-1 - DESCRIPTION SIGNAL SEQUENCE GENERATING METHOD,
CONTROL INFORMATION GENERATING APPARATUS AND USER
EQUIPMENT 5 TERMINAL TECHNICAL FIELD The present invention
relates to a signal sequence generating méethod, a control information 10
generating apparatus, and a user equipment terminal. BACKGROUND
ART As a next-generation system of the W-CDMA (Wideband Code
Division Multiple Access) system gl &R therdlSPPA (High Speed
Downlink Packet Access) system, an LTE (Long Term Evolution) system
has been studied by the standards body referred to as 3GPP (3rd
Generation PaftNérshipFu Bt EInthE EFESRte i Ed Sitgte catNéROL
schem# (SRMDMANSIBE EGATIEN 20 APEtARACTY Division WiitipleQU I PMENT
Access) has been studied to be applied tor Mplink communications (see
3GPP TR 25.814 (V7.0.0), "Physical Layer Aspects for Evolved UTRA",
June 2006, for example). A control channel and a data channel are 25

multpFexBY F8 & B R communication channel. Further, a
Demodulation ReferercecSignalrandiansounding Reférenee Signad areignal

transpitied AR dhey uiplink eammunication channel ihedise af Asignal 1 on
| iequence ora signal 30 s]?q%;ence groyp, such as a CAZAr(ﬂ: %Cé)nEtaP;[n nal
mpﬁt%rdg ero Aut6-Correfa i%ﬁ} sequen%e %FS%A%U&%ec?uencee et

group with a better auto-correlation property, for the control channel, the
DemBACkKGROBRErARE Signal, and the Sounding Reference Signal has

been 35 discusseda The, CAZAC spauenge includes &-Zadoff:Cht e 1-cpma
Sequ?ﬂg%gggr?dc%bcdaéz%g\?gguleonr?th%Eiple Access) system and
15 the HSDPA (High Speed Downlink Packet Access) system,
an LTE (Long Term Evolution) system has been studied
by the standards body referred to as 3GPP (3*°
Generation Partnership Project). In the LTE system,
a single carrier scheme (SC-FDMA: Single-Carrier
20 Frequency Division Multiple Access) has been studied
to be applied to uplink communications (see 3GPP TR
25.814 (v7.0.0), “Physical Layer Aspects for Evolved
UTRA”, June 2006, for example).
A control channel and a data channel are
25 multiplexed into the uplink communication channel.
Further, a Demodulation Reference Signal and a
Sounding Reference Signal are transmitted on the
uplink communication channel.
The use of a signal sequence or a signal
30 sequence group, such as a CAZAC (Constant Amplitude
Zero Auto-Correlation) sequence or a CAZAC sequence
group with a better auto-correlation property, for
the control channel, the Demodulation Reference
Signal, and the Sounding Reference Signal has been
35 discussed. The CAZAC sequence includes a Zadoff-Chu

sequence and a CG-CAZAC seqguence.



DISCLOSURE OF INVENTION [PROBLEM(S) TO BE SOLVED BY THE

INVENTION] Assignment of a CAZAC sequence (or CAZAC sequence

group) to each cell is designed such that 5 the same CAZAC sequence or

the same CAZAC sequence group is not used in adjacent cells, as shown

in Fig. 1. The use of different CAZAC sequences or different CAZAC

sequence groups in adjacent cells can reduce inter-cell interference. 10 In

Fig. p1diteI68HRAZAE sagvpRaesoamong seven CAZAC sequences

(G1-G7) are ass'gnﬁﬂy{ﬁaﬂﬁfﬁ} C%d'EH@ﬁC%@E\QE‘B g asRINMeNt i 1o

interference among cells 1S eliminated. However, It'is necessary to

re-assign CAZAC degjBéfAcesiponC 15 ehaigestin HFEIEEIPEhfigaratioR 4R C

IS a genenalrobfect obtine)present ainventioh 1o efficitntly assign auCAZAGat

sequenge 1o gack selk IMEANS. FOR SOLYING THE-PROBLEM(SY 20, e

In one asLE)ect. of the Eresent invention, there is Brovped a S|gneg . .
ro 1S PO usE lP a%gacent cells, as™s owpbln Fig.

sequ%nce Benera ing° method of generating a signal sequence used by a

user equiphiht terfireal irfa Ficbie ebnirfuricativf I8yt Sin€lding the
stepsioft 25:generating Aby a dase station,ra predetermingd heppingells
pattern;-generaiing, by therhasesstation, a.hepping-sequence by applying

4 fase station, the. hoBping Seadénch th 112 LEa adtiiavont (A And ™"

genct&iiRy) by e Gseregufmtent terfinal, 'the 3ighat Segueneed to

accosading teetie hopping . sequence d3mn anotheériaspectof ¢ghnenpresent

inventiohe v ference among cells is eliminated. However, it
is necessary to re-assign CAZAC seguences upon

15 changes in the cell configuration.

It is a general object of the present
invention to efficiently assign a CAZAC sequence to
each cell.

[MEANS FOR SOLVING THE PROBLEM(S) ]

20 In one aspect of the present invention,
there is provided a signal sequence generating
method of generating a signal sequence used by a
user equipment terminal in a mobile communication
system, including the steps of:

25 generating, by a base station, a
predetermined hopping pattern;

generating, by the base station, a hopping
sequence by applying an offset to the predetermined
hopping pattern;

30 transmitting, by the base station, the
hopping sequence to the user equipment terminal; and

generating, by the user equipment terminal,
the signal sequence according to the hopping
sequence.

