United States Patent

US006757319B1

(12) (10) Patent No.: US 6,757,319 B1
Parsa et al. @#5) Date of Patent: Jun. 29, 2004
(54) CLOSED LOOP POWER CONTROL FOR OTHER PUBLICATIONS
COMMON DOWNLINK TRANSPORT
CHANNELS Dr. Kourosh Parsa, “Common Packet Channel (CPCH): The
optimum Internet Mechanism in W—CDMA,” 2000, IEE, pp
(75) Inventors: Kourosh Parsa, Riverside, CT (US); 148-155.*
Emmanuel Kanterakis, North « .
Brunswick, NJ (US) Dr. Kourosh Pgrsa, An Overview of Commpn Channel
’ (CPCH), an Optimum Wireless Internet mechanism in 3GPP
(73) Assignee: Golden Bridge Technology Inc., West v ¢DMA Sg::szf;‘ify;’;zgifﬁ;ﬁ;’ﬁ?@%‘&”ﬁiN;;
Long Branch, NJ (US) 388305 *
(*) Notice:  Subject to any disclaimer, the term of this Hyu-Dae Kim et al., “A Prioritized Random Access With
patent is extended or adjusted under 35 Discrimination Power Ramping Step Size,” Hyu—Dae Kim
U.S.C. 154(b) by 692 days. et al, 2000, IEEE, pp 1751-1757.*
Lei Zhou et al, “Performance Analysis of CPCH-Type
(21) Appl. No.: 09/722,685 Packet Channels for Variable-Bit—Rate Applications,” ,
2001, IEEE, pp 1130-1133.*
(22) Filed: Nov. 28, 2000
(List continued on next page.)
Related U.S. Application Data
(60) 113;(;;1.510%1 application No. 60/167,852, filed on Nov. 29, Primary Examiner—Tesfaldet Bocure
(51) Int. CL7 oo, HO04B 1/69; HO4B 7/216 &) ABSTRACT
(52) US.Cl .ot 375/141; 370/441 To increase capacity in a spread spectrum packet commu-
(58) Field of Search 375/130, 131, nication system, a closed loop power control (CLPC) is
375/140, 141, 146, 147; 370/335, 342, provided for a common/shared downlink transport channel,
394, 441, 445 such as a Forward Access Channel (FACH) and Downlink
Shared Channel (DSCH), by using an existing uplink Com-
(56) References Cited mon Packet Channel (CPCH) mechanism. After an appro-
priate access phase and a collision detection phase, a mobile
U.S. PATENT DOCUMENTS station sends its closed-loop power control information
. along with any packet data over the CPCH uplink channel.
g’égg’gg 2 41%22421 gﬁﬁgﬁ:gﬁ Z: Z}: Concurrently, the base station (BS) begins its downlink
7 transmission of data and control information to the mobile
(List continued on next page.) station (MS). The base station transmits the packet data
through the common/shared downlink transport channel,
FOREIGN PATENT DOCUMENTS and the power of that transmission is controlled in response
to the control information sent by the MS. The power of the
WO 003499 Al 1/2000 uplink transmission from the MS is controlled in response to
xg 8(1)2?23 ﬁ ggggg the control information sent by the BS, for example via a
WO 022873 AL 4/2000 dedicated downlink channel (DCH).
WO 057591 Al 9/2000
WO 057663 Al 9/2000 31 Claims, 6 Drawing Sheets

ANTENNA

PREAMBLE
PROCESSOR

PROGRAMABLE
MATCHED
FILTER

Cats

LOCAL
OSCILLATOR

SPREADING
SEQUENCE
GENERATOR

QUADRATURE
MODULATOR

DATA AND
NTROL
PROCESSOR

-mx0>®»T
IMAPZHOT

FEC
INTERLEAVER b
- sioame

323 322

DATA

———————— CONTROL



US 6,757,319 Bl
Page 2

5,295,140
5,329,550
5,384,777
5,461,639
5,537,397
5,544,196
5,671,218
5,673,259
5,729,542
5,802,465
5,825,835
5,850,602
5,875,182
5,893,036
5,804,472
5,933,777
5943327
5,953,369
5,982,763
5,991,308
6,000,089
6,011,788
6,026,081
6,031,832
6,038,223

