USO0ORE44858E
(19) United States
12 Relissued Patent (10) Patent Number: US RE44.858 E
Hosur et al. 45) Date of Reissued Patent: Apr. 22,2014
(54) POWER CONTROL WITH SPACE TIME 5,603,096 A * 2/1997 Gilhousen etal. ............ 370/468
TRANSMIT DIVERSITY 5,832,044 A * 11/1998 Sous:a: etal. ... 375/347
5,839,056 A * 11/1998 Hakkinen ..................... 370/342
(75) Inventors: Srinath Hosur, Plano, TX (US); Anand g’ggg’g;g i " %ggg ng;:;ila J 375/347
G. Dabak, Plano, TX (US) 5,886,987 A * 3/1999 Yoshidaetal. ... 370/318
5,970,061 A * 10/1999 Kokudo ........ccooovvvnnn.. 370/344
(73) Assignee; Texas Instruments Incorporatedj 5,982,760 A * 11/1999 Chen ......cocoovvvvvvvvnvnnnnnnn, 370/335
6,029,056 A * 2/2000 Kiyanagietal. .............. 455/137
Dallas, TX (US) _
6,069,912 A * 5/2000 Sawahashietal. ........... 375/347
6,070,086 A * 5/2000 Dobrica .........coooeeveeeninn 455/522
(21)  Appl. No.: 13/136,059 6,115,591 A *  9/2000 HWANE .oovvvoovvvrrrere. 455/135
(22) Filed:  Jul 20,2011 (Continued)
Related U.S. Patent Documents OTHER PUBLICATIONS
Retssue of: “Complexity Requirements of OTD and TSTD”, ETSI SMG2 UMTS,
(64)  Patent No.: 6,977,910 Physical Layer Expert Group, Meeting No. 6, Helsinki, Finland, Sep.
Issued: Dec. 20, 2005 8-11, 1998, pp. 1-12
Appl. No.: 09/224,401 ’ T |
Filed: Dec. 31,1998 (Continued)

U.S. Applications:
(63) Continuation of application No. 11/454,181, filed on

Jun. 16, 2006, now Pat. No. Re. 42,919.

(51) Int.CL

HO04B 7/185 (2006.01)
(52) U.S. CL

USPC s 370/318; 455/13 .4
(58) Field of Classification Search

USPC ... 3°70/318, 320, 329, 332, 335, 342, 441;

455/13.4, 522, 523, 524, 5235, 68, 69,
455/101, 115.3, 134, 135

See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS

5,056,109 A * 10/1991 Gilhousenetal. ............ 370/342
5,280472 A * 1/1994 Gilhousen etal. ............ 370/335
5,506,861 A * 4/1996 Bottomley .................... 370/441

400
402 \ 404
RAKE

SIR
IX “"P EASUREMENT
INNER
434 LOOP

428 :F 430 | 422 e
s,

Primary Examiner — Hanh N Nguyen

(74) Attorney, Agent, or Firm — Ronald O. Neerings; Wade
James Brady; Frederick J. Telecky, Ir.

(57) ABSTRACT

A circuit 1s designed with a measurement circuit (432). The
measurement circuit 1s coupled to recerve a first input signal
(903) from a first antenna (128) of a transmitter and coupled
to recerve a second input signal (913) from a second antenna
(130) of the transmitter. Each of the first and second signals 1s
transmitted at a first time. The measurement circuit produces
an output signal corresponding to a magnitude of the first and
second signals. A control circuit (430) 1s coupled to receive
the output signal and a reference signal. The control circuit 1s
arranged to produce a control signal at a second time 1n
response to a comparison of the output signal and the refer-
ence signal.

16 Claims, 6 Drawing Sheets

VITERBI FER 408
DECODER MEASUREMENT
- 412
BER
EASUREMENT

AVERAGING 414

410 416
176 (+ FER/BER
0 TARGET SIR -
418

S

420



US RE44,838 E
Page 2

(56) References Cited
U.S. PATENT DOCUMENTS

6,131,016 A 10/2000 Greensteln et al.

6,178,194 B1* 1/2001 VasSIC ..ocoovvviiiiviiniinnnnn, 375/136

6,185,258 Bl 2/2001 Alamouti et al.

6,317,587 B1 11/2001 Tidemann, Jr. et al.

6,373,832 B1* 4/2002 Huangetal. .................. 370/342

6,463,295 B1* 10/2002 Yun ......cocooeviiiiviinninnnnn, 455/522

6,522,639 B1* 2/2003 Kitadeetal. .................. 370/342

6,529,709 B1* 3/2003 Shenetal. ...................... 455/69

6,545,991 B1* 4/2003 Kitadeetal. .................. 370/335

6,584,161 B2* 6/2003 Hottinenetal. .............. 375/299

6,775,329 B2* 82004 Alamoutietal. ............. 375/267

6,795,508 B1* 9/2004 Odenwalder et al. ......... 375/267
OTHER PUBLICATIONS

“Forward Link Time Domain Transmit Diversity (IDITD)”, IMI-
2000 Study Committee, Air-Interface WG, SW G2, Doc. #AIF/SWQG2-
26-30, Nokia, Samsung, Aug. 1998, pp. 1-19.

“Orthogonal TransmitDiversity for CDMA Forward Link”, FPLMTS
Study Committe, Air-Interface WG, SWG2, Document No. AIF/
SWGI-16-26(P), Mar. 1998, Lucent, Motorola,Nortel, Qualcomm,
Samsung, pp. 1-7.

“New Detection Schemes For Transmit Deiversity With No Channel
Estimation”, Tarokh, et al., ICUP(C 98 Proceedings, pp. 1-4.
“Space-1ime Codes for High Data Rate Wireless Communication
Performace Criterion and Code Construction”, Tarokh, et al., IEFEE
Transactions on InformationTheory, vol. 44, No. 2, Mar. 1998, pp.
744-765.

“UIRA FDD Downlink Transmission Diversity Concept”, ETSI
SMG2 UMTS, Physical Layer Expert Group, 1doc SMG2 315 UMTS-
L1798, Meeting No. 6, Helsinki, Finland, Sep. 8-Nov. 1998, pp. 1-19.
“Proposed Wideband CDMA (W-CDMA)”, Association of Radio

Industries and Business (ARIB), Japan, Dec. 1998 vol. 3 Specifica-
tions of Air-Interface for 3G Mobil System, 106 pages.

