

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



2 only alimted nunber of |ayers to a single user and instead schedul e
several users on the sane physical resource (e.g. tine - frequency - code
tile) and use the spatial domain (layers) to separate the users. In
essence, layers belonging to different users are transmtted on the sane
physi cal resource. Even if the 5 channel to a particular user is such that
it does not support nultiple |ayers, which neans that it is not possible to
transmt nultiple layers to that particular user, spatial multiplexing gain
on a system |l evel can be achieved as |long as the user can efficiently
suppress the layers transnmitted to the other users. This technique is
sonetines referred to as nulti-user MMO (MJFM M) and is 10 especially
attractive in hPYh2lisaied Jueber ofolgyasi toha singly usastand enstead sehedsle dost i bed in
3GPP R1- 063130, useRYohltBéndnRViihsic LS AL helwe . - for

downl i nk precodi n% Syst ens [\?\\n&th ?%ﬁgkfgabngﬁn{et gérﬂug{#ﬁa?a?e ﬁ%’gslﬁ%l TSGRAN
WGL #47. Nov 2088 Spatiplflaminy(laygeshie ssparats depiess.df esseiraslayess belonging20, with

nul tiple transniiffe@mt 8RRASre 2RanshiiRE dnSthk 3RS rBh%iééf'g'eéoﬂrcM}Eb%nW gipde to 15
mul tiple UEs_31, 32 and 33, As shown in figure 3 different layer 34. 35 and
36 is transnitt&@Meb 1RagRTHRIas yser 39 sughtha 3t dpes nqt|suRrortamekiplerfayergur e 3 each
UE is al so tranahich teil® tha ittib @obR38b1e tbdrRMit 2L DYedid fHaf Sifculfyers. In
the Long Term Evol uti.on 'ﬁ}fl-f;{}g)( standardi zati on proceSs. there is agreenent

20 on the suppofEn satigyn igREaiver MIskAs™ feveliran e astisvadk anleae enthe t here

Wi |l be the posssebtdn &fficielys SWPprest @l ﬁ?ﬁri YraRdMifi &N i P Bl VRS (B8 Sehit Wwo nodes.
Each UE (user/recel Ve{# can in the MJM MO node receive zero or one |ayer.

There are basi cAfMAYE i SEnsymsp oefary oors makinvseraMEIRpdfY-MINdrandiis cussi on:

251 . Cl assi cal  s@peeidigliaMiastiverin Might Ibdd Re@e6E®Ah A tivk Qker§ & de8drk@d ant enna
array setups des;,rdigg%jl %g&G?P R1- 072464, "MJ M for E-UTRA DL",
Eri csson. TSG RA -00P4 30, viRystop devel caypapisay-Besyacy MUpah eMiM descri bed

in 3GPP R1- 0715b0dowiDek drdcsdiag systems with four ua&aﬁpa,Eafnsé"ngg&bMW- L or DL
E- UTRA", Frees i uc Olnc, TSG RAN WG | #48bis, March 2007. 3
3. Per user uni tc@s ‘§§En éﬁggg‘f‘f é&)%( g@?ﬁc% sheas @i Pyample P admee paliret33s,
"Downl i nk M | MoviftomulEp[ERAsmiSaneniag 23, TRE i RN sWetn g v UBaIMB e to
15  multiple UEs 31, 32 and 33. As shown in figure 3 different layer 34. 35 and 36
is transmitted to each UE 31, 32 and 33. As illustrated in figure 3 each UE is

also transmitting to the base station 20 using different layers.

In the Long Term Evolution (LTE) standardization process. there is agreement
20  on the support of SU-MIMO 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 R1-072464, *“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.



5I't has not yet been decided which schene to support and many renai ni ng
details of the standardi zation of MJM MO are hence | acking. One problem
t hat occur regardl ess of MJ)M MO node is howthe UE is to know t he power
of fset between a power reference like for instance reference synbols (RS)
and data synbols transmtted to the UE. The base station has a certain
transmt power of 10 which a certain anount is used to transmt data
synbols to a particular UE. The power offset indicates how much power that
is used to transmt the data synmbols ingrelation to the power reference.
This power offset is needed in order to support efficient denodul ation in
t he UE when hi gher order nodul ati on al phabets |ike 16 QAM or ot her higher
order nodul ati on gcheleeyseaupitarg exde cofitrel (PE2ROYwescifed Se BGPRR IvE0335dy nami cal |y
because of different . : ' h ] ferred to as
Node B or eNode B. |nﬁﬁg@g“%@'m%ﬁ%@"?@aﬁ%ﬁ?ﬁjg‘?‘f'%’g’? \ggil%{j\%gger al so
fluctuate because of 0¢arying number of nultiplexed UEs on the sane
physi cal resource. The avail able transm ssion power may for exanple be
equal |y divided anong UEs schedul ed on different 20 layers in the MJM MO
node, neanin lFES rgower per ,bJE when several UEs are mnultiplexed. SUVMARY
It is thereforet 4% OhyResendecidedviyribscheme losurpertiass mapy psiingedetsils i nprooved
sol ution for 25oflvht MlE)dEAEININIG-MIM@ afeHeREQABKIHR]I ORS HrdBleMd 88auf OF

