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estimation updates. While this large period might be good enough for many users, there might
25 be some users with more time-variant channels, and therefore a need for more frequent SRS
transmission.

In LTE Rel-8/Rel-9, resources for transmission of SRSs are reserved on a cell level in a
static or semi-static fashion. Users in a cell are then semi-statically configured to transmit SRSs
using the resources reserved in the cell. When resources are reserved for sounding, they are

30 taken from the cell and hence from all users in the cell. This is opposite to the principle that
each user device “pays” for its own sounding reference signal overhead.

Release 10 of the 3GPP LTE standard introduces Multiple-input-Multiple-Output (MIMO)
transmissions on the UL. The specifications provide that demodulation reference symbols
(DMRS) are precoded (through the use of a multi-antenna weighting matrix, referred to as a

35 precoder), whereas antenna-specific SRSs are transmitted without precoding, for use in channel
estimation. Conventionally, SRS symbols from all antennas and all users share the same
resources within a cell. Hence, there is a need to increase the resources for sounding
reference signals in the cell. However, doing so using rel-8/9 principles takes resources from all
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configured to transmit an antenna-specific SRS for at least one of the uplink transmit antennas
within a granted resource allocated to the user equipment for a scheduled uplink data
30 transmission.

In another embodiment, the present invention comprises a method at a network node of
controlling SRS transmissions by a UE. The method comprises scheduling uplink transmissions
by the user equipment and sending corresponding uplink grants to the user equipment. More
particularly, the method comprises including control signaling within one or more of the uplink

35 grants, to configure the transmission of one or more antenna-specific SRSs within the granted
bandwidth allocated by at least one said uplink grant.

Correspondingly, in another embodiment, the present invention comprises a network
node configured to control SRS transmissions by a UE. The network node comprises
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These SRSs are transmitted by the UE for all MIMO antennas of interest and one or more of

them are sent within the bandwidth that is assigned to the UE for data.

BRIEF DESCRIPTION OF THE DRAWINGS
30 Fig. 1 is a diagram of a conventional allocation of granted (uplink) resources, wherein a
UE sends data and demodulation reference symbols using the granted resources.
Fig. 2 is a diagram according to one embodiment of the present invention, wherein
granted resources on the uplink are used to send one or more antenna-specific SRSs.
Fig. 3 is a block diagram of one embodiment of a UE that is configured to send one or
35 more antenna-specific SRSs within granted resources allocated by one or more uplink
scheduling grants.
Fig. 4 is a logic flow diagram of one embodiment of sending antenna-specific SRSs
within granted resources on the uplink.



Fig. 2 is a diagramaccording to one enbodi nrent of the present invention,
wherein granted resources on the uplink are used to send one or nore
antenna-specific SRSs. Fig. 3 is a block diagram of one enbodi ment of a UE
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tr ansm Sy osifg ¥ elafE Gh'eRGae8 s aL ToNaR OF | ‘?*E‘Sﬁagﬂg@ﬁ@ﬁ%%?g. 1
i 1 ust repecific SRSexasmeasiedoandtheilinedresaendingly trarsmitstiapwn refreenge aignalg from
[ @SOUT i dkIngte Of hd BBLARAMSIGY of GUARRG dBATHF brid SiindreWETHDIMALymbols VA
sub-carriers and synbols tines. In partiCular, one sees a1 ns subfrane
t h&0 i swiftin thewdranted resourcengliacatedie the UE or asghiedulpd uplinkriansaissionandhe SC_FDIVA
symbol sp @Rl the illustration depicts the transm ssion of six data synbols

