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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

CQlI 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



NACK negative ACK Node B base station or BS (including
e- Node B) OFDM ort hogonal frequency division nmutiplex
WEOSHBOMY/Ssi cal uplink control channel RAN r adPOI/ERE654733
network RLC radio link control RS reference signal RU
resource unit SIMO single input nultiple output TTI
transnission time interval UE user equi pnent UL uplink
E;Jnlversal nnblﬂe tgleconnunlcatlons syst em UTRAN
g errestri %ﬂ‘ég access network V-M MO vi rtual
Ie i nput'P t|pIe output ZC Zadof f- Chu [ 0004]
Ref MiZe canUp¥ciradaobil SigppmrRnisgligssystgm o, o
2006 RB): TECHIT SrarresPREAIGATRONCGRIKP RADI O ACCESS
NETWM(PFNSWEAEI AR RSPECTBpRORItEVOLVED UNI VERSAL
TERRESTRI AL REBH&I-AGCESS (UTRA) (Rel ease 7), such as
generally in section 9.1 for a description of the
SC-FDVA UL of e-UTRA. Referrin to Fi gqu
CopepROTUES g amade (@ IO e R, 87 601 400606 TrcmiicaL

I f
T o P
UNTOIRERIL TfERMRfACURT/BiIO A@fies (ETRAD (RcHbTY,tsubh @g:g@eﬁﬁhz in section
and SB2. That format has been recently changed, and

9. 1Ffog @ desetipticiontsths SbeRPMA Wlo ot UER Aor RefisneotockigrientA, which

tyak 4
B At 1 SRR e QU (ol AR e o
bldchﬁtes@@édbfdﬂ ithegpito® sﬁghﬁ i tHer 3P £'OF Mt forﬁtbteﬁzﬁnﬁfcﬁ‘mﬁt) referred to as
onger SBs but rather the structure is one subf

Sh%hlgpls% $bang SBho Thatdegnat barbeeareqeaty changed %i&gurtﬁg shows a
gern%gt\u}e fgﬁ?&g[&g%o?hﬂg to LT IR GLAGSfon” BREARSH ¥idiBP 11 Bighfd® of 3GPP TS

36.211(V1.0.0) (2007-03). Itis 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 (¢.g., for transmitting out-band or out-time

RSs), which may or may not be periodic.

[0005] 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, e.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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Regardl ess of the particular format though (Figures
IA |Bor otherwise), in each subfrane there will be

WO M988d00i s (2 pilot LBs in the |atest fornat PCT/EP2088/054733
generically two pilot RSs). Additional LBs may al so be
used for this purpose (e.g., for transmtting out-band
or out-time RSs), which may or may not be peri odic.
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illustrated in Figure 1C, which reproduces Figure

andythe same selp-iameptrERups's gsakfor pidoehpedanddisribaiad trsmigsion.
relatively high degree of commonality with the
downl i nk OFDM schene and t he sane paraneters, e.g.,

[0064] 0Tkic a&sfOONa YA RO sfifich&Use Ocer 430840 Jupdigs thepild sequence for the
sub-frame structure fornerly approved for the UL

LT Bhsni ssion is shown herein in Figure IA; two short
bl ocks (SB) and six |l ong bl ocks (LB) are defined
persub-frame, and two subframes span one TTI. Short

[00tH] 02K s@fuendis ehdf teirr @bgified oersogndles frcadh@idésit extended ZC
denodul ati on and/ or control/data transni ssi on

SRR EA] ff@r%fgﬁedl%as 1ebrence siganla iihe ddEanlink ﬁ%%ﬁrgsqngﬁvﬂl also be
|
uségizo S[ﬁ?ﬁlfeﬁ caE S KT 8!1%% E\ﬁ{e? }gjzggﬁ g@ﬁgﬁéﬁadegfdéﬁ ir{ﬁpfofﬂat data-

noeasdociatdlveatrolGighafisuch assROKENAEK ahlde Qllat/dl teatinsimitted on PUCCH
i nclude either or both of schedul ed data transni ssi on
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e e S AT DR

Someguditade, Jamsary €819 82006 &gt Nopd) daqunidneR pi0708 94 epue fecence for those

for the LTE UL.. [0008] ZC sequences_and their nodifie .
methads dhdtiple U, m{ar&%‘@aqe dhaikdy Wﬂé&a@ﬁgfe‘a frgequence Whiftkecping

OSEEERR) P DSRS0 AR oo
thepb¥siioad celp hlalykrnumtdxoiheﬁﬂéh nednsinBsIGak) ¢.gl, tnohakmtdesnciated UL

deci ded_in ﬁGPP t hat datangn- associated contro
tragirgissiPs) Ol the SEMAERANACK 24 dinesyesirs (Meysicplatesonres Blpek/unit or

S
PR@KAPJW&YIKG %:'Rﬁﬁg {é@) &8 @H@%E?%Z@Qéd&h@ég 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 in 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
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BETWEEN UES | N THE ABSENCE OF UL DATA" (3GPP TSG RAN
WE Meeting #47bis, Sorrento, Italy; January 15-19,
WQO®3/18p7Noki a, docunment R | -070394) is a refRCEREM08/054733
for those nethods. Multiple UEs in a given cell share
t he same Zadoff-Chu sequence whil e keeping the
orthogonality by using a cyclic shift specific to each
te UEdﬂ{q?this manner different ones of the UEs in a cel
rﬁ%y ﬁhf??6¥%& teir UL transnissions (e.g., non-data
associ ated UL transm ssions) on the sanme frequency and
time resource (physical resource bl ock/unit or
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sarh@l@%%ﬁuenb&\/OTHé RSB wath itISi6 a 151@@@19115 it figed squ@lces are not perfectly
sequences of d| er ent Iengt s may occasionally have

orthegayal agaysscach K¥ fation properties. This causes an
f b f
S gnat S gt 6518%@8% SREY AR PR oH5E S6sfRfiRe performed in

col lisid ifferent cells/sectors should
utilize dlfferent ZC not her sequences. This is a
pr obl em Owheposality as dbrsepyeahcesitedeben wsiRUGCHC ishifts 9 ZC or
t her e ar@ABAC @deughthjpradpl®r not her sequences for
sufficient random zation, so in sone instances
adj acent cells operate mnth t he sane. ZC not her
005 g lfeiscdlsq S8t tha ertbegemalitynroblests wHbinsheasy Wheposepe practical

lmfﬁﬁ&l&esruc §LS°‘ (?wéreéoﬁ{rgper%o% %ﬁ’%@ln C}ﬁcon?é oql fferent UEs

ansn1t dat a- non-asso signals in
the sane ceII are separated only by nmeans of different
cyclic shifts of the sane ZC sequence. The prabl em

[00 Wl t Kiguss 31sapehesmatis diagram showing thesyadhleeychie shifffor a ZC sequence

of %ﬁ%{l 318234 b?)t[s; hf)%q‘%géd tﬁ&%ﬁl}]ﬁ%‘? %hbé%%vﬁ%?lffef(ent code channels varies

widqdy; &Bﬂbﬂgo@l@dg‘oﬁﬁlﬁf@ds adhldvhé bétween dramadmchaaﬁels Wthh have the largest
Orthogonality is delay-spread -limted when us

diffgpence dn emhﬁts ftgomagn (5r2. cxoashifh i@ gn%xchp phiff #éBf F{g@m@]whereas
the! \Izoﬂstsorﬁ{o§ §7 8F Rt t%%ﬁﬁ?@rﬁ ?#ﬁcyshmso(gl Egﬁl‘m .Jhllft #3 and cyclic

i'Nerease “when some practi ca tati

shifto P ol #éof BigareaZ)e t aken into account. [001 3] Flgure
2 is a schematic diagram showi ng the available cyclic
shifts for a ZC sequence

[0014] The same issue is related also to the cyclic shifts of block-level spreading codes (see
the above-referenced document R1-070394 for further details). Considering an extreme case
where the Doppler spread is very high (i.e., due to the UE movement). It is noted that block
level codes with adjacent cyclic shifts have the worst cross-correlation properties, and are
therefore most difficult to distinguish from one another at the receiver after being
multiplexed. Further detail as to addressing such Doppler shifts can be seen at U.S.
Provisional Patent Application NO. 60/899,861, filed on February 5, 2007; and now
PCT/IB2007/004134, filed on December 28, 2007.

[0015] Pseudo-random cyclic shift hopping is known in the art, as can be seen at a paper

entitled: “CyCLIC SHIFT HOPPING FOR UPLINK SOUNDING REFERENCE SIGNAL” (3GPP TSG



of length 12 synbols. It is noted that orthogonality

bet ween different code channels varies w dely; the
whe@s/1grorhogonal ity is achi eved bet ween t he cOREI/EP2008/054733

channel s which have the largest difference in cyclic

shift domain (e.g., cyclic shift #0 and cyclic shift

#6 of Figure 2) mhereas t he wor st orthogonality IS
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TSG RAN WG Meeting #47bis, Sorrento, Italy, January
15-19, 2007 by ETRI docunent R I -070078). This paper
0o} oE@kSe@ SF%P (5% ey e 1BYenioin ey fiei Mgy Advantage of cyclic

R e T
motles 74l seqeanet isaissdi Wheﬁﬂh@%&ﬂﬂsmﬁdeglemwﬁﬁeAn?th(NtA(EIamessage the
ACK and anot her, cyclic [ esponds to. a NACK
UF seskulorseue the otneQreHy Of‘ﬂte Z%M{wsa%g%wmziﬂ ool be seen
ot TR RIS ARG S TSN i B g fto o 2
mathdr ecodastaveitatdath dritegbnairs all &0 gaquenceb ircusshyfths vanous REEs.
second bl ock is reversed agai nst the mapping in the

first long block LB, and the ACK/ NACK information is
SUﬁﬁﬂnged in the anmount of the cyclic shift.

[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.

[0019] 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.



[0017] This is seen to forego what the inventors see
as the primary advantage of cyclic shifting:
WO 2004082023 ng i nterference between different cOREI/EP2008/054733
channel s when the same underlying nother ZC sequence
Is used. Were the cyclic shift is given by the
ACK/ NACK nessage the UE seeks to send, the
orthogonality of the ZC codes cannot be nmaxim zed. As
will be seen below, the inventors have devised a
oogh f fieiRBEdanRPWAREKOThE cRBEPRESashB@ oPFHREBAEMIEH ista@dnfp@Ver readable
ZC not her codes avail able to orthogonalize all ZC
reaé@‘dg avEwsy Prbedangdy progeany af m&tﬂ@tlgs&,tha&yw/wtablm@gmcessor to
perf% en?t? n‘g %f?regtgwrtré\{v%r% O(%{[%ﬂ]?lﬁﬁ%?{%{&@é Blgl(lﬁtf’;lon 14 IS refer%nce signal. In this

embydinicat 3 fabtids Rchet efiRAtLng| agrcﬂ&hoasmﬂ 60 ﬁbtelfélbﬂl&nmgﬁal as a
a cell 2e0|f|c cycllc shift with an outcone of a

corgBimaHen ¢ Yegfc shifiav g Geritensns ofg napudon@néem hepping, and
’ [ 019] In
b“%c%gpg%%gghhéyﬁﬁgﬁg%ﬁ%¥%é§%%%F(ﬁksg%pect of the
invention is an apparatus that includes a processor
and a transmtter. The processor is configured to
[00g{lia it pecerdengs pithcngic eXQRDlaryraspeqt @ e wIvVeEaN ia&n gpparatus that

1nc%9{é)9 R)%&sﬁ{ép éan ﬁ?g%sdﬁpg)ﬁdnfﬂ%lg a(d‘?éﬁ%.hﬁ ?&kcfrsarrﬁ%.fl% Q?’PGA or the

hké)(}mﬂlclﬂ]hﬁﬂhldaﬁobﬂﬁ atko@sdh a3 or d?cdtn@&la temsoittdr bEtrﬁtﬁdcblver configured
speci f &%C|IC shift. QOOZO In accordance with
to ‘%fﬁé‘ﬂ%étrt eshipreifiy cudsebift wHClerdY)i hbeAtocewingamegns is for quantizing

a cg?l'?(?n firofrae[%fde?&lcg sgﬁ%ﬁﬁésbi Eorllbi 'ﬁ?ﬁ%n[ 1”%88}’ i BIRE'S @g@ with an

ructions th are execu y processor
oufeeint of p3cadd-rardsmdiopeige T'hé ovvamdnideti@r medns ﬁlsgfoﬁsdhylﬁiglaﬁ indication
shift of .a reference S|gnal I.n this enbodi nent the

of thetorld iRcaifi ex5ie Shifiter 2 atsloss bpkl i ¢ shift of a

reference signal as a conmbination of a cell specific
cyclic shift wwth an outconme of a pseudo-random
(oot pibh Agcorddnde bridadaathtn argnaptary ndpeatdfahe afivenbien dellmethod that

Bl o 5 SR TR v
e A 8 B S

cell |sji®)ﬁ<an¢clmoxtnﬂ nvitlatin @utcvesnst éqxseltdoa&ntﬂmm heypamyg| endsending a
transn1tter Qor tr.anscejver co ured to hroadcast the

refgrenee gl it & Céfﬁ[i?%”é’ sgﬁrthacwr mgde dqdetermipedugpidacd;cyglic shift
means is for quantizing a cyclic shift of a reference
signal as a conbination of a cell specific cyclic

[oosdni i assbtdananwith another exemplary aspect of the invention is a computer readable

memory embodying a program of instructions that is executable by a processor to perform
actions directed toward determining a cyclic shift of a reference signal. In this embodiment
the actions include determining a cell specific cyclic shift from a received indication of the
cell specific cyclic shift, 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.