* cited by examiner



U.S. Patent

100

PILOT
102

TPC
104

Apr. 22, 2014

Sheet 1 of 6

112 CHANNEL
ORTHOGONAL[ZATION

CODE Cpm
STID
ENCODER | 122

‘ ANTENNA 1
ENCODER (% 128

MUX
116 STID ANTENA 2
ENCODER > ° 130

CHANNEL STTD
DATA =1 exconer 1 INTERLEAVER [ vance [0 e
106

100

11 S1 11 \\S2

p—t t

0 T 21 31

112

STID
ENCODER

0 | 21 31 4]

FIG. 2 ’ 210

118 120

FIG. 1

208
PATH 1

MOBILE

al ANTENNA
‘| I'1 (I'I"r‘)

‘\a‘I rl (H"rl) é

N I;ATH] 212

304

TO RAKL
COMBINER OF
SYMBOL S;

TO RAKE
COMBINER OF
SYMBOL S9

J20

FIG. 3

US RE44,858 EE



U.S. Patent Apr. 22, 2014 Sheet 2 of 6 US RE44,858 E

406 VITERBI FER

404 BER
Y FASUREMENT AVERAGING | 414
RAKE
DIPLEXER
- COMBINER 410 416 TARGET
0 FER/BER

426

SIR TARGET SIR
X ““P EASUREMENT 0 +Kaig
INNER
LOOP

428 l 30 | 422
"
Y

% PATH 1 MOBILE
ANT ! o2 ANTENNA
01D 1
\‘ ..-"
0 ENCODER . a} L

"h“
oy

F / G 5
(PRIOR ART)

symb
+ @ y. 612 TO RAKE
(+ (X COMBINER OF
SYMBOL S
+ 604 1 1
R 608 O
2#
602 of
o o6 614 TO RAKE
+
(+) (x COMBINER OF
9 _ @_f_sl_m_P_ 518 SYMBOL S
R 2 610
699 FIG. 6

(PRIOR ART)



U.S. Patent Apr. 22,2014 Sheet 3 of 6 US RE44,858 E

700 704 701 703 702 706

OO I I R 1 N 1
t

I |
m tg

RL 7920 TPC| 712

FIG. 7
(PRIOR ART)

800 806 802 808
1 N L 3
801 807
tm tg
FL A2 N a1 818
814 816
FIG. 8

(PRIOR ART)



U.S. Patent Apr. 22, 2014 Sheet 4 of 6 US RE44,858 E

S00 903 901 904 902 905

i el el P

o le]\  fle]  |P

FL
916 \W’ 921
RL rpc

918 FIG. 9A

919 990

930 933 931 934 952 935

940 943 , ,t 944 942 945

0 ' 348 951

RL Q47 TPC TPC 950

FIG. 9B

960 963 961 964 962 963

LA _ﬂ_ﬂ_ﬂ

981 987

2 _ﬂl-lﬂ_ﬂ

tm 984 ts

RL 980 TPC 986 FIGC. 9 C
985 '



US RE44,858 EE

Sheet Sof 6

Apr. 22,2014

U.S. Patent

ettt

3

pbeteiebabbubabate Satafafatatebndmbniagon spupuienpupmpngupgy
- e m e EE e e e m e —————————f e = - - - e = e = = ———— -

o

il o S e A e A e O e wal S TS L T g e - e S - T T T -

100

dmmm -
i

- ------_r----_--_-_ 1_—_

ST T LSS ===X
——-—----——-—-1--——
B |

Soozzszzziip

N = = = = == L
__L__________%______-___J,__

P

L 2 = = B N L ]
- S A I T T TR T .

i B ...

J

—

Jhﬁ_

———mm e m———r—

)
I
|
T
|
’ oo
| {
‘oo
Voo
b
t
L
I
Voo
dmmd
v
i
b
't
t
| |
o
ol
'
o
1
Vol
'
| |
1
'
|
I
1
.
T==
)
bbb
} |
Voo
't
_

_

_

.

.

-----h----

10~ e

., 8

i
|
I A N T - -

o el

1

p

™~

e
o

SEPPRP JEy
;
|
S

Y

|
}
b
i

10~2

- -y s uniy = e elel S
+

i

l

- ———————
.,

e e f —————

—h---
-

CODED
BER

-y = s -

3=

— - — o ———
B
I i ol —
- ————f———-

\HR

P

Ty TT T TTTyYyYT T T T T T YT Ty T TTTTTTTTTrT

SoF

i e

-

S

r----------:

- - - S e A -
iy g S el R B B B B b
L & N 3 3 N B X N N ]
e e AN S - O T

103

--—--—-—-1-—-——-—--— il

o —————————

\J
s

“~

hy "

ittt ety Sasleni Sufaiia i R
 nfafoneninpn i |

S S T s s s s s allse il - ks P e e . A - -

-

) efmpenpenfieusifenteafuuain foftvadi g mup g

=== ——w— - ——=ammaa=
2

L

—
e EEE S S S e

e . A T AEEF BN S B A —
—— -
L N N N N N W N ¥ W

10~4

i P P S PN

____--_-_-+________--

L = N N N ----L

2.5 3 3.
RECEIVED CODED Ep /N,

2

1.5

-
10 .

1 0A

FIG.

il
it
Hivi i
IR
ANE N
i
i
IR
TMIER
eI
H+++
(1
IR
i |
i |
i |
K
L
i1 |
TITER
IR
Wikt
"
"i
" |
i
1 |
1
i
i\
11
11

o bbb gumpa—n

)

e S e e s ol A - F x N N X N B K N N | il R mam s s SR S g ———

100

L—-—--"----- -4-------_ gl -
| I |

i

|
|
|
|
|
|
_
i
|
|
4

=

—
v
_
_
!
'

B N

_L__-_______%___#-_--_-J___

-—-—-—-—--*-—._

| epnseienfn g ¢

!
~~uiuu et e

- -_CL

i
i
N -————-

=

N ——————

Lo e
-

3.."_____-__-- 5

N O

-

g —————=—JC

10~ 1§

8

e ———T—

e e ————

I
i
L

L

L N N N N R K ]
e e s mEE e A

jma ey
p—_p

- s e s e sy hile ey G
e S . e - S e ke allie e - S e e ol

'
|
. -1

o

|
)
p e

- . S e e s e il .
- uiplk A W N IS SEE S -

10-2

; {

- e o A G e e s el

) 8

. -—-—--—-—-——1----———--—
——--————1———--—--————
---—----1--—---—-——
-—4——-—-—————-—-—

L-—-'—

i
R S ——.

i

e ———

 NUNQES VU R ——
b2

——+—-—--l---—-#

S

-— —-——*——--———
B N

N ——
oy %

b e -
}

i

CODLD
BER

"y
.

o |

~--

SSestets:

T T T T

T—.——.—.—_——_-

1
1

i P
I

4

-

~---

PIIIZZIZISZISICS

. %

=
L

iuiunsipunfuninion ety =

:

~

===

™

'
]
a=

1=

! |

enuu A Spnia ..
'

o g

|
|
. |

) Spppapup——

r

e D ettt
T i =-=o=s
et [ i R

|
|
) o

- A G A S sy sl oy e T
e i e A A G A -
ik NN T T T G A S S -
L B R I N B N N
A e e e T el e G -
A . e s W T T S S
2l soas = s S R A S g il
-----—-—-—L—-_—_----__—

109
10~4

3.9

3

2.5
CODED Ep/Ng

2

1.5

l

102

10B

FIG.



