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 teREGHhilinicalion 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



only a limted nunber of layers 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|level 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 gﬁug{&ﬁ/a?ﬁ?ﬂ ﬁ%gslyg?l TSGRAN
WGL #47. Nov 2088 Spatiplflaminy(laygeshie ssparats depiess.df esseiraslayess belonging20, with

nul tiple transniiffe@mt 8RRASre 2RanshiiRE dnSthk 3RS th%ij:éi'g'e;oﬂrcM}E Mp gpde to 15
mul tiple UEs_31, 32 and 33, As shown in figure 3 different layer 34. 35 and
36 is transn?tt‘3‘6?%_‘%3&4“[9@382?‘”325‘6&’?0!"{53‘.‘ dpes nqt |supportamelpierlayergur 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 @ker§ &Y deBdrk@d ant enna

array setups descri j GPP R1-072464, "MJ M for E-UTRA DL",

Eri csson. TSG Fé}&ﬁldﬁggj"%?@wéyst% el cappeisay_begreer AMUbashs eMMR descri bed
in 3GPP R1- 0715b0dowrdDak rdcsding systemos with fourS EMIO%@Q{”%"DEEM&MII&@_ LorZOB)L 3
E- UTRA", Frees i uc Inc, T RAN | #48bis, Marc 7.

3. Per user uni tc‘gés ‘igﬁn éﬁggg‘f‘f é&)%( g@?ﬁc% sheas @i Pyample P admee paliret33s,

"Downl i nk M | MavittomulEp[ERANsmiSaneniag 23, THE i RN sWelng M URIIMBQRGIe 1o 51t has
not yet be deci,ded i SC to suppart and_ nany repmini ng_details of

t he standa‘ralg’l zarPlfldﬁe yﬁ,%ﬂ%m%%g?@s H@h"é‘éﬁl%ﬁ'é'ﬁ%rfgf.fer@*éayﬁ dbrPednd A&t occur
regardl ess of NuuhdsMdiedodeadhsUBOW, shend 3. iA3 itlastrdsie@Wn fiBere Bosae UBfif set

bet ween a power_,reference |ike for .instance.reference synbols (RS) and data
synbol s trans matlsf)grénstmo' REP tl')ﬁ.gas?ﬁ@t'?}hg&eusglgﬂfirt%wt IAYESa certain transmit
power of

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.



10 which a certain anount is used to transmt data synbols to a particul ar
UE. The power offset indicates how nmuch power that is used to transmt the
data synbols in relation to the power reference. This power offset is
needed in order to support efficient denodul ation in the UE when higher
order nodul ation al phabets |ike 16 QAM or ot her higher order nodul ation
schenes are used. The 15 power offset can vary dynam cally because of

di fferent power settings at the base station also referred to as Node B or
eNode B. In case of MJMMO, the power gffset can however also fluctuate
because of a varying nunber of nultiplexed UEs on the sane physical
resource. The available transm ssion power nmay for exanple be equally

di vi ded anong UEs 3scReduses dnitary dité fantrentPU2BC) deserilsediim 3GRB RVLOGRBIFD node,
reani ng | ess power POl IR REKPEIHES A LEIPLRXEE ) 4BIRY 1T 1S
t herefore an object of the present inventf e an inprove

solution for 25 MJ M0 si gnal ing in a tel ecomunication system for
obviating at |east sone of the above nentioned problens. The inventive
solution to this end intends to enable reuse of SU-MMO functionality as
mich as poss blﬁ in orqcélg to s port MJ M MO operation and _to reinterpret
any signali ngg hagopyatprersigeidedisbich scherpg tosuRRIBAENE SlRNXASMVINYIE details \pr e

specifically a cﬁﬂtﬁcSitarﬂSxﬁQﬁﬂioanfm@%m@%@rhEndeanglQ I\fb@b}aﬁﬁﬁallb@cua ][ret hod
na |n? rom

for Multi User Mul ti ple Qut put

Mul ti pl e- I nput I\fﬁ?‘ir lﬁiDeO?CMDﬂmMQI Resfeafst! \é’ﬁ’n‘ég e 'Sa‘°b‘él§’é" aﬁol“GhOff one of a
plurality of nﬂhﬂt\b&ntae(fd%ﬂeﬂadf&eﬁlfe ke CTOMAktAMcC Bt feRRce WD (REY@AE ddhe nmobile
termnal is confi ured for

