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IN THE UNITED STATES DISTRICT COURT
FOR THE DISTRICT OF DELAWARE

INTERDIGITAL COMMUNICATIONS, LLC,
a Pennsylvania limited liability company and
INTERDIGITAL TECHNOLOGY CORP.,
a Delaware corporation,

Plaintiffs, Civil Action No.: 07-489 SLR
V.

NOKIA CORPORATION,
a Finnish corporation and
NOKIA INC.,

a Delaware corporation,

JURY TRIAL DEMANDED

Defendants.

vvvvvvvvvvvvvvvv

SECOND AMENDED COMPLAINT

This is an action for patent infringement. Plaintiffs, InterDigital
Communications, LLC and InterDigital Technology Corporation (collectively “InterDigital”),
through their undersigned counsel, bring this action against Defendants, Nokia Corporation and
Nokia Inc. (collectively “the Nokia Defendants”). In support of this Second Amended

Complaint, InterDigital alleges as follows:

THE PARTIES
1. Plaintiff, InterDigital Communications, LLC (“InterDigital Communications”), is
a Pennsylvania limited liability company, having its principal place of business at 781 Third
Avenue, King of Prussia, Pennsylvania 19406-1409.
2. Plaintiff, InterDigital Technology Corporation (“InterDigital Technology”), is a
Delaware corporation, having its principal place of business at Hagley Building, Suite 105, 3411

Silverside Road, Concord Plaza, Wilmington, Delaware 19810-4812.
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3. Defendant, Nokia Corporation, is a Finnish corporation, having its principal place
of business at Keilalahdentie 2-4, P.O. Box 226, FIN-00045 Espoo, Finland.

4. Defendant, Nokia Inc., is a Delaware corporation, having its principal place of
business at 6000 Connection Drive, Irving, Texas 75039, USA. Upon information and belief,

Nokia Inc. (d/b/a Nokia Mobile Phones) distributes Nokia-branded handsets in the United States.

JURISDICTION AND VENUE

5. This is an action for patent infringement arising under the patent laws of the
United States. This Court has jurisdiction over this action under 28 U.S.C. §§ 1331 and 1338(a).
6. Venue is proper in this judicial district under 28 U.S.C. §§ 1391(c)-(d) and

1400(b).

FACTUAL BACKGROUND

7. United States Patent No. 7,117,004 (“the ’004 patent”), titled “Method and
Subscriber Unit for Performing an Access Procedure,” issued on October 3, 2006, to inventors
Fatih Ozluturk and Gary Lomp. InterDigital Technology owns by assignment the entire right,
title, and interest in and to the "004 patent. A true and correct copy of the *004 patent is attached
to this Complaint as Exhibit A.

8. United States Patent No. 7,190,966 (“the ’966 patent”), titled “Method and
Apparatus for Performing an Access Procedure,” issued on March 13, 2007, to inventors Fatih
Ozluturk and Gary Lomp. InterDigital Technology owns by assignment the entire right, title,
and interest in and to the *966 patent. A true and correct copy of the 966 patent is attached to
this Complaint as Exhibit B.

9. United States Patent No. 6,973,579 (“the *579 patent”), titled “Generation of User

Equipment Identification Specific Scrambling Code for the High Speed Shared Control
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Channel,” issued on December 6, 2005, to inventors Stephen G. Dick, Nader Bolourchi and
Sung-Hyuk Shin. InterDigital Technology owns by assignment the entire right, title, and interest
in and to the *579 patent. A true and correct copy of the *579 patent is attached to this Complaint
as Exhibit C.

10.  United States Patent No. 7,286,847 (“the ’847 patent”), titled “Method and
Apparatus for Performing Access Procedure” issued on October 23, 2007, to inventors Fatih
Ozluturk and Gary R. Lomp. InterDigital Technology owns by assignment the entire right, title,
and interest in and to the *847 patent. A true and correct copy of the ’847 patent is attached to

this Complaint as Exhibit D.

FIRST CAUSE OF ACTION
INFRINGEMENT OF U.S. PATENT NO. 7.117.004

11. The ’004 patent is presumed valid under 28 U.S.C. § 282 and remains
enforceable.

12. On information and belief, the Nokia Defendants manufacture, use, import, offer
for sale, and/or sell products in the United States that infringe the 004 patent and will continue
to do so unless enjoined by this Court.

13. On information and belief, the Nokia Defendants manufacture, use, import, offer
to sell, and/or sell in the United States the following Third Generation (“3G”) Wideband Code
Division Multiple Access (“WCDMA”) handset and components thereof that infringe the 004
patent: N75 and N95. The identification of these specific models is not intended to limit the
scope of the Complaint, and any remedy should extend to all infringing models.

14.  The Nokia Defendants know or should have known of InterDigital’s rights in the

*004 patent, and their infringement of the ’004 patent has been willful and deliberate.
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15.  The Nokia Defendants’ past and continuing infringements of the 004 patent have
caused irreparable damage to InterDigital and will continue to do so unless enjoined by this
Court.

SECOND CAUSE OF ACTION
INFRINGEMENT OF U.S. PATENT NO. 7,190,966

16. The 966 patent is presumed valid under 28 U.S.C. § 282 and remains
enforceable.

17.  On information and belief, the Nokia Defendants manufacture, use, import, offer
for sale, and/or sell products in the United States that infringe the *966 patent and will continue
to do so unless enjoined by this Court.

18. On information and belief, the Nokia Defendants manufacture, use, import, offer
for sale, and/or sell in the United States the following Third Generation (“3G”) Wideband Code
Division Multiple Access (“WCDMA”) handset and components thereof that infringe the *966
patent: N75 and N95. The identification of these specific models is not intended to limit the
scope of the Complaint, and any remedy should extend to all infringing models.

19.  The Nokia Defendants know or should have known of InterDigital’s rights in the
*066 patent, and their infringement of the ’966 patent has been willful and deliberate.

20.  The Nokia Defendants’ past and continuing infringements of the "966 patent have
caused irreparable damage to InterDigital, and will continue to do so unless enjoined by this

Court.
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THIRD CAUSE OF ACTION
INFRINGEMENT OF U.S. PATENT NO. 6,973.579

21. The ’579 patent is presumed valid under 28 U.S.C. § 282 and remains
enforceable.

22 On information and belief, the Nokia Defendants manufacture, use, import, offer
for sale, and/or sell products in the United States that infringe the ’579 patent and will continue
to do so unless enjoined by this Court.

23.  On information and belief, the Nokia Defendants manufacture, use, import, offer
for sale, and/or sell in the United States the following Third Generation (“3G”) Wideband Code
Division Multiple Access (“WCDMA”) handset and components thereof that infringe the *579
patent: N95. The identification of this specific model is not intended to limit the scope of the
Complaint, and any remedy should extend to all infringing models.

24.  The Nokia Defendants know or should have known of InterDigital’s rights in the
*579 patent, and their infringement of the *579 patent has been willful and deliberate.

75.  The Nokia Defendants’ past and continuing infringements of the *579 patent have
caused irreparable damage to InterDigital, and will continue to do so unless enjoined by this
Court.

FOURTH CAUSE OF ACTION
INFRINGEMENT OF U.S. PATENT NO. 7.286.847

26. The ’847 patent is presumed valid under 28 U.S.C. § 282 and remains
enforceable.

27. On information and belief, the Nokia Defendants manufacture, use, import, offer
for sale, and/or sell products in the United States that infringe the *847 patent and will continue

to do so unless enjoined by this Court.
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28. On information and belief, the Nokia Defendants manufacture, use, import, offer
for sale, and/or sell in the United States the following Third Generation (“3G”) Wideband Code
Division Multiple Access (“WCDMA”) handset and components thereof that infringe the ’847
patent: N75 and N95. The identification of these specific models is not intended to limit the
scope of the Complaint, and any remedy should extend to all infringing models.

29.  The Nokia Defendants’ infringement of the *847 patent will cause irreparable

damage to InterDigital, and will continue to do so unless enjoined by this Court.

PRAYER FOR RELIEF

30. WHEREFORE, InterDigital respectfully requests that this Court:
(@)  Find that the Nokia Defendants have infringed one or more claims of the
*004 patent, the *966 patent, the ‘579 patent and the ‘847 patent;
b) Find that this is an exceptional case under 35 U.S.C. § 285;
(c) Permanently enjoin the Nokia Defendants from infringing the 004 patent,
the *966 patent, the °579 patent and the ‘847 patent under 35 U.S.C. § 283;
@ Award InterDigital an amount to be determined as compensatory damages
for the infringement of the 004 patent, the 966 patent, the ¢579 patent and the
‘847 patent and the costs of the action, as fixed by the Court, under 35 U.S.C. §
284,
(e) Award InterDigital its costs, including expenses and reasonable attorneys’
fees, incurred in bringing and prosecuting this action under 35 U.S.C. § 285;
® Award InterDigital prejudgment and post-judgment interest on all amounts

awarded; and
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(g)  Award InterDigital any further relief that this Court deems just and proper.

JURY DEMAND

31. InterDigital demands a jury trial as to all issues that are triable by a jury in this

action.

