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30 Summary
The following presents a simplified summary of the invention in or-
der to provide a basic understanding of some aspecis of the invention. This
summary is not an extensive overview of the invention. it is not intended fo
identify key/critical elements of the invention or to delineate the scope of the



5 apparatus conprising: one or nore antenna ports; and a processor
configured to share a cyclic shift space of reference signals of user

equi pnent utilizing single user nultiple input nultiple output transm ssion
by applying a cyclic shift increnment val ue between reference signals of
different antenna ports or spatial |layers of the user equi pnent
transm ssi on. 10Accordi ng to anot her aspect &f the present invention, there
is pro- vided a nethod conprising: sharing a cyclic shift space of
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t he acconpamygi nght disaweg@smentn antznsdl ports or spatial ldjegupé the sbmwsyuipnsdntpl i i ed
bl ock di agram i}l ustdsahi Ng an exenplary system architecture;
According to another aspect of the present invention, there is oro-
vided a compuier readable memory embodying a program of instructions ex-
ecutable by a processor to perform actions directed toward sharing a cyclic
30 shift space of reference signals of user equipment ulifizing single user multiple
input multiple output transmission, the actions comprising: applying a cyclic
shifi increment value between reference signals of different antenna ports or
spatial layers of the user equipment transmission.
Abcording to yet another aspect of the invention, there is provided a
35 computer readable memory embodying a program of insiructions executable
by a processor to perform actions directed toward controlling the cyclic shift of



ioFigure 2 illustrates an exanple of the frame structure of uplink LTE-

Advanced transm ssion; Figure 3 illustrates an exanple of the
avail abl e cyclic shifts for a ZC sequence having a length of 12 synbols;
Figure 4 illustrates exanpl es of apparatuses according to enbodi 15 nents of
the invention; Figures 5A and 58 are signalling charts
illustrating enbodi nents of the invention; 3 Figures GA, 68, 6C
and 6D illustrate exanples of the transm ssion of reference signals;

20Figures 7A, 78, 7C and 7D illustrate enbodi nents of the jnvention; and
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Enbodi nent s of gresen invention are applicable to any user term nal,
server, corresp i@ %W?‘?éoﬁ‘t and/or to any communi cati on system or any
conbi nati on of diff er efBugchittuniiatestanoragipia ke adlphlo crgic sBifte f¥ic€C si gnal s
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fixed networks and Wﬂ{tﬁg .ess_netwo protocol s used an
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require extra ctangestidr® an enbodi ment. Therefore, all words and
expr essi ons shoul d be I'-”nelgree\g %rA?%g,dGC and 6D illustrate exampies of the transmission
of reference signals;
20 Figures 7A, 7B, 7C and 7D illustrate embodiments of the invention;
and
Figures BA and 8B are flow charts illustrating embodiments of the

invention.

Description of some embodiments

25 Exemplary embodiments of the present invention will now be de-
scribed more fully hereinafter with reference to the accompanying drawings, in
which some, but not al embodiments of the invention are shown. indeed, the
invention may be embodied in many different forms and should not be con-
strued as limited to the embodiments set forth herein; rather, these embodi-

30 ments are provided so that this disclosure will satisfy applicable legal require-
ments. Although the specification may refer to “an”, “one”, or “some" embodi-
ment(s) in several locations, this does not necessarily mean that each such
reference is to the same embodiment(s), or that the fealure only applies to a
single embodiment. Single features of different embodiments may also be

35 combined to provide other embodiments.



10 broadly and are intended to illustrate, not to restrict, the enbodi nent.
In the follow ng, different enbodi nents will be described using, as an
exanple of a systemarchitecture to which the enbodi mrents nay be appli ed,
an architecture based on the third-generation wreless communi cati on system
UMTS (Uni versal Mbbile Tel ecomruni cation Systen) w thout restrict- 15 ing

t he enbodi nent to such an architecture, howeyer. A gener al
architecture of a communication systemis illustrated in Figure 1. Figure 1
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may be realized with Internet Protocol (IP) connections. 30ln an

enbodi ment, the user equi prment 110 comruni cates with the



base station using single user nmultiple input nultiple output (SU-MM). In
SU- M MO, user equipnent utilizes nore than one antenna in conmunicati ng

wi th base stations. Typically, the nunber of antennas may be two to four.
However, the number of antennas is not limted to any specific nunber.

SU-M MO has 35 been suggested to be applied in the LTE-Advanced

communi cati on system (Long Term Evol uti on - sAdvanced) which is an evol ution
of the LTE system 6 currently in devel opnment. The LTE- Advanced is being
researched by an international consortium 3CGPP (Third Generation
Partnership Project). Figure 1 shows uges eguiraeBbdi (repMuRiGRYNS. Lkevithhif i pl e
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desi gni ng SU- Mé\@ta] %S%mgg agﬁ)dggtéilagst&p reakization of reference signals
S to al rent [

used in the tranem 8 I on al'd’ coh ,rgfigﬁtlon at the receiver.

In the LTE and LTE- Advia¢ed 8y ilkkatey 3RIPPIfied pxepep- thpReiCe fifehdes and
nodi fi ed ZC sequehoes iacedausedt leseseftioneaerasiogravek epnipillest ahd moirgnal s.
Modi f'ted CZ @eﬂéégél%%% b%qaﬂt%édscﬁ'y thjé ﬁﬁl@@ét_ t@tﬁ)ns.gs)fﬂm@@lrkza sRIenGespand ,
conput er searched zero-autaqcorrel atjon e . Flgure
illustrates an S%dipl %Vef)?p'qﬁ%S'F?sa df‘é'fnf" ééﬁﬁrc %IFSorﬁgu\%gfﬁﬂmegegﬁgég

transm ssi on. Theurlaf¥ conprises 20 tinme slots, nunbered fromO to 19. A
subfr ane i S defi ned asi thuicCionsgeediatee tHalt m_k:salseissaiiowmrr@dsmfmasnﬁs@o
conprises tine 5l of5,.2LnRNE Rt tetwbk 88%BnGIdIRH @bt oYM OhEF@Re) ef erence

s! gnal bl ocksr are transm %ted. , I.n tﬂe resent I§'I('}§ system

different usér RERAPREMN PP KLt PP IFGUASIPETREHT %g@f&'}eg‘%’%"ﬁ bé’n?a}gtsﬂe %ignal s

in a cell utilimebikelersmmsvwitdineepienddSes ampds gplewar (MBYhatr 2 ENgC

sequence used naprBegerhieshoReRIdREEcrsi@GUSNPeIt node (SGSN), home node B
gateway (HNB-GW), mobility management entity and enhanced packet core
gateway (MME/EPC-GW), etc. A direct communication between different node

20 Bs over the air interface is also possible by implementing a relay node con-
cept, wherein a relay node may be considered as a special node B having
wireless backhauls or, e.g., X2 and S1 interfaces relayed over the air interface
by another node B. The communication system is also able to communicaie
with other networks, such as a public switched telephone network.

25 The embodiments are not, however, resiricted to the network given
above as an example, but a person skilled in the art may apply the solution to
other communication networks provided with the necessary properties. For
example, the connections between different network elements may be realized
with Internet Protocal (IP) connections.