4 bolé%__ﬁ1 |l e User and Multi User
Mul ti pl e- I nput - Vi ?lisbrla'émﬁiﬁ"t p‘ﬂt‘he( eaﬁ‘?dl‘o S\ fpIndTagFal PR Rbdes. The
mobi | e ter mmal whish ats@incapiuhgis ued tb @ragwit daty dgmbm@ma dificu@d@s Thwher ei n the

nodes have part red,signalin A first st 0 t hod conpri ses
i denti fying su%%ﬁt?h%‘f 'H%ef?‘%a‘,mmﬁ‘éwwy ﬁl‘%‘dﬁmgﬁ)ﬂmf"ﬁ?‘“ AAYNPNO mode. A
second step in inhelariet bothe grRF iréf’e:‘énd’eefl"ﬁlsq{oWeEbﬁE@ lbln'&&ie@fm tdider 4.0

redundant signal i conpris nal i ng rmation, soc ted wth

MJ M MO node. ATUP%Oglr 8&5?{68 FWO?‘H@“’ﬂe hgg P t"ge nﬁ‘f%‘F?nof & “\ﬁ“&"Sl gnal i ng
about the rei ntakﬂpbm % G laierlva drivher Bighdrdedit mbtilstionTsaReniBs tak0ded. mhé her

conpri ses four e nal i.ng, i nf orm associated with MJM MO
node by us?lng t%everr (é%fn[) ezl""p?'aéf’ g&"?’%’&%ﬁd’ﬁﬁ?"sﬁl ig'%}i ‘R"‘é%’c%ﬁﬁg%%‘p‘éﬁt of the
present invent itese staioatbs réforral toadiNodd 8 eblbdd Bom dms af Mumnmomm on system
conprising Milt t ( tennas for naling to
one of a plur aldlog’I 37'60#@6? Bl :\ﬂél)“teég %ﬁ%é'gﬁ?fﬁ b§8ar’i'1s% Jurfed?? g'gb%'{"hbeél ggl e User
and Mil ti User maitiplexst eJEsnputthdvidntd physicButepatirce{ Sbe MvAabndarivdistbhO) 20

si gnal i ng node t 38352 |on neans, f.or hi ng

bet ween t he m?gw\@@%%for'l aTQ& g’\?leﬂu éjfvt' e‘&@,}? ?%Sssfgeﬁa\edr?g dserqé(ﬁe?he base
st ati on f urOherayeonpthesdy; MszQ lgnéei megnmg)t&es Bovep el & wher anveral UiEs

i denti fying, S%Mmﬁ)pl@?e%e signaling which is redundant for MJ M MO node. A
reinterpreting means ' 1's al so present for reinterpreting bits of the
redundant signaling to conprise signaling 25 information, associated with
MJ M MO node. Further means in the base station is a transmtter neans for
informng via Sydiari@ to the UE about the reinterpretation of the
redundant bits and signaling information associated with MJM MO node by

using the rei niekpKeRirSd ah QUO0SNhe Bfegéht 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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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 nobile term nal conprises nmeans 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 station information about a reinterpretation of redundant SU-M MO
bits. By using the receiver neans, the bile termnal also receives
signaling information associated with M MO node by receiving the
reinterpreted redundant bits. There is also neans for interpreting the

10r ei nt er pret ed Meselepecifipallyli first aspécngf thi gresonf mverioh @6laiddRUL méth&d for Multi
reinterpretatio 1 t M i i pventi gn has the advant age
of enabling si rrgjlsgl;_ “’f“ﬁ%f*g’qngﬁt“é@f*@ﬁ‘dﬁéfpﬁ%@@ﬂﬁgg’? is&‘fgl'qgngPWeMé'Bm‘FnlﬁP‘Bati on
system The | at M#ltiglsOpant MéMOagritgnnastpios basatstafion tdlond ach [pldraly B nloBSd | NY

t hat equi prent ¢QRRLS A ndard. By, possi bl y. usi ng codebook subset
restriction in corrbiLT'gng)éi ia\(/)Er({llnl\a\/l)u?h c§¢|’.‘n g@% "i“o%@s&r*‘;S}hs“sE‘ﬂ%%iem*ga's'é\%?f&"mf’evam nal s
or UEs on thé s&fB Sirale Userl andebolir Ues MnlepleunmmeMlgiieousi (SWMIMO ean be
efficiently suppqi. : Space Di.vi sion | tipl e Access)
and correl ated ant gﬁﬂlg ) Zsﬁgrng@?h\/?hg% @%@F merr'{lé‘fa? 'BP?SBE%O"Q/E@GAZGO iSHiEr ned of
the power of f sebetheantbemoddsewhewirthe mbdes dnvepatiy stoved dgiang Whet sep 36 6