12 and oné denodul ation reference synmbol 14 in each slot. Fig. 2 depicts an
exanpl e nodi Ta endergandihis areangeeeat, fia: Aillyetiatas anexamplesoayantienalicese fafe

gﬁa;fﬁ'eq_ﬁé? NHEEPIHRIGPShtEY rdsBErcBS 46 BY tirh&W8RidrieY reddiifds cohfPriSing BindfhpePsOUT Ces
SC_FDMA sub-carriers and symbols times. In particular, one sees a 1 ms subframe that is
25 divided into two 0.5 ms slots. Each slot comprises seven SC_FDMA symbols, and the
illustration depicts the transmission of six data symbols 12 and one demodulation reference
symbol 14 in each slot.
Fig. 2 depicts an example modification of the above arrangement, in accordance with
one example contemplated by the present invention. Here, the granted resources on the
30 PUSCH are denoted by the reference number “20.” As before, the UE’s scheduled uplink
transmission with the granted resources on the PUSCH includes data symbols 12 and
demodulation reference symbols 14. However, unlike the conventional transmission, the UE
transmits one or more antenna-specific SRSs 22. In the illustrated example, one SC_FDMA
symbol at the end of the 1 ms subframe is allocated to the transmission of an antenna-specific
35 SRS. It will be understood that additional antenna-specific SRSs can be transmitted within the
granted resources 20, at the expense of data capacity.
The additional SRSs can be mapped to every second subcarrier in the frequency
domain, as is the case for the sounding reference signals defined for Rel-8/9 in LTE (using a so
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resol Utcbr?ﬁgu?astioﬂ'(%petﬁgr §I¥§r|§/ trgﬁjs%i{t%'PUSCH or not) can have a resolution as high as
every subframe.
The instruction can be as simple as just one bit indicating whether there is an SRS
transmission or not within a given grant of uplink resources. Alternatively, the network may
35 send, and a targeted UE may receive, instructions specifying the bandwidth, periodicity, etc., of
dynamic SRS transmissions—i.e., a given UE may be dynamically instructed as to how/when
antenna-specific SRSs are to be transmitted within granted resources on the uplink. As the
transmission of the additional SRS(s) is within the scheduled bandwidth of the user, such
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The instruction can be as sinple as just one bit indicating whether there
is an SRS transmi ssion or not within a given grant of uplink resources.
Al ternatively, the network may 35send, and a targeted UE may receive,
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ant ennatagsmigsionp. on B4-uplink, and fgtheNincludes dneuid orarnteamsmiticontsol aitcdits36upati nk,
and fu_rgggetgfem%fgﬁgg%cgﬁ% %hm@?&swomi control circuits 36 that are

operatively asso ransceiver 32. In particular, the cj rcuits
36 i ncl ude RXIPRRiaa thecireuitd 3prinaedssRIG Xaiontrali arel (B8cessing lcincliits @8aincluding am_ :
15 | r : | C .

ant Bhna Rgnes SRLpRIERET B, Thtke GRGRCAA) chtblrey R Fa bR A iBoagnd SARRY .,
are parfor e armoreclink tiansmit adennasrddnand they are patticuartysonfigure GRGrdremitsdn

I : ' ) 1 10l r.ant gurce

ol 1 ocat Sl h PRSPy af RAS B o e et Aitbihad SANES gfgfit” o

In at | @§8wrce glocatashigithe WE, 30Upr 3schagiediuplink deta tragsmoiesinnini cat i on term nal ,

such as 20a el 'Ie%%elst"‘&ne.r é’rﬂb%i@hﬁtgg@tnsgco% r@@é Ln DFE @ﬁpﬁg%@ﬁ%q %gbﬁ\?{/ %gcho?s

conputer, a wireless networ ptor, essentra ny _
wi rd esa celpaniadietgierbanel @smast phone, a PDA, alaptop camputer, bavdrstess netwanbodi ment |

the UE Zfhohsr 6Q8UsbaNIPdny BineF 988 B hirdlBs IR ARAGelicE, SRS responsi ve to

control signaling includ in"an earlier-received uplink scheduling grant

al | ocating t Rether dRablgastans ambogimentiife Y 30e caniaweriodtanemitiap aBRBNas
transm égerflic SRE teshHRive to %oﬁtrrol|s%§ﬁnd%ﬂ@ué’émﬂ@n%ﬂkf-ré&%eggﬁoﬁrg(uﬁcﬁeéL‘Mnbher