Dated: October 23, 2007 /s/ Richard K. Herrmann
Richard K. Herrmann #405
Mary B. Matterer #2696
MORRIS JAMES LLP
500 Delaware Avenue, Suite 1500
Wilmington, Delaware 19801
(302) 888-6800
rherrmann@morrisjames.com

OF COUNSEL:

Patrick J. Coyne

Christopher P. Isaac

Lionel M. Lavenue

Houtan K. Esfahani

Rajeev Gupta

Qingyu Yin

FINNEGAN, HENDERSON, FARABOW,
GARRETT & DUNNER, L.L.P.

901 New York Avenue, N.W.

Washington, DC 20001-4413

Telephone: (202) 408-4000

Facsimile: (202) 408-4400

Attorneys for Plaintiffs,
INTERDIGITAL COMMUNICATIONS, LLC
and INTERDIGITAL TECHNOLOGY CORP.
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EXHIBIT A
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2y
(22)
(65)

(63)
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METHOD AND SUBSCRIBER UNIT FOR
PERFORMING AN ACCESS PROCEDURE

Inventors: Fatih M. Ozluturk, Port Washington,
NY (US); Gary R. Lomp, Centerport,
NY (US)

Assignee: InterDigital Technology Corporation,
Wilmington, DE (US)
Notice:  Subject to any disclaimer, the term of this

patent is extended or adjusted under 35
U.S.C. 154(b) by O days.

This patent is subject to a terminal dis-
claimer.

Appl. No.: 10/866,851

Filed: Jun. 14, 2004

Prior Publication Data
US 2004/0242259 Al Dec. 2, 2004

Related U.S. Application Data

Continuation of application No. 10/400,343, filed on
Mar. 26, 2003, now Pat. No. 6,839,567, which is a
continuation of application No. 10/086,320, filed on
Mar. 1, 2002, now Pat. No. 6,571,105, which is a
continuation of application No. 09/721,034, filed on
Nov. 22, 2000, now Pat. No. 6,493,563, which is a
continuation of application No. 09/003,104, filed on
Jan. 6, 1998, now Pat. No. 6,181,949, which is a
continuation of application No. 08/670,162, filed on
Jun. 27, 1996, now Pat. No. 5,841,768.
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) ABSTRACT

A base station for controlling transmission power during the
establishment of a communication channel utilizes the
reception of a short code during initial power ramp-up. The
short code is a sequence for detection by the base station
which has a much shorter period than a conventional access
code. The ramp-up starts from a power level that is lower
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METHOD AND SUBSCRIBER UNIT FOR
PERFORMING AN ACCESS PROCEDURE

CROSS REFERENCE TO RELATED
APPLICATION

This application is a continuation of application Ser. No.
10/400,343, filed Mar. 26, 2003 now U.S. Pat. No. 6,839,567
which is a continuation of Ser. No. 10/086,320, filed Mar. 1,
2002, which issued on May 27, 2003 as U.S. Pat. No.
6,571,105; which is a continuation of application Ser. No.
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a continuation of application Ser. No. 08/670,162, filed on
Jun. 27, 1996, which issued on Nov. 24, 1998 as U.S. Pat.
No. 5,841,768; which applications and patents are incorpo-
rated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to CDMA com-
munication systems. More specifically, the present invention
relates to a CDMA communication system which utilizes the
transmission of short codes from subscriber units to a base
station to reduce the time required for the base station to
detect the signal from a subscriber unit. The improved
detection time allows a faster ramp-up of the initial transmit
power from the subscriber units while reducing the unnec-
essary power overshoot.

2. Description of Related Art

The use of wireless telecommunication systems has
grown dramatically in the last decade as the reliability and
capacity of the systems have improved. Wireless commu-
nication systems are being utilized in a variety of applica-
tions where land line based systems are impractical or
impossible to use. Applications of wireless communications
include cellular phone communications, communications in
remote locations, and temporary communications for disas-
ter recovery. Wireless communication systems have also
become an economically viable altemative to replacing
aging telephone lines and outdated telephone equipment.

The portion of the RF spectrum available for use by
wireless communication systems is a critical resource. The
RF spectrum must be shared among all commercial, gov-
ernmental and military applications. There is a constant
desire to improve the efficiency of wireless communication
systems in order to increase system capacity.

Code division multiple access (CDMA) wircless commu-
nication systems have shown particular promise in this area.
Although more traditional time division multiple access
(TDMA) and frequency division multiple access (FDMA)
systems have improved using the latest technological
advances, CDMA systems, in particular Broadband Code
Division Multiple Access™ (B-CDMA™) systems, have
significant advantages over TDMA and FDMA systems.
This efficiency is due to the improved coding and modula-
tion density, interference rejection and multipath tolerance
of B-CDMA™ systems, as well as reuse of the same
spectrum in every communication cell. The format of
CDMA communication signals also makes it extremely
difficult to intercept calls, thereby ensuring greater privacy
for callers and providing greater immunity against fraud.

In a CDMA system, the same portion of the frequency
spectrum is used for communication by all subscriber units.
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Each subscriber unit’s baseband data signal is multiplied by
a code sequence, called the “spreading code™, which has a
much higher rate than the data. The ratio of the spreading
code rate to the data symbol rate is called the “spreading
factor” or the “processing gain”. This coding results in a
much wider transmission spectrum than the spectrum of the
baseband data signal, hence the technique is called “spread
spectrum”. Subscriber units and their communications can
be discriminated by assigning a unique spreading code to
each communication link which is called a CDMA channel.
Since all communications are sent over the same frequency
band, each CDMA communication overlaps communica-
tions from other subscriber units and noise-related signals in
both frequency and time.

The use of the same frequency spectrum by a plurality of
subscriber units increases the efficiency of the system.
However, it also causes a gradual degradation of the per-
formance of the system as the number of users increase.
Each subscriber unit detects communication signals with its
unique spreading code as valid signals and all other signals
are viewed as noise. The stronger the signal from a sub-
scriber unit arrives at the base station, the more interference
the base station experiences when receiving and demodu-
lating signals from other subscriber units. Ultimately, the
power from one subscriber unit may be great enough to
terminate communications of other subscriber units. Accord-
ingly, it is extremely important in wireless CDMA commu-
nication systems to control the transmission power of all
subscriber units. This is best accomplished by using a closed
loop power control algorithm once a communication link is
established. A detailed explanation of such a closed loop
algorithm is disclosed in U.S. patent application entitled
Code Division Multiple Access (CDMA) System and
Method filed concurrently herewith, which is incorporated
by reference as if fully set forth.

The control of transmission power is particularly critical
when a subscriber unit is attempting to initiate communica-
tions with a base station and a power control loop has not yet
been established. Typically, the transmission power required
from a subscriber unit changes continuously as a function of
the propagation loss, interference from other subscribers,
channel noise, fading and other channel characteristics.
Therefore, a subscriber unit does not know the power level
at which it should start transmitting. If the subscriber unit
begins transmitting at a power level that is too high, it may
interfere with the communications of other subscriber units
and may even terminate the communications of other sub-
scriber units. If the initial transmission power level is too
low, the subscriber unit will not be detected by the base
station and a communication link will not be established.

There are many methods for controlling transmission
power in a CDMA communication system. For example,
US. Pat. No. 5,056,109 (Gilhousen et al.) discloses a
transmission power control system wherein the transmission
power of the subscriber unit is based upon periodic signal
measurements from both the subscriber unit and the base
station. The base station transmits a pilot signal to all
subscriber units which analyze the received pilot signal,
estimate the power loss in the transmitted signal and adjust
their transmission power accordingly. Each subscriber unit
includes a non-linear loss output filter which prevents sud-
den increases in power which would cause interference to
other subscriber units. This method is too complex to permit
a base station to quickly acquire a subscriber unit while
limiting the interference to other subscriber units. In addi-
tion, the propagation losses, interference and noise levels
experienced in a forward link (transmission from the base
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station to a subscriber unit) is often not the same as in a
reverse link (transmission from a subscriber unit to the base
station). Reverse link power estimates based on forward link
losses are not precise.

Many other types of prior art transmission power control
systems require complex control signaling between commu-
nicating units or preselected transmission values to control
transmission power. These power control techniques are
inflexible and often impractical to implement.

Accordingly, there is a need for an efficient method of
controlling the initial ramp-up of transmission power by
subscriber units in a wireless CDMA communication sys-
tem.

SUMMARY OF THE INVENTION

The present invention comprises a novel method of con-
trolling transmission power during the establishment of a
channel in a CDMA communication system by utilizing the
transmission of a short code from a subscriber unit to a base
station during initial power ramp-up. The short code is a
sequence for detection by the base station which has a much
shorter period than a conventional spreading code. The
ramp-up starts from a power level that is guaranteed to be
lower than the required power level for detection by the base
station. The subscriber unit quickly increases transmission
power while repeatedly transmitting the short code until the
signal is detected by the base station. Once the base station
detects the short code, it sends an indication to the subscriber
unit to cease increasing transmission power. The use of short
codes limits power overshoot and interference to other
subscriber stations and permits the base station to quickly
synchronize to the spreading code used by the subscriber
unit.