BRI EF DESCRI PTI R rfdthod s mipREWY; ' 34 strates. a, cel lul ar :
t el ecommuni cati on System Me%?@ﬁygygﬂ%é lg} E]a\'/lé-‘f-lléft ?V(})]lfhrfﬁ{/edﬂ'é&i"hfﬂrélﬁfent ed.
5Fig. 2 illustrXEMMOyaeds. &t sseondrsteppiertizet inethod confidistd vDimmesng Fisthf U

illustratesi@ bagshdsiiatdnQrl [IaTo PR o P .node. Fig. 4 | at es
bits used for si 8nal itnggni E]hgg%_eél\% hg&gﬁ%é%"g%ﬁh%%%s%ﬁgg ‘Iﬂﬁb.udskjﬁ]wo
illustrates a n@ Hfod Huwosten iy theo methpdds e rtfermotthet HE pinedgnting ab@nttieon.
Fig. 6 illustratRtrmebfthtorih@idd@aACHRr el ﬁfxﬁpé)rdéo%ﬂgess aoffom%hhse.'\tepD fesent

i nvention. C . .
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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10Fig. 7 illustrates a nobile term nal according to enbodi nents of the
present invention. DETAILED DESCRI PTI ON The foregoi ng and ot her

obj ects, features and advantages of the invention will be 15apparent from
the follow ng detail ed description of preferred enbodi nents. The present
invention relates to a cellular teleconmunication systemas illustrated in
fig. I. The present invention sets forth a nmethod and arrangenents for

Mul ti User Multiple-Input-Miltiple-Qutput signaling in a tel econmunication
system The basic 20 idea of the presgnt invention is to utilize the fact
that M)} M MO and SU-M MO share many simlarities. However they are
currently classified as two quite different nodes, but thereis alot to
gai n from explAithirhgsptteofcibenpossadti inyenkio veaes the mywlen®agsalf @mprisidgci ng t he

nunber of sig :0g 1ORS,. Ahis not only_neap .sinpler ,

i mpl enent at i on%&c}lf'& ? #'ﬁ)ﬁéwp \pérgmﬁ‘ﬁaeﬂ@&@i %?gcflgasb'i?%ﬁi%‘t’e‘ﬂf‘frl bq’ﬁl gﬁ‘g'Faléﬁef itate
testing 250f eqdi MuitntUso Mnisiplednpiiauliigle-Oulphi |(88-MhOs aandaudMIM®) t he
precodi ng mat rg sel ected.fromprecoding matgices . in a 3GPP

st andard code S%gﬁg éigﬁ‘%'ﬂﬁée"r‘g‘@o’?ﬁré'ﬁé%{‘““gfﬁ?ﬁﬁ’“ %%‘%P%@Bﬁ‘i"'ﬁ%’"ﬁd’ﬁ‘\"’ﬁ%s in the
codebook, & sulswodesf thpmedled hndgngrpdrtly shdredosiptating. ctidabeanke tenibe fused by t he
Node B in posgih e wnlink transp ssions. Based.on e.g. the
ant enna conf i gqrgﬁegﬁp%g ki rh'gg%gg%rs'gces' g ram 104, 8235 2480 (R TRHOL AR ir ¢ her
confine the preeewraryionmaf redwdantsSél-MEMODitsi By tsive thifret@iva ngains ee nabilé he
precodi ng mat fi | 0 oI hi hni gue .i s, ca codebook
subset restri étrﬁgﬁ. h%’s?%gvgso%gggggknfgﬂ%as'gé ggsgés}?trgéfc '{lhorr\lﬁfryzlaﬁ;ﬁ PR3t Y he base
station has t éecsivipaahe feiwerpretedt redumdarnit \bits. pFtecodialy medns iferemtermetdnaetht)E from
whi ch the;pE ¢aflehRfQ nge: ; ation By utilizing the
agreed wor ki ng ag urrp[rgg‘ﬂgjca)éJt g%%gﬂ'hgﬁhésoﬁ@e ali'rgisat%f’?tcﬂh?orr?,' %{?rﬁ%g?" é’\?er yt hi ng
from SU-M MO mstedagl-yEMQebitsed for MJ M MO node as long as it is not
explicitly forbidden to schedule multiple terminals or UEs on the sane
physi cal resource. One thing that needs to be added to the MJM MO 15 node

isinformng the UE at a fast rate about the previously nentioned power
of f set bet weedn§ fn¥eryige hassheBdiagtagsef enakling sineplerrimplemeniaion andi feweri nor

modi fication seEMS ifthel@AMuntbfidd §is@Rt ThOTardDVpatulae9Tikpbaiedorant enna
arrays and_a nupber of related setups. An alternative to signaling the

power of fset faG!iaas igsting that eqpirmegm zpmplics Willy sipndaishifyr Pessiblyigsingpl exed UEs.
20 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