35 In another aspect of the present invention,
there is provided a control information generating

apparatus for generating control information used



there is provided a control information generating apparatus for
generating control information used -3- for generating a signal sequence
used by a user equipment terminal in a mobile communication system,
including: a hopping pattern generating unit 5configured to generate a
predetermined hopping pattern; a hopping sequence generating unit
configured to generate a hopping sequence by applying an offset to the

predetermined hopping,1Q patierhs and a rapsmitting; Weit egnfiguredkto

transmit the hoppin

sequenfe as the controll information to the user
r 1n lle

equigr%léﬁlp t@?rﬁinal?%n another aspe%t Sﬁﬁe pres%(rjlfnlnﬁl\}relﬁtlcoan, l1q5ntth/eStem’
is providdd d t_er equipment terminal for generating a signal sequence

for a control channel, asgnahsequence for gbermodulation Reference

Signal, ard & signal sequance fora Squpding Referenge Signah ki g
mobile communication system, 20 including: a control channel signal

seq

fice egen’erating unit configured to generate the signal sequence for

the control channePadtBRIg\® & HOPPNGSelasrcederievated by
applying anoffsetto2d aypredetetminedihmppinggpatiesn;anbembgulation

Refegence Signal Sgquence. generating unit-cenf @&E%Qi@eﬂﬁ%@ﬁ they
| 8ignala%ecc%1ence fonrcr{he Demodulation Reference Signal according to a

seq

nce orr%"edéby puncturing the 30 hopping sequence; and a

Sounding Reference $igAalgeghéRce geReratifg Bt 8oriftiréPtot ransmit
genetate thesighaly sequence as the control information to

15

20

25

30

35

the user equipment terminal.

In another aspect of the present invention,
there is provided a user equipment terminal for
generating a signal sequence for a control channel,
a signal sequence for a Demodulation Reference
Signal, and a signal sequence for a Sounding
Reference Signal in a mobile communication system,
including:

a control channel signal sequence
generating unit configured to generate the signal
sequence for the control channel according to a
hopping sequence generated by applying an offset to
a predetermined hopping pattern;

a Demodulation Reference Signal sequence
generating unit configured to generate the signal
sequence for the Demodulation Reference Signal
according to a sequence formed by puncturing the
hopping sequence; and

a Sounding Reference Signal sequence
generating unit configured to generate the signal
sequence for the Sounding Reference Signal according
to a sequence formed by puncturing the hopping
sequence.

[ADVANTAGEOUS EFFECT OF THE INVENTION]

According to an embodiment of the present



sequence for the Sounding Reference Signal according to a sequence
formed by puncturing the hopping 351 sequence. [ADVANTAGEOUS
EFFECT OF THE INVENTION] According to an embodiment of the
present - 4 invention, a CAZAC sequerce<an be efficiently assigned to
each cell. BRIEF DESCRIPTION OF THE DRAWINGS 5 Fig. 1 shows an
example of assignment of a CAZAC sequence to each cell. Fig. 2 shows

an examplgof assigamentof@ QQ%@JQQ seavencede eael cell iy 1
accordance Witg an eéanr(ljimerlt of the present invention. 10 Fig. 3 S]YIOWS

asS S (S} C C . . . .
a concepﬁ?&ﬁ diagram of a method of generating a hopping sequence in
accordance with an embodiment of the present invention. Fig. 4 shows an
exaryié BF hORSCR 15 BEON @R s THACERANTNGSIth an embodiment of

the presentinventipngFigs 5 shews a£oneepitaldiagramaf & mathod ol r o
applggggéwo Tginlgjesrgzctz:uejence tegaeca}g:hgg | .in accordance with an

embodiment 6f the presen%ozo invention:. I]-'i'g.6 shows a time-relationship
between a Demodtifafion Reféteiée Siyndk aSotmdit Refefeheeent of a

Signab apnd acostrglchanael: Figea shows a toncepival diagprame?25vith an
i"USt@ﬁilB‘Qc?irrﬁ!ﬁ{iQ”%JﬁP Wb@n;?r*é%iﬂg SepHenes ds app_lied toa
emodulation RefeEtence %lggﬁlba SoundlngaReferer;cedSllgnal and a

. ig. ws_a conrteptya ram O
control channel in accordance With af embodiment of the prgsen

invetioh? 30 FRE 8%xHoWsfirdBconcepRial iagmmipence in

accordance with an embodiment of the present
invention.

Fig. 4 shows an example of hopping

15 sequences 1in accordance with an embodiment of the
present invention.

Fig. 5 shows a conceptual diagram of a
method of applying a hopping sequence to each cell
in accordance with an embodiment of the present

20 invention.

Fig.6 shows a time-relationship between a
Demodulation Reference Signal, a Sounding Reference
Signal, and a control channel.

Fig.7 shows a conceptual diagram

25 illustrating a relationship when a hopping sequence
is applied to a Demodulation Reference Signal, a
Sounding Reference Signal, and a control channel in
accordance with an embodiment of the present
invention.

30 Fig. 8 shows a first conceptual diagram of
a method of generating a hoping sequence for a
Demodulation Reference Signal in the case of a
three-sector configuration.

Fig. 9 shows a second conceptual diagram

35 of a method of generating a hoping sequence for a
Demodulation Reference Signal in the case of a

three-sector configuration.



a method of generating a hoping sequence for a Demodulation Reference
Signal in the case of a three-sector configuration. Fig. 9 shows a second
conceptual diagram 35 of a method of generating a hoping sequence for
a Demodulation Reference Signal in the case of a three-sector
configuration. -5- Fig. 10 shows a block diagram of a base station in
accordance with an embodiment of the present invention. Fig. 11 shows a

block diagram of a pser 5 eguipmenttesminabimacgordanse With an pase
embodiment, of the present invention Fig. 12,shows. flowcharyofa
method o gene.rarl]ting a ﬁopplng pattern’in aCcordance with an
emb8difneht 6f the présen® fhvention. 10 DETAILED DESCRIPTION OF
THE PREFERREDFEMBODIMENTSs [RESCRIRTION: OFMNOTATHONSE r