Accordingly, it is an object of the present invention to
provide an improved technique for controlling power ramp-
up during establishment of a communication channel
between a CDMA subscriber unit and base station.

Other objects and advantages of the present invention will
become apparent after reading the description of a presently
preferred embodiment.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic overview of a code division multiple
access communication system in accordance with the
present invention;

FIG. 2 is a diagram showing the operating range of a base
station;

FIG. 3 is a timing diagram of communication signals
between a base station and a subscriber unit;

FIG. 4 is a flow diagram of the establishment of a
communication channel between a base station and a sub-
scriber unit;

FIG. 5 is a graph of the transmission power output from
a subscriber unit;

FIGS. 6A and 6B are flow diagrams of the establishment
of a communication channel between a base station and a
subscriber unit in accordance with the preferred embodiment
of the present invention using short codes;

FIG. 7 is a graph of the transmission power output from
a subscriber unit using short codes;

FIG. 8 shows the adaptive selection of short codes;

FIG. 9 is a block diagram of a base station in accordance
with the present invention;

FIG. 10 is a block diagram of the subscriber unit in
accordance with the present invention; and
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FIGS. 11A and 11B are flow diagrams of the ramp-up
procedure implemented in accordance with the present
invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

The preferred embodiment will be described with refer-
ence to the drawing figures where identical numerals rep-
resent similar elements throughout.

A communication network 10 embodying the present
invention is shown in FIG. 1. The communication network
10 generally comprises one or more base stations 14, each
of which is in wireless communication with a plurality of
subscriber units 16, which may be fixed or mobile. Each
subscriber unit 16 communicates with either the closest base
station 14 or the base station 14 which provides the strongest
communication signal. The base stations 14 also communi-
cate with a base station controller 20, which coordinates
communications among base stations 14. The communica-
tion network 10 may also be connected to a public switched
telephone network (PSTN) 22, wherein the base station
controller 20 also coordinates communications between the
base stations 14 and the PSTN 22. Preferably, each base
station 14 communicates with the base station controller 20
over a wireless link, although a land line may also be
provided. A land line is particularly applicable when a base
station 14 is in close proximity to the base station controller
20.

The base station controller 20 performs several functions.
Primarily, the base station controller 20 provides all of the
operations, administrative and maintenance (OA&M) sig-
naling associated with establishing and maintaining all of
the wireless communications between the subscriber units
16, the base stations 14, and the base station controller 20.
The base station controller 20 also provides an interface
between the wireless communication system 10 and the
PSTN 22. This interface includes multiplexing and demul-
tiplexing of the communication signals that enter and leave
the system 10 via the base station controller 20. Although the
wireless communication system 10 is shown employing
antennas to transmit RF signals, one skilled in the art should
recognize that communications may be accomplished via
microwave or satellite uplinks. Additionally, the functions of
the base station controller 20 may be combined with a base
station 14 to form a “master base station”.

Referring to FIG. 2, the propagation of signals between a
base station 14 and a plurality of subscriber units 16 is
shown. A two-way communication channel (link) 18 com-
prises a signal transmitted 21 (Tx) from the base station 14
to the subscriber unit 16 and a signal received 23 (Rx) by the
base station 14 from the subscriber unit 16. The Tx signal 21
is transmitted from the base station 14 and is received by the
subscriber unit 16 after a propagation delay At. Similarly, the
Rx signal originates at the subscriber unit 16 and terminates
at the base station 14 after a further propagation delay At.
Accordingly, the round trip propagation delay is 2At. In the
preferred embodiment, the base station 14 has an operating
range of approximately 30 kilometers. The round trip propa-
gation delay 24 associated with a subscriber unit 16 at the
maximum operating range is 200 microseconds.

It should be apparent to those of skill in the art that the
establishment of a communication channel between a base
station and a subscriber unit is a complex procedure involv-
ing many tasks performed by the base station and the
subscriber unit which are outside the scope of the present
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invention. The present invention is directed to initial power
ramp-up and synchronization during the establishment of a
communication channel.

Referring to FIG. 3, the signaling between a base station
14 and a subscriber unit 16 is shown. In accordance with the
present invention, the base station 14 continuously transmits
a pilot code 40 to all of the subscriber units 16 located within
the transmitting range of the base station 14. The pilot code
40 is a spreading code which carries no data bits. The pilot
code 40 is used for subscriber unit 16 acquisition and
synchronization, as well as for determining the parameters
of the adaptive matched filter used in the receiver.

The subscriber unit 16 must acquire the pilot code 40
transmitted by the base station 14 before it can receive or
transmit any data. Acquisition is the process whereby the
subscriber unit 16 aligns its locally generated spreading code
with the received pilot code 40. The subscriber unit 16
searches through all of the possible phases of the received
pilot code 40 until it detects the correct phase, (the beginning
of the pilot code 40).

The subscriber unit 16 then synchronizes its transmit
spreading code to the received pilot code 40 by aligning the
beginning of its transmit spreading code to the beginning of
the pilot code 40. One implication of this receive and
transmit synchronization is that the subscriber unit 16 intro-
duces no additional delay as far as the phase of the spreading
codes are concemed. Accordingly, as shown in FIG. 3, the
relative delay between the pilot code 40 transmitted from the
base station 14 and the subscriber unit’s transmit spreading
code 42 received at the base station 14 is 2At, which is solely
due to the round trip propagation delay.

In the preferred embodiment, the pilot code is 29,877,120
chips in length and takes approximately 2 to 5 seconds to
transmit, depending on the spreading factor. The length of
the pilot code 40 was chosen to be a multiple of the data
symbol no matter what kind of data rate or bandwidth is
used. As is well known by those of skill in the art, a longer
pilot code 40 has better randomness properties and the
frequency response of the pilot code 40 is more uniform.
Additionally, a longer pilot code 40 provides low channel
cross correlation, thus increasing the capacity of the system
10 to support more subscriber units 16 with less interference.
The use of a long pilot code 40 also supports a greater
number of random short codes. For synchronization pur-
poses, the pilot code 40 is chosen to have the same period
as all of the other spreading codes used by the system 10.
Thus, once a subscriber unit 16 acquires the pilot code 40,
it is synchronized to all other signals transmitted from the
base station 14.

During idle periods, when a call is not in progress or
pending, the subscriber unit 16 remains synchronized to the
base station 14 by periodically reacquiring the pilot code 40.
This is necessary for the subscriber unit 16 to receive and
demodulate any downlink transmissions, in particular pag-
ing messages which indicate incoming calls.

When a communication link is desired, the base station 14
must acquire the signal transmitted from the subscriber unit
16 before it can demodulate the data. The subscriber unit 16
must transmit an uplink signal for acquisition by the base
station 14 to begin establishing the two-way communication
link, A critical parameter in this procedure is the transmis-
sion power level of the subscriber unit 16. A transmission
power level that is too high can impair communications in
the whole service area, whereas a transmission power level
that is too low can prevent the base station 14 from detecting
the uplink signal.
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In a first embodiment of the present invention the sub-
scriber unit 16 starts transmitting at a power level guaran-
teed to be lower than what is required and increases trans-
mission power output until the correct power level is
achieved. This avoids sudden introduction of a strong inter-
ference, hence improving system 10 capacity.

The establishment of a communication channel in accor-
dance with the present invention and the tasks performed by
the base station 14 and a subscriber unit 16 are shown in
FIG. 4. Although many subscriber units 16 may be located
within the operating range of the base station 14, reference
will be made hereinafter to a single subscriber unit 16 for
simplicity in explaining the operation of the present inven-
tion.

The base station 14 begins by continuously transmitting a
periodic pilot code 40 to all subscriber units 16 located
within the operating range of the base station 14 (step 100).
As the base station 14 transmits the pilot code 40 (step 100),
the base station 14 searches (step 101) for an “access code’
42 transmitted by a subscriber unit 16. The access code 42
is a known spreading code transmitted from a subscriber unit
16 to the base station 14 during initiation of communications
and power ramp-up. The base station 14 must search through
all possible phases (time shifis) of the access code 42
transmitted from the subscriber unit 16 in order to find the
correct phase. This is called the “acquisition” or the “detec-
tion” process (step 101). The longer the access code 42, the
longer it takes for the base station 14 to search through the
phases and acquire the correct phase.

As previously explained, the relative delay between sig-
nals transmitted from the base station 14 and return signals
received at the base station 14 corresponds to the round trip
propagation delay 2At. The maximum delay occurs at the
maximum operating range of the base station 14, known as
the cell boundary. Accordingly, the base station 14 must
search up to as many code phases as there are in the
maximum round trip propagation delay, which is typically
less code phases than there are in a code period.

For a data rate Rb and spreading code rate Rc, the ratio
L=Rc/Rb is called the spreading factor or the processing
gain. In the preferred embodiment of the present invention,
the cell boundary radius is 30 km, which corresponds to
approximately between 1000 and 2500 code phases in the
maximum round trip delay, depending on the processing
gain.