The present invention adds support for MJM MO node signaling such as power
of fset signaling by utilizing SUMMO signaling (i.e. bits) that is not
needed for MJM MO operation and | et thembe re-interpreted as MJ M MO node
signaling informati on such as the power offset signaling. Note that the 25
signal ed power offset can be relative to other varying power offset |evels
such as data to pilot power ratios and/or neasurenent power offsets. The
transm ssion rank, i.e. the nunber of transmitted |ayers is one exanple of
such unused SUM MO si gnaling since thegMJM MO node only needs to support a
limted transm ssion rank per UE. Bits used for precoding matrices not
needed becaus éﬁﬁg e. g. %pglication of codebook subset restriction can

al so be reuse i rﬁl‘@(rg)‘p@t 49N OF TREBRAWINGS ansmi tti ng antennas at the
NodeB as an exanple, signaling of the transm ssion rank in SU M MO node
requires essentially two bits. The transmi ssion rank is signaled in the
downl i nk mhenq&gg»ﬁﬂgngais[ﬂche uled, .i.e. 5 possibly for each sub frane.
These bits can Be reused Whieh 't FEREPTTEHE FYFEMURUEY tRsoRresent BYgtion ndi cat e
a four-1level poyde igpléseted nstead of the transm ssion rank. The sane or a
different granularity between the power offset steps may be used. In the

si npl est case Fig.Rellystiatera lphd satos opantirgsipSicMiMOtivaef act ors 114, 1/3, 1/2
and 1 correspondin? to four, three, two and one nultiplexed 10 UEs
respectivel y. FihBdllussaiesh ase statioawpératitgsn dMipMIbEbheds 0 a scenari o using
Space Division Miltiple Access (SDMA) with eight beanfornmers and a uniform
linear array FtfAyusERieshits osed fopsignpbrain SUevIBYI®mods padt MbigMINDeadet hi s

ant enna confi%urgtion makes it possible to multiplex up to four UEs on the
physi cal  r esod&adlusaiess msthogracgording fo enphadimesis ofiihe reses invertivoami t t i ng

ant ennas up thtgq qgs can be nultiPLexed in MJM MO node and there is
hence a need {& &iYNEIeSARRAS SO deqordingip gmbodimentspihg preseqt inygatiemse of
correl ated,S f.our different beanform ng/ precoding matrices are

typi cal | yg%eed ‘N "@'lgtﬁ%ees at"ﬁ‘)gb'le%f‘"a FEEUG R tembegin {SﬂQUE?“?Sﬁ“‘t'Wé"‘Z’"Tx LTE
codebook are not relevant for this antenna configuration. The 2 Tx codebook
in LIE has totally nine el enents, which neans that five of the el enents
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 whi ch precpgira@LpBipEscripdiohhe UE shoul d choose from In the case of
MJ M MO node only two bits 41 are needed for signaling to the UE which
precodi ng mat Thefokdgdingtde dulfer DBRUL drGRRS SR falidMagdsoMie VRSP AR bde two

bits 42 t heref ore redundant and may therefore be used to signal the
pover of &bt spparepidronpihe fgjlowing detailed description of preferred embodiments.

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



A 4 Tx Nodel 3 antenna setup divided into two pairs of cross-polarized
antennas i s another inportant scenario that nmay be beneficial for MJ MMO
operation. If the antenna pairs are spaced 0.5 wavel engths apart, it is
possible to performcorrel ated beanform ng to separate the users and to
utilize the two orthogonal 5 polarizations for supporting up to two | ayer
transm ssion for each UE. The 4 Tx SU-M MO codebook has been concluded in
the LIE standardi zation process, to contain 16 el enents per transni ssion
rank (nunber of transmitted |ayers). m ni mal codebook for MM MO in the
consi dered setup woul d need four precoder elenents when inplenenting 2 Tx
beanf orm ng on each polarization 10 for single |layer transm ssion and two
precoder el emahé ﬁreédnlgl_gduaﬁx Isietlete §|e_lea:|as Wioﬁﬁ;br@@dinﬁﬁﬁatﬁ&egg\l/ﬁ}l(mﬂl%tand%rd -
transm ssion, a.two bit r scaljng offset is. neede ile r dual |ayer
tranam oo on. Bt B0k ki SRR dhtnde 4o Higroriod FEgdEa I thheedPesku 1o o
total of 4*4+2tbset lprevoding Ratix0Rom tddodkbobk to bEhided bitie Ndue B+ sbsfibler ent
conbi nati ons osf reectoger .ekgfgment.s.and racgk in the %urrent GSU 15 MO
codebook. The “BOWRTTHITEUTK fRpsHe wonBisRLan Kig Hegrfapa %@gﬁaﬂ?fy%%am cally
varyi ng, powerbasesdtsgien shetbaselfsaurion tdncfudive eailfine he\pecodiag matricésatiectionngtheo fi gure
5, one aspect t resent invention relates . to thod.in.a radi o base
station in a clgénﬁ%%?%bg?tioighesvg‘foéjmgf'B?tr'ﬁﬁﬁl"f ?‘edé’g?bof\’ﬁlﬁi){é@"l'%%df Pﬁ\lﬁgti pl e-

