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16 Claims, 22 Drawing Sheets

2012/0026952 Al 2/2012 Okubo et al.
2012/0051292 Al 3/2012 Mauritz
2012/0069933 Al 3/2012 Hao et al.
2012/0140844 Al 6/2012 Lee et al.
2012/0263214 Al 10/2012 Lee et al.
2015/0237656 Al 8/2015 Kwon et al.

FOREIGN PATENT DOCUMENTS

(51) Int. CL
HO4L 1/00 (2006.01)
HO4W 56/00 (2009.01)
HO04J 13/22 (2011.01)
H04J 13/00 (2011.01)
(52) U.S. CL
CPC ............. H04J 13/22 (2013.01); HO4L 1/0023
(2013.01); HO4L 27/2613 (2013.01); HO4W
56/00 (2013.01)
(56) References Cited

7,881,364
8,098,745
8,144,746
8,199,778
8,218,496
8,441,915
8,457,257
8,693,573
2002/0118635
2005/0164708
2005/0232158
2005/0286409
2005/0286465

2006/0050799
2006/0056528
2007/0165567
2007/0211671
2007/0230600
2008/0080472
2008/0101306

2008/0162903
2008/0235314
2008/0260056

2008/0316961
2009/0073944
2009/0109919

2009/0116459
2009/0203384
2009/0225701
2009/0252112
2009/0290662
2009/0305693
2010/0002804
2010/0039997
2010/0067461
2010/0067591
2010/0074130
2010/0105405
2010/0220664
2010/0226413
2011/0007825
2011/0013715
2011/0014909
2011/0032926
2011/0086658
2011/0150156
2011/0176406
2011/0200002
2011/0212745

B2
B2
B2

AN A AN AN AN AN A A A AN A A A A AR A A AR A A AR A A A A A AR A A A

U.S. PATENT DOCUM

2/2011
1/201
3/201
6/201
7/201
5/201
6/201
4/201
8/2002
7/2005
10/2005
12/2005
12/2005

LD R D B (NS (N I (O I (N

3/2006
3/2006
7/2007
9/2007
10/2007
4/2008
5/2008

7/2008
9/2008
10/2008

12/2008
3/2009
4/2009

5/2009
8/2009
9/2009
10/2009
11/2009
12/2009
1/201
2/201
3/201
3/201
3/201
4/201
9/201
9/201
1/2011
1/2011
1/2011
2/2011
4/2011
6/2011
7/2011
8/2011
9/2011

e o e J e J e J o o e .

Noh et al.
Bertrand et al.
Iwai et al.

Shimomura et al.

Bertrand et al.
Hao et al.
Cheng et al.
Han et al.
Nee

(abriel et al.
Hondo

Yoon et al.

Zhuang .............

Hou et al.
Jung et al.
Tan et al.

Cha

Bertrand et al.
Bertrand et al.
Bertrand

Yamazaki
[ee et al.

Bertrand et al.

Jlang et al. .......
Bertrand ...........

Do
Vujcic
Kwon et al.

Shimomura et al.
Han et al. .........

Shimomura et al.

Ogawa et al.
Ratasuk et al.

Kwak et al. ......
Tuo etal .....

Bertrand et al.

Vujcic ...l

Hooli et al.

EINTTS

ttttttttttt

.... HO4L 5/0007

370/329

.. HO4L 27/2613

370/336

HO4L 27/2657
375/260

............ 370/338
HO4W 74/0883

370/330

............ 375/343

............ 370/329
............ 375/260

......... 455/452.1

Muharemovic et al.

Hao et al.
[.ee et al.
Han et al.
Xia et al.
Baldemair
Xue et al.

Mauritz
Han et al.

Papasakellariou

CN 17477461 3/2006
CN 1879321 12/2006
EP 1505847 2/2005
KR 10-2003-0056513 7/2003
KR 10-2006-0046498 5/2006
KR 10-2006-0082744 7/2006
KR 10-2006-0121449 11/2006
KR 1020070102121 10/2007
KR 1020080015355 2/2008
KR 10-2008-00357495 4/2008
TW 496096 7/2002
TW 533699 5/2003
WO 2000/076248 12/2000
WO 03/019808 3/2003
WO 2008/081311 7/2008

OTHER PUBLICATTIONS

European Patent Oflice Application Serial No. 18176019.0, Search

Report dated Sep. 20, 2018, 7 pages.

3rd Generation Partnership Project (3GPP), “Technical Specifica-
tion Group Radio Access Network; Evolved Universal Terrestrial
Radio Access (E-UTRA); Physical Channels and Modulation (Release
8),” 3GPP TS 36.211 V8.1.0, Nov. 2007, 54 pages.

United States Patent and Trademark Ofhice U.S. Appl. No. 13/847,987,
Office Action dated Jul. 18, 2013, 8 pages.

LG Electronics, “RACH Design Under Frequency Offset,” 3GPP
TSG-RAN WGI1 Meeting #47, R1-063162, Nov. 6, 2006.

Texas Instruments, “Configurable Cyclic Shift for Non-
Synchronized Random Access Preamble,” 3GPP TSG-RAN WGl
#46bis, R1-062631, Oct. 9, 2006.

Texas Instruments, “Non-Synchronized Random Access Design for
High Doppler Conditions,” 3GPP TSG-RAN WG1 #47, R1-063214,
Nov. 6, 2006.

LG Electronics, et al., “Comparison of Formula for Restricted
Cyclic Shift Set,” 3GPP TSG RAN WG1 Meeting #49bis, R1-073060,
Jun. 25, 2007.

LG Electronics, “Formula for Restricted Cyclic Shift Set,” 3GPP
TSG RAN WGI1 Meeting #49, R1-072331, May 7, 2007.

Nokia, “Restricted Sets of RACH Preamble Signatures for Envi-
ronments With High Doppler Shifts,” 3GPP TSG RAN WGI
#47bis, R1-070377, Jan. 15, 2007.

LG Electronics, “Ways to Mitigate Frequency Oflset with CAZAC
Cyclic Shift,” 3GPP TSG RAN WG1 Meeting #47bis, R1-070227,
Jan. 15, 2007,

LG Electronics, “RACH Design Under Frequency Offset,” 3GPP
TSG-RAN WGI1 Meeting #47, R1-063162, Nov. 2006, 7 pages.

Texas Instruments, “Configurable Cyclic Shift for Non-
Synchronized Random Access Preamble,” 3GPP TSG-RAN WGl

#46bis, R1-062631, Oct. 2006, 3 pages.

Texas Instruments, “Non-Synchronized Random Access Design for
High Doppler Conditions,” 3GPP TSG-RAN WGI1 #47, R1-063214,
Nov. 2006, 7 pages.

LG Electronics, et al., “Comparison of Formula for Restricted
Cyclic Shift Set,” 3GPP TSG RAN WG1 Meeting #49bis, R1-073060,
Jun. 2007, 6 pages.

LG Electronics, “Formula for Restricted Cyclic Shift Set,” 3GPP
TSG RAN WG1 Meeting #49, R1-072331, May 2007, 8 pages.
Nokia, “Restricted Sets of RACH Preamble Signatures for Envi-
ronments With High Doppler Shifts,” 3GPP TSG RAN WGI
#47bis, R1-070377, Jan. 2007, 6 pages.

LG Electronics, “Ways to Mitigate Frequency Oflset with CAZAC
Cyclic Shift,” 3GPP TSG RAN WG1 Meeting #47bis, R1-070227,
Jan. 2007, 8 pages.




US RE47,661 E
Page 3

(56) References Cited
OTHER PUBLICATIONS

Lucent Technologies, “RACH i1n Support of High-Speed UEs,”
R1-062387, 3GPP TSG-RAN WG1 #46, Aug. 2006, XP-050102905,
10 pages.

United States Patent and Trademark Office U.S. Appl. No. 11/969,834,
Notice of Allowance dated Jun. 14, 2010, 10 pages.

Office Action 1ssued in Tarwan Application No. 104102380, dated
Jul. 1, 2016, 1 page.

Tairwan Intellectual Property Otlice Application Serial No. 104102379,
Office Action dated Sep. 2, 2016, 3 pages.

United States Patent and Trademark Office U.S. Appl. No. 15/012,730,
Oflice Action dated Apr. 5, 2018, 19 pages.

The State Intellectual Property Oflice of the People’s Republic of
China Application Serial No. 201210123409.3, Oflice Action dated
Jan. 23, 2014, 6 pages.

* cited by examiner



U.S. Patent Oct. 22, 2019 Sheet 1 of 22 US RE47.661 E

+
4
-
+
s
)
-
2
-
+
ry
ry
=
+
.
r

"W )
ot i ™ ™ ™ S ™ T 0 S o W D
+ + ¥

-

ry
Py -H'
= -y
+ -
" Fﬂ"‘
L P,
-
+ -
- o
- M
+ % .
- Iy
+ -
+
L
- "
v
&
-
] + Iy ]
+
- w J +
. -,
»
* o,
a a
- row . L kT

e e e o e e o ™l e ek e . ™ Pl el I Pk Sl el e e e N

Interferences

Freguency offsel



U.S. Patent Oct. 22, 2019 Sheet 2 of 22 US RE47.661 E

FiG, <

o a
NS High—-speed
ralway



US RE47,6601 E

Sheet 3 of 22

Oct. 22, 2019

U.S. Patent

FiG. 3

CAZAU Index




U.S. Patent Oct. 22, 2019 Sheet 4 of 22 US RE47.661 E

FIG. 4

J..' I’_;,.* "'*r
L *
t -+ M




US RE47,6601 E

Sheet 5 of 22

Oct. 22, 2019

U.S. Patent

(O jurdrel
[RUOTHPDPY

pDealdC Aviag

..;J})?tx)nr

.j-__.:f

;

A" "l o gt S 2l " i " 2k . T ! e, e e

o

- an g

G Old

Awvia(] dLI] PUNOY

—a, am mam

Bl Al - A Lt o A" 5 A B S S L A 0 M 57 B 5 0 A T Y 4 S i L L W S 0 A, B S A A S Tl At S, S S 0, A S A7 A Al A " P bl 0 A S LA A0 5 0 AL i A, 34 ?



U.S. Patent

A A

+ + + + + + + + + + + + F + + F + +FFFFF A F A F A FE A F A F A FE A F A F A F A F S

Oct. 22, 2019

g

Wafar YFEYe afwiae e Seacieie
-

!
+ +:+ T T Tl e e e e

To+2M

<M

Sheet 6

FiG.

A

¥

‘L\H
"
+

‘ %
SN 2%

FiG, 7

+ +
++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

bouivalent Cyclic shift = 2M+7T or 3M
First order ¥F0 mitigation

of 22

US RE47,6601 E

* i + - . + *
+ + + + + + 4 !++-|-+++++++++++ P A A A R N A A N N A N N NN N




U.S. Patent Oct. 22, 2019 Sheet 7 of 22 US RE47.661 E

FiG. 8

™

NN

b

1 3
----------------------------------------------------------------------------------------------------------------------

| Equivalent Cyclic shift=0M—{M/2-T) or 38 =

 First order FO mitigation



U.S. Patent Oct. 22, 2019 Sheet 8 of 22 US RE47.661 E

!
i i
: -
’ ot | e
i Sy sl
- =
e,
a—
:
£
h%“"'n
o TR
E
=
&Y
=
v O
o 2k
| z: | 7 R
! | o B
! —y B .
! e IS
’ SRR RS
o DN,
g oot &
i ot "Gk
(1) Do
=i
el
Kooty
-,
o
50 P

4

+

DO
RSN




U.S. Patent Oct. 22, 2019 Sheet 9 of 22 US RE47.661 E

L. -

: i
: * I
; ‘ ;
; . :
; :

+

L y"
* W
™

- g g g g — - L -
ORI O
1 l‘."ﬂ "q""l. ""-ﬂ 1
.".\.'l-'l\.t uti .'ti
hﬁ“h ""k‘ .'th-
L 1, "
"I -l
™ v

x,
-
th
.,
. i X
; :
:
e
++++++++++++++++++++++++++++++++++ _11- :
N
]
o,
=
@ “ranpparr”
=
i IV

sh

3
t order KU mii

-

oM
lent Cyel

quiva
s

rquivalent Cyclic SHTL_BM—(/P-T
] igat]




U.S. Patent Oct. 22, 2019 Sheet 10 of 22 US RE47,661 E

Cvehic shaft

i !
:
:

Lychic oh
(zroup J

e e Bt

.i [ - »&. 4 L] .
- 1k
. L P o ok Bk ok ok ke B A Bk ok k kR B ok kb ok ok A Ak ok ko ko R Bk ko ok 8k ok kb R R R b ok ok B ok k kb ERES

,

Cyelic Shift
Group <

Pl
-+ L.
[
t‘"‘t, e
T WL AT b D e R R B S 0 s T s e P B e

AN,
SAASASS O

++++++++++++++++++++++++++++++++++++++++++++

T
: mm‘ﬂmmﬂ‘(‘l

onit

yelie §
Group 1

{

|

o



U.S. Patent

FIG. 12

Oct. 22, 2019

Sheet 11 of 22

N--2ZM

;'ﬁr i cdelly wioetl dmdellee  dwlieedel *A’dk Sk e Fuwiedel (leteie piwl e Wi #ri

» w-A A mrmmmmmmmmmmwmmHnw#u#nuﬂﬂu#*hﬂnmﬂhﬂn-ﬁ’-%

L

d + &k v+ h v F

Fa '|.ll +$'|.+-d'|:l'i
wh o b L

1,r |'."'
* +'l'""|-+rl+l' * I|

'!u-' 'l-'q-'iu-q- e

F1 B % FE
F 1 + ¥ dJ4d 4 FR
b F A X E B

il.-rq-qiqld-t
L LI =
At RN d Lo
4 4w +ad

1'I'rFl 4 % M
'-1-

-I--I-l * +

p +{;~5§‘
::; ,r“
J— il‘-

o

sequence Length = K

US RE47,6601 E



U.S. Patent Oct. 22, 2019 Sheet 12 of 22 US RE47,661 E

FIG, 13

: Acquiring du by using index{(u) of the given sequence | $1301

e A

Estabiishing evelic sinft according to the e 81303
secondary vaniables o

¥l 14

i
L AR Y : -#‘2'-#’5'-!’-?5!’-!": AR MM

SO TSITE
T
\W \\\/

reserved reserved




U.S. Patent

Oct. 22, 2019

Sheet 13 of 22

¥iG. 15

US RE47,6601 E

| |
;.., G S T— S
: 7 A S R S A Y ™ T ;
s
O SN I P |
1 S S ]
SRS |
ﬁf@#’ %% ;:4{ »ﬁf%}’ E
. SOOI | 57 s ioy e tv v o pr St o v eV . -
T - w——— w——— i i nelixe
e ./ N’

MNeg



US RE47,6601 E

Sheet 14 of 22

HELRUIEEY
[PUOLIPRY

Oct. 22, 2019

£y qnets
TS O34T

U.S. Patent

ez

(z081)

o3 ¢ +
N-d P

ERE
- . 3 e
o

g@ P

{ dooud |

HEER S B

iiiiiiiiiiiiiiiii ——

uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu A Jien

Q1081
¢ dnosd 7 dnoid
YIS APAD s 9f9A))
948 - GISUR] Sousnbag

g1 Dl



US RE47,661 E

Sheet 15 of 22

Oct. 22, 2019

U.S. Patent

LIS OOOAD
{BUOLIPPY

7 anoxd Js 510A)

m.ﬁ

7- mﬁ @3..._,
(BI0LT)  (Q10L1)

AR

| dnoxd s o1oA)

S




US RE47.,661 E

Sheet 16 of 22

Oct. 22, 2019

U.S. Patent

W alioih W DRNIOEeO e ourunien g aonaChllrlie:

e
?5
i

[ TR T TR R TR T TR T R R U R g RN N By S R TR TR A T R R N T A R NN I R R A N N E PN TR N T F Y TP B T M S TR TR 1 o
L -y

