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f0001] This patent application claims priority under 35 U.S.C. ' 119(e) from Provisional
Patent Application Nos.: 60/927,054 (filed 04/30/2007) and 60/964,878 (filed 08/15/2007),

the disclosure of each being hereby incorporated by reference in their entirety.

TECHNICAL FIELD:

[0002] The exemplary and non-limiting embodiments of this invention relate generally to
wireless communications systems and, more specifically, relate to transmission/reception of
ZC (Zadoff Chu) sequences including traditional ZC sequences as well as modified (e.g.,

extended or truncated) ZC sequences.

BACKGROUND:

[0003] The following abbreviations are herewith defined:

3GPP third generation partnership project

ACK acknowledgement

CAZAC constant amplitude zero auto-correlation
CDM code division multiplex

CQl channel quality indication

DFT discrete Fourier transform

DM demodulation

e- evolved (also known as LTE for e-UTRAN)
FDM/FDMA frequency division multiplex/multiple access
IFFT inverse fast Fourier transform

LB long block

LTE long term evolution (also known as 3.9G)
NACK negative ACK

Node B base station or BS (including e-Node B)
OFDM orthogonal frequency division mutiplex
PUCCH physical uplink control channel

RAN radio access network

RLC radio link control

RS reference signal

RU resource unit

SIMO single input multiple output

TTI transmission time interval



CDMcode division nmultiplex CQchannel quality indication DFTdiscrete
Fourier transform Dvdenodul ati on eevol ved (al so known as LTE for e-UTRAN)
FDM FDMVA frequency division multiplex/multiple access | FFTi nverse fast
Fourier transform LBl ong bl ock LTEl ong term evolution (also known as 3.90G
NACKnegati ve ACK Node Bbase station or BS (including e-Node B)
OFDMor t hogonal frequency division nutipl ex

user equipment

UL uplink

UMTS universal mobile telecommunications system
UTRAN UMTS terrestrial radio access network
V-MIMO virtual multiple input/multiple output

ZC Zadoff-Chu

[oo04] Reference can be made to 3GPP TR 25814, V7.0.0 (2006-06); TECHNICAL
SPECIFICATION GROUP RADIO ACCESS NETWORK; PHYSICAL LAYER ASPECTS FOR EVOLVED
UNIVERSAL TERRESTRIAL RaDIO ACCESS (UTRA) (Release 7), such as generally in section
9.1 for a description of the SC-FDMA UL of e-UTRA. Referring to Figure 1A, which
reproduces Figure 9.1.1-4 of 3GPP TR 25.814; according to that {former) format there are two
blocks reserved for the pilot signal in the 3GPP LTE UL former frame format, referred to as
short blocks SB1 and SB2. That format has been recently changed, and Figure 1B shows a
generic format according to current adoption, taken from section 4.1, Figure 1 of 3GPP TS
36.211 (V1.0.0) (2007-03). It is seen at Figure 1B that according to the current format, there
are no longer SBs but rather the structure is one subframe consisting of two slots, each of
length 0.5 msec. The SBs of the older format are replaced by LBs in the newer format.
Regardless of the particular format though (Figures 1A, 1B or otherwise), in each subframe
there will be two pilots (2 pilot LBs in the latest format or more generically two pilot RSs).
Additional LBs may also be used for this purpose (e.g., for transmitting out-band or out-time

RSs), which may or may not be periodic.

jo005] More specifically, as is described in Section 9.1 of 3GPP TR 25.814, the basic uplink
transmission scheme is single-carrier transmission (SC-FDMA) with cyclic prefix to achieve
uplink inter-user orthogonality and to enable efficient frequency-domain equalization at the
receiver side. Frequency-domain generation of the signal, sometimes known as DFT-spread
OFDM (DFT S-OFDM), is assumed and illustrated in Figure 1C, which reproduces Figure
9.1.1-1 of 3GPP TR 25.814. This approach allows for a relatively high degree of commonality
with the downlink OFDM scheme and the same parameters, ¢.g., clock frequency, can be

reused.

[0006] The basic sub-frame structure formerly approved for the UL transmission is shown

herein in Figure 1A; two short blocks (SB) and six long blocks (LB) are defined per
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PUCCHphysi cal uplink control channel RANradi o access network RLCradio |ink

control RSreference signal RU esource unit SIMsingle input nmultiple output
TTltransmi ssion tinme interval UEuser equi pnent ULuplink UMISuni versal

nobi | e tel econmuni cati ons system UTRANUMIS terrestrial radi o access network

sub-frame, and two subframes span one TTI. Short blocks are used for reference signals for
coherent demodulation and/or control/data transmission. Long blocks are used for control
and/or data transmission. As seen at Figure 1B, there 1s no longer a distinction as between
SBs and L.Bs but there are still two slots, each to bear one pilot sequence. The data could
include either or both of scheduled data transmission and non-scheduled data transmission,

and the same sub-frame structure 1s used for both localized and distributed transmission.

[poo7] The Zadoff-Chu CAZAC sequence has been agreed upon as the pilot sequence for the
LTE UL.

0008] ZC sequences and their modified versions (i.e., truncated and/or extended ZC
sequences) are therefore used as reference signals i the LTE uplink system, and will also be
used on the physical uplink control channel (PUCCH). It has been decided in 3GPP that data-
non-associated control signals such as ACK/NACK and CQI will be transmitted on PUCCH
by means of ZC sequences. A paper entitled “MULTIPLEXING OF L1/L2 CONTROL SIGNALS
BETWEEN UES N THE ABSENCE OF UL DATA” (3GPP TSG RAN WG1 Mecting #47bis,
Sorrento, Italy; January 15-19, 2007 by Nokia, document R1-070394) is a reference for those
methods. Multiple UEs in1 a given cell share the same Zadoff-Chu sequence while keeping
the orthogonality by using a cyclic shift specific to each UE. In this manner different ones of
the UEs in a cell may multiplex their UL transmissions (e.g., non-data associated UL
transmissions) on the same frequency and time resource (physical resource block/unit or
PRB/PRU; currently 180 kHz in LTE). The orthogonality of the ZC sequences enables the
receiving Node B to discern the different signals from one another. However, two problems

arise.

[0009] First, ZC sequences of different lengths may occasionally have large cross correlation

properties. This causes an interference problem for demodulation reference signals.

[0010] Inorder to avoid “code-domain” collisions on PUCCH, different cells/sectors should
utilize different ZC mother sequences. This is a problem related to ZC sequences used in
PUCCH 1n that there are not enough proper mother sequences for sufficient randomization, so

in some instances adjacent cells operate with the same ZC mother sequence (sometimes

3



V-M Muirtual multiple input/multiple output ZCZadoff-Chu [0004] Reference
can be made to 3GPP TR 25.814, V7.0.0 (2006-06); TECHN CAL SPECI FI CATI ON
GROUP RADI O ACCESS NETWORK; PHYSI CAL LAYER ASPECTS FOR EVOLVED UNI VERSAL
TERRESTRI AL RADI O ACCESS (UTRA) (Rel ease 7), such as generally in section
9.1 for a description of the SC-FDVA UL of e-UTRA. Referring to Figure 1A
whi ch reproduces Figure 9.1.1-4 of 3GPP TR 25.814; according to that

(f or mer ) tefrozditht basessequeance).t wo bl ocks reserved for the pilot signal in the
3GPP LTE UL forner frame format, referred to as short bl ocks SB1 and SB2.
That format has been recently changed, and Figure 1B shows a generic foi mat
accordi g AHEHhE&NSsuBAGRE] RIPUCEH $NthidXMRreR CIHs@AnémikingfdaBUidd-absdtiatdGPP TS
36. 211 ( (2007-03). It is seen at Figure 1B that according to the
current doanltmhagnals fethe same celbark seppenteBalytytmeans loé different syqligshiftseofithe one
subfrane cons gstl ng of .two slots,. each of

e nse
ol der - G 2 PETERp aBbc ) eTEth fis TP P DI SE I REG U OdE 57 he
parti cuI@{hgggﬁQ[Bargaﬁlg@agﬂnoﬁllgfgures 1A, 1B or otherw se), in each subframe
there will be two pilots (2 pilot LBs in the latest folmt or nore
generical |y twoe piCritogR8dity isAdabpiérdivaited Bigh gk avisospreadimsetrfoomed i s
purpose (e.g., forhdtiaadembint mgl out-band or out-tinme RSs), which may or may
not be periodic. [Ooos] l\/bre specifically, as is described in Section 9.1

of 3GPP TR 25. 8.14 dd - ARSESShEN, ﬁg}%;gﬁ LSashpgbercarrier
transm ssi on (SC— l)f( . %ﬁereflx to achlse e upclnk |nterfuser
orthogonality and 1o ena I Ci ent frequency-domai n equalization at the

recei ver side. Frequency- donal n generation of the signal, sonetinmes known
as DFT- spsepdi:GsLMd Bhitd Shg&mogohﬂlt%gﬁuneﬂmami idckdase kalegGobid fragtidae 1C,
whi ch reproduces Figure 9.1.1-1 of P TR 25.814. This approach allows for
a rel at i eltgtidrisghcllagpaecrebnicormmonsaiictskoniintg acemmngownl i nk OFDM schene and

t he sane paraneters, e.g., clock frequency, can be reused. [0006] The basic
sub-frame structure fornerly approved for the UL transm ssion is shown

herein i [aoﬁn ge %relﬁ»s ab¥RnsdR i aghd R 6y il DB aaithist dydlio Bl DR ek dehidncar e

defi ned frame, and two subfranmes span one TTI. Short bl ocks are

used for of Iéflethelﬁ(ﬁémé)p@n a1 is npisd thaipathegen peit diblsreahepdsichapiely ugat a
t bl.ock
seon at - B hER GRESRR0 & HREL A BB Aba R ABIA L ARILAGCN, 08

but t her giffeiércs i é;,lcht: m&sibﬁia& (e%a,cclswcm@shb&ao adheycit bidtt #6@&]]3@&05&‘2) wieecadat a
could include either or both of schedul ed data transm ssi on_an

non- schethglveisiduthageraiis i4ibssyesr, twarnd ac e cydifshiliy e elicsthily & a%cx%lc used
for both ributed transm ssion. [0007] The Zadoff- Chu
CAZAC ses%g[rg]%g (?94 ﬁqge;ir)eed upon as the pil ot sequence for the LTE UL.
[ 0008] ZC sequences and their nodified versions (i.e., truncated and/or

ext ended ZC sequences) are therefore used as_re ce si s in the LTE
upl i nk siP8tem!hasunsussye rdgedalspie e gHokre: éfftf%qwﬁd|SPf%@&%ﬁ?$eél(seEhanne|

(PUCCH) . ) t

signal s sﬂu3 bt}@é Wﬁ%@h %‘lt&l w | I4tf e {tﬁ%ﬁ%%}ﬂ%ﬁf éﬁﬁﬁgﬁé L%ﬁggﬁlﬁgéasﬁs of
ZC sequendes: thé\[)ppplef speedd it Ivexq High G EL, BuEX tINSUBFRh Edrhéht CONE ROted ShaBihick
BETWEEN UEs | N THE ABSENCE OF UL DATA" (3GPP TSG RAN WGL Meeti.ng #47b| S,

Sor r ent olevet gadps Wilirsiaopntgyolig shifig dnve oNBRFRCTONEUTRAHIONRICRTFBZDAY! 1S a
referenc t veNikeldeesRanget hgisanme
Zadof f - Cﬁlfggégugﬁgg dﬁtcpgdﬁéeepl %J%gfogrgt ﬂgggtﬁogﬁ%rty tbk% uéscleng 51 gyclll shift
speci fi ¢ multiglacdd. UEurther detaib agaonelidrasihf esentDaupés sfifts ban bEseemanll®l | may

I tipl th UL t t t
(T ansii SEFONSYMErPAG SBRSHPRTRNG) IO ALY 88 gGPRE prySP Gafd 888Ur ce
bl ock/ unipl-19f 3FBOHERS 4 ﬁw&mg%ﬂ%ﬁbd’e hn LTE). The orthogonality of the

ZC sequences enables the receiving to di scern the different signals
fromone another. However, two problens arise. [0009] First, ZC sequences
of different |engths may occasionally ha e Iar ﬁ Cross coBreI ation

properti &85 Tﬁssudé’d’%%néﬁdﬂ%%@#‘@@ﬁgés L 3B RHRY ?é?findﬁ rpé‘P%rr ence
signal s I ﬁ&?ﬁ%‘m A
di fferenteLﬁ)& ’ Fggiclt%os(ré@hs[{l]%}ﬁw ut| [ eren?ﬁ%é@\nlg% giﬁAge uences Thi s

is a problemrelated to ZC sequences used in PUCCH in that there are not
enough proper nother sequences for suffl ci ent random zation, so in sone
i nstances adj acent cells operate w th*the same ZC nother sequence
(soneti nes



termed the base sequence). [0011] Another issue related to PUCCH is that
different UEs transmitting data-non-associated control signals in the sane
cell are separated only by neans of different cyclic shifts of the sane ZC
sequence. The problemw th this approach is that the sequences are not
perfectly orthogonal against each other. Othogonality is Doppler-limted
with bl ock-w se spreading performed in the tine domain; and O'thogonality
i s del ayRADr 4l Mectng #48, \Behowis i USA chebiriary Rt 16y 20@F by ETH, dwm@m%&es

wi thin aoﬁ.%)[omz] It is also noted that orthogonality problens wll

i ncrease &% sone practical limtations such as power control errors are
taken into account. [0013] Figure 2 is a schematic diagram show ng the
avai l abl e cyclic shifts for a ZC sequence of length 12 synmbols. It is noted
t hat or tbaigbnahdthyr lekevamtenapdi it Latitbdt NOEE OB FRINTA SKMM CES 1WAl g UsiNge  best

th ity i hi eyved b h ' N
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e.g., cyclic shift '#3 and cyclic shifts #2 and # Fi gure
2) . [ 001gbpddes tcasesoisined ofgandanaizaibndbs s CKENAKEK signdling. dtdsfurgesghat the

bl k-1 di cod Lh b - dd t. -PD70394
Por fur tRER/ABCE e EaRERtip Ty itie S sn ot el ifich SR CRIs AT Loy ead
is very bhghd bof corfldfodd? thhe AEKTIMEIRMe) cyblic siffin@tRsponbato RINLKK] evel

codes with adjacent cyclic shifts have the worst cross-correlation
pr oper t i espectimely alD®ctnentd 106 B078 sppedisith prapbse thet neippirigrad KEH NP Grisslane

anot her at .t i ft bei l.tipl [ det ai |

dr ossi Hi5hsEn BpET-re SHPpie EATBERCKER ¥ Er MBS, B Al b

Appl i cat {9 liioB8/cHOhiB6th thé tdcBAd PIRCIERREHRIN a@ain&@ﬁ’e?m%}@ﬁﬁig MaM firstlong
PCT/ | B2007/ 004134, filed on Decenber 28, 2007. [0015] Pseudo-random cyclic

shi ft hoploch§Bi snkibowrCEANAGEK iaformatian is apmise od ethe amountnipls cystie shifted:

"CYCLI C SHI FT HOPPI NG FOR UPLI NK SOUNDI NG REFERENCE SI GNAL" (3GPP TSG
00171 This is seen to forego what the inventors see as the primary advantage of cyclic
shifting: randomizing interference between different code channels when the same underlying
mother ZC sequence is used. Where the cyclic shiftis given by the ACK/NACK message the
UE secks to send, the orthogonality of the ZC codes cannot be maximized. As will be seen
below, the inventors have devised a different approach to address the problem of too few ZC

mother codes available to orthogonalize all ZC sequences in use by the various UEs.

SUMMARY:

[0018] In accordance with one exemplary aspect of the invention is a method that includes
quantizing a cyclic shift of a reference signal as a combination of a cell specific cyclic shift
with an outcome of a pseudo-random hopping, and broadcasting an indication of the cell

specific cyclic shift.

10019] In accordance with another exemplary aspect of the invention is an apparatus that
includes a processor and a transmitter. The processor is configured to quantize a cyclic shift
of a reference signal as a combination of a cell specific cyclic shift with an outcome of
pseudo-random hopping. The transmitter is configured to broadcast an indication of the cell

specific cyclic shift.