U.S. PATENT DOCUMENTS

b e S g g g g g g gk g B S S

3/1994
7/1994
1/1995
10/1995
7/1996
8/1996
9/1997
9/1997
3/1998
9/1998
10/1998
12/1998
2/1999
4/1999
4/1999
8/1999
8/1999
9/1999
11/1999
11/1999
12/1999
1/2000
2/2000
2/2000
3/2000

Crisler et al.
Rousseau et al.
Ahmadi et al.
Wheatley, III et al.
Abramson

Tiedemann, Jr. et al.

Tetal

Quick, Ir.
Dupont
Hamalainen et al.
Kingston et al.
Tisdale et al.
Hatzipapafotiou
Trandai et al.
de Seze
Rahman
Mademann
Suzuki

Sato

Fuhrmann et al.
Huang et al.
Hurst et al.
Hamabe

Turina
Hansson et al.

6,038,250 A 3/2000 Shou et al.
6,091,757 A 7/2000 Cudak et al.
6,115,390 A 9/2000 Chuah

6,141,373 A 10/2000 Scott

6,144,841 A 11/2000 Feeney
6,144,861 A 11/2000 Sundelin
6,163,533 A 12/2000 Esmailzadeh et al.
6,163,708 A 12/2000 Groe

6,169,759 B1 1/2001 Kanterakis et al.
OTHER PUBLICATIONS

Dr. Kourosh Parsa et al. “System Engineering of Data
Services in UMTS W-CDMA Systems,” 2001, IEEE, pp
1373-1380.*

Young Dae Lee et al. “Performance Evaluation of Start of
Message Indicator Mechanism for Uplink Common Channel
in UTMS W-CDMA,,” 2001, IEEE, pp 2292-2296.*
“Start UMTS Services with 3G-GPRS:CPCH/FACH,”
Golden Bridge Technology, Innovations and Technologies,
pp. 1-20 (Jun. 27, 2000).

The Common Packet Channel considered the 3 Generation
GPRS, System Engineering of Data Services in UMTS
W-CDMA Systems, IST Mobile Communications Summit,
Galway, Ireland, Oct. 1-4, 2000.

* cited by examiner



US 6,757,319 Bl

Sheet 1 of 6

Jun. 29, 2004

U.S. Patent

(LMY ¥OI¥d) Z '9Id

[auuBy) 18304 UoWWO)D Julidn

UoIleWLIO| |0JJU0 D) Jo/pue abessaly 2ad : —||_ : E

(HOIFGD ‘HOIV-dY) [BUUBYD J0JBOIPU MUIIUMO(

HIC

[pUUEYD HUIlUMO(J

uoljewWIojU| |0IU0Y Jo/pue abessay

(L¥V HOI1dd) L 'Old

[suueyd yuidn

L] L L]

[auueyD yYodsuel] JuijumoQg Uowwod

abessop




US 6,757,319 Bl

Sheet 2 of 6

Jun. 29, 2004

U.S. Patent

dNOHd3A13d1l di

:l“llu @E
= |
\ | I oM uaosx El
- 1z j , A
\\\\\ [ u //t
// Ll
6l (o
NERVEEN m Si~E o
T =
o t/ jam |
m_>wwx Sk~o o/SW
SiNo o Y —
] S \ »\\ ; va/»
(ia) (7q)
.a € 'Old

SN

L !
Y

dADSX
€l
)

sq



US 6,757,319 Bl

Sheet 3 of 6

Jun. 29, 2004

U.S. Patent

14

"OId

) [auuey) 39204 UOWWON Yulidn

ele(
uofewou| [euondo Yum eleq |0uon

¥ dv

dv
dv

. as
(HOI-aD pue HOJV-dV) s|auuey) Jojedlpu] yuljumoq

eleq |0Jjuo)