configured to perform M MO transm ssions of one or nore atron~
refer grﬁ’é“%@'@ﬁ%’"@ the araptadresoyees i@ whishihe apleenasperiis SRS édtansmittadn addi ti on

t o 2she tr anspirfer,R ablea&the @mBBRInFerdthe WE30SE Asttet Eoncfggﬁefdito erf?r’M MNA@ a
gi ven set of s|?ranted resources, the UE 30 transmts data s ol's an

dermodul FNSGHSYUEA ORE 87 EpFRdaracdulation gefaianse sigeals angsipta signalswithis sci f i c
SRSs. 3gtanhtetihésourdd) irtddditRné tHe WarRinG? Bhe of AR rdEntdfhd-Speeie 'IrBE ek f 0
transm \}Vithsll'? g?;?v'eﬁ%et of granted resources, the UE 30 transmits data symbols and demodulation
reference symbols, along with one or more antenna-specific SRSs.
30 Further, in at least one embodiment, the UE 30 is configured to transmit sounding
reference signals for a first MIMO uplink antenna of the UE 30 at bandwidths determined by
Radio Resource Control (RRC) signaling received by the UE 30, and to transmit sounding
reference signals for a second MIMO uplink antenna of the UE 30 within the granted resources
allocated to the user equipment on the PUSCH of an LTE network. In other words, the UE 30
35 transmits one or more antenna-specific SRSs according to convention, and transmits one or
more antenna-specific SRSs within granted resources, according to the present invention.
In at least one such embodiment, the UE 30 is configured to configure its transmission of

the sounding reference signals for the second MIMO uplink antenna based on control signaling
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transmissions from a plurality of UEs. To this end, the node 50 includes a number of
30 transmit/receive antennas 54 (e.g., 54-1, ..., 54-M).

The network node 50 further includes one or more communication processing and
control circuits 56 that are operatively associated with the transceiver circuits 52. In particular,
these circuits 56 include transmit control circuits 58, including a scheduling processor 60, which
are configured to schedule uplink transmissions by the UEs and send corresponding uplink

35  grants to the UEs. Further, the transmit control circuits 56 are configured to include control
signaling within one or more of the uplink grants, to configure the transmission of one or more
antenna-specific SRSs within the granted bandwidth allocated by at least one said uplink grant.
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additional sounding bear the additional signaling overhead burden.



30has the further advantage of taking the resources used for sending
additional reference signals only fromspecific user allocated uplink
resources. Thus, only the users that need to send additional sounding bear

t he addi tywgngl1mbaeal i ng overhead burden. WO 2011/ 09043}3RGEASEASLS4 050523
CLAIM5S What is claimed is: 1. A nethod at a user equipnent of transmtting

ant enna-specific sounding reference €LgM$s for two or nore uplink transmt

ant enn Ld: et od conprising: 5transmitting an antenna-specific
soundi ﬁgh?tgglélrg'ence'gsi gnal for at |east one of the uplink transmt antennas
wi t hi n Ta gr dnmethodet e wsereqiiproardiof ttansmitting aneana-agecifi®nindingrrefarenebedul ed

uIinksqjqq.l[a SIN SSI : e ai,m. 1. _wherein said
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ear Bi er - r ecdfapsatiting amantennseshecifisgoygnding reféreocmsigma) faradt tbagt ene afdhe apliomr ce.
3. The met hod of ' |0t [ rises M
transmtter, and : ngrrg‘ia?}tetn eﬂﬁgt["ﬁgod? §‘3§%?§S§ g%lépa@%%%%%ﬁtgg W%quﬁbgﬁeé'{}r/\?%sai ons
of denpdul ati on rseheduiattepliok gatal teangmissidat a si gnals within the granted
resource, and further perform ng transm ssions of 15the at |east one
antenna-speci fic sounding reference signal within the granted resource. 4.
The nettod dihednethed of claimet, stherein saithdransmdittingrip dpre resporsivntotcontng signaling ng

r ef18r encdudeiqdn ah eafief ré%?iv%g gblirM M?e&\ﬂilné B&rﬁ?gﬁgﬂ?%%? fggaq.,té@,%goﬁ.gg i pment  at