30 In an embodiment, the user equipment 110 communicates with the
base station using single user multiple input muttiple output (SU-MIMO). In SU-
MIMO, user equipment utilizes more than one antenna in communicating with
base stations. Typically, the number of antennas may be two to four. However,
the number of antennas is not limited to any specific number. SU-MIMO has

35 been suggested to be applied in the LTE-Advanced communication system
(Long Term Evolution — Advanced) which is an evolution of the LTE system



25 or a root sequence. The transm ssions of different user equi pnent are
separated by applying different cyclic shifts of the ZC sequence. In

addi tion, block level spreading may be applied to separate reference
signals fromeach other. The orthogonality of reference signals is |imted
by the properties of ZC sequences, del ay-spread (regarding cyclic shifts)
and Doppl er (regarding block 30 |evel spreading). Figure 3 illustrates the
avail abl e cyclic shifts for a ZC sequence hay- ing a length of 12 synbols.
The cyclic shifts may be shown as a clock where different shifts are marked

as 0, 1, 2, 3, cumentlylin depelepmentt hee HUE-O8wIcae &t haiip HPeENed RsadiNtdhe zC
ﬁgerﬁnc$ﬁé fg? @??h%?$mhﬂgmﬂa®FPYTﬂ@<D@Eﬁ£he@@be?ﬂﬁaﬁn35ﬂbycIic shifts
shifts (CSO and ,or'T,‘%’eegS%d'@%@’ q’%hﬁ?{ggér%@%m&'g.mﬁ@{%@éﬁ’;bz@t (?}g" O he
best orthogonal M@% ’?HE"S\WEF%{P“%&V? ﬁ@g'&ﬁ%‘lﬁ‘%ﬁ@’ |'§n"%)t5§’éev\5ésgﬁs 4] ae@er{i Sc’yE:I iC
shifts (CS1 &ndngBE emelSRsmisgion ssmnsics) . In a current LTE
speci fication, the usefndHiipRblogspRAhEd & 5@ panerthe affEtAwraoyel §y6- shift of
ghffter f iegﬂjp&eQﬁ%wgﬁfscﬁc{of@ﬁag?%wgg%@Bﬁ(&%ﬁ.dc&{lﬂp%ﬁne% i“n%dliﬁw\ﬂtragsrﬁiéé?lﬁ Oyclic
direction implies the reception of the transmission of user equipment at mudti~
ple, geographically separated points.
10 One imporfant aspect in designing SU-MIMO, MU-MIMO and CoMP
is the realization of reference signals used in the transmission to aid coherent
reception at the receiver.
in the LTE and LTE-Advanced systems, Zadoff-Chu (ZC) CAZAC
sequences and modified ZC sequences are used as reference signals or pilot
16 sighals. Modified CZ sequences comprise truncated, extended ZC sequences
and computer searched zero-autocorrelation (ZAC) sequences.
Figure 2 illustrates an example of the frame structure of uplink LTE-
Advanced transmission. The frame comprises 20 time slots, numbered from 0
to 19. A subframe is defined as two consecutive time slots, where subframe i
20 comprises time slots 2i and 2i+1. In each time slot, one to three reference sig-
nal blocks are transmitted.
In the present LTE system, different user eqguipment transmitting
data-non-associated control signals in a cell utilize the same ZC sequence as
a reference signal. The ZC sequence used may be called a mother sequence
25 or a root sequence. The transmissions of different user equipment are sepa-
rated by applying different cyclic shifts of the ZC sequence. In addition, block
level spreading may be applied to separate reference signals from each other.
The orthogonality of reference signals is limited by the properties of ZC se-
quences, delay-spread (regarding cyclic shifts) and Doppler (regarding block
3¢ level spreading).
Figure 3 illustrates the available cyclic shifis for a ZC sequence hav-
ing a length of 12 symbols. The cyclic shifts may be shown as a clock where
different shifts are marked as 0, 1, 2, 3, ..., 11. Due to the autocorrelation
properties of the ZC sequences, the best orthogonality is obtained between
35 cyclic shifts having the largest difference in the cyclic shift domain. Thus, op-
posed shifts (CS0 and CS6 or CS3 and CS89, for example) in the clock lead to



010 3 011 4 100 101 2 8 110 10 111 9 TABLE 1 where the cyclic shift
field is a paraneter from higher |layers and the cyclic shift 10 sl ot
describes the selected shift on the clock of Figure 3. Figure 4
il lustrates exanpl es of apparatuses according to enbodi nents of the

I nvention. Figure 4 shows user equipnent 110 configured to be in a
connection on a communi cation channel 112 with a base station 100. The user
equi pnent 110 conprises a controller 400 operationally connected to a 15
menory 402 and a transceiver. 404. The controll er 400 cgntr,ls.phe,operation
of the user equmﬁﬁ@ﬁﬁFmTﬁgmwénEWVWW§§”ﬁ§g@BﬁWVﬁh@@ﬁeT83@? &ydgpi{lre and
data. The trans@gsvand ¢ adiid, jgureadmple).set up and maintain a wrel ess

ConneCEignttO a bgsef SFnaét i:thFlele@Ets-EB%fééaﬁ@ﬁ!&ﬁ@W&reduﬁmmeé@édif@lﬁirﬂpﬁ« :
connect e 0 a se ant enna. ports .conne : angenen
408. The antenn%@EQQQF?ﬁﬁ‘%ﬁ@ﬁfgﬁd$658%ﬂ@ﬁ§@'%kggFg%#ﬁghgg%ﬁggin$h% nunmber
of antennas rayfoBewingadteo four, for exanple. The nunber of antennas is not
limted to any particul ar nunber.

Cyclic shift field Cyclic shift
slot
000 0
001 6
010 3
011 4
AAAAA 100 2
101 8
110 10
111 9
TABLE 1

where the cyclic shift field is a parameter from higher layers and the cyclic shift
10 slot describes the selected shift on the clock of Figure 3.
Figure 4 illustrates examples of apparatuses according to embodi-
ments of the invention. Figure 4 shows user equipment 110 configured to be in
a connection on a communication channel 112 with a base station 100. The
user eguipment 110 comprises a confroller 400 operationally connected to a
15 memory 402 and a transceiver 404. The controller 400 controls the operation
of the user equipment. The memory 402 is configured 1o store software and
data. The transceiver is configured to set up and maintain a wireless connec-
tion {0 a base station 100. The transceiver is operationally connected to a set
of antenna ports 406 connected to an antenna arrangement 408. The antenna
20 arrangement may comprise a set of antennas. The number of antennas may
be two to four, for example. The number of antennas is not limited 1o any par-
ticular number.
The base station or hode B 100 comprises a controller 410 opera-
tionally connected to a memory 412 and a transceiver 414. The controfier 408
25 controls the operation of the base station. The memory 412 is configured to
store software and data. The transceiver 414 is configured to set up and main-



The base station or node B 100 conprises a controller 410 opera- tionally
connected to a nenory 412 and a transceiver 414. The controller 408 25
controls the operation of the base station. The nmenory 412 is configured to
store software and data. The transceiver 414 is configured to set up and
main- tamn a wireless connection to user equipnent within the service
area of the base station. The transceiver 413 is operationally connected to
an antenna arrangenent 416. The antenna arrangenent may conpri se a set of
antennas. The nupber of antennas ma for. exa e
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enbodi ment, the cyclic¢c shif user e
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25 ized is not relevant regarding the embodiments of the invention.

When SU-MIMO is used in user equipment, the muitiple fransmis-
sion sfreams may comprise separate reference signals. In an embodiment, the
user equipment is configured to share a cyclic shift space of reference signals
of user equipment applying a cyclic shift increment value A‘ggms between ref-

30 erence signals of different antenna ports or spatial layers of the user equip-
ment transmission.

In an embadiment, the cyclic shifts of user equipment reference sig-

nals are conirolled by a network element, such as the base station 100 or a

network element 418. The network element may be configured to determine

35 configurable cyclic shift increment value ADMRS according to given criteria and



35 configurable cyclic shift increnent value Apc; AA RS according to given
criteria and the selected value may be transmtted to the user equi pnent
over a wireless link. RS It is possible to determne the cyclic shift

i ncrement val ue Abc, Aisto be common in a given cell, or nultiple cells.
This applies especially when Co-5 ordinated Miul ti-Point is used.
Alternatively, it is possible to define the gyclic shift increnent in a
UE-specific manner. In an enbodi ment, where Multi-user Miltiple Input
Multiple Qutput (MJM MO) scheduling and/or Coordinated Milti -Pol nt ( CoMP)
i's applied in ufieiseleciadalelis 53y B# tr@f‘?r@'&??‘i’ Ehthetyser RBIRIBPTR CXPLARHESRS
configured to ditkerm ne | o the configurable cyclic shift i ncrerrent val ue
AraAsi Rs and pri O“t'zﬁ;st&ﬁs:%bé% ugteﬁmhmﬁes@yewmﬂ ABBLURAR. LABNT gf er ence
signals of different users in CoWP area. In this case, the cyclic shift
i ncrement val ueberagmiven des givien mvelﬁ o oulintd erijst Tig aeplipe eprAcielly whah&ioe Nes i s

the total nunpepgatcaVRiLkiai® i€Yséd Alehativeay, iMsi gostible tourdies tef cyate bile

units or cells, ( ]',{'C'r'e%e%t E%Ugspémgwported cyclic shift separation, and
Ni X is the maxi erence sjgnal s

user L de- 20
notes the floor oper at "o elifedi@enty hgs MH‘E' User p‘H@p’SdB‘?‘ﬁmWﬁg‘z}“ﬁ% | ar gest
i nt eger not gr edfigmilarschéiliag gudenCoofdinalee WpieintdRoMP) is applied in

uplink fransmission direction, the network element is configured to delermine

10 the configurable cyclic shift increment value ADMR? and prioritize the cyclic

shift separation between the reference signals of different users in the CoMP
area. In this case, the cyclic shift increment value may be determined accord-
ing to the formula '