Mmm.ﬁmsm: L L ) ST

s ofjodn O

188]10— ———{

gl Old

TS OI[04AD g1-1



US RE47,6601 E

Sheet 17 of 22

Oct. 22, 2019

U.S. Patent

008 004 009 Hh* 00v QUL Olc ! 4

ryaa 1, ana r rus gy g L - s apa —pu oy anu yam ran s rw rpmy rap anp arnp gy .ﬂ- mp wamny g g anp 7 iy iiiég [+ o s+ v W+ EEEE}.—EEEEEEE +
]
1
i
| m ! ! 2
x
H
4
s
; ! b
L m
el el ol el i il e ; ek WHLM el EICIED S NPT PuSFr Wi W W W b i e,
.‘E'EFE'-“‘E tt ”+._ . S g o Wy A, e R — - - ——r o ——— v v —— —— - o —— - —— — I
CAOEEEEE, L, OEEOEE. AL n-.-...u.r.-.-.trl..u
T
i
¥
-
4
E
4
¥
4
L]
a
3 £
. f
- i
=
1
i
L
E
4
7
3
a
"
3
-
a
........................................................................................................................................................................... :
<
c
a
3
5
a
o
4
E
b
i X
i
| !
o H
1 L
] a
1
3 :
1 1
| ?
M "
N
J
L

198104 — O

HIYS OU24AD womefm e

L S

VIYS o1fe4o T3



U.S. Patent Oct. 22, 2019 Sheet 18 of 22

US RE47,6601 E

FIG. 20

3
&0 44

I T e e ey e e

eyl ey e S ey Sy - ey

] 1
: AR TR T JSETT. T ']" T T "y
3
3
L
L
i :
. ! i i ;
A :
. i : §
E ..I' j . ¥
& | r. i
1 L] 1 1
Ty 1 "3 ! ¥
3 . $
E“"ma } " by
] -
[
[ 5 t
‘I il WEEFE TEEE 1“? MERLN ERMMT TR ETW TN M My b b | E . | .E
| : *
L u ¥
1 |
,pf:-} 1 : '
‘l 4+
™ ¥
1 .
1 s F E - | i +
i ; .
1 : ' |
i . 14 1
1 n +
1 o '
] ; . E : i
1
4 - - ]
] . . .
3 4 E 1 i ¥
LD [ . A 1
Joetk  dpbigbe,  lelpieid  Thetlptd il pigileth WG RN el sjedgi B R s x e = e T [ g = > i I mrrrrerr ey eimiy wegndt
i 1: E E? '
: § : |
+ 1
J 4 ' L L] .
g} } g/ i ! ¥
1 ! ! 3
[ + - I
1 - N + . 1
1 E. F % 3
3 : * & : ' 5
} 3 - + 1 L ]
‘l’ .|' ., i ' i
Iy I ! - 1
w L 4 - " "
4 E . 3 ¥
j.. | . h 1 ! .} 2
X W e revly v gy bemie ek dediabe el b abiabha sl bkl i i i e et Al s P abaatls sk . H.r'l.ih" I e LY o dern R Cmidkh sk bR e byl WOkl M g ek “"'"'"g
'l . - 1 .4. :I
&J f ! v ! _ 3
. - i : 1
3 | ! I
! L] ¥, ' r
+ .
i " I i . 3
@ ; - , . : i 3
3 . 1 3
: : . . 3
i 1 - I i 1
N 1 ]
X [
3 - ; 1 ‘
m 1 E J 1'. d * : 3
. < i 3
. ¢ - . ¥ 1 3
+ + F ¥ 1 +
1 "'F e ! -‘% sirkiek  mktee  witetel el K - r{&n + A e gk Wbyl P A el :W o, T e Lk, B T T * S il 17 e L e L Pl LR L ] ;;«:h- et S 1#-%
- " ) 3
= +
+ * + ] 1 "+ I 1
. ; . | . 1
: |
u 4 [ . = ]
* F 1 : : ‘ | o : i :
. K + N ) . N i A 3
" !
¥ H ' - 3 1 :' ! : :
- r E
v i : ; , 1
+ r » 1
+ F + L) + 1
1 * | " "y I E
. o n i 3
L n ] 4 ]
. h ' 3
" r . 1
= u ] i L i 1 L & = I :
¥ ' 5 . ] 3
4 [
l"v oaoar wx WAL WM et E W et H?-u ™ A T : - 1 : aman lih .
T F ¥ 1 ! ' ;
3
| [ r I : . :
+ t : i ! 1
. 3
E ] = I :
E .r 1 I 3
I L i
! L L ! 3
1 . . 3
E ! : '
E § I
' 3
. .
1 3
! i : ! E 1
S o . gt RS AR S -y - ey ' —— - e - r _|' e . . = ..,._... - R R e Mufen AIAM {LESTL IPEIXT AMITR. EYCECT  LIFIN > TR EXN -|'|II'|I-.i
T ] 1
£ | I
L
1 E ¢ E I 1
3
F ] F |
t k I ] :
£ ' i 4 3
] H i 3
; | 5 | = ; |
L el WY s = = =g e ik i el S Tl r el sl e o T P e ey ke B B e o e e e i e e e e e L e B e e e e e e e e T

100

N{;s ' sam_g}}

120

es}



U.S. Patent Oct. 22, 2019 Sheet 19 of 22 US RE47,661 E

¥iG, 21

e G ~pfisel
- Gyeiic shifl
e St N ¢ | ¥ 1528

3L
|

------------

1
1
et e, e, e ] b g Y el e & Ay v
1
F
i
1
§
]
1
1

i—-th ¢cyelic shift
Lol
.

e s Bt |
. i Sem—

b o :
BE *
| :
u a 3 5
| . B
e ﬁ: : e J
E {1 : #
E | 5 '5
a i
§ !
L oo i
1 st § - BIERE—8H8 R
1
L i : i {
: E g g i :
I
I
: | i ! ;
: E ;
_-.‘ e m——n B SOOI S sl -oveo e mulumurn aaaa R, OF OTYOET N NN r mimm -
"""“""--'*11**.'-'_ M FRONCHSEET WL FICACME W WOMDIDRESES M0 WO N OO N WO o A Lo B o B

0 100 200 300 400 500 60
i~th samples of sequence (N=839)



US RE47,6601 E

Sheet 20 of 22

Oct. 22, 2019

U.S. Patent

. &%

FIG

shift

e
+offset

—-ofiset
cyel

A, A sk ol g

[ 3T I T N T P L NPT O L . NI FLEN OO N BTN B

= rTTTE RN

:I.mm:::un:ni NN O T

=

LTI LTI T T T Y

A r 4" F
Lo hle T b b g FOL LR Bl b P

800

-

g 4

el el el

L2 L ey

£

*##ﬂqu##uﬂﬁﬂ##nudgzz;

2

JIYS D140 U1

”-Im + - L] LI B | ] - refin — 1
i '
M w
g ‘ ; i
1 ] 1 ¥
i L *
3 1 - . ._.t_.'.n. EEEEIEFEFE QU LU AT g ey PN Ay P ¥ sl [T (v ™ w. ﬁ
)
H ;
¥ ]
- - - - - - T TR T T g L] L n - w —— T LT ..l.r..-.....r-.l....nr-mW-.—.
¥ 1
' ; i ¢
H [ ._.......__-__-+-+-......-.__-+-+-+...............-__ P e iMook bl el S ol oyl ki ol -k __.w
i i ] ¥ L . -
i _ | M ,
3
1 E i r
¥ m ﬁ ] i v
3 ] i .
) ] t L .
i " i v
¥ :i!ir P o+ o+ ok * - . TR - - __............__............m
: i B
* I i K £ __ B
i i -
¥ i A
E i 1
3 E T e
Ty i __ '
+* F A~ + 4 F d o+ + F &~ 4 + F * A + + v r d + kA 4+ .—.l.—. LI N L _ " G
e e T B T [ 7 L P T ol o YO T e Ll e e L e g mFrifa
i '
; 4 ,
L] [ ¥ 4
_ [ i [T
- 1 [ ] 1
¥ 3 ] a
! b 3 1
r 1 L o YT ey LN, L L > a omom .” “
3 : i3
3
m : B4 LY
4 .
’ i1}
Lpg O L RN ot H.
i ¥ i K i A
i ] 'K Al
i ‘ ; '
N1 B
ft.lfi.;tfiti;t}r&:l—.lEt*ff&it}:tf{.f}:;{li?iiﬂr;ir: IR e, B B g g R - ] Lo ey “*ht{f‘{tti{f{.flifitt.{r{ § .
E ¥ " a
] i ,_.
i E 1 il
] 1 1 MR LA =T -
“ 1 [ 1 - 1 s
" ; ! i
]
¥ r 1 " R
3 E I n
[ ] ] L]
+ T b *
l.-. + = = ¥ b b
. Bl
[ ] 3 3 L]
E
A ¥ )
# 4
3 NEN
3 E o 3 4
] d o+ F Ll
b s s i st ol st s s N fos
[ J 4.
] k4
P 3 + R
S E 1 -1
) ] 1
™ [ 1 m.
) T N e e T ]
E ] K 1
1 ] 1
T E I
i E 1
¥ [ 1
i | ; i k
1 i ¥ i
SR Tl B A I T e e i, it i il e e
E i
i K I
] K 1
i ] ¥
R R R L e P E A AR R R AP TE AL A I v me A A i s A e e R NmLE L U U AR R IR U AR T
1 K ]
i i K 1
m iEiEEEi!E‘!EEEiEEi?iﬁiﬁiﬂﬁ!ﬂﬂi‘iﬁf‘iﬁi}i?l:. ik Ly A
: ; }
i ;
¥ ] ﬂ.
t ]
i ]
] ] E
u"-. iﬁ‘i}luﬂ!l+ii‘*lilil!llii‘*li!:.ﬁ; EEE - T
; : '
i K 1
5 F -
7 E
x N
i .
B St R RaatEE . o BRSNS sl d oiototyiipisialyioiinigitaticigt gt g1 bbb gastipsaapbndunts
% ] "
¥ K
i /
i W i F" ﬂ
i E 3 b
i K L L R, i
¥ 1 et + kel
4 ] ¥
m _ :
B
H ; i
¥ K 1
1 L K ¥ ﬂ.
w E
B
_, . Lo
4 ]
| L ]
I i E
t L E
i : E &Bﬁﬁ-_
*
E &
X

J o4+ L L

ji-th samples of sequence{N=839)



US RE47,6601 E

Sheet 21 of 22

Oct. 22, 2019

U.S. Patent

FiG. 23

i

~offset
-—--—-  CYyelle shiit

+-gffset

S

n{}m

(¥ 3

b

iiiiiiiiiiiiiiiii

w |
-
|0
|
_,wﬁ
.
i
:
Fow

— i
s &2

|
e
. i
mﬁ

3
mﬁu
Lo
,mé

|

}
Wnu
e B T SO E— gt £
EEEEEE £

3] )

- -

,,,,,,,,,,,,,,,,,,,,, T

&V,

B St B

R — =

S s -
o T <} e £ S

YIS DI[oAD Y3-1

=839)

i-th samples of sequence (N



US RE47,6601 E

Sheet 22 of 22

Oct. 22, 2019

U.S. Patent

llllllllllllllllllllllll - el i 1 b ) Wl el o' Tl e P “.-.....
“ 0 i :
m ! i
h I i _ ﬂ“u
m ; i o
pa o |...rn.l 1F K AN ! e wr
" E ]
| | o
3 } 11
1 i
L 1
Vi b raietek e R N Y .ppiiuiiiii- e PPN ___“'Ja!!.l.li..ll.l..il.l.:i
[ | i
') ; :
A m i ! 1L
[ | F
m “ “
M‘ngi A WO o ot gy By n._q_..w T g
[
u _
! T L L A P L TR B e TR R £ AW - .ﬂﬁ
: ! .
* : K e e e el b’ wh il el i i ?
4 RO R I I iy ol
i nu m
1 H m.m
1 L : :
4 ]
i 1 E
1 E i
“ I EE%i%nﬂii%! -___._r e Pkl vy wrrr—— 5
i ] & ¢ E
\ 1 i
4 ] E
[ |
]
]

L0

600

"
b
! r
1
1
+
¥ g*!‘uﬂll!uﬂu—lili e s e ar s ar ar an v e an ks an
] .
1
1 n
1 -
4 1
] 1
1 -

1111111

- B Ll ALK "_'—'—---i-- L 1 .
o
oM

500 600

L, !lzﬁ‘m"’:'ﬂ' T TR - - =l -

"

- PURARN - P o
¥
I

AL
=R LEmamEam. nE

T P ™ R T Y T
Dbtk
« gyt
T A E
|
s L

4

2

}
H
ol

E

400

o

i o i e

il iyl ol eyt Ly

300
j—th samples of sequence (N-839)

111111111111111111111111111111111111111111

:
5
i..
1
|

—offsel
-— - gyeiic shifl

e e o ) 153

20U

;

.|M

R R e

3 X i

H E

e e

i :
M R N | Lo
............ I S— i SRS SRS S— oo
m oo

%

Bk sulfensw W oraswrwrhe e m'ﬂh;;‘m'rhm“

.%.'.i---m.@._ =

:
-
i
1

0

5
4.5

- R o B T T T B
&3 AY. —

YIS O1[0AD Y}-1

0.0



US RE47,661 E

1

METHOD FOR SETTING CYCLIC SHIFT
CONSIDERING FREQUENCY OFFSET

Matter enclosed in heavy brackets [ ]| appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application also claims the benefit of U.S. Provi-
sional Application Ser. No. 60/883,754, filed on Jan. 5, 2007,
U.S. Provisional Application Ser. No. 60/884,398, filed on
Jan. 10, 2007, U.S. Provisional Application Ser. No. 60/9135,
096, filed on Apr. 30, 2007 and U.S. Provisional Apphcatlon
Ser. No. 60/941,562, filed on Jun. 1, 2007, the contents of °
which are hereby incorporated by reference herein 1n their
entirety.

This application is a reissue application of U.S. Pat. No.

7,792,212 B2, which issued on Sep. 7, 2010, from U.S.
patent application Ser. No. 11/969,834, filed on Jan. 4, 2008,
which claims the benefit of earlier filing date and vight of
priority to Korean Patent Application No. 10-2007-0011772,
filed on Feb. 5, 2007 and Korean Patent Application No.
10-2007-00102563, filed on Oct. 11, 2007, the contents of
which are all hereby incorporated by reference [as if fully set
forth] herein in their entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a sequence of a wireless
communication system, and more particularly to a method
for establishing a cyclic shift in consideration of character-
istics of a CAZAC sequence in order to solve the problem

ol a frequency oilset.
2. Discussion of the Related Art

A Constant Amplitude Zero Auto-Correlation (CAZAC)
sequence 1s a representative one of various sequences which
have been intensively discussed in the 3GPP LTE.

Channels generally extract a variety of identifiers (IDs) or
information using the CAZAC sequence, for example, syn-
chronization channels (e.g., a primary-SCH, a secondary-
SCH, and a BCH) for downlink synchronization, other
synchronization channels (e.g., a RACH) for uplink syn-
chronization, and pilot channels (e.g., a data pilot, and a
channel quality pilot). Also, the above-mentioned CAZAC
sequence has been used to perform the scrambling.

Two kinds of methods have been used for the CAZAC
sequence, 1.e., a first method for changing a root index to
another, and employing the changed root index, and a
second method for performing a cyclic shift (CS) on a single
root sequence, and employing the CS-result.

If a current root index 1s changed to a new root index, a
low cross-correlation occurs between the current root index
and the new root index, however, there 1s no limitation in
designing sequence usages.

In the case of the cyclic shiit, zero cross-correlation exists
between the current root index and the new root index, so
that the two root indexes are used when each of the root
indexes require a high rejection ratio. Specifically, when
time-frequency resources are shared in the same cell and
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2

data/control signals are transmitted, the above-mentioned
two root indexes are adapted to discriminate among different
signals or UEs.

A representative example of CAZAC sequences 1s a
Zadofl-Chu (ZC) sequence, and the Zadofl-Chu sequence
can be defined by the following equation 1:

' + 1 tion 1
X,(n) = exp(lwm(n )] for odd Ny [Equation 1]
Nzc
jurn®
X,(n) = exp for even Ny
Nzc

where “n” 1s indicative of a sampling index, “Nzc” 1is
indicative of the length of the ZC sequence, and “u” 1is
indicative of the root index of the ZC sequence.