bandwi dt hs det er m ned I 0 Resourc I'gnal 1 ng received by
t he user equipment, and transmtting 20soundi ng reference signals for a

second gV MOTywalrhétko B BAIRA1, Whetdif tHESRer EQHHRBRBortdrisbd B MIlD S RMiES. and

bandwi dth, as said granted resource, allocated to'the user equipnent on the
Physi cdthergin thaumelhad semenisasrarforming MM Qirangmissignsrafdgmorulation refgrengest hod of
ol ai M &igrfaldr e ey R . :

2 el el L B e R, e rrey BerGimidd Gampiieriar

si dral ithRat Irash Sne artespssaesificRpusHing referance sigaal within the aiamted essaliseent f or

its transm ssions on the PUSCH 6. The nethod of claim11l, wherein the

met hod conprjses transmtti n%@one or nore antenna-specific sounding

referefce silfRanathodelfdain 1 wheginiie rpethed seperisesdranswittingsaundivg sefgramce ng
recei veggnbls i@ fildSMIMOUBIRKBRERnRSIhé LSt GLiphient aBEhdidthPd&ermined by
ant enn%a%?oeﬁégc;u?ce Control (RRC) signaling received by the user equipment, and transmitting
20 sounding reference signals for a second MIMO uplink antenna of the user equipment within the
granted bandwidth, as said granted resource, allocated to the user equipment on the Physical
Uplink Shared Channel (PUSCH) of an LTE network.

5. The method of claim 4, further comprising configuring transmission of the sounding
25 reference signals for the second MIMO uplink antenna based on control signaling in uplink
scheduling grants received by the user equipment for its transmissions on the PUSCH.

6. The method of claim 1, wherein the method comprises transmitting one or more
antenna-specific sounding reference signals, according to Radio Resource Control (RRC)

30 signaling received by the user equipment, and transmitting one or more antenna-specific
sounding reference signals within granted resources, according to control signaling received by
the user equipment for uplink grants allocating said granted resources.

7. The method of claim 1, wherein the user equipment includes a MIMO transmitter for

35  MIMO uplink transmissions, and wherein the user equipment is configured to transmit one or
more demodulation reference signals within the granted resource and is further configured to
transmit antenna-specific sounding reference signals for at least one MIMO uplink transmit
antenna within the granted resource.



soundi ng reference signals within granted resources, according to control
signaling received by the user equipnent for uplink grants allocating said
granted resources. 7. The nethod of claim1l1l, wherein the user equi prent

i ncl udes \goMyMdobyignsm tter for 35M MO uplink transm ssipphig@0dsidher ei n
the user equipnment is configured to transmt one or nore denodul ation

reference signals within the granted resource and is further configured to
transmgl antipeRctEGE6l daif 7 Whaekim gaid gf et vesowrtd Radrsugiiak gaint be gt PUSEHM MO

uplink transpnit antenna within the granted resource. WO .
2011/ 06 an SEENeE b RROHSE Sai ST RN R TBRCE Fidls 3¢ RIAEPATansayd

gr ant edntawmalspeéific Soumdinglreiefdncgsiynklscite hitgprétddetl of an LTE network, and
wherein said denodul ati on reference signals are pre-coded and said

anténna-specific soundi ng reference signals are not precoded. 5 9. A user

equi pnEnt  coNEEdr ehGigiment donapringt ver for transmitting uplink signals to a
supporting wreles ' ' and for re s from

. ' . 2 nal
he et wor k 2 g e dRORREThS AR arengede m ke e MEEEY SEnBbBaR i ng
tvvlo_ ork rmrg upl i metvari,remi for t@nd_eifinga'tgnéle:from th® nittark, rsaid tsarisoeiserdncludieg a .