-t Nee
15 APMRS g [W%Cé
N, ix

:CSminJ : (Eqa.1)

where Ngg is the total number of available cyclic shifts, M is the number of mo-
bile units or cells, CS,, is the minimum supported cyclic shifi separation, and
Ny is the maximum number of reference signals per user equipment. | | de-
20 notes the floor operation, where the output of the operation is the largest inte-
ger not greater than the argument of the operation.
The network element may be configured to store the required values
needed in the determination in a memory. For example, if the base station 100
determines the cyclic shift increment value, the processor 410 and memory
25 412 are utilised in the determination. Correspondingly, if the network element
418 determines the cyclic shift increment value, the processor 422 and mem-
ory 424 are utilised in the determination.
In an embodiment, Ngs equals 12. Ngs may be quantized fo the
value 0f 12 even if the length of a reference signal is greater than 12 elements.
30 M may denote the number of cells belonging to the Coordinated Multi-Point
area. Alternatively, M may denote the numbers of user equipment in the cell or
in the Coordinated Multi-Poini area that are supported for MIMO with the same

resources. For example, the system may support three users each having two
antennas. CSy, may be defined as CSmn» e{l 2 A (Nes -1}



The network el enent may be configured to store the required val ues needed
in the determnation in a nenory. For exanple, if the base station 100
determ nes the cyclic shift increment value, the processor 410 and nenory
25 412 are utilised in the determ nation. Correspondingly, if the network
el ement 418 determnes the cyclic shift increnment value, the processor 422
and nenory 424 are utilised in the determ nafy on. In an

enbodi ment, Ncs equals 12. Nes may be quantized to the value O 12 even if
the length of a reference signal is greater than 12 el enments. 30 M may
denote the nunber of cblthe cBa® WheeRIOTIe ehEPEBIPE IS IEPMIP MBS At ar ea.
Al ternatively, WMogayiganatehthe betwder efoéncesegnatgol heesamd nserhasugel | or in
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ant ennas. CS,,, In
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reference signa er ment .
g value A‘gf'g accorglmg E) the formula
' .| |N
15 A!i‘f;'m‘s = i'ﬂﬂl( —E 2 cgmin ] y (Eq 2)

where Ncg is the total number of available cyclic shifts, CSy is the
minimum supported cyclic shift separation, and Ny is the maximum number of
reference signals per user equipment.
In equations 1 and 2, the term N, may depend on the applied SU-
26 MIMO configuration. In open loop schemes where fransmit diversity and spatial
multiplexing are applied, Ny, equals the number of transmit antennas. In closed
loop schemes, where single stream precoding and multi stream precoding are
applied, there are two alternatives. With a beam-specific, precoded reference
signal, Ny equals the number of spatial streams. With antenna-specific refer-
25 ence signal, N equals the number of fransmit antennas.
In an embodiment, the hase station or the network element may
A2

transmit the determined cyclic shift increment value to user equipment.

The signalling charts of Figures 5A and 5B illustrate the required signailing.
In the example of Figure 5A, the base station 100 determines 500
30 the cyclic shift increment value and transmits 502 the value to the user equip-
ment 110. The user equipment 110 and the base station 100 may then apply



In equations 1 and 2, the term Nix may depend on the applied SU- 20 M MO
configuration. In open |oop schenes where transmt diversity and spati al

mul ti pl exing are applied, N x equals the nunber of transmt antennas. In

cl osed | oop schenes, where single stream precoding and multi stream
precoding are applied, there are two alternatives. Wth a beam specific,
precoded reference signal, A/tx equals the nunber of spatial streans. Wth
antenna-specific refer- 25 ence signal, AG equals the nunber of transmt
ant ennas. I n an enbodi nent, the base station or t he networ k
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77b2A) 1Rs + [ 4:LRs (// & ) 7 i s Y ﬁu@v*l’tm it gys /mo
where .. is a cell specific broadcasted vaiue, nj,,is a user equipment

20 specific value given by the uplink scheduling assignment in the form given by
Table 1. The fourth term n,, is & cell specific pseudo-random value and given

by

7 .
npps = Qo) 2",
i=0

25 where the pseudo-random sequence c(i) is a Gold sequence of length 31, as

defined by 3GPP TS 36.211, section 7.2.
The fransmit antenna or spatial layer specific term 1) (n,) may

be calculated as

n}D?{RS (nr.\‘) = Aj({gﬁeb .nr.\' (EQ'4)
30 where the reference signal index n, € {0,1,...(Ny = 1)

In an embodiment, where block level spreading is used as the pri-
mary orthogonalization scheme between the reference signals of the same
user equipment utilizing (SU-MIMQ), the transmit antenna or spatial layer spe-
cific term n%,.(n,) Is calculated using 7, as the reference signal index. It is

35 defined as follows:



where nll1ll is a cell specific broadcasted val ue, n55is a user equipnent 20

specific value given by the uplink scheduling assignnent
by Table 1. The fourth term na cel
by 11 PRS 7 tr-0 25 where the pseudo-random sequence c(i)
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fn yet another embodiment, where block spreading is used as an
additional orthogonalization scheme between the reference signals of the
same user equipment utilizing SU-MIMQO, the transmit antenna or spatial layer
specific term n$),. () is calculated using 7, as the reference signal index. in
this embodiment, it is defined as follows:

Ay e (0,1, (V= 1)} (Eq.6)

In this case it is natural to apply different block-spreading codes for adjacent
CS resources.

It is noted that combining of the CS separation and the block level
code separation of the reference signals can be made without a need for addi-
tional higher layer signalling.

In an embodiment, other reference signal orthogonalization
schemes may be used on top of cyclic shift separation when user equipment is
applying SU-MIMO transmission. Examples of such schemes are IFDMA (In-
terleaved Frequency Division Muliiple Access) and the already mentioned
biock level spreading. There are several possibilities to implement these com-
bined reference signal separation schemes.

For example, two orthogonal reference signals having the same cy-
clic shift can be achieved by means of applying block level spreading on top of
two consecutive demodulation resource signal blocks of the subframe. This
orthogonal dimension is not available when subframe based frequency hop-
ping is used.

In an embodiment, cyclic shift separation is taken into use only in
the case when block level spreading cannot provide enough demodulation re-
spurce signal resources.

Figures 6A and 6B illustrate en example where user equipment
transmits four streams with separate reference signais. The four sireams 600,
602, 604, 606 are achieved with four antennas. In this example, each stream is
separated from each other by using a different cyclic shift. In addition. In this
example, the cyclic shift nes 608 of the first stream 600 is 1. Sireams 602, 604
and 606 are separated from other streams by applying cyclic shift increment

value A‘gg”‘(RS for each stream. In this example, A%?RSW 2, thus cyclic shifts nes

in the formgiven
speci fi c pseudo-random val ue and gi ven
is a &old
section 7.2. The

i ndex

I'n an, enbodi ment, where, bl ock |evel spreading is used
ati. onl s ﬂ?\ﬁhﬁg%e” the referepce signals of



where NV/IRS is the length of the bl ock spreading code. In yet another
enbodi nent, where bl ock spreading is used as an additional

ort hogonal i zati on schenme between the reference signals of the 5 same user
equi pnent utilizing SUMMO, the transmt antenna or spatial |ayer specific
term 1431(n) is calculated using nix as the reference signal index. In this
enbodi nent, it is defined as follows: {0,1 (Ar, -1)} .(Eq.6) In this
case it is natural to apply different bl ock-spreading codes for adjacent 10
CS resources. It is noted that conbining of the CS separation and
the bl ock | evel 6tddd2smpdiataf dresefstredras he‘fﬁéYW&%WaHﬂ @dfiligie afifde
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and 6B illust fa%ﬁaﬁﬂe,%?gfﬂmﬁz,vvﬂ@é ByHiS BFit& AL B khese streams have a value

of 3. The reference signals of these transmissions 618, 620 are separated from
each other using block fevel spreading.