probl ens. The inventive

obviating at |east so t he above, nentioned.
solution to thi '?gaéﬂﬁssﬁt'ghd?n\"g ’@ﬂarlfolsé“’?"eﬂigéﬁofs QUENOMVEDEfROMEE PBFAI i ty as
much as pf)ssi bl ieetiveen cl\a;lr;d'v%rer Eﬁe@hﬁﬁﬂ%e?fonsMcN@c@&gée?H%@mM K/%ﬁ)d aﬁa % er pret
any signaling in .node t s not needed for, MO, re
Speci 1cal |y a mié?;a%sa%%ﬁd t?ﬁ';/etmﬁi%_bf&gﬁw? B Vet Eo o ot nod
or I r 4 Prainl duht i 1t kr@nskdikl dat rtiSdlGN. ITRE Trom
Mul tiple-I nputI\/UItig e-.Qut put, M MO ant ennas 0S a base, stla ion to one of a
plurality of ndbB™f lJfvsé‘"r '%l'ﬁzgfssh%‘f mUChROMERIdS Ysed tp L3RSl the Bbelhe mobil e
terminal is conhirgati@dif de poveboétbreSienghie pdwer o iMukéded Wb @rder to

Mul ti ple-Input-Milti - Qut put  (SU- M a M M) signal i nodes. The
nobi l e term naISUP%Ona?é-’g‘eebr‘f‘F?ﬁ?}f"gH’"t B‘NE'W [}gh“’ & T OFET B g‘,"OWner ein the
nmodes have par tdlphasdualiied 63pgRiadrioti@r highdriokdet mot@micf schdmeesirt lRed] TRONPr i ses

identifying .SU MMO signaling, which is redu t for the MJM M node. A
second ot ot n K AEERGR KBTI buE et o Rl Bhve SeMendl P
redundant si gndiasegatioo also mgfeiraktosis dNveé Brg eNndoB niatdagnof MBsMVi@) tael Wi t h

MJ M MO node. ir tepin the nmethod i to informthe UE via.signaling
about the rei n®8$%¢ 8 %e?icgﬁ hé)f“etvﬁrea]?oeaﬂ'ﬁ'&i%tﬁt B35S OF T RERTEYe0 O her

conpri ses a foundltipleted JUEK o itlyn sdnien ghyisivhloresmirdeo Tha s aitibat @ghsmission M- M MO
node by using t I r t.ed redundant bits. secqnd ect of the
present invent ipgﬁle{@%’gfozse%rﬁplg%‘rz§§'i'allollyt§1§'§&eedsafné’?§mdé‘isﬁheéj"fégﬁﬂudﬁfé%"?i on system
conpri si ng 20ul tlaystsen ithrept-MIMOI pbde: @ebpag lefs\ioWed) pant/Ewhas séveral 8iEgnal i ng t o
one of a plur alakﬁtﬁ{ 18%1 mbile termnals and configured to both Single User
and Multi User tiplre-t nput - Mul ti pl e-Qut put (SU-M MO and MJM M) 20
signal i ng nodes, where the base station conprises neans for sw tching

bet ween the nodes. The nodes having partly shared signaling and the base
station furtherguagoRHYES, a signaling node conparator means for
identifying, SUMMO node signaling which is redundant for MJM MO node. A
reinterpreting [MBaRgefb® aflbRcPSEHE Plesdr@inveRioAtE HRIVETel AAGnptdved MiuttdAor

redundant si gnal i l?\% to conprise signaling . o
257 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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25 information, associated with MJM MO node. Further means in the base
station is a transmtter neans for informng via signaling to the UE about
the reinterpretation of the redundant bits and signaling information
associated wwth MJM MO node by using the reinterpreted redundant bits. 5
A third aspect of the present invention relates to a nobile term nal
conprising Multiple-Input-Miltiple-Qutput (MM) antennas configured for
both Single User and Multi User Miltiple-Input-Miltiple-Qutput (SU-M MO and
MJ M MO signaling nodes wherein the nobjle term nal conprises means for
swi tching between 5 the nodes, the nodes having partly shared signaling.
The nobile termnal further conprises a receiver neans for receiving from
the base stati ofMirnspseifiealiyonfirabopdct af thepridar pvaitish irditedh o ReEOORA MBI M MO

bits. By using tg YT A he i | rmnal al so receives
signaling informati gﬁﬁ !seslgéﬁ";&? @ggl \?\AC%UI!P”NMM%A%E@" Nne Bew; Muliplerfeut-
reinterpreted r déliriaRutpy MEMOTaemeas of absoe smEanso bad of ARIFAIELF RBbINE

10r ei nt er pr et ed (GR/AIOIRAt ot S Sl NG, Lhe i nformatj.on about. the
reinterpretation of r edBnc ?ﬂlﬁgﬁh %ﬂe‘gi 8¢ THfe™P eﬁf"l"Bﬂ ingenfigieed oy ant age
of enabling Si nprBrSingigUseresndaMiutin UserdMiileplednpmpMutijge-Ontpth ESIEMIMEN bkAt | 0N