40 basg, stalin 101 bepping patierngengraiing Moit, 13 103 HORRIBG diment
sequggc%ggneragg%gnit .105ebrgga%cr§st channel transmitting unit 20
user equipmen?%ermlna 201 broadeast channel receiving unit 203 control

channel CAZAC seftiénce! 205genératifig UhR'2oB¥eémeduldidie thod of
RefegencerSignal ggenaratingiunyt 20/-SeundingiRefterencgaSigralwith an
generating; YRl 26 209 data multiplexing ynit, 211 myHtiplex control unit
léBEST MODE OF CARRYING OUT THE INVENTION]
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
[DESCRIPTION OF NOTATIONS]
10 base station
101 hopping pattern generating unit
15 103 hopping sequence generating unit
105 Dbroadcast channel transmitting unit
20 user equipment terminal
201 Dbroadcast channel receiving unit
203 control channel CAZAC sequence
20 generating unit
205 Demodulation Reference Signal
generating unit
207 Sounding Reference Signal generating
unit
25 209 data multiplexing unit
211 multiplex control unit
[BEST MODE OF CARRYING OUT THE INVENTION]
With reference to the accompanying
drawings, a description is given below with regard
30 to embodiments of the present invention.
In the present invention, as shown in Fig.
2, a CAZAC sequence used in each cell is selected
according to hopping sequences F(l) - F(21).
For example, the hopping sequences are
35 defined as sequences having random values as follows.
F (1) {1, 3, 2, 6, 4, 1, 4, 5, 2, ...}
F(2) {3, 4, 1, 5, 6, 2, 5, 3, 2, ...}



With reference to the accompanying drawings, a description is given
below with regard 30 to embodiments of the present invention. In the
present invention, as shown in Fig. 2, a CAZAC sequence used in each
cell is selected according to hopping sequences F(1) - F(21). For
example, the hopping sequences are 35 defined as sequences having
random values as follows. F(1) _{1,3,2,6,4,1,4,5,2,..} F(2) _{3, 4,
1,5,6,2,5,3, 2, ..44in thescelldo which the shoppingsequenee, & (Ldguence
appli]:eg,lgA%AC se()qduz%ngfzs %rgzuggd érgethéeegrder of a firsl'g SCéA Al% th
sequence, a third & ﬁ ‘sequence, a’s conccf%%ﬁ]iese.quence, a Sixth
CAZARE® Sedifente fd fotith @APAC 38qUsHteSand sé BATM HeZdel to
which ¢hgihopping sequence dF(2)A8 Papplied,uCAZAC sequencds are uaed
in the order of dhe third CAZAC seguence. hefoush CAZAG sequence
the fir%t CAZ@CI‘ sggue&a}ce %fig CAZAC sequence, 10 the sgxgg CAZAC
the Ce Tt e.hoppin &ence ) I
sequence, and so on. Hopping of Six tyBgs of CAZA sequences’inthis
manfAePaile®3 diffetéAchoppiigcsegienéesttobes assigned ® vafieas ©f
cellstRer extample,dhe& Becanely CAZAS, sequente isrselected aCtheaninthnce,
timingya 1% PPEftt_h@pP?ﬂéo %!!fﬁ'eth% dopping §%%%er@§z'ﬂé) '§_eéﬁﬂa|h$9e ,
| 6md hk? cell to )é\zﬁucg t%gogplng sequence F(ZQ is a%plled, which may
e. si A equence,, and' 3o on. .
result in interference. owever, no mfeerference occurs at the first through
eighth timings, sindédifferBft dppiig<patteris a2 ddetf As@@egnces in
hereirih ithe heppirg-patiern ot CAZACe sequericepstichyas E()anddH2x o0 be

is called;the, BOPRIRG sequencs. Selecting a EALAC sequeace ageordigond
to. the happing sequence in this.ryaner allows the CAZAG, 25 sequence
to be efficiently %Slgned to each cell. £l
15 both the cell to which the hopping sequence F (1) 1is
applied and the cell to which the hopping sequence
F(2) is applied, which may result in interference.
However, no interference occurs at the first through
eighth timings, since different hopping patterns are
20 used. As used herein, the hopping pattern of CAZAC
sequences such as F(l) and F(2) is called the
hopping sequence.
Selecting a CAZAC sequence according to
the hopping seguence in this manner allows the CAZAC
25 sequence to be efficiently assigned to each cell.
<Method of generating a hopping sequence>
With reference to Figs. 3 and 4, a method
of generating a hopping sequence is described below.
The hopping sequence is generated by
30 generating an arbitrary hopping pattern H(y) and
applying an offset ‘x’ (shift amount) to the hopping
pattern H(y) .
The hopping pattern H(y) is defined as
follows:
35 H(y) = {hy,1, hy,2, hy,3, ..., hyn}
where ‘y’ is a hopping pattern index and

‘N’ is the length of the hopping sequence. ‘hy, 1/,



<Method of generating a hopping sequence> With reference to Figs. 3
and 4, a method of generating a hopping sequence is described below.
The hopping sequence is generated by 30 generating an arbitrary hopping
pattern H(y) and applying an offset "x' (shift amount) to the hopping
pattern H(y). The hopping pattern H(y) is defined as follows 31 H(y) _
{hy,d, hy,2, hy,3, ..., hy,N} where “y' is a hopping pattern index and "N'is
the length, of themogplng sequencg, 'hy, 1,023 o gh Yl¥rRye
selecte(g among mtergrers correspo ndLElg t%lghe nu r@eerrofésl ailable lable
CAZAC sequénce types S.For exam%le Whenethlriy YPES 0 Cﬁi&é
sequehéés arecaianane, AR e ss 'hy 2 I'hg 38mp ey, NYis @bitr &y ¢ Y
seleated &ronvifteyRrsAQ - 28 qTkis heppiag paterniincudes aYattern, with
the same CAZAG sgquence on al;1 o%oasiogsa@lpgggmq ug QQQ@I@%
such S H(l {%1 1 1 lnsg uence F(x |s deflne Y4
applylng anoffse x to the hopplng p ern H %O sl n) +he €S
{(hy, ﬁxﬁﬁé&(%n(hw S3x) s’ (R A \ﬁé%ﬁmoa%uen%ﬁv mxffhla d(x) }
15 whermsa xlisribe ofisetande Xhiswhe momtben opavailable GAZACas H (1)
sequenge types. Eor examplg}when thirty types of CAZAC sequences
gre available, X = ﬂind X' is arbitrari eynseleq% d from lnte%fer§1 3C9 b