If the base station 14 has not detected the access code after
searching through the code phases corresponding to the
maximum round trip delay the search is repeated starting
from the phase of the pilot code 40 which corresponds to
zero delay (step 102).

During idle periods, the pilot code 40 from the base
station 14 is received at the subscriber unit 16 which
periodically synchronizes its transmit spreading code gen-
erator thereto (step 103). If synchronization with the pilot
code 40 is lost, the subscriber unit 16 reacquires the pilot
code 40 and resynchronizes (step 104).

When it is desired to initiate a communication link, the
subscriber unit 16 starts transmitting the access code 42 back
to the base station 14 (step 106). The subscriber unit 16
continuously increases the transmission power while
retransmitting the access code 42 (step 108) until it receives
an acknowledgment from the base station 14. The base
station 14 detects the access code 42 at the correct phase
once the minimum power level for reception has been
achieved (step 110). The base station 14 subsequently trans-
mits an access code detection acknowledgment signal (step
112) to the subscriber unit 16. Upon receiving the acknowl-
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edgment, the subscriber unit ceases the transmission power
increase (step 114). With the power ramp-up completed,
closed loop power control and call setup signaling is per-
formed (step 116) to establish the two-way communication
link.

Although this embodiment limits subscriber unit 16 trans-
mission power, acquisition of the subscriber unit 16 by the
base station 14 in this manner may lead to unnecessary
power overshoot from the subscriber unit 16, thereby reduc-
ing the performance of the system 10.

The transmission power output profile of the subscriber
unit 16 is shown in FIG. 5. At t,, the subscriber unit 16 starts
transmitting at the starting transmission power level Po,
which is a power level guaranteed to be less than the power
level required for detection by the base station 14. The
subscriber unit 16 continually increases the transmission
power level until it receives the detection indication from the
base station 14. For the base station 14 to properly detect the
access code 42 from the subscriber unit 16 the access code
42 must: 1) be received at a sufficient power level; and 2) be
detected at the proper phase. Accordingly, referring to FIG.
5, although the access code 42 is at a sufficient power level
for detection by the base station 14 at t, the base station 14
must continue searching for the correct phase of the access
code 42 which occurs at t,.

Since the subscriber unit 16 continues to increase the
output transmission power level until it receives the detec-
tion indication from the base station 14, the transmission
power of the access code 42 exceeds the power level
required for detection by the base station 14. This causes
unnecessary interference to all other subscriber units 16. If
the power overshoot is too large, the interference to other
subscriber units 16 may be so severe as to terminate ongoing
communications of other subscriber units 16.

The rate that the subscriber unit 16 increases transmission
power to avoid overshoot may be reduced, however, this
results in a longer call setup time. Those of skill in the art
would appreciate that adaptive ramp-up rates can also be
used, yet these rates have shortcomings and will not appre-
ciably eliminate power overshoot in all situations.

The preferred embodiment of the present invention uti-
lizes “short codes” and a two-stage communication link
establishment procedure to achieve fast power ramp-up
without large power overshoots. The spreading code trans-
mitted by the subscriber unit 16 is much shorter than the rest
of the spreading codes (hence the term short code), so that
the number of phases is limited and the base station 14 can
quickly search through the code. The short code used for this
purpose carries no data.

The tasks performed by the base station 14 and the
subscriber unit 16 to establish a communication channel
using short codes in accordance with the preferred embodi-
ment of the present invention are shown in FIGS. 6A and 6B.
During idle periods, the base station 14 periodically and
continuously transmits the pilot code to all subscriber units
16 located within the operating range of the base station 14
(step 150). The base station 14 also continuously searches
for a short code transmitted by the subscriber unit 16 (step
152). The subscriber unit 16 acquires the pilot code and
synchronizes its transmit spreading code generator to the
pilot code (step 154). The subscriber unit 16 also periodi-
cally checks to ensure it is synchronized. If synchronization
is lost, the subscriber unit 16 reacquires the pilot signal
transmitted by the base station (step 156).

When 2 communication link is desired, the subscriber unit
16 starts transmitting a short code at the minimum power
level P, (step 158) and continuously increases the transmis-
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sion power level while retransmitting the short code (step
160) until it receives an acknowledgment from the base
station 14 that the short code has been detected by the base
station 14.

The access code in the preferred embodiment, as previ-
ously described herein, is approximately 30 million chips in
length. However, the short code is much smaller. The short
code can be chosen to be any length that is sufficiently short
to permit quick detection. There is an advantage in choosing
a short code length such that it divides the access code
period evenly. For the access code described herein, the
short code is preferably chosen to be 32, 64 or 128 chips in
length. Alternatively, the short code may be as short as one
symbol length, as will be described in detail hereinafter.

Since the start of the short code and the start of the access
code are synchronized, once the base station 14 acquires the
short code, the base station 14 knows that the corresponding
phase of the access code is an integer multiple of N chips
from the phase of the short code where N is the length of the
short code. Accordingly, the base station 14 does not have to
search all possible phases corresponding to the maximum
round trip propagation delay.

Using the short code, the correct phase for detection by
the base station 14 occurs much more frequently. When the
minimum power level for reception has been achieved, the
short code is quickly detected (step 162) and the transmis-
sion power overshoot is limited. The transmission power
ramp-up rate may be significantly increased without concern
for a large power overshoot. In the preferred embodiment of
the present invention, the power ramp-up rate using the short
code is 1 dB per millisecond.

The base station 14 subsequently transmits a short code
detection indication signal (step 164) to the subscriber unit
16 which enters the second stage of the power ramp-up upon
receiving this indication. In this stage, the subscriber unit 16
ceases transmitting the short code (step 166) and starts
continuously transmitting a periodic access code (step 166).
The subscriber unit 16 continues to ramp-up its transmission
power while transmitting the access code, however the
ramp-up rate is now much lower than the previous ramp-up
rate used with the short code (step 168). The ramp-up rate
with the access code is preferably 0.05 dB per millisecond.
The slow ramp-up avoids losing synchronization with the
base station 14 due to small changes in channel propagation
characteristics.

At this point, the base station 14 has detected the short
code at the proper phase and power level (step 162). The
base station 14 must now synchronize to the access code
which is the same length as all other spreading codes and
much longer than the short code. Utilizing the short code, the
base station 14 is able to detect the proper phase of the
access code much more quickly. The base station 14 begins
searching for the proper phase of the access code (step 170).
However, since the start of the access code is synchronized
with the start of the short code, the base station 14 is only
required to search every N chips; where N=the length of the
short code. In summary, the base station 14 quickly acquires
the access code of the proper phase and power level by: 1)
detecting the short code; and 2) determining the proper
phase of the access code by searching every N chips of the
access code from the beginning of the short code.

If the proper phase of the access code has not been
detected after searching the number of phases in the maxi-
mum round trip delay the base station 14 restarts the search
for the access code by searching every chip instead of every
N chips (step 172). When the proper phase of the access
code has been detected (step 174) the base station 14
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transmits an access code detection acknowledgment (step
176) to the subscriber unit 16 which ceases the transmission
power increase (step 178) upon receiving this acknowledg-
ment. With the power ramp-up completed, closed loop
power control and call setup signaling is performed (step
180) to establish the two-way communication link.

Referring to FIG. 7, although the starting power level P,
is the same as in the prior embodiment, the subscriber unit
16 may ramp-up the transmission power level at a much
higher rate by using a short code. The short code is quickly
detected after the transmission power level surpasses the
minimum detection level, thus minimizing the amount of
transmission power overshoot.

Although the same short code may be reused by the
subscriber unit 16, in the preferred embodiment of the
present invention the short codes are dynamically selected
and updated in accordance with the following procedure.
Referring to FIG. 8, the period of the short code is equal to
one symbol length and the start of each period is aligned
with a symbol boundary. The short codes are generated from
a regular length spreading code. A symbol length portion
from the beginning of the spreading code is stored and used
as the short code for the next 3 milliseconds. Every 3
milliseconds, a new symbol length portion of the spreading
code replaces the old short code. Since the spreading code
period is an integer multiple of 3 milliseconds, the same
short codes are repeated once every period of the spreading
code.

Periodic updating of the short code averages the interfer-
ence created by the short code over the entire spectrum. A
detailed description of the selection and updating of the
short codes is outside the scope of this invention. However,
such a detailed description is disclosed in the related appli-
cation U.S. patent application entitled Code Division Mul-
tiple Access (CDMA) System and Method.

A block diagram of the base station 14 is shown in FIG.
9. Briefly described, the base station 14 comprises a receiver
section 50, a transmitter section 52 and a diplexer 54. An RF
receiver 56 receives and down-converts the RF signal
received from the diplexer 54. The receive spreading code
generator 58 outputs a spreading code to both the data
receiver 60 and the code detector 62. In the data receiver 60,
the spreading code is correlated with the baseband signal to
extract the data signal which is forwarded for further pro-
cessing. The received baseband signal is also forwarded to
the code detector 62 which detects the access code or the
short code from the subscriber unit 16 and adjusts the timing
of the spreading code generator 58 to establish a commu-
nication channel 18.