2 0 Qutput (Mgolidbtl) subiseymeskriatign.vilsindvbdde ibpdle subsgy uéstridtibh imphies- @t theibase M MO)
ant ennas bet se S i and one .of a pluralit f l.t,i pl. exed
nobile term \r/]v:sﬁg mté E%ptggfgﬁ %Igfteﬁért iﬂ{%g‘laﬁ‘éﬁ %recﬁg'é?rg '%aﬁ'd‘?ceg/ﬁ? he %Esgrf) m Wit e

Mul ti pl e- | nputUBkantreqomgre@lioneud theSiadd MDoand MJF M MO) si gnal i ng nodes. The
MJ M MO nodes can for instance be SDVA, zero-forcing beanform ng or per

user unitddy rate control (PU2RC). The 25 conmunication system supports
swi tchi ng between the nodes which al so have partly shared signaling. The

net hod, whi ch Bysuéligienthe merere warking asumplien pf gedebodk substtpesiEdiont he st eps

of : 10 502 Ratrhddt &eRifthg #6m $&-PIRI0NMRoddIchiSbd reffsed FFINUMNIING nR¥lde k1€
identified redundant "'signaling to conprise signaling information,

associ at ed wi toPeNIS-iMSVISF eripdieitly Sorbiddert o sehedmle ruptipls derminabfeorr&Esmaner pr et at i on

of the redundamd saliebRysical resource, OnofitheIh&Medds k8bOLIIBE i0QRe BRSREME ed Wi th
MJ M MO node by usi n? said 5reinterpreted redundant bits. I n one enbodi nent

of the mettRod Madedy @faryingdhe HE 3 pdastmte phpyethe ipaYiousipanentiensd PaEr SU-M MO

nmode si gnal i ngff&! BdrRSent Rst dANSFhDSlsOnd’ INK pdlveNabfeRBecaNthiPrBmeder el enent
signaling. According to one enbodi nent of the method according to the 10

present i nventMgHICRYRY segfahey lepst quifisigin@a APMAUfUERKS IA6Y aneRg ity hg

information i and @inGhBrRTedIREd sQuiSsORR alt&RatAe RO anmgﬁwo\@ebm@m a power
reference and data synmbols of said one term nal. The power reference can

for instance M Uk tesignal dgipsal amberpf multiniexed UE& r edundant si gnal i ng

i nf or mat ingn can al so in another enbodi nent be reinterpreted to conprise the
total nunbér of the mul tiplexed termnals. The

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.



15reinterpreted MJM MO node bits may be signal ed whenever the terminal is
schedul ed. Anot her aspect of the present invention relates to a radi o base
station 60 in a comuni cation system The base station 60, which is shown
in figure 6. has Multiple- 20 Input-Miltiple-Qutput (MM) antennas 65 for
enabling signaling to at |east one of a plurality of nmultiplexed nobile
termnals (not shown) and supports both Single User and Multi User

Mul ti pl e- I nput-Miltiple-Qutput (SU-MIMO and MJ MEMD) signaling nodes. The
nodes may be SDVA for correlated antenga arrays setups. zero-forcing
beanform ng or per user unitary rate control (PU2RC) or other MJ 25 M MO
nodes. The base station further conprises neans 61 for swi tching between
sai d nodes and signaling node conparator neans 62 for identifying redundant
SUMEMO node signaling that can be reinterpreted to be used with MJM MO
node. The red %&wﬁtf%uawmnarwenm giribg NedgBoagan fewampley sigapling of deat e t o