RAN WGL Meeting #48, St. Louis, USA, February 12-16, 2007 by ETRI, docunent
R1- 070748). [0016] Another relevant paper is entitled "NON COHERENT

ACK/ NACK SI GNALI NG USI NG CODE SEQUENCES AS | NDI CATORS | N E- UTRAN UPLI NK"
(3GPP TSG RAN WG1L Meeting #47bis, Sorrento, Italy, January 15-19, 2007 by
ETRI, docunment R1-070078). This paper proposes to use sone kind of

random zation for ACK/ NACK signaling. It assunes that the ACKINACK si gnal
is transmtted without separate RS such that a certain cyclic shift of

CAZAC code coyrespands t.Q an ACK a anot h clic.shift corres to a
NAGK, 1 SBBGL IV miss ot EoTo07a AEar 6t 0 o Y8 EoTREF B ng. of

ACK/ NA o necTatel WBGR

ACK/ M&ﬁe?%bgf%g??%ag%ﬁzn@ @Bgrﬁgﬁlofgglﬁon cy(;[ Higél Eﬁ%l}léﬁtgﬂllelf%:ahe sggggnd bl ock
i's reverpetragaiiess dirb@edrappirdgeienminieg ficyslic stofipfll @ﬁd{elLOB ,Signatl IIhthls

ACK/ NACK information i s caonveyed in.the arm nt Ottt%'ch cI|c shift. [0017]
This i's SRRRAITEY BRoARions ABCIHE GUAYARE A CLalS Flefiicl, Sehphrtt dbe of

cyclic shidihfghn Jf%@@@@&iﬁ&;ﬂcm glifienaouReinesn pQéJdBerﬁﬁde RAnLhannel s
when the sanme underlying nother ZC sequence is used. \Were the cy¢lic shift

i s gi venbibyddasenghGKinNREKomeshagell sfreifidcysbekidfit o send, the orthogonality of
the ZC codes cannot be maxim zed. As will be seen beIomL t he inventors have
devised a different approach to address the problemof too few ZC nother
codes a I\m Rﬁbirﬁa&erdaﬁ&@%ﬁaﬁbth%@e@ pl&% a%ﬁé&’%ﬂ&%sln\réhﬂéﬁ(’is afnraﬂrammapus
UEs. Oots] In accordance with one exenplary aspect of

[ nvent [ omclusieapmtshmg ndaas (shelchsfdes<ampant dlgltaig)r@cesw,l Hﬂ(ﬂsdﬁ:l, ¢FP6f—X @tthe

ref erenc %ignal as a conbi nat,io o% a cel % 3 lehF c%c iC Sh'f%@P 4h
out cone Bf9)3 6&%@&@%%%@%& $ 1O B P S ARSI HRG OLASRAY EALTOHTEE ¢ he
cel | spegrb&dcamehd &lisPeditic c&c@@%ﬁﬂft WRelBGHO! HROFR ¥R At Rebr AXBIRhAT Y
aspect of the invention is an apparatus that includes a processor and a
transmta eycthmft oif ecre@smmce isigneloasfa qnm@datncm @fiﬁamll wcsﬁcczyf@lw ghigthwvith a@f a
reference S as,a rrbl nati on..of shift

out come GHS RS RUREr e et iRl & YRRt " @

brOadcaSbfﬁecum@pé‘eﬁtd@ml@fsmmﬁ/efa@wmﬁe@@ﬁhﬁlc cyclic shift. [0020] In
accordance w th ‘anot her exenplary aspect of the invention is a conputer

r eadabl e readabl e rrermry errbodyl ng a program of instructions that are
execut ab essaor. ction ning a
cyclic shS%QF Cor Y&r é%ﬁh a“(?‘g en}p?ar& &t tﬁg I?Vdenh?%\lgé gcrg:g%ﬁ&sr%‘ Ficl ude
quanti zi ngmegaabﬂnﬁnﬁﬂglafcteﬂ@lﬁecﬁid@fcﬁe el 6 @rosh gfbabwa@maw@.ﬁﬂfﬂbfﬂﬁé t@hspetifia cel |
specific cyclic shift with an outcone of a pseudo-random hoppi ng, and
br oadcastyHi§ SAiL defginatigsmuentizeyelit shid sﬁ%ieﬁrénwtﬂriaba@rﬁowmape@ ofithe| n
accordan e l.ar e e at us
) E &éo 1@@@5]& i AFED 2R Mur Rk Gt ?3{ eﬁtﬂ)—rah rﬁrﬁo'g? aﬁl&i rﬂﬁ)@oc b

that includ processi ng means (such as exanp sor, an
ASI C, a Fdfelncodigidhehak iskskliedlly shiffsdluaterdingan thedog sa.tbqnaaeza‘dmycba(aﬁﬁl e a

transmtter or transceiver configured to broadcast the cell specific cyclic
shift wirelessly). The processing neans is for quantizing a cyclic shift of
a refere Si I t &d i i th an
out come. BFEpe LoARbr AR AT IRAG o OBy e e iR Ly Al 2
i ndi cat i erneiy ehodghg a@maﬁxlcﬁ‘ inyekciionssthatfit exscatabée by 4 ptoessot torperi[oﬁﬁZZ] In
accordance_ w th anot her exenpl ary aspect. of th |nvent|on is a _nmethod that

i ncl udes 2¢HANE AiReEH i veard determaimang & ¢yelie yhiftiof agpicrance pighpsla [p thesgrplagiment
ndcat] . RtiohMcARk ARG £cdlobficXIbd shiflBLAT MG HaliRBh bE £E
cyclic s a reference gnal “as I nation of the ce specific
cyclic s heli tShWllﬁ(h cpaticodhtift ofagerafiniag s quadtized ogdiv $hif pif ngrefaattesegdi ng aa

reference signal that is cycli caI |y shifted according to, t he determn ned
quant i ze@oBhrfien ghihecell speenc pyelig skt wihes oicome 1 atn%@FdOef%@ﬁiﬂivéPypla&pect
of the i [

nst ract (e PiePent TR i i ERANIS R FARE Y SO BrBh AR o1 e
t owar d deyeicehiit.ng a cyclic shift of a reference si gnal. In this enbodi ment
the actions include determning a cell specific cyclic shift froma

recei ved indication of the cell specific cyclic shift, det ermning a
quanti ze cl cel |
apeci 1 o Rggy th e i Parloi i cRBARIaTy, AN A2 AL dobhpRlants
sending a ref erence signal that is cycli caIIy shifted accordl ng to the
determ ned quantized cyclic shift. [0024] In accordance w th anot her

exenpl ary aspect of the invention is an apparatus that



i ncludes a receiver, a processor and a transmtter. The receiver is
configured to receive an indication of a cell specific cyclic shift The
processor is configured to determne fromthe received indication the cell
specific cyclic shift, and also to determ ne a quantized cyclic shift of a
reference signal as a conbination of the cell specific cyclic shift with an
out cone of a pseudo-random hopping. The transmtter is configured to send a
r ef er encieclatlgnatectivat, aipsoceywiriand b tyansrhittet. € thearecar el in gotfrgurdtbtodeta@yandmed
gquanti zed .cyclic_ shift. [0025] |n_accordance w th_another exe 1%{_ar aspect
of the. AJCHRRTLRT 4 SILiwesifs Ay UL nL0e PICFUBES PEEEIER R HERIS FSOE a5 1 or
exanpl e a.LeCEMREH thd oLif lcyerd h'ﬁ%hgagbmdwemuﬁﬁ%a i st

exanpl e %c%?%@*ggf;cotr@{ gﬁgé A%{%%&%rcyFPG?A} ‘or the like), an sendicﬁgwr?eans
(such asoffrefexmepignahad 1 emabintticer ofdhe aclt sprngwaiyeke Jhift Frith aremdcomagf aveans
is for receiving receive an indication of _.a cell specific cyclic shift. The
det er mi ESSEIrEAIRET SORPEIE. LR FAISHTG PreoRfieHad resald A rRpasind e col |
specific [ ' bShahSOmiifkd g%g%g Icng sgypquant i zed cyclic shift
of a refé r)e{géclgpssh?%éndca%ccgsﬂ%ﬂgon%?nat ion of the é(},gl I Sspeci fic cyclic shift

wi th an outcone of a pseudo-random hoppi ng. The sending neans is for
sending a reference signal that is cyclicall hifted according to the

det er m n8¥5h ulélrﬁoicﬁléianw&?}? Encgﬁ?rfef‘?mB ﬁﬁpﬁ%ﬁﬁwwﬂwﬁ—‘s P %@‘S;

[ 0026] bIRRLS R mddAE (4l GPFd: M a@pR AREAERH NBIOWiW BeRAhlipul ar
refer en?ég@gb{rﬁ:g&atn arg%eg(&?awgng Fiag res. [0027]a Fi gurle %Aer eplr_ or%ﬂces

Fi gur e 9maarfk-(dudhf as TGP ARI2H pRLdssO AndAG)C os ABGAN gr the 1éka), lehésemsludg: f r ane
format for the 3GPP. LTE Ull" b00284 Figure 1B rﬁp{r duces. Fggure. at section
4.1 of JEEPISKRIPESIFEPP D GROSTEHER g A SFBES b waeping @b Phme f or mat
(generi c)o £i0fn ot REiRARPinkitEidkof 4 QAPPeciF-QYER: ! TRE AStEERIRING BN isFod - 1- 1

of 3GPP TR 25. 814, and shows frequency donain generation of the transmtted
si gnal f detetnfieing@RRa LiEFeQOvdeDRhBickiion (ho @8I0 ppdeiftpyelio shit, andishbodoi ¢ di agr am

et L et s pelie i oL OB ey e 800
or t hogongleifit @RHc MMAATBHaBHLESRe W 4 Psela@FaiohhRgpnal 1The sch@88 Heald gure 3

shows a sinplified block diagramof various electronic devices that are
sui t abl efireendisga refersnesipul papt theychisadhypihalitsd aseigiieferbsddemingds i nventi on.

guantized cyclic shift.

BRIEF DESCRIPTION OF THE DRAWINGS:
0026] Embodiments of the invention are detailed below with particular reference to the

attached drawing Figures.

0027] Figure 1A reproduces Figure 9.1.1-4 of 3GPP TR 25.814 (V7.0.0), showing an earlier
sub-frame format for the 3GPP LTE UL.

[0o28] Figure 1B reproduces Figure 1 at section 4.1 of 3GPP TR 36.211(V1.0.0), showing a
recently-adopted sub-frame format (generic) for the 3GPP LTE UL.

[0029] Figure 1C reproduces Figure 9.1.1-1 of 3GPP TR 25.814, and shows frequency
domain generation of the transmitted signal for the 3GPP LTE SC-FDMA UL.

[0030] Figure 2 is a schematic diagram illustrating all available cyclic shifts of CAZAC
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[0032] Figures 4A-B are each simlar to Figure 2 and show ng different
CAZAC sequence cyclic shift hopping patterns for use in different slots
within any given transmssion time interval. [0033] Figure 5 is a table
show ng the conbi ned data of Figures 4A-B in tabular format as may be
stored in a network or portable wireless device. [0034] Figure 6 is simlar
to Figures 4A-B show ng, for different spreading factors, different block

| evel cyskuencsiuvet a kioglei mgpuper tret, asangd@dGB353] clédigiorsho® ddsacenttshift withlpowi ng t he

data of Figure 6 in tabular format a be,.stored in a network or
port abl €° PYdy apdoprase F@&%’]ﬂ Fgoﬁalﬂgtﬁégqn@hg'pri or art diagramof a
transm ssion format for ACK/ NACK signaling in UTRAN-LTE. [0037] Figure 9 is

a tabular format of combi ned CAZAC sequence cyclic shift hopping and
bl ock- wi pes1spFigadi hghees asmogliftedchlock dhigfam hbppiing dleatronfredAGKs (NAGKS sent

according.tp, Figure 8. [.0038] Figure 10.is. a tabujar format of an inter-TTI
cyclic s lwﬁlerfs%meﬁap IR %W%R}mwbpimnéﬁnﬂi@ﬂ@wmn-t hat repeats over
one radio frame (ten transmssion tine intervals). [0039] Figure 11 is

simlar to Figure 4A but showi ng the conbined cyclic shift pattern for
conbi ned[opaar r Bigliels 44nB areeavh-siilarshiFigurh @ ppd ngowing dgfddredti CALACKkRqiemcsi i | ar

to Figure 4A illustrating cygclic shif tterns, for each of three different
SN M NBYGR i HRa PRy e Aot Pl R AT T B seicy time
synbol - Wg&v40oppi ng pattern conponent randoni zing for intra-cell

interference for twelve cyclic shifts of CAZAC sequence that repeats over
one radio frame slot (seven long bl ocks) when 12 UEs are mnul tipl exed by

oA SRS i R B B PR PRSP Lo

may be stored in a network or portable wireless device.

[0034] Figure 6 is similar to Figures 4A-B showing, for different spreading factors, different

block level cyclic shift hopping patterns.

{o035] Figure 7 is a table showing the data of Figure 6 in tabular format as may be stored ina

network or portable wireless device.

[0o3s] Figure 8 is a prior art diagram of a transmission format for ACK/NACK signaling in
UTRAN-LTE.

[0037] Figure 9 is a tabular format of combined CAZAC sequence cyclic shift hopping and
block-wise spreading sequence cyclic shift hopping for the ACKs/NACKSs sent according to
Figure §.

{00381 Figure 10 is a tabular format of an inter~TT1 cyclic shift hopping pattern for twelve

reference signals that repeats over one radio frame (ten transmission time intervals).

[0039] Figure 11 is similar to Figure 4A but showing the combined cyclic shift pattern for

combined intra-TTI and inter-TTI shift hopping.



[0043] Figure 15 is a tabular fool at of a synbol-w se hopping pattern
conponent random zing for intra-cell interference for twelve cyclic shifts
of CAZAC sequence that repeats over one radio franme slot (seven |ong

bl ocks) when 6 UEs are multipl exed by CAZAC sequence cyclic shifts. [00n
Figure 16 is a tabular fontat of a synbol-w se hopping pattern conponent
random zing for inter-cell interference for twelve cyclic shifts of CAZAC
sequenc o4t Figarseldt is sonidar toféguradAdllisteavmgsivelic ghiliwetienns fiyy doblbektyee [ 0045]

Figure 17.1s I f| ow di agram according to an exenplary and
non- | i m%ffﬁﬁngﬁﬁéﬁﬁﬁﬁﬁp B TPRE Rvent i on. DETAI LED DESCRI PTI ON: [ 0046]
Enbodi nents of this invention concern ZC cyclic shift hopping. The goal of

the shift hopping in certain enbodinents is to provide inproved
cr oss- cdet4el affigore dhdisi mitenflar Enoat aier ayinbgl-prsspberiies deteweedmpngnzC

sequences transmtted b Lti.pl e s . Enbodi ment. s, of .S, dnventio resent
2 Soor o At eRUTRfor Serra s B s ST ASTES CHOR TERSRHFAZAS SRS

demodul atcheits Brerddit BHeCimé RIR (98N tSHdTBlocRd) WHANDL YEY £0deilfIpRIdNg, schene
presented herein can be divided into two distinct aspects: random zation

i nsi de aCABAGsuermdyolizshifion outside the TTI. A particularly advant ageous
environnent for this inventionis the UL in a UTRAN LTE system, though
that itself is not alimtation to this invention since the seguence

hoppi ng heehnFiguRs1 Askdid ﬁﬁp%i_ﬁ BefvdBRYthE € B! 58AbENnAN ¥loWah@ higSsolemas 6M such
as GSM (gl obal system for nobile communi cation), HSDPA (high-speed data
packet atywawdwisohoppmg witteyr. system that might enpl oy shifted CAZAC
sequences/reference signals froma limted nunber of nother/base codes.
Further, the inventionis not limted to only ZC codes but to any CAZAC
sequence[ooz@rldF%h& 4§ godeashdel Fred Jteaeéymﬂom%onpgdgfﬂaaenﬁ Coponcdxt ended
or truncated) ZC codes as well. As will be seen, both transm ssion and
recept i orgngemizinhfordntse-gelbderscrance @ettapive ¢yclloguits oREFFAR dequeschHine fir st
to Figure for il ratin Lopli | I f i

el ect r onteettiefi el Rk P DG f T RalephFpRURES Ceadt ARGV 4G ..
enbodi rreggqaeﬁn‘e dybiisshifivention. In Figure 3 a wireless network 1 is adapted
for communication with a UE 10 via a Node B (base station) 12. The network
1 may include a serving gateway OWN 14, or other radio controller function.