0 For example, assumn%) t‘]ﬁa(tqthw?yqtypesC 8f sequences are Y
availaBRl Whef seéverftéert Hoppig p‘éﬁeﬁ%%(liypplfm dré Hefirted, ! (
30*1Zs b0 types :of hopping sequences F(1,1) - F(30,17)

F(x,y) = {(hy,1+x)mod (X), (hy, +x)mod(X),
(hy,3t+x)mod(X), ..., (hyytx)mod(X)}
15 where ‘x’ is the offset and ‘X’ 1is the
number of available CAZAC sequence types. For

example, when thirty types of CAZAC sequences are
available, X = 30 and ‘x’ 1s arbitrarily selected
from integers 1 - 30.

20 For example, assuming that thirty types of
CAZAC sequences are available, when seventeen
hopping patterns H(l) - H(17) are defined, 30*17 =
510 types of hopping sequences F(1,1) - F(30,17)
corresponding to the number of cell IDs can be

25 generated. Since many hopping sequences can be used,
assignment of the hopping sequences to cells can be
simplified. Specifically, by associating the
hopping sequences to cell IDs, a CAZAC sequence can
be easily assigned to each cell.

30 Fig. 4 shows an example of hopping
sequences generated in this manner.

For example, when thirty types of CAZAC
sequences are available, a hopping pattern is
generated using an integer which is arbitrarily
35 selected from 0 - 29.

) = {7,7,7,7,7,7,7,7,7,7,7,7,7,7,7,7,7}
H(2) = {22,19,24,25,26,17,20,21,18,25,12,



corresponding to the number of cell IDs can be 25 generated. Since many
hopping sequences can be used, assignment of the hopping sequences

to cells can be simplified. Specifically, by associating the hopping
sequences to cell IDs, a CAZAC sequercedcan be easily assigned to

each cell. 30 Fig. 4 shows an example of hopping sequences generated

in this manner. For example, when thirty types of CAZAC sequences are
available; a hopping patternyis generated using an integer which is
?;b;t;ag% 7?’57376'76; , fo;n;?{]%g'f s, 16,17,18,19,20,21,22,23,
(22, 102455 2617 0?81, 28,05,12, 8 - 21,17,14,15,12,13} H(3) _
{13,14,15,16,17,18H920,2Y, 22 23,1 24¢2526727,28,291 Hoppingl ) can be
§eqt@@ﬁ%sf5@e@ -{(3@.d) %rwgeb's}g% atedas fghiqus by applyingo +o

i 30 to the h Vra
(5.3 68 B EB5E EoTRE 8 F(b:1) 1095

1) 10 Qgﬁlmllarl , hopping
sequences F(3,1) -fH(30,1) can b g%méra@eof3 it %u%l'&r Rotéd that, 8- 8 8/
F(23gy _ {0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0} due to modulo arithmetic. 15
Hopping sequences r£1,2) - E(302) £ap be, generated as follawsby 9,9, 9,

pplying offsets 1 - 30 to the hopping pattern H(2). F(1,2) _

23, 0}25 26,27,18,21,22,19,26,13, 22,18,15,16,13,14} 20 F(2, 2)

{2421 26.27.28.1959%3.9 b7 14hopping sequences F(3,T) -
F(30,1) can be generated. It should be noted that

F(23,1) = {0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0} due to
modulo arithmetic.

15 Hopping sequences F(1,2) - F(30,2) can be
generated as follows by applying offsets 1 - 30 to
the hopping pattern H(2).

F(l1,2) = {23,20,25,26,27,18,21,22,19,26,13,

22,18,15,16,13,14}
20
23,19,16,17,14,15}

Similarly, hopping sequences F(3,2) -
F(30,2) can be generated.

Hopping sequences F(1,3) - F(30,3) can be
25 generated as follows by applying offsets 1 - 30 to
the hopping pattern H(3).

F(2,2) = {(24,21,26,27,28,19,22,23,20,27,14,

F(1,3) = {(14,15,16,17,18,19,20,21,22,23,24,

25,26,27,28,29,0}

F(2,3) = {15,16,17,18,19,20,21,22,23,24,25,

30 26,27,28,29,0,1}

Similarly, hopping sequences F(3,3) -
F(30,3) can be generated.

<Method of applying a hopping sequence to
each cell>
35 When a hopping segquence is applied to each
cell, cells may be grouped as shown in Fig. 5.

Specifically, while the same hopping pattern is



23,19,16,17,14,15} Similarly, hopping sequences F(3,2) - F(30,2) can be

generated. Hopping sequences F(1,3) - F(30,3) can be 25 generated as

follows by applying offsets 1 - 30 to the hopping pattern H(3). F(1,3) _

{14,15,16,17,18,19,20,21,22,23,24, 25,2627,28,29,01 F(2,3) _

{15,16,17,18,19,20,21,22,23,24,25, 30 26,27,28,29,0,11 Similarly,

hopping sequences F(3,3) - F(30,3) can be generated. <Method of

applyipg a:hopping seguence to,gach.gelly 35,Whea ahoppingsaguence

is applied to each_cell, cells may b}elz o%pfed as SChOth in Fi%. 5. :
ing .sequences wit ere offsets are applied

