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(7) ABSTRACT

An improvement to a code-division-multiple-access
(CDMA) system employing spread-spectrum modulation,
with the CDMA system having a base station (BS) and a
plurality of remote stations. The base station has a
BS-spread-spectrum transmitter and a BS-spread-spectrum
receiver. A remote station has an RS-spread-spectrum trans-
mitter and an RS-spread-spectrum receiver. The BS trans-
mitter transmits a broadcast common-synchronization
channel, which includes a frame-timing signal. The broad-
cast common-synchronization channel has a common chip-
sequence signal, which is common to the plurality of remote
stations. In response to the RS-spread-spectrum receiver
receiving the broadcast common-synchronization channel,
and determining frame timing from the frame-timing signal,
an RS-spread-spectrum transmitter transmits an access-burst
signal, which includes, RS-power-control signals, transmit-
ted in time, at increasing power levels. The BS-spread-
spectrum transmitter, responsive to the BS-spread-spectrum
receiver receiving the access-burst signal, and detecting an
RS-preamble signal, transmits an acknowledgment signal.
In response to the first RS-spread-spectrum receiver receiv-
ing the acknowledgment signal, the first RS-spread-
spectrum transmitter transmits a spread-spectrum signal
having data. The BS-spread-spectrum transmitter transmits
either data or power-control information to the RS-spread-
spectrum receiver.

49 Claims, 16 Drawing Sheets

BS B

32

33



US 6,606,341 B1

Page 2
U.S. PATENT DOCUMENTS 6,301,286 B1  10/2001 Kanterakis et al.

6,310,868 B2 * 10/2001 Uebayashi et al. ......... 370/335
5,305,308 A 4/1994 English et al. 6,366,779 B1  4/2002 Bender et al.
5,329,550 A 7/1994 Rousseau et al. 6,389,056 Bl  5/2002 Kanterakis et al.
5384777 A 171995 Ahmadi et al. 6,442,153 Bl * 82002 Dahlman et al. ........... 370/342
5,461,639 A 10/1995 Wheatley, III et al. 6,480,525 B1  11/2002 Parsa et al.
5,491,837 A 2/1996 Haartsen 6,507,601 B2 1/2003 Parsa et al.
5,535,210 A 7/1996 Smolinske et al.
5,537,397 A 7/1996 Abramson FOREIGN PATENT DOCUMENTS
5,544,196 A 8/1996 Tiedemann, Jr. et al.
5,581,707 A 12/1996 Kuecken GB 2318256 A 4/1998
5,600,754 A 2/1997 Gardner et al. WO W093/18601 9/1993
5,621,723 A 4/1997 Walton, Jr. et al. WO W0O97/29596 8/1997
5,671,218 A 9/1997 et al. WO WO000/03499 1/2000
5,673,259 A 9/1997 Quick, Jr. WO WO00/08908 2/2000
5,729,542 A 3/1998 Dupont WO WO00/18172 3/2000
5,802,046 A 9/1998 Scolt WO WO00/22873 4/2000
5,802,465 A 9/1998 Hamalainen et al. WO WO00/57591 9/2000
5,809,430 A 9/1998 D’ Amico WO WO00/57663 9/2000
5,825,835 A 10/1998 Kingston et al.
5,841,768 A * 11/1998 Ogzluturk et al. ............ 370/335 OTHER PUBLICATIONS
3850602 A 12/1998 Tisdale et al. “Start. UMTS Services with 3G-GPRS:CPCH FACH,”
g’ggg’égé 2 iﬁggg ?f;rzlzlz?zﬁ;?ou Golden Bridge Technology, Innovations and Technologies,
5,894,472 A 4/1999 de Seze pp. 1-20 (Jun. 27, 2000). )
5933777 A 8/1999 Rahman The Common Packet Channel Considered the 3rd Genera-
5,943,327 A 8/1999 Mademann tion GPRS, System Engineering of Data Services in UMTS
5,953,369 A 9/1999 Suzuki W-CDMA System, Galway, Ireland, Oct. 1-4, 2000.
5,982,763 A 11/1999 Sato Jongray Na, “Error Performance Analysis of Data Based
5,991,308 A 11/1999 Fuhrmann et al. Fast Channel Estimation for CDMA uplink with Staggered
6,009,089 A 12/1999 Huang et al. Burst Pilot,” 1997, IEEE, pp. 2177-2181.
2’8;;’32? 2 55888 gz:;z&: al. Dae—Ki Hong et al., “Pilot to data channel power allocation
6:028:851 A 2/2000 Persson et al. for PCA-DS/CDMA with interference canceler,” 2001,
6,031,832 A 2/2000 Turina IEEE, pp. 331-333.
6,038,223 A 3/2000 Hansson et al. Sofiene Affes et al., “Pilot assisted STAR for increasing
6,038,250 A 3/2000 Shou et al. capacity and caverage on the downlink of wideband CDMA
6,091,757 A 7/2000 Cudak et al. networks,” 2001, IEEE, pp. 310-313.
6,115,390 A 9/2000  Chuah John S. Thompson et al., “Pilot power allocation for CDMA
g’}ﬂ’ggg 2 iggggg [Sjtatft al. system with antenna arrays,” 2000, IEEE, pp. 424-428.
6:1 44:841 A 1172000 Fz(e)ney U.S. patent application Ser. No. 09/273,450 filed Mar. 22,
6,163,533 A * 12/2000 Esmailzadeh et al. ...... 370342 1999.
6,163,708 A 12/2000 Groe U.S. patent application Ser. No. 09/941,756 filed Aug. 30,
6,169,759 B1 1/2001 Kanterakis et al. 2001.
6,256,301 B1 7/2001 Tiedemann, Jr. et al.
6,292471 B1 * 9/2001 Cao etal. .....cceeeueeenene. 370/252 * cited by examiner