The LIE in egqa dat r YOV . : t
stores a[%%'rd'i)gfigrlﬁiﬁge( Eé{(ﬁ) Qlﬁ@algﬁgd&gaqs%( ?2%91 e r%?eom??@%eé]cy !r&é&g&l&%

t ranscei matorhOhinhg €ur ibietlcele Citbiderahcenor elvelss ayolinrsinitis at iCABA Gwequanct itk 16
via one or nore antenpas 10E with the Node B 12, which al so includes a DP
12A, a MENEASBYETRRE redip femeslopieazen ane Maeksh suitabl e RF transceiver 12D
and antenna 12E. The Node B 12 may communi cate via a data path 18 (e.g.,
Tub) to the serving or other ON 12, which itself includes a DR 14A coupl ed
to a MEMoi#B Figard h'f)isaa PROESsIAGy digra@Wctdrdingytot dreexcogriany randatoe-luniéingnot her
data inter aé:,e to core network (not shown) as well as to other GM. At

| east on&MBPAIPsAt PHRFDVEREON. 12C and 14C is assumed to incl ude program

i nstructions that, when executed by the associated DP, enable the

el ectronic device to operate in accordance with the exenplary enbodi nents
of this invention, as will be discussed belowin greater detail. In
general, the ex | ary enbodi nents of this invention nmay be inpl enented by
corrputerD§‘E§’F‘%I‘F\;‘é\)re@];p PYbl e by the DP 10A of the LIE 10 and the other DPs,
or by ha r : i - R i fi :

nar dviar o P 0B B i et B [REBEL6 et

i ncl ude, hoppingirecarain émbodieintsds tcplovideampreled phosesrejatos end intetifgencal

assi stants (PDAs) hayi wirel conmmunij cati.on, capahpi litj.es ortabl e
onput of 834G TABIRPHIEF DR oEb iRt b P LapUb T b BeniohbS BBt E ey ces
such as dr@idigbetBMBrASnAABLAGA] §lchS Shift bSAldnRNn&aPARILALIE &R bo@an Ng

%EP:‘B

devi ces aving w g@f ess communi cat’i on capabl I rties, nusic storage and

pl ayback dappdil aioedsS hedRIGCHL Irebresd tecmprmekeaplinrcodapadpitg dchese presenérdnet
M reless .Internet agcess.and | wel | as

appl i ances permtting w rowsin a
por t abl 6 EHRITLCEN BF PR ERERCANRS N SRB ZE BLRAE f drbA5 radqpupization

functi ongyigide the TTL. A particularly advantageous environment for this invention is the UL ina
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[ 0049] The MEMs 10B, 12B and 14B nay be of any type suitable to the | ocal
techni cal environnent and nay be inplenented using any suitable data
storage technol ogy, such as sem conduct or-based nmenory devi ces, magnetic
menory devi ces and systens, optical nenory devices and systens, fixed
menory and renovabl e nenory. The DPs 10A, 12A and 14A may be of any type
suitable to the | ocal technical environment, and may include one or nore of
gener al WRADS éTEommn shougpeibptaitsghlispeger bowpuer te thigievcopen cuse dhs,
digital nal rocess rs (DSPs) processors, .based .on | ti-core
RESRAE L R T e e TR DR R T oS
I's Convees%wb@rsyrsﬂahﬁfo%éﬁﬂé Rlch Bt RiBRHDEA &g NYRBYE 188 phdkefact¥®), or
conmponent's: random zation inside a TTI and random zation out5|de a TTIl.

Fi gur es anyOotiet syisteny thatl ongltatmployi Shﬁ’t&decazﬁﬂ sefquenagh/fefecaen sigedh fomos, and

Fi gure 10 de ai l t d TTI t.h b
o 2 pekEUed BT ABYE ORIRES SHIHHELA B TR Eep C et DEEdG TN 4R ng
i nto accounh HYtOAVAI Seqhdheeshhd tt1§e g00cddel @etalldd heRid inzldde médifive (8., t he
final shift of "the sequence. A shifted ZCis alternatively teinmedt

r ef er encextsidgdal truiiiagea) ECkdshmweelt e voitlibastg, both tiaasraission mChreWpﬂpuaf M MO

scenari o. 1] As etail ed below, the specific exanple of Figures
4A- B ands@kgﬁg??équﬁ%%séﬁﬁcqq%dl hift hopping principle for DM RS of ni ni num
| ength (12 synbols). In fact, the DM RS | ength depends on the all ocated

bandwi dt 047}mR§f%rén%?%r Fﬂ'ﬂi& %}tecoqjl RSy folrrﬂlﬁs-[ﬁtm%la l@l?ﬁﬁ@d’ BloRQlhgtan of

frequenc en t at the al ic shifts can be
gquanti z edaramrs etediragic dovitéehRArd angble fof usche practding theb:amim]am ¢mddimeatsi on.

For LTE with .12 f. t hi t hat th
Coly 15 PHbBiiB ety dn Ly sk oA Lo g g et adt 187 he
RS band%ﬁtahNoz{@E (B&’s%ss‘tatﬂoﬁ?]‘ffc'mé:ne‘mbifl% 1 mwﬁau&&y Qét‘vﬁl,g%&'tefwa%ﬂw UR)orar e

n[oO, Assum eneration of the cyclic shifts so that
cycl ic sbthbt Sidlu’lCdIltmﬁelfféiSCﬂldrs Th&@Ed@tiuahdes;ﬁcdata:pmmsrsor GDP)sl;GmaeIHsermcs*y

cal cul at : CC|IC shi S length ic shif nbols
25" BatMERD 108 € et wesbriu sk oS HE o E RS ey ored
clearly hengtivel ?(*}D 5,08 b i onh IR AL I QG dR@hiMic&fonY 0¥t a Mt e har @R dranehel dt hs,
sequences which have a smaller cyclic shift difference than Cyclic

shi ft _synatrehssd@Eouithathe dNady BEHY athidnaldo includege B&r A, MBM hityBhatsipich ei ent
€ross- proc 12C, and a suitable RF transceiver 12D and antenna 12E. The Node B 12 may

communicate via a data path 18 (e.g., Tub) to the serving or other GW 12, which itself
includes a DR 14A coupled to a MEM 14B storing a PROG 14C. The GW 14 may then
communicate via another data interface to a core network (not shown) as well as to other
GWs. At least one of the PROGs 10C, 12C and 14C is assumed to include program
instructions that, when executed by the associated DP, enable the electronic device to operate
in accordance with the exemplary embodiments of this invention, as will be discussed below
in greater detail. In general, the exemplary embodiments of this invention may be
implemented by computer software executable by the DP 10A of the UE 10 and the other

DPs, or by hardware, or by a combination of software and/or firmware and hardware.

[0048] In general, the various embodiments of the UE 10 can include, but are not limited to,
cellular telephones, personal digital assistants (PDAs) having wireless communication
capabilities, portable computers having wireless communication capabilities, image capture

devices such as digital cameras having wireless communication capabilities, gaming devices
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correlation properties. [0052] First is detailed random zation inside a TTI
for the environment of CAZAC sequence cyclic shifts, described with
reference to Figures 4A-B and 5 using all 12 possible cyclic shifts.
Random zation inside a TTl is realized by neans of pre-defined shift

hoppi ng pattern. There are two slots in each TTlI (Slot #1 and Sl ot #2;
Figure 1A shows a subfrane or a single slot of a TTI and Figure 1B shows
two sl otlsving Wireless coimmgingcagiob capabpel)tics Aingte storhfe Bud hlvysacnppkansedhaverg  of

L e

(al locat irﬁ@ro%‘h%%s%él?és pREbREGARDr SR inald Bt BlebioRde E5hbBAEAR JfSudi0 |
maxi m ze the cyclic shift separation wth respect 'to the adjacent cyclic

shi fts winbtionst he TTI. This is seen at Figure 4B; adjacent shifts (e.g., #6
and #4 are adjacent to #11) are well separated fromtheir adjacent shift in
that second slot. Another criterion is to maxim ze the cyclic shift

rotati onphgt WegOMiHMs 168, #8 ahD§4BNHa3bObf AP EpeRLfthbias, BRI WEARedNAR BN
'clock' position/ TTl of Figures 4A arnd 4B). Fi'gure 4A shows this as a

cl ockw sanvimtaiehiomdbeiynbemplhaewdi aseghny establcdsa whege daschnplopy,tdueh as
random zed .shifts _}t?[é&!eastrat ed.in Fi %lére 4B this shown as,a countercl pckw se

r ot at i onSHETURRRIF dPEReRt PSSy oMY F4°VISEDH P g Y P ET e P

Fi gures #fmBr Sevid@iY dySte ML G m b9 alB FenhdVabRendnahty ErRIDIY 10W, €2 Randach
"cl ock' position of Figures 4A-B corfesponds to one row ('resource nunber'

or RU) of4A&ngurbe ofanyatyge seicible towhd b drtedmidaberstiiohmepio pndmey medokgone oof one
TTlI. For_exanple, at resource unber.% of Figure 5, the 7ZC seque cemin sl ot
#1 is shifPt%ed BT ERiPHPISHSPEPBIT S SBYY- tHEPSE “SERUEN: SMPIRPEYGE R G4t hat
sane TTI bl PRbdek@Als HIOSEY)iahll PpaRkior®Pakd ot SRitAES WRbdesfRac@McbhRIaONE
anot her as can be seen at Figure 4A. [0053] Additionally, to avoid

i nt er f er agreBmatimpayaagjescent cells, a cell-specific constant rotation for
the cyclic shifts of slot#2 (with respect to the original hopping pattern
of Figure 5) may be inposed in order to guarantee that the shift rotation
fromthepdst akobtelAbbRE it2ABdosc@ient Sor tRQdeidiRtiSARE phrsd REevkibh aite Blo
(adjacent) cells. This can be illustrated as follows: clic_sft )

s| ot 2( cet@upanstisayedansizaifon iaside 21H gndaprdondratioa episyde armr(ﬁnjhgwr@%w Petail 2]
where "Num,Shift.s".is, th al,.Aunber. of. al i ift ‘e..q., 12
' thi s Eustn e Ot OB R e o b PRGN oSl PPy o1
The cel | ogtpids iaf TTI. pEg@RElefombingy RERBbVe WAy ApSctbed WReN idif), cytlic shift for a
(Num_Shi fts- 1%]%4 This random zes the shift annnﬁ%éadj,acent cells, to preenpt
the sit ueriabmZivsequsnegiplinginto aetougt bath frtrar Fblahifircandapter-hakeuiosanedtice.
[0054] It ; i f e jiC ' ' { me
Gormi 1 afieaiel A o8 edupnl e L ZE & oA B Bierotiok bl T8
then Eq. Fuasi Wlokisahe pSndiplt exghdel] tol awitthaitMivieX soeeid. FFT over sanpl i ng
shoul d be taken into account. [0055] Continuing with an exenplary intra-TTI
cyclic shift aspect of the invention, nowis described with reference to

Figures fp-7.a anpl Qr : ' : ' i

bl ook 1 bl i ol gl SRt HECBEERRL B RACATE Bl SRholline,

i nsi de acyiclic shit kegppirvethcigaior D Rafisindhua 1@reeh (ef dyndadlse.ybl fact, thi i
hoppi ng pattern. In this case though,_ the ZC seqtience | ength used in the
bl ock | e¥ellengsh é%ﬁbmht&ﬁﬁll%%‘?d&?ngﬁ(ﬁg%&m isprpulipicod filisg [ LEEJAc Rifs
exenpl ary...C i i i t i | QLE i A '
pai ms) fo)rires%rgféég iﬁﬁghﬁ% gr%ép IEE?SIB?J \/?A)tﬁ%rﬂtr%ﬁtgh%%g%gﬁfwg{ﬁ Itﬁﬁ;e&g1 aHr%n::qu gt?%ﬁi S
shown nus@dgordiag tothée RS ldngth dlthemdfimbindunéwidth AR cufidrn Foh TEAAMAG 2Seguenge

exanpl e above, note that for each SF the cyclic¢ shift separatio
maxi ni ze@WWPERRVeldjsarqans thabtherscaneivaye prly 1 ppesiale CreligBii e RCAPAE ¢ he
cyclic shi ot af. | LS .mzed L%@@nt f LrSE@n C S .

Di fferen? é@%?%eﬁngéglgggeslg héﬁmfn %Sl?ggggl or g@énb\é%ﬁglgs%ﬂg} %Egh Jﬁ:’lfi:Eéé:SSF
equal s t (@chicnhgr vole) @athdnl[0cKs. . i1n].t Assumihf « gererdi®eef Hegyrkc $hifts sdtBt56] |t
shoul d be noted that the hoppin attern shown _at Figure 7 can be applied
al so for cyéliseshifly 166’!@1%%‘31?55@1@ g@ﬁ@%@éh’éﬁé@é’“’tbﬁ 18 @?te@i%@%quences.
In particular, hopping pattern with SF=4 is optimal for random zi ng Doppl er
i nduced interference between Wal shHadanmard sequences defined by Hadamard

matri ces.
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[0057] Simlar to that noted above in the CAZAC sequence exanple, it
follows that an additional cell-specific constant rotation nay be inposed
for the cyclic shifts of slot#2 (with respect to the original hopping
pattern shown in Figure 7), according to Equation 2 above and for the sane
reason; to forego cross-correlation anong adjacent cells shifting the sane
base ZC sequence. [0058] Now is described a spegkzgg i npl enmentation for
intra-TTl cycli hifts of ZC sesliershds vhlneanRAC CK transm ssion.t hat
randoni zes thoéﬁmiéqﬁéﬁéEEmo e Transm sspon format of ACK/NACKEE%QHLIing
on the PUCCH was agreed at the RANI #48bis neeting in Malta. Figure 8
illustrates that agreed upon format. There are three bl ocks reserved for
pil ot signals (darkened bl ocks) and ur bl oc served .for _data (the

i ght er B thmwuzagl%g‘ﬂe HBC ALK ATSdS Sl GHEPOTCE) FoTiage Smebite i ve
slots (O I uni t
PRU has <§m§§§%gbgﬂﬂng | e ﬁh?%gt%% tab%gngpggﬁgﬁggmgﬁzyﬁﬁ%g{?ﬁggﬁggcycI|c
shift'. (he0%Yhic AL el gaitwatedbyeBipadiioneintvild feendrally notelmvieanffidiatt trdG
sequences (the CAZAC sequence in a synbol such as at Figure 5 and the bl ock
| evel ZCGsmigmdimgpaeguence such as at Figure 7) apply the proposed shift
hoppi ng principles separately. A cyclic shift random zation exanple using a
specific cyclic shift according to an embodi ment of the invention is shown

in Figur@od; Aests@iailedediontiRRiohisidd OTTI for &k efivifohniddt ofOANAGREgucRbE
pilots is identical to one another. However, the cyclic shift differs

mar ked| ycysticeshifts, desstibabwish refsrange ﬁeﬁw@msfé%@n%ﬁ B88g aBrlZdroasibisreycliqn each

of the sl,ots dat r es in
oo i il R GlagbhoR insRlss iy is 1ACHR Hfel B ERRAG LI RAAME

nunber. [190R0re NYE1bE ithk@SE MTESIoly xSwL; Fﬂg&redtﬁhﬂfoudla%hbfmﬁhe aspsgile of the
i nventi on noted above, randomnm zation as bet ween different TTls or inter-TTl

r andoni z8lpi efre T Eeanddfiguratl Bohowis tap dletsorishirpismele sbfrewh & iByrefdaRshos cel |
f | hift tt
SPrcom ot Shisbgtibt lobk! i hopile) ARAENRDEIATPIN Bl e shit BopfLL

proper ti gslobati) biiterh o Te. filsDO6E, Jand FigndaiB glatvsothe paift opping (Jebeiod ed
according to the mninum DM reference signal |ength, which contl nul ng with

the exanpETabyae pesondsley bl drivinnerirign és foasredhe REGEHAIT SRPR{ORoppi ng
patterns | {EARs THha f 12 is
possi bl e. W{hdg%%% tﬁ?{%eudrdgac%ﬂ %g(\:/\gﬁqg%%éxanpﬁe of ﬁq?ﬁég%g i ﬁgg%?{fw ggg§%{t| C
shift peshifit &.¢.0#6 aat#4 ate idhcdnh® AT AE wdlprpmaed ﬁﬁmetkpa*taﬁezlcmtmmfparthlabdl C .

andit'slength equals to the | ength of one radi.o franme, in :113 i‘g@]tﬂance
10 ins oPcEBAFIPh| SROINGT CTeTIoN 1§t01ﬁtweﬁb@r hritxstie ﬂﬁa@??&b%‘a@“ﬁ B at ed
in such 83 ahll 4B). Fiflwrd4A- -
11) takeép éte tﬁkﬁsﬁlﬂsl E‘D%gﬁﬁé&hg glﬁgwﬁohiglgﬁ)gg? Fie&%%’mﬁen atue %’ lg?rn dex
changes. sf®a6#]is Raruj@mckartseomtammbmeemehér Tljapey rafeocdsewherpas edthf e t he

bl ock-spre d|n codes, fol | th hi ngs above for intr
spr eadi g&m Rg'“‘?g/]ﬁ tsﬁ%ishl@sitrﬁfe én 3 BRI i %9 g’ﬁﬁ?ﬁ’ﬂfter loﬁls‘@ﬁﬁﬁot%éﬂﬁ&’(ﬁ’mmf%ppl ng
pattern Gpermu.a eeaurB@st )shlfpﬁow atfé?x@%?F st g Qes'hﬁﬁvﬁtﬁ(ﬁuﬁﬁﬂéﬂat ely

and used sep rate y or co |ned e wrel ess protocol may allow) wth
t he CAZAGrnwetinghe@ablyd Fignrshi Eetch sloah’ Ipamuomofﬁlgured%eB erTeBpepuis ¢o enevhen

conmbi ning, the intra-TTI clic s ter Y dfor interzTTI

r andoni zgtr?sé’ﬁrcﬁﬁ'iu?l % ﬁé@ﬁ%b ‘i%ﬁoﬁ% W %éﬁ%%/hg OF QI BESOY° &f"aﬁ’r e 10
or siml aff)[ o }ee&ew{rceb[g}n%%@%ﬁﬁay%ezc%@ﬁén@e shibita igadaed eck

| evel cyclic s |fts3 Now t hat both intra-TTI cyclic shifts and
inter- TTIsthEMIdsumnshnﬁtth;e havequeeenindéitai2of thahsarie T ELip ebifted ¢o ot poDAENG
sequences .and bl o di ng codes, the. conbined c ic shift hopping is
derived ¥4 %rﬁé"eilo‘ﬁ%%ﬁ mge ?ﬁlﬂ%ﬁﬂﬁﬁgaﬁg? S‘?:esl?c?ltﬁ}g“s%fg‘%‘t of the ZC sequence
that is ultimately transmtted is sinply the total cyclic shift for the

given slot, which is obtained as a conbination of resource or cell specific
cyclic shioby (‘siditiontlly, ®l otoidi Mterfeormhienadong adiacant calis onecllo$pecidicl cogpleni f i ¢
pseudo-r andqom ping. In a specifi.c exanpl when .t he vaI e of

Dot | - apcaniien BEMRmEHG SRR GHlurerto P o G hem i e tdeer S e 11
moving fr n?arypb% ifPoshh iA Bfiel éaggda@a%@éértﬁa B ftmt@n&f/ﬁ&rh@hesm §15t tbshélm{drsg;testl on
shift B o igure 11 noving from4 to 8 then the actual cyclic shift for
slot#1 is the conbined result, or eight in Fi gure 11. The conbined rotation
for slot #2 will simlarly be a conbilation of the cell-specific

permutation matrix for the second slot (the intra-TTlI shift) with the
resource-specific cyclic shift for that second slot (the inter-TTl shift).