[0024] In accordance with another exemplary aspect of the invention is an apparatus that
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out cone of pseudo-random hoppi ng. The conmuni cati on
means is for sending an indication of the cel

WG p@siisaoes cyclic shift over a wireless |ink [ OBQREP1008/054733
accordance wi th anot her exenplary aspect of the
invention is a nmethod that includes determ ning a cel
specific cyclic shift froma received indication of

inc&%%ﬁg%écleaveg; Cﬁ)rfoléecsg?(; aftcllldl Ct%rasnghﬁtgéfr e&gﬁ Eecelsvler ﬁq:'longgurgd to receive an
inde&tiBh BAL icoIn sgcifidg cliekhifts PReipkd@s oy & d&ﬁgﬁlﬂeﬁtto wétbinial from the
out cone of a pseudo-random ho and sending a

In
receptd inshicasion thyreall sperafic gyslie §1@ftlo fgﬂl a%Sp te Hetprnade mwﬂaé;d@chc shift
of 5 Qeflé cedse ét?aln% %gmg% af 8 &€ ﬁ’le s 601 h' f ﬁ.lc [SE ilth an outcome of a

accor anc anot ner exenp

psdudy & aitdod hospife.C THP urtaﬁgmmeacbactﬂnﬁgﬁﬁa% YedTh @@Meme gignal that is
ram of instructions that is executable by a

cycdwey&)é slyfed peropding by the deterrainsd gnansized ayaliswait
determining a cyclic shift of a reference signal. In
this enbodi nent the actions include determ ning a cel
[oosgpe t fidcorduyied with shothtr dxicaiplaty agrel ofatle Invdhiiat is @R apparatus that
the cell specific cyclic shift, determning a
inchigieh roceBingeansdsushias forgxampiced EERINBIOTS) EARFCI¥Y), glotermining

me%ﬁ{'@h&?&s‘ t?)P egafmsélg g 8?0%'6&58? %ﬁg AS'I@ o‘f ,¥79bAC or @ﬁ&?‘ﬁg a‘gH s@tﬂimg

meafd Guenaefos b@’mﬁ;ﬂe b h@hsmistecycd tr@rﬁ;bélyetﬁ) hirhé fﬂdelaﬁigcrhéﬁnl @ for
to.the determ ned quantized cyclic shift. [0024] In
recapénr warte aindiraiap Ph Felbxsry Cawyhc‘a@lh&ctT gflcteraining means is for
deﬂeﬂﬂ%ﬂ{ &n'tl‘?‘ d%@m%’cf’f%ﬁ%ﬁ?n {hla%%_!n Ql%c%cecsyc"ﬁc S LchFfs aldd for
processor and a tran er. e recei’ver i's

detﬁﬁmﬁll@.ﬂ Qohntiged gelt vigftat airefdraat sighalak aaoadlidatispe€ theicell
cyclic shift. The processor is configured to determ ne
SPqCFfEﬁﬁYtCH@ shiowsithy ayoyteeme af # Bwufiﬁéartd@m hogppang. fThe sgpding gcans is

O L e
quapeed tydicoitt.i ¢ shlft MAth an outcone of a
pseudo-random hoppi ng. The transmitter is configured

to send a reference signal that is cyclically shifted

i ReWwi@ed quantized cyclic shift.
B%@E%lﬁgﬂggc%ﬁggg@e W t(ﬁ%eanot her exenpl ary aspect of
[0o2dne Enbodimhénonof theanvapioaradad detaildtabelowokitid esrticelaerafemegee to the
a (such. as for exanple a receiver or a
a“%&%ﬁ§€@W9%F¥Wﬁﬁetern1n|ng neans (such as for exanple a
processor, and ASIC or FPGA, or the like), and sendi ng
nmeans (such as for exanple a transmitter or a
[00127r] afigges V& rgproditves Figeri V. g of 8GIRE TIRS2F. 84 (VEdk0)yshogving an earlier

ceive an._in [on of a cell specific cyclic shift.
subr g derapihfo tﬁ@gﬁégkﬁ YLt or

[0028] 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

7



determining fromthe received indication the cel

specific cyclic shift, and is also for determning a
w@oomatszesl cyclic shift of a reference signal BGI/EP2008/054733

conbi nation of the cell specific cyclic shift with an

out conme of a pseudo-random hoppi ng. The sendi ng neans

is for sending a reference signal that is cyclically

P AT e 2B FE BN BN P L it poor

ortEbRRdli RN DpPHscti RBifls WigNEddarbriboBorei dym | ed below with
particular reference to the attached draw ng Fi gures.

[0027] Figure | Areproduces Figure 9.1.1- 4 of 3GPP

R25. 814 0 arli-e t
[OO%&W % %He % é\ééwg.fl nmzlsp ?%@gﬁg %ll_agg Jrrl eof |V§“r1ésp?18° ﬁogg% dgwgas that are
suibdb@oe ude @tprseingaid eden®l HFRIbbRindéhitLdf this(iMrenti@n0) ,

showi ng a recently-adopted sub-frane format (generic)

for the 3GPP LTE UL. [0029] Figure 1C reproduces
3 P TR o
[00?6 9 %1%%? Ry aag’rI %lf;l]ch %lﬁr to ng nrg% athfi%gg"vﬁ% er{aﬁte@gzgﬁysequence
cyﬁf&%%ﬂt]i&p;ﬁfo:g pEhdnd Sor sO OB Qiffdréry Wiots ithth @hys@ih@mhnsenission time
_diagramillustrating all available cyclic shifts of
Hﬁ@ﬂ@ACSequence over a single resource unit, arranged as
a clock to show adjacent shift with poor orthogonality
and opposed shifts with good orthogonality. [0031]
(0083 gHigiIrad5 $0blcshs il tht icetibink® dktadif ®Qruaes 45 -Briarthiauls format as
el ectronic devices that are suitable for use in
maybgstqred g REwoRs@AIIably varbedideEses of this
i nvention. [0032] Figures 4A-B are each simlar to
Figure 2 and showi ng di fferent CAZAC sequence cyclic
[00$4I]1| lFigulﬂ@@ml sivgilgrad Fyurs 4AcB shiewinignfod difffeesnesiresdigg factors, different
glven transm ssion tine interval. [0033]
blOFké?}’rebCY&Phl% igt hoppIng ¥HsWsng t he conbi ned data of
Figures 4A-B in tabular format as nmay be stored in a
network or portable wreless device. [0034] Figure 6
00853 Figurd Afs attablEslguvies thtAaBd SHwra@in thiowlardtbfrh@aentay be stored in a
spreading_ factors, different block |level cyclic shift
netl‘?’ Ph@OfgaﬂwFﬁlgss e(YEY’SS] Figure 7 is a table show ng
the data of Figure 6 in tabular format as may be
stored in a
[0036] 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 8.

[0038] Figure 10 is a tabular format of an inter-TTI 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.



network or portable wreless device. [0036] Figure 8

is a prior art diagramof a transm ssion format for
WOSKBNBWKS si gnal i ng in UTRAN-LTE. [0037] Fi gurBCOEPZ0$054733

tabul ar format of conbi ned CAZAC sequence cyclic shift

hoppi ng and bl ock- w se spreadi ng sequence cyclic

shift hopping for the ACKs/ NACKs sent according to

gure 8.,[.003 igure 10.is. a.tabul.ar, fornat of an
oofth it e e AR R PR SpiP bR lr &b of three
diffeeéR ISeMOY VEMID ahrdniddintst epeat s over one radio frane
(ten transmssion tinme intervals). [0039] Figure 11 is
simlar to Figure 4A but showi ng the conbined cyclic
hi tit,ern f ined intra-TTl .and inter-TTl
oofy Fleg8 ot g, BhuBy BB ot Bl obBhEeral i, cpmponent
raridohiitsihig br iMEa QYL linterfolhéd fRahvkRens cli@khi@a ol AZAOrRguence that
different SIMJY M MO environnents. [0041] Figure 13 is
repgats LT ape fashioriamssslet @oyapolongibieckbopypethd? fdis eermultiplexed by
r 1.zlng for intra-cell interference for
cm@%g?g§ﬁ§§% %@HQE#§§S of CAZAC sequence that repeats
over one radio frane slot (seven |ong bl ocks) when 12
UEs are mul ti pl exed by CAZAC sequence cyclic shifts.
[0042) 0 F urril f shew MmapRBresbarapsi i I&%ﬂ\ﬂé@ﬁr tthe sl and rihe columns of
I RT- N col umms of synbol -w se hoppi ng
Sy%é&$%§%38$@@§§% E?gure 15 is a tabular format of a
synbol -w se hoppi ng pattern conponent random zing for

intra-cell interference for twelve cyclic shifts of
ogshz Kuse ofetice tehuler (fapeait of gyvambahavipe dopring apattes) gpmponent

I r L.t -l

o AEER KRS ARG, R BB MRS RY ssavnce
repicatd ol @tont eadimfiraraé slat (Seueh tdngvil soks volpgai NGE pat briltiplexed by CAZAC

conponent random zing for inter-cell interference for
sequgataycly eifts: shifts of CAZAC sequence that repeats

over one radio frame slot (seven |long blocks). [0045]

Figure 17 is a process flow diagramaccording to an
[ooex e fpduas Yl 6amd antabulat ifoirhdtngf enenbaievite dlopping pattern component
ranldgxgzrhtlglg %onr' inter-cell interference for twelve cyclic shifts of CAZAC sequence that

repeats over one radio frame slot (seven long blocks).

[0045] Figure 17 is a process flow diagram according to an exemplary and non-limiting

embodiment of the invention.

DETAILED DESCRIPTION:

[0o46] Embodiments of this invention concern ZC cyclic shift hopping. The goal of the shift
hopping in certain embodiments is to provide improved cross-correlation and interference
averaging properties between the ZC sequences transmitted by multiple UEs. Embodiments
of this invention present a coordinated cyclic shift hopping scheme that is applicable for both
demodulation RS and PUCCH. In broad terms, an exemplary code hopping scheme presented
herein can be divided into two distinct aspects: randomization inside a TTI and randomization

outside the TTI. A particularly advantageous environment for this invention is the UL in a

9



DETAI LED DESCRI PTI ON: [ 0046] Enbodi nents of this
i nvention concern ZC cyclic shift hopping. The goal of

w0 b@sabaofs hopping in certain enbodi nents i s tRCPEPR00$I€54733
i mproved cross-correlation and interference averagi ng
properties between the ZC sequences transmtted by
nultiple UEs . Enbodi nents of this invention present a

U%% sgs ?rg P % %h gla%ﬁta%}? é{) nntga 1§a|;]18n E%Eﬁ 1nY?%1t10n since the

sequicR&ThdpPirBtectadiqes IRl )hefeﬁdﬁ’la? QR RIsEWinS cless system such as
GEgéesented herein can be divided into two di sti nct

@@baé sy stean 0o mopde p@nmnﬁ@at@@l)diﬁﬁPAémhﬁm@mapaﬁke@ fccess), or
any H{h%r estetn!l1 ‘?ha; g{lth Ie&%‘i ' é:hu{t&{ b)& (ﬁ/% cee%)fléfeﬁﬁﬁﬂgmlé from a

envir rrent ventron I s

linfi¢d hefber dfiRstBE/Bab@todet SBhrther &h@ﬁl&zeﬁldd ifhétairhiedd th@nly ZC codes
this invention since the sequence hopping techniques

buier 4y €AZAr sravenesy e thed redeardptaned dicesis ingudeempdified (c.g.,
téé%g ??ruﬁ? %(&%Cotp 6(‘1' S ?syx%l %J Vil ]:{EDSQéIl ?o&%ﬁ‘s‘rﬂ s&%% R@Peceptlon of
R hlg - iy or any o fer

et access

sudyBC eequichéds ard @mllearrpl oy shifted CAZAC
sequences/reference signals froma limted nunber of
not her / base codes. Further, the invention is not
[0047] iRicéadentcg 1pmagde ZTstctodagutsut fqrdllamati@@z,e@nsbﬁ@;éhb@k diagram of

and t he ZC codes.deta i ncl.ude ,nodi
Var(‘%usgeﬁ“%@&‘tcéﬁﬁi&l&as Bptary E}Hgg ge 8) “SE(‘P B@&lé%m%Ehev%FlFlpE‘%embOdlmems
of Whfid ihvdiof SR FigROB B whifcRRS R3S SHONis aldhtd LRGN Bdtiontieith a UE 10
ZC sequences are detailed. [0047] Reference is nade

Vlafa Netle Bdbﬁegmt@nfs 120Fhd ndtwetk hnangneludd arpdrivinigegttayiayckW 14, or

ou PG B, “HRERE D ot B iR ©P) 10, @ memory
(MENPP dOBBRALSstSes tahprfé)gfdﬂi/ €PROGY)- 101) anid G K @itadl A rablid @egﬁ@ncy (RF)
network 1 is adapted for comunication with a UE 1

travscalvar heJadobidlisedionsk wireless) communipasionspylsralink Ayia one or more

antgon ; gﬁlwnhs t Qilg(?ﬁ]fg éﬁj@%{[]&clu&g? u@lfhl%r 8?\?@9[ 12B that stores a

PROV®QEES Bifid é@Efi)tabl@RF ganies®ey 1 1IVEM ahfBnd NAE. SEHRINESIAB 12 may
progran1(PROG) 1CC, and a suitable radio frequencg
compmpicaicayis dedafe pathrs foog. bibdite dbe poHRE ot qtbirdg® 12, which itself

i T RGBT APt PGP 0SBy e

co@nmviMafbABa bhdtherSddd BferdacBRO® cb2Cact@abtk @ob sidwallag Wl as to other
transcei ver 12D and antenna 12E. The Node B 12 may

GWomtinicastancvafathg FdREs JAEh 126 qnd. HIC iy aypmeg tpraclude program
. r .