} 7 ap-sg  >XOv-dv [duueyp pajesipaq yuljumoq

h Jouuey) Jodsuel] paleyg/uowiwiod) yuljjumoq

eleJ uolewluoju|

(HOV4 410 19d ‘HDD4g 'B°9) |auuey) 3sespeoig uowwo)

ainpasooid sjeul
0} abessaw }seopeoig



US 6,757,319 Bl

Sheet 4 of 6

Jun. 29, 2004

U.S. Patent

JOHINOD ———————-— S 'Ol4
vilvad
T2e~ AT ¥2E~
ONITYNDIS
+ylyg —» mmwwwzm M MIVITEN [
% 5 3 L 826~ 626~ OEE~
| | 13 N oo
A [ HOLYINAOW
_ N ° ova P o I b= I
| o004 ™ W D Mu\ FUNLYYAvYND
i r Y
| 5 d v 128~ ¥
_ y O d MOLVHANTD | |
| odL E 3ON3IND3S |
[ > ONIQVIHdS |
ONITYNDIS | AoV i _
+ V1V( | A | _ !
_ _ _ _ | e~ Ole
[ S N N - ___ L _ ___2 U
128~ “ HOLVYTII0S0
YO0
- mmwwwg 8lE~
_ o ¥0OSS300Ud
“ 3 <« TJOHINOD (e
_ 028~ 1 aNv v1va
_ 1 GLE
|y HEIAVEREIN | o) L1e~ - Ve~ e~ v e~ |
| -3a d "OSSI00Ud | | ISETR[E YOLYINTOW ”
| 1 N 1071d — Q3HOLYN  [€— 2aV 14— -3a — Y |« i
_ N I18YNYHOOHd 3NLYHAVNO ,
|||||||||||| o o X 808~
o - HOSSIOOMd | | w | 7\
RN « I1anvadd _ “ YNNILNY
T 4 | I
| _ | |
b e e  _ 1 -



US 6,757,319 Bl

Sheet 5 of 6

Jun. 29, 2004

U.S. Patent

9 'Old

143°]

~

¢1041INGD

[
»

vivda

¢lOld

[suueysn

paleys
JUOUIUIOD

L10HLNOD

adl

L1O7TId

|0JJU0D) JIaMod

doo paso|D
104 HOA

8L9

NIVO

L9~

€19~/

»  NIVO

919 ~

ao

s

HOI-dd

NIVO

Z19-

\ 4

H3T104LNOD

MOV

61€

HOI-dV

NIVO

A

119~

619~

619

1a)ewio 19x0ed

|74




US 6,757,319 Bl

Sheet 6 of 6

Jun. 29, 2004

U.S. Patent

LELA L Old
T19NYIHd HO4
| HOLYHANIO
_ 10711d
“ 257~ ISY~ TJOYLNQOD ————————
| HOLYYIANIO > 1744
_V I19NVYINd X E v.ivd
| 22~ 627~ n Ly
— | 5 ¥3QOONT |\ yaavgreaiN > d sev
ONITYNDIS | 03 31 827 ~ 62Y ~ 0E¥ ~
+V1va _ X 13
|||||| Ao v A ova || Hobmmaow Lyl gy L
| v1va "04 101id W 2
g Vv A
_ >
! P 1o d Ler~ _
_ dl 7| 4 _ HOLVYINIO _
{ N _ ION3ND3S |
_ MOV ! ONIaVI™dS
ONITYNDIS [ A | 7Y _
e _ “ “ _ “ 0P~ Y
[
2 _ e B IO DU | AN U
D _ _ 8Ly "OLYTIOSO
_,| 300030 2 w007 h
! 034 H0SS300Ud
! A o < TOYINOD <
! 3 aNV v1va
" = ; S
| c R ply AN Ly
= mm><.m_._mmhz_ ] 0 MOSST00ud S~ ~ RS 4 ~
! A m A 101id il NEIRIE! HOLYINQOW
| N — Q3HOLVI < oayv [ -3 < dY
__ o IL @—#J FEYNVEOON FANLYHAYND
T ) woLoaiaa |, | A A 60
[ ! P
f A _ _ YNNILNY
| | 1
oY __ r J