[ 0065] The total cyclic shift value for a certain slot of a TTI taking into
account both intraTTl and inter-TIT random zation can be illustrated as
Cyclic_sft value = nod(Cyclic_horLintra (cell |

resource, slot)+Cyclic_hop_interNumShifts) [Eq. 3] where i is the TTI

i ndex, Cyclic_hop_intra is the cyclic shift hopping pattern for intra-TTI
hopping (e.g., Figures 5 and/or 7), Cyclic_hop_inter is the cyclic shift
hoppi ng e ttheesamef watweant dfferEll (abeppitheelise Tis, cakibg ulhestra@)l as fllovghi fts is the
total nunber of allowed cyclic shifts (e.g., 12 in the exanple), and nod is
a nodul o operation (nodulus after division). It is noted that cyclic shift
al I ocation . Ggh I : - inde T to be
el | - apeai £ B L e e Rl P
inplicit signaling). [00661 It was agreed at the RANI #49bis neeting that a
synbol -wi se cyclic shift hopping is applied on PUCCH qI/cI.i c shift hopping
for eachwhbgrbolunoShife ipthedal surgbes ol g8ewed prplicisbiiisde By 1460 hereiapwld; in a

paper entitled CYCLI H ET HOPPI N . L R T WGL
Voot i n HBBS, S Pl orsei S Cag i bt g ol Ry sra et

R1- 073149 cretan: DV @itk Odthetn e STr.i b@tine WShifite 1 g hiThis faegghiaes tashifeadpnt | ed
also with synbol -rate cyclic shift hopping, allowing for clearly structured
hoppi ng phedcat pdllsoteprepmbt thel seuatinswharggdiagewtscellp éhlgttfﬁ?md]é@r grgne bage ZC

synbol -wi se_hagpping pattern is defined with a duration of a slot. Then the
Cycli c_s?eth%eUe in Eq. 3 is used as an index referencing to. cyclic
shiftresource of a CAZAC sequence. This index is used in the definition of

cyclic shift hopping pattern for the slot. For exanple, Cyclic_skval ue can

provi de €9 i B isnoted thanifile exsiic shidtspre sabpiated Bk tpic domady s tiinE@shoppi ng
_pat tern a%%ggﬁr&e@%gnw&rﬁ IﬁF'P %EO%E(IO?%&@TE:%BTTACH g .%nastxpﬁtte%'ﬁl IOP’&QRﬁ—H} m&%r for

inter-TTI hoppihg 1's used as an 1 ndex referenctng to a cyclic sHi

r esour ceingfanée (A esREIpEIAG 8hould bs takealéto lascowged in the definition of
cyclic shift hopping pattern for the TTlI. For exanple, Cyclic_skval ue can
provide cyclic shift value for the 1st LB. [0067] O her variations are

oL ol ORGSR Sy haLl g pronSsy e gk e
t hose pati¢seribal walrdiacneedF gara -1 acexmpis fer Encl legeltspreadiay cRantosiiatibn
(rj|efs ]9 glr’ gﬁfgr%rlchz(_—lseger{b sgle_ac\i\{ing %O(ri]e%p(%icnsgeql?eantcgs? gr{]d tihgir tn{]o%igcldo*}e%iggs) ﬁls?;:l-le-:l a ]aﬂCtls among
achieved again by means of a pre-defined cyclic shift hopping pattern. In this case though,
the .ZC sequence length used in the block level spreading application depends on the
spreading factor. An exemplary cyclic shift hopping pattern is shown at Figure 6 in ‘clock’
pairs for spreading factors SFs two through seven, and the same data is shown numerically in
the table of Figure 7. As with the CAZAC sequence example above, note that for each SF
the cyclic shift separation is maximized with respect to adjacent cyclic shifts in slot #2, and
that the cyclic shift rotation is maximized between the first and second slots. Different

columns are shown in Figure 6 for even versus odd SFs. The SF equals the number of long

blocks in the subframe (see Figure 1A).

0056] It should be noted that the hopping pattern shown at Figure 7 can be applied also for
other block-wise spreading sequences that ZC or CAZAC sequences. In particular, hopping
pattern with SF=4 is optimal for randomizing Doppler induced interference between Walsh-

Hadamard sequences defined by Hadamard matrices.
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[ 0068] Now synbol -wi se cyclic shift hopping patterns with a duration of a
sl ot are defined. These patterns are conposed of two conponents, with the

other providing intra-cell interference random sation and the other
providing inter-cell random sation. Starting fromthe hopping pattern
conponent random zing intra-cell interference, the main criterion on the

hoppi ng pattern design is to mnimze the occurrence, or the nunber of LBs,
Wi thin ao®T Sinelar do plzat tiotadl zhovpan theoCADRL. agpenereexsintdartt fylospcthitcarshift s.
Only the irs. between LIEs ysing the sane bl ock-w se.sprgadi de are
conai der whi el FEL-SEF L6 PBYan S Rge PREDE PIRfoR G8 g crs SIFORs et T
differ e%%%c%n%ﬁgna%g?@l@gu&ﬁW&m@& Rhécordihs RAURAREN PdbovORAPT
nmoder at e speeds. [ 006 wo different nultiplexing scenarios are

consi der fod thei semeirpdson;-todbiegd ptoss-taraatom anaongadiacanticehs shifiieg ths samsrbas® or 6
UEs are ltilPl exed by CAZAC sequence cyclic shifts within a LB

(Cyclic shift¥frbol s in Eq.1). Wien 12 UEs are mnultipl exed by CAZAC
sequence cyclic shifts, all 12 cyclic shifts can be used by UEs having the
same bl opke i ge., SR fadking Godeei il PRI MR BF . S

f ocused @6:1581;“% g?n&zgfs%ﬁgjo% %%Fﬁ%&g%%éﬁ%@m%nmegen alfs? odd cyclic shifts
in parti edguences Aingun eACB/NAOKES teanemiyiohi thas haddorhioppitinge peft@cas.acthe di ng

e e e el A RS eI B st SR e
whi ch Caﬁl%eﬁ%e-d Dale- %?édre !gnipﬁg a%ésetg]&@%gr@ézﬂmm}m% e RY 0 PhreliviiEYCl i C

shift hoppin econes crucial. [007 UEs ‘can be multi pl exed by CAZAC
sequencersyekd Corspildh sgnkis (Hhkenaistdodss) & foubGla@kblAG<rvedrios ddie bk ilighter equest

transmission. In this scenarjoq, different UEs having.the s bl ock-w se
b o nBlogBie et whpR o ARKAYAL SIS TR DSt (e o Gapebt ©
hoppi ng BAl £21 1 6 rsbOCHREL AL AR Aor AL AR 19U hB R RS ROS RicARETi e even
cyclic sﬁﬁr{rs Qlé V\BF@’ as ar%)rr}‘?gg,tﬂéei %93 cyclic shifts, and only Ii}tntle

at t ent i ommbiesoffagadetddytthe inderndgyviiz abifdn bet ween even and odd cyclic shifts.
Anot her aspect of this scenario is that some of the LBs are used for
reference signal (2 or 3 in the case of CQ or ACI C/ NACK, respectively)

whil e  ofh&y; s ARBEd $r0cGBGdidhehNEOMEBAT Dok oAk ZT kdubh@s gase Cfz ACK NACK
or CQ, respectively). As a result, the cyclic shift hopping pattern does
not needs¢quenavie alsgmohsuch asatdfipand and thetthecl leng)t¢ spovadipprendingg sucd ashe

maxi mum nunber ei t her infornmat| or .referencge LBs iIs sufficient..To
obt ai n tﬁteﬁgoﬂ%’f? % %Pﬁya%g%lgf‘?pé’r%& Sgﬁﬂ@p@?m% Wéinémqﬁnﬁ@af)aftay'he’qh%%ﬁ%n hl%at tern
are repeaiRdmisiibh ExhRglcSuld amBecitioweMes shifthe¥ordiig foepeahBstiment fathet he
sanme colums are not repeated duri ng]the transm ssion of information LBs or

duri ng t nventiemisshesi onlighrerSefiy wae thesy fisoptatiomtesieiithiorhibida apd pileen

hoppi ng patt ern, col unms, and, LB nunber i.n i i I, Qyr ot
ahoul o b8 s ERaf TReR” Masih B TR el Pl vEnRLR gt DRl S

ACK/ NACK ridansd &5 @88 doremiidhf ket ofUES siol fordae dPilofs, guteart zigians one
cyclic shift hopping pattern according the presented design criterion

[0071] CoMtEAAGI resoutses inaise mpignisiftas67ideperddlythg dakaensg plogks jsaiting p phift
random zing,inter-cell interference, the sanme principles as with inter-TTI
random zgﬁ%gﬁr'are applied. Random zation is achieved by neans of cell
specific cyclic shift patterns, and a random zation pattern is generated
according to the sequence length within a LB, which continuing with the

exanpl e #868te Noy iBalesgrilisd by exampledhapther giatinct 2snset poBd HARIEN Fateddepeng
patterns with.-12. cycli.c shi. i t-hat [ € p S
possi bl e.ralfdéﬁﬁgloﬁl %!Ejert‘éve%%&lgftﬁ%%fg%%g%% e of % gftg)g [ gra}sl%c{angilzﬂog Jc{l:lg/sgd[ei C

shi ft pelautray iLahidkd by ridhs bhe IMAEcToaiEnt paffas pAhti@portis ageei ofli
and it's length equals to the length of one slot, in this instance 0.5 ns
or equi vahienntey- T 1 Bsdommizatione risnie arrpwide natceirRlaipds “pederdieniost e §l# i %uch a
way that all th ossi bl yclic shift changes (i.e., 0,1, ... 11) take

pl ace inpé?qertlefq%cgr?l%éﬁgqf?ﬁe reuse pattern when the TTI index changes.
[0073] The cyclic shift value for a certain LB taking into account
intra-TTl and inter-TTl random zation as well as synbol -wi se hoppi ng can be
i |1 ust r ati®@aiiadh mndon{zsiinbpittcnns geneipgd ecsasding to the prinigymy PMgedsrenasysignal
hopinter (cell, k), NumShifts) [Eg. 4] where Synbol hopintra is the
conponent of synbol -w se hoppi ng rand&m' zing intra-cell



interference (e.g. Figure 13 or 14), Cyclic_skvalue is the value given by
Eq.3, kis the LB index, mis the index mapping k index to hopping pattern
colums, c is the paraneter related to the resource allocation or

bl ock-w se spreadi ng code and the transm ssion content, Synbol hop_inter is
t he conponent of synbol -w se hoppi ng random zing inter-cell interference
(e.g. Figure 16), NumShifts is the total nunber of allowed cyclic shifts
(e.g., length, whecheseniphiag, withdhensaaingleaabee up o 2opientals-onlbherpdisl dsn diZt er

di vi si on 0074] .J mpl enent at i on...of ,t he. shidt i.n tterns n based
on a Ioo(%{l Efﬁlshlfﬁ %&’t‘%?%@g}se‘ﬁlﬂil frll2 gy(ie\i/él\ﬁlﬂbés' tﬂ‘ggjﬁﬁal%otﬁgtnadl%g% Iﬁgnte bfge B
12. Sepay/at & pREkKP tabl es may be used for random zation inside the Tl"|

and random zati on outside the TTl as well as for the intra-cell and
inter-cell interference random sati on conponents of synbol-w se cyclic

shift hopping.in the manner descrd.bed, above. oL An alternat.ive to the
tored | BERL e 0 e e R et P R E P By RSP A e
equat i ongAZWU &luemy. HBe lfp_ﬂf@érﬁﬁ@ Rl AgndSiOh Iepatteequbisrto Ry 1endth oF 664 AR

circuitry), or a conbination. For exanple, Figure 5 can be inplenented as

t he equalrdimasn toydnstanceflO s of 2quivaleetye10 T®)c| The penmusgton matriz)has begn even
val ues of "Cycl.ic sft slotl'..and | 1.GeSEL. sl et 2.5 .

rod( - oy ket S v By Rl e WAL 03y - D8R ERRRer o
is the |gngt belRfoftaresROpreRELWhEhS MM A dek chdfRd6] Sim larly, Figure 7 can
be inplenented as the equations: Cyclic_sft slot2 = nod(1 -

Cyclic_sft_slotl, N, for even values of N, Cyclic_sft slot2 = nod(1 + 2 *
Cycl i c_sibtess | Beddoniatiohautsklthe TTI may also be imposed for the block-spreading codes

following the teachings above for intra-TTI block spreading. As with the intra-TTI cyclic
spreading, a pseudo-random hopping pattern (permutation matrix) for those codes would be
generated separately and used separately or combined (as the wireless protocol may allow)
with the CAZAC sequence cyclic shifts similar to that done at Figure 9 when combining the
intra-TTI cyclic shifts. Alternatively and for inter-TTI randomization only, the same
randomization matrix (e.g., that of Figure 10 or similar) may be used for both CAZAC

sequence cyclic shifts and block level cyclic shifts.

(00e4] Now that both intra-TTI cyclic shifts and inter-TTI cyclic shifts have been detailed
with respect to both CAZAC sequences and block spreading codes, the combined cyclic shift
hopping is derived from the component shifts. The net cyclic shift ofthe ZC sequence that is
ultimately transmitted is simply the total cyclic shift for the given slot, which is obtained asa
combination of resource or cell specific cyclic shift (slot #1, slot #2) combined with an
outcome of cell-specific pseudo-random hopping. In a specific example, when the value of a
cell-specific permutation matrix equals to 4 (rotation shift A of Figure 11 moving from 0 to 4)
and the resource-specific cyclic shift is 4 (rotation shift B of Figure 11 moving from 4 to §),
then the actual cyclic shift for slot#1 is the combined result, or eight in Figure 11. The
combined rotation for slot #2 will similarly be a combination of the cell-specific permutation
matrix for the second slot (the intra-TTI shift) with the resource-specific cyclic shift for that

second slot (the inter-TTI shift).
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Cyclic_sft slot2 nod(-2 + 3* Cyclic_sft slotl, N, for N=5; and
Cyclic_sft slot2 nod(2 * Cyclic sft slotl +1, N), for N=7. [0077]
Intra-cell interference random zati on hoppi ng conponent in the scenario of
12 UEs nul ti pl exed can be inplenented as the equations: Synbol _hop_intra =
nod(Cyclic_sft value -Lk LB/ 7 jCyclic_skvalue/2, 12), for even val ues of
"Cyclic_sft_value" given by Eq. Synbol hop_intra = nod(Cyclic_sft value +
2(ku3 - Iposs] LTlos Btal cycliz; shy edlie fsfatcevtainusdot-of a{E'T taking into account both intra-

TTI and inter-TT1 randomization can be illustrated as

Cyclic_sft value=
mod(Cyclic_hop_intra (cell / resource, slot}+ Cyclic_hop_inter (cell,i), Num_Shifts)

[Eq. 3]

where i is the TTI index, Cyclic_hop_intra is the cyclic shift hopping pattern for intra-TTI
hopping (e.g., Figures 5 and/or 7), Cyclic hop_inter is the cyclic shift hopping pattern for
inter TTI hopping (e.g., Figure 10), Num_Shifts is the total number of allowed cyclic shifts
(e.g., 12 in the example), and mod is a modulo operation (modulus after division). It is noted

that cyclic shift allocation Cyclic_hop_inner (cell/ resource,slot) can be configured to be

cell-specific (e.g., DM RS) or resource specific (e.g., ACK/NACK using implicit signaling).