G 0y U SR S P g B o
in 4dderiance 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

10



conmuni cate via another data interface to a core

network (not shown) as well as to other GM. At | east
Wo@r®sns20the PROGs 10C, 12C and 14C i s assuned POI/EP2008/054733

i nclude programinstructions that, when executed by

t he associated DP, enable the el ectronic device to

operate in accordance with the exenplary enbodi nent s

of this inventi usse
hofihg itsfes b R sorE bl iy SRR P halapes havine
wiRfest BbrBmuéeidn @Ealﬂﬁﬁesb Entérpd a@?ﬁéﬁo@@ip@’m&ﬂﬁ #c@dss Internet access

sof tware executable by the DP t he 10 and the
angbreaysitpes weH apporiallewaiteor grmingls dhat dmgarpripicsembinations of such
ﬁnwgoﬁmare and/or firmvare and hardware. [0048] In

general t he various enbodi nents of the UE 10 can

i nclude, but are not limted to, cellular telephones

personal digital assistants gPDAs) having wir el

[0%% nmitiaiNEMs o Be déﬁmmdu IiBemay e rof 4By dyrsovhpiablerts th%dncmgtechmcal
env on%lle%’?gncf“ YD e 1 Efeq%ﬂ eﬁaﬁgngl N & | 165‘5616 'dm%‘?or %We&{n%logy, such as
evi ces suc aV|n W T el€ss
sergieoRdUttdtaban nmm)ajaldetzicbg Smag@Rtit ﬁ@erﬂ@r\yl @fﬂﬁd%@Vdnﬂgsystems optical
wi rel ess commruni cation capabilities, nusic stora
meH0dYy BRI RS AP PYShRe S X phirmgrind aprae wibkgremey e g RS 10A 12A and
14{5@{@;)% e%f{ahg @é)se Ssﬂg%{ trtg\%g&ln t%&ﬁﬁcsal Bﬁlfgntn{énp %PMVH gln?ciﬁde one or
mod ot gelwraltlﬁfrmgéaioﬁlﬁlfbﬁlﬁ B@@lrmp@ﬁeecmﬁbdrmahicm’lﬁo@@sors digital
such functions. [0049] The MEME 10B, 12B and 14B may
sigpal RIPCOEPRFS t(9§gs)sa(ﬁdﬂggq:e§sqré based Qo g}ul‘ql -ERISHreggssor architecture, as
| nd may be inplenented using any suitable
n0§2¥gﬁ@$%§%{e&&echnolOgy, such as seni conduct or - based
menory devi ces, magnetic nenory devices and systens,
optical nenory .devices and systens, fixed nenory and

[00?% méV A9ted abeBril/is cppeeniyng farcials descainsian ta RSl iBengen into two
coﬁﬁ%ne‘ilysplecma&ﬂzgg&ﬁnglge 5 IT“?I 5 d&ﬁgg{gn%ﬁtsuferhvfﬁo rﬁ@ﬂ&s 4-9 detail

e one or re of general purpos
randonmahen Snsié&pecli dl fop lcl[fl&ﬁtSIﬁ scemmm)ts ears] Figugy op kiet(aﬂs s@rdemization
gital signal processors (DSPs) and processors based
Oufé}ﬁie& HE- ¢ Fizees B grpliaesie a%%qﬁwe%%ps?té to ghow, el cyclic shift for a

cettdiffizbd s@%}] %é?ﬁl% %Sinto .00RA1 b it P ARRVE ihtbr- T’:I’I shlfts to arrive at

conveni hi's description to parse the invention
thd finted shificofCthopenents: ArsifttoinZas eloemathelyderacd He mfedence signal.
ran n1zat on outS|de TTI ures 4-9 detai
Figugs, thg RrinciBR datcadserio afwsrtu%. MiMPessenasoenar i os,
and Flgure 10 details random zation outside a TTI.
Figure 11 conbi nes the above two aspects to show total
[oogy clAisowislnbdf detdited elow, the specific example of Figures 4A-B and 5 shows the

cyclic shift hopping principle for DM RS of minimum length (12 symbols). In fact, the DM
RS length depends on the allocated bandwidth, which is a multiple of RUs. In LTE, the RUs
are each 12 frequency pins. It follows then that the allowed cyclic shifts can be quantized
according to the RS length of the minimum bandwidth allocation. For LTE with 12 frequency
pins per RU, this means that there are always only 12 possible cyclic shift values for CAZAC
sequence, regardless of the RS bandwidth.  The possible cyclic shift values
(cyclic_shift value) are then [0, 1, ... 11]. Assuming a generation of the cyclic shifts so that

cyclic shifts in time results, the actual cyclic shift in symbols is calculated as follows:

11



certain ZC sequence taking into account both intra-TTI
shifts and inter-TTl shifts to arrive at the fina

WG RioB13273 t he sequence. A shifted ZC is alt er ne€T/ER1098/054733
ternmed the reference signal. Figure 12 shows the
principle extended to a virtual M MO scenario. [0051]
As will be detailed below the specific exanple of

Figures 4A-B and 5 shao bt e.C ?kgg iftthopping
princCpbie fif GOMURS ﬂg@ﬁkf}kﬂf-ﬁvﬁ—‘éagﬁ@ﬂy ymbol's). In[Eq. 1]
fact, the DM RS | ength depends bh the all ocated

bandwi dth, which is a nultiple of RUs. In LTE, the RUs

are each 12 frequency pins. It follows then that the

It ighbrRwekht gusdtizatishbf ths cGalt Mert §paanid Aamyeaeficlhingorh he signaling
the RS I ength of the m ni mum bandwi dth all ocati on. For

pointef igw hWith large fardveidths ssquinees Wuch hayes smsdlascychashift difference
t here are al wa nly,.1 ossi bl e cyeclig shift valdes
ek GetaneB ) SaBRRRL P o Bty L by ESae cross
Cm}&gﬂgpﬁéb?gg&cyclic shift values (cyclic_shift_val ue)
0,

are then 1, . . . 11]. Assum ng a generation of
the cyclic shifts so that cyclic shifts in tinme

oo Himh depodelrdigaion miaSa T gy BV epment P 4ZAE sequence
cycﬁ? éh@f'@tdgscg%% WGthSRF Enca NGB ResA-Framd Fusing all, %ZFﬂossijole cyclic

I's noted that quantization of the cyclic sh
shi§tp.aR endosnizdtmanhsyddrsFEf ik ciadiked byomednk ef gicgiedinedighifh bopyiing pattern.

Tlgc[%z}/rie g?% %lg\éltuillq gallcgrﬁlqﬁl(glgp g ﬁ“g%gﬂgg#zf E%ﬁ%ﬂfﬁ gho%si aCslgle’gr\I/lg 09 a single
slof¥Ed TS FibuSYIE NN s4/b Sl RRin iV AMe). Molite 4A-B shows

general |y not have sufficient crosscorrel ation ' '
onpreopgedines . off 085 Hiftfioppingi printeplai Fegire aidshowatthomhift hopping

jnsi.de a TTl.for th nvi raonnent of CAZAC ence .
(o443 e o7 heobRE pBE R clES e he ST bt (allocation)
patfdn Borahél s&odg kg @hd drl@in%_@ﬁ&'ri*éh &s foyiblimighhé telic shift separation

Random zation inside a TTl is realized by neans of
withrrespetef to tlecladgdrichit cylebp pliifts wathirt the A TLThbis es soce at Kiguis] 4d3; e djacent

s (P e 4 Rt 08D B Ve hborled e P SRR Shig it
sedon@ st ORRothbi dBtétich iS tdYah8mSAhE &/¥L shiftirGfiéh BAWENHOYE and the
one enbodi nent of the shift-hopping principle. Figure

2ngflot(tmmbift dsdesi¢ehtthdapsi‘elgel aobivortliTd ol Figates éAand 4B). Figure 4A
the first s|lot,.and Figure 4B shows. the shift hopping .

sl it a8 ol E iy D e BRO ATt bt PR Rgwich the

rarfloili RdisRifts i BustrateTRX FiguAet B thes shy®hia§a 8dlinkdrcIS BIRAE&#0tATdn between
with respect to the adjacent cyclic shifts within the

theTapljacemhiegoyrgess dba shifft IRingurcepA®m atif worast4A-B is shown in numerical
format in the table of Figure 5. Each ‘clock’ position of Figures 4A-B corresponds to one row
(‘resource number’ or RU) of Figure 5, and each row informs the shift for one resource of one
TTI. For example, at resource number 4 of Figure 5, the ZC sequence in slot #1 is shifted to
shift position 4 and the ZC sequence in slot #2 of that same TTI is shifted to shift position 2,

which are well spaced from one another as can be seen at Figure 4A.

[0053] Additionally, to avoid interference among adjacent 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 imposed in order to guarantee that the shift rotation from the 1st slot to the 2nd slot is

12



shifts (e.g., #6 and #4 are adjacent to # 11) are well
separated fromtheir adjacent shift in that second

WG L@B/1328mbt her criterion is to maxi m ze the cyRCT/EP2008/054733
shift rotation between the 1st and the 2nd sl ot (the
shift as between the same 'clock' position/TTl of
Figures 4A and 4B). Figure 4A shows this as a

ol g RS S ER BN PLREBRET I PR R L R o
Figure 4B this shown as a counterclockmnse rotation
bet ween the adj acent resources. The shift hODRﬁﬁm
pdtxcdienstoslor(elh esnafhCrelics s kot tier iuendtdedal i fts) [Eq. 2]
in the table of Figure 5. Each ' clock' position of
Fi gures 4A-B corresponds to one row ('resource nunber'’

whke FRim Hhifri-gy iR tal ﬁﬂ&b&aﬁ*}%%@d 'c?él&f B A% S ih hik @kample),
one resource of one . For exanple resource

andumders 4 nodduke Qpﬂﬁtl(ﬁ} (ﬂnbéulﬂCaﬁtelq dengen)i nThd: otll-#pcifis parameter

shifted to shift sitio th ence in
“ingggrengavitesigrcotie v Ovén R4 CERS R PSSt gift among
adBecntREIE (A HR B kheSBRGEGHh Tvherd LR ANQLR %fnf@§oﬁ‘13tﬁe Rme base ZC

seen at Figure 4A. [0053] Additionally, to avoid
sequeh@r. f erence anong adj acent cells, a cell-specific

constant rotation for the cyclic shifts of sl ot#2

(with respect to the original hopping pattern of

[0054'] g @[‘tr@ néoed RRY iffe bimfé%ﬁfhs' Ae SN16@htcl th GUAR AR Qﬁ@r the inverse
he shift rotation fromthe 1st slot to the 2nd sl ot

fast § nmuertti'wsbandFBTéthMDfdf iftire rlaqtthe(nalékl acenwiitterelsimt valid; in that
. This be illust
insfypes P oyt E b Oe Bhsh R BFRENL 1+ 51 otz 4

increnent (cell), NumShifts) [Eg. 2] where

"Num Shifts" is the total nunber of allowed cyclic '
[oosshi Cogtifwng withid dxnmphir}snmﬂam @¥lic snf aspadt p6the immsdtibm now is

des‘fjgﬁgtfﬁg{tgfeférep]@r Q agst6 a?l}deééh%kt ﬁ%ﬁl%lﬂc h@vgl preac? Bg Cf{and%rmzatmn
for(DNURISDE fshRallhl -coddd (@O RAREZ AR thBie nﬁﬂhfﬁéd WRIR&S) inside a TTI is

adj acent ceIIs to preenpt the situation where
achieycdcgnin hyahtans o Pre-efored tohelicssmnts hblameg Patesmglethisecase though,

541 |t i h hi f
theg 2f ciiuisg FREERES b blacknouy re ik i Bp B fomgpas on the
spre@ihg Bictdr! Amsdkem! ab’lzgﬂélﬂ@'sﬁﬁ*hd’ibfpn@ [HHER ik ﬁaovtvthﬁrFlﬁﬁe 64n “clock’

as witten is not valid; in that i nstance | FFT
paigs/ier sranffﬂlmgw@ct@rmiﬁsdw ¢hroaglesevimand hesemadata [lmb@&y}l numerically in

theqol%t i 9? )#et | anlh ﬁx %ﬁ?ﬁ%gﬁeﬂ@‘etnég g%a'}-ﬁll%%glgl | Cﬂote that’[ for each SF

the SCRE SASepRatfdndy hRKiPizdd Fith @é‘s?@iﬁ't@ adjaécnbbgic shEeh slot #2, and
spreadi ng. Random zation for block-Ievel spreading

thag él@fegy%IZthfémI@tmwess mpdmizedi betwerdi thie distvandsseepd slots.  Different

collupn%s are s%own in LFlgulre 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.

13



achi eved again by neans of a pre-defined cyclic shift
hoppi ng pattern. In this case though, the ZC sequence

WO 200guseossed in the bl ock [ evel spreadi ng appl PCHEP29NS/054733
depends on the spreading factor. An exenplary cyclic
shift hopping pattern is showm at Figure 6 in 'clock'
pairs for spreading factors SFs two t hrough seven, and

- d ' , | h | e.
oofe] 5 STATF SF0R ited PRER AURE A ekl SufBaisFatiows that an

addigbal tBatpdctfic @ASHANSILLatiBE nty Gk ikip St Fér tEESRNBEhi®H of Sot#2 (with
naxinizedpmﬁth respect to adjacent cyclic shifts in
respeqsto the origingl hapaingtnicapbpve sz 7).¢cearfios tg Bquation 2 above and

forglﬁé( #a@eér%?soggfonﬁnﬁen o;c?ogssfgl lrg%ti%ﬂ Qralgrg%a?dggcgﬁ{( cgetrﬂ% él%ligtri]ng the same base
ZoRgesiRe0dd SFs. The SF equal s the nunber of | ong

bl ocks in the sub frame (see Figure IA). [0056] It

shoul d be noted that the hopping pattern shown at
[00§8] giNoav 7s daseribed appiccdd ahglomfuntiot Her ifitasEKL wydes shifts of ZC

e O TR P ARy ok PACEEIT R ! SATITENS i eoigpees.  The
trah SHIGQ6R Forist JPARIK/RIA (1 SR Bchgl Al BS PECERGRasRBE8 8the RANT #48bis
Wal sh- Hadamard sequences defined by Hadamard

mogting frcdRltpodEgyre § ilubtzates hat hgreechopandfcaively e There #rg three blocks
CAZAC sequence, exanple,, it follows that an additi,on .

rost AR RO AT SRR bigbiy o s Ry mad dof e Qi iehter

bldek§ WctSibivht tR ASKONAZ K Wibddl 1iEHS PRGLcohQchifie Mot . Naksec) equal
hoppi ng pattern shown in Figure 7), according to

onEdaf §-dmsge)apeseachmliysionl resoprosamet Rl sontwalee RYs édgatified in the
r oss- carys.el ati.on ano jacent cells shifting the
um%aﬁgﬁgggéﬁ%eﬁgé én@%ﬁgfgg%B] Now i s described a

specific inplenentation for intra-TTl cyclic shifts of

ZC sequences in an ACK/ NACK transm ssion that
[007% ndsaPIEE tohmsembedimenicelsthe Theentipanih g€ srqupetcrdthcoCAZAC

R R B T TR R
at FGheed)ugpny filey Pedposddehit BbEhihd r}ﬁ'ﬁhc@lé@ﬁﬁafa@eﬂfr VRdcyclic shift

for pilot signals (darkened bl ocks) and four bl ocks
randesitatien ckemplgatsang & ecdifigliydic Bl areordingi terpni embgrament of the

NS L0 LS5 el SRBORHL N, PR oo

is il&RRUr o @né M dthd?RHoRaser elcyeli st HidiRA irdkedlyoncd iRlot #2 so as to
tabl e of Figure 9 by the index 'cyclic shift'. [0059] .
rangeEACHW Lo Qfrclafipbdiheh ffthe pletsi fay dafe o filotsotherezee cighteen

AGERETE ?g’so&}cgsein%gﬁ%igure 9 as evidenced by the darkened blocks reciting a shift

number.

[0060] Now is described by example the other distinct aspect of the invention noted above,
randomization as between different TTIs or inter-TTI randomization. Randomization outside
one TTI is achieved by means of cell specific cyclic shift patterns. An important aspect of
this inter-TTI randomization is to provide uncorrelated “ZC-to-ZC” cross-correlation

properties from TTI to TTIL.