In the transmitter section 52 of the base station 14, the
transmit spreading code generator 64 outputs a spreading
code 1o the data transmitter 66 and the pilot code transmitter
68. The pilot code transmitter 68 continuously transmits the
periodic pilot code. The data transmitter 66 transmits the
short code detect indication and access code detect acknowl-
edgment after the code detector 62 has detected the short
code or the access code respectively. The data transmitter
also sends other message and data signals. The signals from
the data transmitter 66 and the pilot code transmitter 68 are
combined and up-converted by the RF transmitter 70 for
transmission to the subscriber units 16.

Ablock diagram of the subscriber unit 16 is shown in FIG.
10. Briefly described, the subscriber unit 16 comprises a
receiver section 72, a transmitter section 74 and a diplexer
84. An RF receiver 76 receives and down-converts the RF
signal received from the diplexer 84. A pilot code detector
80 correlates the spreading code with the baseband signal to
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acquire the pilot code transmitted by the base station 14. In
this manner, the pilot code detector 80 maintains synchro-
nization with the pilot code. The receiver spreading code
generator 82 generates and outputs a spreading code to the
data receiver 78 and the pilot code detector 80. The data
receiver 78 correlates the spreading code with the baseband
signal to process the short code detect indication and the
access code detect acknowledgment transmitted by the base
station 14,

The transmitter section 74 comprises a spreading code
generator 86 which generates and outputs spreading codes to
a data transmitter 88 and a short code and access code
transmitter 90. The short code and access code transmitter
90 transmits these codes at different stages of the power
ramp-up procedure as hereinbefore described. The signals
output by the data transmitter 88 and the short code and
access code transmitter 90 are combined and up-converted
by the RF transmitter 92 for transmission to the base station
14. The timing of the receiver spreading code generator 82
is adjusted by the pilot code detector 80 through the acqui-
sition process. The receiver and transmitter spreading code
generators 82, 86 are also synchronized.

An overview of the ramp-up procedure in accordance
with the preferred current invention is summarized in FIGS.
11A and 11B. The base station 14 transmits a pilot code
while searching for the short code (step 200). The subscriber
unit 16 acquires the pilot code transmitted from the base
station 14 (step 202), starts transmitting a short code starting
at a minimum power level P, which is guaranteed to be less
than the required power, and quickly increases transmission
power (step 204). Once the received power level at the base
station 14 reaches the minimum level needed for detection
of the short code (step 206) the base station 14 acquires the
correct phase of the short code, transmits an indication of
this detection, and begins searching for the access code (step
208). Upon receiving the detection indication, the subscriber
unit 16 ceases transmitting the short code and starts trans-
mitting an access code. The subscriber unit 16 initiates a
slow ramp-up of transmit power while sending the access
code (step 210). The base station 14 searches for the correct
phase of the access code by searching only one phase out of
each short code length portion of the access code (step 212).
If the base station 14 searches the phases of the access code
up to the maximum round trip delay and has not detected the
correct phase, the search is repeated by searching every
phase (step 214). Upon detection of the correct phase of the
access code by the base station 14, the base station 14 sends
an acknowledgment to the subscriber unit 16 (step 216).
Reception of the acknowledgment by the subscriber unit 16
concludes the ramp-up process. A closed loop power control
is established, and the subscriber unit 16 continues the call
setup process by sending related call setup messages (step
218).

Although the invention has been described in part by
making detailed reference to the preferred embodiment,
such detail is intended to be instructive rather than restric-
tive. It will be appreciated by those skilled in the art that
many varations may be made in the structure and mode of
operation without departing from the spirit and scope of the
invention as disclosed in the teachings herein.

What is claimed is:

1. A method for performing power control in a wireless
code division multiple access communication system, the
method comprising:

transmitting dynamically selected code signals at increas-

ing power levels until an acknowledgement is received
indicating that one of said dynamically selected code
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signals was detected, wherein the transmitted dynami-
cally selected code signals carry no data; and

in response to detecting the acknowledgment, transmit-
ting an access signal wherein the access signal is
associated with the dynamically selected code signals
and each of the dynamically selected code signals are
shorter than the access signal.

2. A wireless code division multiple access subscriber

unit, the subscriber unit comprising:

a transmitter configured such that a first code is transmit-
ted at an initial power level wherein the first code is of
a first code type and the transmitter further configured
to repeatedly transmit dynamically selected codes of
said first code type at increasing power levels wherein
the transmitted codes of said first code type carry no
data;

a receiver configured such that an acknowledgement is
detected indicating a code of said first type was
received; and

the transmitter configured such that in response to detect-
ing the acknowledgement, a signal having a second
code is transmitted to access a communication channel
wherein the second code is associated with the first
code.

3. A wireless code division multiple access base station,

the base station comprising:

a receiver configured such that a code of a first code type
is received, the received code carrying no data and
being repeatedly transmitted at increasing power lev-
els;

a transmitter configured such that an acknowledgement is
transmitted indicating a code of said first type was
received; and

the receiver configured such that a signal having a second
code is received as part of an access procedure wherein
the second code is associated with the first code.

4. A method for transmitting a communication in a
wireless code division multiple access communication sys-
tem, the method comprising;

repeatedly transmitting portions of the communication
without a remainder of the communication wherein
each subsequently transmitted portion is transmitted at
an increased power level with respect to a prior trans-
mitted portion, the transmitted portions not including
any data;

detecting an acknowledgement indicating one of the
transmitted portions was received;

transmitting the remainder of the communication in
response to detecting the acknowledgement as part of
an access procedure; and

wherein each of the portions include a code sequence.

5. A wireless code division multiple access subscriber
unit, the subscriber unit comprising:

a transmitter configured such that portions of a commu-
nication are transmitted without a remainder of the
communication wherein each subsequently transmitted
portion is transmitted at an increased power level with
respect to a prior transmitted portion, the portions not
carrying any data;

a receiver configured such that an acknowledgement is
detected indicating the transmitted portion was
received; and

{he transmitter configured such that the remainder of the
communication is transmitted in response to detecting
the acknowledgement wherein each of the portions
include a code sequence.
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6. A wireless code division multiple access base station,
the base station comprising:

a receiver configured such that a portion of a communi-
cation is received without a remainder of the commu-
nication, the portion including no data;

a transmitter configured such that an acknowledgement is
transmitted indicating the portion was received;

the receiver configured such that a remainder of the
communication is received as part of an access proce-
dure; and

wherein each of the portions include a code sequence.

7. A method for use in a code division multiple access
subscriber unit for establishing communications between
said subscriber unit and a base station, said method com-
prising:

transmitting a plurality of different codes by said sub-
scriber unit to said base station wherein each different
code is transmitted at increasing power levels;

receiving an acknowledgement by said subscriber unit
from said base station and ceasing transmitting the
plurality of different codes, said acknowledgement
indicating to said subscriber unit that said base station
has received at least one of said different codes; and

transmitting, in response to receipt of said acknowledge-
ment, an access signal to facilitate communication
initialization between said subscriber unit and said base
station, said access signal as transmitted by said sub-
scriber unit and said different codes as transmitted by
said subscriber unit each being a function of a same
code.

8. The method of claim 7 wherein each different code is

sequentially transmitted at increasing power levels.

9. The method of claim 8 wherein the transmitting of the
plurality of different codes ceases based on receipt of said
acknowledgement.

10. The method of claim 7 wherein the transmitting of the
plurality of different codes ceases based on receipt of said
acknowledgement.

11. The method of claim 7 wherein said different codes
have a bit length less than said access signal.

12. The method of claim 7 wherein said same code
comprises a spreading code.

13. The method of claim 12 wherein said different codes
as transmitted by said subscriber unit comprise a portion of
said spreading code, and wherein said access signal as
transmitted by said subscriber unit comprises at least a
portion of said spreading code.

14. The method of claim 7 wherein said access signal is
transmitted at a power level related to a last power level of
said transmitting of said different codes.

15. The method of claim 14 wherein said power level
related to said last power level of said transmitting said
different codes is an increased power level with respect to
said last power level of said transmitting said different
codes.

16. The method of claim 7 wherein said transmitting said
different codes comprises transmitting a first plurality of
different codes derived from a first code before transmitting
a second plurality of different codes derived from a second
code different than the first code.