[0066] It was agreed at the RAN1 #49bis meeting that a symbol-wise cyclic shift hopping is
applied on PUCCH. Cyclic shift hopping for each symbol on the PUCCH is discussed,
particularly at section 4, in a paper eatitled CYCLIC SHIFT HOPPING OF UL ACK CHANNELS
(3GPP TSG RAN WGI1 Meeting #49bis, Orlando, USA 25-29 June 2007 by Samsung,
document R1-073149). The previously described cyclic shift hopping can be applied also with
symbol-rate cyclic shift hopping, allowing for clearly structured hopping patterns over
multiple TTIs. Two cases are considered:

» A symbol-wise hopping pattern is defined with a duration of a slot. Then the
Cyclic_sft value in Eq. 3 is used as an index referencing to.a cyclic shift
resource of a CAZAC sequence. This index is used in the definition of cyclic
shift hopping pattern for the slot. For example, Cyclic_sft_value can provide
cyclic shift value for the 1% long block LB.

« A symbol-wise hopping pattern is defined with a duration of a TTI. Then the
Cyclic_hop_inter for inter-TTI hopping is used as an index referencing to a
cyclic shift resource of a CAZAC sequence. This index is used in the
definition of cyclic shift hopping pattern for the TTI For example,

Cyclic_sft_value can provide cyclic shift value for the 1% LB.

[0os7] Other variations are possible, but since the above description provides an inter-TT1I
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,12), 2 for odd values of "Cyclic_sft_value", where kt,B=1, 2, ..., 7
Is the index of LB in the slot. [0078] Intra-cell interference
random zati on hoppi ng conponent in the scenario of 6 UEs nultipl exed can be
i npl emented as the equations: Synbol _hop_intra = nod(2cs index - LMLB/ 4
jcs i"dex - 2 (CS inde" MM(CS index ,3)X1 - [mLB/ 41)12), for even
val ues of "Cyclic_sft_value" given by Eq. 3; Synbol _hop _intra =

shift pattern, an intra-TT1 shift pattern, and a total shift pattern, any one ofthose patterns can

be used as an index referencing to a cyclic shift resource for a symbol-wise hopping pattern in

the slots of a TTI and among different TTIs.

fooes] Now symbol-wise cyclic shift hopping patterns with a duration of a slot are defined.
These patterns are composed of two components, with the other providing intra-cell
interference randomisation and the other providing inter-cell randomisation. Starting from the
hopping pattern component randomizing intra-cell interference, the main criterion on the
hopping pattern design is to minimize the occurrence, or the number of LBs, within a TTI
when a particular pair of UEs uses neighbouring cyclic shifts. Only the pairs between UEs
using the same block-wise spreading code are considered in the criterion, since the
transmissions from UEs using different block-wise spreading codes are mutually orthogonal

at low or moderate UE speeds.

0069] Two different multiplexing scenarios are considered with intra-cell mterference
randomization: when either 12 or 6 UEs are multiplexed by CAZAC sequence cyclic shifts
within a LB (Cyclic_shift_symbols in Eq.1). When 12 UEs are multiplexed by CAZAC
sequence cyclic shifts, all 12 cyclic shifts can be used by UEs having the same block-wise
spreading code. Hence the design of hopping pattern is focused on randomization of
interference between even and odd cyclic shifts in particular. Figure 13 shows one cyclic shift
hopping pattern according the design criterion. The multiplexing scenario of 12 UEs by
CAZAC sequence cyclic shifts may be used on the transmission of scheduling requests, in
which case the intra-cell interference randomization by symbol-wise cyclic shift hopping

becomes crucial,

o070} 6 UEs can be multiplexed by CAZAC sequence cyclic shifts in the case of CQI,
ACK/NACK, or scheduling request transmission. In this scenario, different UEs having the
same block-wise spreading code are separated by two cyclic shifts. Hence the design of
hopping pattern is focused on randomization of interference among the even cyclic shifts as
well as among the odd cyclic shifts, and only little attention 1s paid to the randomization
between even and odd cyclic shifts. Another aspect of this scenario is that some of the LBs

are used for reference signal (2 or 3 in the case of CQI or ACK/NACK, respectively) while
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nod( 2cs ide,+ 4(m" -D - Lm/ 4L(cs- 5) - + 3/2 (cs ", - nmod (cs thde"
,4))XL - [mLB/ 41) + ¢, 12), LB for odd values of "Cyclic_sft_val ue",
where csnmt = LCyclic_sft value/ 2] thus ranging 0, 1, ...5, inu3 is as
shown in Figure 14, 1-.)cl is the smallest integer larger than or equal to
X, Lxi is the largest integer smaller than or equal to x, paraneter c can
have values 0 or 1. The value for paraneter ¢ may be obtained as a

r emai nde®thers aggused ko ey ighgrgation @ror §ér thesaseraf gl GK o prwsefively)-
' | 1| iof | t
Uy o RS e e S R haheBORRE Rt e ol S REEIn SuRRLRIRGShe O 2"

adj acent leayl dotresinding: ol B0 48dxirhiesRuretshl Ml e@fiss indsmBbh odgefbfetice LBs if EQ.
2], [Eq. 3],. and [Eq. 4] above, may be enbodied in software and executed by
a di gi t asuiBrignial o pbiéiethe periasiails sakirame sppe efthe calpmns ofithe heppingpattern are
firmvare/gi LtE f | Nt eqr cirecuit Kb onhi nat L on t her eof
Loogo Tieeti it fC a0t PR B U oy s L haf AR A ol

advant agepeav@uritpethe yrehdngissishbf ihfore@iioeNBs kn@Whg the trigniésion SpeRidncsal | y:
Even-length patterns (random zation inside the TTl): clic shifts n and
nod( n+N holh&ne eichaappingdesviesn) @@pmgrmﬁgmmlur@m%ndd% np@ber igiarfileids t hi s
property NG ) zat | 1S b | Gl al i : | catd-Qns, DM
Re: it <o RS L ARBTER R el i o e R PRl SR U

Cr 0SS- COAICE/BNACK triginvifidshstfien MErdn@ UBS thtb on®REN Bigtrd 15 sWowh de.cycliddnifk ol
channel application: It is possible to transmt ACKINACK by nmeans of RS
(one cycherpingpatiernacoekipp RgPressniadrRedgicaigEoher cyclic shift NACK). Al ways
the smal | est possible cross-correl ati on bet ween ACK/ NACK.

0071]  Continuing with the component of symbol-wise hopping pattern randomizing inter-
cell interference, the same principles as with inter-TT] randomization are applied.
Randomization is achieved by means of cell specific cyclic shift patterns, and a randomization
pattern is generated according to the sequence length within a LB, which continuing with the
example above is 12 symbols. There are then 12 orthogonal shift hopping patterns with 12

cyclic shifts, meaning that a reuse pattern of 1/12 1s possible.

[0072] Figure 16 shows an example of the cell-specific cyclic shift permutation matrix for the
CAZAC sequence. The pattern 1s periodic and it’s length equals to the length of one slot, in
this instance 0.5 ms or equivalently 7 LBs. The permutation matrix has been generated in
such a way that all the possible cyclic shift changes (i.e., 0,1, ... 11) take place in all 12 cells

of the reuse pattern when the T'T1 index changes.

00731 The cyclic shift value for a certain LB taking into account intra-TTI and inter-TTI

randomization as well as symbol-wise hopping can be illustrated as

Cyclic_Shi=
mod(Symbol_hop intra (Cyclic _sft _value,m,c)+ Symbol_hop_inter (cell, k), Num_Shifts)

[Eq. 4]

where Symbo!l_hop_intra is the component of symbol-wise hopping randomizing intra-cell

interference (e.g. Figure 13 or 14), Cyclic_sft value is the value given by Eq.3, k is the LB
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Bl ock spreading application: Partial orthogonality properties are maxim zed
(better Doppler protection). It is possible to maintain the orthogonality
bet ween the code channels also with very high UE speeds (e.g., 360 km h) at
t he expense of nultiplexing capacity. Maxinmumcyclic shift rotation
between the 1st and the 2nd slot. Maxinmumcyclic shift separation with
respect to adjacent cyclic shifts (between the |st and 2nd slot). For

odd- | engntIheXpat is dhensdexmaanpong kz mdeote Hoppinggatiatn)colunvisxé istiba reyahéter relatedt
rotatio tween th and yclic.shift aration
W th rodpdbt g SRt gt TR BT oHEE RN THet L EsiiS B Lol Sy

Strai ghtéﬁﬁﬁ/@%psm%aisl m%gcom{s%%aprdf éﬁﬁbdum&é Gobpik IRRtbhDEhg B&&Séau In a
particul ar enbodinment, the cyclic shift hopping is not fully conflgurable

by the nemf@rdn#meél@ NumoBhidhs lﬁhewalaumbémﬁaﬂnW@émCélCMﬂ@@y& Gal

downl i nk ontrol PDCCH, i.t sends r.s .deem the required
si gnal i nla F&Hl%ﬁsaolﬁﬂdllff? opﬁgtlorz (mo&u?us aher Iavns.lon) qui

0074] Implementation of the shift hopping patterns can be based on a lookup table
located/stored in a MEM of the UE 10 and of the Node B 12. Separate lookup tables may be
used for randomization mside the TTI and randomization outside the TTT as well as for the
intra-cell and inter-cell interference randomisation components of symbol-wise cyclic shift
hopping in the manner described above.

[0075] An alternative to the stored lookup tables is to implement the functionality by means
of simple equations, which may be implemented as software, firmware {integrated circuitry),

or a combination. For example, Figure 5 can be implemented as the equations:

Cyclic_sft slot2=mod(6 - Cyclic_sft slotl, 12), for even values of “Cyclic_sft_slot1”;
and by
Cyclic_sft slot2 = mod(-Cyclic_sft_slotl, 12), for odd values of “Cyclic_sft_slot1”;

where N is the length of the sequence (in symbols).

[oo7e] Similarly, Figure 7 can be implemented as the equations:

Cyclic_sft slot2 =mod(1-Cyclic_sft slotl, N), foreven values of N;
Cyclic_sft slot2 = mod(1 + 2 * Cyclic_sft slotl, N), for N=3;

Cyclic_sft slot2=mod(-2 +3* Cyclic_sft slotl, N), for N=5;and
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used cyclic shifts need to be signaled in every UL/DL allocation grant

(i.e, 12 cyclic shifts+2 slots requires at least 5 bits fromthe allocation
grant signaling, a large signaling overhead commtnent). Were the

net wor k/ Node B cannot configure the cyclic shifts fully, radio link control
RLC signaling and! or a sector specific broadcast channel provides the UEs
with the relevant cyclic shift hoppi ng sequences in current use, such as
upon entry or re- @mlnqLS%iletﬁem@(Bﬁthw | loti 0089} 1%0r Ns7noted that DM RS
allocation in a V-M MO application is a special case fromthe cyclic shift
al l ocation point of view (conpared to the SIMO case). Basically, in V-M MO

we need i 2] i : I I case
we need [gbndJIT{/ glhgai %gﬁ%&%%ﬁﬁﬁgﬁfg%@fﬁ@ﬁg &T eO P e g{rlg?ésc%'ﬁae& OrS](ffl\}% [?:%'se can
rely on sehipletdchcbsinglahemgd aQfeleqoatisf t al | ocation can be nmade cell or
resource specific. I Hle V-M MO case using only signaling, UEs should be
put into 2 pre-det e B BiBS corresponding to a pre-defined cyclic
shift allocations (me&(Cyolic eRavphe | ki gur €ycliAsB)vah@® tHNcern with this
approach is that the grouping will 1ntroduce sone scheduler Iimtations on
t he net warkiéiodduds:.of i“Cyclsc_nht vahos'divdnebit Bq.Schedul e two UEs being al | ocat ed
into the sawlic shift group without collision of the RSs. This w ||
reduce the p 8PPgaFh=of V-M MO, though it is context-dependent as to
whet her the reduction woul d be significan clioefl vgubke. N0Q83] Ther eby,
in the MM @2ekCyelic st yabgitAkeo -tondl c%ﬁm‘rﬁ%= d¢dnaling for
the cyclic shifts. This information can be transmtted with UL resource

all ocat | o ol 3BhcSLONBIHOGH Sailler, Jiftr@ 2 1 OCALI PR hadex T1B3h &R dkhown as
a packet data control “channel PDCCH). at signaling would be used to
signal the actual cyclic shift allocated for the particular UE in case of
M MO, such as,a separate field with entries associated with eac t he UEs
bei'ng ol PBEht Barge SHEHF BB S HOIOTSAEE RPPR T APy OHOL  HESeRHECNd UFS ¢
shift papfuffgleded chRbOEnSIBRABRICH 29 heldigatdddsocat ed resources as conpared to
its previous UL data transm ssion. [0084] As an exenplary enbodi nent of
this UE spedyhiboldiogrialrt#rig with the UL resource allocation, the UE-specific
i nformation b 1 ndlydey |0 exbya. bitsada€gui r el Lhmdl gasep). 1 extra
bit requi reéﬂ\fmrg é2js>‘<“ § I\ll hch Cssé“ie’( \Aﬁi((%ﬁd‘”bne ({)?at“‘ﬁ"e’ }t;(vvo'ﬁr é‘%fﬂ)ce’s i g’ al | ocat ed
to the gfeneddglies of “©¢tia shi vausgguéd dEGIB;4x4 M MO case; and 3 extra
bits required in M MO case supporting nore than 4 antennas. [0085] For
conveni ence, we termthese extra bits in the UL allocation grant nessage as
a "M MO eyl GopShiefat -1 ndi cator™.

mOd( Zcs index + 4(111 B~ 1) - LIII LB / 4J(CS mdex 5) - (4 +3/2 (CS index mod (CS index ’4)))(1 - rln 1B / 4—I)+ C, 12)’

for odd values of “Cyclic_sft_value”, where ¢s,,,, =|Cyclic_sft_value/2 | thus ranging 0, 1, ...5,
myp is as shown in Figure 14, [.ﬂ is the smallest integer larger than or equal to x, |_xJ is the largest
integer smaller than or equal fo x, parameter ¢ can have values 0 or 1. The value for parameter ¢ may
be obtained as a remainder of Cyclic_sft_value/2 or derived from the block spreading sequence index.
it may be also a constant, a cell specific parameter, or an UE may use both values as in the case of CQI

transmission utilizing two adjacent cyclic shifts.

0079] These equations, as well as [Eq. 1], [Eq. 2], [Eq. 31, and [Eq. 4] above, may be
embodied in software and executed by a digital signal processor such as the DP 104, 12A,

14A, or by firmware/circuitry of an integrated circuit, or by some combination thereof.

0080] The invention as detailed above by example offers multiple advantages over the cyclic
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[ 0086] The M MO-related cyclic shift signaling can be realized in two ways.
a) Reserve always 1 or 2 bit extra signaling space ("M MO cyclic shift
indicator") fromthe UL allocation grant. One can apply any of the various
ki nds of gray mapping for cyclic shifts and transmt antennas (i.e., a
predeterm ned cyclic shift for a certain transmt antenna). For exanpl e:
"00" (or "0") antenna #1 "11", (or_ "1") antenna #2 "01", antenna #3 "10",
ant enna shift ragimess MOvouwdhowrt Speciienllal ways transnit "0" or "00" in the
extra bit field. The 2x2 M MO case would use "00" or "11" for the case
that the two-bit signaling field is always reserved; otherw se "0" or "1"

if only 3 qnenhbdoth p@ldind GaiddRtzatioh ibdidd ihaar1s):i ghtly different allocation
grant signaling for SIMOand M MO RLC signaling can be used to configure

the presence ef Gyvdic'SMIMD anyahadfn SIR2(N) haveiabraysithe sirHlest drgssecoguslatiospeci fi ¢
configuration. Canfiguration can, be ne also i.npli.cit usi ng. the

i nformation on tlﬂ%‘n@ér%l‘g @ﬁe@f’??rg’ ‘?:ngdtge E%%f”fmzé’tlggbsab[efl%%hé{?li 1F‘é]f.lagyhow many
cyclic shifts a:@pﬁédtgﬁgt ed in the given cell). A pre-defined code

puncturing schenme can used to puncture the "M MO cyclic
o DM RS: It is always possible to provide the smallest possible cross-

correlation between the UEs paired to operate in V-MIMO.

o Control channel application: It is possible to transmit ACK/NACK by
means of RS (one cyclic shift corresponds to ACK and another cyclic shift
NACK). Always the smallest possible cross-correlation between
ACK/NACK.

o Block spreading application: Partial orthogonality properties are
maximized (better Doppler protection). It is possible to maintain the
orthogonality between the code channels also with very high UE speeds
(e.g., 360 km/h) at the expense of multiplexing capacity.

¢  Maximum cyclic shift rotation between the 1st and the 2nd slot.
e Maximum cyclic shift separation with respect to adjacent cyclic shifts

(between the 1% and 2™ slot).

»> For odd-length patterns (randomization inside TTI):
e Maximum cyclic shift rotation between the 1st and the 2nd slot.
e Maximum cyclic shift separation with respect to adjacent cyclic shifts

(between the 1% and 2 slot).