15 In an embodiment, a network element may be configured to control
transmission utilizing three or four antenna poris or spatial layers of user
equipment and separate the reference signals of two antenna ports or layers
with block level spreading and the reference signals of the remaining antenna
ports or layers with cyclic shifting.

20 in another embodiment, a network element may be configured to
control transmission utilizing up to four antenna ports or spatiai layers of user
equipment and apply cyclic shifting to all antenna ports or layers and block
level spreading over two or two pairs of layers.

In an embodiment, the cyclic shifts of reference signals are mapped

25  into dedicated reference signal blocks.

In yet another embodiment, the cyclic shifts of reference signals are
mapped into multiple OFDM blocks (staggered reference signal mapping with
OFDM optimized demodulation reference signal arrangement).

Figures 7A and 7B illustrate an example where an embodiment of

30 the invention Is applied in a system utilizing Coordinated Muiti-Foint transmis-
sion. Figure 7A shows a set of cells of a wireless communication system. The
cells 700, 702, 704, 706 belonging to the same Coordinated Multi-Paint area,
i.e. collaboration area, are shaded with hatch interior fill in Figure 7A. These
cells are served by base stations 708, 710, 712 and 714. In the collaboration

35 area, the reference signals of user equipment are jointly managed. The joint
demodulation reference signal assignment comprises coordinated division of



transmts four streanms with separate reference signals. The four streans
600, 30 602, 604, 606 are achieved with four antennas. In this exanple,
each streamis separated from each other by using a different cyclic shift.
In addition. In this exanple, the cyclic shift ncs 608 of the first stream
600 is 1. Streanms 602, 604 and 606 are separated from other streans by
applying cyclic shift increnent value Agas figr each stream In this
exanple, ArsRs= 2, thus cyclic shifts ncs 13 610, 612 and 613 of these
streans have values 3, 5 and 7. In addition, adja- cent streanms may apply
di fferent bl ockotmyerdidagotdatpnowiedeict siohhieeseiegarindiding thEiugareeycdd and 6D
Is i lr g:ﬁ; an et ﬁngte é}gf?s &%&%Hﬁ?@oﬁ’&ﬂ%@r awsl(slam Sore iy cdd_‘és)taér@nsmvt. trhig irﬁl ou ][

ate reference signals. . n ; e four
streans 614, 61 ?Céﬁ%’,mg“é’a aé?ae%%%ﬁcggr\%%e \?\%qp}lt]%é)la t)eu?éslagﬁtsc gntﬁg)s%%:fyng?ﬁ?e_s
exanmpl e, strean@ueea, In gther weidst thapellkishpEedhs?mMY ChECVERE® cyclic shift 622.
In this exanpl e, the cyglsasshid i ik esab@2 taft thehesre fsirmsarssitiisgng SUThe

refer- ence signahs 0hohRESE i HERSMRAIBASG facblranie-sanaiahedil rom each
ot her using bl oc eve? 18, 620

are trans- niff&g ﬁ%‘f%bs‘tsr ﬁéseze%hfgg&;égg@reg Iﬁ'fr"r“f’ lfea}%rfa&ng‘ﬁ'réa’ssﬁiui%s%aﬂrues"
separ at ed from laiaean example of a possible resource signal arrangement between four
simuitaneous users. Each user equipment transmits two reference signals,

10 which are denoted in the clock of Figure 7B as a hexagon and an &llipse.
The first reference signal of the first user has been allocated cyclic
shift 0. The first reference signal of the second, third and fourth users has been
allocated cyclic shift 3, 6 and 9, respectively. Let us further assume that in the

DMRS ADMRS
cs

collaboration area Ac¢™ = 1. As equations 3 and 4 indicate, is not

15 taken into account when allocating cyclic shift of the first reference signals of

user equipment. However, ALMRY determines the cyclic shift of the second

reference signal of each user in relation to the first reference signal of the
same user equipment. Thus, the second reference signat of the first user
equipment has a cyclic shift vaiue 1.

20 As Figure 7B illustrates, the reference signals 716 of the first user
equipment have cyclic shift values 0 and 1. The reference signais 718 of the
second user equipment have cyclic shift values 3 and 4. The reference signals
720 of the third user equipment have cyclic shift values 6 and 7. Finally, the
reference signals 722 of the fourth user equipment have cyclic shift values 9

25 and 10,

In the example of Figures 7A and 7B, different user equipment have
been allocated separate from each other. Thus the separation between refer-
ence sighals of different ysers has been priorilized. As discussed earlier, an-
ottier strategy would be to prioritise the CS separation of reference signals of

30 the same UE.

Figures 7C and 7D illustrate another example where an embodi-
ment of the invention is applied in a system utilizing Coordinated Multi-Point
transmission. In the example of Figure 7C, the cells 700, 702, and 706 belong
to the same Coordinated Multi-Point area, i.e. collaboration area. The cells are

35 shaded with hatch interior fill in the figure. These cells are served by base sta-
fions 708, 710, and 714.



streans by applying cyclic shift increment val ue ADcisfri,88 for the
streans. In this exanple, AncksiRs= 2, thus cyclic shifts ncs 624 of these
streans have a value of 3. The reference signals of these transm ssions
618, 620 are separated from each other using bl ock | evel spreading. 15In an
enbodi nent, a network el enent may be configured to control transm ssion
utilizing three or four antenna ports or spatial |ayers of user equi pnent
and separate the reference signals of two antenna ports or |ayers wth

bl ock | evel spreading and the reference signals of the renalnlng ant enna
ports or layers with c@dh&éﬂéﬁpﬁtmﬁgﬁm?dWﬁe&ﬁSFHéwﬂ@%ﬁ%wagﬂtm”ﬂ“ﬁetmork

el ement may be geonii gur edab@aenireal Ebdransmisificsntwet rdnsmissepnugraamsf our

antenna ports Ofmﬁspéédh%e ?e\ﬁﬁar& z% r%%rnc@glemmur@ﬁd iARRhis @M Gxi®- shi fting
to all antenna orts or

eve eading ove or two
pairs of |ayersP® of a p"%‘b?é/ reso“mﬁ s&qpagﬁg%qer%erq{ {“ﬁe nd S'mgﬁérﬁgg
ref erence si gnal=erarimchaspeda@pmpnit bargeds due é@fe're@f;‘érs@ﬁé‘é M@Haﬂre lﬁileocks

I'n yet another eyROditheBbek 6fhrﬁ?guﬁe'¢|B b€ aSlekddon 08 anelips@nce signals are

d t [tipl th
gggﬁﬂeop'tpmozgg tinl gufgmm @gepénc(essﬁ gsfrtﬁgf,rs%em%%e%hgﬂaémé@am.ag Wi

er enc gré Bf%c{wm % %gurql 7A and
7B illustrate athiElahis @SW@W@%W'%‘%?MP ﬁ({on fan fhE s *P5 appl i ed
in a system ut i tdted ogliCobiftdi avat &deptdctivelPdiehtis furtias asssmesthanin tFe gire 7A

shows a set ? brhforPhred mMﬂélweéS AQTMTURIBAINEO FheS %@ BRift DRehec&dchad 700,
702, 704, 70 ongi ng to ©he same “Coordi nated Milti-Point area, i.e.

col | abor at i on amenﬁar%g@th@(ﬂ@dcfwww haeletion i &ie st faferpneensiphy i dhg A These
cells are serveghohy ub@sSeqsiradritomsus/Afe séddhd rblstersdedsididal. of | the tihe user

col l aboration 3 r N nal s of user equipnment are jointly
managed. The | ofé%?pnﬁgw’rtrg%pgci«%%'ﬁ %@r é?\%e Si %nal as 954 m conpri ses
coordi nat ed di vi si on ofs Figure 7D zllustrates the reference signals 0 irst user

15 equipment have cyclic shift values 0 and 2. The reference signals 726 of the
second user equipment have cyclic shift values 4 and 6. The reference signals
728 of the third user equipment have cyclic shift values 8 and 10.
In the example of Figures 7C and 7D, the separation between refer-
ence stgnals of different user equipment have been prioritized.
20 Figure 8A is a flow chart illustrating a non-limiting embodiment of

the invention. In step 800, a network element determines a cell specific value

nl .. The value is broadcast to every user equipment in the cell.