US 6,757,319 B1

1

CLOSED LOOP POWER CONTROL FOR
COMMON DOWNLINK TRANSPORT
CHANNELS

RELATED APPLICATION

This application claims the benefit of U.S. Provisional
Application No. 60/167,852, entitled “Closed Loop Power
Control of the Forward Access Channel (FACH), Downlink
Common Packet Channel via Uplink CPCH” filed on Now.
29, 1999, the disclosure of which is entirely incorporated
herein by reference.

FIELD OF THE INVENTION

This invention relates to spread-spectrum
communications, and more particularly to code-division-
multiple-access (CDMA) cellular, packet-switched commu-
nication systems. The inventive concepts involve using a
Common Packet Channel (CPCH) as an uplink transport
channel to perform closed-loop power control of a common
or shared downlink transport channel, such as the Forward
Access Channel (FACH) or the Downlink Shared Channel
(DSCH).

BACKGROUND

Recent developments in wireless communications tech-
nologies have allowed expansion of service offerings from
the original voice telephone service model to include a
number of services supporting packet data communications.
As customers become increasingly familiar with data ser-
vices offered through landline networks, they are increas-
ingly demanding comparable data communications in the
wireless domain, for example to maintain service while
mobile subscribers roam freely or to provide remote service
in locations where wireless loops are preferable to landline
subscriber loops. A number of technologies support packet
data communications in the wireless domain. Increasingly,
these technologies rely on direct sequence spread spectrum
communication over the air-link.

In a conventional Code Division Multiple Access
(CDMA) communication system, information transmitted
between stations is modulated using a spreading code. All
stations transmit over one common frequency band. Differ-
ent spreading codes are used to distinguish information
associated with different stations. Logically speaking, the
“channels” in such a communication system correspond to
the different codes.

Since all stations transmit information using the common
frequency band, the transmission from each station inter-
feres with the communications of the other stations. In any
such direct sequence spread spectrum communication
system, when a particular device is attempting to receive a
transmission, any transmissions of other stations using codes
not recognized by or assigned to the particular device appear
as background noise. If the noise level is too high at the
receiver, that device can not accurately distinguish trans-
missions directed to it even though the signals were spread
using the assigned code(s). For example, signals received by
a base station from a mobile station close to the base station
are much stronger than signals received from other mobile
stations located at the base station’s cell boundary. As a
result, distant mobile communications are overshadowed
and dominated by closein mobile stations. This condition is
sometimes referred as the “near-far effect.”

To increase capacity it becomes necessary decrease inter-
ference. To that end, most conventional CDMA communi-
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cation techniques involve some form of transmission power
control. In a CDMA system, all mobile-transmitted signals
should arrive at the base station with about the same average
power irrespective of their distance from the base station.
Typically, the mobile station attempts to control its transmit
(uplink) power within a relatively small tolerance based on
power control messages from the base station. Conventional
dedicated channel communications in CDMA utilize a simi-
lar closed-loop power control for the downlink (or forward)
transmit channel, except during hand-off wherein each base
station varies the transmit power using an open-loop control
algorithm.

These direct sequence spread spectrum communication
techniques have been extensively developed and deployed to
offer circuit switched communication services, particularly
for voice telephone grade communications of mobile cus-
tomers. These systems offer some limited data communica-
tions capabilities. However, customers increasingly are
demanding higher-rate packet data communications in the
wireless domain. Considerable technological effort is under
way in the wireless industry to develop a third generation
(3G) digital communication system, which among other
services, will support higher-rate packet data communica-
tions.