US 6,606,341 B1

Sheet 1 of 16

Aug. 12, 2003

U.S. Patent

l 'Ol
e¢
(1a) 9S4
H)09
(n)
HOdD St
o o wE
(n) 0
] (n)
HOdD ‘
HOdD
2€ \\gw\ L 1€
(1q)
g sg HO9J () V 89

HJJD



US 6,606,341 B1

Sheet 2 of 16

Aug. 12, 2003

U.S. Patent

¢ 9l4
£e
(1a) 939
HOdd
()
HOdD & \mm
[ wS_
() i (1n)
L] n
HJdD HOdD
2€ »\\ _ // 1
(1q)
g 59 Hodd (1a) v 58

HOdd



US 6,606,341 B1

Sheet 3 of 16

Aug. 12, 2003

U.S. Patent

TOHLINOD —————— ¢ ‘9|4
vivg ——
22t £2€ _a,m
) / \ G2¢
¥3Q0ON3 (
S—— - —> 8Z¢
ONITYNOIS OMw HIAVITHILNI . 9§ _ 62¢ om,m
+Y1V(Q '} . _
_ HOLYINAOW
S B - yaLLywso4 VYO O¥Q ™ univyavno 3
“ ToTg ™ 13Hovd »
| Q©__ A Tgorvuando| |
m odL m 3JON3nD3S | |
ONITYNOIS | AV _ ONIQv3HdS | |
+V1vQ ! H L | HOLYTT10S0
- | 1 | £
745 ! ——————— I SRS GRS 007
/ _ _ 7 01€
»| 8300030 ¥0SS3004d | 81€ cie
"n 934 < TOHLNOD T
o ¥ aNv v1va
I %
SN Vil i e 40 LhE
[ y _ | \
> mm><.m%%&z_ <— ¥4I TI0HLNOD |« mow%n_%xn_ —t g3L1ld 4OLYINQON-3a _
“ 11 a3HOlYW |« oav N LVEAYND 44
| YWAYHO
] I _qig| [F18YNNW90Yd ;
................. / 'Y !
¥0S$$300Nud | | !
616 — <+— 37gWvaIyd [ ! |
“ I ! !
1 [ H
e O ) U A