However, 11 the oflset occurs 1n a frequency domain in the
same manner as in the case where the CAZAC sequence 1s
transmitted using the OFDM scheme, a performance or false
alarm or throughput may be excessively deteriorated.

Specifically, 1t the cyclic shift (CS) 1s applied to the
CAZAC sequence, the frequency oflset or the timing offset
excessively occurs, so that 1t 1s diflicult to discriminate
between sequences.

SUMMARY OF THE

INVENTION

Accordingly, the present invention 1s directed to a method
for establishing a cyclic shift (CS) considering a frequency
oflset that substantially obviates one or inure problems due
to limitations and disadvantages of the related art.

An object of the present invention 1s to provide a method
for establishing a cyclic shift (CS) to provide against a
frequency oflset, so that 1t can easily prevent a sequence
(e.g., a CAZAC sequence) from being deteriorated under the
condition that the frequency oft

sel occurs.

Additional advantages, objects, and features of the inven-
tion will be set forth in part 1n the description which follows
and 1n part will become apparent to those having ordinary
skill 1n the art upon examination of the following or may be
learned from practice of the invention. The objectives and
other advantages of the invention may be realized and
attained by the structure particularly pointed out in the
written description and claims hereolf as well as the
appended drawings.

To achieve these objects and other advantages and 1n
accordance with the purpose of the invention, as embodied
and broadly described herein, a method for setting cyclic
shift to be applied to a given sequence against an effect of
a high Doppler frequency higher than a predetermined value
1s provided. According to the method, the method com-
prises: acquiring a first vanable (d,) of cyclic shift corre-
sponding to a Doppler shift of one subcarrier spacing by
using an root index (u) of the given sequence; acquiring
secondary variables comprising a number of group (G)
comprised 1n the given sequence, a length of the each
group (S) and a number of cyclic shift per the group (P)
using the first variable (d ); and establishing the cyclic shift
to be applied to the given sequence according to the sec-
ondary variables.

Preferably, the secondary variables further comprise a
number of additional cyclic shifts which are applicable to
the given sequence not based on the group (R).
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Preferably, the given sequence 1s a Zadoil-Chu (ZC)
sequence, and the first variable 1s acquired by a equation of,

( u ! mod Ny 0 =< (u! mod Ny) < Ny /2
d.{-{ = 4
| Nzc —(u' mod Nz¢), Nze/2 = (u™' mod Nz¢c) < Nzc
wherein “u” indicates the root index of the ZC sequence

and “N_ -~ Corresponds to a length of the ZC sequence.

And, 1n this case, the secondary variables are differently
acquired according to a range of the first variable (d ), and
the range of the first varniable 1s divided by a critena
corresponding to 3 of the given sequence length (Nzc/3).

And, 1T the range of the first variable (d ) 1s Ncs=d <
(Nzc/3), the secondary variables may be acquired by equa-
tions of,

P:[du/NCSJ

S=2-d +P"N

G=|N,S|.

R=max(|(Nz-2-d,~G-S)/N;,0)

wherein “N .. 1s a predetermined cyclic shift parameter,
“P” corresponds to the number of cyclic shift per the group,
“S” corresponds to the length of the each group, “G”
corresponds to the number of group and “R” corresponds to
the number of additional cyclic shiits.

On the other hand, if the range of the first variable (d ) 1s
(Nzc/3)=d, =(Nzc-Ncs)/2, the secondary variables may be
acquired by equations of,

P:[ (Nzc~2-d,)/N C‘SJ

S :Nzc—z .du-l_P.NCS

G=|d /S|

R=min(max(|(d,,-G*S)/N~¢|,0),P)

wherein “N -.” 1s a predetermined cyclic shift parameter,
“P” corresponds to the number of cyclic shift per the group,
“S” corresponds to the length of the each group, “G”
corresponds to the number of group and “R” corresponds to
the number of additional cyclic shiits.

And, preferable, said establishing the cyclic shift (C) 1s
performed as a equation of,

C.=S:|v/P|+(v mod P)Nv=0,1, . .., (P-G+R-1).

And, the given sequence may be for generating a random
access preamble.

In another aspect of the present invention, there i1s pro-
vided a method for setting cyclic shift to be applied to a
given sequence, the method comprising: determining
whether the cyclic shiit 1s to be established according to a
restricted sets restricted due to a Doppler shift; and estab-
lishing the cyclic shift to be applied to the given sequence
considering a cyclic shift corresponding to a Doppler shift of
one subcarrier spacing, when the cyclic shift 1s determined
to be established according to the restricted sets.

Preferably, when the cyclic shift 1s determined to be
established according to the restricted sets, said establishing
the cyclic shift to be applied to the given sequence com-
prises: acquiring a first variable (d,) indicating the cyclic
shift corresponding to the Doppler shift of one subcarrier
spacing by using an root mdex (u) of the given sequence;
acquiring secondary variables comprising a number of group
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(G) comprised in the given sequence, a length of the each
group (S), a number of cyclic shift per the group (P) using
the first variable (d ) and a number of additional cyclic shifts
which 1s applicable to the given sequence not based on the
group (R), and establishing the cyclic shift to be applied to
the given sequence according to the secondary variables.

Preferably, the given sequence 1s a Zadofl-Chu (ZC)
sequence, and

the first variable 1s acquired by a equation of,

{

u 'mod Ny, 0 < (u'mod Nyr) < Ny /2

Nzc — (u'mod Nz¢), Nze/2 = (u'mod Nyc) < Nz

e 5‘3‘ .

wherein indicates the root mndex of the ZC sequence
and “N_..” corresponds to a length of the ZC sequence.

And, the secondary variables may be differently acquired
according to a range of the first variable (d ), and the range
of the first variable 1s divided by a criteria corresponding to
4 of the given sequence length (Nzc/3).

In this case, if the range of the first variable (d,)) 1s
Ncs=d <(Nzc/3), the secondary variables are acquired by
equations of,

P= |.du/N CSJ

Szde+PNCS

G=[Nzc/S]

R=max(|(Nz-2-d,~G-S)/N¢s],0)

wherein “N ..’ 1s a predetermined cyclic shitt parameter,
“P” corresponds to the number of cyclic shift per the group,
“S” corresponds to the length of the each group, “G”
corresponds to the number of group and “R” corresponds to
the number of additional cyclic shiits.

On the other hand, if the range of the first variable (d)) 1s
(Nzc/3)=d =(Nzc-Ncs)/2, the secondary wvariables are
acquired by equations of,

P= [ (Nzc—2-d,)/N C‘SJ
S:NZC_Z dH+P.NCS
G=|d /S|

R=min(max(|(d -G-S)/N],0),P)

wherein “N ..~ 1s a predetermined cyclic shift parameter,
“P” corresponds to the number of cyclic shiit per the group,
“S” corresponds to the length of the each group, “G”
corresponds to the number of group and “R” corresponds to
the number of additional cyclic shiits.

And, preferably, the cyclic shift (C ) 1s performed as
following equation,

( v-Nes,
for unrestricted sets

v=0,1,... ,(INzc/N¢sl - 1),
S-|v/P| + (vimodP) - Neg,
o v=0,1,... ,(P-G+R-1),

for restricted sets.

And, the given sequence may be for generating a random

access preamble.
In another aspect of the present invention, there 1s pro-
vided a method for setting cyclic shift to be applied to a
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given sequence, the method comprising: (a) acquiring a
variable of d, by a equation of,

{

u 'mod Ny, 0 < (u!'mod Ny) < Ny/2

| Nzc — (u'mod Nz¢), Nze/2 = (u'mod Nzc) < Ng¢

wherein “u” indicates an root index of the given sequence
and “N_ . corresponds to a length of the given sequence; (b)
acquiring variables of G, S, P and R by equations of,

P:[d’u/NCSJ

S :2 .du-l_P.NCS

G=[Nz/S ]

R=max(|(N,~2-d -G-S)/N¢],0)

when a range of the first variable (d,) 1s Ncs=d, <(Nzc/3),
and acquiring variables of G, S, P and R by equations of,

P:[(NZC’ z'du)/N C‘SJ
N= zc’z'du"'P'Ncs
G=[d,/S]

R=min(max(|(d,-G-S)/N~¢|,0),P)

when the range of the first variable (d, ) 1s (Nzc/3)=d <
(Nzc—Ncs)/2,

wherein “N . 1s a predetermined cyclic shiit parameter;
(¢) establishing the cyclic shift (C,) by equation of,

( v-N¢s, v=10,1,... , forunrestricted sets
C = (LNzc /Nes| = 1),
S-lv/P|+ v=0,1,... , for restricted sets.
(vmodP)- Ny, (P-G+R-1),

wherein the restricted sets are a cyclic shift sets restricted
due to a Doppler shift, and the unrestricted sets are a cyclic
shift sets not restricted due to the Doppler shiit.

In another aspect of the present invention, there 1s pro-
vided a method for transmitting a random access preamble
using cyclic shift, the method comprising: acquiring a root
index (u) of a sequence for the random access preamble from
system 1nformation; establishing the cyclic shift to be
applied to the sequence, 1n said establishing, when the cyclic
shift 1s determined to be established according to the
restricted sets restricted due to a Doppler shift, the cyclic
shift to be applied to the sequence 1s established by consid-
ering a cyclic shift corresponding to a Doppler shift of one
subcarrier spacing; generating the sequence according to the
root index (u) with the established cyclic shift; and trans-
mitting the sequence with the cyclic shift as the random
access preambile.

Preferably, when the cyclic shift 1s determined to be
established according to the restricted sets, said establishing
the cyclic shift to be applied to the sequence comprises:
acquiring a first variable (d ) indicating the cyclic shift
corresponding to the Doppler shift of one subcarrier spacing
by using the root mndex (u) of the given sequence; acquiring,
secondary variables comprising a number of group (G)
comprised in the sequence, a length of the each group (S),
a number of cyclic shift per the group (P) using the first

variable (d ) and a number of additional cyclic shifts which
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1s applicable to the sequence not based on the group (R), and
establishing the cyclic shift to be applied to the sequence
according to the secondary variables.

Preferably, wherein the given sequence 1s a Zadofl-Chu
(ZC) sequence, and the first variable 1s acquired by a
equation of,

{

u 'mod Nzc, 0 < (w'mod Nze) < Ny /2

| Nzc — (u'mod Nzc), Nzc/2 < ' 'mod Nzc) < Nz¢

wherein “u” idicates the root index of the ZC sequence
and “N_.” corresponds to a length of the ZC sequence.

Preferably, wherein the secondary variables are difler-
ently acquired according to a range of the first variable (d,),
and the range of the first variable 1s divided by a criteria
corresponding to 14 of the given sequence length (Nzc/3).

More specifically, 1t the range of the first variable (d,) 1s
Ncs=d, <(Nzc/3), the secondary variables may be acquired
by equations of,

P= [du/N CSJ

S=2-d, +P"N

G= [Nzc/ SJ

R=max(|(Nz--2-d,~G-S)/N;],0)

wherein “N_..” 1s a predetermined cyclic shift parameter,
“P” corresponds to the number of cyclic shiit per the group,
“S” corresponds to the length of the each group, “G”
corresponds to the number of group and “R” corresponds to
the number of additional cyclic shifts.

On the other hand, 11 the range of the first variable (d ) 1s
(Nzc/3)=d, =(Nzc-Ncs)/2, the secondary variables are
acquired by equations of,

P= [ (Nz—2-d,)/N C‘SJ
S:NZC'_Z dH+P.NCS
G=[d /S ]

R=min(max(|(d -G-S)/N],0),P)

wherein “N .’ 1s a predetermined cyclic shift parameter,
“P” corresponds to the number of cyclic shift per the group,
“S” corresponds to the length of the each group, “G”
corresponds to the number of group and “R” corresponds to
the number of additional cyclic shiits.

And, preferably, wherein the cyclic shitt (C,) 1s performed
as following equation,

( v-Nrg, v=0,1,... , forunrestricted sets
o= (LNzc /Nes| = 1),
S-lv/Pl+ v=>0,1, ..., for restricted sets.
 (vmodP)-Ngg, (P-G+R-1),

It 1s to be understood that both the foregoing general
description and the following detailed description of the
present mvention are exemplary and explanatory and are
intended to provide further explanation of the invention as
claimed.

The present invention can easily establish a cyclic shift
(CS) interval at a specific location having no overlapping by
considering a channel response of a reception (Rx) sequence
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and an alias location of this reception (Rx) sequence,
although a reception (Rx) signal 1s shifted by a frequency
oflset 1rrespective of categories ol a domain generating a
sequence, so that it can greatly reduce the number of the
detection errors and the false alarm rate.

And, 11 a sequence of the cyclic shift (CS) 1s allocated to
a cell having a frequency oflset of more than a predeter-
mined level, the present invention can minimize the intlu-
ence of a frequency oflset on a high-mobility cell.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention, illustrate
embodiments of the invention and together with the descrip-
tion serve to explain the principle of the invention.

In the drawings:

FI1G. 1 1s a conceptual diagram 1llustrating the influence of
a frequency oflset caused by a pulse shaping 1n a frequency
domain when a sequence 1s mapped to a sub-carrier accord-
ing to the present invention;

FIG. 2 1s a conceptual diagram illustrating different fre-
quency oflset situations existing in a plurality of cells
according to the present ivention;

FIG. 3 1s a conceptual diagram illustrating a sequence
allocation method when a sequence 1s a CAZAC sequence
according to the present invention;

FIG. 4 1s a conceptual diagram illustrating aliases which
occur 1 a time-domain channel response of a reception
sequence due to the frequency oflset according to the present
invention;

FIG. 5 1s a conceptual diagram 1illustrating a method for
establishing a new cyclic shift (CS)-applying unit by adding
an additional margin to an old CS-applying unit according to
the present invention;

FIGS. 6 and 7 are conceptual diagrams illustrating appli-
cation examples of the additional margin of FIG. 5 under the
condition that a sequence index 1s low according to the
present ivention;

FIGS. 8 and 9 are conceptual diagram illustrating exem-
plary additional margins of FIG. 5 under the condition that
a sequence index 1s high according to the present invention;

FIG. 10 shows an example of a single group composed of
P cyclic-shift-sets according to the present invention;

FIG. 11 1s a conceptual diagram 1llustrating a method for
establishing a cyclic shift (CS)-applying group and the
CS-applying mnterval of each group according to the present
invention;

FIG. 12 shows locations at which pulses occur by an
interference when the CAZAC index 1s contained 1n the
interval of N/3~IN/2 according to the present invention;

FIG. 13 1s a tlow chart illustrating a restricted cyclic shift
set according to one embodiment of the present mnvention;

FIG. 14 1s a conceptual diagram illustrating a method for
establishing a variable (d ) of a cyclic shitt corresponding to
the Doppler shift associated with the 1 sub-carrier spacing
when the restricted cyclic shift set 1s established according
to the present ivention;

FI1G. 15 1s a conceptual diagram illustrating a specific case
in which the variable (d ) 1s less than a basic unit N .. to
which the cyclic shift (CS) 1s applied according to the
present mvention;

FI1G. 16 1s a conceptual diagram 1llustrating, a method for
calculating a variable establishing the cyclic shift within the
interval of N..=d <(N_.-/3) according to the present inven-
tion;
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FIG. 17 1s a conceptual diagram 1llustrating a method for
calculating a vanable establishing the cyclic shift within the
interval of (N /3)=d, <(N_-~N_.)/2 according to the pres-
ent 1nvention;

FIGS. 18 and 19 are conceptual diagrams 1illustrating a
method for reducing the number of ZCZ preamble
sequences due to an alias response 1n the case of Nzc=839,
Ncs=100, and d =155 according to the present invention;

FIG. 20 15 a conceptual diagram illustrating the increasing
ratio ol an available restricted cyclic shift after the restric-
tion of a start location of the cyclic shift 1s removed 1n the
case of Nzc=839 according to the present invention;

FIG. 21 1s a conceptual diagram 1llustrating an exemplary
cyclic shift 1n the case of Nzc=839, Ncs=40, and d =150
according to one embodiment of the present invention;

FIG. 22 1s a conceptual diagram 1llustrating an exemplary
cyclic shift i the case of Nzc=839, Ncs=40, and d, =399
according to one embodiment of the present invention;

FIG. 23 1s a conceptual diagram 1llustrating an exemplary
cyclic shift i the case of Nzc=839, Ncs=40, and d, =150
according to another embodiment of the present invention;
and

FIG. 24 1s a conceptual diagram 1llustrating an exemplary
cyclic shift i the case of Nzc=839, Ncs=40, and d, =399

according to another embodiment of the present invention.