US RE44,858 EE

Sheet 6 of 6

Apr. 22,2014

U.S. Patent

I I | AR | (N N .
I O | | N
I I I | i iy
O I I O | i I IO
L I I I B | | 1V 11 ¢
JiLLld_ L IR WU N I 3 O N R B
I | | O
O I ( | NN B .
S I | i I O I
i1 11 1 | | Ieinn
e 11| ' { 11111 1 Jf0
it 1 ( i RN ]
O I ] | NEEN
it | | i1t _x
tede 0 0 | | i1} ip |
:““““ “ | | {1 | \_
| | | I 1)
bV i1 | “ “:““““ i | . | (|
I O I I | I RIEERE B l V 11 1
I " TR | 1€ 111
I I T i BIIE . l L1111
SN B IO IR B rptee b o U P R
I O I I I i (ttere ) 44 | O I |
30 T I I | (I
41114|1|¢IIITI+++¢|ﬂIv |\43444J|4
L2 B N I N I B YRR \ N O I
0 T I " TEER R ) I I I I I
IR HITER TARRINIREE
100 T T O | ) TEEERE \ 3 I I I O I |
I I T " TEEE IR | _;___“ ]
thhpg-p-de-bbidiipftb4---th4444-4
BN O O R TEER. _ LN B I
I I I T I " YEEE Wi | 1 |
IR v dfl UIEEE
I IO O T B | " SN x i | [ I I O I O D |
O I IO O O F it { | ) (O O O
dibbdabe e ey _.yllFILIIIFELFLLIF
N T B ._\ IR TN
N I ) I B . i (OO I
I I I I B " T L L il
I I | ) _*_ B B J ittt 1
N T I O I ) ERIR | | iy
3 LI I I I B TR O B O B
dhhrbtmpeygme e rraebedeca bt d -4
R I O | TR i N O B
I O ! M_:__ | ! | NN
I O I O | " SEEE IR | iyt
IR \.:.___ o TR
R/ A
)
41114I1I+hNVTI++++IﬂI4III4JJJJJI4
N O I tertr 1 | RN .
N I I (rarr e v N B B I
I I I B \ testr gy v o e |
VN I B redtry 1 U N B
:_“_“ ' EERE L. _:__“~ “
| | |
gty EEE Ty E ey B ey A e
et | \_ TR | M1l
N Y T RE L RIS B
el 1N BIIEE B | N N
vl ' ' | J1tir4er v |
el “ _:“"““ | | O I |
oD w—— N
O _ |
- - -
mWHK"
£ W)
O
D

“»

i } '

.

) }
I ! )
i { )

"

=

|
T T rTT T T T T T

L L __

N

=L

bbbt bntnbabubus Sbatrbabutud ubatubububul stabubububut puiatubabuts lubutabuiniut Sutaatatatug sfelintuin
i

!
|

L T R e e I

——————d

J

C
i...-....-_

——_———aa1

n

I
--___J_-_-__{-_____L-__#_-
|

J

10~

3.9

4.5

35
RECEIVED CODED Ep/N,

FIG.

2.5

17A

| S ¢

ol A - - - e s N A
= e e e el e e e SRR g

J- "1

N I . . A S S S .
. . S S A S A .

I

100 e e iyesrusene iy ——————— el sl

3

d

P, "~ R TGRS P

!
!
=

L =y o —
" I - ’ IT&
i " _L“
HIY it
“"““;“ _\ {11
i I \ i
TN _\_ 1R
Mgl ' TIRR
iAo
LA :4¢LFT|1||::4
_:\__ ) TI8k
TR TR
__x___ i I
TR 13101
“:*:._. “ “::
R
IR
trevgrny gyt TIEN
M- r—F-—HHS
mavey gt Y
IIINEE N it
IR Hit
IR . HIt
TR i
_ M IR H |
_ TR K
TR
Iy U ey Lo
- — 2
_ _
- o

_ TIRE
) TR
. i
_ TIRY
} 1T.
. e
Hw " Hit)
s TIER
wn || ti
| _ b
==+
_ ! T
_ TIRY
| | TIRE
) TR
) ' 1L
_ it
_ 1))
y | Iy
" 1
g | T
S TR
P ML
[ ! o
{ | 1411
) 11X
i ) ____.
b ufd
| ) 11
¢ | it
;| il
{ ) i
L
|
{

+—-——---——-—
l--——-——--—

I
-*—-—---*---—-—--————-—

D VR -
aie bbb < Aot

i e ettt bt
R ! CECEEE PR FES SRR EER

CODED
BER

. DS

N\

—————— e e i

TR
IR
TIREE
et
TR
TR
MK
IR
TR
K

-t M+
TIRER
i
TR
TN £
1 4F

%A ||
1R
I
TR
TR

-
A
x

: -_ ey e uly oy oy -

N

-

iy e ult e S S O SR e
- P T B S e e i el
T s as e e

) IR

——m—mm—em==o=I

- e e s e il skl sees b

Tl

B R I

I I
I
I R
I
U
R
B
b
I 1S
| |
u__.h.l.-.l

| |
N B
i+ |
i |
L1
4
'/

|

T

R AR TR S e el ol e S
—--—_—--_—---T

e - e m———————-

(A0
AR
T
X
I X
‘TITY
TN
TR
TR
IR
- = 4 4
110 4%
P
1R
Z i
I
TR
L
IR
i
11NN
- bbb d
TR
I
TIREN
TR
TR
TR
ES
TIx
THE
HEH4
NI
TR
HIie
MR
NE
TR
M
TE
TR
TR
- HreT
ML
i
X
TR
TR
NINEN
IR
TR
TR
TR
- HAH
e
TR
TR
TR
IR
IR
IR
TR
X
IR
-3
|
-
1

b

e el e i s e et

W R e—

h;-:

_____-—--_.L-.-_-——.——_-.I_._-..__.-_....__:_.._._...._....-—-__.L____.-_____.l__.._'h-.____
__________L__,-______J-_.________%_-________L__-____--_J_____-____

-9
10 1

118

CODED Ep/N,

FIG.



US RE44,358 E

1

POWER CONTROL WITH SPACE TIME
TRANSMIT DIVERSITY

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.

This is a continuation of Broadening Reissue application

Ser. No. 11/454,181, filed Jun. 16, 2006, now Reissue U.S.
Pat. No. Re. 42,919, reissued Nov. 15, 201 1.

FIELD OF THE INVENTION

This mvention relates to wideband code division multiple

access (WCDMA) for a communication system and more
particularly to power control with space time transmit diver-

sity for WCDMA signals.

BACKGROUND OF THE INVENTION

Present code division multiple access (CDMA) systems
are characterized by simultaneous transmission of different
data signals over a common channel by assigning each signal
a unique code. This unique code 1s matched with a code of a
selected recetver to determine the proper recipient of a data
signal. These different data signals arrive at the recerver via
multiple paths due to ground clutter and unpredictable signal
reflection. Additive effects of these multiple data signals at
the recerver may result 1n significant fading or variation in
received signal strength. In general, this fading due to mul-
tiple data paths may be diminished by spreading the transmuit-
ted energy over a wide bandwidth. This wide bandwidth
results 1n greatly reduced fading compared to narrow band
transmission modes such as frequency division multiple
access (FDMA) or time division multiple access (TDMA).

New standards are continually emerging for next genera-
tion wideband code division multiple access (WCDMA)
communication systems as described in Provisional U.S.
Patent Application No. 60/082,671, filed Apr. 22, 1998, and
incorporated herein by reference. These WCDMA systems
are coherent communications systems with pilot symbol
assisted channel estimation schemes. These pilot symbols are
transmitted as quadrature phase shift keyed (QPSK) known
data 1n predetermined time frames to any receivers within
range. The frames may propagate i a discontinuous trans-
mission (D'1TX) mode. For voice traific, transmission ol user
data occurs when the user speaks, but no data symbol trans-
mission occurs when the user 1s silent. Similarly for packet
data, the user data may be transmitted only when packets are
ready to be sent. The frames are subdivided 1nto sixteen equal
time slots 010.625 milliseconds each. Each time slot 1s further
subdivided 1nto equal symbol times. At a data rate of 32
KSPS, for example, each time slot includes twenty symbol
times. Each frame includes pilot symbols as well as other
control symbols such as transmit power control (TPC) sym-
bols and rate information (RI) symbols. These control sym-
bols include multiple bits otherwise known as chips to distin-
guish them from data bits. The chip transmission time (T ),
therefore, 1s equal to the symbol time rate (1) divided by the
number of chips 1n the symbol (N).