In step 802, the network element determines a user equipment spe-
cific value nl,.. The value may be transmitted to the user equipment in con-
25 nection with an uplink scheduling assignment.
In step 804, the network element determines the cell specific value
A?@ms. The value is transmitted to user equipment. 1t must be noted here that

the steps 800 to 804 may be executed in any order and at different time in-
stants.
30 in step 806, the network element calculates cyclic shifts for alf refer-
ence signals of user equipment according to equations 3, 4 and 5
Figure 8B is a flow chart illustrating a non-limiting embodiment of
the invention from the user equipment's point of view. In step 808, the user
equipment receives the cell specific value nb), transmitted by the base sta-

35 tion of the cell the user equipment is connected to.



14 orthogonal denodul ati on reference signal resources including the use of
cyclic shifts and orthogonal cover codes (bl ock spreadi ng codes) and | FDM
Thus, in the collaboration area, the reference signals are based on the
same Ze sequence. In other words, the cells share the same root sequence.
S5Let us assune in this exanple that there are four users utilizing SU- M MO
transm ssion in the collaboration area. Eachi@user utilizes two transm ssion
streans. Thus, each user requires two reference signals Figure 78
illustrates an exanple

t
four sinultaneous use St@&éﬁgﬁg"ewe res&l%hfr%{;gg ?ea} qvvg%egfs ecl%g neen
signals, to whi (‘,‘ﬂu%r”@wﬂéﬁ’ﬁ’( &G t1”<""1*?r9t3|"?é vale may ée‘?%"eifs'” °°H8?<§'§8n and an

el lipse. with aﬂ_bgglrﬂdg‘cﬁédtﬂ,ﬁé gg@mnsl gnal of the first user has been

al l ocated cyclic shlft e enc. | . Qf third
and fourth users 4 steéht?ﬁ gge:gsér &fﬁ:}pc g ?%&}%@ 188 cel @S):aaﬁgglgggtl vely.
Let us further ais,sunéfc‘ﬁmﬁie hasetgidiopol @m,&@pﬁ&@f@?@quysbe-e{ecuy@ 'Bquat i ons
3 and 4 indicat %n @?tdér Aesy él%?ﬁe?éxth%%idn@ 0 account when aI | ocating cyclic
shift of the first g’henc%‘?@ l J@ ggess?] er A|rs
determines the cyclic &hilfR &% ﬁfee‘g'{é‘i% 8‘[’8 Glﬁaﬁ?r freé% Cuser in
relation to theskhalsof uef endproentsicgreing 6f equaéorsahned andér  equi pment . Thus,

t he second reference siTg@atepdf sigMinki hedsateLand gubtpITRMttidasded oty ihc shi ft

val ue 1. ZOA% g\‘[}[ﬁ% 17% éEé l'il%%}l ?tagg(?iﬁtgr}ﬁi(?ﬂgir gic%%iﬁséw r§e Zflfﬁe%te t\‘:he first

user equi pment er ence si nals 718

of the second u§& t@d%ﬁﬁﬁ%?ﬁ S*W&U@“e@yév O Ms®i} pet diffEing o e giverrfie
ref erence si gnaksher 2dhatbng ben tlke e axserted Gaiwereribe hgpe oc yithincths Isidos val ues

6 and 7. Finallyug b{h%r &@ﬁﬁrg&%sﬁg%@br% beRReddf the h@sifr@cbldﬂ tn’ﬂasb‘@@s sdmepnent
t r

have cyclic shif}i values 9 TEl gur es
7A and 7B, di ff8{ B5SteRSean ‘?gﬁg‘?{f \ﬁta({; re%%%er? Vz‘flt 3C03B8%p%§§ Fom each

ot her. Thus thesigppintnpHAIBREREBl FEMERBNEY BRYAGNLCOBIPries ??V@F%ﬁﬁp%ser s has
been prioriti zeehte AsesdhGUuRs atneaitlingelhe sanet inérmstioratiegylditonl teleed-o

prioritise the signals of 30 the sane UE.

Fi gures 7C and g% I ﬁpﬁja?%da%tégﬁgﬁlg&ﬁfogﬁ&%n % %rﬁr/g 5§h ment of the
invention is applied i A"FPEFEENRUE T P?f‘ﬁﬁ“ %5"0? Vﬁé’teﬁ‘a efpsP‘BF%g

transm ssi on. | mpldreerdsdapbe esltr@ig digial ZOMPLigs VWdigh Hay 0BNRIEe R WaIKBY706

bel ong to thg saEmoEPEMNaCestrdVldcbssR) UMit (BPBR antl assystedl d@ROTId CPU ar ea.
The cells are 3%@@% ﬁgﬁﬁe%%&?g%[g%%%%egr%? I&dic %rﬂt En@a cbr%m%mt 'I{-}Rgse cells

are served by b
exanpl e, t her e SO HAlks GREBPUSdRY 3 PSGUSHOSRL RIPRIEM Waﬁﬁ‘écrt??%%frﬂ??f‘?wdttﬁe
col | abor ati on athesCPEach this BAMUThé baesl uviomay eomdain 8 siuohestimeawistrddius, each

user requires tywoef %éé%@%ses%h%alme ifhiateRtaf&h bl Mitsdiatetordanmaxaayl e of a
possi bl e resoJur gpesnld%g on tﬁr r@é@%&&g& %t%gergmtapétﬁx%tttﬁ'{sn?f{g& BE %84 Sd by a
programming language, which may be a high-level programming language,
such as C, Java, etc., or a low-level programming language, such as a ma-
chine language, or an assembler. The electronic digital computer may also
have an operating system, which may provide system services {o a computer
30 program written with the program instructions.

An embodiment provides a computer program embodied on a distri-
bution medium, comprising program instructions which, when loaded info an
elecironic apparatus, are configured to control the cyclic shift of reference sig-
nals of user equipment utilizing single user multiple input multiple output

35 transmission as described above.



5 users. Each user equipnent transmts two reference signals, which are
denoted in the clock of Figure 7B as a hexagon and an ellipse.

The first reference signal of the first user has been allocated cyclic
shift 0. The first reference signal of the second and third users has been
all ocated cyclic shift 4 and 8, respectively. Let us further assune that in
the col- 10 | aboration area ADVMRs = 2. ADAI Ry determ nes the cyclic shift
of the second cscs reference signal of each user in relation to the first
reference signal of the sanme user equipnent. Thus, the second reference
signal of the first us&he equpytmeptoghas mayd3ecini euste eadevigimueckict ZOdAs Fi gur e
ED i1 uslt rat eﬁ : ]totrrh?os]riﬁfs%ﬁw%rlﬁt@rnfﬁécﬁlgl%'f&m?aﬁd Afmdyhe $tbredtin ugreé sbf oeqa prent |
ave cyclic shift v es a " . - t secon
user equi pnent Hg{vgﬁfﬁﬂa}yc esﬂﬁ’f(%'t't al ﬁgg'gggé%%g?fsd?ﬁg%que&gﬁ%fg]'ssilai gr]lal s 728
of the third usearmegui@yrme rArae MM, Coam MAMQIEs®89QAY Moy, &n In
the exanpl e of Ekgucesaifier aindal/ b leledttens@pcatiand sipndetivwes soitwdrerdaide-si gnal s
of different usgg, SMEE@,&BE Ve RESRNBRE Ohithe sRAEesAY bOMEEndbhed,Stha 1 ow

chart illustrating a non-limting enbodiment t invention .| tep 800,
a network el erreﬁ?rﬁﬂg?ré?‘ Ry AR %eg?’fecg??géﬁ ?F@gl\%ﬁleﬁggﬁtgg}éﬁgl dPﬁg)usearﬂ%ﬁg is
broadcast to evewy basistibotadigprangst § mnples ofeqrpputers. In step 802, the

network el enent det er nrRespgarate€ mag GlsoeEmbleapeatidfdsconealr weoré Intdgrétetins.  The
vatue may be.fransil LM b OobiBilnElectRUBHRML diduGORSIEd ARG ALt th an