DETAILED DESCRIPTION OF TH.
INVENTION

(Ll

Retference will now be made in detail to the preferred
embodiments of the present invention, examples of which
are 1llustrated 1n the accompanying drawings. Wherever
possible, the same reference numbers will be used through-
out the drawings to refer to the same or like parts.

Prior to describing the present invention, 1t should be
noted that most terms disclosed in the present mmvention
correspond to general terms well known 1n the art, but some
terms have been selected by the applicant as necessary and
will hereinatter be disclosed 1n the following description of
the present invention. Therefore, it 1s preferable that the
terms defined by the applicant be understood on the basis of
their meanings 1n the present invention.

For the convenience of description and better understand-
ing of the present invention, general structures and devices
well known 1n the art will be omitted or be denoted by a
block diagram or a tlow chart. Wherever possible, the same
reference numbers will be used throughout the drawings to
refer to the same or like parts.

The present invention provides a cyclic shift (CS) setup
method to provide against the frequency oflset, so that 1t can
casily prevent a sequence (1.e., CAZAC sequence) perior-
mance from being deteriorated. For this purpose, the present
invention will disclose the method for applying the cyclic
shift to the CAZAC sequence, and the influence of the
frequency oflset of the CAZAC sequence.

The cyclic shift may be applied to the CAZAC sequence
according to two schemes, 1.¢., a first scheme for performing
the cyclic shiit on the sequence, and a method for multiply-
ing an exponential function of other areas by a time- or
frequency-domain sequence, and performing the cyclic shiit
on the multiplied result.

The cyclic shift “d” 1s applied to the frequency index “k”
in the frequency domain. If the sequence index of M and the
N-length sequence 1s represented by c(k; d, M, N), a method
for performing the cyclic shift on the sequence can be
represented by the following equation 2:

c(k;d M ,N)=c(mod{k-d,N);M,N)

[Equation 2]
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Where “d” 1s indicative of an amount of the cyclic shiit,
and “mod” 1s indicative of a modular operator.

A method for applying the cyclic shift by multiplying an
exponential function by the sequence can be represented by
the following equation 3:

c(k; d, M, N) = f(mod(k — d, N); M, N) | Equation 3]

i2ndk
= exp( N

]FPT(C(]«:; d, M, N))

In the meantime, although each of the above Equations 2
and 3 shows an exemplary cyclic shift applied in the
frequency domain, the cyclic shift may be applied in the
time-domain sequence sampling index “n” 1n the time
domain. In this case, an application example of the cyclic
shift can be represented by the following equation 4:

Xy o 1)=X,((n+C, )mod Nzc) [Equation 4]

where “C.” 1s mndicative of the degree of the cyclic shilt,
“n” 1s indicative of a sampling index, “N.,.-” 1s indicative of
the ZC-sequence length, and “u” 1s indicative of an root
index of the ZC sequence.

The CAZAC sequences can be distinguished from each
other under the condition that different root indexes are used,
however, 1t should be noted that a difference in cross-
correlation occurs among the CAZAC sequences.

However, 1n the case of at least two CAZAC sequences
associated with the cyclic shift, the cross-correlation value
between the CAZAC sequences 1s zero, so that the above-
mentioned CAZAC sequences are used when a high rejec-
tion ratio 1s required for the two CAZAC sequences.

Specifically, the CAZAC sequence associated with the
cyclic shift share the time-frequency resources within the
same cell, so that they can be used to discriminate among
different signals/UEs during the transmission of data/control
signals.

However, i1 the frequency oflset occurs 1n the frequency
domain in the same manner as in the case i which the
CAZAC sequence 1s transmitted using the OFDM scheme,
the present invention may encounter the excessive deterio-
ration of a performance and false alarm rate.

The following description will disclose an example in
which the sequence 1s transmitted in the frequency domain,
and another example 1n which the sequence 1s transmitted
using the OFDM scheme.

FI1G. 1 1s a conceptual diagram 1llustrating the influence of
a frequency oflset caused by a pulse shaping 1n a frequency
domain when a sequence 1s mapped to a sub-carrier accord-
ing to the present invention.

As shown 1n FIG. 1, each of sequence samples 1s mapped
to the sub-carrier. If a reception end performs the signal
sampling due to the frequency oflset as denoted by the
location of “Interference”, signals of neighboring sub-car-
riers are mixed within a single sample. In other words, 1f the
pulse-shaping function 1s p(x), the response of an arbitrary
sub-carrier can be represented by the following equation 5:

N-1

|Equation 5]
(k. f) = ) plkwo —nwo + fog)e(n)
n=>0

where “r(k, 15" 1s indicative of a reception (Rx)-fre-
quency response at the k-th sub-carrier location if the
frequency offset 1s 1 45 “c(n)” 1s indicative of a CAZAC
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sequence mapped to the sub-carrier by the user equipment
(UE), “p(1)” 1s indicative of a pulse-shaping function in a
frequency domain, and o, 1s indicative of a sub-carrier
spacing.

In the case of 1, =0, the above Equation 5 outputs only the
value c(k). Otherwise, 1n the case ot f_,=0, the signal of the
neighboring sub-carrier may enter the reception end, so that
there arises a performance deterioration. Due to the perfor-
mance deterioration caused by the frequency oflset, the
probability of encountering the detection error 1n the recep-
tion end increases, and the false alarm rate and/or miss-
detection may unavoidably increase in the reception end.

Specifically, provided that the cyclic shiit 1s applied 1n the
time domain and the CAZAC sequence 1s transmitted within
the frequency domain, one may not discriminate among
various sequences. And, the above-mentioned problem may
occur 1n a situation, even when the CAZAC sequence 1s
transmitted within the time domain as a form of the timing
ollset.

In other words, 11 the frequency oflset or the timing oflset
occurs, methods for employing the cyclic shift must
unavoidably experience the performance deterioration. Also,
the influence of the frequency oflset 1s equally applied to a
specific case 1 which the cyclic shift 1s applied 1n the time
domain as denoted by Equation 4.

Therefore, there must be newly developed a technology
for preventing a performance of the sequence (1.e., CAZAC
sequence) from being deteriorated under the condition that
the frequency oflset occurs.

Specifically, 1n the case of applying the cyclic shiit to the
CAZAC sequence, the frequency oflset or the timing offset
excessively occurs, so that the present mvention has difhi-
culty i discriminating among sequences when the fre-
quency- or timing-oilset occupies at least the half of a single
sub-carrier spacing.

However, the degree of the frequency ofiset and the
degree of the Doppler shift may be different 1n individual
cells of a cellular mobile communication system.

Therefore, according to one embodiment, the present
invention provides different cyclic shift (CS) setup methods
according to the degree of frequency oflsets of the individual
cells, and a detailed description thereof will hereinatter be
described.

FIG. 2 1s a conceptual diagram illustrating different fre-
quency oflset situations existing i a plurality of cells
according to the present ivention.

Referring to FIG. 2, the present invention may determine
that a specific cell having many high-mobility UEs 1n a
cellular mobile communication system including many cells
has a high frequency offset. There 1s every probability that
a UE contained 1n a cell including residential districts may
be a low-speed UE, so that the frequency offset within the
cell may be low.

In more detail, FIG. 2 shows cells A and B adjacent to a
high-speed railway, and the cell C distant from the high-
speed railway.

In the case of the cells A and B adjacent to the high-speed
railway, there 1s every probability that a plurality of high-
speed UEs are contained 1n a corresponding cell, so that the
present mnvention has an advantage 1n that a sequence which
1s very resistant to the frequency oflset may be allocated.

For example, 1n the case of the cell C adjacent to the
residential district distant from the high-speed railway, the
probability of including the high-speed UE 1n a correspond-
ing cell 1s relatively low, so that there 1s no need to allocate
only the sequence which i1s very resistant to the frequency
oflset.




US RE47,661 E

11

In the case of the available sequence (e.g., the CAZAC
sequence), first sequences caused by the root indexes of the
individual sequences and second sequences caused by the
cyclic shift applied to the first sequences may have different
frequency oflset characteristics.

Therefore, the present invention establishes the restricted
case and the unrestricted case, and provides the cyclic shiit
setup methods for the individual cases.

The restricted case indicates that the influence of the
Doppler shift 1s higher than a predetermined threshold value
so that an unexpected limitation occurs in the process for
establishing a cyclic shift (CS)-applying interval.

The unrestricted case indicates that the influence of the
Doppler shift 1s equal to or less than the predetermined
threshold value, so that there 1s no limitation 1n the process
for establishing the CS-applying interval.

The method for establishing the cyclic shift will herein-
after be described 1n detail.

FIG. 3 1s a conceptual diagram illustrating a sequence
allocation method when a sequence 1s a CAZAC sequence
according to the present invention.

The CAZAC sequence may include a root sequence of
cach root CAZAC sequence and a Zero Correlation Zone
(ZCZ) sequence to which different cyclic shifts (also called
circular shifts) are applied.

In more detail, FIG. 3 shows the root sequence for each
root index in Nt root indexes, and the ZCZ-sequence set to
which L cyclic shifts are applied to each root sequence.

In this case, the ZCZ 1s indicative of a cyclic shift-
applying interval to which the cyclic shift (CS) 1s applied, so
that the Node-B 1s able to discriminate among RACH
signals.

In the meantime, 1f the CAZAC sequence 1s used when
the frequency oflset exists, the present invention may have
difficulty 1n discriminating among ZCZ sequences by the
frequency oflset. Therefore, the present invention may deter-
mine that the ZCZ sequence 1s not used in a predetermined
cell having a frequency oflset of more than a predetermined
level.

In this way, the threshold value used to decide the degree
of the frequency oflset of each cell may be properly decided
according to the number of available sequences of a corre-
sponding system and the frequency oflset degree of each
cell.

If 1t 1s determined that the cell has the frequency offset of
more than the predetermined level, the probability of con-
taining the high-speed UE 1n this cell 1s very high as shown
in the cell A or B.

However, 11 1t 1s determined that the ZCZ sequence 1s not
used 1n the cell having the frequency oflset of more than the
predetermined level, there may be only Nt indexes based on
the CAZAC indexes, so that the number of available
sequences becomes lower.

If a sequence re-use coellicient becomes lower, one must
allocate sequences according to the cell planning. However,
this allocation based on the cell planning may unexpectedly
increase the complexity in the process for allocating the
sequences to individual cells, so that another solution may
be additionally required on the condition that the number of
available sequences encounters the problem.

Furthermore, in case of using only Nt sequences and not
using the ZCZ sequence, there may be a problem 1n esti-
mating round trip delay or one-way trip delay while the
performance of detecting sequence 1s enhanced. That 1s,
there may be a problem of distinguishing the position of
correlation peak varying due to the round trip delay or
one-way trip delay, and a position of correlation peak
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varying due to the frequency offset. So, another solution may
be additionally required against this problem.

In the meantime, the above-mentioned problem having
difficulty 1n discriminating among ZCZ sequences due to the
frequency oilset becomes intensified on the condition that
the CAZAC index 1s very high or 1s not very low.

In more detail, provided that “k” 1s indicative of a
frequency-domain index, “N” 1s indicative of the CAZAC-
sequence length, “M” 1s indicative of a CAZAC sequence,
and a transmission (Ix) signal 1s indicative of “c(k,N,M)”,
a reception (Rx) signal can be represented by the following
equation 6:

2rnM-d

|Equation 6]
Rik, N, M) =c(K, N, M)- exp(— N k]

where “d” 1s indicative of the amount of a frequency-
domain delay caused by the frequency oilset.

As can be seen from Equation 6, 11 the CAZAC index “M”
has a very low value, or 1f the CAZAC 1ndex “M” has the
highest value from among a total of Nt sequence indexes, the
influence of the exponential function caused by the fre-
quency oflset 1s gradually reduced, so that the influence of
the frequency oflset in the Rx signal 1s gradually reduced.

If the CAZAC sequence 1s allocated to the cell having the
frequency oflset of more than the predetermined level, the
present invention may allocate only the root sequence. In the
case of using the ZCZ CAZAC sequence due to the msui-
ficient number of root sequences, the present invention may
allow the CAZAC sequence to employ a specific sequence
which 1s 1n an 1nitial predetermined range or the last pre-
determined range from among total indexes. In this case, 1t
should be noted that the term “predetermined range” can be
established 1n different ways according to system detection
performances.

In the case of comparing the above-mentioned method
with the other method for allowing time ZCZ sequence not
to be used 1n the cell having the high frequency oflset, the
above-mentioned method increases categories or types of
available sequences, so that there 1s almost no need to
perform the cell planning.

In more detail, if the number of total CAZAC sequences
1s Nt as shown 1n FIG. 3, the sequence to be used in the cell
of the high frequency oflset may be set to CAZAC indexes
0,1, 2, Nt-2, Nt-1, and Nt.

In the meantime, 1 the case of using the CAZAC
sequence for the cell having the frequency oflset of more
than the predetermined level, there 1s no need to use only
indexes other than the above-mentioned CAZAC indexes 0,
1. 2, Nt—-1, Nt-2, and Nt. In order to reduce the interference
between the aforementioned CAZAC sequence and the other
sequence used for the cell having the high frequency oflset,
the present invention may not use the sequence index sued
for the cell having the high frequency ofiset as necessary,
resulting 1n the implementation of high efliciency.

In the meantime, 1n the case of using the ZCZ sequence
to guarantee the number of available sequences in the cell
having the high frequency oflset and/or to guarantee the
performance of estimating the time delay occurred in the
channel, the present invention establishes the cyclic shait
interval in the restricted case in consideration of the alias
(1.e., Doppler shift) caused by the frequency offset. As a
result, the present invention prevents the performance dete-
rioration caused by the frequency offset, and a detailed
description thereof will hereinafter be described.
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If the presence of the frequency oflset 1s decided, the
frequency response of the Rx signal can be represented by
the above Equation 6.

In the meantime, Equation 6 shows that a signal value 1s
transterred from all the neighboring sub-carriers due to the
frequency oflset. However, indeed, a specific component
greatly aflecting the channel response of the Rx signal may
be set to a part located at both sides of a corresponding
sub-carrier, wherein the part receives a signal of the neigh-
boring sub-carrier.

Therefore, 1n the case of considering only the first order
case, Equation 6 may be represented by three terms, as
shown 1n the following equation 7:

r(k,t, p=p(~to—1, polk-1)+p(-1 Helk)+p(f-1, Hclk+1)

In the meantime, the reception end applies a conjugate

complex number c(n) to the Rx signal, so that the applying
result can be represented by the following equation 8:

[Equation 7]

r(k, fr)c™(k) = |Equation 8]

jZﬂMk] ( i2M(k + 1))
+ ajexp

+ o —
Qp + & 1EX]_Z{ N N

The pulse-shaping function of Equation 7 can be easily
denoted by a raised cosine- or sinc-function.

For the convenience of description, the pulse-shaping
function 1s represented by constants o, o._,, and «,.

With reference to Equation 8, the channel response of the
Rx signal occurs at three points, 1.e., “t” indicative of a target
position in the time domain, “t—M” indicative of a position
shifted to the left side, and “t+M” indicative of a position
shifted to the right side. It can be recognized that the channel
response generated at the M-shifted position on, the basis of
the right/left sides corresponds to the alias of the Rx signal,
1.¢., the Doppler shift component having the 1-subcarrier
spacing.

The above-mentioned phenomenon in which the alias
occurs 1n the channel response due to the frequency oflset 1s
shown 1n FIG. 4.

FIG. 4 1s a conceptual diagram 1illustrating aliases which
occur 1 a time-domain channel response of a reception
sequence due to the frequency oflset according to the present
invention.

If the cyclic shift 1s applied to a sequence used 1n a
specific cell having a frequency oflset of more than a
predetermined level, a single channel response occurs at the
target position in the Rx-channel response of the corre-
sponding sequence, and two additional aliases may occur 1n
the Rx-channel response of the corresponding sequence
according to the 1-subcarrier-spacing-sized Doppler shilit.