Previous studies have shown that multiple transmit anten-
nas may improve reception by increasing transmit diversity
for narrow band communication systems. In their paper New
Detection Schemes for Transmit Diversity with no Channel
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2

Estimation, Tarokh et al. describe such a transmit diversity
scheme for a TDMA system. The same concept 1s described
in A Simple Transmitter Diversity Technique for Wireless
Communications by Alamouti. Tarokh et al. and Alamout,
however, fail to teach such a transmit diversity scheme for a
WCDMA communication system.

Other studies have investigated open loop transmit diver-
s1ty schemes such as orthogonal transmit diversity (OTD) and
time switched time diversity (TSTD) for WCDMA systems.
Both OTD and TSTD systems have similar performance.
Both use multiple transmit antennas to provide some diversity
against fading, particularly at low Doppler rates and when
there are insuificient paths for the rake receiver. Both OTD
and TSTD systems, however, fail to exploit the extra path
diversity that is possible for open loop systems. For example,
the OTD encoder circuit of FIG. S receives symbols S, and S,
on lead 500 and produces output signals on leads 504 and 506
for transmission by first and second antennas, respectively.
These transmitted signals are recerved by a despreader input
circuit (not shown). The despreader circuit sums recerved
chip signals over a respective symbol time to produce first and

second output signals le and Rf on leads 620 and 622 as 1n
equations [1-2], respectively.

N—1
1 _ e Nl 2
R; = Z r;(1+7;) = ;5 +aid;

1=0

2N -1

2 _ s Nl 2
R = Z ri(1+7;) =5 — ;S
=N

The OTD phase correction circuit of FIG. 6 receives the
output signals le and R_f corresponding to the i of L mul-
tiple signal paths. The phase correction circuit produces soft
outputs or signal estimates S, and S, for symbols S, and S, at
leads 616 and 618 as shown 1n equations [3-4], respectively.

. Lo 3]
§; = Z R} +R2)ol = Z 2lat)’s,
=1

J=1

L L
S:= ) R} -Rha = ) 2adlS;
=1

J=1

Equations [3-4] show that the OTD method provides a single
channel estimate a for each path j. A similar analysis for the
TSTD system yields the same result. The OTD and TSTD
methods, therefore, are limited to a path diversity of L. This
path diversity limitation fails to exploit the extra path diver-
sity that 1s possible for open loop systems as will be explained
in detail.

Previous methods of diversity have also failed to exploit
closed-loop power control between a mobile communication
system and a remote base station. Present WCDMA power
control for a single transmit antenna 1s best understood with
reference to the signal tlow diagram of FI1G. 7 of the prior art.
Sequential time slots 700-702 of the forward link signal {from
a base station to a mobile system include respective pilot
symbols 704-706. These pilot symbols, for example pilot
symbols 704, are transmitted at time t_ to the mobile system.
The mobile system receives the pilot symbols and produces a
transmit power control (1TPC) symbol. This TPC symbol 1s
transmitted in the reverse link to the remote base station. The
remote base station adjusts transmit power for the next for-
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ward link time slot 701 at time t_ in response to this TPC
symbol. Thus, the power control system of FIG. 7 fails to
exploit advantages of closed-loop power control with path
diversity.

By way of comparison, the signal flow diagram of FIG. 8
illustrates proposed power control for a TSTD system of the
prior art. The TSTD system alternately transmits forward link
time slots 800-802 from antennas Al and A2. Pilot symbols
806 of time slot 800 are transmitted from antenna Al at time
t . followed by pilot symbols 807 of time slot 801 from
antenna A2 at time t_,. Circuit 814 sums these pilot symbols
and produces TPC symbol 816. This TPC symbol 1s transmiut-
ted in reverse link to remote the base station. The remote base
station adjusts transmit power of antenna A1 at time t_of time
slot 802 1n response this TPC symbol. The TSTD method,
however, 1s limited to a path diversity of L. Moreover, two
time slots are required for each transmit power adjustment
from time t,_, to time t. Thus, the TSTD system has an
additional disadvantage of imprecise power control due to
increased time between recerved power measurement and
transmit power adjustment.

Hosur et al. previously taught a new method for frame
synchronization with space time transmit diversity (STTD)

having a path diversity of 2L in U.S. patent application Ser.
No. 09/195,942, filed Nov. 19, 1998, and incorporated herein
by reference. Therein, Hosur et al. taught advantages of this
increased diversity for WCDMA systems. Hosur et al. did not
teach or suggest how this improved diversity might be used to
improve closed-loop power control for WCDMA systems.

SUMMARY OF THE INVENTION

The foregoing problems are resolved by a circuit designed
with a measurement circuit. The measurement circuit 1s
coupled to recetve a first input signal from a first antenna of a
transmitter and coupled to recerve a second input signal from
a second antenna of the transmitter. Each of the first and
second si1gnals 1s transmitted at a first time. The measurement
circuit produces an output signal corresponding to a magni-
tude of the first and second signals. A control circuit 1s
coupled to receive the output signal and a reference signal.
The control circuit 1s arranged to produce a control signal at a
second time 1n response to a comparison of the output signal
and the reference signal.

The present invention improves closed-loop power control
by providing at least 2L diversity over time and space. No
additional transmit power or bandwidth 1s required. Power 1s
balanced across multiple antennas.

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete understanding of the invention may be
gained by reading the subsequent detailed description with
reference to the drawings wherein:

FIG. 1 1s a ssmplified block diagram of a typical transmitter
using Space Time Transit Diversity (STTD) of the present
imnvention;

FI1G. 2 1s a block diagram showing signal flow in an STTD
encoder of the present invention that may be used with the
transmitter of FIG. 1;

FI1G. 3 1s a schematic diagram of a phase correction circuit
of the present invention that may be used with a recerver;

FI1G. 4 1s a block diagram of a recerver that may employ the
phase correction circuit of FIG. 3;

FIG. 35 15 a block diagram showing signal flow 1n an OTD
encoder of the prior art;
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FIG. 6 1s a schematic diagram of a phase correction circuit
of the prior art.

FIG. 7 1s a signal tlow diagram of a power control loop of
the prior art;

FIG. 8 1s a signal flow diagram of a time switched time
diversity (1STD) power control loop of the prior art;

FIG. 9A 1s a signal tlow diagram of a space time transmit
diversity (STTD) power control loop of the present invention;

FIG. 9B 15 a signal flow diagram of another embodiment of
a ST'TD power control loop of the present invention;

FIG. 9C 1s a signal flow diagram of yet another embodi-
ment of a STTD power control loop of the present invention;

FIG. 10A 1s a simulation of weighted multi-slot average
(WMSA) channel estimation for STTD and TSTD for 5 Hz
Doppler;

FIG. 10B 1s a sitmulation of power control for STTD and
TSTD for 5 Hz Doppler;

FIG. 11A 1s a simulation of weighted multi-slot average
(WMSA) channel estimation for STTD and TSTD for 200 Hz
Doppler; and

FIG. 11B 1s a stmulation of power control for STTD and

TSTD for 200 Hz Doppler.