Spemﬁvcpaﬁﬂ NWwhifethe Same hopping pajttern IS-9 app TR respectlvg

cellst® trig;'@an?@éﬂo%p}fhobb%g%ﬁ@eﬁd&%th different offsets are

applied to the cellsinthe same eoups Foc examplep sifiee the aftsets are

5 diffgtent dn-thecell o whichtbe hoppingiseguenages F@e%;)ﬁ% appliedand co

the c]glr{{o W icQSthe ho%gig% saeqélerg%]e ngé]l)lis E‘Bpl‘lﬁqd dp;feg net A(\DZACin

sequences are Usedlin these cells atalftimes. As a resdﬁf interterence - 0

the gF6G €T Be 10 elifinatéd, ari thEslinteHerdifcesiom @dfakent cells
can be redeced sGroupingsnay be madifiee based ondhe samountroés . As

traffie. For example; cellswith a,large ;ameunt of fraffic kelopging to the
1 Game gEoup.can 1 reduge Inierierence amang Gells with 2 large amoup
of traffic. urtla‘ler, V\ihenrhopplng IS ot needeed, the
cells can be reduced.

Grouping may be modified based on the
amount of traffic. For example, cells with a large
amount of traffic belonging to the same group can

15 reduce interference among cells with a large amount
of traffic.

Further, when hopping is not needed, the
hopping may not be used. For example, when the base
station transmits one bit of broadcast information,

20 all the groups can switch to a pattern without
hopping.

<Method of generating a Demodulation
Reference Signal, a Sounding Reference Signal, and a
CAZAC sequence for a control channel>

25 CAZAC sequences are used for a
Demodulation Reference Signal, a Sounding Reference
Signal, and a control channel. These signals have a
time-relationship shown in Fig. 6. As shown in Fig.
6, the Demodulation Reference Signal is transmitted

30 at every slot, the Sounding Reference Signal is
transmitted at every subframe, and the control
channel is transmitted at every symbol. For this
reason, a CAZAC sequence with hopping at every slot
may be used for the Demodulation Reference Signal, a

35 CAZAC sequence with hopping at every subframe may be
used for Sounding Reference Signal, and a CAZAC

sequence with hopping at every symbol may be used



hopping may not be used. For example, when the base station transmits
one bit of broadcast information, 20 all the groups can switch to a pattern
without hopping. <Method of generating a Demodulation Reference
Signal, a Sounding Reference Signal, andld CAZAC sequence for a
control channel> 25 CAZAC sequences are used for a Demodulation
Reference Signal, a Sounding Reference Signal, and a control channel.

Thesesignals havg,a [time-gelatignship shown in Fig. 6. As shown in Fig.

6, the DemodulatioEl Reof%rﬁgge tSégneaqfi itranesrqgtied 30 %te%v&_[)és og the::Ln
Sounding ReferencenSigna iS transmitted & ever)VSL?o?rame, and héjz? g

contot ECRARAEITs fradshitted at EVéry BRSO Fof s $84asdnd § TAZACS d
sequencée with fioppimgat everyisict . may dedisédrfienthe demcdilationt he

ReferenceiSignaled da (ALAL sequence Wth-Ropping.at.every subirames wn
may be sled for7 Sogq%lg Re}‘leeren eo§:|gnalé ?{11 gSC%Z@Cnsesyggcis

with hoppingat every sym oIOmay be Used D<for the controf channer. 1n >’
ordef FefitciBRty Gerietate HoPPingC SedurPceS for fivem the hoeppingay Le
sequence deseribed twith refdrence 1o Bigsod and dvmayt be (3€d as fherS the

hopgmgsweaﬁ% fordhe cantral &Q@%?FéeASf%QOV% dn bl d 48inee 9B
| 3Iot 'E(e:l des sevenss%/mboés, thglhoPEm fequence for the control

channe r%]éﬁ%%epun ure {thinne ou?) byydnesislenvceenthoﬁ%)%lrb t%]éaﬁsee

of thé hEPHIAG SeqGericeTBrihe dtRddulatidiFl 0 RER €Y EeSSIgHAN ce for
Similanly, stocetanel subiframmes includesfourtescsynmizals, thé hoppidgout)
sequence for_the coptralghannel may be punetyred (thinngd oul) BYoping
one-foutcenth (1/14) forthe use of the haping. sequencgforthe 1 ¢y
Soundelrgr[g Réference Signal. In this d d
15 manner, hopping sequences can be efficiently
generated.

Fig. 8 shows a conceptual diagram in which
the hopping sequence for the Demodulation Reference
Signal is generated when the base station has a

20 three-sector configuration.

When the hopping sequence F2 for the
control channel in the cell 1 (or sector 1) is
F(l,y), the hopping sequence F1 for the Demodulation
Reference Signal may be F’ (l,y), which is formed by

25 puncturing the hopping sequence F(l,y) by one-
seventh (1/7). Similarly, the hopping sequence for
the Demodulation Reference Signal can be generated
in each of cells 2 and 3.

Alternatively, when orthogonalization is

30 achieved by cyclic-shifting a CAZAC seqguence, the
same hopping sequence F1 for the Demodulation
Reference Signal may be generated among the cells
(sectors) in the same base station, as shown in Fig.
9. For example, the hopping sequence F1 for the

35 Demodulation Reference Signal is formed as follows
by puncturing the hopping sequence F2 = F(x,y) for

the control channel by one-seventh (1/7):



15 manner, hopping sequences can be efficiently generated. Fig. 8
shows a conceptual diagram in which the hopping sequence for the
Demodulation Reference Signal is generated when the base station has a
20 three-sector configuration. When the hdpping sequence F2 for the
control channel in the cell 1 (or sector 1) is F(1,y), the hopping sequence
Fl for the Demodulation Reference Signal may be F'(1,y), which is formed
by 25 puncturing the hopping sequence F(1,y) by one- seventh (1/7).