upl i nk schedul i ng assi gnmen o n-st egb&g4T t he tngtwork el ement
det ermi nes the E@PPIRBAEAFG @S faegRlearEed asThE YAPHE of SR ARG Y4 Y 0 user
equi pnent. |t nosits.be hpotded theseedifftrant irmensanéglions 6088 feggibleriynaseseaxecut ed
in any order angc@ig Bkfh&RaNES Hipndiabans pers30 bRillat BONSGER, witl Rengidd wor k

el ement cal cul ag‘%sr SB[l thel Ko Ald (A%F ESrsufBhh SN Abshr Qs HEET

equi pnent accor dFngit e  equat ons 3, 4 and 5. re 8B 1% a flow
chart il ust tat ihggreaessent wmﬁ?%nﬁ@ae%dwrﬁ‘élfﬁ'%@%tﬁea”ﬂm&%d%&ﬁ%"‘? ¥Bf't he user
equi pnent' s poi fit egdmpleew. I n step 808, the user equi pnent receives the

cell specific value 178)f haRsibid &a Perdohaskias & tledart Blat, tdsoBetioidghe cel |
t he user equipnent is

onnected to. 6 , . t user
equi pnent recei 9‘%"53”8891’12%? _“B’ﬁm'vﬁn,%%w%tpcéa@i 8% (';mi?/lgrlnﬁnetgﬁ."?]&rg@onﬁ tlﬁaéy '2@8
station. The valwentipayarise ity ereiogispnin atonpk biesh tQutlish eXFMRIRE id8RCEEAedul i ng

assi gnment. 29 above but may vary within the scope of the claims.



In step 812, the user equipnent receives the cell specific value ntins
5 ACS any order and at different tine instants. In step 814, user
equi pment cal cul ates cyclic shifts for ald reference signals of user
equi pnent according to equations 3, 4 and 5. The steps, signalling nessages
and rel ated fugftions described in 10 Figures 1 to 8B are in no absolute
chronol ogi cal Y&, and sone of the steps may be performed sinultaneously
or in an order diff erimgagpaeaud bengisien one. Ot her functions can al so be
execut ed between the steps or within the steps and ot her signalling
messages sent betme@ﬁﬁWﬂ&Wﬁqmﬁm?ﬁ¥%@=ﬁ%%sages. Sone of the steps can al so
be left out or Ire|ol acp&d:lewirtmoafégmmm@m agslasgsin.splmoﬂr]a@érgﬁal l'ing
nmessages are only ex ary. an . even conpri se several separate nessages
for transm tti NGHIRE UkhENRTERHALTER Sl USGAMARBIF NPHE S BHE may al S0
cgnt ai 3 ot he[) iéﬁlrﬁeﬁrﬁi@@éﬂl @y’lagpiyi_ng a cyclée%hifgmadrﬁé;waﬁ@elt@tvb@npg_refr@rﬁd@} digre
above-descri bed steps. may be inplenented as an electronic digital computer,
whi ch may. compPRS &Y SRS ARET8 RAEHGHyReRANFIC™S OF dikt 158" Sor et fAgSun
(CPU), and a spsdseim cl ock. The CPU may conprise a set of registers, an
arithnmetic logic unit, an% a control un%t. Jhe control unit is controlled
by a sequence of pr Wé‘?rgfﬂ‘i AR PERSEPIORLATANET &7 PEIETRS FhaMEPP PPOM fhe RAM
The contr olp UngpatiaBigy&Qipeaifit ofclib GRiesaief ada e6abinatidrustd eaisspboific hage c
operations. The iqple ent ati on of nicroinstructions my vary 25 dependi ng
on the CPU desP{fic" SA&Tp MBI ot HEDPURLT TR SPRIG! BYeTERaTIRY VAU A8 Pami ng
| anguage, whi cheln@gciie pgedtiodanti@v eblupr ogr anmi ng | anguage, such as C, Java,
etc., or a lowleve rogranm ng | anguage, such as a, machi ne | anguage, or
an assenbler. The eh@gF?%h?@”UV%iWQV%§8gﬁhg¥&9WﬁatBF?H”HEV%ﬁﬁﬁHB at i ng
system which pgy prvpal Iysl eppaetivh CRfuct 8s & 6ORPUbERIN 30 apsygs ammw i tten
wi th the programinstructions. , \n enbodi nent provides a conputer
progran1enbbdi@HNWHHQV§P§?P?Bﬁ??ﬁﬁmﬁéﬁmﬁﬁ%d%%nprising program i nstructions
V\ﬂi ch, }N_hen Ih_o?dedfiz.nt?naapgﬁdram_tsrcmiawa}@weaémne pioee s fid g?ﬁf@gretdomponlt rol
the cyclic shift of reference signals of user equi t utilizi singl e
Loer hl £ pro FiRE BRI Soase e eRsce e Elien GRoaaLitF sedsbove, - 17
The conputer pemgream nay be in source code form object code form or in
sone internediate form and it may be stored in sonme sort of carrier, which
may be any entity or device capable of carrying the program Such carriers
i nclude a rsecord nedium conputer nenory, read-only nenory, an 5 el ectrical
carrier signal, a telecomunicatiqgns signal, and a software djstrjbution
package, for exanpl g. aRRA"AYS EWB'bﬁ%ﬁﬁggﬁﬁﬁpﬁﬁ%gprﬁééﬂgﬁP“Fh@
conput er programiyayydlie stfeacef@dnt valde shiaake atteaihg @b orthugi t al conputer or
it may be distributed anggg;t a nunber of conputers. The apparatus nay al so
[

be i npl enmented as ong, &d Nt egrated
M-N o

where Ncs is the total number of available cyclic shifts, M is the
25 number of user equipment or cells, CS.;, is the minimum supported cyclic shift
separation, and Ny is the maximum number of reference signals per user
equipment.
4. The apparatus of claim 1, wherein the processor is configured to

apply a cyclic shift increment value obtained according to a formula



to circuits, such as application-specific integrated circuits ASIC. O her
har dwar e enbodi nents are also feasible, such as a circuit built of separate
| ogi ¢ components. A hybrid of these diffigsent inplenentations is also
feasible. Wen se.. lecting the nethod of inplenentation, a person skilled
inthe art wll conS|der Hhe requi renents set for the size and power
consunption of the a@@@ratussago 15 the necessary processing capacity,

production costs, and production vol umes, for exanpl e. It will be
oDt ous L0, per sonaliel Bt Al Ak pudmnesIobamy, adances. (e,
enbodi ment s ar ginktml suppoider tyslit hefierpaplios addbr Iﬁb@ﬁ@@lﬂ’&bﬂ)umbmofmy vary
wi thin the sco i s 1. An apparatus
conprising: a p %?é?§$§”£%B%ﬁ%ﬁﬁﬁéﬁBor@E- and a processor configured to

share a cyclic shift space of reference 5signals of user equi pnent
utilizing single user nultiple input nultiple output transm ssion by
applying a cyclic shift increment val ue between reference signals of
different antenna ports or spatial |layers of the user equi pnent

transm ssion; wherein the processor is configured to generate an antenna
port or a 10 spatial |ayer specific cyclic shift value as a conbination of
a cell specific value, a user specific value, an antenna port or a spati al

| ayer separation value and a cell specific pseudo-random val ue;

further wherein the processor is configured to determ ne the antenna port
or a spatial |ayer separation value as a conbination of a cyclic shift

15i ncrenent value and a reference signal index. 2. The apparat us of
claim1l1, wherein the processor is configured to share a cyclic shift space
of reference signals between different cells or different users. 20



3. The apparatus of claim1, wherein the processor is configured to apply a
cyclic shift increnent val ue obtained according to a fornmula -Gsi cs )
where Ncs is the total nunber of availabje cyclic shifts, Mis the 25
nunber of user equipnent or cells, CS, inis the mninmmsupported cyclic

shift separation, apd f LS,L0g BPXMIALIRELL! LRLETCTGE SLanALS per

user equi pnent. € appara larm'1, erein the processor
is configured tonaes) @ceyel donfigliefi to raveive nefntmatah uegabingitmedordigoor di ng to

a fornmul a 18aat%{é%1&?shiﬂ in%rﬁm‘éﬂteéveer%'%reile%stﬁﬂl? total number of avail abl e

cyclic shifts, I'S e ‘mnimum supported cyclic shift separation,
and N x is the maxi GBunimuabparabl ofeémyr erecedisg griding cpewrisisgra equepsent . 19