(L]
By

ERRED

DETAILED DESCRIPTION OF THE PR.
EMBODIMENTS

Referring to FIG. 1, there 1s a sitmplified block diagram of
a typical transmitter using Space Time Transit Diversity
(STTD) of the present mvention. The transmitter circuit

receives pilot symbols, TPC symbols, RI symbols and data
symbols on leads 100,102, 104 and 106, respectively. Each of

the symbols 1s encoded by a respective STTD encoder as will
be explained 1 detail. Each STTD encoder produces two
output signals that are applied to multiplex circuit 120. The
multiplex circuit 120 produces each encoded symbol 1n a
respective symbol time of a frame. Thus, a serial sequence of
symbols 1n each frame 1s simultancously applied to each
respective multiplier circuit 124 and 126. A channel orthogo-
nal code C_ 1s multiplied by each symbol to provide a unique
signal for a designated receiver. The STTD encoded frames
are then applied to antennas 128 and 130 for transmission.
Turning now to FIG. 2, there 1s a block diagram showing,
signal tlow 1n an STTD encoder of the present invention that
may be used with the transmitter of FIG. 1 for pilot symbol

encoding. The pilot symbols are predetermined control sig-
nals that may be used for channel estimation and other func-
tions as will be described 1n detail. Operation of the STTD
encoder 112 will be explained with reference to TABLE 1.
The STTD encoder recerves pilot symbol 11 at symbol time T,
pilot symbol S, at symbol time 27T, pilot symbol 11 at symbol
time 3T and pilot symbol S, at symbol time 4T on lead 100 for
cach of sixteen time slots of a frame. For a first embodiment
of the present invention having a data rate of preferably 32
KSPS, the STTD encoder produces a sequence of four pilot
symbols for each of two antennas corresponding to leads 204
and 206, respectively, for each of the sixteen time slots of
TABLE 1. The STTD encoder produces pilot symbols B, S,,
B, and S, at symbol times T-4T, respectively, for a first
antenna at lead 204. The ST'TD encoder simultaneously pro-
duces pilot symbols B,, -S,*, =B, and S, * at symbol times
T-4T, respectively, at lead 206 for a second antenna. Each
symbol includes two bits representing a real and 1imaginary
component. An asterisk indicates a complex conjugate opera-
tion or sign change of the imaginary part of the symbol. Pilot
symbol values for the first time slot for the first antenna at lead
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204, therefore, are 11, 11, 11 and 11. Corresponding pilot
symbols for the second antenna atlead 206 are 11, 01, 00 and
10.

The bit signals r; (1+1T;) of these symbols are transmitted
serially along respective paths 208 and 210. Each bit signal of
a respective symbol 1s subsequently recerved at a remote
mobile antenna 212 after a transmit time T corresponding to
the i path. The signals propagate to a despreader input circuit
(not shown) where they are summed over each respective
symbol time to produce mput signals le,, R,”. Rf’ and Rf
corresponding to the four pilot symbol time slots and the j* of
L. multiple signal paths as previously described.

TABLE 1
ANTENNA 1 ANTENNA 2
SLIOT B, S, B, S, B, -S* -B, §*
1 11 11 01 00 10
2 11 01 1: 00 10
3 01 01 00 00
4 10 01 11 00 1
5 10 11 11 01 00
6 10 11 11 01 00 11
7 01 00 1 10 00 00
R 10 01 11 00 11
9 11 11 00 10 00 10
10 01 11 01 11 11 00 00
11 11 11 10 11 00 00 10
12 01 11 01 1 11 00 00
13 00 11 01 11 00 01
14 10 00 10 00 11
15 01 00 10 00 00
16 00 00 10 00 01

The 1nput signals corresponding to the pilot symbols for
cach time slot are given 1n equations [5-8]. Noise terms are
omitted for simplicity. Received signal le 1s produced by
pilot symbols (B,, B,) having a constant value (11,11) at
symbol time T for all time slots. Thus, the recerved signal 1s
equal to the sum of respective Rayleigh fading parameters
corresponding to the first and second antennas. Likewise,
received signal Rf 1s produced by pilot symbols (B,, -B,)
having a constant value (11,00) at symbol time 3T for all time
slots. Channel estimates for the Rayleigh fading parameters
corresponding to the first and second antennas, therefore, are

readily obtained from input signals le and Rf as 1 equations
[9] and [10].

3__ . 1 2
R =a,'S +a,°S | * tm [8]

1__ 1 3
a =R 4R )2 [9]

2_ 1 3
a’=(R-R )2 [10]

Referring now to FIG. 3, there 1s a schematic diagram of a
phase correction circuit of the present invention that may be
used with a remote mobile receiver. This phase correction
circuit recerves mput signals Rf and Rf on leads 324 and 326
at symbol times 2T and 4T, respectively. Each input signal has
a value determined by the transmitted pilot symbols as shown
in equations [6] and [8], respectively. The phase correction
circuit recerves a complex conjugate of a channel estimate of
a Rayleigh fading parameter :-51_}.l=i= corresponding to the first
antenna on lead 302 and a channel estimate of another Ray-

. * 2 *
leigh fading parameter a~ corresponding to the second
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antenna on lead 306. Complex conjugates of the input signals
are produced by circuits 308 and 330 at leads 310 and 322,
respectively. These input signals and their complex conju-
gates are multiplied by Rayleigh fading parameter estimate
signals and summed as indicated to produce path-specific first

and second symbol estimates at respective output leads 318
and 322 as 1n equations [11] and [12].

2 1* 4% 2 1,2 2,2

[11]

2% 2 p A, 1% 12,1, 22
-R;7a7+R a," =(la," ["+]a[)S [12]

These path-specific symbol estimates are then applied to a
rake combiner circuit 404 (FIG. 4) to sum individual path-
specific symbol estimates, thereby providing net soit symbols
or pilot symbol signals as 1n equations [13] and [14].

[13]

[14]

These soit symbols or estimates provide a path diversity L and
a transmit diversity 2. Thus, the total diversity of the STTD
system 1s 2. This increased diversity 1s highly advantageous
in providing a reduced bit error rate.

Referring now to FIG. 4, there 1s a simplified diagram of a
mobile communication system that may use the phase cor-
rection circuit (FIG. 3) with closed-loop power control of the
present 1nvention. The mobile communication system
includes an antenna 400 for transmitting and receiving exter-
nal signals. The diplexer 402 controls the transmit and receive
function of the antenna. Multiple fingers of rake combiner
circuit 404 combine received signals from multiple paths.
Symbols from the rake combiner circuit 404, including pilot
symbol signals of equations [13] and [14], are applied to a bit
error rate (BER) circuit 410 and to a Viterb1 decoder 406.
Decoded symbols from the Viterbi decoder are applied to a
frame error rate (FER) circuit 408. Averaging circuit 412
produces one of a FER and BER. This selected error rate 1s
compared to a corresponding target error rate from reference
circuit 414 by comparator circuit 416. The compared result 1s
applied to bias circuit 420 via circuit 418 for generating a
signal-to-interference ratio (SIR) reference signal on lead
424.

Pilot symbols from the rake combiner 404 are applied to
the SIR measurement circuit 432. The SIR measurement cir-
cuit produces a recerved signal strength indicator (RSSI) esti-
mate from an average of received pilot symbols. The SIR
measurement circuit also produces an interference signal
strength 1ndicator (ISSI) estimate from an average of inter-
ference signals from base stations and other mobile systems
over many time slots. The SIR measurement circuit produces
an SIR estimate from a ratio of the RSSI signal to the ISSI
signal. This SIR estimate 1s compared with a target SIR by
circuit 426. This comparison result 1s applied to TPC com-
mand circuit 430 via circuit 428. The TPC command circuit
430 sets a TPC symbol control signal that 1s transmitted to a
remote base station. This TPC symbol instructs the base sta-
tion to either increase or decrease transmit power by prefer-
ably 1 dB for subsequent transmission.