system The | at WAI-MIBION A dna 6 i-1R0 nt. for 15 facilitating testing
that equi pnent conpl i 82 \;\%tﬁwstﬁg)héc(far@? '%/b%f)otgrgl'%qus lfiﬁon‘bonh%‘ﬂﬁ‘ijé‘glfwé‘ﬂbset
restriction in EgWeAnibe medeswivhereinrbembieshald pardy e digglisevenat stebm nal s
or UEs on the sa@8ndiMSorilisds8 I rce elenents). MJ can be-:
efficiently supgﬁ{[t ed, zgﬁl "éés?&?g’ﬁ'@wwétgﬁa‘ﬂgw”sIC Hg Wf’?‘g\gﬂ{\@%@cess)
and correl ated MY mpdeayssecatdestept ih het methochednsprises ddfserpretng28tsi otfugy med  of
t he power ofd setediRbWaBRalk PRWEL: 7 own dat g s 5 6
BRI EF DESCRI PTI ON, OF T%Ea W Rl 5?"'3?&9? F’lq%'&qﬁ%%‘@sss°§‘a§gl‘Y'ﬁ\ngﬁj" MO
t el ecomuni cat i BAdesys thivh siprerimitie miediogrie e frtfoinn wen UEoviandgnatiez abot eient ed.
reinterpretation of the redundant bits. The method further comprises a fourth step of
signaling information associated with MU-MIMO mode by using the reinterpreted

redundant bits.
15

A second aspect of the present invention relates to a radio base station in a
communication system comprising Multiple-Input-Multiple-Output (MIMO) antennas
for signaling to one of a plurality of mobile terminals and configured to both Single
User and Multi User Multiple-Input-Multiple-Output (SU-MIMO and MU-MIMO)
20  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
25  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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5Fig. 2 illustrates a base station operating in SU-M MO node. Fig. 3
illustrates a base station operating in MJM MO node. Fig. 4 illustrates
bits used for signaling in SU-M MO node and MJM MO node. Fig. 5
illustrates a nethod according to enbodi nents of the present invention.

Fig. 6 illustrates a base station according to enbodi nents of the present
invention. 10Fig. 7 illustrates a nobile term nal according to enbodi nents
of the present invention. DETAILED DESCRI PTI ON The foregoing and

other objects, features and advantages;of the invention wll be 15apparent
fromthe follow ng detail ed description of preferred enbodi nents. The
present invention relates to a cellular telecomunication system as
illustrated i m fthigl ajpect Tdfethprpesant invénvientélnes ek Smbtakt thnﬁni‘m&oh pesiagd

el ocommuni cat TaiPEy b MR s on B i Silsdieton 1's-to
utilize the faod Mnat Wdek NMIMOp A dp BOMUMIE0atpar gSUEMIMOI Bhd aviutiigg0) However
ot to gain f o beSiaReGEr B bR ik e Rat RESV I haee T o
reduci ng t e nmivedespothe sm@nahavmgg pptly clsed sTgnaSngsDﬂiedndSlﬁte teiilal M@dHer Si npl er
testing 260f  equl e nrecpivbe s 30 ek HFTRe Pies Slath bvarfalifnesdita o ©
precodi ng nmat réixterphezdtipon béreéleid@utSéHWM@rblqsIQCMmge nfaetmarmm, theanoB(EPP

standard code Qpak: ai gmg? hefRp] Lhd xgs in the
codebook, a subset gg?%!r}gggslgg&?ﬁgq&?ﬁmfrom ﬁe co %@Ewﬁqga by the
Node B in posséchiving S sémgerpreted dedumdam bits. r’&wmssssoomsans Baxsmd:rmmrg e t he
antenna cQpfi gufidhie®d Rbuddd& bits using the information about the reinterpretation of

redundant SU-MIMO bits.

The invention has the advantage of enabling simpler implementation and fewer
options in the communication system. The latter is particularly important for
15 facilitating testing that equipment complies with standard. By possibly using
codebook subset restriction in combination with intentionally scheduling several
terminals or UEs on the same physical resources (resource elements). MU-
MIMO can be efficiently supported, at least for SDMA (Space Division
Multiple Access) and correlated antenna arrays. when the terminals or UEs arc
20 informed of the power offset between the power reference and own data

symbols.

25



5 base station the base station can further confine the precoding matrices
selection in the UE to a subset of the precoding matrices in the codebook.
This technique is called codebook subset restriction. Using code book
subset restriction neans that the base station has to signal fewer
alternative precoding matrices to the UE from which the UE can reconmend
one to the base station. 10 By utilizing the agreed worki ng assunption of
codebook subset restriction, alnost everything from SU-M MO node can be
reused for MFM MO node as long as it s not explicitly forbidden to
schedule nmultiple termnals or UEs on the same physical resource. One thing
that needs to he added to the MJM MO 15 node is informng the UE at a fast
rate about theﬁﬂl@:\ﬁw'rﬁ@ﬁt@%ﬁ&? BRBAMINGS set between its data symbols
and the power reference. This mnor nodification seens at |east sufficient
for SDVA for correlated antenna arrays and a nunber of related setups. An
alternative tq?.éilg:ﬁaétgaggat hﬁkﬂ)%ol r offset to the UEs, is to sjignal the
total nunber of =mul t1pIefed UEsieleommypication sysiem WhkreiR theoRessalieveantiphor t f or
MJ M MO node swayrpalimplgnsugih as power of fset signaling by utilizing SU-M MO
signaling (i.e. bits) that is not needed for MJM MO operation and | et them
be re-intePpr digd ikstraks d\haSarivd @pahdnph SUgMiMOatodet i on such as t he power
of fset signaling. Note that the 25 signal ed power offset can be relative to
ot her varyi ng Fifbddliusisatessachast ssatioh operatite imdEMINQ ooge. | ot power ratios and/ or
measur ement power offsets. The transm ssion rank, i.e. the nunber of
transmtted | &vgefd!lyssateyhits asedfon siengfingsio SH-MHIGaepdsand MU-MillRahédeg si nce t he
MJ- M MO node %nlﬁ.peeds to support a limted transm ssion rank per UE. Bits
used for prec8 AYUTEES RLhAccording irrthedimeais ofthe preseny invamisni cat i on of
codebook subs%t éﬁﬁ‘tri cti.on can al so _be reused/reinterpreted. . Taking four
transmtting ahy SHITSLAEH bapestaign agsortingin cmodimens oidhepratentigvestion. he
transm ssiQn A n SU-M node requires essentially two bits. The