5. The appar at : di | .ai.m...wher ei p u onprises a
eceiver oanti GurouE® BRETTR RS Rtk Mg e NG BRET bt g fiRiBl
cyclic shift imferenengsigoaler a wirel ess |ink. 6. The apparatus of

any preceding clai C rising a.processor Scanfigured to utilize bl ock
level spreading in {he tT AMEHLs SR a0H Chale TRAN BRESTEF & enliaUishidtal
7. The appar at cstef trehanissién viikbrgethred drefopr edessopoitssocgrtielgayed ahd cont r ol

transm ssion utilizi three or. four .antenna ports. or, spatial |ayers and
separate.the r ererdrdt 1RErE Sopaiias b o R BAIS & il bhionBYe S or

| ayers 1010w t Wwithhback ldveV epreaping ahid rappndiffanept yyotc shiértentntayal poctssdri ft to
antenna ports he, same bl ock | evel spread. 8. The

appar at us of aﬁ‘gje"%%g*@gﬁfﬂegg%ﬁgf’} Ciiietv%I B °Wherein the processor is

configured to contr&l Theanpparsisisai anyigdreeadiy dpint d foodirwieeTeienha mort s or

gf’gg'ka' Layers, and APRYLEY 8 bSRMtER RS LBlAn A 808 BREA Sdidl gyers and
spatial layers and apply cyclic shifting to ail antenna ports or layers and block

15 level spreading over two antenna ports or layers or two pairs of antenna ports
or layers.

9. The apparatus of any preceding claim, wherein the processor is
configured to apply a cell specific cyclic shift increment between reference sig-
nals.

20 10. A method comprising:

sharing a cyclic shift space of reference signals of user equipment
utilizing single user multiple input multiple output transmission by applying a
cyclic shift increment value between reference signals of different antenna
ports or spatial layers of the user equipment transmission;

25 generating an antenna port or a spatial layer specific cyclic shift
value as a combination of a cell specific value, a user specific value, an
antenna port or a spatial layer separation value and a cell specific pseudo-
random value; and

determining the antenna port or the spatial layer separation value

30 as a combination of a cyclic shift increment value and a reference signal
index.

11. The method of claim10, further comprising: sharing a cyclic shift

space of reference signais between different cells or different users.

35 12. The method of any preceding claim, further comprising:

controlling transmission utilizing three or four antenna ports or spatial layers



15 |l evel spreading over two antenna ports or layers or two pairs of antenna

ports or |ayers. 9. The apparatus of any preceding claim wherein
the processor is configured to apply a gg}!l specific cyclic shift increnment
between reference signals. 2010. A nethod conpri sing: sharing a

cyclic shift s e of efere ce signals f user equ utilizing single
Coer mutti pl o PHOSEHAI I BB S AR S ot BP BRI SEY ol o b F
i ncrenent val ugybet ween reference signals of different antenna ports or
spatial |ayers of the user equi pnent transm ssion; 25generating an antenna
port or a spatial |ayer specific cyclic shift value as a conbination of a
cell specific value, a user specific value, an antenna port or a spati al

| ayer separation value and a cell specific pseudorandom val ue; and

determ ning the antenna port or the spatial |ayer separation value 30 as a
conmbi nation of a cyclic shift increment value and a reference signal index.
11. The nmethod of clainmlO, further conprising: sharing a cyclic shift space
of reference signals between different cells or different users. | 9a and
separate the reference signals of two or two pairs of antenna ports or

|l ayers 20 wth block |Ievel spreading and apply different cyclic shift to
antenna ports or |ayers having the sanme bl ock | evel spread. 13. The
nmet hod of any preceding claim further conprisingcontrol- ling transm ssion
utilizing up to four antenna ports or spatial |ayers and apply- 5ing cyclic
shifting to all antenna ports or |layers and bl ock | evel spreading over



two antenna ports or layers or two pairs of |ayers. 14. The met hod
of any preceding claim further conprising:receiv- ing informtion

regardi ng the configurable cyclic shift joncrement over a wireless |ink.
1015. An apparatus conprising: a processor configured to control the cyclic

shift of reference,sjgnals of user equjpment utilizing single user nultiple
i nput nul tipl ew%ﬁﬁﬁk%v L Rpday éﬂdbﬂ?)pheﬁ?ﬁ{"wyﬁgc h’ﬂaeﬁngeg]gﬁiwtsioﬁcr enent
val ue between mgéereniog tiss gnad blook iedélfderaeint user equi pnent, antenna ports
or spatial layers o ment 15trans wherein

the user equi ission; ..
the processor is coﬁﬁ)"i Lﬁ@ﬁﬁ\og Ogé‘ﬁgrpé‘?‘:&d‘é‘ﬂ Cﬁ?e%ﬁ%%‘?’?pr@l‘n% sPAEEl 1 ayer
specific c%/cl [ hhgfﬂi’darfst’ni&@drlllﬁiilimgapoGmdﬂ}rrmtér‘m mﬁsla)resdatlal syec ziridCapp&),l-uel, a
user specific valu n.anfenna.port or a,spatia r separation val ue
and o cel 1 SpebBrbdi ARl A a el Aok ehplofl Bel i Phoasor i s
configured to gelsnmizepdriterayeendravp@birs oflagerspati al | ayer separation
val ue as a conbi nat%g of a,cyclic shift i nqr.em?ngh val ue .and a reference
si gnal i ndex. -187€ FHINOF 5 AnE S I F A m Y e GREPET NIt héeHi6cessor
is configured hg peneade raga@ydli thes Rbhfigurditd esverd swal Ueranetr digrgat o the
formula mn ( 25 . where Nes is the total nunber of available cyclic
shifts, Mis tWESREBYr of user equipment or cells, CS,,,n is the m ni mum
supported ayclic shijftAsepadraiut eompasgiag:No< i s the maxi mum nunber of

e ence S anal e P Bt I BIE L oD TG SRR BBl BhIAT 150
val ue accordi ngr tser bhaipmennutiiiaing 20ayle user multiple input multiple output transmis-
sion by determining a cyclic shift increment value between reference signals of
different user equipment, antenna ports or spatial layers of the user equipment

15 transmission;

wherein the processor is configured to generate an antenna port or
a spatial layer specific cyclic shift value as a combination of a cell specific
value, a user specific value, an antenna port or a spatial layer separation
vaiue and a celi specific pseudo-random value;

20 further wherein the processor is configured to determine the
antenna port or a spatial layer separation value as a combination of a cyclic
shift increment value and a reference signal index.

16. The apparatus of claim 15, wherein the processor is configured

to generate a cyclic shift increment value according to the formula

e wiin “{;’Ln;”f 5 .
where N¢s is the total number of available cyclic shifts, M is the
number of user equipment or cells, CSyyy is the minimum supported cyclic shift
separation, and Ny is the maximum number of reference signals per user
equipment.
30 17. The apparatus of claim 15, wherein the processor is configured to

generate a cyclic shift increment value according to the formula

. é_e"\f«--;:;l .
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where Ncs is the total nunber of available cyclic shifts, CSO,111 is the

m ni mum supported cyclic shift separation, and Ntx is the maxi num nunber of
reference signals per user equipnent. 2q, 18. The apparatus of claim
15, further conprising an interface for 5broadcasting information regarding
the cyclic shift incre t value oyer w.reless link, . . .19, A

nmet hod conpri si ng: h&id CSCE?\Y‘FOPP}/H@mﬁﬁ%oé?fé&ﬁ?@esﬂﬂq S%ffts'r%‘cf;'@r '(?n%% signal s
of user equi prmeitimutni duppomgi sichgbleft yspdratinn, tanpINg, ik Npuharui pliebauifput
transm ssion b%e determning a 21, . ; cyclic shift increnent val ue

bet ween refere éeéeg?egﬂ%rf%s g‘?{ GEf FEPRAT user equi pnent, antenna ports or
spatial layers of the Tsempegaiynmentiaint ans furgsir cvmprising an interfagefer at i ng
an ant enna ‘rpor%r Qr &8 atfj al tI ayer zrpec'%fi C (f.écl i.ff.shi ft tvallue as a