Lransm ssion ranknisian a8 SUIMOPRESO V&Rl el MibinameThe radio
base station 60 also has 30reinterpreti n& neans for redefining bits of

the redundant "NYREIIGnk is sigoalest indle domgly whrgeYeﬁff@rlf‘Famsawdu'a@secu ated with

the MJM Mg mydesivly R eMisMB ke, k%e&'lﬂ@@z{n' YeGedstd Q'Bélfptt'dn%m'ﬂﬁg)’ln ®AMPri se a
power offset hetween a power reference reference synbols (RS)) and

the power used™Otmadtsn? te-@aindicalgnpoloyr leN?tE‘}‘YP&t?f\ﬁséi ynggad afither MO

si gnal i ng i nf QfaR@ikRoh @mhémctrfaedlftf&&r@lgmnm@@rbemeemetpw&eaf%@l termnals.
The base station als rises transmtter neans 64 for informng the UE

5 about the ré&feRt é}a%?bét”é? & thsr simplest @y Higapivep PECt R FRITeSR A 4P ithg

i nformation agsdss aeds Wi dhdMléodMedfondiReR f&vr thEdeN@vol N8 oh&inblkipleRédet ed
redundant _bit MM MO node SI gnal i i nf or tion could for instance

be the powér g*qssréfpe?}f"e Phdhisumedd ‘er"?'@l’m APBligaRlet tof &It ¥S%exed on t he

physi cal resogpss. DI&&X@M@WR&{ess&spm)vﬂﬂm eﬁgheb&rrﬁr&amsdnwan‘wﬁ.n relates to
nobile term na shoB%mflgure7 has

rmblletermnl 70. qu 7%

Ml ti pl e- | nput PRAGIFPH( @J'ﬁﬁﬂbﬂg (H\/leml""&ﬂ‘t IEL Sﬁa&‘“&nﬂ"“seu‘ GrFe%ot h Singl e
User and Ml t icolfp@ratibhiniak@l ©-posmié 1dVihuttipRk afpuiopfatir (BYoM tMOpBidaMI- M MO)
signaling nodes. The nodes nay be SDVA for correl ated antenna arrays
setups, zero-f6P¥ g beanform ng or per user unitary rate 15 control
(PU2RC) 015 ot her MJM MO nodes. The nobile termnal 70 further conprises
means 71 f3r switchi ng between the nodes. Redundant SU-M MO node signaling

can for i .nSt a?‘r\h?larl?l %tr ?het gasé W%Wo?%‘n?mmr ana‘?lte%hgr\?ﬂ {ontg\io‘?]@? On recoder

el enent signaling. “Recel VEI nmeans 1Ps0 provid e nobile
terminal 70 fowltipkoxed vi MJ-MIBO anddasied slteat isolen¢setnesh owsipnal lowemat i on about

a reinterpret g%ﬂsa?? c?grs 1%9 angdpnf%aﬂle éSlsJ' 'Xkl\{:?rrglalte SJIOI% rf@&reh\ﬁ%{?nmans 72 1S
gure

further confi o recelve ‘signall i on associ a wth MJM MO
node by recei béamg“ortrmwprewdtrtgrmmeedrertmwﬂdarnctdetb,l sirge thEtnghelprehdidd si gnal i ng

i nformati 0 t wee farence (e.g.

rof or once” oynESrEE B € 2 PONTE, ShieBbli 4 HECPBROEY JIELRLERES, §

Al ternativel ycortfigeralwh Mhe §'|xgcn>dbbqolg in AfTdy h@tnomﬂy rméiye el%erﬁ@n"dm‘%e t he tot al

numbor. of ul bichlsiehud 8L 08has S BRI 8 o 88 R plcs0, cOMPT{ ses means

75 for interpreti he recerved rern ret ndant bits using the
i nformati on about the reinterpretation of redundant SU-M MO bits.

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



30The invention herein disclosed provides significant advantages by
proposing a way for supporting MJM MO by reusing as nmuch as possibly of
the signaling 12 functionality from SU-M MO node. By using codebook subset
restriction in conmbination with intentionally scheduling several UEs on the
sanme physical resources (resource elenents). MJM MO can be efficiently
supported, at |least for SDVA and correl ated antenna arrays, when the UEs
are informed at a high 5 rate about the power offset between the power
reference and own data synbols. The invention is however not limted to
SDVA and correl ated antenna arrays as % nmy be applicable regardl ess of
MJ M MO node. The hi gh reuse of signaling enables simpl er inplementation

and provides fﬁvﬁﬁi RBdeBMRnhdse Mﬁednﬁ{eélt ﬁtmtwg- g? IS o‘? Fo%g 8$I§nﬁ%§ Lhgalarly