mom/y

VNN LNV



US 6,606,341 B1

Sheet 4 of 16

Aug. 12, 2003

U.S. Patent

IWVIEd | o
¥04 :
> HOLYHINID ¥ Old
_ 107id vzy TOULNOD —————=
" A\va \
| [¥olvyanao ) szp VIVQ ————
> 31anvIdd | | > i
H o X
_ XN
| | ¥3goon3 NETVER] I il W ozh 620 -
ONITYNDIS! \o& -me_ . 92 _ 4
YYD | o _ ? )
L__¢ev” o€y _ HOL1VYINQOW
B “ JuaLivwyodNIVO VA ™ gunivuavno [T [
|
| [ viva dgod Lo 1Aovd 3 ,
_ o Y Tuolveanas] |
! odL | | 39N3nD3as | !
ONITYNDIS m OV I w ONIQV3IYHdS _
+V1vad ! ! i [ + “  ;
-~ _ LTy ¥OLV1I0S0
by | ———————— i S S QE— W00 e (MII
1 g
| ¥30003a ¥0$$300ud | 81% ol
r 034 le«— T0HMLNOO ‘e
" o aNv vLva
! 3 g
N Vi i yLy A% H
N  J |
| |43AVITHILNI ¥0SS300¥d w1 \ |
o <—{ ¥43110ULNOD |« ] -
“ 3d 1071d L1 aaHowvn e ogy [« YOIV INEOR 0 ety L]
_ } IIEYWAYHO 0N 60V
L \o_& 5 5
................ ] _
¥0103130 | “ i YNNILNY
6Ly —T ‘ AV m m
] 1
| i | |
L o e B ) G, |



G Ol

US 6,606,341 B1

1sing $$900Y

Sheet 5 of 16

N

)sing SS90y

N

1sing $S920Y

Aug. 12, 2003
N N

| —

29sW G7'}

U.S. Patent
A
o

1101S

¢ 101S

L 10IS



US 6,606,341 B1

Sheet 6 of 16

Aug. 12, 2003

U.S. Patent

9 Ol

s|eubis jo|id
p—— Y1 ——

\\
(1) HOD SW “d / ’

s|eubig ajquiesld
Buidwey Jamod

SEETE

I _mw

(@) HDOD9 \
as xo<v4

S|0qWAS
|013u09) sjoquAg
19Mod 10/1d



US 6,606,341 B1

Sheet 7 of 16

Aug. 12, 2003

U.S. Patent

L 9ld

sjeubis 10114

UONRBLLIOJU|

|0J}U0D puB Ble(Q

(IN) HOdD /

ao

a|queald
Burdwey Jamod

e §] —efe——— VI ——

(@) HOda

S|0qWAS
|0;juo)
Jamod

3

4

N

MOV L1 sloquiAs
101d




US 6,606,341 B1

Sheet 8 of 16

Aug. 12, 2003

U.S. Patent

(9)8 ©Old
oly = Pty
[Ny 2y by 0y] 5 Mty
(NGNS | AR AT ARV T 01%y,07p
()8 ol
vNYp e AL v+ 6 v 06




US 6,606,341 B1

Sheet 9 of 16

Aug. 12, 2003

U.S. Patent

(9)6 ©Ol4
oty = "My

[Ny ©o Ty by 0y] D My

v'ob | ———- vob (NI MR NARRIEELREIENE
N § Pyt | HPy D v
= 101d - s|quIeald -

(V)6 Ol4

(ol b0p| ——— ] oy | eNg | w6 | yle | w0

= J0l1d -t sjquieaid -




US 6,606,341 B1

Sheet 10 of 16

Aug. 12, 2003

U.S. Patent

0} "Ol

V1
_A 10|14 J0IS 5800y =1 1oud
« -t m._.. ot ﬁ
abesssy————/™ ( | 0 - - == -
Elll . (n)
m m a|quesld HOdY
m m et w._. -
15| ..__. SIS sloquAg gl.__12|a|8 S|S s|0quAS
OIS | YoV & | & (& |14l 07| O 3 oo 2---[& |2 iodL 1olld
(1)
- 995W GZ9'0 e 09SW GZ9'0 " HJJJ
S}0|S PPO $]0|S UBAT