Similarly, the hopping sequence for. the De tion Reference Signal
can be generated #geach%of éﬁsgi gﬁd g) Zﬁfr%lgﬁ\ygly, when

orthogonalization i$"89%hibvéd byk§clitdhifing alCAZAE RE§uence,
the same hopping Bequencenfd fer, the DemoduationpRefese ncecSignale

nay pe gengraled amond thigelis.(Seeiss) inde-same base sadon. 2
snown in Fig. . exa e, the nopping sequence e
o e e R e L AR e T
hoppig Sedenes ERRCR () féh thecCohtrolchdrh@l By Bife-SevantR g
(1/7)s e il drilc= FKIN(%- L)/ Nty ) ehene &ds the nirabersdflsectors kar 3 .

example, \M@@ @‘E hoppingsequgn 5@(%}9&9@@@@%@%@1@9”
l(l)?{efe encedSqn%l is geper ted from the hogqlngge%%ence F(rll%/ for the

control channel inthe ceff 1 the same hopping sequence F(Ly) may be -

usediR®hé!E8lIsCL and!8. ThBRsedF tHe SR REPHInG S€queHee for the
10 Deaoddlatien Refererde Signakin3higmannen meansbtheaise tof theon .

same AZAL sequepse fardhe Remadulation Referencs Signal in the
bas%ﬁg%%ghlation Reference Signal can improve the
15 accuracy of channel estimation at the sector
boundary.

<Configuration of a base station>

With reference to Fig. 10, a configuration
of a base station 10 in accordance with an

20 embodiment of the present invention is described
below.

The base station 10 includes a hopping
pattern generating unit 101, a hopping sequence
generating unit 103, and a broadcast channel

25 transmitting unit 105.

The hopping pattern generating unit 101
generates an arbitrary hopping pattern H(y).

The hopping sequence generating unit 103
generates a hopping sequence F(x,y) by applying an

30 offset 'x’ to the hopping pattern H(y).

The broadcast channel transmitting unit
105 transmits information about the hopping sequence
as broadcast information. Assuming that thirty
types of CAZAC sequences are available, when

35 seventeen hopping patterns are defined so as to
generate 510 types of hopping sequences, the

broadcast channel transmitting unit 105 may transmit



The use of the same CAZAC sequence for the Demodulation Reference
Signal can improve the 15 accuracy of channel estimation at the sector
boundary. <Configuration of a base station> With reference to Fig. 10, a

configuration of a base station 10 in accotdarce with an 20 embodiment
of the present invention is described below. The base station 10 includes
a hopping pattern generating unit 101, a hopping sequence generating

unit 103, and achyoggcast ehannel 23 frapsmitting Wit 105. e hopping o ¢

patt
The
sequeRte FBUY)ByLapblying Bh \3RafsEt SF %5 the H’db%iﬁ@r;%&fg?ﬁ Fity).

TRgeneia ynl 0% Seneliey 0 SN MopRIO AN
o] ﬁolng geque% it 1

CE genérating un generates a hoppin

The btoadoast chaameltransiittingionit 106 Sransmits infotneationradosihi t
the hoppingisequence, £sbreadcast informatian. Assuming-thatthifye same
typels,1 of CAZAC seéq_gences are availacpli Whetnh3€5 eevegéeue&hEonglng

patterns Bre defined 50 as to ' generate
the BfoBBESSt Chafrel Tahsrhittiid Gnif £05-R1§ trahs

8]iypes of or|% INg sequences,
mﬁe 122 Fitie b8 Df

inforsmation torepresent 510 types of hopping sequences. When the base
station 10 has a configyration of plugal ssetogs, ihe braagdeasiehannel

ransmittin un'it>105 may further transmit 5 one bit of information to

T

indicate whether the same hopping sequence is used for the
Demodulation Ref8rehte Sifraf Rrthé sketofs 6f-thé Sam@ Ba%8Lstation.
<Corftguiationrof atseneqaipn@ht in accordance with an

15

20

25

30

35

embodiment of the present invention is described
below.

The user equipment terminal 20 includes a
broadcast channel receiving unit 201, a control
channel CAZAC sequence generating unit 203, a
Demodulation Reference Signal generating unit 205, a
Sounding Reference Signal generating unit 207, a
data multiplexing unit 209, and a multiplex control
unit 211.

The broadcast channel receiving unit 201
retrieves a hopping sequence from broadcast
information transmitted from the base station. The
broadcast channel receiving unit 201 may retrieve
the hopping sequence from the combination of
broadcast information transmitted from the base
station and a cell-specific number (a number
unigquely assigned to the cell).

The control channel CAZAC sequence
generating unit 203 generates a CAZAC sequence for
the control channel according to the received
hopping sequence.

The Demodulation Reference signal
generating unit 205 generates a CAZAC sequence for
the Demodulation Reference Signal according to a

sequence formed by puncturing the received hopping



10 terminal> With reference to Fig. 11, a user equipment terminal 20 in
accordance with an embodiment of the present invention is described
below. 15 The user equipment terminal 20 includes a broadcast channel
receiving unit 201, a control channel CAZAT sequence generating unit
203, a Demodulation Reference Signal generating unit 205, a Sounding
Reference Signal generating unit 207, a 20 data multiplexing unit 209, and
a multiplex-control unit 211. The broadcast channel receiving unit 201
retrieves a hoppingﬁequggce HQT br aqfcarste I%nfgrrg%tiorpatiansmitt%da fin
from the base station. The 25 broadcast channe recel\ﬁng unit 20T may d
retrisvel thettoppipsetueRce fromthiécombiiation of brdadcast Sounding
informatier ransmitted diroin thedzaséistatiamwand a<ellspeeific number by

fa nymber-uniguely assigned to; the efl), 39 iThe contrgkchannel CAZAC
sequence generatuﬂq unbt 203@9{1&@@3 a gAIZ(eA:% s%%uegfeg%l thieS
e

control channel accor&ing?(r)n%e received hopping snequenc .