inportant for facilitating testin “Wth standard,
Not e that althisggetheré enmrqqtstewnb ﬂ@mmenéﬂélah&s I»ltiée/ﬂlvt&e;cbramn tIRi s

i scl osure {0, G afighis i s LAGNSS Yol A0V T, BOLARCCSRRARS |1 ting

the scope of the Invention t ore nt1on her
wirel ess syst effrelsiey bamierming tq)efmetfatetthef nssre aad 0 otilizerthe Mreomlubeml cover ed

within thissdi ﬁﬁér%n@for%ﬁgp%nﬁ{é%rt@tw& Igfer 'trglﬁﬁﬁgs o(?nrfoxl QE paopgsart ly

restricted to downlink be a transm ssi on
t echni ques as WeMIMQgaggkookdias Mn é@hcﬂlﬁed inghek B etnmdactby@pll pthPftSﬂ tQ: an be

sof t war e nMeansgonh@f W@l@ﬂeﬁf?%&strﬁfsm‘;”ssﬁﬁ’ @ﬁ%&hf;’é} H iR Ohfted t he

present invention has been describ respect to parti ular enbodi nment s
(i ncl udi ng cerPiimal fedebeek zﬁfPerHgMﬁéQttﬁ hngo el thmruetrlé ngéd fmeps within

various net hOqﬁrémdérmﬁném}{CEQpreﬂleﬁtﬂ 2l béMrJfé;rn{u?gf&ggelézg ‘?olra{;ﬁgort he present

invention is not limted to the specific enbodi ne and
i |l ustrat éd hefPeisteleTipypreftgpanission jard ttyo perecpdereclomsaty fanaduat Haver di scl osure

i's only illustiaabii¥gen. %A@ﬁ?fewaﬁlgltr){nsnhgsxohsa L6 BRdeAvet Reding RErsdi nyent i on be
limted only q¥ éhe scoP the clainms appended hereto.
eeded while for dual layer transmission, only a single bit power scaling is
needed. This leads to a total of 4*4+2*2= 20 combinations, which fit well into
the 64 different combinations of precoder elements and rank in the current SU-
15 MIMO codebook. The power offset may be combined with other, possibly

dynamically varying, power offsets to form the overall power ratio.

Referring to figure S, one aspect of the present invention relates to a method in a radio
base station in a communication system for Multi User Multiple-Input-Multiple-
20  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-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.



13 CLAIM5 |I. A nmethod for a base station for Multi User

Mul tiple-Input-Multiple-Qutput, M)} MM)J signaling from

Mul ti ple-Input-Miltiple-Qutput, MM antennas of a base 5 station to one
of a plurality of nobile termnals of a communication system configured for
both Single User Miultiple-lnput-Miltiple-Qutput, SUMIMO and Miulti User
Mul tiple-Input-Miltiple-Qutput. MJM MO, signaling nodes and configured to
swi tch between said nodes, wherein said nodes have partly shared signaling,
the method conprising: 10-identifying,(501) SU-M MO signaling, whichis
redundant for the MJFM MO node. and ré&i nterpreting (502) bits of said
redundant signaling to conprise signaling information, associated with

MJ MLMO node, - i nf#2nRegieta@3gr ichizfin®bitd Be. tdatanbinabf \&ieand&itmedilrédngdaabout t he

t t at f 1 dund t d 15 504
nasoci ated w th MORFRES GEREPES et hﬁs‘%faﬁnﬁ“%.affpa?ﬁ st B HIERRD: 1o, .
A et hod accor di ngxh R aISHEl Ml EE IR, AbARAL T 1 Tl ates o

transm ssi on rank signaling an rec Sl gnal 'ng. 20 3. A

met hod accordi ng tgactghdp nhfo%atfu X@Q@cﬁa@éd”w‘&ﬁ“ MU“MI\M)MRO? gallslin@gsa

i nformation conprises a power offset between a power nce -and data
synbols. 9 4fem}iﬁfnf§?¢1@éummd¥@| ng to claim3, wherein said power
reference is reference synbols. 25 RS. 14

In one embodiment of the method according to the present invention, the redundant
SU-MIMO mode signaling relates to transmission rank signaling and precoder
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



6. A nethod according to any one of the previous clains, wherein said
reinterpreted redundant bits are signal ed whenever the termnal is
scheduled. 7. A radio base station (60) in a comruni cation system
conprising Multiple-Input- 5 Multiple-Qutput, M MO antennas (65) for
signaling to one of a plurality of nobile termnals and configured for both
Single User Miultiple-Ilnput-Miltiple-Qutput, SUM MO and Milti User