» Straightforward signalling.
» Support for implicit signalling.

[0081] In a particular embodiment, the cyclic shift hopping is not fully configurable by the

network/Node B (e.g., not on every allocation table AT/physical downlink control channel

PDCCH it sends). The inventors deem the required signaling as overly burdensome if the
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shift indicator” into the existing UL allocation grant whenever needed.
[0087] As can be seen at Figure 12, the M MO cyclic shift indicator is

di sregarded by the UE operating in SIMO node, as only a single antenna is
used and the M MO cyclic shift indicator bits "0" or "00" (if used)
signaled to the SIMO UE with its UL resource allocation reflect the SIMO
case cyclic shifting pattern. For the M M) UEs (2x2 or 4x4) as seen at

Fi gure a@ed eyrdickhitionesdtioibe signpled in evgrcHb AL plilacstiemgrentdi-e Igicyplis ®fts@ t he

M MO UEs.with their, U_r,e rc [, tian re,.used j nj. ion wth
the or oy RaBIES B o TR BytsPa R 0 TSR o SERUNERL oA

i nfor m tdagnMiivENWEVhBRWLE Yo Rodc®B adlindSdontiReidtheyklit shighfifllyl Rgidlalkt er n
for the next UL transm ssion. The networ k/ NodeB det erm nes how a garticular

UE i s tcoolahyeCistenaliyedndd osRpgatorsaedibe hroagengt diagpelproviides rloEsiviakie, so as
to ensure conflicts/interference i s avoided in.the lLl.. [008 from
cach 2C it St Borng SEE Rk o YGRS A G SePF ety R by R "o £
of the sggygBaeellMiltiple UEs in the given cell share the same Zadoff-Chu
sequence whil e keeping the orthogonality by using a UE specific cyclic
shift as detailed above. But due to different bandw dths of UE UL

al l ocati in.nei ord | s,-as. wel due.to ¢ nel. estisati,on which
equi redary i Dt REa AT Alacti SRl ffodhE B BN (Rl LR

Cr 0SS- CQyicBb SMiftQllodHhdRPHink B5viOW (HmReAHOMEETI MO CadeD HasicAlBs Ul VIMIIMORve
unacceptabl e (partial) cross-correlation properties arising. Random zation
by cycl ineed multiplpepgicralifbissouresspsnedd] wegspasrip thedtIMEQ 68 weriiesd prlylsisegld n

part, a%:%lga%ﬂe%r%%gwg&ﬁggMever, coordi nati on of the hopping patterns is
seen as A ruf ﬁé} FHprovengnt to the solution detailed above. [ 0089] An

i deal sod UtTIRNSIVMD cdfe GRGHIOREQALBALD GigAMthee 0QEHE §1aklaDBcatel lceh Bé awe for
efficient averaging of refeérence signal cross-correlation while maintaining
| ow si gnal i 98l @wvesohesdpemtica flexi ble structure. A flexible solution allows
for cross-corye [ random zati on sequence hoppi.n s, above, but

1 50" T or* s dqubn A MIBRR RS PR arhane ES SEURDF AP R e B RO
sequence hoppuRdcARRGpERIMEHoNAIrk-ABfindd RRIVEISE lIdeatink Wek @b sa@kbplt restrict
the possibiTities for network planning as well as for advanced receivers

m ti gati ng Reuss §4sBL Ginealoatiromsth haegolcage ischail thopouping wilveirgsees
previously proposed: .Sequence coordi nati.on. St nce.the..nu f avail able
sequences | és%)rr\l/%'céeﬁl?ﬁ lf%%l%wnf R 1880 ceocgfi %‘cl 18("!3@%0%}_1)1%%%%%% |leoﬁ‘§0, there

are not suffiEsbent a86cueNGeShavaht afliR shit glbliwAthaccaisid 6f thaRSkdthis
cross-correlation properties in all scenarios, Since a |arge portion of

cr oss- cor r eVl feduca/ e pesnagleainicC MBI thonlyH 1y emntaderensigefiisiee pairs,
sequence co { i - li.C.. shi I oes not provide a
suf ficient g%%haﬁ%%Rg?p%érwﬁﬁﬁéF%ug%g%%F&%%%m@%g%uence hoppi ng. The
proposed sequence hopping solutions result either in an inflexible
solution, or in a Iarge tabl e of predefined sequence indexes,. or in_high

si gnal i ngossy e hesaly: i BoddMOuwes éis advesiegadisie pisassel Eripecibe sieapksa foy
SuppPOrt B! R RAAT FALLARANIGP PR FLARRLA GBS UIRlLodS. GRREALRGLPN.  The
inventors are unaware of any prior art for a signaling arrangenent that
suppor t ssipedlimgr @Rdoim #atileuatiby tshdeuen ctsdbppimngs anshchétSénts eoutesi adannel
coordi nati on.
PDCCH). That signaling would be used to signal the actual cyclic shift allocated for the
particular UE in case of MIMO, such as a separate ficld with entries associated with each of
the UEs being allocated or entries associated with only those UEs whose cyclic shift pattern is

to be changed on the allocated resources as compared to its previous UL data transmission.

[0084] As an exemplary embodiment of this UE specific signaling with the UL resource
allocation, the UE-specific information would include:

¢ 0 extra bits required in SIMO case;
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[0092] It is noted that for intra-TTl sequence hopping, the length of the
sequence hopping pattern is equal to the nunber of RS blocks within a TTI
(two in the frame structures of Figures I A and 1B), which we denote here as
n, and the pattern is repeated periodically for each TTI. On the network
side, the (e-)Node B 12 signals to the UE 10 the n sequence indexes for
each possible UL allocation bandw dth. These sequence indexes are signal ed
on a radt o lrexebitaequitseiin 3k2 MINEY caedsdhiph cans@f thegwogasaarces MotlloBatsdexi f i c
broadcast d¢lragimed ULE},0093] It is al so possible to group the sequence indexes
in a predebesxibad roaite@ R4 iAUSIVE) 3] aridhe group index instead of sequence

| ndexes of 3a,G4Mhidk u%@ﬁpMIthﬁéaesﬁ&gﬁmﬂ?gemgf&H@émﬁt@n% cel I -specific. The

groups can be configurable o ardwred by the specification. It is also
possi bl e to perform sequence hopping outside the groups. This choice wll

i ncr easeptdhe Fengnkeriéndehechappiheg: @atd @esninithe CThsdldchitdn fragt messhey asaf
sequences ler group and bandwi dth option is small (e.g., only 2). The UE 10
sel ects tMEMGsoglic shifiiedis#os] gnal based on the bandwi dth of the UL

al l ocation and on the current RS bl ock nunber. The cyclic shift hopping is
applied on the top of sequence hoppi ng/ sequence coordi nation. [0094] The

si gnal i ngossf TheMIMVEB@ISBE eydiivchiesighslingagnibe echlized inawlo Wiysal | ocat i on

bandwi dt h options and, thus, may, cause consjderabl e signal i,ng% overhead. One
option i® RSP ¢iveays il or2iibexiReiganng spapn s IO cyghs shillandisy ?P's)%f?msequence

i ndexes for, . t i . dt.k It si gnal ed
to the UE (%lfrl{g gﬁﬁﬁ%ﬁt‘r"gg%ﬁsgﬁé &s %%ﬁ?&dﬁ&ﬁgﬁg%yggﬁ{?gj rsr?) ? gTalysT%ﬁ%rﬁbﬁa and /
or repeat edytled shiiftyeldtrdisecmmnngs GR., apreteMacedddsyyelis §Hift flaroadeast

channel . The second part contains n sequence indexes for the remaining
al | ocat i on "SAREHIAERNYPEHRSME it nmay be signaled to the UE on a radio

resource coptr ok Joessagesand! or repeated |less frequently on an
eNodeB specific %rggigcagtg annel . [0095] The need for signaling is

consi der ably snali’efori‘b™easmneff2 pr e- det er m ned sequence groups. Signaling

of the cell-spegific se nce group can be done on a broadcast channel wth
limted nunber odfl bitenn ver, in case that sequence indexes within the
groups are gonfigpred., conasi derable signaling is required. [0096] This

of fers several advantages. Wile requiring relatively low signalling
overhead, it allows for: Both sequence coordi nati on and sequence hoppi ng

are possible._Jn sequence, coqrdi nation, . the same i.ndex /. wdth is
repeated n Pi %%Sh‘g@(ﬁéfh BQ@(}B‘?IH@W&W THSHEY OLL)é’chﬁr@ é‘?‘llthﬁtet’qrﬁéftit}\%g “option
(e.g. in thg eRSSxOPMIRD advanatflug: Noder Bl reeeintehle @Rtht swbbliglnafigqui red
for 1 RB UL allocations due to limted nunber of base sequences.  The
schene is fl efitldligalwhiye rseryadnghkermigpitigr pht tfenly come-bit fididfis nged. duri ng t he
networ k pl anning and, if needed, updated during the operation of the
networ k. [0097] Figure 17 is a process flow diagram according to one

non- I'i m ¥ notiieedhie Miteint kN6cation grant signaling for SIMO and MIMO
o RLC signaling can be used to configure the presence of the “MIMO cyclic shift
indicator”. This is a cell-specific configuration.
= Configuration can be done also implicitly using the information on the cell-
specific cyclic shift allocation (i.e., how many cyclic shifts are allocated in the
given cell).
o A pre-defined code puncturing scheme can used to puncture the “MIMO cyclic

shift indicator” into the existing UL allocation grant whenever needed.

[0087] As can be seen at Figure 12, the MIMO cyclic shift indicator is disregarded by the UE
operating in SIMO mode, as only a single antenna is used and the MIMO cyclic shift
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I nvention. At block 1702 the e-NodeB broadcasts an indication of the cel
specific cyclic shift. In the particular instance of Figure 17 there are

al so user-specific cyclic shifts put into use, and so at block 1704 the

e- NodeB sends to a particular user an indication of its user- specific
cyclic shift in the uplink resource allocation for that particul ar user.
Now (or earlier than either or both of blocksl702 and 1704) the E-Node B
quant i zegdigatoppEe i 10r0807 fibused) dpeiedtodhgmBY O pith itg {1k fegougee Allosafimsi nat i on
of the cely il ' L L.ch inael I nd the
out come. ey BESL QB SIb s pP e MEPRE R0 B Ol YRE

count er cFigakeii2s the MIIMO cfr6lic shli foindZatdrivitathaayd sighatedio théMIME UES wathithdir | S
guanti zed as a nodul o operation on a sumof the cell specific cyclic shift,
t he out cHhecwmresalogaiiang 6rq visd dreoripnitioy, wihthe iy waRning peeart pabeye s ¢

ser - oquShaniepRAERI EHARHPR WRGo0R0 biRio PARREN S e MR heS B ME 81

user equi pnent receil roa I on e cell-

speci f i cshiftipki patehi fdr, the aeet VIS tahsohisgok ThHeOndtwoiklNodyl dedsrhiaso owea
all ocation the indication of _ ) i
particular UE is to change its cyclic shift pattern, and signals it accordingly, so as to ensure

conflicts/interference is avoided in the cell.

[0088] So from each ZC sequence multiple reference signals are derived with a cyclic shift of
the sequence. Multiple UEs in the given cell share the same Zadoff-Chu sequence while
keeping the orthogonality by using a UE specific cyclic shift as detailed above. But due to
different bandwidths of UE UL allocations in neighboring cells as well as due to channel
estimation which requires effectively partial correlation of the sequences, the ideal cross-
correlation properties of ZC sequences are lost, resulting in unacceptable (partial) cross-
correlation properties arising. Randomization by cyclic shift hopping and sequence hopping
addresses this problem in part, as detailed above. However, coordination of the hopping

patterns is seen as a further improvement to the solution detailed above.

[0089] An ideal solution for ZC sequence hopping and coordination would allow for efficient
averaging of reference signal cross-correlation while maintaining low signaling overhead and
a flexible structure. A flexible solution allows for cross-correlation randomization by ZC
sequence hopping as above, but also for sequence coordination and also for combining the
aspects of sequence hopping and coordination. Otherwise the solution would restrict the
possibilities for network planning as well as for advanced receivers mitigating RS cross-

correlations.

[0090] Several options have been previously proposed:
e Sequence coordination. Since the number of available sequences is very limited
with [ resource block (RB) UL allocations, there are not sufficient sequences
available to obtain acceptable partial cross-correlation properties in all scenarios.

Since a large portion of cross-correlation values are unacceptably high for some
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the user-specific cyclic shift, and conputes its cyclic shift just as the
e-NodeB did. At block 1712 the UE sends to the e-NodeB, in the uplink
resource that was allocated to it and which bore the indication of the
user-specific cyclic shift, the reference signal which is cyclically
shifted according to the nodul o operation on the sumof the cell specific
cyclic shift, the outcone of the pSeudo-randon1h%p ing, and the user

speci fic cycl $equenise rirs, Bhaueachers@nparevitk §y¢lisahi éﬁwg ¢ed nPERIOYHE 2es i t

as the denodu L.on refer si_gnal f.or that particular user for that
particul ar up%?%ﬂgﬁgggﬁﬁ%gﬂﬁﬁéﬁaﬁﬁggPFgéated to that user. [0098] Wiile

described isn $aperQURNIneOThNIRBADdd Kequdnke hSppthd SHlRidR esuBRRBeGh ahhe

exenpl ary enbodi nents of this invention to use the above described UE 10
and e- Node B inflepibboebivioasorfior latghdable phprsdefinedise@lcaesindetaaneniis highd t he

t eachi ngs hereinlare n?% %inited to a particular wreless comuni cation

pr ot ocol . [00@5&3?@(Vfﬁ e appreci ated that enbodi nents of this invention
provi de a nmethod, a device, a conputer programtangibly enbodied on a
conput er readabl e nenory and executabl e by a processor, and an integrated
circuit, 00 stowever thise selutiged donag isfficietiyppppert peth trendemuchdion &y spgrence
intra-TT] shiftin to aiore a.second cyclic shif%.hoggiq&tggttern.adapted
for inteP2PPFIE ERYTL FHEOlEHIaT ﬁﬁﬁ%ﬁ“&i hedBUFEL Y POt KR BISEEHRE £ i r st
cyclic siyrddoeReRPiAg sBffok€rudtl PardiotiveiYon SIASRNEECcaRShpiY aRP ko tsBguchee ond
cyclic shift hopping pattern to the CAZAC sequence, and to transmt the
CAZAC seeppetipetiarzcording to a cyclic shift pattern that conbines the first
and the second cyclic hopping patterns. pot 00]In a particul ar enbodi nent,
the first cyclic shift pattern is for CAZAC sequence, is for block |eve
spr eadi ngod20r 11ds BOBE kifak CorSPALATT REqUieRES Roppinl, theSledgth @ BicRGIMMe Abphieg N
CAZAC sequence and bl ock | evel spreading. |n another particular enbodi nent,
t he secopitesly & ¢aiabin the nymbeephRSDlecks wotipe EEqwade thy Bame strgteiek of evel
spreadi ng. for S i\fie. spreadi factor [ i.hation,.of, both
chzac senufed A RRFEDL LB PR SREINGER & o Mot SRR YRRy o
cyclic sedchtsIif ol0meiht hetwak shief theafe-Nade B 15 tigand (6 €eOUH IPaht @rsegudnde
maxi m zed with respect to adjacent shifts. |In another enbodi nent, cyclic
shifts afdpesierasch prssiblas ah@caﬁa& psrdradih. ThespsequsAet IRgsxceMsSEPABAPD 2t he

hift of | id.: [ ith
an adj acEl Gt PRAEIRAC) BRkAREMEE, Sl IR SR L Ep o ™

patterns is quantized according to a reference signal of a mninmm

bandwi dth allocation. | n another enbodi ment the pattern defines x cyclic
shifts alRePd sltriggbedostplk te/srounherseauencs dewshinni MicdeRBUnF APy ind d¥¥r ence
signal | I I : : rf i 0di nd
I L S R (O SRR L

si mul t aneavise debipgpeaidicpiiid gongs faarbebasfgsmbicenherdwopdibyghasecifoatiay di isc

shift hopping, .and the network y.signal to a UE, _by radio.link control
message BP0 BSS %M@(mﬁé%%‘éggﬂm% uigile Hlesﬁ’éa%%g%r:ﬁ@%%ﬁ greraycitec

shi ft hoppi g : i LS5 er
aapect o B RATE F o e b S L e B BT o
enbodi nenptsornBysried! (erp @i 8).e dThenUBar(dsadeoss the vspe cdfalengusipicd dbagddr@uites,
software, |ogi¢c or any conbination thereof For l e, so aspect.s.may be
ol enen ek ey AlRRA90R ander ﬂ%ﬁm?%%gﬁuw%nﬁm ishiftnnwar e
or soft “whi } ocessor or other
ot 1 e R e B R s B o e e o w1 6
various aspects of the invention may be illustrated and descri bed as bl ock
di agrams, flow charts, or using sone other pictorial representation, it is
wel I und®p¥d o_ﬁ’&e ﬂgaﬁhrtg_rférstée BREtIeRce BepEdY {?&_}ﬂfg%réh&ﬁ ?%@ﬁﬂ?aﬁﬁgi“aﬁth