i nk; and one qr re. transm ontrol circui rati e
\lljmpt h the t ransceﬁ@'w Hﬁ'wtkér(?ﬁf'i“ﬁm ﬁ?ﬂv"‘ﬁ%twtoroa{ﬁ@%gtubinﬁqgaﬁﬁﬁtsa\égc%ﬁ ?i(ﬁg@uwrﬁji ng
refiérence si gnal dranemissions on tmpu@inkpdridnk transnit antennas, said one or

t t / f ,
ant enna. specPich MEEATMTE ik BRb EperBijet SRBLAR P heahaRRRHod” |
transm t ant ennasonfiguredteetransanittantennasspecifiescundingaetedertce signalsiswoarui pment
for a schedul ed W&He@éli%?nsﬁiménnig'%on{c?rr:ma_r}%qra%l?\rt c?ﬁ’(%lg of claim

9, wherein the user ul pnment conprises an conmunication termnal. 20
11. The user equipanioutariyfconfigured © transmit @h@ntampatspecificsplindingmeferance sighagyur ed

toggransmt the aplaias SREG! he GoRRUMMNSAR dhfinREE Rifinel iRk FERBRAS! ve L O

control signaling inc I'n an earlier-recelve I ng grant
al l ocating said gailacateditcrtbs@aerc@uimfdrraescng@ﬂe@qalﬁwbﬂemtraﬂsmsmnm 9,
wherein the user equipnent is further configured to performM MO

transm ssions of one or nore denodul ati on reference signals and data

si gnal s10ai t hThe usiee eguipmerticof clairo Qr wheren3he Heereswipment comeifes @n LdEai m 9,

wher ei LAt MRuASRIon SHHiRgENt s configured to transmit
20
11. The user equipment of claim 9, wherein the user equipment is configured to transmit the
antenna-specific sounding reference signal responsive to control signaling included in an
earlier-received uplink scheduling grant allocating said granted resource.

25 12 The user equipment of claim 9, wherein the user equipment is further configured to
perform MIMO transmissions of one or more demodulation reference signals and data signals
within the granted resource.

13. The user equipment of claim 9, wherein the user equipment is configured to transmit

30 sounding reference signals for a first MIMO uplink antenna of the user equipment at bandwidths
determined by Radio Resource Control (RRC) signaling received by the user equipment, and to
transmit sounding reference signals for a second MIMO uplink antenna of the user equipment
within the granted resources allocated to the user equipment on the PUSCH of an LTE network.

35 14 The user equipment of claim 13, wherein the user equipment is configured to configure
its transmission of the sounding reference signals for the second MIMO uplink antenna based
on control signaling in uplink scheduling grants received by the user equipment for its

transmissions on the PUSCH.
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30soundi ng reference signals for a first M MO uplink antenna of the user
equi pnent at bandw dt hs determ ned by Radi o Resource Control (RRC
signaling received by the user equipnent, and to transmt soundi ng

ref erenceygig\dogs50r @ second M MO uplink antenna of tRerkESs085bPMENT
within the granted resources allocated to the user equipnment on the PUSCH
of an LTE network. 3514. The user equi pnent of claim 13, wherein the user
equi p t i confli t i o ] SS] [
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25 19. The methad of claim 18, further comprising receiving a scheduled uplink transmission
from the user equipment, and performing channel quality estimation or frequency-selective
scheduling determinations based at least in part on any sounding reference signals received
within the granted bandwidth of the scheduled uplink transmission.

30 20. The method of claim 19, wherein performing channel quality estimation or frequency-
selective scheduling determinations further includes processing sounding reference signals
received from the user equipment outside the granted bandwidth of the scheduled uplink

transmission.

35 21 The method of claim 18, wherein the user equipment includes a MIMO uplink
transmitter, and wherein the method includes receiving antenna-specific sounding reference
signals for one or more MIMO transmit antennas of the user equipment within the granted
bandwidth allocated by one or more uplink grants made to the user equipment.
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include control signaling within one or more of the uplink grants, to configure the
transmission of one or more antenna-specific sounding reference signals

within the granted bandwidth allocated by at least one said uplink grant.

16 23. The node of claim 22, wherein said node comprises an eNB configured for operation in
an LTE network.
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