17. A method for establishing communications between a
subscriber unit and a base station in a code division multiple
access communications system, said method comprising:

transmitting less than a complete initialization code
sequence from the subscriber unit to the base station at
a first power level;
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subsequently transmitting less than a complete initializa-
tion code sequence at an increased power level;

repeating said subsequently transmitting until an
acknowledgement is received by said subscriber unit
from said base station; and
transmitting, in response to receipt of said acknowledge-
ment, enough of the initialization code sequence to
facilitate communication initialization between said
subscriber unit and said base station at a power level
related to a last power level of said transmitting of said
less than said complete initialization code sequence.
18. The method of claim 17 wherein the less than a
complete initialization code sequence is dynamically
selected for each subsequent transmission.
19. The method of claim 17 wherein the initialization
code sequence includes a spreading code.
20. The method of claim 17 wherein the subsequently
transmitted less than a complete initialization code sequence
includes different portions of said complete initialization
code sequence for at least one of each subsequent transmis-
sion.
21. A method for performing an access procedure in a
code division multiple access subscriber unit for establishing
communications between said subscriber unit and a base
station, said method comprising:
transmitting a first code to be used by a base station in
establishing communication between said base station
and said subscriber unit at a first power level, said first
code not providing data of said subscriber unit;

subsequently transmitting, with respect to said first code
a same or a different code, at increasing power levels
until an acknowledgement is received by the subscriber
unit, reception of said acknowledgement by said sub-
scriber unit indicating to said subscriber unit that the
base station has detected transmission by the subscriber
unit; and

transmitting, in response to receipt of said acknowledge-

ment, a signal by said subscriber unit as part of the
access procedure wherein the signal includes a second
code that is associated with the same or different code.
22. The method of claim 21 wherein said same or different
code is dynamically selected.
23. The method of claim 21 wherein said same or different
code has a shorter bit length than the signal transmitted as
part of the access procedure.
24. The method of claim 21 wherein said same or different
code and said signal transmitted as part of the access
procedure are a function of a single code.
25. The method of claim 21 wherein said single code
includes a spreading code.
26. A method performed by a code division multiple
access subscriber unit for establishing communications
between the subscriber unit and a base station, the method
comprising:
repeatedly transmitting codes of a first type until the
subscriber unit receives an acknowledgement signal
from the base station, each transmission of a code of the
first type being at an increased power level with respect
to a prior transmission of a code of the first type;

upon receiving the acknowledgement signal from the base
station, transmitting a code of a second type,

wherein, the acknowledgement signal is an indication to
the subscriber unit that the base station has received a
code of the first type, and

wherein the subscriber unit sends data to the base station

only after the base station has received a code of the
first type.
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27. The method of claim 26 wherein the code of the first
type and the code of the second type are derived from a same
code sequence.

28. The method of claim 27 wherein the same code
sequence includes a spreading code.

29. The method of claim 26 wherein the code of the first
type has a shorter bit length than the code of the second type.

30. A method performed by a code division multiple
access subscriber unit for establishing communications
between the subscriber unit and a base station, the method
comprising:

(a) transmitting a code of a first type, wherein the code of
the first type does not include data of the subscriber
unit;

(b) determining if the subscriber unit has received an
acknowledgement signal from the base station, the
acknowledgement signal being an indication to the
subscriber unit that the base station has received a code
of the first type;

(c) repeating (a) at increasing power levels until the
subscriber unit has received the acknowledgement sig-
nal; and

(d) transmitting a code of a second type after it is
determined that the subscriber unit has received the
acknowledgement signal.

31. The method of claim 30 wherein said code of a first
type is a dynamically selected code associated with said
code of a second type.

32. The method of claim 30 wherein said code of a first
type is shorter than said code of a second type.

33. The method of claim 30 wherein said code of a first
type carries no data.

34. A method for use in a code division multiple access
subscriber unit for establishing communications between
said subscriber unit and a base station, said method com-
prising:

(2) transmitting a first one of a plurality of different codes

by said subscriber unit to said base station;

(b) if an acknowledgement is not received, transmitting
another one of the plurality of different codes by said
subscriber unit to said base station;

(c) repeating step (b) until an acknowledgement is
received by said subscriber unit from said base station,
said acknowledgement indicating to said subscriber
unit that said base station has received at least one of
said different codes; and

(d) transmitting, in response to receipt of said acknowl-
edgement, an access signal to facilitate communication
initialization between said subscriber unit and said base
station, said access signal as transmitted by said sub-
scriber unit and said different codes as transmitted by
said subscriber unit each being a function of a same
code.

35. The method of claim 34 wherein the transmitting of
the plurality of different codes ceases based on receipt of
said acknowledgement.

36. The method of claim 34 wherein the same code
includes a spreading code.

37. The method of claim 34 wherein each of the plurality
of different codes has a bit length less than said access
signal.

38. A subscriber unit capable of establishing communi-
cations, said subscriber unit comprising:

a code generator for producing a plurality of different

codes;
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a transmitter for transmitting said produced plurality of
different codes, wherein each different code is trans-
mitted at increasing power levels;

a receiver for receiving an acknowledgement, said
acknowledgement indicating that at least one of said
different codes was received; and

wherein said code generator is operable in response to
receipt of said acknowledgment by said receiver to
produce an access signal and said transmitter transmits
said access signal to facilitate communication initial-
ization by said subscriber unit, said access signal and
said different codes each being a function of a same
code.

39. The subscriber unit of claim 38 wherein the transmit-
ter sequentially transmits each different code at increasing
power levels.

40, The subscriber unit of claim 38 wherein said different
codes have a bit length less than said access signal.

41. The subscriber unit of claim 38 wherein said same
code comprises a spreading code.

42. The subscriber unit of claim 41 wherein said different
codes as transmitted by said subscriber unit comprise a
portion of said spreading code, and wherein said access
signal as transmitted by said subscriber unit comprises at
least a portion of said spreading code.

43. The subscriber unit of claim 38 wherein said access
signal is transmitted at a power level related to a last power
level of said transmitting of said different codes.

44. The subscriber unit of claim 43 wherein said power
level related to said last power level of said transmitting said
different codes is an increased power level with respect to
said last power level of said transmitting said different
codes.

45. The subscriber unit of claim 38 wherein said trans-
mitting said different codes comprises transmitting a first
plurality of different codes derived from a first code before
transmitting a second plurality of different codes derived
from a second code different than the first code.

46. A subscriber unit operable to perform an access
procedure in a code division multiple access system for
establishing communications between said subscriber unit
and a base station, said subscriber unit comprising:

a transmitter; and

a processor configured to control said transmitter to
transmit a first code to be used by a base station in
establishing communication between said base station
and said subscriber unit at a first power level, said first
code not providing data of said subscriber unit, wherein
said processor is further configured to control said
transmitter to subsequently transmit, with respect to
said first code a same or a different code, at increasing
power levels until an acknowledgement is received by
the subscriber unit, reception of said acknowledgement
by said subscriber unit indicating to said subscriber unit
that the base station has detected transmission by the
subscriber unit, and said processor is further configured
to control said transmitter to transmit, in response to
receipt of said acknowledgement, a signal by said
subscriber unit as part of the access procedure wherein
the signal includes a second code that is associated with
the same or different code.

47. The subscriber unit of claim 46 wherein the processor
is configured such that said same or a different code is
dynamically selected.

48. The subscriber unit of claim 46 wherein said same or
different code has a shorter bit length than the signal
transmitted as part of the access procedure.
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49. The subscriber unit of claim 46 wherein said same or
different code and said signal transmitted as part of the
access procedure are a function of a single code.

50. The subscriber unit of claim 49 wherein said single
code includes a spreading code.

51. A subscriber unit operable to perform an access
procedure for establishing communications between the
subscriber unit and a base station, the subscriber unit com-
prising:

a transmitter configured to repeatedly transmit codes of a
first type wherein each transmission of a code of the
first type is transmitted at an increased power level with
respect to a prior transmission of a code of the first
type;

a receiver configured to receive an acknowledgement
from the base station wherein the acknowledgement
signal is an indication to the subscriber unit that the
base station has received a code of the first type;

the transmitter further configured to transmit a code of a
second type to said base station upon receipt by the
receiver of said acknowledgement, and

whetein the code of a second type includes data.

52. The subscriber unit of claim 51 wherein the transmit-
ter is configured such that the code of the first type and the
code of the second type are derived from a same code
sequence.

53. The subscriber unit of claim 52 wherein the same code
sequence includes a spreading code.

54. The subscriber unit of claim 51 wherein the code of
the first type has a shorter bit length than the code of the
second type.

55. A subscriber unit operable to perform an access
procedure for establishing communications, the subscriber
unit comprising:

a transmitter configured to receive a code of a first type
and to transmit the received code of the first type,
wherein the transmitted code of the first type does not
include data of the subscriber unit;

a receiver configured to receive an acknowledgement
signal, the acknowledgement signal being an indication
to the subscriber unit that a code of the first type was
received,

the transmitter further configured to repeatedly receive a
code of the first type and to transmit each received code
of the first type until the receiver receives the acknowl-
edgement signal; wherein the received transmitted
codes of a first type are transmitted at increasing power
levels until the receiver has received the acknowledge-
ment signal; and

the transmitter, in response to the receiver receiving an
acknowledgement, further configured to receive a code
of a second type and to transmit the code of the second
type.

56. The subscriber unit of claim 55 wherein the transmit-
ter is configured such that said codes of a first type are
dynamically selected codes associated with said code of a
second type.

57. The subscriber unit of claim 55 wherein each of the
received transmitted codes of a first type is shorter than said
code of a second type.