Mul ti pl e-Input-Miltiple-Qutput, MJ}M MO, signaling nodes, wherein said base
station conprises neans (61) for sw \t,\,ﬁgl ng between sai d nodes, said nodes
havi ng partly shared signaling, and rein said base station 10further
conprises: -a signaling node conparator neans (62) for identifying,

SU-M MO npde sigyaliigi infriwdios aly com@elsendl govier bffset bMbwMIMOpiREeferenét (e.o.
eting bits of said redundant

reinterpretin ans reinterpr )
signaling to %8%%??‘:35 '("g'%ﬁ'gﬁ ﬁb‘FihﬁfPS‘r"Eh‘tsF%W, trapsraih dpta sEbetF-t HEMali¥avo node,
15-a transmi t tter MBSO Siddalifigrinforhdioni d@psseh dhed ifal Ofunfdé @r Mlutipidyid y Of
nmobi l e term nq‘lﬁm QOH&: btapeesmr[%i n&e\rﬁ?r etation of the r (}und nt. bits and

si gnal i ng i nformation assocl at 4° ‘Pﬂ”sﬁl}rwme%‘a@stﬂ’g ripiogmiagthy UE

rei nt er pr eted abad trecrainterfpétbtion of the redBndat biRdhd sipRsiRg SifBnhMidn as6QkEd Ng t O

claim7, wherej € t si.gnaling relateg to 20t rapsm ssion rank

si gnaldi ng tand;z o:E e%ﬁ%@%@f%ﬁ%ﬁ?%Egﬁiﬁm&ifdmgamﬂa?‘amsoqgﬁ%ﬁy'5’% on
according to iog if§o en ed ikt pSWatseng theh@nseabf on
conprises a powel, Qf”{a§§%mla W@Q a Er%\fr [ ef erence and data synbols of said
one of said plurarity of "Hob Ted PEIRPRAIcAl el 0" A radi o base station

according to claim9, wherein said power reference is reference synbols,
RS. 15 11. A radio base station according to claim7 or 8, wherein said

M> MLVD st gnalefihoihidd RpaRbE AR pFQERT3fifndekl BlmdbiE Rl 20 Shlpghe. 12 A
nobi l e term nal conprising Miul'tiple-Input- ti ple-Qutput, Mﬁ/ﬂ ant ennas
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



5 (74) configured for both Single User Miultiple-Ilnput-Miltiple-Qutput,

SU MM, and Multi User Miultiple-Ilnput-Miltiple-Qutput, MJM MO, signaling
nodes wherein said nobile term nal conprises nmeans (71) for swtching

bet ween sai d nodes, said nodes having partly shared signaling, and wherein
said nobile termnal further conprises; 10-a receiver nmeans (72) for

receiving fromthe base station: information about a reinterpretation of
redundant SU-M MO bits; signaling information associated with MJ M MO node
by receiving said reinterpreted redundapt bits, and -nmeans (75) for

interpreting said reinterpreted redundant bits by using the information

15about the rei.nt errg[.setcfati on of redundant SU-M MO bits. 13. A nobile
term nal accor gf"ﬁtd;o Y drom rUMIMQreedsi Bytusiag reedrbnolamibsei rgniddtiongnr el at es to

transm ssi on r achbisdtignaliihnigreAiichay stHe8RISE | lLing. 2014. A
nobile term nalrcsgucrcor ding ti (I:I ;?ymslf org13Ye?m%nnm§g§|a§'el\ﬂﬁgﬁaﬁD si gnal i ng
ceéére%?“?ﬁ? epist MY -MIMQeasrbefhiniontly sumbaedacleasand dat a

i nformation conpri’s . . . 5edat .
synmbol s of sai tbrSDdATER dotrelatthRAka arrays, wher the UES RO IkEmLE rél{?ﬂﬁ%k according
oFs,

to claim 14 rei ai d power reference is 25reference s RS. 1/6
2/6 Fig. 25 V"[—l,?g ABbul the powep of\Ps%t between the power reference and own data sgf/mbols.

The invention is however not limited to SDMA and correlated antenna arrays as

it may be applicable regardless of MU-MIMO mode.

The high reuse of signaling enables simpler implementation and provides fewer
options in the system. The latter is particularly important for facilitating 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.



3/6 4241 XX X3 210X' x 40 40: Bits reserved for SU-M MO node 41:
Bits necessary for 2 Tx correlated SDVA in MJ M MO node
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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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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-
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

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,

-a transmitter 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

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.

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

reference symbols, RS.



Fig. 6 6/6

10

15

20

25

Fig. 7

15

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
(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;
-a receiver 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

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.