US 6,606,341 B1

Sheet 11 of 16

Aug. 12, 2003

U.S. Patent

L1 "Old
S| -l S| VT S| —— o]
[N 2N 1olldN 14N SN 1old N IdN oN Joiid oseyd
I dl 10|1d S| Jdl 1olld iy Jdl 014 | ®njelpenp
2 10IS } 10IS 010IS
v1va _owz ONIN Y QON | sseydu
|eubis yibuai 991AI8S as
eleqiogoed
a|queald



US 6,606,341 B1

Sheet 12 of 16

Aug. 12, 2003

U.S. Patent

¢l 914

HOVNIOY  FEFF

(H0DdQ) 101u0D Jemod I $|0qWAS 101d
(HoOda) 1olld =] sloquig 03ju0D 1emod RSN
PRl 00 B a|queald [

mmmmmm_z\ M \ 4/ \

T_On_O PIe!4 4o 2d

23SW G790 = S1
295W GZ'} = V1

NS

Lde

Hd

[ 1]

N/ £

Ode o&
ajquealq

fupag 1amod
doot uadp

(1Q) HOGQ

s|oquAs 1ojid



US 6,606,341 B1

Sheet 13 of 16

Aug. 12, 2003

U.S. Patent

Lo 3o b b | 1o 1o | ¢ 14 |

' TR N

*

gjeq (030
pue
uolewIo)u|

vl

(IN) HOdD

[0J}UOD) 1BMOd
doo paso|)
10}
sa|queald

|

| IRV AT DU DUV T MO A

;
\

sa|queald
fuidwey
1amod
LS

__-_._

7

04

AV
L1



US 6,606,341 B1

Sheet 14 of 16

Aug. 12,2003

U.S. Patent

¢ 7 O
0z, 0Ty Vg 1y d
n; vmn_ d / \
! (7N) HOdO (01107 13m0y 49/a0 s3|queaid
ele( (0J1u0) doo paso|n budwey
pue 10} 1Mo
UOIRWIOM| sa|quiealy SL vy
| A

._.__—_.. __ _ _ ._

) ' [TV NI N N U S AT T |
S e o tere el ERBIREK
DO S ERGEIKALL OSRRRHNREL
D
@, o
. KRS
X SRS 3
DR RS R o
LRRIRIKHX KL HRRISEIEKS QR HKHXHXRISKS = [

(10 Hoda 4

¥0/ad / }
MOV
1



US 6,606,341 B1

Gl Ol

_ Jasul _

...._.——_-__—-——\_rr_.__—‘_—._.—,. ' L1

AN ALY

vl s bbb Lo b b §oa Ly

Sheet 15 of 16

Aug. 12, 2003

U.S. Patent

0
] 3 | —‘_ & _‘P
) R O R g Sy e bl L'e d / ﬂ
} (1N) HOdD _o:__ow omo a d sa|queaid
ejeQ |0ju0) ¥9/a0 Buidwey
pue doo7 paso|n 19MOg
UoIjeWIO}U| 10}
sa|queaid S| vy
' __ ~ e b
._._._.___._L_p_._._..._,...__...._.._,_._._._..."_,_@._.___.WM.@...___._._._._r_
X , 0
(a) Ion_o q
40/a0 \ I
AV
L7



US 6,606,341 B1

Sheet 16 of 16

Aug. 12, 2003

U.S. Patent

91 9OId

J9sW

Tfl!lf.of —

RS T T RN TN O VN NN OO TN ARNUN NN NN NN GUTYEN DUTURN O B R ..__._.._..____F._,_.rp_._._._._F~__&
ﬁ 0y
. Z 7 d
] d d
} (IN) HOdD L 4 / \
ele 010 ]0JJU0) Iamod o wm_nEmm._n_
18 [04}u0) doo pasopy 158 0} Buydwey
cozww_cwec_ 19) 51 1oM0d
. sajqueald S|
} ! IrIRNEY
L_.___.___________._._._.__..“ L [ O N I
(70) HOda * 29 IS8
MOV MOV
S8
¥0/ad










