[0061] A randomization pattern is generated according to the minimum DM reference signal
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sequence in a synbol such as at Figure 5 and the bl ock

| evel ZC spreadi ng sequence such as at Figure 7) apply
w0 b@spsopbsed shift hoppi ng principles separat BCT/EPA08/054733

cyclic shift random zation exanple using a specific

cyclic shift according to an enbodi nent of the

invention IS shomn in Figure 9. As seen there, the

ratat i ot #.1 .for both ata a
enefl B ofRiR b ekerRRnatRle i1 BoPlss Hirrpoere then 12
ortHbgdn@l shiffdoksidk ?Sa@dﬂ‘ﬁﬁwhtﬁ 191 Gtlidtghif® FBistrReand Ah® BIr&@e pattern of
any cross correlation. In each of the slots for data
1/1gris ppssdls, there are ei ghteen ACK/ NACK resources in
use in Figure 9 as evidenced by the darkened bl ocks
reciting a shift nunber. [0060] Now is described by

[oo&xa F?Fu@e t0ghotk B ExhhsiE bMEE c@ﬁﬁ%@ﬁic@ﬁlcﬁcﬁmﬂ per@ntatioN matrix for the
not ed above, random zation as between different TTls

CAFAG ﬁ@@@nqeﬂ Thearidtet 12 ReTiedic amh ﬁcﬁdﬁm&tbteqws ouhs iepathyefeone radio
fraEl-l-;l nI thidfn! Sé/eefjo % oqe i%fapentlf % T"f[’:'lge%' é(f%).l.g'l)n m%{hx flas been
pat%er ﬁ%er

mportant’ aspec

gelicanddm silalﬁ b W@y tlﬁtt flothe Ip@%hlﬂé chUh@@hﬂfteﬂhaﬁ@@ ("2 @, 1,0-. 20 take place in
cross-correl ation properties fromTTl to TTI. [0061] A
all 13 selbnothe ravse patareien degeHdpdaredhapgidor ding to the

m ni mum DM r ef er ence S|gnallength whi ch conti nui ng

e P B RO B B e ot

folfWihg the tddvihsn dggaa@\se foPaitraaT TEBIS & fbddend) Afs whithlBe liftra-TTI cyclic
possi bl e. Figure 10 shows an exanple of the

spreeding.gynsei l@nécym lhoppigh pattterp érarputatipn magnet) ripichossrecodpewould be

eof T pORENED &5 w T PRl o dofoBR GElR s hasybrotpgpt may allow)

withth& CATMN@&GRedd? ciBliddhifskinvat ©ihdtoddat Figiire 9 WHn combining the
pernutation matrix has been generated in such a wa

intgah {T 1 awllot Héft%)os%ll“[%nﬁw@%{: pnd teh iﬂftﬁcr-“éﬂarﬁ@égmaatlen onfy, jthe same
of t

ranrsig{ntlzaURn \}%atrlx t%ﬁg ?ﬁeﬁ ofrl: d%&reclljg)z s Slmﬂaf)otﬁ%% € S&HES both CAZAC

sedﬁ@ﬂé&ifﬁcﬁakhlﬁ@aﬁ)dlbﬁ)bld%vbh@c-ﬁa_khlﬁﬁy al so be inposed for
t he bl ock-spreadi ng codes follow ng the teachings

above for intra-TTl block spreading. As with the

ook N3y R PO SR Win 3 RIRUEPLL SISO HRRL DBrcn detted

ermu

w@es@reatts dot&@%ﬁC%bQ’ueﬁB&; ad8 Blbck ellﬁlaﬁcﬁhgb()de@ Ith€ o in@ttyclic shift
(as the wreless protocol nay 0 th the CAZAC
hoppipg srleeved fzom ¢h esqwnnogerstusmﬂSth@ @ettcmltc hifhefl the ZEisgaueace that is

ultgna}/t\g‘;? Qraﬁﬁmﬁe&] srhgmﬁlg?he total cyclic shift for the given slot, which is obtained as a
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 8),
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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intra-TTl cyclic shifts. Alternatively and for

inter-TTl random zation only, the sane random zation
woreaosiieof(®. g., that of Figure 10 or simlar) nBgI/BR2008/054733

used for both CAZAC sequence cyclic shifts and bl ock

| evel cyclic shifts. [0064] Now that both intra-TTI

cyclic shifts and inter-TTl cyclic shifts have been

t ai | Wi th respe nces and .
0off o Kbl TRGRES SOy 2PV EHHEREER, Afbunt boh inca
TTheRPink&-THl deddviesidn @mbchrugargagent shifts. The net

cyclic shift of the ZC sequence that is ultimtely
transmitted is sinply the total cyclic shift for the

gi ven slot, which is olivaline#f_¥dud=conbi nati on of

res omnd{@ycdic_mg_hﬂtra&pé Clefouce,6ip I Cgclis Hiop tint¢rgde@ti), #ym_Shi@s)

#2) conbined with an outcone of cell-specific
pseudo-random hopping. In a specific exanple, when the[Eq.3]
value of a cell-specific pernutation matrix equals to

wh%r C(r RUAL TPk féyc‘fic oﬁ(%pl_ H§ h]e]c'gIPl# Qﬁftfh{)ﬁ&hg Ipaﬁ)erﬁ Yor intra-TTI

he resour ce- SpeTI C CyC IC”S ot at
holslhni (c.B, Efgu{%s@lﬂrﬁl/(iﬂ)n@yclra:ghcﬁp‘ omredisttioe 8§)c,hctshffnhdﬁp€mg pattern for
actual cyclic shift for is the

: g conbln? res
inteyy '8 Rppppnier g Giiguae 19): NPHé o Hsdotrbrynbs e f"é‘PW%‘ij otelic shifts
(e. g 21 Mlthe é}{ 14F Andl P& B 2 SRR eh& n(HnoE{ﬂlﬁs after lelSlPIé) It is noted

speC| |c pernmutati on mat or the second
thag bjmfhcl ghii fit aHdchkios f@}fcﬂl):_lvm)t_hmblr(eeln’ eesuree sbpecinficcconfigured to be
cyclic shift for that second slot (the inter-TTI
celshpacific (£ @0EBYI Rher tasowice sgesificd e ghiACKAMAGE uping iraplicit signaling).
certain slot of a TTlI taking into account both intra-
TTlI and inter-TTl random zation can be illustrated as

(008 C liti wasSiotecd at e R%N@ﬁﬁ(@sﬁhb&d@@ﬂaﬂa@frﬁl@ol( &Rk lcyélic shift hopping is
resource, sl ot) +Cyclic_hop_inter

i)
apiissh @hPHQQH [Explicaifheping forscachesymbpl pndbs PUEKH s discussed,

partlﬁﬁlarly.flﬁ.? | p 1h 1!;1]%1 aC;{aC |GII‘ &atit h: gur eé&p%k 16153 (%)P JLOACK CHANNELS

(3GBE MSG_RAN iWGE rMéamghﬂ%mc |Orl‘an&d51| USANDRPY TGndP200R BN Samsung,
for inter TTI hopping ge g. gure 10 Num Shifts is

doguieent BA 4173 MfhbBire roeviaws BOQ@@IHW@B’FI@ shHi happingecag be apppicd plso with
sy&?c?-rgf% I1§?sgh?ﬂ8§)¢mgsélﬁoo e%q?‘ﬁ a@ar(l) %r@éml%ﬁ liot%ﬁ{él Harcftems over

muddiple Tad. AvoQusds He boidenster (cell | resource, sl ot)
can be configured to be cell-specifi
r esourte AspaEiof-vasqhopging patrmNAdK qusil\wé' %matl@n of aslot Then the
signalin ]tlé %9[6\6211 d I f P&S3 ?Sg{ls% G h&% %’g%lenﬁngpd & cyclic shift

nmeeting t & 'synbol - W'se cyc i€ “Shi
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.

e 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.

[0067] Other variations are possible, but since the above description provides an inter-TTI
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applied on PUCCH. Cyclic shift hopping for each synbol
on the PUCCH is discussed, particularly at section 4,
WO poog/1gpaper entitled CYCLIC SH FT HOPPI NG OF RCHER008/054733
CHANNELS (3GPP TSG RAN WA Meeting #49bis, Ol ando,
USA 25-29 June 2007 by Sanmsung, docunent R | -073
149). The previously described cyclic shift hopping

can _be appli also wth sympol-rate cyclic shift
s 3P TPl S S el B R Bt g S ose pacers can
be P&dta8 b fhdey fferdtidihg ) Ly Eild Shift IWOUre@ER S sPhBolCRORES hélpi®battern in
A synbol -wi se hopping pattern is defined with a

thechlota of oA Thandamgprg dif Tfke 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

[ooédne Ndef dymol- sy cliy Shifthoppink pathk@pPivitt aRRtdtidhdf & Qlot hid@lefined.
slot. For exanple, Cyclic sft value can provide cyclic

Theysi pattayey gk ePnPsRe Afstvq epgPenctk Wil theaodigrtspvidingeintra-cell
int%}géégﬁcggarpc%%%ﬁgn Iﬁ%dptﬂlg ]:r#hgrre &Pﬁggﬁﬁtgggglﬁah%%%%};tho% I-Srt-sgl'ting from the

t he

hopisieg paseraRompoaxnt rafdnarial Mgrd-celRiny drére Sthe frhain criterion on the
resource of a CAZAC sequence. This index is used in
hopnieg getqrpidesign isgp neipinize thegocyrrersspeige prmber of By, withén a TTI

L. I c.sft -val ue. ' '
e QL1 € DS LN R PO S pRE b oen U
usiag ehpGasicbbleck-blde sprogding Redalkgy @oflddatd phithe dit@itndasce the

an inter-TTlshift pattern, an intra-TTl shift pattern,
trapgipisgonsdrem Uisivsing gaffarantdlocknyise pracating srsissatsanytug! fycorthogonal
at I%Qnork}ﬁo&é?‘eﬁglﬁsspggd i ndex referencing to a cyclic shift

resource for a syﬁ%ol- Wi se hopping pattern in the

slots of a TTlI and anong different TTls. [0068] Now

synbol -wi se cyclic shift hopping patterns with a ]
[00gelr dMicofifiren aylgplening enarios RIC TRBYECTRG (Y IdY HYragged interference

yYel t ' r.oVi.di o
o QTBRREH ol M0 OIROOEAL e ML L0 EOEPAPLOY ALl i
withiro¥ i (Qydlit ift c¥hlbotsamdBal 5 aVhan 12 Sikar dre maulfiploxed e CAZAC
hopping-patterq conp?ne t ran%oniz'ng intra-cell i
sequitet PEHERRES: dhE fig lﬁ_sgl_rfﬁS_tCéPi BRSSO HES ﬁ%ﬁ}ag Hy same block-wise
rERAECRILAN 1 48,0 O iy SRS EEACE €l Dain o
inttifseneds twien ghdroandiadd cgel el shdtssinpdrtisulatORigyrd Beshpas o1 cyclic shift

bet ween UEs usjng.the sane b] ock-w se.spr.eadi hg .code
hogpgg @&t@’p&é?cgé}mig%[h? Hi@mg]g icp&niogn:l"h%- tg)lgﬁgg scen%rlo ot 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.

[0070] 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 is 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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transm ssions from UEs using different block- w se

spreadi ng codes are nutually orthogonal at | ow or
worpwenames UE speeds. [0069] Two different nul t PEI/BRI0NG 054733

scenarios are considered with intra-cell interference

random zation: when either 12 or 6 UEs are mnulti pl exed

by CAZAC sequence cyclic shifts within a LB (Cyclic

o} o hThB et s ond e QB R K d- Rl Fnectivety).

As@aBsudethd $e6lidshi fUSp @y pat@ri dies SaReBl iRk |8Mg8Eof subframe and the
spreadi ng code. Hence the design of hopping pattern is

lenpic epyeasperving trothei magimoym owmbert efr qider nﬁ@ﬂmﬁélpmrref@me LBs is
nd rti
sufg‘ ﬁleeng G}%lo%Ya(fn %1% ]p? (I 5fsa ngfr%g?,t eﬁln Og£h8 8? s %{ ﬁ% hg%%%%%attern are
repehtiell UtiHK the FaBfrafdé. tHdilléifX:f MigeySdr € Ppehted 86 thh2thdsamb ¥olumns are not
CAZAC sequence cyclic shifts é@be used on the
repeptgA dHiiRg ihe Arapsmissine aﬁmif%glaﬂ@a LBs o8 during thpfrapsneiagen efyeference

I on | -whse. .
syt%lg(]é:l ?(?:l?es%,]uc}l n[?%)g{n&et;e?w% Tl %@%%ﬁaﬁg&a?olu\?&%ﬁ@lg nﬁgsbéli ina slot is
shden iHigirp 1 @Xeshoay BoAdAQ thaguenepaiehllicysIbt fmtiBiploxindw CQI and

case of CQ, ACK/ NACK, or scheduling request o
AGKAHGOK gansgpissions from diffaen stisantogne REk BiguraJSshavy prgpyclic shift

re separated by

ho@&%g@%%%n@&:ﬁ&g?ﬂﬁﬁiéﬁégﬁ?ﬁgg%ggggﬁﬁof hoppi ng pattern

is focused on random zati on of interference anong the

even cyclic shifts as well as anong the. odd cyclic
00ghi f E8ntiner with fheompracr of BV ibshqpRing na&elfnﬁéndomlzmg inter-

[ n [

o TRRDAEL, 08, P SERET, VP’ Syl gy ar oot
Rah.dﬁﬁmaﬁtﬁ)nus achidved by efcatiguteell spegifrlcyl2 shift @atictst 4@ acasi®mization
CQ or ACK/ NACK, respectively % whi | eot hers are, used
patttf‘én isdicngrafedPesarane dhthe éecmen@: lepgth nathingas B oy higlerptimeyag with the

| 3
exﬁﬁolf)algg)over i§3P Gs‘?ﬁﬂb%lg eg‘h%rgﬁen@g% ?t? gl'th %(}telgfsehgﬂ ?hblng E%t%etrns with 12
cyﬂﬁamﬁhanﬂamhgﬂbelg@mepammﬁsﬁmﬂdnmgmkﬁﬂdhe maxi mum
nunber of either information or reference LBs is
sufficient. To obtain the period of a subframe, sone
00 Fr e RS ity BARDL IO R R A ERRRN Bl matix or the
CAZYeE sctq‘luen&a rithepattenms partoelicwotd it’e ragtheduals It(b thlg l¢nigeh of one slot, in
transm ssion of informatjon LBs or during

thig steRs 89iBhoptdu ity ncEBsy %P@mW@ns%ﬁx ﬁabb?eﬁlggenerated in
suctl]lleat ; hﬁptﬁé Bgssﬁ% E i@ sfﬁ@ﬂ A S f]éj d—ﬁ m‘ﬂrrz Elie 'ppaﬁém all 12 cells
slot is s 'be n

own in Figure 14. 1t-s ou1 ted
of ucbusegppemovien|tbevd TT owlexrohdnigpd. exi ng of CQ  and