conbi nat i or of "RAEH L JULIPFUEN FOEETD s 8YCTs gt 1L VR LB AR ENE 5t enna
port or a spatwatlesdljsr separati on value and a cell specific pseudo- random
val ue; and determ ni ng. the antenna port or the spatial |ayer
separation val ue as' % %H}?EWQ‘%‘%“B?{%B‘@ a cyclic shift increment value and a
reference signal i ndexrolihg20e cydiie st bodfatnad aignd® of Lisert deipre@nmuti-si ng:
generating a cycl iSc ﬁhift in({:rerrent va!He agc?rdi ng. t.o tbhe formula rn in (
Al 157 Ix CS , ingle user mulfipie Input muttiple outpul transmission by determining a



where Ncs is the total nunber of available cyclic shifts, Mis the nunber

of user equipment or cells, CS,,,,) is the m ninmum supported cyclic shift
15separation, and Ntx is the maxi mum nunper of reference signals per user
equi prent . 21. The nethod of claiml9, further conprising:

enerating a cyclic _shif ncr ene, rdin
ATy 20ahere Nos | e tRarT R b e dL B B0 nt O PRI i f i s
the m ni mum suppapiteat, amehma:p@h; drtspaemmts @‘nhe aset eiyUdoniest WMnmm(mmum
nunber of reference S|$ er e% ﬁ rrﬁé

clai mL9, further conpr eﬁ “”gb%aa%a%? RY qrrﬁ‘ 8‘?% |8 PR \'Cd‘fyr?gcts cycl ic
shift increnmentalvalee w&uﬂna;cw d¢fed eslissddciik.vaRfz, a&seAsﬁmMe&Ee rapagiabl e
menory enbodyi r.ogram of. structtl ons execut.abl e rocessor to
per f or m act %%H?r®& gd t%‘ﬁ’ﬁé?’ a%ﬁ F?F??datéo Y/%F? ENgh fcf"“ %’38’38&58? Ference
si gnal s of usefanelqmnpmnbndjtl lizing single user multiple input nmultiple
out put transm ssion actions conprising: . .applying a cyclic shjift

i ncrement val ue bet vvee‘?ﬁ?ré'? g Alga %%P%”gf t%%%’?'eig%ﬂts%ﬂ'fa@ﬂﬁe\(a Brts or
spatial | ayersa®fa tdrebins@im efui reenhhifr abemepsivalie and a refegemer gyhslg an
ant enna port or 2 spatial |layer specific cyclic shift value as a
combi nation of "4%%el | specific value, a user specific value, an antenna
port or a spatial | ayeThesepatial bbrlaral Wefuane eorp@iding peokfatiog s eudia- r andom

val ue; and o .
shift increment value according to the formula

taliy —
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where Ngs is the total number of available cyclic shifts, M is the
number of user equipment or cells, CSy,, is the minimum supported cyclic shift

15 separation, and N is the maximum number of reference signals per user
equipment.

21. The method of claim19, further comprising: generating a cyclic
shift increment value according to the formula
rain { 1 ‘ \zf! C8 sl

20 where Ncs is the total number of available cyclic shifts, C5,, is the
minimum supported cyclic shift separation, and Ny is the maximum number of
reference signals per user equipment.

22. The method of claim19, further comprising: broadcasting infor-
mation regarding the cydlic shift increment value over a wireless link.

25 23. A computer readable memory embodying a program of instruct-
tions executable by a processor to perform actions directed toward sharing a
cydlic shift space of reference signals of user equipment utilizing single user
multiple input multiple output transmission, the actions comprising:

applying a cyclic shift increment value between reference signals of
30 different antenna ports or spatial layers of the user equipment transmission,;
generating an antenna port or a spatial layer specific cyclic shift value
as a combination of a cell specific value, a user specific value, an antenna port
or a spatial layer separation value and a cell specific pseudo-random value,

and



21 a determning the antenna port or the spatial |ayer separation val ue as
a conbination of a cyclic shift increnent value and a reference signal

i ndex. 24. The conputer readabl ejyrenory of clai 23, the actions
further conprising: controlling transm ssion utilizing three or four

spatial |ayers and ) rating the reference. signals of. twy antenna ports
of Tayers with ol ockPOUBToT dahigetRa Retruf sRE e Lruttui0rE Bhe
remai ni ng ant ensrabipatidnsof @rcyclysifs inaienfent yailie end biréferemge signal index. 25. The

conput er readabl e of claim?2 r 24. th ctihons further. conprising:
control ling transmrrgzisr‘in{c-) ° GPPHY ﬁaa%ﬁ%t R ng? %"%%?’ ﬁ“ﬁy ?’t@nidﬁﬁ "appl yi ng
cyclic shiftingomhprishld: doayelirsy aackrhkgiok utigwe] trsgs eadiungpatid@riayam dnady- ers
or two pairs of_l|ayers. 26, co ter readabl e nmepory enbqdying a
o g am of T narPind PEdhe dizentk s B 4 B RaetR F B T e Frgns

di rect ed t owar spreaditg ahdi ithngref@2nce signals of the eywEininy shiefita pbrig ef eyence
signal s of useriﬁguéiiggﬁmn utilizing single user nultiple input nultiple

out put transm stéi ot dcti ons conprising: determning a cyclic shift

i ncrenent val ue bet 2ethea ebepetisc eesiagrahenalry df fcfadnelt oudr treguctoment ,
antenna ports pr.spatial .layer f the user egui.p- 5 { transm.ssion;
qenerating an SRCEREAP RS SPhRo Rl iR TR vBTE Ry RRBCRITE "Vl e
as a conbi mat i and afpldng eydic spiéiigito all eybrsendalasdeves ppreiatiing ovarl tue,laan
antenna port or \Bati.al ayer separation value and a cell specific

a (g
pseudor andom VgﬁSL?é;% AR’ ﬁd ¥ ni ni ng the antenna port or the spatial |ayer
separation val ue 26. A computer readable memory embodying a program of instruct-

tions executable by a processor to perform actions directed toward controlling



as a conbination of a cyclic shift increnment value and a reference signal

i ndex. 27. The conputer readable nmenory of claink6, further
conprising: broadcasting information regarding the cyclic shift increnent
val ue over a 15w rel ess Link. 28. The conputer readabl e nmenory of

[ , h i sing:; ' lic shift incr . I
aceording Lo the fonmrkhenft S5 B el ML Sledert IIARE R of

avai | abl e cycl userstrilfitis ;npMt msltipkeut20 trausrbiesionftheisefonegamprieng. or cells, CS
is the m ninmum suppgrted. c§c i arat.ion i S the maxi mum

I c.st]ig t se and
nunber of reference %ﬂeﬁﬁ'ﬁin %%’P"%% f{tmgaeunﬁ)%ﬁif’? between rge?@.cefﬁgagorrput er
readabl e nmenor yf differehausar 26 pipfnent, katenta muorts i Bgatia) éayersasfi thg vaecy@lip-c shi ft
i ncrenent v Iugq ag&grdiin% to the formula mn (1-2-5 CS 25 - where Ncs
is the total nUiDel®5T"®&4Hl'1 abl e cyclic shifts, CS,in is the ninimm
supported cyclic shiftgsepatingt aroanteanal pbkboriss spdtial rgxi spevifituedos soift
reference signals per._user. et%ui(g%ment - -
valle 'as a combination ¢ a cell specific value, a user specific value, an an-
tenna port or a spatial layer separation value and a cell specific pseudo-
random value; and
10 determining the antenna port or the spatial iayer separation value
as a combination of a cydlic shift increment value and a reference signal
index.
27. The computer readable memory of claim28, further comprising:
broadcasting information regarding the cyclic shift increment value over a
15  wireless Link.
28. The computer readable memory of claim 26, further comprising:

generating a cyclic shift increment value according to the formula

o Ny
min ¢ Lo O
(MM

where Ncs is the total number of available cyclic shifts, M is the

20 number of user equipment or celis, CSyy, is the minimum supported cyclic shift

separation, and Ny is the maximum number of reference signals per user
equipment.

28. The computer readable memory of claim 26, further comprising:

generating a cyclic shift increment value according to the formula

rain ¢ !ii" TS ek,
25 [
where Ngs is the total number of avaitable cyclic shifts, CS,y, is the
minimum supported cyclic shift separation, and Ny is the maximum number of

reference signals per user equipment.