Therelore, 1f the CS-applying interval 1s established irre-
spective of the target position and the alias positions, an
unexpected overlapping occurs between the channel
response and the alias of the Rx sequence due to the channel
delay spreading and the propagation delay, so that the
confusion between the target position and the alias position
may occur among different CS-applying sequences.

Accordingly, i1 the restricted case 1s decided when the
CS-applying interval 1s established 1n the CAZAC sequence,
the present mvention considers the alias generated in the
channel response, so that it establishes the CS-applying
interval during a specific period in which the channel
response of the Rx sequence does not overlap with the alias
of the above channel response.
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FIG. 4 shows an exemplary case in which the M-sized
(where M=sequence 1ndex) alias occurs when CAZAC
sequence 1s generated 1n a frequency domain. However, 11
the CAZAC sequence 1s generated 1n the time domain, the
alias generation position caused by the Doppler shiit of the
1-subcarrier spacing may be determined 1n different ways.

All the CS-applying cases used for the individual domains
will hereinafter be described in detail.

For the convenience of description and better understand-
ing of the present invention, FIGS. 5~11 assume that the
cyclic shift unit 1s set to T,.

FIG. 5 1s a conceptual diagram illustrating a method for
establishing a new cyclic shift (CS)-applying unit by adding
all additional margin to an old CS-applying unmit according
to the present invention.

The present invention generates a cyclic-shifted preamble
according to the design based on the RACH component.
However, under the environment in which the OFDM {re-
quency ollset exists, the reception end of the present inven-
tion may easily mistake a normal sequence for another
sequence.

In order to prevent the above-mentioned problem from
being generated, the present invention may use an additional
cyclic shift margin as shown 1n FIG. 5.

Referring to FIG. 3, the delay spread i1s indicative of a
channel delay spread, and the round trip delay (RTD) 1s
indicative of a propagation proceeding time of a physical
distance between the user equipment (UE) and the Node-B.
In the case of using the additional cyclic shift margin, the
present invention adjusts the margin size for each sequence,
so that 1t can reduce the influence of the frequency oflset
when the sequence 1s used.

In the case of implementing the frequency oflset using the
additional margin, the cyclic shift unit 1s decided by the
function of the CAZAC sequence. In other words, 1n asso-
ciation with the CAZAC sequence “M”, the cyclic shaft unit
1s represented by the following equation 9:

TM)=To+T,,,4gim(M) [Equation 9]

where T, 1s indicative of a common cyclic shift unit
irrespective of the sequence index, and 1,,,,,.;,,(M) 1s 1ndica-
tive of an additional margin used when the sequence index
1s M. This margin can be decided by other methods accord-
ing to usages ol the sequence and the cyclic shift.

Therefore, although it 1s preferable that the cyclic shift
unit 1s at least 2M, this additional margin may be changed to
another margin according to the CS-applying area. The
above-mentioned situation i1s shown 1n FIGS. 6 and 7.

FIGS. 6 and 7 are conceptual diagrams 1llustrating appli-
cation examples of the additional margin of FIG. 5 under the
condition that a sequence index 1s low according to the
present invention.

Here, in case of FIG. 6, the interval of M due to the
frequency offset 1s smaller than the cyclic shift interval of
T,. Even when using this range, we can avoid the overlap-
ping problem with other sequences. However, there may be
a problem of estimating the information for the time delay
of the transmitted sequence. So, 1n one embodiment of this
invention, 1t 1s preferable not using this range where the
interval of M due to the frequency oflset 1s smaller than the
cyclic shift interval of T,. But, there may be a system using
this range according to the requirement of the system.

The oblique-lined part of FIGS. 6 and 7 indicates the
cyclic shift opportunity.

I1 the signal having no influence of the frequency oflset 1s
located at “t”, the pulse aflected by the frequency oflset may
occur at a single point of the left side, and may occur at a
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single point of the right side. If the signal includes T, used
as a basic cyclic shift umit, T, . . (M) may be set to 2M.
The additional margin 1s applied to all the indexes, so that
the present invention may define the cyclic shift highly
resistant to the frequency/timing oflsets. 5
However, the higher the sequence index, the higher the
value of T . (M). As a result, the number of available
cyclic shifts 1s reduced to “1”. In order to prevent the
reduction of the cyclic shifts, the present invention waill
disclose the case of the high CAZAC index in detail. 10
FIGS. 8 and 9 are conceptual diagram 1llustrating exem-
plary additional margins of FIG. 5 under the condition that

a sequence mdex 1s high according to the present invention.
FIG. 8 shows the case 1n which the CAZAC index “M”™ 1s

2T,~3T,, and FIG. 9 shows the case in which the CAZAC 15
index “M” 1s 3T,~4T,. Although the case of FIG. 8 con-
siders the basic cyclic shift unit, the cyclic shift set denoted

by the oblique-lined part may be additionally inserted 1n the
intermediate space. The case of FIG. 9 has a wider space, so
that at least two cyclic shifts can be inserted into this wider 20
space.

FI1G. 10 shows an example of a single group composed of
P cyclic-shift sets according to the present invention.

Referring to FIG. 10, 11 the above-mentioned explanation
1s generalized, slots denoted by the oblique-lined parts are 25
defined 1n the 3M range 1n which the block 1s constructed by
pulses, and the M range 1s PT~(P+1)T,, 1t can be recog-
nized that P cyclic-shift-sets are constructed.

For the convenience of description, the 3M or 2M+PT|
unit will hereinatiter be referred to as a cyclic shift group. A 30
specific sequence to which the cyclic shift 1s applied
includes a predetermined number of cyclic shift groups. The
predetermined number of cyclic shiits can be applied to each
cyclic shift group, so that the predetermined number acyclic
shifts can be applied to the cyclic shift component caused by 35
the Doppler shiit.

FIG. 11 1s a conceptual diagram 1llustrating a method for
establishing a cyclic shift (CS)-applying group and the
CS-applying interval of each group according to the present
invention. 40

Referring to FIG. 11, units of cyclic shift groups can be
defined 1n total sequences, and each cyclic shift group can be
defined as shown 1n FIG. 10. Provided that the number of
cyclic shift groups 1s G and the number of cyclic shifts for
cach group 1s P, the total number of available cyclic shifts 1s 45
P*@G. As shown 1n FIG. 11, according to one embodiment of
the present invention, i1t 1s assumed that the sequence 1s
divided into groups, and each group searches for a restricted
available cyclic shiit 1n each group.

In the case of using the above-mentioned scheme, all the 50
available cyclic shifts are defined 1n the index range 1n which
the number of cyclic shift groups 1s “1”. If the sequence
length 1s N, this range having the sequence length of N
corresponds to indexes ranging from 1~N/3 to 2N/3~N-1. In
this case, the k-th index has the same cyclic shift group as 55
that of the (N-k)-th index and the cyclic shiit set.

FIG. 12 shows locations at which pulses occur by an
interference when the CAZAC index 1s contained 1n the
interval of N/3~N/2 according to the present invention.

A single square of FIG. 12 indicates the cyclic shift unit. 60
If the CAZAC index 1s hugher than “IN/3”, all the consecu-
tive cyclic shift positions (1.e., the cyclic shift positions
defined by T,) cannot be used, and they can be used
according to predetermined rules.

A method for establishing the restricted cyclic shiit set 65
according to one embodiment of the present invention will
hereinafter be described.
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FIG. 13 1s a flow chart 1llustrating a restricted cyclic shift
set according to one embodiment of the present ivention.

Referring to FIG. 13, 11 the restricted cyclic shift set 1s
established 1n a cell having the frequency oflset of more than
a predetermined threshold value, the present invention pro-
vides a method for establishing the cyclic shift 1n consider-
ation of the aliasing, so that there 1s no confusion between
a desired channel response and this aliasing.

For this purpose, as shown in step S1301 of FIG. 13, the
present invention provides a distance “d,” between the
response generated by the Doppler shift and a desired
channel response using a given sequence root mdex “u”. In
this case, the above distance corresponds to the cyclic shift
generated by the Doppler shift corresponding to the 1-sub-
carrier spacing.

A detailed description of the variable “d ~ will hereinafter
be described 1n detail.

FIG. 14 1s a conceptual diagram illustrating a method for
establishing a vaniable (d,) of a cyclic shift corresponding to
the Doppler shift associated with the 1-subcarrier spacing
when the restricted cyclic shift set 1s established according
to the present 1vention.

Retferring to FIG. 14(a), if there 1s no influence of the
Doppler frequency, the peak position generated by the
correlation operation of the reception end i1s denoted by

“1401”. By the delay spread and the round trip delay (R1TD),

the peak position at the reception end appears at the cyclic
shift unit N .. (1402) used as the cyclic shift unit basically
decided by the system.

In the meantime, in the case of the presence of the
Doppler frequency corresponding to the 1-subcarrier spac-
ing, the peak position caused by the correlation operation of
the reception end 1s decided according to the sequence
indexes.

According to the present invention, the distance between
the peak position based on the Doppler shift corresponding
to the 1-subcarrier spacing Af and the ideal peak position 1s

called “d .
In other words, FIG. 14(b) shows the shift of the recep-
tion-end channel response caused by the Doppler frequency

—Af. FIG. 14(c) shows the shiit of the reception-end channel
response caused by the Doppler frequency +Af. Based on the
above-mentioned fact, the value “d ~ may be considered to
be the cyclic shift caused by the Doppler shift.

I1 the restricted cyclic shiit 1s established in consideration
of the cyclic shift corresponding to the Doppler shiit of the
1-subcarrier spacing, the present invention controls the
established restricted cyclic shift not to be overlapped with
the channel response movement caused by the Doppler shit.

The present invention excludes the reserved areas
“reserved” of FIGS. 14(a) and 14(b) from the established
cyclic shift interval, so that 1t can prevent an unexpected
confusion from being generated between channel responses
although the relatively high Doppler shiit has occurred.

Referring back to FIG. 13, the present invention acquires
secondary variables using the acquired variable “d  of the
above step S1301 at step S1302. Namely, the present inven-
tion acquires the number (G) of cyclic shift groups, the
number (P) of shifts applicable to each group, and the
length (S) of each group from current sequences (e.g., ZC
sequences).

The above-mentioned secondary variables must be dif-
terently established according to sequence indexes, because
the group length 1s changed to another according to the
sequence indexes. And, the variable “d,” 1s dependent on the
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sequence 1ndex, so that the present imvention provides a
method for establishing secondary variables according to the
range of the variable “d .

Furthermore, the present invention may apply not only the
above group- -based cyclic shift but also an additional cyclic
shift using a specific area which 1s not contained 1n the cyclic
shift group within the sequence range, and a detailed
description thereol will hereinafter be described.

Thereafter, at step S1303, the present invention estab-
lishes the cyclic shift using the acquired secondary variables
of step S1302.

The mathematical relationship between detailed variables
for the cyclic shift application will be described 1n detail.

The restricted cyclic shiit according to the present inven-
tion has been proposed to prevent the high Doppler fre-
quency ellect front being generated.

The other cyclic shift offset “C_ 2~ different from the “d,”
variable will hereinafter be described in detail.

The “C,;” value indicates the degree of an offset gener-
ated by the Doppler shiit.

If the offset degree generated by the Doppler shaft 1s less
than the half of the given sequence range, this offset degree
may have the same meaning as that of the d, 6 variable.
Otherwise, i the offset degree generated by the Doppler
shift 1s equal to or higher than the half of the given sequence
range, the resultant value acquired when the “C_ ;" value 1s
subtracted from the total sequence length may correspond to
the d  vanable.

The “C_ ;" value 1s dependent on the root index ot the used
sequence. The preamble may be generated from either the
time domain er the frequency domain. The relationship
between “C_ ;" and “u” values 1s dependent on the domain
generating the preamble.

If the ZC sequence 1s generated from the frequency
domain, and the cyclic shift 1s applied 1n the time domain,
the present invention may induce the “C_ ;" value using the
following method, and a detailed description thereol will
hereinafter be described.

It 1s assumed that the signal energy 1s propagated by the
value transferred from the neighboring sub-carrier according,
to the Doppler frequency. And, it 1s assumed that the
transferring from the neighboring carrier occurs at only the
sub-carrier position spaced from a current sub-carrier by one
blank, and this case 1s referred to as a first order case. In this
case, the Rx signal at the specific sub-carrier 1s composed of
three terms shown in the following equation 10:

s(n)=p(-1,gcn)+p(-wo—1, gHcm-1)+p(wo—1,-c(n+l) [Equation 10]

Where, the pulse-shaping function “p(1)” may be denoted
by a raised cosine- or sinc-function. For the convenience of
description, 1f constants ¢, ¢_;, and ¢, are established, the
s(n) value can be denoted by s(n)=c,c(n)+c_,c(n-1)+c,c(n+
1). For the convenience of description, 11 the conjugate of the
sequence 1s multiplied by the resultant value s(n), the
tollowing equation 11 can be acquired:

s(n)c*(m)=c*(n)(coc(n)+c_;c(n-1)+c,c(n+l))=
cotc_jc(n—1)c*(n)+c,c(n+1)c*(n)
In Equation 11, 11 “c(n)=x(n)” 1s denoted by CAZAC,
c(n—-1)c*(n) can be represented by the following equation
12:

[Equation 11]

|Equation 12]

j2mm]

X*(n— 1)x(n) = exp(— Noe

Here, “u” indicates the root index, and “Nzc” indicates the
sequence length.
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If Equation 12 1s applied to Equation 11, 1t can be
recognized that “s(n)” 1s composed of three signals. A first
term of the *“s(n)” value i1s indicative of a simple DC
component, a second term 1s 1ndicative of a complex expo-
nential wave having the frequency of u/Nzc, and a third term
1s 1ndicative of a complex exponential wave having the
frequency of —u/Nzc.

Therefore, the “C_;”
following equation 13:

value can be represented by the

C g0 [Equation 13]

On the contrary, if the ZC sequence 1s generated from the
time domain and the cyclic shift 1s generated from the time
domain, the “C_ /" value can be calculated by the following
method.

If the RACH preamble received without having the fre-
quency oflset 1s set to r(n), the RACH signal received along
with the frequency oflset can be represented by the follow-
ing equation 14:

#(n)=¢/2""r(n)

Where Am 1s denoted by Aw=2mAl/T,, and Af indicates the
frequency oflset denoted by the hertz (Hz) unit, and {_ 1s
indicative of a sampling rate of the RACH preamble.

The auto-correlation of the ¥(n) value can be calculated by
the equation “r(n)=x (n)”, wherein “u” 1s indicative of the
index of the ZC sequence

[Equation 14]

Nzr—1 |Equation 135]
cp = Z F(n)x" (n)

— E : ej&:.?re

n={

Nzr—1
— Z e 2B 1 f )
n=0

In Equation 15, 1t “C_ » ” 1s indicative of the margin ot a
frequency oifset, the auto-correlation of ¥(n) can be calcu-
lated by r(n)=x,((n+c . )y ) of the following equation 16.

|Equation 16]

_ : : EJZ?T[(H-cDﬁ’H)NZCszc]H

s

In Equation 16, “( )...” 1s indicative of a modular
operation ot the “Nzc” value. It C_, '=u*C_., 1s a root

index related with the sampling shlfts and v 1S 1nd1eat1ve ef
a re-sampling ratio replying te the timing error, the C_g,

value can be denoted by ¢ =(y-1)N..
By Equations 15 and 16 the v value can be denoted by
v=1+Al/1..

The channel response position 1s called a main lobe, and
the alias response position of a channel affected by the (+/-)
Doppler frequency i1s called a side lobe.

In more detail, the main lobe 1s indicative of the position
caused by the O oflset, and 1s equal to a normal channel
response position when there 1s no ifluence of the Doppler
frequency.

The positive (+) side Lobe 1s indicative of the position
caused by the positive (+) oflset, and 1s equal to an alias
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response position atlected by the positive (+) Doppler fre-
quency. The negative (-) side lobe 1s indicative of the
position. caused by the negative () offset, and 1s equal to an
alias response position aflected by the negative (=) Doppler
frequency.