t ransni ss:lgn ?‘%t"!uétr%?sga‘n"é?@a lel"ﬁ"‘taLaé:g‘&fg\Rﬁf‘iﬂ‘ib é"t‘?b‘\?é?lhetpﬁeée'lﬂlﬂ“’iegl'%‘chedul ed,
i.e. 5 possibly for each sub frame. These bits can be reused when
transmtting in MUM MO node to e.g. indicate a four-Ilevel power offset

i nstead of the transm ssion rank. The sane or a different granularity
bet ween the power offset steps nmay be used. In the sinplest case, the power

of fsets correggqg@LtgﬁmI{[@ﬁgﬁs 114, 1/3, 1/2 and 1 corresponding to
four, three, two and one nmultiplexed 10 UEs respectively. This would for

exanpl e be apphd faddoRigtad ikt FBREHS OBl AnPRAGH bV S Ind¥Hlidd RiIEbdccess
(SDVA) wi th eight beanforners and a uniformlinear array (ULA) having 0.5

wavel engt 1P el @hgRt feyghthe fRlowdng dletiledidescription aferefened ¢madipenti makes |t
possible to multiplex up to four UEs on the physical resources. 15

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
20  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

25  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



Simlarly, for the case with two transmtting antennas up to two UEs can be
mul tiplexed in MJFM MO node and there is hence a need to signal power

of fset factors 1/2 and I. In the case of correlated SDVA, four different
beanf orm ng/ precodi ng matrices are typically needed, since the other
precoding 20 matrices in the 2 Tx LTE codebook are not relevant for this
antenna configuration. The 2 Tx codebook in LIE has totally nine el enents,
whi ch neans that five of the elenments never need to be signaled to the UE
As illustrated in fig. 4 four bits 40 are reserved in SU-M MO node for
signaling 25 fromthe base station to the UE which precoding matrix that
the UE should choose from In the case of MJM MO node only two bits 41 are
needed for si ghﬁbxieﬁtg!nngnithﬁ shdfi pdhdebieP FRMOsHdOIingBh4tioes i at3GPRaaWiarg houl d

choose from two bits 42 are therefo ant and
may therefore °8ge %gld%%r[&difﬁ%ﬂ‘mf'ﬂé aﬁ‘mt‘heo‘?rfqé’gi“gt"l?”f’?fé eco‘gH%’ 43 Tx
Nodel 3 ant ennaubset oﬁprehoumgadutxim&@nhwa(xoﬁajoblstoolﬁe aza’e@ssitmtharelﬂz&\cboaﬁblennas i s
anot her mportat scenar|ot hat ma g nefi ci.al ration.

e %?ng

the antenna pal FSUaf tedos“ﬁ’éf}'é&rabs"gs P'P1§gaﬂ’§r*\“ e"l"l C‘? '°b’8§%‘] Bﬁe@ °to
per f-orm corsr eltaseesthtioe eietbaderstatign tan foeipacaifiae tlh@rddﬁ&iﬁ@mamdestseleutohlm #he the two

orthogonal 5 arizat.i for suppor.tin t er trans sion for
cach UE The ATy SR e aeste REG st Csithobliom T Ctnibiedy Bl
st andar di zat i crdgboac adsst rd:smomomtlasimg d(ﬁee,bﬂmbtet rqsmicnbn aresins hat ther basank

(nunber of ”as&?m Mﬁetg s! )er alfb‘mnlxn ma(!odm dr#a r?%ls(tc]; Ul\é}fro W Inthtehe
consi dered set up wou e OUI’ precoder erenen en I np erren I'ng 2 Tx

beanf or mi ng oVEecoheqpuingnd mﬂttpm baie()stzftmn single Iayer transm ssion and two
precoder elenments for dual |ayer transm ssion. For single rank

transm ssil®dn, a two bit power scaling offset is needed while for dual |ayer
transm ssion, only a single bit power scaling is needed. This leads to a
total of 4*4+Byullzmscheisercad ivewking wriughtion pf wedeboqknsubsetrestddtioni f f er ent

conbi nati ons Qimdd &cRMGHg ﬁ&:ﬁ@?ﬂmM@f}QoJe%E&kbé @uéeb?m%ﬂ@ﬁﬁo Rldde &0 M MO
codebook. The power offset nmy be conbined w th other, Posm bly dynam cally

varying, powerongrasdiisdior expligitlyn ferbisdeny kor whadulsomaiiple atrminalsrest s g to fi gure

5, one aspect yfsalBPhMBFRMurdeNBROMiRN I SLk &Sbd L1dad RhdNA-MIM® radi o base
station |n a conmmunj catjon systemfor Miulti User Miltiple-Input-Miltiple-