58. The subscriber unit of claim 55 wherein said received
transmitted codes of a first type carry no data.

59. A subscriber unit for performing an access procedure
for establishing communications between said subscriber
unit and a base station, said subscriber unit comprising:
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a processor configured to control a transmitter such that
the transmitter transmits a first one of a plurality of
different codes by said subscriber unit to said base
station;

a receiver configured to receive an acknowledgement
wherein if said acknowledgement is not received, the
processor configured to control the transmitter such that
the transmitter transmits another one of the plurality of
different codes by said subscriber unit to said base
station;

the processor configured to control said transmitter such
that said transmitter repeats the transmitting of another
one of the plurality of different codes until said
acknowledgement is received by said subscriber unit
from said base station, said acknowledgement indicat-
ing to said subscriber unit that said base station has
received at least one of said different codes; and

said processor configured to control the transmitter such
that the transmitter transmits, in response to receipt of
said acknowledgement, an access signal to facilitate
communication initialization between said subscriber,
unit and said base station, said access signal as trans-
mitted by said subscriber unit and said different codes
as transmitted by said subscriber unit each being a
function of a same code.

60. The subscriber unit of claim 59 wherein the processor
is configured to control said transmitter such that the trans-
mitting of the plurality of different codes ceases based on
receipt of said acknowledgement.

61. The subscriber unit of claim 59 wherein the same code
includes a spreading code.

62. The subscriber unit of claim 59 wherein each of the
plurality of different codes has a bit length less than said
access signal.
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63. A subscriber unit for performing an access procedure
for establishing communications between a subscriber unit
and a base station in a code division multiple access com-
munications system, said subscriber unit comprising:

a transmitting arrangement configured to control a trans-
mitter such that said transmitter transmits less than a
complete initialization code sequence from the sub-
scriber unit to the base station at a first power level;

the transmitting arrangement further configured to subse-
quently transmit less than a complete initialization code
sequence at an increased power level and configured to
repeat said subsequent transmitting until an acknowl-
edgement is received by a receiver of said subscriber
unit from said base station; and

the transmitting arrangement further configured to trans-
mit, in response to receipt of said acknowledgement,
enough of the initialization code sequence to facilitate
communication initialization between said subscriber
unit and said base station at a power level related to a
last power level of said transmitting of said less than
said complete initialization code sequence.

64. The subscriber unit of claim 63 wherein the transmit-
ting arrangement is configured such that the less than a
complete initialization code sequence is dynamically
selected for each subsequent transmission.

65. The subscriber unit of claim 63 wherein the initial-
ization code sequence includes a spreading code.

66. The subscriber unit of claim 63 wherein the subse-
quently transmitted less than a complete initialization code
sequence includes different portions of said complete ini-
tialization code sequence for at least one of each subsequent
transmission.
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METHOD AND APPARATUS FOR
PERFORMING AN ACCESS PROCEDURE

CROSS REFERENCE TO RELATED
APPLICATION

This application is a continuation of application Ser. No.
10/866,851, filed Jun. 14, 2004 now U.S. Pat. No. 7,117,004,
which is a continuation of application Ser. No. 10/400,343,
filed Mar. 26, 2003, which issued on Jan. 4, 2005 as U.S. Pat.
No. 6,839,567, which is a continnation of Ser. No. 10/086,
320, filed Mar. 1, 2002, which issued on May 27, 2003 as
U.S. Pat. No. 6,571,105; which is a continuation of appli-
cation Ser. No. 09/721,034, filed Nov. 22, 2000, which
issued on Dec. 10, 2002 as U.S. Pat. No. 6,493,563; which
is a continuation of application Ser. No. 09/003,104, filed
Jan. 6, 1998, which issued on Jan. 30, 2001 as U.S. Pat. No.
6,181,949; which is a continuation of application Ser. No.
08/670,162, filed on Jun. 27, 1996, which issued on Nov. 24,
1998 as U.S. Pat. No. 5,841,768; which applications and
patents are incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to CDMA com-
munication systems. More specifically, the present invention
relates to a CDMA communication system which utilizes the
transmission of short codes from subscriber units to a base
station to reduce the time required for the base station to
detect the signal from a subscriber unit. The improved
detection time allows a faster ramp-up of the initial transmit
power from the subscriber units while reducing the unnec-
essary power overshoot.

2. Description of Related Art

The use of wireless telecommunication systems has
grown dramatically in the last decade as the reliability and
capacity of the systems have improved. Wireless commu-
nication systems are being utilized in a variety of applica-
tions where land line based systems are impractical or
impossible to use. Applications of wireless communications
include cellular phone communications, communications in
remote locations, and temporary communications for disas-
ter recovery. Wireless communication systems have also
become an economically viable altermative to replacing
aging telephone lines and outdated telephone equipment.

The portion of the RF spectrum available for use by
wireless communication systems is a critical resource. The
RF spectrum must be shared among all commercial, gov-
ernmental and military applications. There is a constant
desire to improve the efficiency of wireless communication
systems in order to increase system capacity.

Code division multiple access (CDMA) wireless commu-
nication systems have shown particular promise in this area.
Although more traditional time division multiple access
(TDMA) and frequency division multiple access (FDMA)
systems have improved using the latest technological
advances, CDMA systems, in particular Broadband Code
Division Multiple Access™ (B-CDMA™) systems, have
significant advantages over TDMA and FDMA systems.
This efficiency is due to the improved coding and modula-
tion density, interference rejection and multipath tolerance
of B-CDMA™ systems, as well as reuse of the same
spectrum in every communication cell. The format of
CDMA communication signals also makes it extremely
difficult to intercept calls, thereby ensuring greater privacy
for callers and providing greater immunity against fraud.
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In a CDMA system, the same portion of the frequency
spectrum is used for communication by all subscriber units.
Each subscriber unit’s baseband data signal is multiplied by
a code sequence, called the “spreading code”, which has a
much higher rate than the data. The ratio of the spreading
code rate to the data symbol rate is called the “spreading
factor” or the “processing gain”. This coding results in a
much wider transmission spectrum than the spectrum of the
baseband data signal, hence the technique is called “spread
spectrum”., Subscriber units and their communications can
be discriminated by assigning a unique spreading code to
each communication link which is called a CDMA channel.
Since all communications are sent over the same frequency
band, each CDMA communication overlaps communica-
tions from other subscriber units and noise-related signals in
both frequency and time.

The use of the same frequency spectrum by a plurality of
subscriber units increases the efficiency of the system.
However, it also causes a gradual degradation of the per-
formance of the system as the number of users increase.
Each subscriber unit detects communication signals with its
unique spreading code as valid signals and all other signals
are viewed as noise. The stronger the signal from a sub-
scriber unit arrives at the base station, the more interference
the base station experiences when receiving and demodu-
lating signals from other subscriber units. Ultimately, the
power from one subscriber unit may be great enough to
terminate communications of other subscriber units. Accord-
ingly, it is extremely important in wireless CDMA commu-
nication systems to control the transmission power of all
subscriber units. This is best accomplished by using a closed
loop power control algorithm once a communication link is
established. A detailed explanation of such a closed loop
algorithm is disclosed in U.S. Patent Application entitled
Code Division Multiple Access (CDMA) System and
Method filed concurrently herewith, which is incorporated
by reference as if fully set forth.

The control of transmission power is particularly critical
when a subscriber unit is attempting to initiate communica-
tions with a base station and a power control loop has not yet
been established. Typically, the transmission power required
from a subscriber unit changes continuously as a function of
the propagation loss, interference from other subscribers,
channel noise, fading and other channel characteristics.
Therefore, a subscriber unit does not know the power level
at which it should start transmitting. If the subscriber unit
begins transmitting at a power level that is too high, it may
interfere with the communications of other subscriber units
and may even terminate the communications of other sub-
scriber units. If the initial transmission power level is too
low, the subscriber unit will not be detected by the base
station and a communication link will not be established.

There are many methods for controlling transmission
power in a CDMA communication system. For example,
U.S. Pat. No. 5,056,109 (Gilhousen et al.) discloses a
transmission power control system wherein the transmission
power of the subscriber unit is based upon periodic signal
measurements from both the subscriber unit and the base
station. The base station transmits a pilot signal to all
subscriber units which analyze the received pilot signal,
estimate the power loss in the transmitted signal and adjust
their transmission power accordingly. Each subscriber unit
includes a non-linear loss output filter which prevents sud-
den increases in power which would cause interference to
other subscriber units. This method is too complex to permit
a base station to quickly acquire a subscriber unit while
limiting the interference to other subscriber units. In addi-
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tion, the propagation losses, interference and noise levels
experienced in a forward link (transmission from the base
station to a subscriber unit) is often not the same as in a
reverse link (transmission from a subscriber unit to the base
station). Reverse link power estimates based on forward link
losses are not precise.

Many other types of prior art transmission power control
systems require complex control signaling between commu-
nicating units or preselected transmission values to control
transmission power. These power control techniques are
inflexible and often impractical to implement.

Accordingly, there is a need for an efficient method of
controlling the initial ramp-up of transmission power by
subscriber units in a wireless COMA communication sys-
tem.