Referring now to FIG. 9A, there 1s a signal tflow diagram of
an embodiment of closed-loop power control for a STTD
system of the present invention. The STTD system transmuits
forward link time slots 900-902 from antenna Al in parallel
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with forward link time slots 910-912 from antenna A2. Pilot
symbols 903 of time slot 900 from antenna Al and pilot
symbols 913 of time slot 910 from antenna A2 are transmitted
at time t_ . Circuit 918, included 1n SIR measurement circuit
432 (FIG. 4), sums these pilot symbols. The sum 1s compared
to a target SIR on lead 424. A result of the comparison 1s
applied to TPC command circuit 430 via circuit 428. The TPC
command circuit produces TPC symbol 920 (FIG. 9A) for

transmission to the remote base station in the reverse link. The

remote base station adjusts transmit power of antenna Al for
time slot 901 and transmit power of antenna A2 for time slot
911 at time t_ 1n response this TPC symbol. This method of
closed-loop transmit power control 1s highly advantageous 1n
regulating transmit power with minimum variance. Channel
estimates and corresponding pilot symbol signal estimates
are greatly improved by ST'TD. Accuracy of subsequent mea-
surement of these received pilot symbol signal magnitudes 1s
greatly improved. Transmit power variance 1s minimized for
both antennas Al and A2 by transmit power adjustment 1n a
time slot immediately following the measured pilot symbol
signal time slot.

Turning now to FIG. 9B, there 1s a signal flow diagram of
another embodiment of closed-loop power control for a
STTD system of the present mvention. The STTD system
transmits forward link time slots 930-932 from antenna Al in
parallel with forward link time slots 940-942 from antenna
A2. Pilot symbols 933 of time slot 930 from antenna Al are

transmitted at time t_,. The SIR measurement circuit 432
(FIG. 4) measures these pilot symbols and compares them

with a target SIR on lead 424. The TPC command circuit 430
produces TPC symbol 947 (FIG. 9B) for transmission to the
remote base station in the reverse link. The remote base
station adjusts transmit power of antenna A1 for time slot 931
at time t_, 1n response this TPC symbol. Pilot symbols 944 of
time slot 941 from antenna A2 are transmitted attime t_,. The
SIR measurement circuit 432 (FI1G. 4) measures these pilot
symbols and produces TPC symbol 950 (FIG. 9B) for trans-
mission to the remote base station in the reverse link. The
remote base station adjusts transmit power of antenna A2 for
time slot 942 at time t_, 1n response this TPC symbol. This
embodiment of the present invention, therefore, provides a
turther advantage of independent power control of each trans-
mit antenna. Transmit power variance 1s minimized by adjust-
ing transmit power for each antenna 1n a time slot 1mmedi-
ately following the measured pilot symbol signal time slot.
The signal flow diagram of FI1G. 9C illustrates yet another
embodiment of closed-loop power control for a STTD system
of the present invention. The ST'TD system transmits forward
link time slots 960-962 from antenna Al 1n parallel with
torward link time slots 970-972 from antenna A2. Pilot sym-
bols 963 of time slot 960 from antenna Al and pilot symbols
973 of time slot 970 from antenna A2 are transmitted at time
t . The SIR measurement circuit 432 (FIG. 4) measures each
ol these pilot symbols and compares them to a target SIR on
lead 424. A result of the comparison 1s applied to TPC com-
mand circuit 430 via circuit 428. The TPC command circuit
produces TPC symbols 984 and 985 (F1G. 9C) corresponding,
to antennas Al and A2, respectively. Both TPC symbol sig-
nals are transmitted to the remote base station in the same
time slot of the reverse link. The remote base station indepen-
dently adjusts transmit power of antennas Al and A2 at time
t_inresponse to TPC symbols 984 and 985, respectively. This
method of closed-loop transmit power control 1s highly
advantageous 1n regulating transmit power with minimum
variance. Transmit power of each antenna Al and A2 1s inde-
pendently controlled. Transmit power variance 1s minimized
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for both antennas2 by transmit power adjustment 1n a time
slot immediately following the measured pilot symbol signal

time slot.

Referring now to FIG. 10A, advantages of the present
invention will be explained 1n detail with reference to the
simulation of weighted multi-slot average (WMSA) channel
estimation for STTD and TSTD for 5 Hz Doppler. The simu-
lation curves show a coded bit error rate (BER) for a range of
ratios of energy per bit (Eb) over noise (NO). The 5 Hz
Doppler corresponds to mobile station movement with
respect to a base station at walking speed. For a coded BER of
preferably 107>, STTD shows approximately 0.75 dB
improvement with respect to TSTD. Both show significant
improvement over OTD. The simulation curves of FIG. 10B
compare power control for STTD and TSTD for 5 Hz Dop-
pler. For example, STTD shows approximately 0.9 dB
improvement over TSTD for a coded BER of preferably 107°.

Simulation curves of F1IG. 11 A show a coded bit error rate
(BER) for a range of Eb/NO for WMSA channel estimation at
200 Hz Doppler, corresponding to mobile station movement
with respect to a base station at a vehicular speed of 120 kmph
(80 mph). The STTD system shows approximately 0.25 dB
improvement with respect to OTD at a coded BER of prefer-
ably 107°. A similar advantage over TSTD is likely in view of
the stmilarity of TSTD and OTD curves. Likewise, for a
preferable coded BER of 1077, the curves of FIG. 11B show
a 0.75 dB improvement in power control for STTD over
TSTD for 200 Hz Doppler. The STTD system, therefore,
provides sigmificantly improved BER over OTD and TSTD
systems of the prior art.

Although the invention has been described in detail with
reference to 1ts preferred embodiment, it 1s to be understood
that this description 1s by way of example only and 1s not to be
construed 1n a limiting sense. For example, advantages of the
present invention may be achieved by a digital signal process-
ing circuit as will be appreciated by those of ordinary skill 1n
the art having access to the instant specification. Furthermore,
the advantages of ST'TD accuracy and independent transmit
antenna power control as described mm FIG. 9C may be
achieved with a single TPC symbol signal. A QPSK TPC
symbol signal includes four states, including two states for
cach of the real and imaginary components. The real compo-
nents, for example, may correspond to antenna Al and the
imaginary components may correspond to antenna A2. Thus,
a state of the real or imaginary component of a single TPC
symbol may be used to independently adjust transmit power
of antenna Al or antenna A2, respectively.

Moreover, advantages of the present immvention may be
extended to four transmit antennas by including the previ-
ously described STTD symbol pattern (FIG. 2) as an overlay
of the OTD (FIG. 5) or TSTD (FIG. 8) symbol patterns. The
STTD overlay pattern for OTD with four antennas 1s given by
equation [13].

Ant a b a b [15]
Anty -b* a* -b" a’

Ans| | ¢ d —c —d

Any | |-d* ¢ d° ¢

This STTD overlay pattern for OTD substitutes the STTD
symbol pattern of FI1G. 2 for each OTD symbol of FIG. 5. For
example, the four upper-left matrix elements |a b —-b* a* | of
equation [15] correspond to STTD symbols | S, S, =S, * S, *]
of FIG. 2. These four elements of equation [15] and the four
top-right duplicate matrix elements correspond to elements
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[S; S,] on lead 504 (FIG. 5). Likewise, the four bottom-left
matrix elements and the four bottom-right matrix elements of
equation [15] correspond to elements [S, —S,] on lead 506
(FIG. 5). An STTD overlay pattern for TSTD 1s given by
equation [16] where¢ corresponds to null elements when
alternate antennas are transmitting.