[0073] 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 (Cyvclic _sft _value,m,c)+ Symbol_hop inter (cell, k), Num_Shifts)

[Eq. 4]

where Symbol 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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ACK/ NACK transm ssions fromdifferent UEs into one RU
Fi gure 15 shows one cyclic shift hopping pattern
wW@ewsnshony the presented design criterion [ 007R(T/EP2008/054733
Continuing with the conponent of synbol-w se hoppi ng
pattern random zing intercell interference, the sane
principles as with inter-TTlI random zation are
in pILeg.. ndoniza Lo IS achiev b reans o&l lated
sgeﬂe-wft- g TEYEMeEP i 1? %&?P%P%ngp e&“ - Stparaﬁleter relate
to Al tRbiirck Sall@@éiﬁihabreﬂlo@médj s@gadl@%tcbee 986 URHERNSBRELA content,
within a LB, which continuing wth the exanple above
Symbollbosyn@blls thﬁ“rf@r@oaﬁl@ phesmbol-wischbepuizd ratdomizing inter-cell
1nter?c?r8ncega§ %ure g)% S]h%fts 1¥‘Ehet h' f%%?&? ane'dc cl‘icls%gftsa(e g.,12

reuse 3 p033|
in hERWEMPIR), @XAMRIdEs @imddai @@lrdtroﬁr(ﬁ@uﬁlu@ aﬁMCdlmloﬁml ft
pernutation matrix for the CAZAC sequence. The pattern
is periodic and it's length equals to the | ength of
in r..eq ngly,
[00 4‘% Ir%{f.%hfen{aﬂ%% {I)aff’ t|h8 ns%ﬁrfg?l%ﬁglgﬁ a%a%m% ca%eﬁée :B%%egi . &Il 3 Yooka table

looate‘dﬁjbrédlﬁhta MIEM bftﬂe DJ@SH] dldefeheNode B m f Sepal@@eBup tables may be
take place in all 12 cells of

usqdhf@r FQ@QQ@IZBHP@ éwide\&h@?m #rdd rrdomizaiéan euisiAg ey, TElog 7ayl as for the

1nt1T cgecl)luaxlt(al 1f1t%{ §$H tﬁﬁrf’e%ﬂgg r&rﬁfg s@?ﬁr Otr 81{1’%%%5; (?J%gn gsu/‘is% clychc shift

hogﬁngnmhelmawn&aieb@ﬂwdmgoe@n be illustrated as
Cyclic_Sli= nmod(Synbol _hop_intra (Cyclic sft

value, m c) + Synbol hop_inter (cell, Num Shi ft s)
[00{;ﬂéq@ltﬁﬁgggﬁ%)p%é?%g{eﬁgﬁ%%%m@s 1|s Yo {rﬁb%rﬁ&ﬂ?r?é‘ﬁﬂ&lo% lity by means

of siftipey Jq@utsrsewhieh gnay b guplembdtedias &ffbwar@fﬁhmcares@mt ciratedeircuitry),
is the value given by Eg.3, kK is the LBindex, mis the

or ¢ gRfaRINAEYDi Ry Ramplke lg%% heARhgRbReEshasBE BRHISons | s

the paraneter related to the resource allocation or
bl ock-w se spreadi ng code and the transm ssion

Cydiot sfhslotSy mad(6 Howlicnifeslotls 1h)e doanpenealucobdf “Cyclic_sft slotl”;
synbol -w se hoppi ng random zi ng inter-cel

and Yerference (e.g. Figure 16), Num Shifts is the total

SRt flod et Rt ol o8, uBrairt i iseopton

di vision). [0074] Inplenentation of the shift hopping

patterns can be based on a | ookup table | ocated/stored
whiere 8 i @ifgtht bithtkeqi@n@nih ofmlidie. Node B 12. Separ ate

| ookup tables may be

[0076] Similarly, Figure 7 can be implemented as the equations:

Cyclic_sft slot2=mod(1 - Cyclic_sft slotl, N), for even 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

19



used for random zation inside the TTlI and
random zation outside the TTI as well as for the

wo paoga3wed | and inter-cell interference randonPGHEP2908/054733
conponents of synbol-w se cyclic shift hopping in the
manner descri bed above. [0075] An alternative to the
stored | ookup tables is to i npl ement the functionality

by e e TR SRR L S Y, B, B

conbi nati on. For exanple, Figure 5 can be inpl enented
as the equations: Cyclic_sft _slot2 = nod(6 -
[000y ¢ Intea-sdlt inglrfotdnce tdpmizatior ieppivabereporeht in the scenario of 12 UEs
clic sft_ slotl”; O\T% clic_sft_slot2 =
%‘%?XW&PPE@P@?P@I“ Qualifs odd val ues of
"Cyclic_s§imbbiohdp ingihere N is the Iength of the
sequence (| syrrbcTI S) arly, Figure 7 can
bo i | oERHEChE %fhéaléaﬂ‘%m 6&@% fi glug/e, 4Pt 2 =
l or, even val ues of N
for(iygﬁ( V?:Iug‘%/fQQYSF%—Sh_V&[H | giyerbd {éﬂc% ic_sft_slotl, N,
forg\ﬁeool | ingasft _sl ot2 = nod(-2 + 3
Cyclic_ sﬁb%l otl, N), for N=5; ag clic sft_slot2 =
MO, 3 Ey NE Gl o 0t|1l)tL1;l, M| DN TAOTI 7| ),
I ntra- cg | i nterferente randdni 2ati on hdpping
conponent in the scenario of 12 UEs nultipl exed can be
foriasdvehem B xdict $fe velpgatwinme ki sSy ibdl. . .hdps thaindgx of LB in the slot.
nod( Cyclic_sft_val ue - |_k LB/ 7_| Cycli c_sft_val ue/ 2,
12), for even values of "Cyclic_sft_val ue" given by
0ok Irdia-SAMARfoh@Re kﬂfdbﬁuzaﬁ@d%'obﬁm?%bm&@ e 11'1" thk scenario of 6 UEs
mod(Cyclic_sft _value + 2(k L 7JJ ~ ~ -
mugtiplexieal)can b implgthentsid e theofquai@ynst i ¢ sft vaI ue" wher e
k ., 7 is the index of LBlnthesIot.
Z%IO} ho? 1’ntl%éll i nterference random fxatl on happi ng

RNt F Il scenari(e,af —6 Bl pll e g d4 Dar, 23,

n’pl enented as the e uat| ons: Synmbol hop intra =
for even values of “Cyclic_sft value” given by Eq. 3;

Symbol hop _intra =
mod( 2¢s ., +4(m 5 -1) - Lm 1B /4J(cs ndex 5) (4 +3/2 (cs

for odd values of “Cyclic_sft_value”, where cs, .. =|Cyclic_sft value/2 | thus ranging 0, 1, ...5,
myp is as shown in Figure 14, |_x-| is the smallest integer larger than or equal to x, |_xJ is the largest
integer smaller than or equal to 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. 3], and [Eq. 4] above, may be
embodied in software and executed by a digital signal processor such as the DP 10A, 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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nod(2cs nmdex - [mLB / 4jcs ndex - 2(cs ndex - nod(cs

mdex ,3)XI - mLB/ 4]) + ¢, 12), for even val ues of
w0 @yweh3w73ft _val ue" given by Eq. 3; Synbol _hopPCT/RP2088/654733

nod( 2cs ndex + 4(mLB - | ) - LmLB/ 4j(cs ndex - 5)

- (4 + 3/2 (cs ndex - nod (cs ndex ,4))) (1 - mB/

41)+ ¢, 12), for odd values of "Cyclic sft val ue"

ndex t _val ue/ 2] thus ranglng 0,

shlfff}eglmen%kn(mi%m tthg g%eglcﬁca 1¥| Figure 14, is the

smal | est integer |arger than or equal to X, | _xj is

the largest integer smaller than or equal to X,

> pareansngh p@tt@aﬁ(rh@dﬁ@n%nqmegﬂée the TL):The val ue for

Syt o YIRS BRGENERrEolERATE Pl s estmrgion

seque nrﬁ@mtaﬁlﬁﬁg( thld ﬁroﬁ&yy B&i tﬁ@ réhdeMakidR s behcfigibl in many
specific paraneter, or an UE may use both values as in

t he cagehamamg transm ssion utilizing two adjacent

Ty O g ARG B RIR, R iR ¢

e rrbodl ed cbic18@dit e Berphd Iméiﬁ%@d) Serae e giv@csi gnal
processor such as the

12A, 14A, or b
fi r met eContrelghanyel @f)plgmtlpmlég%rms@hleéo tr@uﬁmlt AMCK by
some conb) nat| fo[g%tg]n)e?;ce 1C sﬂlgggg’és I nv atﬁ%r cgchc shift

det ai | ed "BROV van

over thenaek). Qﬁ%ﬁ the @ﬁﬂaﬂ@ﬂ§o§€[tﬂmobs’lcc5ﬂ‘<ﬂatﬁfntbetween
SpeC|f|caII¥ Even-| ength patterns (random zati on

i nsi de t & CK. ¢yclic shifts n and mod(n+N' 2, N
h |
ave Am@%cktsﬁ?eaaﬂia Bgﬁ%atl%goﬁamgl rL ggﬁah Opﬁcogalitl.es are.

mai ntai nin urin ran ron Is

benefi ci adaximize®(bettaPPbpplat prefstior). M %@ﬁmbldtolrﬁalﬁbﬂﬁhé
possible to provide the smal| est possi

cr osscor PEheganghtydwtwiesarihe Pfedeuégmpﬁéﬁ Hle@iwith vepelrigh &E speeds

V-M MO 9. Co bl
Vo tr ansi £ RO AR RS ShdRE oLl and oy oot ¢
COr besyaigsint @yoﬁe&hmtamtﬂa%eﬁyﬂé 1 aBdiHet2nHAGK) -

Al ways the smal | est possible cross-correlation between
ACKP NAGKximpnBEysdik sBidt @adﬂahgn apblrespact toadjapent ey elic shifts

ortho naI|t soperhi are maxi m zed (better Doppl er
protegg ¥ﬁ%¥ %ﬁa os Ie to maintain the

» 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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orthogonality between the code channels also with very

hi gh UE speeds (e.g., 360 knih) at the expense of
WOoredosi1gloexi ng capacity. Maxi mum cyclic shift POI/EP10081054733

between the 1st and the 2nd slot. Maxi mumcyclic

shift separation with respect to adjacent cyclic

shifts (between the 1st and 2nd slot). For odd-Ilength

oG L3 AP P % AR B A5 i i 2

slobdaest iy o Yeaki £ bBfrbin the PRGALILA Brank tidndlespe Qetr§& Qignaling overhead
adj acent cyclic shifts (between the 1st and 2nd sl ot

corgptaieght Moraaithg nsivgrleiNoda §. cannagppiagure thercyfligshifes fvlly,)rédio link
' I i.ng.i: In rid gul odi_pent . .
cof I REiC R PRIt R B bSlon SRR R et R gy with e

rel &y dtic Neidehdpp (1. @quende in@irienalsy, sukh a¢apdndhtiyaRr€entry of the
AT/ physi cal downlink control channel PDCCH it sends).

UEmnaeo 3 elent ors deem the required signaling as overly
burdensone if theused cyclic shifts need to be
signaled in every UL/DL allocation grant (i.e, 12

(0o cliiis nstbd fHas BRI REatlscatiof i 4 ¥sSMaO gpsitatlonts & SpdetadBase from the
the allocation grant signaling, a |arge signaling
cydisshifballpcaiénmpaimmivicw (ppapercd %éthﬁ eViBraasNodesiallyan YoM IMO we
L-aur e thg - N i f Ly, e PN tr -
ne Bl Gehi i o fiaF b cbd wfiend in hERINIO G RS Bhy sl
cydhahifeperpreviltesfotdhe UES with the rel evant cyclic
shi ft hoppi ng sequences in current use, such as upon
o edhe pIMP gase eqit iely @f scntestate signebng (eelic shifipdReatiqn;capde made
n@&?&n%ﬁﬁﬁc o lcaIIocation inaV-MMO application is
a Special case fromthe cyclic shift allocation point

o Ofn McoWMIBLORAIAM NN gl IMD, TES 8houl 888 be@ihlay2 pletetermined
V-M MO we need nultiple cyclic shift resources per

c arqupphenresasnding thepstdaiined sxcligshiedbcaimdng (scosfonetaaple

cyclic shift-per cell. . Therefore, . The, Sl MO case. ca

bGP BT Sy gn i Fafo@pds faCimern i St e

Cadm&schyagler E@lthtidHs oh@POHEGOrIERBEd Bi & is ndthobsisle Yo Mhbiile two

case using only signaling, UEs should be put into 2 '

ptdEsdsingrattopated into the same cyclic shift group without collision of the RSs. This
will reduce the potential gain of V-MIMO, though it is context-dependent as to

whether the reduction would be significant or negligible.