DenmBHilaliET Réfetercetdigia 35 generatinyg Uit 2083 ehefdidsarlexing
CAZALisequence fon lthé DlemedilationtReference Signal actoxding 10 and
Siqugﬂée g;Qf [ﬂg@ %Wgo Lﬁ'&%@%ﬁ'&% r@%@j’@Q 1h§11929(i)r;9kfe13mzfﬁ99§@% X 8
e Sounding Reference signal generating , uni .generates a
L R T e g REEron el Sl ARG TE ap i e e
form&d By 5Puncturing the received hopping sequence. The
Demodulation ReferericesSignaltisof a signal sequence generating

method>

With reference to Fig. 12, a signal

15 sequence generating method in accordance with an
embodiment of the present invention is described
below.

First, the base station generates a
predetermined hopping pattern H(y) (S101). Then,

20 the base station generates a hopping sequence F(x,V)
by applying an offset ‘x’ to the hopping pattern
H(y) (S103). When the base station has a
configuration of plural sectors, the base station
may generate information indicating whether the same

25 hopping sequence 1is used for the Demodulation
Reference Signal in the sectors of the same base
station (S105). The hopping sequence F(x,y) is
transmitted as broadcast information to the user
equipment terminal, together with the information

30 indicating whether the same hopping sequence is used
for the Demodulation Reference Signal.

The user equipment terminal receives the
hopping sequence F(x,y) and generates a CAZAC
sequence for the control channel according to the

35 hopping sequence F(x,y) (S107). 1In addition, the
user equipment terminal generates the Demodulation

Reference Signal according to a pattern formed by



multiplexed with user data by the data multiplexing unit 209, multiplexed
with the control channel and the Sounding Reference Signal by the
multiplexed 10 control unit 211, and then transmitted to the base station.
<Flowchart of a signal sequence generatidg method> With reference to
Fig. 12, a signal 15 sequence generating method in accordance with an
embodiment of the present invention is described below. First, the base

fr:atitr)gﬁg%l}e{gt%@ Qfﬁf%%m : %W&B@Ef;r(@‘ I(L(y,k))y(ﬁlQé’ls)l_ doen. 2Ginen

e base station generates a hopping sequence F(x,y) by applyjng a

e B . .
configBfatioR of plurdl seefbrs, RIseBase! Sthton iaf gereiate infofatornay
indicaingrehethet the samen25 hbpping seguence isusethforthere, the
Demodulatian; Refgrence Signal inthe sectors,efdhe spmedass sstation
(5109), The hooping sequence E() . ransmitted as broadgast, .,
information & the user equipmen erminal, togéther with the information
30 indlitafing Whethet tfe Sarhe hBpping dBGaeiRelis tised for the
Demodulation Refexenci=Signalb&he aberequipmentitdrimipaltreceives
the Bopping sequense FOnY) and.generates a-CALAG csequenee fr then pe

1 gontrelehannel according Jo the. 33 opping sequence Fpey)(S107), In
addition, the user ngpmeﬁﬁermmal generates the Demodulation
RefePéiesSignal ticedrein o eSpattets forkfed By G purGthRAg e to the
hopping:sequeade &EpLy) (5168 Wheh thebasesstation hasrantion, the

configueation of phiral nsectors i the same Demedyation Rgference Signal

mayembodiments but may be modified or changed within

15 the scope of the claims. For example, the present
invention is applicable to any mobile communication
system in which a signal sequence which is
orthogonal among cells is selected from a limited
number of signal sequences. Furthermore, while the

20 present invention is described using the example of
the CAZAC sequence as the signal sequence, the
present invention is applicable to any other signal
sequence.

This international patent application is

25 based on Japanese Priority Application No. 2007-
258111 filed on October 1, 2007, the entire contents

of which are incorporated herein by reference.



be generated among the sectors. Furthermore, the 5 user equipment
terminal generates the Sounding Reference Signal according to a pattern
formed by puncturing the hopping sequence F(x,y). As described above,
according to an embodiment of the invention,-a CAZAC sequence can be

10 efficiently assigned to each cell. While the present invention is

described with reference to the preferred embodiments of the present
invention, the present invention is noidiRitqgsto these embodiments but
may be modified or changed within 15 the scope of the claims. For

example, the present invention is applicable to any mobile communication
system in which a signal sequence which is orthogonal among cells is
selected from a limited number of signal sequences. Furthermore, while

the 20 present invention is described using the example of the CAZAC
sequence as the sigr.lalAseguerrllcégal thSee §t£ees§nte invgntieorn ig f‘ﬁ%i%?eb %tg 4 of
any other signal sequence.Lﬂwls intérnational pat%nflappéhca ion is
basedGtIapahse Prisiy KppliEROANG 2007 I5811 1%iled 6/ October

1, 2087y therentite cententsadf whicl areincarporatethbereiraltyi on system,

refereneg, = 1oL AIMS ok 4\ssigral sequence generating method of
enerating a signal sequen(%eiused a us%r Seguigpae?t terminal in a

mobile communicaﬁgﬁlgfs‘?‘em?%bmpYisf%g e Steps 0 11?f)ngenéérating, by

a baB& 8@Rf6H A" prédetermninéd Hopiiiid Battern; generating, by the base
station, a hopping sequercebysgpphing ar offsetdo theapredeterminedpping

sequence by applying an offset to the predetermined

hopping pattern;

15 transmitting, by the base station, the

hopping sequence to the user equipment terminal; and
generating, by the user equipment terminal,

the signal sequence according to the hopping

sequence.
20

2. The signal sequence generating method
25 as claimed in Claim 1, wherein:

when the predetermined hopping pattern is
expressed as:

H(y) = {hy,1, hy,2, hy,3, -.., Dy

where ‘hy, y’ 1s any integer within a range
30 of 0 to (X-1), ‘y’ is a hopping pattern index, N’
is a length of the hopping sequence, and ‘X’ is the
number of available signal sequence types,

the hopping sequence is expressed as:

F(x,y) = {(hy,1+x)mod(X), (hy, »+x)mod(X),
35 (hy,3tx)mod(X), ..., (hyytx)mod(X)}

where Yx’ is the offset.



hopping pattern; 15 transmitting, by the base station, the hopping
sequence to the user equipment terminal; and generating, by the user
equipment terminal, the signal sequence according to the hopping
sequence. 20 2. The signal sequence genkfating method 25 as claimed
in Claim 1, wherein: when the predetermined hopping pattern is
expressedas: H (y)={hy,1,h,2,h,3,..,hY, Nwhere "hy,N'is any
integer within a range 30 of 0 to (X-1), 'y'is a hopping pattern index, "N
is a length of the hopping sequence, and "X' is the number of available
signal sequence types, the hopping sequence is expressed as: F(X,y) _
{(hy,1+x)mod(X), (h Y,2+x)mod(X), 35 (hy,3+x)mod(X), ...,
(hY,N+x)mod(X) | Bherehx istheroffset e $6e 8 cEheysigralsetuences thod

genejatingimethod 5 aselaimgd in Claia 1. yherein: the step of

generating the S|gna%1 ence ¢c rises generating a signal sequence
for a control chann ac%%%&%g?tﬁt% oppf%tgs uge%ce %gnerzt Seguence

sign& SR teReSof & Dehiddtfiation 1@&@%%@@@%%@&&@ tG%ﬂPtrOl
sequehee farines dyyo pdrctaringthetwppingsegueneey aad geperating a

Slgn%‘éﬁ%k‘%’l@n% a Sougding Ref @@E%@'Q‘f@k acCHANgI@ Bt ion

1 §eauence for formed jpunc urlng the r%lng seguence. 15 4 Tlf“lgrsngengl

sequence generatln ?hoda 8 as ijal in %Ialmcﬁue ere n:
puncturing the hopping sequence, and generating a

signal sequence for a Sounding Reference Signal
according to a sequence formed by puncturing the
hopping sequence.

15

4. The signal sequence generating method
20 as claimed in Claim 1, wherein:
when the base station has a configuration
of plural sectors, a signal sequence for the same
Demodulation Reference Signal is generated among the
plural sectors in the base station.
25

5. A control information generating
30 apparatus for generating control information used
for generating a signal sequence used by a user
equipment terminal in a mobile communication system,
comprising:
a hopping pattern generating unit
35 configured to generate a predetermined hopping
pattern;

a hopping sequence generating unit



when the base station has a configuration of plural sectors, a signal
sequence for the same Demodulation Reference Signal is generated
among the plural sectors in the base station. 25 5. A control information
generating 30 apparatus for generatingcohtrot information used for
generating a signal sequence used by a user equipment terminal in a
mobile communication system, comprising: a hopping pattern generating
E”it %@g@@y%totg@r@%;g f‘a‘_}tf@d%te%il?ﬁq H@Ff[l%@%u@ﬂfén ;krﬁ?y _
opping sequence generating unit - configured to generate a hopping
o RHE By S Bt SFLeLLS s cHE e eh Mo engr DR
and & rahshftting@sit configured to transmit 5 the hopping sequence as
the control informatiorttoa thentiser eqgipment terminal. i@ A usert ransmit

§CIUiI%'H@nH8fEBiD%fOE&?@@F@é@gésg%?é SE%H%WP@ﬂOE%E%%tion to
channﬁlé %glggal sequence @r%Dremo%Lilatlon Reference Signal, and a
signé:l sequence f%ga%unaing S'Reference Signal in a mobile
communication system, comprising: a control channel signal sequence
generating unit configured to generate the signal sequence for the control
channel according to a 20 hopping sequence generated by applying an
@ffset to a predetermined hopping pattern; a Demodulation Reference

ignal sequence generating unit configured to generate the signal
6. A user equipment terminal for

generating a signal sequence for a control channel,
a signal sequence for a Demodulation Reference
Signal, and a signal sequence for a Sounding

15 Reference Signal in a mobile communication system,
comprising:

a control channel signal sequence
generating unit configured to generate the signal
sequence for the control channel according to a

20 hopping sequence generated by applying an offset to
a predetermined hopping pattern;

a Demodulation Reference Signal sequence
generating unit configured to generate the signal
sequence for the Demodulation Reference Signal

25 according to a sequence formed by puncturing the
hopping sequence; and

a Sounding Reference Signal sequence
generating unit configured to generate the signal
sequence for the Sounding Reference Signal according

30 to a sequence formed by puncturing the hopping

sequence.

35
7. The user equipment terminal as claimed

in Claim 6, further comprising:



sequence for the Demodulation Reference Signal 25 according to a
sequence formed by puncturing the hopping sequence; and a Sounding
Reference Signal sequence generating unit configured to generate the
signal sequence for the Sounding Refereh8e Signal according 30 to a
sequence formed by puncturing the hopping sequence. 35 7. The user
equipment terminal as claimed in Claim 6, further comprising: - 18 a
broadcast informat;g)nkgggegwgg é‘BiF i@%ﬂgﬁ@_g ie ﬁetﬂ'%%e‘eti‘@ihr%PMi t
sequence from, Drpadeastinformation ransmitied from.a base, station. 5
The useér eq%lpment erminal as claimed <10 N Elaim 0, fuRner
comprishig GAsrbadcEsise irfferstion Féceiifg bt tohfigited t& fetfieve
the hoppingsequence from a combination of broadcast information
transmitted from a base station and a cell-specific number.

8. The user equipment terminal as claimed
10 in Claim 6, further comprising:

a broadcast information receiving unit
configured to retrieve the hopping sequence from a
combination of broadcast information transmitted

from a base station and a cell-specific number.
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