Ant, a b b o [16]
Anty -b* a* ¢ ¢
Ants | | ¢ @ ¢ d
Anty o ¢ =-d° c

It 1s understood that the inventive concept of the present
invention may be embodied 1n a mobile communication sys-
tem as well as circuits within the mobile communication
system. It 1s to be further understood that numerous changes
in the details of the embodiments of the mvention will be
apparent to persons of ordinary skill in the art having refer-
ence to this description. It 1s contemplated that such changes
and additional embodiments are within the spirit and true
scope of the invention as claimed below.

What 1s claimed:

[1. A circuit, comprising:

a measurement circuit coupled to recerve a first wideband
code division multiple access signal, comprising at least
one pilot, from a first antenna of a remote transmitter and
coupled to receive a second wideband code division
multiple access signal, comprising at least one pilot,
from a second antenna of the remote transmitter, each of
the first and second wideband code division multiple
access signals being transmitted at a first time, the mea-
surement circuit producing a first output signal corre-
sponding to a magnitude of the first wideband code
division multiple access signal and a second output sig-
nal corresponding to a magnitude of the second wide-
band code division multiple access signal; and

a control circuit coupled to receive the output signal and a
reference signal, the control circuit arranged to produce
a first transmit power control signal and a second trans-
mit power control signal at a second time 1n response to
a comparison of the output signal and the reference
signal, each of the first and second transmit power con-
trol signals set to control transmit power of respective
said first and second antennas.]

[2. A circuit as in claim 1, further comprising an estimate
circuit coupled to receive at least a first predetermined signal
and a second predetermined signal from the remote transmiut-
ter, each of the first and second predetermined signals having,
respective predetermined values, the estimate circuit produc-
ing at least one of the first estimate signal and the second
estimate signal 1n response to the first and second predeter-
mined signals.}

[3. A circuit as in claim 2, wherein each of the first and
second predetermined signals are pilot symbols.]

[4. A circuit as in claim 3, wherein the measurement circuit,
the control circuit and the estimate circuit are formed on a
single integrated circuit.}

[S. A circuit as in claim 3, wherein each of the first and
second estimate signals 1s a Rayleigh fading parameter esti-
mate.]

[6. A circuit as in claim 3, wherein a total path diversity of
cach of the first and second symbol estimates 1s at least twice
a number of transmitting antennas.]

[7. A circuit as in claim 1, wherein the measurement circuit
1s Turther coupled to recerve a third input signal from a third
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antenna of the remote transmitter and coupled to receive a
fourth input signal from a fourth antenna of the remote trans-
mitter, each of the third and fourth mput signals being trans-
mitted at the first time, and wherein the output signal further
corresponds to at least one of the third and fourth mput sig-
nals.]

[8. A circuit as in claim 7, wherein each of the input signals
comprise at least one pilot symbol.]

[9. A circuit as in claim 7, wherein each of the input signals
is a wideband code division multiple access signal.]

[10. A circuit as in claim 7, wherein the output signal
corresponds to a sum of magnitudes of the input signals.}

[11. A circuit as in claim 7, wherein the control signal
comprises at least one transmit power control signal.]

[12. A circuit, comprising:

a measurement circuit coupled to receive a first input signal
from a first antenna of a transmitter at a first time and
coupled to recerve a second mput signal from a second
antenna of the transmaitter at a third time, the measure-
ment circuit producing a first output signal correspond-
ing to a magnitude of the first input signal and producing
a second output signal corresponding to a magnitude of
the second 1nput signal; and

a control circuit coupled to receive the first and second
output signals and a reference signal, the control circuit
arranged to produce a first control signal at a second time
after the first time 1n response to a comparison of the first
output signal and the reference signal, the control circuit
arranged to produce a second control signal at a fourth
time after the third time in response to a comparison of
the second output signal and the reference signal.]

[13. A circuit as in claim 12, wherein each of the first and

second input signals comprise at least one pilot symbol.}

[14. A circuit as in claim 12, wherein each of the first and
second control signals comprise at least one transmit power
control signal.]

[15. A circuit as in claim 12, wherein each of the first and
second 1nput signals 1s a wideband code division multiple
access signal. ]

[16. A circuitas in claim 12, further comprising an estimate
circuit coupled to recerve at least a first predetermined signal
and a second predetermined signal from the transmitter
source, each of the first and second predetermined signals
having respective predetermined values, the estimate circuit
producing the first estimate signal and the second estimate
signal 1n response to the first and second predetermined sig-
nals.]

[17. A method of processing signals for a communication
system, comprising the steps of:

receving at least one control signal, comprising at least
one transmit power control signal, transmitted from an
external source at a first time;

producing a transmit power level corresponding to at least
one of a plurality of antennas in response to the control
signal; and

transmitting a plurality of signals to the external source at
a respective said transmit power level at a second time
from a respective said plurality of antennas, wherein the
at least one transmit power control signal includes a
plurality of transmit power control signals, and wherein
the respective said transmait power level for each of said
plurality of antennas 1s set by a respective transmit
power control signal of the plurality of transmit power
control signal.]

[18. A method of processing signals as in claim 17, wherein

the respective said transmit power level has a same transmit
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power adjustment for each of said plurality of antennas in
response to one transmit power control signal.}

[19. A method of processing signals, comprising the steps
of:

selecting a diversity pattern having plural elements corre-

sponding to plural signal sources and plural times;
selecting a symbol pattern having a plurality of symbols
corresponding to plural signal sources and plural times;
producing an overlay of each element of the diversity pat-
tern with the symbol pattern.}

[20. A method as in claim 19, wherein each element of the
diversity pattern 1s one of a true and a complement of another
element in the diversity pattern. ]

[21. A method as in claim 19, wherein each symbol of the
symbol pattern 1s at least one of a true, a complement and a
conjugate of another symbol in the symbol pattern.]

[22. A method as in claim 19, further comprising the steps

of:

transmitting a first symbol of the symbol pattern corre-
sponding to a first element of the diversity pattern from
a first antenna at a first time;
transmitting a second symbol of the symbol pattern corre-
sponding to the first element of the diversity pattern from
a second antenna at the first time;
transmitting a fifth symbol of the symbol pattern corre-
sponding to a second element of the diversity pattern
from a third antenna at the first time; and
transmitting a sixth symbol of the symbol pattern corre-
sponding to the second element of the diversity pattern
from a fourth antenna at the first time.]
[23. A method as in claim 22, further comprising the steps
of:
transmitting a third symbol of the symbol pattern corre-
sponding to the first element of the diversity pattern from
the first antenna at a second time;
transmitting a fourth symbol of the symbol pattern corre-
sponding to the first element of the diversity pattern from
the second antenna at the second time;
transmitting a seventh symbol of the symbol pattern cor-
responding to the second element of the diversity pattern
from the third antenna at the second time; and
transmitting an eighth symbol of the symbol pattern corre-
sponding to the second element of the diversity pattern
from the fourth antenna at the second time.]
[24. A method as in claim 19, further comprising the steps
of:
transmitting a first symbol of the symbol pattern corre-
sponding to a first element of the diversity pattern from
a first antenna at a first time;
transmitting a second symbol of the symbol pattern corre-
sponding to the first element of the diversity pattern from
a second antenna at the first time;
transmitting a fifth symbol of the symbol pattern corre-
sponding to a second element of the diversity pattern
from a third antenna at a third time; and
transmitting a sixth symbol of the symbol pattern corre-
sponding to the second element of the diversity pattern
from a fourth antenna at the third time.]
[25. A method as in claim 24, further comprising the steps
of:
transmitting a third symbol of the symbol pattern corre-
sponding to the first element of the diversity pattern from
the first antenna at a second time;
transmitting a fourth symbol of the symbol pattern corre-
sponding to the first element of the diversity pattern from
the second antenna at the second time;
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transmitting a seventh symbol of the symbol pattern cor-
responding to the second element of the diversity pattern
from the third antenna at a fourth time; and

transmitting an eighth symbol of the symbol pattern corre-
sponding to the second element of the diversity pattern
from the fourth antenna at the fourth time.]