[0083] Thereby, in the MIMO case it is advantageous to also use UE-specific signaling for
the cyclic shifts. This information can be transmitted with UL resource allocation grant
signaling (e.g., in an allocation table AT, also known as a packet data control channel
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 field 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:

e ( extra bits required in SIMO case;
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groups corresponding to a pre-defined cyclic shift

al l ocations (see for exanple Figures 4A-B). One
W@owsas2073M t h this approach is that the groupi PQI/RPI008/054733

i ntroduce sonme scheduler limtations on the

network/ Node B: it is not possible to schedule two UEs

being allocated into the same cyclic shift group

o \:‘%%)gfﬁt feolldl],cr‘? n 2@?{1}([@%&15%8 gkﬂbﬁ?etc\# the WS gelé!mﬁceshls allocated to
heextdependent as to whether the reduction woul d be

. sZ@ﬁrafbltsamulmdmégﬂ MM sascf @BB3] Thereby, in the M MO
o chedra hitsirsquachdan MO ussct soppdrsiog usee tan dpmeinhac

signaling for the cyclic shifts. This information can

be transmtted with UL resource allocation grant
[00&g] g Kar Fefycpisngs. we term ghose caEabito thadileallocatlign gEmnk MsHRee as a
« ontrol channel PDCCH). That
h@&g(%gf&%lgﬁktﬂﬁ%%g ‘used to signal the actual cyclic

shift allocated for the particular UE in case of M M,

such as a separate field with entries associated wth
[00gsh ¢ H he MIMH@-reJeted surligyshaft sigaalingcagbeaplized & exweysat ed

Vkéslaﬂ;a%rllll%@ sNO& Hﬁgpft}lg;sg%% 2}% %}é%c% Lgslbllﬂt/lb 1tc Shilf 1h§10%tt§r”) from

be c on t our ces a npar e

ithe Iﬂfﬁwcm dhntd @ha ctit agignussohe Vﬁlﬁkﬁiﬁéﬂmd%?of @pay mapping for
exenpl ary enbodi nent of this UE specifjc signaling
vﬁYPHC PHEY end el Eeraps Gé‘atai RgRdeterREngdEeyS B st fer certain

%%ﬁllte%ﬂi)m%r%xé@?ﬂ ud 0 extra bits required in

case, extra reqw red in 2x2 M MO case

(whi chO(D’r(er b@”)tah&nna/\iél resources is allocated to the

gi ven UE) extra bits required in 4x4 M MO case;
afd  3lkexiora 1&%@@“@&& red in M MO case supporting
mre thgn,fe @{h@nnas [ 0085] For conveni ence, we term
these exfra bits in the UL allocation grant nessage as
a="M Mycyatkna #8hi ft i ndicator”. [0086] The

M MO related cyclic shift signaling can be realized in
two ways. a) Reserve always 1 or 2 bit extra signaling

S Bafiﬁe y Ms&%hld%éhél%yé REsGRE Qo “56’0% tGxlth bit field.

al Iocatl on grant. One can apply any of the various
Kiond'se 0k2 MO nmp»vcmj;d fugr “00Y ok i tlsthi fiescagnitlat thahgorbit signaling
ant [

cer 1§£ﬁ§ fl]&\él'a(g ﬁqsteravgﬁ{ (g %'gz)?srem 2,%9 “i’y&ﬁpg as (I;]I‘Ilef-blt %eld isa used.
b) Ultilize slightly different allocation 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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"00" (or "0") antenna # 1 " 11", (or " 1") antenna #2

"01", antenna #3 "10", antenna #4 o The SI MO case
wowewBdszonen al ways transmt "0" or "00" in thePEKREPW08/054733

bit field. o The 2x2 M MO case would use "00" or " 11"

for the case that the two-bit signaling field is

al ways reserved; otherw se "0" or "1" if only a one

N TR (L L u—

reffcOihal SIMD eaR oﬁ@l@ﬁﬁﬂm@%a&@ﬂﬂf | i Frige MRIQPUES €DRo04x4) A scen at
"M MO cyclic shift indicator”. This is a cell-specific

Fighenid, &!ﬁrMﬂM&ﬁych@Sinft ingsligader bots theaaretsignalsd éo die MO UESs with their
UL PE ur e I%&lc]atj S e tug] & 1|nnc]:)§]iun9t‘io 1t19 the n,ag{gy %1%' 1%% % :I?gllft %% above or

OC&

w@rsanﬁldtm RtL@mgﬁahhgeo Bifyrenthe MﬂMo UEs"de tﬁheyi elfelt@ ediustiaBlér cyclic
puncturi n% schenme can used to puncture the "M MO
shiging paftesmiter thengxt dflo tranpriispionh el pettviorgNogeB determines how a

par%lc{ll%? gﬁi gPo gf{aﬁgélﬁy\@f%l%vﬁfﬁ\%%%%e ?md L gﬁﬁ; 1‘[ a%o g Yo go as to ensure

seen I gure

cotttlists @arfeietdcdiy atbidedUn thpeeldt i ng i n SI MO rmde, as onl y
a single antenna is used and the M MO cyclic
shiftindicator bits "0" or "00" (if used) signaled to

[Ooéfﬂz Sgﬁ\\%u ég{glsl ‘gttcslg eitn?e Iéf{flﬁllt ??I%k’gr&%e@gglg Q}%{: cf%ﬂv%](ﬁi/)'\}? %chc shift of

thellegudndy 2 Mlﬁlnﬁbeél()IEﬁﬁl he %Ii\veatceﬁl sghllfeethd Zamé HeddMrHBucy@ldnce while
shift indicatgor bits that are signaled to the M MO UEs
kegpingthe wethpeanalipeowieska HiE peeific shelicahilt as defailqq above. But due to

dlf%?%%gﬁa\!vfa svﬂftllj*lﬁt[% gl%c%ﬁ P ngmt %%bgﬁmg @&g%ﬂ)vxﬁﬁ)@%ﬁo{o channel

estimationhelichireuies affpatBiclyt atisl @yielation $Hitlid $cqgenpas,tthe ideal cross-
for the next UL transm ssion. The networ k/ NodeB ]
corelaiempiopsrtise Rl £ peadiipragh aFC 10t resultieciRargecaptadlec(partiap) cross-

cortfidn e@?%én]f parlsﬁ%d Rca'ng | 8tibd byaééfc‘ﬁE gl!uﬁq{g}%)m@ 9ﬁ@§eq'ielf%fce hopping

ensur | cts/Anter r ence avoi
adcﬂr@&%ﬁ}h@prdot@mmpmh addcaigd aboe. NHbiveydrecocediastéonces the hopping

gnal s ar erived with a ¢ C|IC shift. of the
paféf‘éawé e asmdmhﬁq igpupe Rt fq% ¢ golyton gtpiledabave t he
same Zadoff-Chu sequence while

[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 1 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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keepi ng the orthogonality by using a UE specific

cyclic shift as detail ed above. But due to different
whandasiths of UE UL al |l ocations in nei ghbori nRCT/EP1088/054733

as well as due to channel estimation which requires

effectively partial correlation of the sequences, the

ideal crosscorrelation properties of ZC sequences are

resul e (parti.a . .

or oSeubRRd B S BRaTRUOR e BRI ilihnnin oo grovide

cyckiffickht {dlutipaiheginaniscsegiegnce hoppi ng addr esses

this problemin part, as detail ed above. However,

cooldiurace beppodg. tThe pnmpq':dn@qutqe dopging solsléems rgsulteither in an

furt rovenment t

[ 008 eI RYEHTT B0 ekt oF O BB Bhorsp RS pyin igh

cooki@ghiald drriwall d al low for efficient averaging of

reference signal cross-correlation while maintaining

| ow si gnaling overhead and a flexible structure. A

bl e sol uti 0SS-C

ooranbisicSat ot 8ol LEHRiReRbE SR RoRBh Ehagign by sequence
hoppif®ad RE1l SLENRBGE G0 OTKH iRAEHOR arshadlaBOoff @K peiertit Fbriksignaling

the aspects of sequence hopping and coordi nati on.
arrangeatont gt tshppastsl bath gandoaikationelt seqeng¢chbopping and also sequence
Co(%malbllltles for network planning as well as for

VERLd receivers mtigating RS crosscorrel ations.

[0090] Several options have been previously proposed:
Sequence coordi nation. Since the nunber of avail able ,
[00%?éqlljfelﬁ aetedjtkatferr gatrp{ Ikl seqnonre horbing seulcagthif decksegryce hopping
patgé\'}’% % cglfagttq A5 utnil‘t{ég rog g@éﬁpagtwﬁﬁ* a'tf’rf({ oI IWERGEHR structures of

Figh &SIk 66t 118), athi w1 &8s hidreas h ranalthe PRRARISIrOScatedipR€i6didally for
Iar%k portion of cross- correl ati on val ues are
ca e

&Ihmeyleﬁ‘f"@ﬁ shdsy t%@@%’ég&héé Sl;g&i:llﬁ 4o theeglielfcthe n sequence
1nd%ggsrfg%ﬁo«1%flb %b;i\% EJE aﬁ%(é: Atio ?JHthh ?ﬁggeﬁg u%gﬁ 1n88§es are, s%%laled ona

ciren Ion el

radaeﬁﬁseme chrappi(RRC) Hﬁe@sagé apd s@sanNeGRB dpe@ﬁb fbg)adcast channel.
solutions result either in an inflexible solution, or
in a Iarge tabl e of predefined sequence indexes, or in

[oog%gtﬂt ﬁ'ags% sﬁglqugr&ﬂgﬁleens%gge%& I Vbrat f)}l@ﬂgt%mnned way and just

| ut’ions not y suppor

sighalnhlogiogindex imicas efitquat e iajeR g aasrtaid ktoupsThese sequence groups
coordi natjon. The inventors are unaware of an

carsbg cqlloypegifisi Ghagionps eanrbsgefiamd kr%ﬁla@@ﬁﬁérbeféﬁ%meﬁlﬁcaﬂon Itis
als{é %g% e gct?]%égfr??m%qﬁe%gy ﬁ%?né]&ﬂﬁldg gleaé?gup%l. T0is IRHUERAPincrease the

length of the hopping pattern in case that the number of sequences per group and bandwidth
option is small (e.g., only 2). The UE 10 selects the used reference signal based on the
bandwidth of the UL allocation and on the current RS block number. The cyclic shift

hopping is applied on the top of sequence hopping/sequence coordination.

[0094] The signaling of the n sequence indexes is required for all UL allocation bandwidth
options and, thus, may cause considerable signaling overhead. One option is two divide it into
two parts. The first part contains » sequence indexes for the most essential allocation
bandwidths and it may be signaled to the UE on a RACH response, as part of handover

control signaling, and / or repeated relatively frequently on an e-NodeB specific broadcast
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[0092] It is noted that for intra-TTl sequence

hoppi ng, the length of the sequence hopping pattern is
W@owali32es t he nunber of RS bl ocks within a TTIPCT/RR2008$1054733

the frame structures of Figures IA and IB), which we

denote here as n, and the pattern is repeated

periodically for each TTI Cn the network side, the

ot 188 Secfnd BurbHRBAD: tsRutnlE oot BB R iR don bandwidin

optlfiB S8 d SEAMERCGEeHaldiay @f BF 6n § k8Ndte6ured céntfoR (RRC) message and / or
resource control (RRC) nessage and / or on an eNodeB

repspiedildss Erchuesld casn otrdaRepccifiobwaiicast chasngdl so possi bl e

to group the sequence indexes in a predeternm ned way

and just signal the group index instead of sequence
[oodspdakesced for si@blidd 3 @hoderabilheselcs BOSH 6L pak MidHifcsequence

be ceII-speC|f|c The groups can be configurable or
grayas-cignediag pithe pll- %@@CﬁPWF%ﬁOﬂH’ ¢anjbs danaen presdaspehagnel with

rf c

lmﬁﬁd n%nm eF %1? un?tﬁ o ?Iggvgggtjf By ﬂ getilxgﬁ%eg {nﬁggé;sl Wgﬂlgattll? Sroups are
comfigu@@ds eoﬁsh@”raﬁlh Sighalinpeis rafuns@quences per group and

bandwi dth option is small (e.g., only 2). The UE 10

sel ects the used reference signal based on the

[Ooﬁ?ows%tf%ﬁsosfevélj%ﬁ edli}g‘ntgéés Q’@l%leq{gqtﬁﬂg%penatmgr lgég%f%%g%ing§verhead, it

alléwefdrop of sequence hoppi ng/ sequence coordi nati on.
[00941 The sig nalln% of the n sequence indexes is
reqiicHetapgice gpprdinatign paé sgGueRCIRBINEA hPeBtbl A themgquence

th I
opt Fan B ARGGRORUECT ARG AL AR A PR RE,

conbamﬂﬁmno@ﬁﬂy®naﬁnemdaneaukqmnbﬂeagnﬁthemﬁeﬁfaﬁwdvmwede-
al l ocation handw dths and it may be signaled to the UE

on a8y CEEYH dacis hé@lypfﬁﬂ‘t““‘éif foh aRdbVErallegaitong due to limited
sigp bgqgwgggﬁ! %epeated relatively frequently on

an e- speC| roadcast channel . The second part
contTat Rehemese ﬂaﬁbtee Thedexesct bdipmﬂi@pdt&nfacm egdefined during the

al | ocati on bandw dth options a be signaled to

t he NEIYOBkk PINPIRG .aag rlégs?ﬁ%élpéaﬁ%ﬁ ldalrm% @@pew@% QfEedshvork.

or repeated | ess frequently on an eNodeB specific

br oadcast channel. [0095] The need for signaling is
ogpnFighes Hbisy pscmelsd fbow tingrasecofdiny te-odeher-tmiéd; embodiment of the

sequen naling of the cell]-specjfic
invSBiRR nsEbBredAoL 47 ROt BredHica Do atheAen Shia el et cveli
shifl, T #RPaft ﬁns c@bf BipuldAYRN&E ardl Jkoqgétesﬂeb% gl ﬁﬂlﬁ@put into
I naexes wthin e groups are conflgure considerabl e
usc iagtad lan‘glocls 17@4:11]1116 reeNoddBE9@} tolnpsrtiofifae nser seviediedtion of its user-
I [ | ly | [
sp ag éc? qglté; gshlfttlme u%lnrlke scl)lgrlcg gllorc%tlgltl o\1lr ?ha){par%\évulgllr sré? N(I)w%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 which 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 as a
modulo operation on a sum 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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allows for: Both sequence coordination and sequence
hoppi ng are possible. In the sequence coordinati on,

W@ b@sa3ee3 | ndex / bandwi dth is repeated n ti meRCT/EP2008/054733
Sequence coordi nati on may becone an attractive option
(e.g. in the case of an advanced e- Node B receiver)
and IS Iikely required for 1 RB UL allocations due to

se seguence

s BB Rl B G RE s RDEehe RR RRT N G5 iy At block

17 tRithieNEE §dnds ﬂﬁhw@n%d@Baﬂlrth@ gplaikdiesdurcd @ edes, allopstad &t and which
during the oPeratlon of the networKk. 1l0097] Fi gure 17
bowesthglq@m@@w theowerdinagifigrey slec il tﬁg r@ eregeresignal which is cyclically
n- 1 n f th |nv on, At ck
shlﬁ?] Qc%qgaﬁl thcfnggg rlgg) %rgﬁ ! 01611 it ei SURT O {l}eocnello e%) ﬁlg cgclﬁ shift, the
ouep@eidritiee F3salod-garkibhd hoppldy, bhe theadset §pl=lcfﬂc ¢yRSt shige The e-NodeB
Figure 17 there are also user- specific cyclic shifts
recgiyes that Hgua end epsagieesdt asshodemadadpionieferensp gjgm fesrfhat particular
L.C serspecific
usdr o B AR B o MR H LA RapiisBst T on Tor
that particul ar user. Now (or earlier than either or
bot h of bloqks 1702 and 1704) the E-Node B quanti zes
gl BYlskk daspobed e theerertexcel HilRaeN-LdyFs|if dés snthin shogscoge of the

e : i fi if
oAl G SRR LIS B S b B Node 12
pra@séndofor atide MpbopPiviiglc@hcseahs ald theuathiags Ile?&]:m\wd tottlintited to a
countercl ockwi se shift for slot 2. In an enbodi nent
paitigalag yineless epppnicationpgaiocoled as a nodul o operation on
a sum of the cell specific cyclic shift, the outcone
of the pseudo-random hoppi ng, and the user specific
[ooagy c litiveillbhiappretiated what ehbbédimcnte df thatinamtivaprosaieta madthod, a device, a
bl ock 1704. Now the particul ar user equipnment receives
compUlE} BRI BBEHHES TR ShLaI COmBR B G RCTRe and cxccutable by a

d‘ctgéssof‘j %ﬁﬁ Ir?;.E ngtegr)éfeld' c‘frctcf b tork 8% ‘f‘%t\égéh@%nik? lhB?ﬁﬁné ég@eﬁh dapted for

ource a Tocation th cat
inttaSETF shsﬂnag,i th btoraxyseb ol blif ¢hift hoghicopanetresiapted fayatkbt-TTI shifting

as the e-Node id. At block 1712 the UE
W@@hag ifse;c FF‘éOléfCRlé‘a’éBtO aiPHE’tt%% %aﬁﬂcwﬁp& frqf@gaam%g PRIR™ j3g CAZAC
| .