2 0 out puttS( Mmage opfasningdhs HE 3 rdasvrate phovethe mERvioupil InsnEPRed @QVBUt (M MD)

ant ennas bet Wegmett BRWEAS @is Siad | §MbaRdaRNnedfpoded refeRhdd YTIRE HMbt | pl exed
nobil e term nal s _supporting both Single User and Multi User

Mul ti pl e- | nputModificptiqs %e‘(’fjt“p'ﬁ?“ e@@wmoaﬁlawﬂcm'a@ﬂi‘ gHatafFiodes. The

MJ M MO nodes agd@ 8 nlifiberi RSEIRABE Se R%@ ﬁ%m%%&gﬁeﬁhg%m offse g or per
user unitary rate control (PU2 conmuni cati on system supports

swi t chi ng bet WSES 150 Hgwb e\)\ﬂ?'dﬁ"@F’s‘lf"Hé‘Q}’éexﬁ‘épﬁFy shared signaling. The

met hod, ich is shown in the flowhart in figure 5, conprises the steps
of : 10

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
25  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
30 of e.g. application of codebook subset restriction can also be

reused/reinterpreted.



502 Re-interpret or re-define bits i.e. data bits, of the identified
redundant signaling to conprise signaling information, associated with
MJ M MO node. 503 Informthe UE about the reinterpretation of the redundant
bits. 504 Signal information associated with MJM MO node by
using said 5Sreinterpreted redundant bits. In one enbodi nent of the nethod
according to the present invention, the redundant SU-M MO node signaling
relates to transm ssion rank signaling and precoder el enment signaling.
According to one enbodi nent of the method according to the 10 present
invention the identified redundant SU-MLMO node signaling information is
reinterpreted to conprise a power offset between a power reference and data
synbol s of said one terminal. The power reference can for instance be
reference synbols. The identified redundant signaling information can al so
in anot her enbkingdenr tigesmiking peiennes atthe NedeBanpn iexample signginglof thenber of t he

mul ti pl exed 1t Qrkiddich nﬂalnemlguerwmer ﬁs'b&‘é ‘?Qun:%‘ Ms%ﬁaﬁ?d@vobbﬁé TRy be

si gnal ed whenever the termnal Is sc . Anot her “aspect of the present
i nvention rel dfaa¥NiggPnFapkigsignaiedsia ﬂaﬁcmnb% wnrwrwedbﬁﬂmmeéﬁﬂ B system The

base stati gn G3ssibMfds RadhSuts RN 'I'h@sefblltgUJn%eGeusE@@heMJ[anrmn%o IRQ/IU-
| nput - Mul ti pl e-Qutput (M M) antennas for enabling signaling to at |east

one of a plur M9 B‘Pd%ﬁq’t‘i%l é‘ﬁ@é‘enﬁbfo}"éleﬁér?ﬁ"f?&l effsety gsteaf o Yeand support s

both Singl e Us@hsn®BGon\NHAK Thdshie A\AAI Jnffd?&rﬁghﬂﬂ%lﬁ\}%\MéMe’elPlh%'p@%rpdﬁset( SU- MIMO and
MJ- MEMD) si gnali ng ng,des The mpdes na for correl ated antenna

arrays setups S‘ef%f“@ 6 riE§da gn H@aﬂ'PB'F?h‘ﬁﬁff e poaver QERsts eRfTesRAng e Me cont r ol

(PU2RC) or ot hgftorik, 25 1M M neesondiReroliasethideaiiotnd bhe hbpleg@npr i ses
means 61 far ﬁn%tch bet ween sai d nodes and s nal i ng node c¢onpar at or
[

means 62 f8r R LAl ﬁl;){ FBEURHh for SHRERID BipelieP QI 3 A RaYSMan be

reinterpret ed SpacelDHvisis® MuMpldIA MessNEMM AYRAS. cight BeairFstuiRebaint a ShifdlMO node
signaling can for |nst ce relate to transm ssion, rank sbgnal i ng and/ or

precoder el erré‘ﬁ'far§fr@¥1 Fidghavinged-y Rayedengiisieragn spasinesncs Wi anigana

30r ei nt er pr et icofighReos nfles’ Rposstletd MunpleRi dpStoofout IEs loadbngtcalsi gnaling to
conprise signaling information, associated wwth the MJM MO node. The

M- M MO resources.
15

Similarly, for the case with two transmitting antennas up to two UEs can be
multiplexed in MU-MIMO mode and there is hence a need to signal power
offset factors 1/2 and |. In the case of correlated SDMA, four different
beamforming/precoding matrices are typically needed, since the other precoding
20 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

25  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.

30



11 signaling informati on may conprise a power offset between a power
reference (e.g. reference synbols (RS)) and the power used to transnmt data
synbols. Alternatively the MJM MO signaling information conprises the
total nunber of multiplexed term nals. The base station al so conprises
transmtter nmeans 64 for informng the UE 5 about the reinterpretation of
the redundant bits and signaling infornmation associated with MJ M MO node
by using the reinterpreted redundant bits. The MJM MO node signaling
information could for instance be the power offset or the nunber of
termnals that are nmultiplexed on the @hysical resource. 10Yet another
aspect of the present invention relates to nobile termnal 70. The mobile
term nal 70. i I l\/UItlpIe Qut put
(MO ant enna 70 AeBIfind fulel BHER ifie B Bl B bt