[26. A method as in claim 24, further comprising the steps
of:

not transmitting from the third and the fourth antennas

during a part of the first time; and

not transmitting from the first and the second antennas

during a part of the third time.]

[27. A method of processing signals, comprising the steps
of:

recerving an overlay pattern of transmitted symbols from

plural signal sources at plural times;

decoding the overlay pattern according to a diversity pat-

tern having plural elements corresponding to plural sig-
nal sources and plural times; and

decoding the overlay pattern according to a symbol pattern

having a plurality of symbols corresponding to plural
signal sources and plural times, the symbol pattern cor-
responding to each of plural elements of the diversity
pattern.]

[28. A method as in claim 27, wherein each element of the
diversity pattern 1s one of a true and a complement of another
element in the diversity pattern.]

[29. A method as in claim 27, wherein each symbol of the
symbol pattern 1s at least one of a true, a complement and a
conjugate of another symbol in the symbol pattern.]

[30. A method as in claim 27, further comprising the steps

of:

recerving a first symbol of the symbol pattern correspond-
ing to a first element of the diversity pattern from a first
antenna at a first time;

receving a second symbol of the symbol pattern corre-
sponding to the first element of the diversity pattern from
a second antenna at the first time;

recerving a fifth symbol of the symbol pattern correspond-
ing to a second element of the diversity pattern from a

third antenna at the first time; and
recerving a sixth symbol of the symbol pattern correspond-
ing to the second element of the diversity pattern from a
fourth antenna at the first time.}
[31. A method as in claim 30, further comprising the step of
decoding the first, second, fifth and sixth symbols.]
[32. A method as in claim 30, further comprising the steps
of:
recerving a third symbol of the symbol pattern correspond-
ing to the first element of the diversity pattern from the
first antenna at a second time;
recerving a fourth symbol of the symbol pattern corre-
sponding to the first element of the diversity pattern from
the second antenna at the second time:;
receving a seventh symbol of the symbol pattern corre-
sponding to the second element of the diversity pattern
from the third antenna at the second time; and
receving an eighth symbol of the symbol pattern corre-
sponding to the second element of the diversity pattern
from the fourth antenna at the second time.]
[33. A method as in claim 27, further comprising the steps
of:
recerving a first symbol of the symbol pattern correspond-
ing to a first element of the diversity pattern from a first
antenna at a first time;




US RE44,358 E

13

receiving a second symbol of the symbol pattern corre-
sponding to the first element of the diversity pattern from
a second antenna at the first time;

receiving a fifth symbol of the symbol pattern correspond-
ing to a second element of the diversity pattern from a
third antenna at a third time; and

receiving a sixth symbol of the symbol pattern correspond-

ing to the second element of the diversity pattern from a
fourth antenna at the third time.}

[34. A method as in claim 33, further comprising the steps
of:

not decoding a symbol from the third and the fourth anten-
nas during the first time; and

not decoding from the first and the second antennas during
the third time.]

[35. A method as in claim 33, further comprising the steps

of:

receiving a third symbol of the symbol pattern correspond-
ing to the first element of the diversity pattern from the
first antenna at a second time;

receiving a fourth symbol of the symbol pattern corre-
sponding to the first element of the diversity pattern from
the second antenna at the second time;

receiving a seventh symbol of the symbol pattern corre-
sponding to the second element of the diversity pattern
from the third antenna at a fourth time; and

receiving an eighth symbol of the symbol pattern corre-
sponding to the second element of the diversity pattern
from the fourth antenna at the fourth time.]

30. A transceiver circuit, COmprising:

a measurement circuit coupled to rveceive a first input sig-
nal from a first antenna of a transmitter vemote from the
transceiver and coupled to veceive a second input signal
from a second antenna of the transmitter, each of the first
and second input signals being transmitted at a first
time, the measurement civcuit producing an output sig-
nal in response to the first and second input signals; and

a control circuit coupled to veceive the output signal and a
reference signal, the control circuit arranged to produce
a first power control signal and a second power control
signal to control transmit power from the first and sec-
ond transmit antennas.

37. A circuit as in claim 36, wherein each of the first and

second input signals comprises at least one pilot symbol.

38. A circuit as in claim 36, wherein each of the first and
second input signals is a wideband code division multiple
access signal.

39. A circuit as in claim 36, wherein the output signal
comprises a sum of the magnitude of each of the first and
second input signals.

40. A circuit as in claim 36, wherein the output signal
comprises a first output signal and a second output signal, the

5

10

15

14

first output signal corrvesponding to a magnitude of the first
input signal and the second output signal corresponding to a
magnitude of the second input signal.

41. A circuit as in claim 36, wherein the first and second
power control signals have a same value.

42. A circuit as in claim 36, wherein the first and second
power control signals have different values.

43. A circuit as in claim 36, wherein the measurement
circuit and the control circuit are formed on a single inte-
grated circuit.

44, A circuit as in claim 36, wherein the measurement
circuit is further coupled to receive a thivd input signal from
a third antenna of the transmitter and coupled to receive a
Jourth input signal from a fourth antenna of the transmitter,
each of the thivd and fourth input signals being transmitted at
the first time, and wherein the output signal further corre-
sponds to at least one of the thivd and fourth input signals.

45. A method of processing signals for a transceiver, com-

20 prising the steps of:

25

35

40

45

50

receiving a first input signal transmitted from a first
antenna of a transmitter vemote from the transceiver at a
first time;

receiving a second input signal transmitted from a second

antenna of the transmitter at the first time;

measuring each of the first and second input signals and

producing at least one output signal,;

comparing the at least one output signal to a reference

signal; and

producing a first power control signal and a second power

control signal to control transmit power from the first
and second transmit antennas in response to the step of
comparing.

46. A method as in claim 45, whervein each of the first and
second input signals comprises at least one pilot symbol.

47. A method as in claim 45, whevein each of the first and
second input signals is a wideband code division multiple
access signal.

48. A method as in claim 45, wherein the output signal
comprises a sum of the magnitude of each of the first and
second input signals.

49. A method as in claim 45, wherein the output signal
comprises a first output signal and a second output signal, the
first output signal corrvesponding to a magnitude of the first
input signal and the second output signal corresponding to a
magnitude of the second input signal.

50. A circuit as in claim 45, wherein the first and second
power control signals have a same value.

51. A circuit as in claim 45, wherein the first and second
power control signals have different values.
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