As can be seen from Equation 16, 1t can be recognized that
the main lobe of the auto-correlation peak occurs at C_, =0
or C, .,/ =0. By the above Equation 16, the pair ot side-lobes
occurs under the condition of the following equation 17:

(W*C g nze=—1 [Equation 17]

Therefore, the result of “u*C_., -m*Nzc” is equal to
“~17, as represented by “C_. ~(m*Nzc-1)/u”. In this case,
“m” 1s indicative of the lowest integer capable of allowing
the C ., value to be an integer. For example, it the ZC-
sequence length 1s 839 and the root index 1s 300, the “m”
value 1s set to 59, and the C_, value 1s set to 165.

In the case of using the ZC sequence 1n the time domain,
the C,_ - value can be defined by the tollowing equation 18:

C g ~(N,.m-1)/u [Equation 18]

In Equation 18, “m” 1s indicative of the smallest positive
number capable ot allowing the C,_ - value to be an integer,
and “Nzc” 1s idicative of the ZC length,

All the indexes “u” 1s a relative prime of the Nzc value.
Therefore, the positive integer number (u,, . =1/u) capable of
satistying the equation (u*u, =1 mod Nzc) exists. There-
tore, the C s, value can be easily represented by the

following equation 19:

[Equation 19]

— =u 'mod Ny

In Equation 19, a negative sign (—) 1s the opposite of the
positive sign (+), so that 1t can be represented by the
tollowing equation 20:

C, . =(1/uymod N, [Equation 20]

In brief, 11 the CAZAC sequence 1s used 1n the frequency
domain, the CAZAC-sequence index “u” becomes “C_."
without any change. If the CAZAC sequence 1s used in the
time domain, the “(1/u) mod Nzc” 1s performed on the index
“u” of the CAZAC sequence, so that the C_ . value can be
acquired.

Provided that the ZC sequence 1s used 1n the frequency or
time area, and the conjugate property between the C, ., and
ZC sequences 1s used, the distance “d ~ between the main-
lobe and the side-lobe can be represented by the following
equation 21:

Coff s u=<Ngy/2 |Equation 21]

d, =
{Nzc — Coffu» U>Nge/2

The present invention provides a variety of methods in
establishing the restricted cyclic shifts, for example, a first
method for establishing the restricted cyclic shift without
using the fixed cyclic shift position, and a second method for
establishing the restricted cyclic shift using the fixed cyclic
shift position.

The first method 1s associated with the restricted cyclic
shift without considering the pre-defined shift position. The
second method 1s associated with the restricted cyclic shift
with the consideration of the pre-defined shift position.
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In regard to the first method, there are a vanety of
methods, 1.e., a method for directly using the shift value of
the V _-th restricted cyclic shift, and a method for establish-
ing the cyclic shift interval using the shift value “C 7.
Namely, the cyclic-shifted sequence becomes x,, (n)=x,,((n+
C,.) mod N__) as shown 1in Equation 4.

In regard to the first method, there are a variety of
methods employing a decimal “V > for use in the cyclic
shift, for example, a method for establishing the cyclic shift
interval by calculating the shift-index decimal V .

In other words, 1 the length of the cyclic shift 15 set to
Ncs, the cyclic-shifted index becomes X, ;,(n)=x, ((n+
round(v_N_)) mod N_)". In this case, “round” is indicative
of a round-ofl function.

In regard to the second method, there are a variety of
methods employing the integer “V_ for use 1n the cyclic
shift, for example, a method for establishing the cyclic shift
interval by calculating the shift-index integer V . Namely,
the cyclic-shifted sequence becomes x,, ., (n)=x, ((n+v,N_,)
mod N_ ).

In the meantime, if the cyclic shift 1s performed by the
multiple of Ncs, random access preambles, each of which
has the zero correlation zone (ZCZ) area having no corre-
lation 1n the u-th root ZC sequence, are defined by x,, (n)=
X, ((n+vN_ ) mod N_ ). This definition 1s appropriate for the
low/middle cell having no problem in the high frequency
oflset. However, 1t the restricted cyclic shift 1s used 1n the
high-mobility cell, the above-mentioned definition 1s 1nap-
propriate for the high-mobility cell. Specifically, the avail-
able “v”’ value 1s restricted, and the number of available ZCZ
preambles 1s reduced to 4 of the ZCZ preambles of a
general case.

Embodiments associated with the above-mentioned cases
will hereinatter be described 1in detail.

BEST MODE

This embodiment of the present invention will disclose a
method for establishing the restricted cyclic shift using only
the influence of the Doppler shift, without using the fixed
cyclic shift position.

The present invention assumes that the preamble 1s gen-
erated using the ZC sequence used as the CAZAC sequence.

The “d > value of the following equation 22 shows a
specific case 1n which the ZC sequence 1s generated in the
frequency domain.

0 <=u < NZ(;‘/Q

; u |Equation 22]
“ INzc —u, Nz /2 <=u < Nge

In the case of generating the ZC sequence in the time
domain, the *“d ~ value can be represented by the following
equation 23:

((Nze-m—1D/u, 0<=@"! modNz)<Ngz /2  [Equation 23]
dy =3 Nz — Nyr/2 <= (ll_l mod Nzr) < Ny
\ (NZC "M — 1)/”!'

In Equation 23, “m” 1s indicative of the smallest positive
number capable of allowing the “d ~ value to be an integer,
and Nzc 1s indicative of the ZC length. Equation 23 can also
be represented by the following equation 24:
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d, = |Equation 24]
( u ! mod Ny, 0 <= mod Nzr) < Ny /2
§ Nz — (U__l mod Nzr), Ngo/2 <= (11_l mod Nyzr) <
Nzc

Theretfore, the v-th cyclic shift of the u-th root index can
be defined by x,, ,(n)=x,((n+C,) mod N__). In this case, 1t the
general cyclic shift 1s decided, the C  value can be repre-
sented by C_ =v*N__. It the restricted cyclic shift 1s decided,

the C, value can be represented by the following equation
25.

C, = |[Equation 23]
(v -Neg, v=0,1, ... for unrestricted sets
{ (LNzc /Nes] = 1),
S-lv/P|+ v=01, ... for restricted sets
| (vmodP)-Ng, (P-G + R - 1),

If the restricted cyclic shift having no pre-defined shift
position 1s decided, this case 1s considered to be a first case
(Case 1), and a detailed description thereotf will hereinaiter
be described.

The u-th root ZC sequence and the v-th random access
preamble, each of which has the zero correlation area, are
defined by “x,, ,(n)=x,((n+C ) mod N__)”.

In this case, “C ”” 1s denoted by the above equation 25.

In other words, 1n the case of the unrestricted sets having
a small amount of the Doppler-shift influence, the present
invention may establish the cyclic shift corresponding to an
integer multiple of Ncs equal to the basic cyclic shift unait.

However, the case of the unrestricted sets less aflected by
the Doppler shift may establish the cyclic shift correspond-
ing to the mteger multiple of Ncs.

In association with FIG. 13, the case of the restricted sets
greatly aflected by the Doppler shift may establish the
number (G) of cyclic shift groups, the number (P) of cyclic
shifts applicable to each cyclic shift group, and the number
(R) of additional cyclic shiits.

The method for calculating each secondary variable may
be differently decided by the “d ~ range as previously stated
in FIG. 13.

During the alias distance interval of Ncs=d <(Nzc/3), the
number of cyclic shifts per group is denoted by P=|d /N .|,
and there are G (G=|N./S|) groups, each of which has the
length S=2-d_ +P-N_.., and the number of restricted addi-

tional cyclic shifts is denoted by R=max(| (N, ~2-d -G-S)/

Nes),0).

During the ahias distance interval of (Nzc/3)=d =(Nzc-
Ncs)/2, the number of cyclic shifts per group 1s denoted by
P=|(N,.-2-d )/N,¢|, and there are G (G=|d /S|) groups,
cach of which has the length S=N_.-2-d_+P-N ., and the
number of restricted additional cyclic shifts 1s denoted by
R=min(max(|(d, -G S)/N.|,0),P).

The principles for calculating the above-mentioned sec-
ondary variables will hereinafter be described 1n detail.

(1) d,<Ngg

FI1G. 15 1s a conceptual diagram illustrating a specific case
in which the variable (d ) 1s less than a basic unit N to
which the cyclic shift (CS) 1s applied according to the
present mvention.
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The cyclic shift umt (N ) 1s designed in consideration of
the delay spread and the RTD which are capable of being
generated in the channel. Therefore, 11 d | 1s less than N__, a
peak caused by the delay spread and/or the RTD within the
N range may overlap with the other peak caused by the
Doppler shift, as shown 1 FIG. 15. Therefore, when estab-
lishing the restricted cyclic shift, this embodiment does not
establish the cyclic shift for the case in which the d , value
1s less than the N __ value.

(2) Nes=d, <(Ne/3)

FIG. 16 1s a conceptual diagram illustrating a method for
calculating a variable establishing the cyclic shift within the
interval of N..=d <(N_-/3) according to the present inven-
tion.

As shown 1n FIG. 16, the cyclic shiit area generated by the
Doppler frequency occurs in the interval of NCS_d <(N_,/
3). Specifically, the cyclic shift area appears 1n the range of
a sequence length located at both sides of the intended cyclic
shiit.

According to this embodiment, the cyclic shift areas
caused by the Doppler frequency of both sides of the cyclic
shift may be grouped into a single group. Also, the present
invention determines how many Ncs values can be used
without overlapping with others within the “d ” range. The
number of restricted cyclic shifts available for each group
may be set to P. Namely, the P value can be calculated by the
following equation 26:

P=|d /N | [Equation 26]

The distance between a specific channel response 1601
and the alias 1601a caused by the Doppler shiit 1s denoted
by “d . The distance between the specific channel response
1601 and the other alias 1601b caused by the Doppler shift
1s denoted by *“d .

If the P cyclic shifts are applied to each group, aliases
generated 1n the left area on the basis of the channel response
1601 are contained 1n the d, range, and other aliases gen-
erated in the right area on the basis of the channel response
1601 may exist outside of the d , range.

In this case, in the case of considering all the aliasing
operations of P channel responses generated 1n the right area,
a corresponding length corresponds to P-N .. (1602).

Therefore, the length (S) of a single cyclic shift group
may be equal to the sum of the “d ~ length and the “P-N ..~
length, and 1s represented by the following equation 27:

S=2-d +P-N ¢ [Equation 27]

In the meantime, the number of cyclic shift groups in total
sequences may be calculated by dividing the total sequence
length (N_.) by the group length (S), and can be represented

by the following equation 28:
G=|Nz/S]

In the meantime, as shown 1n FIG. 16, a specific area 1603
less than the group length (S) may be left. The length of the
“1603” area corresponds to “N_-—G-S”, where N~ 1s the
length of an overall sequence, G 1s the number of groups,
and S 1s the group length.

If N, ~G-S-2d  1s higher than N .., the additional cyclic
shift may also be applied to the above-mentioned area 1603,
and a detailed description thereof 1s shown at the “1604”
area ol FIG. 16. Therefore, provided that the number of
cyclic shifts which are not based on the cyclic shift group 1s
R, the R value can be represented by the following equation

29:

[Equation 28]

R=max(|(N,—2-d, ~G-S)/N~<|,0) [Equation 29]
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(3) (Nzc/3)=d, <(N—Ncg)/2

FIG. 17 1s a conceptual diagram illustrating a method for
calculating a variable establishing the cyclic shift within the
interval of (N_/3)=d <(N_-~N_.)/2 according to the pres-
ent 1nvention.

In the area of (N, ./3)=d , diflerently from the above-
mentioned (2) case (1.e., the alorementioned (2) case of
N =d <(N./3)), positions of the channel response and the
aliasing caused by the Doppler shift exceed the total
sequence length N, -, so that the aliasing may occur between
the channel response of the ideal case and the d,, range.

For example, the peak located at the “1701” position of
FIG. 17 the aliasing may occur at positions 1701a and 1701b
by the (+/-) Doppler shift. Therefore, the number of cyclic
shifts applicable to a single cyclic shift group 1n this (3) case
1s decided by the “N_.-2d > area (1702) located at the
center of FIG. 17, so that the number P of restricted cyclic
shifts applicable to each group can be calculated by the
following equation 30:

P=|(N,—2-d )N ~¢] [Equation 30]

In this (3) case, the length S of each cyclic shift group can
be represented by the following equation 31:

S=N_—2-d +P-N Equation 31
zc— <4y, CS q

The variable S 1s equal to the sum of the length of the
1702 area (N_--2d ) and the length of the 1703 area
corresponding to the “P-N_..” length. The “P-N..” length 1s
variable with the number of cyclic shifts applicable to each
real group located at the right side

In the meantime, the above-mentioned (3) case deter-
mines the number of cyclic shift groups 1 a given ZC
sequence by considering how many lengths (S, where S=the
length of a specific group) will be permitted 1n the d |, range
(1704), whereas the above-mentioned (2) case has deter-
mined the number of cyclic shift groups 1n such a given ZC
sequence by considering how many lengths (S) will be
permitted 1n the total sequence length Nzc.

The spacing between a specific channel response and two
aliases of this channel response exceeds the total sequence
range, so that the present invention controls the individual
aliases not to overlap with each other within the d, range.
The number of cyclic shift groups can be represented by the
following equation 32:

G=|d, /S| [Equation 32]

Finally, the cyclic shift group 1s established 1n the d  range
(1704) as described above, and the 17035 area having the
length shorter than that of the cyclic shift group may be leit.
This length of the 1705 area corresponds to “d_-G-S”. If the
length of the 1705 area 1s longer than N__, the additional
cyclic shift may be applied to this length.

Theretfore, the number R of additional cyclic shifts can be
represented by max(|(d -G-S)/N_..|).

If the length (S) of each cyclic shift group 1s higher than
“P”, the additional cyclic shiits corresponding to the number
of more than “P” may overlap with the (+/-) aliasing area 1n
the right area. Therefore, this embodiment may indicate the
number R of additional cyclic shifts as shown 1n the fol-
lowing equation 33:

C5 3

R=min(max(|(d,,-G-S)/N~¢]|,0),P)

(4) (Nz—Ngg)/2=d,
Referring to FIG. 17, the N —-2d  area (1702) located at

the center part must be larger than N, so that the cyclic
shift can be applied to each group. Namely, this requirement
can be represented by N .--2d >N, ...

[Equation 33]
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If the above-mentioned requirement 1s represented in
different ways on the basis of the d, value, 1t can be
recognized that the equation N ~N,.>2d (1.e., (N, —
N-<¥2>d ) must be satisfied. Therefore, this embodiment
does not establish the restricted cyclic shift in the range of
(Nzc—Nes)2=d,,.

Based on the above-mentioned explanation of the indi-
vidual intervals, a detailed description of only the restricted
set contained 1 Equation 25 will hereinafter be disclosed.
Firstly, the restricted set of Equation 25 can be represented
by the following equation 34.

C.=S:|v/P|+(v mod P)'Nv=0,1, ..., (P-G+R-1) [Equation 34]

The 1individual terms for use in the above cyclic shiit will
hereinaiter be described.

In Equation 34, S+|v/P]| is indicative of a start point of
cach cyclic shift group. If the v value 1s less than the number
P of cyclic shifts for each group, S| v/P| is indicative of 0.
If the v value 1s higher than the number P of cyclic shifts for
each group and is less than “2P”, S-|v/P| is indicative of <“S”
corresponding to the length of a single cyclic shift group.

If the v value 1s higher than “2P” and 1s less than 3P,
S| v/P]| is indicative of “2S” corresponding to the length of
two cyclic shift groups.

(v mod P)-N_. 1s indicative of the position of the cyclic
shift applied to each group (or the position of an additional
cyclic shift). In other words, the v value 1s shifted to another
position by a predetermined distance N __ at intervals of the
P time.

The v value of Equation 34 (or Equation 25 including
Equation 34) does not discriminate between the groups or
components of the groups, and 1s indicative of the total
number of cyclic shifts. As a result, the total number of
cyclic shifts can be represented by P-G+R.

MODIFIED

EXAMPLES

A variety of modified examples applicable to the present
invention will herematter be described.

Although the above-mentioned best mode has disclosed
the specific case 1n which there 1s no restriction 1n the start
point of the cyclic shift, the present invention can be applied
to not only the above-mentioned case but also other
restricted cases.

Not only the above-mentioned best mode, but also all the
embodiments capable of being more generally applied to the
present invention will heremnafter be described.