met hods ggs 'aﬁ@,qhﬁk?@ BauiB Yo chiiRt SR %veﬂnea@@)n.@egﬁéd Shié MgiRXaHR! es.
har dwar e, ” software, firmvare, special "purpose circuits or logic, genera

pur pose hes haets.eTlor ficowntartotdresinom Hghencecmdpusi fiog titke wiose sgsemtial sbloeation
conbi nat | on, t.hereof [ 001Q2] Enbodj nent ft ipventions may. b racticed
in vari oB%n%H’g'éﬁéHtl mgy %@ﬂf@%@dﬁat OBia FrSBRsEas Oﬁa%daﬁefof

i nt egrat Gt S,, | : i - X and
T g O A B P U A e
into a sem conductor circuit design ready to be etched and fornmed on a

sem conduct or substrate. 2



[ 00103] Prograns, such as those provided by Synopsys, Inc. of Muntain View,
California and Cadence Design, of San Jose, California automatically route
conductors and | ocate conponents on a sem conductor chip using well

establi shed rules of design as well as libraries of pre-stored design

nodul es. Once the design for a sem conductor circuit has been conpl et ed,

the resultant design, in a standardized electronic format (e.g., Qpus,
GDSI 1, oshanhad. Thdceyondgpartisentainsnseduenesiingdexes fardlg r@mmmg%hocatmgﬁan@wdﬁh

facilit 'Lap” for fabrjcati 00104] Var ifi.cati
ndapt at | atenvaSH bEeshe SBpst EheC T oo PR SR AR R ORI O IR BT B, |
vi ew of feRead PIEORENEnE 8K hh BNOQEB spMaeT: HrBadtaktithe@dl unction with the

acconpanyl ng draw ngs. wever, any and all nodifications of the teachings
of this invention will still fall within the scope of the non-limting

mbodi ment this invention [00105]F . f the f f
Che var [B1S) nbiE ool Hememsos ehene iy plIE Mo of B tefimisdd st R ©
advant aggowhd. B%ﬁliﬁéﬁtﬁ@ée’ﬂ%l@&ﬂ@k&ﬂeh&%@ﬁa h/Be Hod Bt Ar6Sdcadshamehyith he

foregoi ng description should be considered as nerely illustrative of the
princi pl lesited eauhieng$ bindHewerqsl &y yasentbeidsaguencs ioflexeniwithinvbherows and not

inlim tc(’:ic;[nlﬁ%ﬁre;[dt]ggn%?c{efablecéizgiﬁaﬁlé i8 requ%‘éd.A et hod conpri si ng:

oogs] This offers several advantages. While requiring relatively low signalling overhead, it
allows for:

- Both sequence coordination and sequence hopping are possible. In the sequence
coordination, the same index / bandwidth is repeated # times. Sequence
coordination may become an attractive option (e.g. in the case of an advanced e-
Node B receiver) and is likely required for I RB UL allocations due to limited
number of base sequences.

- The scheme is flexible. The sequence hopping pattern can be defined during the

network planning and, if needed, updated during the operation of the network.

[0097] Figure 17 is a process flow diagram according to one non-limiting embodiment of the
invention. At block 1702 the e-NodeB broadcasts an indication of the cell specific cyclic
shift. In the particular instance of Figure 17 there are also user-specific cyclic shifts put into
use, and so at block 1704 the e-NodeB sends to a particular user an indication of its user-
specific cyclic shift in the uplink resource allocation for that particular user. Now (or carlier
than either or both of blocks1702 and 1704) the E-Node B quantizes at block 1706 the
reference signal cyclic shifts as a combination of the cell specific cyclic shift winch was
indicated at block 1702 and the outcome of a pseudo-random hopping as seen at Equation [2]
with the counterclockwise shift for slot 2. In an embodiment the cyclic shift is quantized asa
modulo operation on a sumn of the cell specific cyclic shift, the outcome of the pseudo-random
hopping, and the user specific cyclic shift for which the indication was sent at block 1704.
Now the particular user equipment receives at block 1708 the broadcast indication of the cell-

specific cyclic shift, receives at block 1710 in its uplink resource allocation the indication of
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guantizing a cyclic shift of a reference signal as a conbination of a cel
specific cyclic shift wth an outcone of a pseudo-random hoppi ng; and
broadcasting an indication of the cell specific cyclic shift. 2. The
met hod of claim11, wherein the cyclic shift is quantized using the cel
specific cyclic shift, the out cone of the pseudo-random hoppi ng, and a user
specific cyclic shift. . The nethod of claim?2, further conprising

si gnal i nige aﬁprrsml’éaw@w Sbfﬁ ﬂh@cm@r‘te@ﬁe@cm ghiliyuest ppthe giYqdeBrilinAtRipek
resour Ce1 2I gg s%nds to the - NolagB nfgtt lg:- g{k rggo% d@tﬁa’c %%ﬁ&a@eaﬁk}%ﬁlﬂﬂﬁa m

resource atl1 on conpri ses a’n I on

5. The nﬁir@@ﬂ: @bicetiad of ﬂe u@éf%@blélﬁd chdticashiNoaRe Bfgtn@sigraUNVBRN is y)sdiﬁam;and
where the reference signal conprises a denodul ation reference signal. 6.
The net hehdftest aeoprding 110 &Wd@i?fbﬂqh owamn o1 iy &W%Ofcgbélqea spefiifie CE@mﬁhilf&ébe a
nodul o o rat| 0] | , e
speci fi cgl? %Pthﬁ; | RSF ug c? n? § % &%Elssgtlu g&ﬁa&n ghmé %ﬂh .Thehe-NH&e The

net hod olfec@ﬂves ﬂl’mﬂmgwrl@dcﬁle@ogﬁ?&s RS ek et el Gifioh egFpicAge dignat ﬁirhhz& Ip@ﬁﬂcfllaﬁ 8.
The nethod of claim 1, wherein the cell specific cyclic shift operates to

r andoni zeses frithat paricuias upbinkweseuree thas iialesased toithe U erval s. 9. The net hod
of claim1, wherein the cyclic shift is quantized according to | ength of
the reference signal. 10. The nmethod of claim9, wherein the reference

si gnal igodssewtile @RBESL ! eheCysitéaadfl YTRANLAE, erﬁﬁﬁ@ﬂhﬁﬁﬂﬁﬂ giopt ofi the
cyclic shift according to: cyclic_shift sgnbol (cyclic shift value *

| engt h ofxemmpany smbedineeatsfdiia invengon inmse gicabexadeseriosd iUl 1QandseNpde B2 ween
Z€ero andpr%l SIS AP g’th(é\y &pésce{s\ﬁrgléss%{w&l{s b B ?ea@iqﬁgpﬁerg b a8 ifnited to a

particular wireless communication protocol.

0099] It will be appreciated that embodiments of this invention provide a method, a device, a
computer program tangibly embodied on a computer readable memory and executable by a
processor, and an integrated circuit, to store a first cyclic shift hopping pattern adapted for
intra-TT1 shifting, to store a second cyclic shift hopping pattern adapted for inter-TTI shifting
within a physical resource unit, to apply the first cyclic shift hopping pattern to a CAZAC
sequence and to apply the second cyclic shift hopping pattern to the CAZAC sequence, and to
transmit the CAZAC sequence according to a cyclic shift pattern that combines the first and

the second cyclic hopping patterns.

{00100] In a particular embodiment, the first cyclic shift pattern is for CAZAC
sequence, is for block level spreading for a specific spreading factor, or 1s a combmation of
both CAZAC sequence and block level spreading. In another particular embodiment, the
second cyclic shift pattern is for CAZAC sequence, is for block level spreading for a specific
spreading factor, or is a combination of both CAZAC sequence and block level spreading. In
an embodiment, separation of cyclic shifts for either or both of the first and second patterns is
maximized with respect to adjacent shifts. In another embodiment, cyclic shifis as between
two slots is maximized. In yet another embodiment, the shift of at least one slot is rotated so
as to avoid cross correlation with an adjacent cell. In yet another embodiment, the cyclic

shifts of the patterns is quantized according to a reference signal of a minimum bandwidth
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shift given in reference signal synbols. 11. An apparatus conpri sing:
a processor configured to quantize a cyclic shift of a reference signal as
a conbination of a cell specific cyclic shift with an outcone of
pseudo-random hoppi ng; and a transmtter configured to broadcast an

i ndication of the cell specific cyclic shift. 12. The apparatus of
claim1l, wherein the processor is configured to quantize the cyclic shift

usi ng t hdlocatian. dpevetherenabyndithent sh pattern dedings exihs sbtsypd iyysuisd s2¢taHdom
hoppi ng, _and I j fi icl i G shifi. T | ai
A R Y R e T

of the ugesnBRRCH isGeRYML bhd 8&tidel alldhg@edtl foneratiotage. dhbecad ioprate  14.
The apparatus of claim 13, wherein the uplink resource allocation conprises

an al | ocandisomultaisbes fpping rsttemRAN bage seqwence hoppmg apddongyshe shifioppingl aj m
14, wherein, the apparat.us .co | ses Nqde f - nd
wher o ¢ HOHE B RRBEReY yaan e L e GueP e e PR e e

16. The @RRALRLYSRhcChain doychbgifihBppiRg pt@EERSBE fordtsAUNfrhgutistoriso
quanti ze the cyclic shift by perform ng a nodulo operation on a sumof the
cel | spetiidse end piher espstts fre, detailed ubeye wipkpprticelagPel i ¢ shift and the out cone
of pseudo-random hoppi ng. 17. The apparatus of claim 11, wherein the
pseudo random hopping is cell specific. 18. The apparatus of claim 11,

wherein phgicel | spegdrkld, G¥GlakicusBinbddinretahesbé anplidaride hayidre oshi fts
between transmission tinme intervals. T
special purpose circuits, software, logic or any combination thereof. For example, some
aspects may be implemented in hardware, while other aspects may be implemented in
firmware or software which may be executed by a controller, microprocessor or other
computing device, although the invention is not limited thereto. While various aspects of the
invention may be illustrated and described as block diagrams, flow charts, or using some
other pictorial representation, it is well understood that these blocks, apparatus, systems,
techniques or methods described herein may be implemented in, as non-limiting examples,

hardware, software, firmware, special purpose circuits or logic, general purpose hardware or

controller or other computing devices, or some combination thereof.

[00102] Embodiments of the inventions may be practiced in various components such
as integrated circuit modules. The design of integrated circuits is by and large a highly
automated process. Complex and powerful software tools are available for converting a logic
level design into a semiconductor circuit design ready to be etched and formed on a

semiconductor substrate.

[00103] Programs, such as those provided by Synopsys, Inc. of Mountain View,
California and Cadence Design, of San Jose, California automatically route conductors and
locate components on a semiconductor chip using well established rules of design as well as
Jibraries of pre-stored design modules. Once the design for a semiconductor circuit has been
completed, the resultant design, in a standardized electronic format (e.g., Opus, GDSII, or the

like) may be transmitted to a semiconductor fabrication facility or "fab" for fabrication.
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19. The apparatus of claim1l, wherein the processor is configured to
quanti ze the cyclic shift according to length of the reference signal.

20. The apparatus of claim 19, further conprising a receiver configured to
receive a cyclically shifted reference signal, and wherein the processor is
configured to generate a cyclically shifted reference signal for

denodul ating the received reference signal with cyclic shift according to:
cycl i c_shhio4]_synboVariqusywidificagnstand gddpiasions menbropmerppaient tetheseskiled in

signal)/12; wherein.cyclic.shift value is between zer. n | ev nd

cycl i c_s‘ﬂi‘?f”?lfgwgls 17 1@ Qreoge c%?‘iﬂﬁn@n’ ‘\glﬁ?ri‘ feag’i @ec nﬁl Hgt}oe ‘ggkéﬁ%ee

si gnal Syﬁg&h%nying Hrawifgs. aRORERE UgnP hnd ol MbdikicalihiBr & thet B8&chings of this
appar at us-conhpri ses is enbodi ed as "an integrated circuit. ~22. A conputer
r eadabl einmextomywidndtiddyil mathin he sgoremidic nonstimiting eathodaradueibisantaptign.
processor to performactions directed toward determning a cyclic shift of
a reference signal, the actions conprising: quanti zing a cyclic shift of
a referepgRssi gnal F@sheRmbRIRIMASH RNfeRurd of BlelvasBRGohlIENIG1E binBodifiehts oM t h an
out come of a pseudo-random hoppi ng; and broadcasting an indication of the
cel | spethisingerdipolnay tehised to advamage Wikow treporsspandadaise ef ohpoieytuess. 4% ai m
22, wherei he cyclic shift is antized usin he, cel.l specific.cyclic
shift, t%ﬂo{li‘le E(B' O13% 8‘?5}9’813%%%’6’8- nctﬁ)Bf‘hﬁ?fg pt Wg’fetl%ﬁl(ﬁlsgathvse eor? spedi pﬁ%s cyclic
Shift. icadfingsTdifl EMPHILPEMbSARRR®f MRITF YN, 6h@hd0 iR milalien &kdogns further
conprising signaling an indication of the user specific cyclic shift in an
uplink resource allocation. 25. The conputer readable nenory of claim 24,
wherein the uplink resource allocation conprises an allocation table of an
e- UTRAN system and the reference signal conprises a denodul ati on reference
si gnal .

29



26. The conputer readable nenory of claim23, wherein quantizing the cyclic
shift conprises a nodul o operation on a sumof the cell specific cyclic
shift, the user specific cyclic shift and the outcone of pseudo-random
hoppi ng. 27. The conmputer readable menory of claim 22, wherein the
cyclic shift is quantized according to length of the reference signal and
generates a cyclically shifted reference signal with cyclic shift according
t o: cyclic_shift_synbol = (cyclic_shifClamkue " | ength of the reference
signal)/12; wherein cyclic_shift_value is between zero and el even and
cyclic_shift_synbol is the amount of cyclic shift given in reference signal
synbol s.1. 28.m#&hodppapasio® conpri si ng: processi ng neans for quantizing a
cyckic shift. . s i I iti ifi t Ehi&t

cvel i o e R Bl L e e o B e Tt &t o
means fatth asendionge afie peedidoatndom bbpping angl | specific cyclic shift over a

wreless |ink... 29. Th r . @kR28, wherein the processing

nmeans co igital processofl an the aohnunlcatlon means conprises a
%F\g%aggn%aramdnc[aﬁ)ﬁ o%@%eﬁtspémf?%cfcllh@ . . .

transmtter configured to broadcast the cell specific cyclic shift

W rel essly. 30. A .nethod c I SLNG, b chi el
cyclic shi ftT“Fr'BF'&%Sd roécC e?"\T/"eg \ivﬁ%lgié'a o CP) Sl’?’ﬂgg %L{grmsé%gg????l%;%‘ﬂggéé%fft ;
det er migytigshift, haottoared ot thel pseudbirdnidoot heppiref, @ndmodses ppgrific sliashidmbi nat i on
of the cell specific cyclic shift with an outcone of a pseudo-random
hoppi ng; and B

3. The method of claim 2, further comprising signaling an indication of the user specific

cyclic shift in an uplink resource allocation.

4. The method of claim 3, wherein the uplink resource allocation comprises an allocation
table of an e-UTRAN system.

5. The method of claim 4, executed by a Node B of an e-UTRAN system and where the

reference signal comprises a demodulation reference signal.

6. The method of claim 2, wherein quantizing the cyclic shift comprises @ modulo operation
on a sum of the cell specific cyclic shift, the user specific cyclic shift and the ouicome of

pseudo-random hopping.
7. The method of claim 1, wherein the pseudo random hopping is cell specific.

8. The method of claim 1, wherein the cell specific cyclic shift operates to randomize cyclic

shifts between transmission time intervals.

9. The method of claim 1, wherein the cyclic shift is quantized according to length of the

reference signal.