Currently, there are two modes of operation for packet
data transport in the 3GPP UMTS standard for wideband
code division multiple access (W-CDMA), circuit mode and
packet mode. A Dedicated Channel (DCH) is used to transfer
packet data in a circuit mode of operation in both directions.
In the packet mode, the Common Packet Channel (CPCH),
the Forward Access Channel (FACH), and the Downlink
Shared Channel (DSCH) offer a common packet data
mechanism for bursty data Internet traffic, such as:

E-Commerce

Unified Messaging

Video Clips

Video Monitoring

Web Browsing

Chatting

Picture and File Transfers

As presently envisage for packet services, there are two or
more “common/shared downlink transport channels,” of
which the Forward Access Channel FACH is one and the
Downlink Shared Channel (DSCH) is the other. In the
current standards, the operation of the downlink common
transport channels does not support closed loop power
control (CLPC). In the case of DSCH, a pair of dedicated
channels, one of which for the uplink and the other of which
for the downlink, can be used to enable CLPC. However,
this method is very inefficient and wastes valuable system
capacity.

FIG. 1 shows an example of the current operation of a
FACH type common downlink channel. As shown, the base
station listens to a signaling message periodically sent by the
mobile station indicating the level at which the mobile
station can listen (lower line). Then, the base station trans-
mits the packet through the FACH (top line). The base
station can signal to the MS to initiate a downlink packet
transfer through one of the available mechanisms, such as
the FACH, the Broadcast Channel (BCH) or the Paging
Indicator.

A basic common-packet channel (CPCH) provides an
uplink transport channel for transmitting variable size pack-
ets from a mobile station (MS) to a base station (BS) without
the need for direct resource allocation. The channel resource
allocation is contention based. A number of mobile stations
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could at any time contend for the same resources, as found
in ALOHA systems.

FIG. 2 shows the operation of a mobile station over a
CPCH channel together with the related indicator channel
and downlink channel from the base station. In operation, a
mobile station (MS), having all the necessary information
from a nearby BS, starts transmitting a series of access
preambles as shown at AP in the lower line in FIG. 2. Each
particular access preamble in the series is the same
preamble, selected from a set of predefined access preambles
corresponding to CPCH channels operating through the base
station. The MS transmits each particular access preamble
(AP) at predefined time intervals and at increasing power
levels, preferably in a step-wise manner. The transmitted
power during each access preamble transmission is constant.

When the base station receives and identifies one of the
access preambles, it responds by transmitting a correspond-
ing acknowledgment AP-ACK over the AP indicator chan-
nel (AP-AICH), as shown in the middle line in FIG. 2. With
this ALOHA type access technique, there is a good possi-
bility that two or more MSs may try to access the BS using
the same access preamble at substantially the same time. In
such a case, the AP-ACK acknowledgement signal could be
successfully received by more than one MSs. If these MSs
are allowed to transmit data, the transmissions will collide.
In case of collision, none of the data from either of the
transmitting MSs will be received correctly. To resolve this
problem, the MSs need to undergo a collision detection or
“CD” phase.

In the CD phase, upon receiving an AP-ACK
acknowledgement, the MS randomly selects a collision
detection (CD) signature from a predetermined set of pos-
sible CD signatures. The MS transmits a CD preamble
containing the coded CD signature (shown as a CD packet
in the lower line of FIG. 2). If the base station successfully
receives a CD preamble, it sends back a CD acknowledge-
ment (CD-ACK), which is the same as or otherwise corre-
sponds to the CD signature transmitted by the MS, over a
downlink indicator channel known as CD-ICH, as appears in
the middle line in the drawing. The BS responds to only one
of the many possible received CD preamble signatures
transmitted by different MSs, to thereby allocate the CPCH
channel to one of the contending mobile stations.