The position at which the alias occurs by the (+) Doppler
frequency 1s denoted by the “+oflset” position, and the
position at the alias occurs by the (-) Doppler frequency 1s
denoted by “-—oflset” position.

FIGS. 18 and 19 are conceptual diagrams illustrating a
method for reducing the number of ZCZ preamble
sequences due to an alias response 1n the case of Nzc=839,
Ncs=100, and d, -1355 according to the present invention.

The cyclic shift of FIG. 18 can begin at any position. The
cyclic shift of FIG. 19 can be performed at only the
N _.-multiple position. The N __ value of FIG. 18 1s equal to
that of FIG. 19, however, start positions of the individual
cyclic shifts are diflerent 1n FIGS. 18 and 19.

In conclusion, the case of FIG. 18 can construct many
more cyclic shifts than those of FIG. 19. In more detail, the
case of FIG. 18 eliminates the restriction of the start position
of the cyclic shift, so that 1t can acquire the additional
restricted cyclic shiit.

FIG. 20 15 a conceptual diagram illustrating the increasing
ratio ol an available restricted cyclic shift after the restric-
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tion of a start location of the cyclic shift 1s removed 1n the
case of Nzc=839 according to the present invention;

The elimination of the restriction in the cyclic shift
starting may not increase the hardware complexity.

Therelore, the restricted cyclic shift having no consider-
ation 1n the pre-defined shift position 1s preferred, and the
above-mentioned best mode 15 established under the afore-
mentioned assumption.

However, the present mnvention can also be applied to the
restricted cyclic shift having the pre-defined shift position,
so that the following description will disclose the above-
mentioned two cases.

Firstly, the restricted cyclic shift case (1.e., Case 1) having,
no consideration in the pre-defined shiit position will here-
inafter be described.

Equation 21 indicates the alias distance, irrespective of
the preamble generation domain. The number of restricted
available cyclic shifts per root LC sequence 1s diflerently
decided according to the root index and the N __ value, so that
different equations for use in different alias-distance ranges
are required.

Specifically, there are two alias-distance ranges 1n which
there 1s no discrimination between alias responses. The
range 1n which the restricted cyclic shift can be used 1s set
to Ncs=d _=(INzc-Ncs)/2. In this range, the cyclic shift range
and two alias ranges are not overlapped with each other.

In this case, it the preamble 1s generated 1n the frequency
domain, the “d > value 1s set to “u” as denoted by d =u. If
the preamble 1s generated 1n the time domain, the “d  value
1s set to “1/u mod Nzc™ as denoted by d,_ =1/u mod Nzc. The
number of restricted cyclic shifts can be represented by the
following equation 35:

P-G+R, for Neg <=d, <=(Nzr — N¢eg)/2 |Equation 33]

Nsi du —
hﬁ( ) { U, CJ/W

In Equation 35, “P” 1s indicative of the number of
restricted cyclic shifts per group, “G” 1s indicative of the
number of groups generated 1n a single preamble sequence,
and “R” 1s indicative of the number of restricted additional
cyclic shifts which 1s not based on the additional group.

The available range of the restricted cyclic shift 1s denoted
by Ncs=d =(Nzc-Ncs)/2. This mterval “Ncs=d =(Nzc-
Ncs)/2” can be divided 1nto “Nes=d <(Nzc/3)” and “(Nzc/
3)=d =(Nzc-Ncs)/2” on the basis of Nzc/3.

The reason why the alias-distance range 1s divided into
“Nes=d, <(Nzc/3)” and “(Nzc/3)=d =(Nzc-Ncs)/2” on the
basis of Nzc¢/3 has already been disclosed.

Theretfore, “Ncs=d =(Nzc-Ncs)/2” 1s differently decided
on the basis of “Nzc/3”. The range of Ncs=d <(Nzc/3) and
the range of (Nzc/3)=d =(Nzc-Ncs)/2 will herematter be
described.

I1 the start position of the first group 1s set to “0”, the V_-th
restricted cyclic shift range 1s defined by [Cy,, ... Cra 2l
in Equations 36 and 37.

Cy,, starr = |Equation 36]
(g-S+p-Ngg, forv=P-g+p,
p:O,l,...,P—l, g:[},l,K,G—l
{ G-S+r-Ngg, torv=P-G +r,
r=0,1,... , R-1

Craend CrastarstINCs—1 [Equation 37]
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The alias occurs at the positions of the following equa-
tions 38 and 39:

vasrarrt(du):(Cvasrarridu)Nsﬁ [Equatiﬂﬂ 3 8]

vaéndt(du):(Cvmendidu)NzE [Equatiml 3 9]

In Equation 39, “( )...
operation.

Firstly, the alias-distance range Ncs=d <(Nzc/3) (1.e., the
alias-distance range 1) has G=|N., /S| number of groups.
Each group includes P=|d /N .| number of restricted cyclic
shifts. The length of each group i1s denoted by S=2-d +

P-N .. If the available additional cyclic shiit 1s a positive (+)
number, the R value is denoted by R=|(N_.-G-S-2-d )/

NCSJ'
FIG. 21 1s a conceptual diagram 1llustrating an exemplary

cyclic shift in the case of Nzc=839, Ncs=40, and d =150

according to one embodiment of the present invention. Each
group has three cyclic shiits, and two additional cyclic shifts
exist 1n the remaining ranges. In this example, the total
number of restricted cyclic shifts 1s <57,

According to one embodiment, the present invention
applies the number of calculated groups, the number of
restricted cyclic shifts per group, and the group length to
Equations 36 and 37/, and then establishes the cyclic shift-
applying interval in consideration of the above-mentioned
parameters.

Next, 1n the alias-distance range (Nzc/3)=d =<(Nzc-
Ncs)/2 (1.e., the alias-distance range 2), the number of
available cyclic shifts per group is denoted by P=| (N, -
2-d )/N .|, the length of each group is denoted by S=N,, .-
2:d +PN .., and there are G groups (where G=|d /S|).

The additional cyclic shift 1s selected from among the
center part and the residual part of the right side. In this case,
the selected cyclic shifts should be the smallest number of
cyclic shifts. Namely, if the R value 1s a positive number, the
number of additional cyclic shifts is denoted by R=min(|
(d, -G-S)/N_..|.P). The start position of the Va-th restricted
cyclic shift 1s calculated by applying the above-mentioned
parameters to Equations 36 and 37.

FIG. 22 1s a conceptual diagram 1llustrating an exemplary
cyclic shift 1n the case of Nzc=839, Ncs=40, and d =399
according to one embodiment of the present invention. Each
group
There are four groups, each of which has a single cyclic
shift and a single additional cyclic shift. In this example, the
total number of restricted cyclic shifts 1s 3.

According to this embodiment, the present invention
applies the number of calculated groups, the number of
restricted cyclic shifts per group, and the group length to
Equations 36 and 37/, and then establishes the cyclic shift-
applying interval in consideration of the above-mentioned
parameters.

Indeed, the equal sing (=) between two alias distance
ranges may have no meaning or the relatively-low impor-
tance. For example, in the case of using the ZC sequence
having the length of 839, the (Nzc/3) value 1s equal to
2°79.67 (1.e., (Nzc/3)=279.67), so that the divided ranges
Ncs=d <(Nzc/0) and (Nzc/3)=d =(Nzc-Ncs)/2 may have
the same results as those of the divided ranges Ncs=d =<
(Nzc/3) and (Nzc/3)<d =(Nzc-Ncs)/2.

Next, the restricted cyclic shift (1.e., Case 2) considering
the pre-defined shift position will heremaifter be described.

A method for generating the restricted cyclic shift using
the pre-defined shiit position 1s changed to another method.

b

1s 1ndicative of a modular
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Each alias-distance range includes not only G groups, each
of which has P cyclic shifts, but also a first additional cyclic
shift out of the R, groups.

In the case of using the pre-defined shift position, the
present invention has a particular additional cyclic shiit,
differently from the other case 1n which no pre-defined shift
position exists 1n the alias-distance range 2-area.

In the alias-distance range 2-area, the main region gen-
crally appears 1n the front samples of the sequence, and the
alias regions generally appear in the rear samples of the
sequence. However, according to the Case 2, the main region
appears 1n the rear samples of the sequence, and the alias
regions appear in the front samples of the sequence.

The second additional cyclic shift 1s denoted by R,. The
second additional cyclic shift does not appear 1n the alias-
distance range 1. The total number of restricted cyclic shiits
can be represented by the following equation 40:

Nshiﬁ‘(du) = [Equatimn 40]

P'G+R1 +R2, for NCS <= dH <= (NZC —Ncg)/z
0, o/w

Provided that the start position of the first group 1s “0”, the
V ,-th restricted cyclic shift 1s defined 1n [Cy, .. Cpr ol
as denoted by Equations 41 and 42:

|Equation 41]

CFG,SMH=
(g-S + p-Nes, forv=P-g + p,
p=01,... ., P -1, =
0,1, K. G -1
G-S + r;-Negg, for v=P-G + ry,

< 5 =01, ... R -1
[(Nze — dy; + P-Ngs +
(G — 1)S)/Nc¢s]-

Nes + 12 -Nes

, torv=P-G + R; + 1y,

I‘zz{j,l... ,R2 -1

Cryena=C +Ncs-1 [Equation 42]

Va.start

The related alias occurs at positions of the following
equations 43 and 44:
“(d,)=(C

[Equation 43]

F V. Start va;m'rridu)N 7

Fvﬂend(du):(Cva,endtdu)NZC [qulﬂtiﬂﬂ 44]

In Equations 43 and 44, ( )... 1s indicative of a modular
operation.

In the alias-distance range Ncs=d <(Nzc/3) (1.e., the alias-
distance range 1), G groups (where, G=|N_/S|) exists, P
restricted cyclic shifts (where, P=|d /N _..|) exists, and the
group length is denoted by S=(|2d /N .. |+P)N .. If the R,

value 1s a positive (+) number, the number of the first
additional cyclic shifts is denoted by R,=|(N,,.—-G-S-2-d )/

NCSJ‘
FI1G. 23 1s a conceptual diagram illustrating an exemplary

cyclic shift 1n the case of Nzc=839, Ncs=40, and d =150
according to another embodiment of the present invention.
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In FIG. 23, each group includes three cyclic shifts and two
cyclic shifts. In this example, the total number of restricted
cyclic shifts 1s “5”.

According to this embodiment, the present invention
applies the number of calculated groups, the number of
restricted cyclic shifts per group, and the group length to
Equations 41 and 42, and then establishes the cyclic shift-
applying interval in consideration of the above-mentioned
parameters.

Next, in the alias-distance range (Nzc/3)=d =(Nzc-
Ncs)/2 (1.e., the alias-distance range 2), the number of
available cyclic shifts per group is denoted by P=|(N., -
2-d )N <[, the length of each group is denoted by S=(|
(N, ~2-d VN _.|+P)N_.., and there are G groups (where
G=|d,/S)).

The first additional cyclic shift 1s calculated by the same
method as that of the alias-distance range 1. I the R, value
1s a positive number, the number of first additional cyclic
shifts is denoted by R=min(|(d,-G-S)/N.[,P).

If the R, value 1s equal to “0” (i.e., R,=0), the presence or
absence of a second additional cyclic shiit must be deter-
mined. The shape of the second additional cyclic shift is the
opposite of the shape of the conventional cyclic shift, as
shown 1n the last cyclic shift of FIG. 23.

The present mnvention determines whether the alias range
of the second additional cyclic shift 1s an available range
(1.e., d —[P-N-+(G-1)-S]=N_,--2d +N_.), and determines
whether the cyclic shift interval 1s available (.e.,
X+N.=2d ). IT 1t 1s determined that the cyclic shiit interval
1s available (1.e., X+N_,.=2d ),

FIG. 24 1s a conceptual diagram 1llustrating an exemplary
cyclic shift i the case of Nzc=839, Ncs=40, and d, =399
according to another embodiment of the present invention.
In FIG. 24, each group includes three cyclic shifts and no
first additional cyclic shift (i.e., zero first additional cyclic
shift). And, each group further includes a single additional
cyclic shift in which a relative position of the main region 1s
opposite to that of the alias region. This second additional
cyclic shift does not occur when the fixed cyclic shaft
position 1s not used, as shown 1n FIG. 22. In this example,
the number of total restricted cyclic shifts 1s <4”.

According to this embodiment, the present invention
applies the number of calculated groups, the number of
restricted cyclic shifts per group, and the group length to
Equations 41 and 42, and then establishes the cyclic shift-
applying interval in consideration of the above-mentioned
parameters.

According to another embodiment, a specific system with
the fixed cyclic shift may determine the cyclic shuft accord-
ing to the following method.

Firstly, the total sequence range i1s divided by the cyclic
shift value.

Next, the present mnvention searches for the range (xu or
+(m*Nzc—1)/u) in which the interterence caused by the
oflset occurs 1n the first range (1.e., n=1). In this case, there
are a plurality of ranges, each of which has the interference.

For example, in the case of considering only the first
interference, a maximum number of interference generation
ranges may be set to “4”,

Next, 1f the first range 1s not overlapped with all of the
interference ranges caused by the oflset, the first range 1s set
to an available range, and the remaining ranges caused by
the oflset 1s set to a restricted range (also called a prohibition
range).

The present invention goes to the next range (1.e., n=n+1),
and repeatedly searches for the range in which the interfer-
ence 1s generated by the oflset.
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While the present invention searches for the interference
generation range in the n-th range, 11 an observation range,
several ranges caused by the oflset, an pre-established
available range, and pre-established prohibition ranges are
not overlapped with each other, the present invention deter-
mines a current range to be an available range, and deter-
mines the above several ranges caused by the offset asso-
ciated with the current range to be prohibition ranges. If the
above-mentioned process 1s repeated until reaching the last
range, the present mvention may determine the cyclic shift
in the system including the fixed cyclic shiit.

According to still another embodiment, the present inven-
tion may apply the aforementioned established cyclic shift-
applying interval to only the high-mobaility cell in a mobile
communication system including several cells.

In this case, the present invention may determine whether
a corresponding cell has the high mobility by determining
whether the frequency oflset associated with the cell 1s
higher than a predetermined level after acquiring the cell

information. In this case, the predetermined level 1s 1ndica-
tive of a frequency oflset value, which can be readily
decided or modified by those skilled 1n the art.

Preferably, the present invention may control the Node-B
or the UE to determine whether the corresponding cell is the
high-mobility cell. However, the UE has difliculty in esti-
mating the frequency oflset value of each of other UEs
contained 1n the cell. Therefore, 1t 1s more preferable that the
Node-B determines whether the corresponding cell i1s the
high-mobaility cell 1n consideration of several UEs of the
cell, and broadcasts the resultant signal over the broadcast
charnel.

In the meantime, 11 1t 1s determined that the corresponding,
cell 1s not indicative of the high-mobility cell, the present
invention may include a process for allocating a sequence
unallocated to the high-mobility cell.

The following description shows that equations are modi-
fied mto others under the same condition as that of the best
mode, and a detailed description thereof will hereinatter be
described.

In association with the best mode, the above-mentioned
equations may also be denoted by the following expression.

If C =S:|v/P|+(vmod P)N .., v=0,1, ..., (P-G+R-1) and
E=|d /N_..|, F=|(N_.-2d )/N .|, in the alias-distance range
of Ncs=d <(Nzc/3), the P and G values are denoted by P=FE,
S=2d _+E-N,., G=|FN_,J/S|.

If C =S:|v/P|+(v mod P) N, v=0, 1, K, (P-G+R-1) and
E=|d /N..|, F=|(N,--2d, )/N .|, in the alias-distance range
of (Nzc/3)=d =(Nzc-Ncs)/2, the P, S, G, and R values are
denoted by P=F, S=N_.-2d +FN,.., G=|E‘N_./S|, R=min
(L(dM_G'S)/NcsjﬂF)‘

Next, the case of the restricted cyclic shift considering the
pre-defined shift position (Case 2) will hereinafter be
described using other equations.