soHh AT ity B2 AR PG L NS BE CPOL R s(giinge. and 10
trangnic ;heI(IA:EACyseqllemﬁds actoatin®todi ayglit chiftipetteradidt oombines the first and

op eratlo gn t.he sum of the cell specific cyclic
thes???‘i’l% cYeHe NORRIBHAEIENS- t he pseudo- r andom hoppi ng, and

the user specific cyclic shift. The e-NodeB receives

that signal and recognizes it as the denodul ation
[ooreef er encén i gpratuliroembbidtmep@arthe duwstacyclic 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 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 shifts 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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user for that particular uplink resource that it

al located to that user. [0098] Wiile described in the
w@osasa07dbf UTRAN-LTE, it is within the scope BET/EP2908/054733

exenpl ary enbodi nents of this invention to use the

above described UE 10 and e-Node B 12 procedures for

ot her types of wreless networks and the teachings

gt TPl pbbbier ot BofuBRefo sl gt §F s rapedeocn 1

wheheat 1sedtbﬁdhﬁﬁﬂaan&fulat{bn&efmetsig@al RhgMi de adofliet B@Bediment the
devi ce, a conputer programtangi bly enbodi ed on a

seqoppaitesn iy reaigdis aéldrd@ﬁmsw langth@st@fdm eyt digyframe. There are separate

an(P ?t%ﬁeg({wus P?p;ﬂm% Batneg pa esrense % hépt}nté% at?& f Y‘*?“ﬁ Ihrf?' floppmg,

an@fhlefnbtvﬂgk nta§ sHindl 18 adJ 5 &5aRdio tiik lcbﬁitrdi BIhefsﬁagB QPPBY Bbadcast message,
pattern adapted for inter-TTl shifting within a
MeEAUINES s ofipyalic shidt happing naffern itq wte feyiéy Yk transmissions.
ence and to apply
Th?% ol BB BB S B ST T o "The caZhe
sequence, and to transmt the CAZAC sequence according
to a cyclic shlft pattern that conbines the first and
[00tHEe secohdl 2esEtli Erchepioun gmbadinantismay b 1mplemaated in hardware or
e S t
oo 20 AR SIETRE SR 16k 0 on il (ftedt. B Gy, some
aspeofs rays pe dhfpie@n@lﬁﬁdemdhﬁgwﬁﬁg twdiile @herl &p@ct@@ﬂidyl l%ihhplernented in
of both CAZAC sequence and bIock | evel spreading. In
firgiatner spiaware cvigh meybbrickeHed bhe alaHer. ayeroprocssior or other
A
00191 ttn§r dt{%vic%f egfr?l ugh 3 Cﬁ}\%ﬁ@b’tﬁ% ?lgié 1 dﬁtﬁecf t? ?JO 3{%%% %?HS%H% aspects of the
1m©ﬁfifﬁn ﬁﬁplb@nllﬁ)s‘tratmlt dnd@ZAibed ey llﬂxﬁnkedlagidmb ) ek chﬁV@ lor using some
spreading. In an enbodi nent, separation of cycli
othghpictansf é@pr@%epﬁ*élpnolt ipueh uafierﬁned fhit Shess pakd camratus, systems.

tecFﬂlhhgsr Hndtfio &]ﬁ?e(aqle}%lﬁ §1 P #enteﬁteﬁq{w) aG a3h- lﬁltﬁltlflé Examples,

anot her e |nent ts as between
haglwats sd)f&m[’fﬁ)ﬁﬂfﬂmd, spédial)pﬁtpcaa 01trds1&1rs oe filgind perend] pufﬁ'a)@c hardware or
shi of at least one slot is rotated sp as_to avoid
CO@F%L% OE PP RIORNUGRE WEYIRCSA AT SN QEURRINLEN) tﬁefﬁ ff yet
anot her enbodi nent, the cyclic shifts of the patterns
IS quantized according to a reference signal of a
[oori2ni mum arbddinidrtadiltbcat eivns hay do ptdeeccdantyadousenmpbhents such
pattern defines x cyclic shifts and js reused each Hx, .
as Yifesaeq cirguis macklommh isedroeal ot tﬁﬁrat@’r SFHE ds gy §H§|large a highly

autoRTAEH Eyrodegs g%g@@{anﬁﬁ;e%f Etv&;aﬁeto RARNFRAL S)F@oﬂ\%rting a logic

periodi c an I nes I'engt equa to one radio
levket dnggn Titere sanlemchm&wa&tm:uandbs:gnnwadﬁm@ dasctblogdpamiy formed on a
rns for base sequence hopping and for cyclic

se lﬁP? UCHS PPt e-

[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
libraries 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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and the network may signal to a UE, by radio link
control nessage or by broadcast nessage, which of n
W@ ewaaswes | ndi ces of cyclic shift hoppi ng pattRCTEP1008/054733
use for its UL transm ssions. These and ot her aspects
are detailed above with particularity. [00101] In
general , the various enbodi ments may be inplenented in

dmare circuits,
ool Gy coRbiPRERRARt R BERamaf Sl e < At pBfE witeain
theRYevBntCartsRl vaEwe R el fd@egmgm@sbﬁptldm iWienathem hSn with the
may be inplemented in firmvare or software whic
acqeEPARBBE QWWSaH@WﬁWrolanérandmlh rsgifeetionopf dhe éﬁahlémgs of this
! [ Ith he | ny
1nveg{1c? &P%Hgﬁl& olﬁilmel SC a?fl %% go% gnngtcl: %gn&lim(f 19tts of this invention.
|nvent|on may be illustrated and descrlbed as bl ock
di agranms, flow charts, or using sone other pictoria
Woﬂébresenfaﬂh@ﬁuﬁ¢ﬁmeOW@Pﬁmﬂﬁ@%¥ﬂﬁﬁ@@oﬂﬁﬁﬁkhm@g@eﬂbomﬂwNSOf
thlg) Qf%ﬁ% rg%ﬁ@er 4% acﬁ%ﬁ%agggz’ltlh&?tctﬁegéog'l’}e%ﬁoﬁ)cﬁ%gn%eQ)?gﬁler features. As

descr erern na enen

sudhQthel fordkbin geXiptiph §1‘130u1ch'6&r ebtidercdsie hichely ellusfrafivendntis principles,
s§p0|al purpose circuits or |ogic, general purpose

teaghipasmaidecxspds erbpdiarentsrof gy érve@twm ahd pgt indipigasion thyreof.
sone conbi nation thereof. [001 02] Enbodi nents of the
i nventions nmay be practiced in various conmponents such
as integrated circuit nodul es. The design of
integrated circuits is by and |large a highly automated
process. Conplex and powerful software tools are
avai l abl e for converting a logic |l evel design into a
sem conductor circuit design ready to be etched and
formed on a sem conductor substrate. [00103] Prograrns,
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
established rules of design as well as libraries of
pre-stored design nodules. Once the design for a
sem conductor circuit has been conpleted, the
resultant design, in a standardi zed el ectronic format
(e.g., Opus, GOSIl, or the like) may be transmtted to
a sem conductor fabrication facility or "fab" for
fabrication.[001 04] Various nodifications and
adapt ati ons may becone apparent to those skilled in
the relevant arts in view of the foregoing
description, when read in conjunction with the
acconpanyi ng draw ngs. However, any and al
nodi fications of the teachings of this
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invention will still fall within the scope of the non-

limting enbodi nents of this invention. [00105]
wao-eoshaondr e, sone of the features of the variRPUFEP2008/054733

non-limting enbodi ments of this invention may be used

to advantage w thout the correspondi ng use of other

features. As such, the foregoing description should be
ciS idered as nmerely illustrative of the principles,
—1P§g§hings and exenpl ary enbodi nents of this invention,
wagdinnot in limtation thereof. CLAIMS: W claim 1. A

nmet hod conprising: quantizing a cyclic shift of a

reference signal as a conbination of a cell specific
1 cyclic Blft “%&H an outcone of a pseudo-random
'hoppln gﬁgmﬁroa%castlng an indication of the cel

spe quziﬂtle@ec&ycﬁc shiftf dfa réferchiae sigaiinRa @mbedaiomMot a cell specific

wherein the cyclic shift is quantized using the cel
cydisedift with @y @Iutcencmf pipseudoerapdare bapdipg: aHe

G PG RRRR IR PR AR st AR b5 e SRFRSbE ompr 1 ng

signaling an |nd|cation of the user specific cyclic

shift in an uplink resource allocation. 4. The nethod )
2. of dihametted afiebrim In wheeein Preicrli Sl iy qentiradoesing tha cell specific

cyé?.ﬁrgﬂ t%lﬁcs (gﬁg?rﬁlé {)Pt%‘%&)g Qs )(rglg(tot%l g(f)@%qu%r{%% %ﬁg g?&hg @glch% shift.

e UTRAN system and where the reference S|gnw
HEIISGS a denodul ati on reference signa
3. et

88 msthad ofichin 2, fipehes compiising ﬁlznﬂglgtqﬁlén@ymncofém pger
spccc%'cp&’fcﬁ8§h@t F‘%ﬂ&i@ﬁm{’{’e‘%ﬁé MoBRo Sum of the cell

Speci’fic cyc e user specific cyclic shift
and t he outcone of pseudo-random hopping. 7. The
met hod of claim1, wherein theaﬁseudo random hoppi ng

4.i's doFmedindaficiaim 33 wherein thetmbak srsowica p Hocptiopremprises an
aﬂ&gﬁPﬁehﬁ &ﬂﬁﬁ%gﬁﬁuﬁ¥%yk&n5h'ft operates to random ze

hifts betweerr tTansm ssion time intervals. 9.
The nmet hod of claim 11, wherein the cyclic shift is
quantized according to length of the reference

3. sj griap meghode{¢lqigy 6660&6‘1613’6?} MNode Biphan gilhl 1%4%@ system and where
thed BEELRD %anﬁl’ &%nscssa HSESTI Qi AGOREAE sfnal.

6. The method of claim 2, 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.

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.
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cyclically shifted reference signal with cyclic shift

according to: cyclic_shift_synbol= (cyclic_shift_val ue
WO eougtibeons t he reference signal)/12; wherein PCT/EP2008/054733

cyclic_shift_value is between zero and el even and

cyclic_shift_synbol is the amount of cyclic shift

given in reference signal synbols. 11. An apparatus

co I Si a ocessor copfigured to quanti.ze a cyclic
105 i 7 Betsod bRl o, Sheren e reietehce yigntl ASthegas sl |
cydRany khited yGbreticesdigdal withtdyclanstofbe@i@ingto:pseudo- r andom

hoppi ng; and a transm tter confiqgured to broadcast an

i ndicxdicl ghiftofymbed= terclic spétivalue *dgrdth ef Bigireferengesigmy¥12;

a ratus chai. 1, wherei h rocessor -4 s .
BB eath R BT b s RO R el e RIPHTE it Swveip e
am®PRCITTcly Blicyeft igbref i fdferchdtasi@ial oanwolof t he

pseudo-random hoppi ng, and a user specific cyclic

shift. 13. The apparatus of claim 12, wherein the

transm is further configured to signal an
llindg%épkgﬁﬁgf%FW§S%§er specific cyclic shift in an

upl apkodeesdudifizuadd ©aRbAR. a dytlic e ppafcadnds sighalcdsai m

13, wherein the uplink resource allocation conprises .
coghingliomelz ¢Bdhspealbic syelfc st aitharanteopst af pscudy-ragam hopping;
and@Ppar at us of claim 14, wherein the apparatus conprises

a Node B of an e- UTRAN system and where the reference

Si gaatangoier tadBusedde Mashdat b ihdi@tionh ente cllgpadific &@lic shift.

The apparatus of claim 12, wherein the processor is

configured to quantize the cyclic shift by performng

a I 110 f [ -

123, g GpRRES 8f ol P AU wbdSafit bR Rupptce the

cydidtshifiresing thesell dpediaan ciaiic Rbifp tHegutdome dilike pgpds-adndenotiopping,
claim 11, wherein the pseudo random hopping is cel

and p gesrepecifigeyclisshidppar at us of claim 11, wherein the

cell specific cyclic shift operates to random ze

cyclic shifts between transm ssion tinme intervals. 19.
13The Tappppaaitus obflaicd &2, whkicin Weettismittdrés furtheessidiguics to signal
an |(1:o (%ltl%gr@? t :pger? %}%gtfﬁlé ég%lii.cgq i C)é/ﬂcel}nl 1(1:phsnr1]<I rfestou?c?eca lro(cjalltpo%. to

14.  The apparatus of claim 13, wherein the uplink resource allocation comprises an

allocation table of an e-UTRAN system.