10. The method of claim 9, wherein the reference signal is used to generate a cyclically
shifted reference signal with cyclic shift according to:
cyclic_shift_symbol= (cyclic_shift_value * length of the reference signal)/12; wherein

cyclic_shift_value is between zero and eleven and cyclic_shift_symbol is the amount of cyclic
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sendi ng reference signal that is cyclically shifted according to the
determ%@ﬂgléﬁ%ﬁ‘tregeéwwqm%sg‘ﬁp?‘? 31. The nmethod of claim 30, wherein

the quantized cyclic shift is determ ned using the cell specific cyclic
shift, the outcone of the pseudo-random hoppi ng, and a user specific cyclic
shift. 11320 2hpRI2lStRBPIENTEl ai m 31, wherein the indication of the cel

speci fi ¢ aq6tds@osirfibuled tb §EBhiILRT OMRE ATt eaERAS ceCli@Ngs a crohﬁmm%h%da

further conprising receiving an |n%at|on of the user qEemflc cyclic
shi ft i 9PIBRSEHE PYRiCsBEouican avrematdl BRcuded g APRINGgatthe user specific

cyclic shigdashiifincohfures ) Medaldheatdiomo or tRHSRERPERIL beincyCl i ©

shift. of claim 32, wherein the uplink Tesource
al I ocation conprises an allocation table of an e- UTRAN system and the

referenc 2?&&?%@;)%%\%5 SiScIHCY |, G drdin gL | ?&és@&cl? c@hﬂ%r&@té Hﬁ rq‘ifeetﬁé"c{?a% |

quanti zed cyc is sent 1n ares urce al 'ocated
r esour cghiibbiog dhd eall. specifigaycliTisbiftptvelnpdcante of the pra8io- r@né@‘ntf@dpmg @nm gger

equi pne in an e- UTRAN system and where the reference signal
conpri S€s Exggﬁ%@“% iatlon reference signal. 35. The nethod of claim 31,
wherein quantizing the cyclic shift conprises a nodul o operation on a.-sum

of the celd tpge 8a¥a‘iu§)§%lﬁﬁn B %ere‘ir{‘ﬂ?gﬁgq%rﬁuﬁéﬂ f#u@h&rygdjﬂgm%@ 5 s:%ﬁi ahhe

out cone of pseu random erein
t he psemld@ati@mdﬁhelmeplpspeglﬂns:yclesl dhifsipei dpliok résourcehalogetidnod of clai m 30,

_ wherein the cell specific cyclic shift operates to random ze 33 cyclic
shifts between transm ssion tinme intervals. 38. The nethod of claim 30,
wher ei n tHe Dy lapparghisf of ckingutht Waedinatheoudiinkg resouraenglidratién tdempriséeraence

si gnal . amx%?|c£¥) %ﬂg@f@:ﬁé E 38, wherein the sent reference signa

that is cyc ted according to the determ ned quantized cyclic
shift has cyclic Shl ft according to: cyclic_shift_synbol =

(cyclic_sh fheupbuliud Sneif 0f Wwhbgid #LeparfusSLARAIs ode B of an e~ UTRAN

system and where the reference signal comprises a demodulation reference signal.

16. The apparatus of claim 12, wherein the processor is configured to gquantize the cyclic
shift by performing a modulo operation on a sum of the cell specific cyclic shift, the user

specific cyclic shift and the outcome of pseudo-random hopping.
17. The apparatus of claim 11, wherein the pseudoc random hopping is cell specific.

18. The apparatus of claim 11, wherein the cell specific cyclic shift operates to randomize

cyclic shifts between transmission time intervals.

19. The apparatus of claim 11, wherein the processor is configured to quantize the cyclic

shift according to length of the reference signal.

20. The apparatus of claim 19, further comprising a receiver configured to receive a
cyclically shifted reference signal, and wherein the processor is configured to generate a
cyclically shifted reference signal for demodulating the received reference signal with cyclic
shift according to:

cyclic_shift_symbol= (cyclic_shift_value * length of the reference signal)/12; wherein

cyclic_shift_value is between zero and eleven and cyclic_shift_symbol is the amount of cyclic
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wher ei PV INTRIENCEH 2! pE BB neen zero and el even and

cyclic_shift_synbol is the anobunt of cyclic shift given in reference signal
synbol s. 40. A conputer r1eadabl_e menory enbodyi ng a program of

i nstruct ?6-%“%%%%?‘3%@0'8% Al pyseein bt apRRTpRISIERTRNaes embodiadast ed t owar d
det er m nengntagewel dieughi ft of a reference signal, the actions conprising:
determning a cell specific cyclic shift froma received indication of the
cell specific cyclic shift; determ ning a quantized cyclic shift of a

[ ef er encea SAURMpuAsr RaBABIEOLrbodylfy & PrborSREG! FEELGYAL bealthii 4N an
and sendi ng e t hat

out cone of a Ipseudo- random hoppi ng; I a reference signal
i s cyclRreEssyr Wnpariosd asdieoy direred Bwane délerminiihe ¢ydgaifi dfetiradgrence sighalf t .
41. Thqhggaﬂmﬁsq,ron{ﬁ@%bl e nmenory of claim40, wherein the quantized cyclic
shift is determned usSing the cell specific cyclic shift, the outcone of

t he pseulBANEHEORTYRIEBhilge! areterancessignalmscd Eoobioyptdn of = belf dpecific4RclicTéas

conput .e"(’“f‘rﬁ"ig@t%'%ﬁirsfBWS&&H-Fa%ldgling‘O%’égg\fgﬁ%ei n the indication of the cell

specific cyclic shift 'Is receive roadcast channel, and where the
i ndi cat i brPagicasting andedicatimrciftthecalysdeciicshclicshifs received in an uplink
resource all ocation. 43. The conputer readable nenory of claim42,
wherein the uplink resource allocation conprises an allocation table of an
e- UTRAN gystlemrompuer madabitenemay of icliral22{ tvaereirs theyaytliccetlit is @hinfit@using

accordi . Lhe i cli hift s sent i.n a resource
al | oc attgg dﬁ@ SF%@I(‘S%{C&?\E}"? ég]gﬁér%% ﬁg@%ﬁsg\ﬁ.go'%a'ﬁf m S AN e rSE SRESEF e

menory @Flic$iditm 41, wherein quantizing the cyclic shift conprises a nodul o
operation on a sumof the cell specific cyclic shift, the user specific
cyclic shift and the outcone of pseudo-random hoppi ng. 45. The conputer
r eadabl e 2frehift goraputel mwiadade manhey of dlatnh @3 stbarciefduemaeosipgaial signating sn

cycl i cahdi i st i 0 | 1Y) tized cyclic shift has
cyclic s&kil?{?ttﬁm a(%cé%?a?ériégté gh@gy(%ggh?ﬁigﬁltu% [:@%%g%ﬁg%? %%/aclf)ﬂc_s hift_value *

| ength of the reference signal)/12; wherein cyclic_shift_value is between

zero and el euen-cadisYiehy it oS YIrRQLi i Sat t of cyclic shift given
in reference si gﬁg{dj Synbo%%lé er? éim' §4, \Nﬁergmoﬁl)@ up(?mk ré’source eah1c;c;e;x1"t|or£|:J
comprises an allocation table of an e-UTRAN system and the reference signal

comprises a demodulation reference signal.

26. The computer readable memory of claim 23, wherein guantizing the cyclic shift
comprises a modulo operation on a sum of the cell specific cyclic shift, the user specific cyclic
shift and the outcome of pseudo-random hopping.

27. The computer readable memory of claim 22, wherein the cyclic shift is quantized
according to length of the reference signal and generates a cyclically shifted reference signal
with cyclic shift according to:

cyclic_shift_symbol= (cyclic_shift_value * length of the reference signal)/12; wherein
cyclic_shift_value is between zero and eleven and cyclic_shift_symbol is the amount of cyclic
shift given in reference signal symbols. _

28. An apparatus comprising:
processing means for quantizing a cyclic shift of a reference signal as a combination of a
cell specific cyclic shift with an outcome of pseudo-random hopping; and

communication means for sending an indication of the cell specific cyclic shift over a
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46. An -Fgggsa,ht&s conprising: a receiver configured to receive an indication
of a ce specific cyclic shift; a processor configured to determne from
the received indication the cell specific cyclic shift, and to determine a_

ti I Wi f. ef.erence. si anal conbi nhatiop . t he cell
dpeci 11 gy it etitie br b2 B ERTE BrUaRndledy STbRR Rl Rl ot
t r ansm ance thec oomimguication onsesdcanpéfear encassitgnatonfipatedi s oipattaalthy cell

shifted ae%ﬁorcdiin%lpffﬁ Iqe sgeterm' ned quanti zed cyclic shift. 47. The
appar at s PN 8 S FE ei n the processor is configured to deternine the

guanti zed cyclic shift using the cell specific cyclic shift, the outcone of

t he pseudar andom hoppi ng, and a user specific cyclic shift. 48. The
appar at ug%o @?tg%’%‘g'gf,’”%‘%rei n the receiver is configured to receive the

i ndi cat i eRtamidifg acellspspeichie HHEkbm & héddveavingicatidy eafeash sphamdeldlict he
receiver _{_urther configured to receive an indication of the user specific
cyclic itit in an uplink resource allocation; and wherein the processor is

confi gur etdrmidled e ghdrizbd &yUREEniANGCA bl dignat it & ohiMAiBR drarsickgd
indication _of the user specific cyclic shift. 49. The apparatus of claim
48, whePREGHIGHEILHIT With PB LuitFoMe @fla BRMdPTANSBPPPRIBG AW al | ocati on tabl e of

an e- UTRAMhawgtemferanék siBBaltthansWyticany sminc@atigtingdo ki 888 hBE qlLsheegnce
signal that is cyclically shifted according to the determ ned quanti zed

cyclic SY¥EMNh a resource that is allocated by the uplink resource
al I ocati on. 50. The apparatus, of claim49, wherein the apparatus
conpri ses user equi pnment operating in an e-UTRAN system and where the

a L ! I 1 ]
r ef er ence®silgRAPeReHPY FliEs 3G M@fﬁ'&dg%ﬂuarﬁwﬁéfcéﬁi@rﬁw i dptermined using the cell
specific cyclic shift, the outcome of the pseudo-random hopping, and a user specific cyclic
shift. |

32. The method of claim 31 , wherein the indication of the cell specific cyclic shift is received
over a broadcast channel, the method further comprising receiving an indication of the user
specific cyclic shift in an uplink resource allocation and determining the user specific cyclic

shift from the received indication of the user specific cyclic shift.
33. The method of claim 32, wherein the uplink resource allocation comprises an allocation

table of an e-UTRAN system, and the reference signal that is cyclically shifted according to

the determined quantized cyclic shift is sent in a resource allocated by the uplink resource
allocation.

34. The method of claim 33, executed by a user equipment operating in an e-UTRAN

system and where the reference signal comprises a demodulation reference signal.

33. The method of claim 31, wherein quantizing the cyclic shift comprises a modulo
operation on a sum of the cell specific cyclic shift, the user specific cyclic shift and the
outcome of pseudo-random hopping.

36. The method of claim 30, wherein the pseudo random hopping is cell specific.

37. The method of claim 30, wherein the cell specific cyclic shift operates to randomize
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51. The apparatus of claim47, wherein the processor is configured to
guant i zeycihshityodtivees hiahsmisgioa temedinteovadper ati on on a sum of the cell
specific cyclic shift, the user specific cyclic shift and the outcone of
pseudo-r andom hoppi ng. 52. The apparatus of claim46, wherein the
pseudo r &8dohe hehpidng cissmc3s, whepshe tfd eyclic shifi3s qUdneizap pacating tolengtiadithd o,
wherei n &he cel.l ﬁpeci fic cyclic shift operates to random ze cyclic shifts
bet ween {7 5HEHTE on tine intervals. 54. The apparatus of claim 46,

wherein the cyclic shift is quantized according to | ength of the reference

si gnal . aratu of claim54, wherein the sent reference_signal
that is cycl %eamiﬂﬁ kel CHIIPRgiNE I h EeTRET SR oA thRldRysiate phifted

shift hascoed t&héﬂefe&m&@aw@hn&d@cuc siﬁ—iﬁ'@lla!;@ iishift sacaRehgtof cyclic shift
value " length of the reference signal) erein cycllc shift value is

bet ween fé(Pg’—éﬂ'ﬁ—%ﬂ”@%‘n(’:ﬂﬁ'&?—é?@l_l’@u%ﬁf%t%?fﬁﬁ%fef?'?“ﬁﬁé‘gﬁﬁﬁ’dﬁi of cyclic

shift gi vgieréin &RAESBMCGaltk J8AetG¥EM Ao andbeledie aBBPECRE Whii0kyRbal i3 the,
wherein the apparatus conprises is enbodied as an integratedcircuit.

57. An a@aa?tazfﬁxcl@&ﬁﬁtrglﬁm@ refasenaeVaIgt| REBPRIST or recei ving receive an
indication of a cell specific cyclic shift; determ ni ng neans for
determ ning fromthe received indication the cell specific cyclic shift,
and for oty RPAPHE Eeagablet mer@ne gebpdyiagiaf prograny of dlsiiustinns eiegHiableaby a

combi nabiRBs&r 16 B@rf&ﬁ'l écti%ﬂ@%rtebt%dG(M\ﬁéﬂdcdéé}hflﬁméf“atéi{c@@sﬁﬁto@QrFEfePénc% signal,

pseudo-random hoppi ng; and sendi ng neans for sending a reference si gna
t hat |S”Iﬂ/%qt‘PB%1F‘|’Wprﬂﬂ9fted according to the determ ned quanti zed cyclic

shift. determining a cell specific cyclic shift from a received indication of the cell specific cyclic
shift; i
determining a quantized cyclic shift of a reference signal as a combination of the cell
specific cyclic shift with an outcome of a pseudo-random hopping; and

sending a reference signal that is cyclically shifted according to the determined quantized
cyclic shift.

41. The computer readable memory of claim 40, wherein the gquantized cyclic shift is
determined using the cell specific cyclic shift, the outcome of the pseudo-random hopping,
and a user specific cyclic shift.

42. The computer readable memory of claim 41, wherein the indication of the cell specific
cyclic shift is received over a broadcast channel, and where the indication of the user specific

cydlic shift is received in an uplink resource allocation.

43. The computer readable memory of claim 42, wherein the, uplink resource allocation
comprises an ailocation table of an e-UTRAN system, and the reference signal that is
cyclically shifted according to the determined gquantized cyclic shift is sent in a resource

allocated by the uplink resource allocation.

44. The computer readable memory of claim 41, wherein quantizing the cyclic shift
comprises a modulo operation on a sum of the cell specific cyclic shift, the user specific cyclic

shift and the outcome of pseudo-random hopping.
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58. The apparatus of claim56, wherein: the receiving neans conprises a
receiver; the determ ning neans conprises at |east one digital processor;
and t he genthagompates reagpld sesogy bf @nsmi0teherein the sent reference signal that is

cyclically shifted according to the determined quantized cyclic shift has cyclic shift

according to:

cyclic_shift_symbol= (cyclic_shift_value * length of the reference signal}/12; wherein
cyclic_shift_value is between zero and eleven and cyclic_shift_symboi is the amount of cyclic

shift given in reference signal symbols.

46. An apparatus comprising:

a receiver configured to receive an indication of a cell specific cyclic shift;

a processor configured to determine from the received indication the cell specific cyclic shift,
and to determine a quantized cyclic shift of a reference signal as a combination of the cell
specific cyclic shift with an cutcome of a pseudo-random hopping; and

a transmitter configured to send a reference signal that is cyclically shifted according to the
determined quantized cyclic shift.

47. The apparatus of claim 46, wherein the processor is configured to determine the
quantized cyclic shift using the cell specific cyclic shift, the outcome of the pseudorandom
hopping, and a user specific cyclic shift.

48. The apparatus of claim 47, wherein the receiver is configured to receive the indication of
the cell specific cyclic shift over a broadcast channel, the receiver further configured to
receive an indication of the user specific cyclic shift in an uplink resource allocation;

and wherein the processor is configured to determine the user specific cyclic shift from the
received indication of the user specific cyclic shift.

49. The apparatus of claim 48, wherein the uplink resource allocation comprises an
allocation table of an e-UTRAN system, and the transmitier is configured to send the

reference signal that is cyclically shifted according to the determined quantized cyclic shift ina
resource that is aliocated by the uplink resource allocation.

50. The apparatus, of claim 48, wherein the apparatus comprises a user equipment

operating in an e-UTRAN system and where the reference signal comprises a demodulation
reference signai.

51. The apparatus of claim 47, wherein the processor is configured to quantize the cyclic
shift by a modulo operation on a sum of the cell specific cyclic shift, the user specific cyclic
shift and the ocutcome of pseudo-random hopping.
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52. The apparatus of claim 46, wherein the pseudo random hopping is cell specific.

53. The apparatus of claim 46, wherein the cell specific cyclic shift operates to randomize

cyclic shifts between transmission time intervals.

>4. The apparatus of claim 46, wherein the cyclic shift is quantized according to length of
the reference signal.

55. The apparatus of claim 54, wherein the sent reference signal that is cyclically shifted
according to the determined quantized cyclic shift has cyclic shift according to:

cyclic_shift_symbol= (cyclic shift value * length of the reference signal)/12; wherein cyclic
shift value is between zero and eleven and cyclic_shift_symbol is the amount of cyclic shift

given in reference signal symbols.

56. The apparatus of claim 46, wherein the apparatus comprises is embodied as
an integrated circuit.

57. An apparatus comprising:

receiving means for receiving receive an indication of a cell specific cyclic shift;

determining means for determining from the received indication the cell specific cyclic shift,
and for determining a quantized cyclic shift of a reference signal as a combination of the cell
specific cyclic shift with an outcome of a pseudo-random hopping; and

sending means for sending a reference signal that is cyclically shifted according to the
determined quantized cyclic shift.

58. The apparatus of claim 56, wherein:
the receiving means comprises a receiver,

the determining means comprises at least one digital processor; and

the sending means comprises a transmitter.
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