Upon receiving a CD-AICH corresponding to its own CD
preamble signature, indicating that there are no collisions or
the base station has resolved any collision, the MS will begin
to send its closed-loop power control information along with
its packet data. The BS will also begin to send any message
data together with any closed-loop power control informa-
tion over the downlink channel (top line in FIG. 2).

Data sent over the FACH (FIG. 1) can be transmitted only
using a slow power control. Slow power control is equiva-
lent to a downlink open loop power control. The power level
at which the packet is transmitted constantly over the FACH
is determined based on a signaling message periodically sent
by the intended receiving mobile station (MS). As shown in
FIG. 1, the base station transmits the message through the
FACH at a constant level for the duration of the packet
transmission, that is to say, at the continuous level indicated
in the signaling message periodically sent by the mobile
station. This type of power control is not very accurate and
does not allow for any form of dynamic adjustment.

If a common downlink channel is used, such as FACH,
there is no closed loop power control for the associated
uplink channel because the common channel has no power
control capability. Likewise, if a common uplink channel,
such as a random access channel, (RACH) is used, then there
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will be no closed loop power control for the downlink
channel. CLPC is possible only when the UL has control
feature (e.g. using CPCH) and when the DL has control
feature (e.g. DCH counterpart to FACH/DSCH).

As shown by the above discussion, these newer spread-
spectrum techniques intended for wideband packet commu-
nication utilize CDMA spreading techniques, but so far have
provided closed loop power control only for the dedicated
channels and certain uplink common transport channels with
predefined closed loop power control capabilities.

When a common or shared downlink packet channel does
not support closed loop power control, the noise level and
attendant interference over the air-link increases, which
decreases the downlink capacity of the system. The down-
link capacity becomes a significant quality of service issue
for asymmetric communication services via the network,
such as web browsing.

SUMMARY OF THE INVENTION

This invention introduces or enhances closed loop power
control (CLPC) for common downlink transport channels,
which addresses the above issue, thus improving the down-
link capacity of these channels. The method provides an
approach to resolve the lack or inefficiency of CLPC capa-
bility by using an existing uplink Common Packet Channel
mechanism.

Hence, a general objective of the invention is to use a
Common Packet Channel communication mechanism to
enable closed loop power control for common or shared
downlink transport channels, such as the forward access
channel (FACH) and the downlink shared channel (DSCH).

Another objective relates to creating a bi-directional inter-
active or concurrent service by combining CPCH with the
common/shared downlink transport channel.

The present invention provides an improvement to a
code-division-multiple-access (CDMA) system employing
spread-spectrum modulation. The present invention involves
a closed loop power control (CLPC) for a common downlink
transport channel, such as a Forward Access Channel
(FACH), by using an existing uplink Common Packet Chan-
nel (CPCH) mechanism. Aspects of the invention encom-
pass methods utilizing the CPCH mechanism for closed-
loop power control of the common downlink transport
channel, as well as base stations and mobiles stations and
base-band processors for use in such stations, which imple-
ment the inventive closed-loop power control technique.

In a preferred embodiment, the CDMA system has a radio
network controller (RNC) and a plurality of base stations,
which serve a plurality of mobile or remote stations. Each
base station (BS) has a BS-spread-spectrum transmitter and
a BS-spread-spectrum receiver. Each mobile station (MS)
has an MS-spread-spectrum transmitter and an MS-spread-
spectrum receiver. In the preferred embodiment, the RNC
monitors traffic demand, based on traffic measurement infor-
mation of communications through the base stations for the
mobile stations. Based on the traffic demand or a projection
thereof, the RNC assigns channel resources to the base
stations, by re-configuring the channel resources within each
cell.

When a packet needs to be sent to a mobile station (MS),
the RNC schedules the transmission at time t1 and controls
the base station (BS) to broadcast, via a common broadcast
channel, such scheduled transmission. At the recipient MS,
upon receiving the broadcast, the steps preferably imple-
ment an access phase, a collision detection phase and a data
transmission phase. There may also be a power control



