15.  The apparatus of claim 14, wherein the apparatus comprises a Node 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 quantize 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 pseudo random hopping is cell specific.
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20. The apparatus of claim 19, further conprising a
recei ver configured to receive a cyclically shifted

WO edosns20ce signal, and wherein the processor iBCT/EP2008/054733
configured to generate a cyclically shifted reference
signal for denodul ating the received reference signa
wWth cyclic shift according to: cyclic shift_synbol =

(cy c_shift | .ue
185y dr frdnbi b @it Lo Bie e SpERHE RO Bainersriseiv,
rariBhiR) SYROsiARbeekh Gasdhitdiosimbateivalst he amount of
cyclic shift given in reference signal synbols. 21.
The apparatus of claim 11, wherein the apparatus

co 0 yj
19regg%gﬁggn%ﬁ%?ﬁ&%%%odyqﬁ%ﬂgﬁbr5og§%¥6?COqgﬁ%ﬁ%qum“meﬂm
cy@xahift altbliby toAcith ©e 8RAtfctdhcpeichelr m actions directed

toward determning a cyclic shift of a reference
signal, the actions conprising: quantizing a cyclic

203 hi tllh 91 a?atu? BF&%%F F‘% %gl?%lcoﬁl%gglpg %'}’Qéeu?etr 'c81?ﬁé%fre(?to r%!:élve a

speci

cylizald @hlfta@ ﬁbﬁéfeﬂ@m@gxfag andMeheboi® 8#qR6¢ds8td iaronfipdidab igemerate a
of the cell specific cyclic shift. 23. The conputer

cy¢lathaphigcdristeeyccotisngl fnnempdulaiag therceaiecdagtergnee signglywith

S|ng the cell specific cyclic shift, the
Cy&ﬁnﬁﬂ?&koﬁﬁﬁ%e pseudo-random hoppi ng, and a user

specidlicc stiftCdyintboth (dytlic 24ift Thike cdemith ef theeafdadpkbesignal)/12;
menory of claim 23, the actions further conpr

whefeiharalisgshaf Vaksi is hetvsan seroend elsyen andest lﬂ%nféwm%el is the
f 25. Th
ot it Bl RSO el WAL s e n t he

upllnk resource aIIocatlon conpri ses an all ocation
table of an e-UTRAN system and the reference
Lsi g 8r eppgsptis akclainy bhdlﬁhﬂr%{l therpnpaRaseRBwrissRdntegmged circuit.
The conmput er readable nmenory of claim23, wherein
quanti zing the cyclic shift conprises a nodul o
22 operatangut@rrealablemeahoryleentodl ingspecghimcofdyttuctoshixktytable by
t he user specifi.c cyclic shift and the outcone o
a PRAEHP5 LG %fﬁglﬁ% LRI Ggectesiowsldetsmiingp oy dicahslt @g a reference
TRV wherein the cyclic shift is
Slgquéntela'zce{)jnaccgﬂ%&%g to length of the reference signa
and quaneingt gy chc sliftl dfaatfeyernsb sighaldisraefoatbémation of a cell specific

cyclic shift with an outcome of a pseudo-random hopping; and

broadcasting an indication of the cell specific cyclic shift.

23.  The computer readable memory of claim 22, wherein the cyclic shift is quantized
using the cell specific cyclic shift, the outcome of the pseudo-random hopping, and a user

specific cyclic shift.

24.  The computer readable memory of claim 23, the actions further comprising

signaling an indication of the user specific cyclic shift in an uplink resource allocation.

25.  The computer readable memory of claim 24, wherein the uplink resource

allocation comprises an allocation table of an e-UTRAN system and the reference signal
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signal wth cyclic shift according to:

cyclic_shift_synbol = (cyclic_shift _value length of the
WO edosns0ck signal )/ 12; wherein cyclic_shift_vaPCBEP208/054733

bet ween zero and el even and cyclic_shift_synbol is the

amount of cyclic shift given in reference signa

synbol s. 28. An apparatus conpri sing processing neans

f or. a c.shift of a reference signal as
colgfsS bR Rtaf &Mt (e Eyeric ehirt wih an
out cone of pseudo- randon1hopping; and comuni cati on

means for sending an indication of the cell specific
26cy clThe cempyter wedgblamamory elselaint 2k whegein Twntiapisdhaeyaic shift

coff s A oS0t U BB EER G HER g SRIPHeRRE: Seciic

Al proc e “conmuini

cymrﬁmﬂ s@btha otlfcaﬂ@mfm@ﬁo&@mfdngudsmn 0 broadcast the
cell specific cyclic shift wirelessly. 30. A method

conprising : determning a cell speC|f|c cyclic shift

f r OFF;hQ él%?&tely %gdébrfg hl%ﬁlt | £ cgglant gﬁ% éln grlcfl# Shifté !1ua%tlzed

ermnin IZG

acdoedlﬁg eRagthiof e reaﬁex&e cs(gm‘al aﬁaltge@ara&fs atdyeh@elbzlshﬁ&e@d:féte@ce
cyclic shift wwth an outcome of a pseudo-random

sighelppittheyclignbifsacssending 1 r ef erence signal that is
| | *
i T T R T A

whefegn eydhict. :ilﬁ?ft otk el cely etro@nd kicktn usd detier diifn agmbsi i @he
the cell specific cyclic shift, the outcone of the
amguih Y 6Y ¢ liafreisp R Fricrengsbignal sapbadpeci fi ¢ cyclic
shift. 32. The nethod of claim 31, wherein the
i ndication of the cell specific cyclic shift is
281 ecainvppaausrcompbkiagdcast channel, the method further
conprising receiving an |nd|cat|on of the user
spefTIrPHIEBrIe fgwlfafltmﬁg ey el Shelk of e sdercaes gnabanati on

AP af f h hl S OhE ol
co e R R T R B Py Borping
andshl ft.

communication means for sending an indication of the cell specific cyclic shift

over a wireless link.

29.  The apparatus of claim 28, wherein the processing means comprises a digital
processor and the communication means comprises a transmitter configured to broadcast

the cell specific cyclic shift wirelessly.

30. A method comprising:

determining a cell specific cyclic shift from a received indication of the cell
specific cyclic shift;

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.
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33. The nethod of claim32, wherein the uplink

resource allocation conprises an allocation table of
W@ro08ABIDRAN system and the reference signal tPEI/EP208/054733

cyclically shifted according to the determ ned

quanti zed cyclic shift is sent in a resource allocated

by the uplink resource allocation. 34. The nethod of

31 gl_ %@%@?‘g&%&% 0\?\%/&%&%{8 rg qﬁ%}l{iezggﬁgéelicgsl%%glt(iepegmgnned%rs]ing the

celC SyBRIfics®Bliasidfnbd 'd)h@bfn‘éQ)fﬁlﬁﬁ%@d&ﬁn&blﬂﬂ@ﬁpin@?anﬂ%er specific
nmet hod of claim 31, wherein quantizing the cyclic

cydisishift.conpri ses a modul o operation on a sum of the
cell specific cyclic shift, the user specific cyclic
shift and the outcone of pseudo-random hopping. 36.

32 The The hdeatbdasf ctdii 3T, YBerehBe eidicdtiog of SRUR shedifl@byclic shift is
hopping is cell specific. 37. The nethod of claim 30,
reogiyed ever a breadaapt chapyecdi the methpd) fpghagsiopprisiperegesgng an indication

n ] | C (frs n_transm ssi [ .
of PG B B B S M Bt ine he wser
spaeyfed ¢yelis Bhifitfrrd tigpuadivakiddretar off thg ute@ sp&vifid by it shifie
reference signal. 39. The nmethod of claim 38, wherein
the sent reference signal that is cyclically shifted

acc i 1.0 t i ne . 7 : ‘
N e S I I R
all§cayioh tablsbit dute-UVTRUEN bpngh hindlthd Reremtkai@atat is cyclically shifted

signal )/ 12; wherein cyclic_shift _value is between zero
accaﬁ%né tethe dletermingd draizet cyelicefibis| septsin pesoyFs ptocyed by the

> [ ' iven in reference signal synbols. 40. A
“pﬁﬁﬁ%%§%?3?%%ﬁ§%¥e menory enbodyi ng a program of

i nstructions executable by a processor to perform
actions directed toward determ ning.a cyclic shift of
34a r dhemshad afiching 33, PHEUSE Y Grscymait qgerating in an e-UTRAN

L fie cveli Lo '
sy b LA P AR SIRE] b ff s demblibod M RLe el
determ ning a quantized cyclic shift of a reference
[ I mhi nat i f the cell 2Ci fi i
3520 TR e o o SR B Lol

opéf@{?&ﬂ gllg% gur%gffﬁ:]e:c%gg{)ééiﬁ@ @glcéltc@ﬁfft, iR L%%Péﬂ&fﬂcl c&cﬁ@éﬂift &fld the

accor erm ne
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 cyclic shifts between transmission time intervals.

38.  The method of claim 30, wherein the cyclic shift is quantized according to length

of the reference signal.

39.  The method of claim 38, 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;
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quanti zed cyclic shift. 41. The conputer readabl e
menory of claim40, wherein the quantized cyclic shift

WO 2008232031 ned using the cell specific cyclic BEi/EP2008/054733
t he outcone of the pseudo-random hoppi ng, and a user
specific cyclic shift. 42. The conputer readable
nennry of claim4l, wherein the indication of the cel

shi gd
wEREE Rl ifusPSbe b AR BRe Y SRR S Bbot s
amoMfd dfeyslid $Hift gﬁzefleﬁi%fé‘t@ﬂcd SigrRNsyEbdInk resource

al | ocati on. The conputer readable nenory of claim
42, wherein the upllnk resource allocation conprises

402" %l uttelrorga aﬁpetrﬁa mboduglgg;\ﬁr r%ur%r 'plnsg %tlgns e&(ecutable by

T ef eren e Sl gna S CcycC accor

a peteb e talpdrirhi a@adnﬂ&imtdd&e&aﬁydﬂtdrﬁnﬁhg hlydlsc shebf 4 Feféence
resource allocated by the uplink resource allocation.
signal, therstiousrRouinesingeadabl e nenory of claim 41, wherein

qua%teﬁnﬁ%&tqahgellc%gélk‘? ?ﬂ Sthl rgera{ I‘c'eg ng ﬁﬁ‘aﬂ\]‘d iSn o%th]e cell

operati on & ce sp eC| Ic s

spdcific 4&HE skieci fic cyclic shlft and the out conme of

pseudo random ho plng 45. The conputer readabl e
e etprIpining aaqtrﬁn ped qasle shiff afjacisegmee pigpdras geembingian of the

e n1ned

e PRy SRR bR i P
cyckémligdd fdferSleE@@énal {aysl clycllﬁhyfshl_fbéa labeordiap gé ’fhleeteInlﬁﬁled
reference signal )/ 12; wherein cyclic_shift_value is

quidizgd eyrlicsh 5?and el even and cyclic_shift synbol is the
amount of cyclic shift given in reference signa
synbol s. 46. An apparatus conprising: a receiver

41 conflhguomguteorcadaitt memany ofdaiead(, wheedin eheaplahtisydagtli¢ shift is
cyclic shift; a processor confi ured to deternine from

det@ﬁemf:% Bung &y qu&p%Cafw eyeliciBif éhq ouseng ¢f the pyraidpwandom hopping,

anc‘l;g#lgér’s el Eﬁ:h@%ﬁﬁ‘{m ne a quantized cyclic shift of a

er ehce signal as a conbi nation of the cell specific
cycllc shift with an outcone of a pseudo- random
and a transm tter_configured tqo sen

42r ef 5 heAGED puirhrafatlqmemosy e dpimeal. whesgin flteéadlcatlon of the cell

specific cyclic shift is received over a broadcast channel, and where the indication of the

user specific cyclic shift is received in an uplink resource allocation.

43.  The computer readable memory of claim 42, 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.

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.

45. The computer readable memory of claim 40, wherein the sent reference signal that

is cyclically shifted according to the determined quantized cyclic shift has cyclic shift
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according to the determ ned quantized cyclic shift.
47. The apparatus of claim46, wherein the processor

w0 go0sasdoryyured t o determ ne the quanti zed cycl PCT/BP20D$/054733
using the cell specific cyclic shift, the outconme of
t he pseudo random hoppi ng, and a user specific cyclic
shift. 48. The apparatus of claim47, wherein the

aCre(g ger is configured to receive the indication of
e specific cyclic shift over a broadcast

chagp@lc stiftes antﬂﬁﬂ& vsiclié Whirhehlue Gﬂéﬁ?hl bethelrOfef@EELigRalRM2;

i ndi cation he user specific cyclic shift in an
wh@rﬂlm pyclicesoftiraducab betwaeh aero aad glowbreprd eyclineshpit syedsbis the
amofin qn l(i:’cl'lr 1& %V%Il%?%e ¢ mnnees trpa‘lz2 ‘t?ol specific cyclic

SH Y PR B AL VIS AN BN S t he user

speC|f|c cyclic shift. 49. The apparatus of cl ai m 48,

wherein the uplink resource allocation conprises an

464l | deapPatusgoMPrisgan e- UTRAN system and the

tr anasrrgc 11{7eerr onﬁ th(l) 1%9 9nd§cat1gn OI?S cel?f%ecﬁ%ecty CFIC %%l

that™ i's cyc Iy S accor i hed

q uaatpr@@ekos )t@rhﬁgnredwofdetdrmra: fr&@f wleeelbénaﬁldicsua{ theeall egkcific
y the uplink resource allocation.50. The apparatus of
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55. The apparatus of claimb54, wherein the sent
reference signal that is cyclically shifted according

48t ° g@% g%gﬁglggw Wit & ey GbdiCerTfbdie JiAs GYElh% the
indlcatlon 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 transmitter is configured to send the
reference signal that is cyclically shifted according to the determined quantized cyclic

shift in a resource that is allocated by the uplink resource allocation.
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cyclic_shift_synbol = (cyclic shift value * |ength of
the reference signal)/12; wherein cyclic shift val ue
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the amount of cyclic shift given in reference signa
synbol s. 56. The apparatus of claim46, wherein the
apparatus conprises an integrated circuit. 57. An
apparatus conprising: receiving nmeans for receiving
receive an indication of a cell specific cyclic shift;

50.det eh&hpaRu BRIt 99, Wikk&h %@Aﬁbaraftﬁmnmfseg §"&§ér\éﬁglpmem
i ndi cation the cell specific cyclic shift,

opatating imanienld TRAN systanz enld whereithe @tﬁq:rﬁncecﬁigmal pemeneescae
d Sicﬁgat as.a conbi nation of the cell specific cyclic
gy T‘%rf’f?r%ﬂ‘fe&ﬁné nme of a pseudo-random hoppi ng;
RECTI FI ED SHEET (RULE 91) | SA/ EPand sendi ng neans for
sending a reference signal that is cyclically shifted
51.acc®helappgrates oihéaide% mhengin th;pmnc&swds cyniﬁguxedsm' quantize the

t | ai m 56, , wh th
eyl bl B BPRUR oBEraPion G Feim ol b Gl S VGt he Uber
HERYy: i aRSduténte dth
sPegen di %]g@ﬁ%g%gaconpurtl sesglralg;ltetrngdngdr@il:at8 it‘hgrﬁﬁ,gilé1 C?Il' InFI EDeSHEET

(RULE 91) | SA/EP
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.

54.  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 an integrated circuit.

57. An apparatus comprising:
receiving meaﬁs 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;
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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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