Mul ti pl e- | nput isKpethdr mmnmna(@wat\mmmdeﬂvw FdrMI)) Nﬁivgha;bqrangn rfﬁdes The
nodes may be Spbh ro ci ng
beanf orm ng or pePlfe%eISr:dﬂﬁm t%ggéﬁrgge%%gﬁl a?»X.ﬁ ?S{Jﬁ bleot(ra off&% MJ M MO
nmodes. The nobfdrlated bggmigrming 4 snpﬂlh@rth@mmransles utiézertbe Wo drdrogewl t chi ng

bet ween t hes MRz RRdiRdARon R W RIRAS L ARAlG: GERUEOT petance fel ate

to transm ssion rank signalin eco errent signal | Ng. Recei ver
means 72 is al %%WMQ/FQS’G%PO?(@&% bren mﬂ?ﬂtldéd méh‘?rlﬁébtam@rdlwlom ell@eftsmwm froma

base station (Qgta t [ 20
redundant SU-M wo"ﬁ.hf gg%ehgfpraregﬁs}\?g?mﬁg%#sma?s& J}{t?arngﬁgt%@?:d g i'gured to

receive si gnal PHgnal reébrel ifrnMEsMB¥Oaineie whnsiderad- srupOveld eetsly fauecei vi ng t he
reinterpreted greduadadienRiiien ihPRmMEMAMY GdagitéHdi ﬂ',?od Egcf? liaggn may

conpri se aqrj)ower of fset between a power reference rence synbol s
(RS)) and the Bowiieleudwer tgngmissiennaed d@(Pang‘iﬂﬁ’Bble?meNSt&n@tal vatey, the

MJ-M MO si gna|ttdﬂ§nisﬂ$lprﬂ$atslnglé Wtrm?sﬁ‘ué%% E'l\$§ bithgovleP lsediinp WiRG Tis Of
mul ti pl exed terénana s. The nmobile term nal also conprises neans 75 for

i nterpreting t1ededenle,fo dpali laves tspaviavpny @G\Xn’ﬁé’ﬁg'em"t BOVRE | SAYing He

i nformation ab@eded! Tigs lcBistbar BlapbRdi4em2fr0r@aiidasts, WcMiMePidis. 30The
i nvention her e{‘?ﬁ‘g ffﬂlosed pr ovi des SI%QI ficant advant ages byﬁﬁr oposing a

way for support €A QR DIRR PSR iPFRGOSES elsents 4ad 150K & @Ff”‘@ﬁ“‘ e signaling

12 functi asal iNVOT b3k MINOEME offBY mis I8 Lo BHRRORK: BHS Gosdipt ri ction in
conmbi nation wfh |ntent| onal |y schedul i ng several UEs on the sane physical

resources (resginigally|vanyig pywer S?WW%‘RCB\?r@\‘Hq“@Fé%'Piy supported, at
| east for SDVA and correl ated antenna arrays, when the UEs are inforned at
a high 5 rate about the power offset between the power ref erence and own

data synbol s not d correl at ed
antenna arr aysRezIE;ts[r & to%reﬁgo%epff’?cé8%@%"5%@5‘1”37"&% reé?teﬁ\}ﬂ-a %ﬂ The
hi gh reuse of bgsegstatianniy & rablesicstiionpsydtem P! MORINUadri mlt@mdnpnmwmkﬂs f ewer

aci 11t at PRg ot KT ME BiFe v ERblsnit Bhontes BRRLH B0 dncmnas
between the base station and one of a plurality of multiplexed mobile terminals

supporting both Single User and Multi User Multiple-Input-Muitiple-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

25  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, i.e. not
30 needed, for a MU-MIMO mode signaling.



Not e that although term nology from 3GPP LTE has been used in this

di sclosure to exenplify the invention, this should not be seen as limting
the scope of the invention to only the aforenenti oned system O her

wirel ess systens may also 15 benefit fromexploiting the ideas covered
within this disclosure. Furthernore, the invention is not necessarily
restricted to downlink as it may be applicable for uplink transm ssion
techni ques as well. Means nentioned in the present description can be

sof tware means, hardware neans or a cq_)Hbi nati on of both. 20While the
present invention has been described wth respect to particul ar enbodi nents
(i ncluding certain device arrangenents and certain orders of steps within
vari ous net hods), IloReingkprbl @dreidefihdbitarl.d. daial bitsy of agnidarified aéduhdagr pr esent

invention is not limted to the specific enbodi nents d riwpﬁ&%an ‘
illustrated herein:® "égrqgf%'P%r,'seis ggfqﬁ’gt"ggrﬂgnﬁ'h3??%'?‘8@3’"?%&[" M8fscl osur e
is onIinIustratiéfg.Ifggeﬁ [? I it 1S Jnt dedtpa he i nventi on be
limted only by the s%ope g?J %bgg‘c‘f{%few%e‘%’%%"émﬁ‘ Z ehrgdrug %"Ftblttsls CLAIMS |. A
et hod for a base shakigAit kM fsshdift Vith PLONIBPHLAME sl es a1 put
MJ M MO, signaling frgm Ivufbt?i - I'nput - Ml ti ple- &t put, I\}% Sant ennas of
a base 5 sPation tfélﬂmet@ffedl"}ﬂgmﬂatl&i ty of nobile ternminals of a
comuni cati on system configured for both Single User
Mul ti pl e-Input-Miltiple-Qutput, SUMM. and Multi User ,
Mul tiple-I npuﬁp— Mul tipl e- Ojt&ﬁt. MJ- M MO, signaling nodes and configured to
switch bet weefl 8%4i ﬂ“%‘&@gﬂ‘? %Pth?fié‘&‘iO&"'?ﬁ)ﬂe‘ge A&V JRFop: g‘ﬁé‘?déﬂdaﬂ gnal i ng,
the method cosPVBIOGmodeOsigaingi felated Oto( Sahbissibh NuMOsieh @@l hidld prebdiiech 1S
redundant for the MJ} M MO rmdg, . .