The u-th root ZC sequence having the region of zero
correlation, 1.e., the v-th random access preamble, 1s defined
by x,, ,(n)=x,,((n+C,) mod N__). In this case, the C, value 1s
defined by equation 43:

( v-Ngs, v=0,1, ... for low/middle [Equation 45]
o= ([Nzc/Nesl = 1) mobility cell
S-|v/Pl+ v=0,1,... for high
| (vmodP)-N¢g, (P-G + R = 1),  mobility cell

wherein, Cp.5, 2 ,z,-1=X, 1t R,=1, tor high mobility cell.
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In this case, the parameters of the high-mobility cell can
be defined by the following explanation.

In more detail, in the alias range of Ncs=d, <(Nzc/3), the
P value is denoted by P=|d /N .|, the S value is denoted by
S=(|2d /N ..|+P)N,., and the G wvalue is denoted by
G=|N.,./S|. A first additional cyclic shift R1 is denoted by
R,=max(| (N_-2-d -G S)/N_.|,0), and a second additional
cyclic shift R, 1s denoted by R,=0.

In the alias range of (Nzc/3)=d =(Nzc-Ncs)/2, the P value
is denoted by P=|(N_,-—2-d ,)/N |, the S value is denoted by
S=(|(N_,-2-d )N, |+P)N ., and the G value is denoted
by G=|d /S|. A first additional restricted cyclic shift is
denoted by R,=min(max(|(d -G- S)/N ~<|,0),P), a second
additional restricted cyclic shift R, 1s denoted by R,=1 1n the
case of R,=0 and “X-Ncs<2d ”. In this case, the X value 1s
denoted by X=[(N_~d +P-N +(G-1)S)/N  ¢|'N s.

In the restricted cyclic shitt case of x,, , (n)=x, ((n+C,) mod
N_ ), the method for directly using the shift value of the v-th
restricted cyclic shift has been disclosed. Diflerently from
the method, another method for employing the Va value for
Va-th restricted cyclic shift so that the restricted cyclic shift
can be applied to the present imnvention. In more detail, the
similar cyclic shift can be generated using the equation of
X, va()=X, ((n+round(v,N_,)) mod N, ).

In the case of generating the cyclic shift using the above-
mentioned method, the basic concept 1s equal to those of the
above-mentioned methods. However, different equations are
applied to the above-mentioned methods.

The case (Case 1) of the restricted cyclic shift having no
consideration 1n the pre-defined shift position will be
described using other equations.

The index (v) for the cyclic shift 1s represented by the
following equation 46:

(g-S +p, forv=P-g + p, |Equation 46]
p=01,..,P—1,
v =< ¢=0,1KG-1
G-S+r, forv=P-G +r,
r=01,... , R -1
In the alias range of Ncs=d <(Nzc/3), the P value 1s
denoted by P=|d /N .|, the S value is denoted by S=2d /

N_...+P, and the G value is denoted by G=|N.,-/(S-N_.)|, and

the additional restricted cyclic shift R 1s denoted by R=max
(l(Nzc=2-d,)/N -GS |,0).

In the alias range of (Nzc/3)=d =(Nzc-Ncs)/2, the P value
is denoted by P=|(N_-2-d  )/N .|, the S value is denoted by

S=(N_--2d )N -+P, the G value 1s denoted by G=|d /
(S'N¢)|, and the R value is denoted by R=min(max(|d,/
N..~G-S],0),P).

IfE=|d /N .|, F=|(N_.~2d, /N .|, the above-mentioned
expression can be represented by other ways. In more detail,
in the alias range of Ncs=d <(Nzc/3), the P value 1s denoted
by P=E, the S value 1s denoted by S=2d /N _..+E, the G value
is denoted by G=|F/S|, and the R value is denoted by
R=min(|(N,~2:d,)/N_-.~G-S|,E).

In the alias range of (Nzc/3)=d <(Nzc-Ncs)/2, the P value
1s denoted by P=F, the S value 1s denoted by S=N_ /N .~
2d /N +P, the G value is denoted by G=|E/S|, and the R
value is denoted by R=min(|d, /N _..~G-S|,F).

Next, the restricted cyclic shift case (Case 2) considering
the pre-defined shift position will be described using other
equations.
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The index (v) for the cyclic shiit 1s represented by the
following equation 47:

(g-S+p, forv=P-g+ p, |Equation 47]
p=0,1,... ., P -1,
g=0,1,... G-1
v=<G-S+r, forv=P-G + 1y,
=01, ... , R}y =1
X +135, forv=P-G + Ry + 1y,
m=01,... , Ry =1

In the alias range of Ncs=d <(Nzc/3), the P value 1s
denoted by P=|d /N .|, the S value is denoted by S=([2d /
N_..|+P), and the G value is denoted by G=|N_ /(SN _..)],
and the additional restricted cyclic shift R, 1s denoted by
R,=max(|(N;-~G"SN5-2-d,)/N¢],0).

In the alias range of (Nzc/3)=d <(INzc-Ncs)/2, the P value
is denoted by P=|(N.,.—2-d )/N .|, the S value is denoted by
S=([(N,,~2-d )/N_.|+P), the G value is denoted by G=|d, /
(SN <) |, and the R, value is denoted by. R ,=min(max(|(d, -
G-SN5)/N¢5,0),P).

If R,=0 and X'N.~+N_,..=2d , the R, value can be repre-
sented by R,=1. In this case, the X value 1s denoted by
X:{(_Nzc_du'FP'Ncs"'(G_I)SNCS)/ Nesl.

IfE=|d /N .|;s=d mod N E=[2s/N_..] and F=| (N, .-
2d )N <|; t=N_-2d )mod N, E'=[t/N_.]|, in the alias
range of Ncs=d, <(Nzc/3), the P value 1s denoted by P=E, the
S value 1s denoted by S=2F+F', the G value 1s denoted by
G=|E/S|, and the R2 value is denoted by R,=min(E-G-S,F).

If R,=0 and X-N_~.=2d -N_., the R, value can be repre-
sented by R,=1. In this case, the X value 1s denoted by
X=[X"+F+(G-1)S|, X'=(N_,~~d,)/N .

As described above, according to the above-mentioned
embodiments, 1n the case of implementing the cyclic shifted
sequence using the CAZAC sequence, the present invention
may define the cyclic shift set capable of removing the shift
ambiguity caused by the frequency- or timing-oilset.

Also, 1n the case of accessing the unsynchronized chan-
nel, the frequency offset or the timing oflset 1s not adjusted
to this unsynchronized channel, so that the present invention
can increase the strength of this channel.

According to the influence range of the pulse-shaping
filter, the present invention may define the cyclic shift set 1n
which the first-order interference, the second-order interfer-
ence, and the higher order interference are considered.

It should be noted that most terminology disclosed 1n the
present invention 1s defined in consideration of functions of
the present invention, and can be differently determined
according to intention of those skilled in the art or usual
practices. Therefore, 1t 1s preferable that the above-men-
tioned terminology be understood on the basis of all contents
disclosed 1n the present invention.

It will be apparent to those skilled 1n the art that various
modifications and varations can be made in the present
invention without departing from the spirit or scope of the
invention. Thus, 1t 1s intended that the present invention
cover the modifications and varnations of this invention
provided they come within the scope of the appended claims
and their equivalents.

As apparent from the above description, the present
invention can easily establish a cyclic shift (CS) interval at
a specific location having no overlapping by considering a
channel response of a reception (Rx) sequence and an alias
location of this reception (Rx) sequence, although a recep-
tion (Rx) signal 1s shifted by a channel delay spreading or a
propagation delay irrespective of categories of a domain
generating a sequence, so that 1t can greatly reduce the
number of the detection errors and the false alarm rate.
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And, 11 a sequence of the cyclic shift (CS) 1s allocated to
a cell having a frequency oflset of more than a predeter-
mined level, the present imnvention can mimmize the ntlu-
ence ol a frequency oflset on a high-mobility cell.

The present invention relates to a first method for allo-
cating a sequence to each cell in consideration of charac-
teristics of the CAZAC sequence, and a second method for
establishing the cyclic shift to be applied to the first method.
Theretore, the present invention can be applied to a wireless
communication system (e.g., a UE and a Node-B).

Although the preferred embodiments of the present inven-
tion have been disclosed for illustrative purposes, those
skilled 1n the art will appreciate that various modifications,
additions and substitutions are possible, without departing
from the scope and spirit of the 1nvention as disclosed in the
accompanying claims.

What 1s claimed 1s:

1. A method for transmitting signals to a base station by
setting a cyclic shuft value to be applied to a given sequence
against an effect of a high Doppler frequency higher than a
predetermined value at a user equipment (UE), the method
comprising;
acquiring a first vanable (d ) of a cyclic shift correspond-
ing to a Doppler shift of one subcarrier spacing by
using a root index (u) of the given sequence;

acquiring secondary variables using the first variable (d, ),
wherein the secondary variables comprise a number
(G) of groups generated by grouping the given
sequence, a length (S) each group of the groups, and a
number (P) of applicable cyclic shift values for each
group of the groups;

setting the cyclic shift value to be applied to the given

sequence according to the secondary variables; [and]
applying the set cyclic shift value to the given sequence;
and

transmitting the given sequence, to which the set cyclic

shift value has been applied [to the set cyclic shift
value], to the base station.

2. The method according to claim 1, wherein the second-
ary variables further comprise a number (R) of additional
cyclic shift values which are applicable to the given
sequence not based on the groups.

3. The method according to claim 2, wherein the given
sequence 1s a Zadofl-Chu (ZC) sequence, and

the first variable (d,) 1s acquired by a equation of,

( u! mod Ny, 0 <= ! mod Nyr) < Ng/2

dy

_ 4

Nz — (™! mod Nz¢), Nzc/2 <= ("' mod Nzc) < Nzc

wherein “u” mdicates the root index of the ZC sequence
and “N_. corresponds to a length of the ZC sequence.
4. The method according to claim 2, wherein the second-
ary variables are differently acquired according to a range of
the first variable (d ), and the range of the first vaniable (d )
1s divided by a criteria corresponding to 14 of a length of the
given sequence (Nzc/3).
5. The method according to claim 4, wherein the range of
the first variable (d ) 1s Ncs=d <(Nzc/3), wherein the sec-
ondary variables are acquired by equations of,

G=[Nzc/S]

R=max(|(Nz-2-d,~G-S)/N],0), and

wherein “Ncs” 1s a predetermined cyclic shift parameter,
and “Nzc” corresponds to a length of the given
sequence.
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6. The method according to claim 4, wherein the range of
the first variable (d ) 1s (Nzc/3)=d =(Nzc-Ncs)/2, wherein
the secondary variables are acquired by equations of,

P:[(Nzc—z'du)m C‘SJ
S :Nzc—z .du-l_P.NCS
G=[d,/S]

R=min(max(|(d,-G-S)/N~¢|,0),P), and

wherein “Ncs” 1s a predetermined cyclic shiit parameter,
and “Nzc” corresponds to a length of the given
sequence.

7. The method according to claim 5, wherein said setting,
the cyclic shift value (C, ) 1s performed by acquiring the
cyclic shift value to be applied to the given sequence
according to an equation of,

C.=S:|v/P|+(v mod P)N.v=0,1 ..., (P-G+R-1).

8. The method according to claim 1, wherein the given

sequence 1s for generating a random access preamble.

9. A method for setting cyclic shift to be applied to a given

sequence, the method comprising:

(a) acquiring a variable of d  as a cyclic shift correspond-
ing to a Doppler shift of one subcarrier spacing by
using a root index (u) of the given sequence;

(b) acquiring variables of G, S, P and R by equations of,

le.du/NCSJ

S :2 .du_l_P.NCS

G=[Nz/S ]

R=max(|(N,~2-d,~GS)/N<|,0)

when a range of the variable (d ) 1s Nes=d <(Nzc/3), and

acquiring the variables of G, S, P and R by equations
of,

P:[(Nzc—z'du)/N C‘SJ
S :Nzc—z .du-l_P.NCS
G=[d,/S]

R=min(max(|(d,,-G-S)/N~¢]|,0),P)

when the range of the variable (d ) 1s (Nzc¢/3)=d, =(Nzc-
Ncs)/2, wherein “Ncs™ 1s a predetermined cyclic shift
parameter, “Nzc” corresponds to a length of the given
sequence, “G” 1s a number of groups generated by
grouping the given sequence, “S” 1s a length of the each
group of the groups, “P” 1s a number of applicable
cyclic shift values for each group of the groups, and
“R” 1s a number of additional cyclic shift values which
are applicable to the given sequence not based on the
groups;

(c) setting the cyclic shift value (C ) by an equation of,

( v+ Nrg, v=10.1, ..., for unrestricted sets
o= (INzc /Nes] — 1),
S-|v/P]+ v=01, ... . for restricted sets,
| (vmodP)-Ngg, (P-G+R - 1),

wherein the restricted sets are cyclic shiit sets restricted
due to a Doppler shift, and the unrestricted sets are
cyclic shift sets not restricted due to the Doppler shiit.
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10. A method for transmitting a random access preamble
using cyclic shift, the method comprising:

acquiring a root index (u) of a sequence for the random
access preamble from system information;

setting a cyclic shift value to be applied to the sequence,
wherein the cyclic shift value 1s determined to be set
according to restricted sets restricted due to a Doppler
shift, and the cyclic shift value to be applied to the
sequence 1s set by considering a cyclic shift corre-
sponding to a Doppler shift of one subcarrier spacing;

generating the sequence having the root index (u) with the
set cyclic shift value; and

transmitting the generated sequence as the random access
preamble;

wherein said setting the cyclic shift value to be applied to
the sequence comprises:

acquiring a first variable (du) indicating the cyclic shift
value corresponding to the Doppler shift of one sub-
carrier spacing by using the root index (u) of the
sequence;

acquiring secondary variables comprising a number (G)
of a group of groups within the sequence, a length (S)
of each group of the groups of the each group (S), a
number (P) of applicable cyclic shift values for each
group of the groups, and a number (R) of additional
cyclic shift values which are applicable to the sequence
not based on the groups, using the first variable (du),
and

setting the cyclic shift value to be applied to the sequence
according to the secondary variables.

11. The method according to claim 10, wherein the

sequence 1s a Zadofl-Chu (ZC) sequence, and
the first vaniable (d ) 1s acquired by a equation of,

; —1

u - mod Nz, 0 <= ! mod Ny) < Ny/2

| Nzc — (™ mod Nzc), Nzc/2 <= @' mod Nzc) < Nzc

wherein “u” indicates the root index of the ZC sequence
and “N.,.” corresponds to a length of the ZC sequence.
12. The method according to claim 10, wherein the
secondary variables are differently acquired according to a
range ol the first variable (d ), and the range of the first
variable 1s divided by a criternia corresponding to 15 of a
length of the given sequence (N /3).
13. The method according to claim 12, wherein the range

of the first vanable (d, ) 1s Ncs=d, <(Nzc/3),
the secondary variables are acquired by equations of,

P= [du/N CSJ

Szde‘FPNCS

G=[Nz/S]

RZIHHX( |_ (NZCZ dH—G' S)/NCSJ ,0) . H.I].d

wherein “Ncs” 1s a predetermined cyclic shift parameter,
and “Nzc” corresponds to a length of the given
sequence.

14. The method according to claim 12, wherein the range
of the first variable (d,) 1s (Nzc/3)=d <(Nzc-Ncs)/2,
the secondary variables are acquired by equations of,

P= [ (Nz—2-d,)/N C‘SJ
G=|d /S|

R=min(max(|(d,-G-S)/N ¢ |,0),P), and
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wherein “Ncs” 1s a predetermined cyclic shiit parameter,
and “Nzc” corresponds to a length of the given
sequence.
15. The method according to claim 13, wherein the setting
the cyclic shift value (C,) 1s performed as following equa- 5

tion,

( v-Nrg, v=0,1, ..., for unrestricted sets
o= (INzc /Nes| - 1), 10
S-lv/P|+ v=0,1, ..., for restricted sets,
 (vmodP)-Ngg, P-G+R-1),

wherein the restricted sets are a cyclic shift sets restricted 15
due to a Doppler shiit, and the unrestricted sets are a
cyclic shift sets not restricted due to the Doppler shift.

16. The method according to claim [6] /3, wherein said

setting the cyclic shift value (C,) 1s performed by acquiring
the cyclic shift value to be applied to the given sequence »¢
according to an equation of,

C.=S:|v/P|+(v mod P)N,,v=0,1 ..., (P-G+R-1).
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