element signaling.” According to one embodiment of the method according to the

10  present invention the identified redundant SU-MIMO mode signaling information is

reinterpreted to comprise a power offset between a power reference and data symbols

of said one terminal. The power reference can for instance be reference symbols. The

identified redundant signaling information can also in another embodiment be

reinterpreted to comprise the total number of the multiplexed terminals. The

15  reinterpreted MU-MIMO mode bits may be signaled whenever the terminal is

scheduled.

Another aspect of the present invention relates to a radio base station 60 in a
communication system. The base station 60, which is shown in figure 6, has Multiple-
20  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-
25 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
30 reinterpreting means 63 for redefining bits of the redundant signaling to comprise
signaling information, associated with the MU-MIMO mode. The MU-MIMO



and reinterpreting (502) bits of said redundant signaling to conprise
signaling information, associated with MJ MLMO node, -informng (503) the
nobil e term nal via signaling about the reinterpretation of the redundant
bits; and 15-signaling information (504) associated with MJM MO node by
using said reinterpreted redundant bits. 2. A method according to claim1,
wherein the redundant signaling relates to transm ssion rank signaling
and/ or precoder elenent signaling. 20 3. A nmethod according to claiml or
2. wherein said MJM MO signaling infqrmation conprises a power offset
bet ween a power reference and data symnbol s. 4. A nmethod according
to claim 3, wherein said power reference is reference synbols. 25 RS. 14

6. A nethod amgnaidtgngfotummam YnaQ nﬁm@flset hF‘ov{é& ag!;e@ Bélv&l:lﬁ;] BE\E«/erV\‘@@Feﬁél:éﬁ'(e%a' d
enever e termna

reinterpreted r‘g\%}lj&dank | |%§‘)
schedul ed. P BPHAS % t"BrO')se‘f 0 tAngBitIRA SERPOI A lsynativaky
conpri sing I\/UIthq MLleM@umgnahEg Nhlﬁotmzmo& c@ﬁb@s& thdVIoMD, nmwnaﬁm(pﬁa'i}d for
le termnal s nlguredfor bot h

signaling to lty and ¢
Si ngl e User Q?ﬁ‘f I eq)a Swr‘tau‘s&"&maﬁbﬁft“m@ﬁw"mﬂs 632@ Rf?l“t‘i“g@?

Mul ti pl e- |ﬁputabcmnlthe| :pinesmtatmntquemmt lﬁllsgﬂ(ﬂlsligﬁtgmgﬂudﬁﬁmaﬂdﬁaésehﬂe&ai d base
station conpri ( for S tchin en sal aj d nodes
having partly “zﬁar e glﬁ%na%} usig W&'Ft@%ﬁet ’}Ng‘"ﬁié 'Est gﬁ? (c@iu i@mt her
conpri ses: - aod¢ glgeahngng]fmnmom oasqmmtmxtanmsm&e PoRgr df&ét ordRO hibrhber BY,

SU-M MO node ant for MJM MO node, -a
reinterpreti ngé"?}g’giﬁkﬂ?%w ﬁgiex ?'H &p 5f“|rﬁ5§“‘iﬁf’t s of said redundant
signaling to conprise signaling information, associated with MJM MO node,

10  Yet another aspect of the present invention relates to mobile terminal 70. The mobile
terminal 70, which is shown in figure 7, has Multiple-Input-Multiple-Output (MIMO)
antennas 74 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

15  control (PU2RC) or other MU-MIMO modes. The mobile terminal 70 further
comprises means 71 for switching between the modes. Redundant SU-MIMO mode
signaling can for instance relate to transmission rank signaling and/or precoder
element signaling. Recciver means 72 is also provided in the mobile terminal 70 for
receiving from a base station (not shown) information about a reinterpretation of

20  redundant SU-MIMO bits. The receiver means 72 is further configured to receive
signaling information associated with MU-MIMO mode by 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

25  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.

30 The invention herein disclosed provides significant advantages by proposing a

way for supporting MU-MIMO by reusing as much as possibly of the signaling



15-a transmtter nmeans (64) for informng said one of said plurality of
nobile termnals about the reinterpretation of the redundant bits and
signaling information associated with MJM MO node by using said
reinterpreted redundant bits. 8. A radio base station according to
claim7, wherein the redundant signaling relates to 20transm ssion rank
signaling and/or precoder elenent signaling. 9. A radio base station
according to claim7 or 8, wherein said MJM MO signaling information
conprises a power offset between a powgp reference and data synbols of said
one of said plurality of nobile termnals. 25 10. A radi o base station

according to clﬁ]alggt}ng“%gher ein said power reference is reference synbol s,

RS. 15 11. A" B8 SUAYIMA medeo Bili usige tcodebbeli sabRetorstBtiontier ei n sai d

MJ- MLMO si gnal cogbinduibe witt inRRtisamp kés8sin Iy Qftermnals. 12, A
mobi | e term nal  compri s ”‘% '%UI ti rr%ae_ I“BS’IU -SW%iu%egwoﬁ{ep%me H%ﬁ\'ﬁ' ant ennas 5
(74) confi gur ed P87 B5IHE;e @eé'sfM -MIYQ £39] be-ef! ly Wuppoited, et i@t put |,

SU-M MO, and MEkiSDMUS eid ddselalcl afrehiPidfay bilich B Pl ormplaf M 1 gnal i ng
nmodes wheregn ;agga%om]gi | e t?efrrri nal conprises neans ( 3 or swftching

bet ween sai d nodes S KiRWILYLS BeRVeR dreparel pfessnen and osinglaalsymbgls.and wher ei n
said nobile tegqmy: Sfurther conpri.ses; 10-a receiver neans (72) for
receiving fr omfﬁlg%%@sg‘? ACOR% ‘"?’ﬁ?fﬁ HaMAGd serstiatedanteinp asays gt at i on of
redundant SU- Mt M@y b¢ arplicabki regaad less gf MUEBMM@LHGHR, associ ated with MJ M MO node
by receiving said reinterpreted redundant bits, and -means (75) for

i nterpreting sHedighaleyseof pigestling enabih nohaitdr ilplemeniytioaSind @rdvitRs FWePr Mat i on

15about the r edpﬂﬁx%riprtﬁets@gtlerg.nﬂ%f laf &Y [gad lcrelliar@%n%x‘tl\a{?t E)Ir tfascilitating testing

10 that equipment complies with standard.

Note that although terminology from 3GPP LTE has been used in this disclosure
to exemplify the invention, this should not be seen as limiting the scope of the
invention to only the aforementioned system. Other wireless systems may also
15  benefit from exploiting the ideas covered within this disclosure. Furthermore,
the invention is not necessarily restricted to downlink as it may be applicable for

uplink transmission techniques as well.

Means mentioned in the present description can be software means, hardware

means or a combination of both.

20  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.

25 Accordingly, it is intended that the invention be limited only by the scope of the

claims appended hereto.



13. A nmobile termnal according to claim 12, wherein the redundant
signaling relates to transm ssion rank signaling and/or precoder el enment
signaling. 2014. A nobile termnal according to claim12 or 13, wherein
said MJM MO signaling information conprises a power offset between a power
reference and data synbols of said one nobile term nal. ~15. A nobile
termnal according to claim 14, wherein said power reference is 25reference

synbols, RS. 1/6 2/16 Fig. 2 3/6 4241 XX
13

CLAIMS

1. A method for a base station for Multi User Multiple-Input-Multiple-Output, MU-
MIMO, signaling from Multiple-Input-Multiple-Output, MIMO. antennas of a base
5 station to one of a plurality of mobile terminals of a communication system
configured for both Single User Multiple-Input-Multiple-Output, SU-MIMO. and
Multi User Multiple-Input-Multiple-Output, MU-MIMO, signaling modes and
configured to switch between said modes, wherein said modes have partly shared

signaling, the method comprising:

10 -identifying (501) SU-MIMO signaling, which is redundant for the MU-MIMO mode,
and reinterpreting (502) bits of said redundant signaling to comprise signaling

information, associated with MU-MIMO mode,

-informing (503) the mobile terminal via signaling about the reinterpretation of the

redundant bits; and

15  -signaling information (504) associated with MU-MIMO mode by using said

reinterpreted redundant bits.

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

transmission rank signaling and/or precoder element signaling.

20
3. A method according to claim | 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.
25 RS.

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

information comprises a total number of terminals.
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2 Tx MJM MO

6. A method according to any one of the previous claims, wherein said reinterpreted

redundant bits are signaled whenever the terminal is scheduled.

7. A radio base station (60) in a communication system comprising Multiple-Input-

5  Multiple-Output, MIMO, antennas (65) for signaling to one of a plurality of mobile

terminals and configured for both Single User Multiple-Input-Multiple-Output, SU-
MIMO, and Multi User Multiple-Input-Multiple-Output, MU-MIMO, signaling

modes, wherein said base station comprises means (61) for switching between said

modes, said modes having partly shared signaling, and wherein said base station

10  further comprises:

-a signaling mode comparator means (62) for identifying, SU-MIMO mode signaling

which is redundant for MU-MIMO mode,

-a reinterpreting means (63) for reinterpreting bits of said redundant signaling to

comprise signaling information, associated with MU-MIMO mode,

15  -atransmitter means (64) for informing said one of said plurality of mobile terminals

about the reinterpretation of the redundant bits and signaling information associated

with MU-MIMO mode by using said reinterpreted redundant bits.

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

20  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 of said plurality of mobile terminals.

25

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

reference symbols, RS.
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11. A radio base station according to claim 7 or 8, wherein said MU-MIMO signaling

information comprises a total number of terminals.

12. A mobile terminal comprising Multiple-Input-Multiple-Output, MIMO, antennas
5  (74) configured for both Single User Multiple-Input-Multiple-Output, SU-MIMO, and
Multi User Multiple-Input-Multiple-Output, MU-MIMO, signaling modes wherein
said mobile terminal comprises means (71) for switching between said modes, said
modes having partly shared signaling, and wherein said mobile terminal further

comprises;
10  -areceiver means (72) for receiving from the base station:
-information about a reinterpretation of redundant SU-MIMO bits;

-signaling information associated with MU-MIMO mode by receiving said

reinterpreted redundant bits, and

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

15  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.

20  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

25  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.
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