SUMMARY OF THE INVENTION

The present invention comprises a novel method of con-
trolling transmission power during the establishment of a
channel in a CDMA communication system by utilizing the
transmission of a short code from a subscriber unit to a base
station during initial power ramp-up. The short code is a
sequence for detection by the base station which has a much
shorter period than a conventional spreading code. The
ramp-up starts from a power level that is guaranteed to be
lower than the required power level for detection by the base
station. The subscriber unit quickly increases transmission
power while repeatedly transmitting the short code until the
signal is detected by the base station. Once the base station
detects the short code, it sends an indication to the subscriber
unit to cease increasing transmission power. The use of short
codes limits power overshoot and interference to other
subscriber stations and permits the base station to quickly
synchronize to the spreading code used by the subscriber
unit.

Accordingly, it is an object of the present invention to
provide an improved technique for controlling power ramp-
up during establishment of a communication channel
between a CDMA subscriber unit and base station.

Other objects and advantages of the present invention will
become apparent after reading the description of a presently
preferred embodiment.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic overview of a code division multiple
access communication system in accordance with the
present invention;

FIG. 2 is a diagram showing the operating range of a base
station;

FIG. 3 is a timing diagram of communication signals
between a base station and a subscriber unit;

FIG. 4 is a flow diagram of the establishment of a
communication channel between a base station and a sub-
scriber unit;

FIG. 5 is a graph of the transmission power output from
a subscriber unit;

FIGS. 6A and 6B are flow diagrams of the establishment
of a communication channel between a base station and a
subscriber unit in accordance with the preferred embodiment
of the present invention using short codes;

FIG. 7 is a graph of the transmission power output from
a subscriber unit using short codes;

FIG. 8 shows the adaptive selection of short codes;

FIG. 9 is a block diagram of a base station in accordance
with the present invention;
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FIG. 10 is a block diagram of the subscriber unit in
accordance with the present invention; and

FIGS. 11A and 11B are flow diagrams of the ramp-up
procedure implemented in accordance with the present
invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

The preferred embodiment will be described with refer-
ence to the drawing figures where identical numerals rep-
resent similar elements throughout.

A communication network 10 embodying the present
invention is shown in FIG. 1. The communication network
10 generally comprises one or more base stations 14, each
of which is in wireless communication with a plurality of
subscriber units 16, which may be fixed or mobile. Each
subscriber unit 16 communicates with either the closest base
station 14 or the base station 14 which provides the strongest
communication signal. The base stations 14 also communi-
cate with a base station controller 20, which coordinates
communications among base stations 14. The communica-
tion network 10 may also be connected to a public switched
telephone network (PSTN) 22, wherein the base station
controller 20 also coordinates communications between the
base stations 14 and the PSTN 22. Preferably, each base
station 14 communicates with the base station controller 20
over a wireless link, although a land line may also be
provided. A land line is particularly applicable when a base
station 14 is in close proximity to the base station controller
20.

The base station controller 20 performs several functions.
Primarily, the base station controller 20 provides all of the
operations, administrative and maintenance (OA&M) sig-
naling associated with establishing and maintaining all of
the wireless communications between the subscriber units
16, the base stations 14, and the base station controller 20.
The base station controller 20 also provides an interface
between the wireless communication system 10 and the
PSTN 22. This interface includes multiplexing and demul-
tiplexing of the communication signals that enter and leave
the system 10 via the base station controller 20. Although the
wireless communication system 10 is shown employing
antennas to transmit RF signals, one skilled in the art should
recognize that communications may be accomplished via
microwave or satellite uplinks. Additionaly, the functions of
the base station controller 20 may be combined with a base
station 14 to form a “master base station”.

Referring to FIG. 2, the propagation of signals between a
base station 14 and a plurality of subscriber units 16 is
shown. A two-way communication channel (link) 18 com-
prises a signal transmitted 21 (Tx) from the base station 14
to the subscriber unit 16 and a signal received 23 (Rx) by the
base station 14 from the subscriber unit 16. The Tx signal 21
is transmitted from the base station 14 and is received by the
subscriber unit 16 after a propagation delay At. Similarly, the
Rx signal originates at the subscriber unit 16 and terminates
at the base station 14 after a further propagation delay At.
Accordingly, the round trip propagation delay is 2At. In the
preferred embodiment, the base station 14 has an operating
range of approximately 30 kilometers. The round trip propa-
gation delay 24 associated with a subscriber unit 16 at the
maximum operating range is 200 microseconds.

It should be apparent to those of skill in the art that the
establishment of a communication channel between a base
station and a subscriber unit is a complex procedure involv-
ing many tasks performed by the base station and the
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subscriber unit which are outside the scope of the present
invention. The present invention is directed to initial power
ramp-up and synchronization during the establishment ofa
communication channel.

Referring to FIG. 3, the signaling between a base station
14 and a subscriber unit 16 is shown. In accordance with the
present invention, the base station 14 continuously transmits
a pilot code 40 to all of the subscriber units 16 located within
the transmitting range of the base station 14. The pilot code
40 is a spreading code which carries no data bits. The pilot
code 40 is used for subscriber unit 16 acquisition and
synchronization, as well as for determining the parameters
of the adaptive matched filter used in the receiver.

The subscriber unit 16 must acquire the pilot code 40
transmitted by the base station 14 before it can receive or
transmit any data. Acquisition is the process whereby the
subscriber unit 16 aligns its locally generated spreading code
with the received pilot code 40. The subscriber unit 16
searches through all of the possible phases of the received
pilot code 40 until it detects the correct phase, (the beginning
of the pilot code 40).

The subscriber unit 16 then synchronizes its transmit
spreading code to the received pilot code 40 by aligning the
beginning of its transmit spreading code to the beginning of
the pilot code 40. One implication of this receive and
transmit synchronization is that the subscriber unit 16 intro-
duces no additional delay as far as the phase of the spreading
codes are concemed. Accordingly, as shown in FIG. 3, the
relative delay between the pilot code 40 transmitted from the
base station 14 and the subscriber unit’s transmit spreading
code 42 received at the base station 14 is 2At, which is solely
due to the round trip propagation delay.

In the preferred embodiment, the pilot code is 29,877,120
chips in length and takes approximately 2 to 5 seconds to
transmit, depending on the spreading factor. The length of
the pilot code 40 was chosen to be a multiple of the data
symbol no matter what kind of data rate or bandwidth is
used. As is well known by those of skill in the art, a longer
pilot code 40 has better randomness properties and the
frequency response of the pilot code 40 is more uniform.
Additionally, a longer pilot code 40 provides low channel
cross correlation, thus increasing the capacity of the system
10 to support more subscriber units 16 with less interference.
The use of a long pilot code 40 also supports a greater
number of random short codes. For synchronization pur-
poses, the pilot code 40 is chosen to have the same period
as all of the other spreading codes used by the system 10.
Thus, once a subscriber unit 16 acquires the pilot code 40,
it is synchronized to all other signals transmitted from the
base station 14.

During idle periods, when a call is not in progress or
pending, the subscriber unit 16 remains synchronized to the
base station 14 by periodically reacquiring the pilot code 40.
This is necessary for the subscriber unit 16 to receive and
demodulate any downlink transmissions, in particular pag-
ing messages which indicate incoming calls.

When a communication link is desired, the base station 14
must acquire the signal transmitted from the subscriber unit
16 before it can demodulate the data. The subscriber unit 16
must transmit an uplink signal for acquisition by the base
station 14 to begin establishing the two-way communication
link. A critical parameter in this procedure is the transmis-
sion power level of the subscriber unit 16. A transmission
power level that is too high can impair communications in
the whole service area, whereas a transmission power level
that is too low can prevent the base station 14 from detecting
the uplink signal.
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In a first embodiment of the present invention the sub-
scriber unit 16 starts transmitting at a power level guaran-
teed to be lower than what is required and increases trans-
mission power output until the correct power level is
achieved. This avoids sudden introduction of a strong inter-
ference, hence improving system 10 capacity.

The establishment of a communication channel in accor-
dance with the present invention and the tasks performed by
the base station 14 and a subscriber unit 16 are shown in
FIG. 4. Although many subscriber units 16 may be located
within the operating range of the base station 14, reference
will be made hercinafter to a single subscriber unit 16 for
simplicity in explaining the operation of the present inven-
tion.

The base station 14 begins by continuously transmitting a
periodic pilot code 40 to all subscriber units 16 located
within the operating range of the base station 14 (step 100).
As the base station 14 transmits the pilot code 40 (step 100),
the base station 14 searches (step 101) for an “access code”
42 transmitted by a subscriber unit 16. The access code 42
is a known spreading code transmitted from a subscriber unit
16 to the base station 14 during initiation of communications
and power ramp-up. The base station 14 must search through
all possible phases (time shifts) of the access code 42
transmitted from the subscriber unit 16 in order to find the
correct phase. This is called the “acquisition™ or the *detec-
tion” process (step 101). The longer the access code 42, the
longer it takes for the base station 14 to search through the
phases and acquire the correct phase.

As previously explained, the relative delay between sig-
nals transmitted from the base station 14 and return signals
received at the base station 14 corresponds to the round trip
propagation delay 2At. The maximum delay occurs at the
maximum operating range of the base station 14, known as
the cell boundary. Accordingly, the base station 14 must
search up to as many code phases as there are in the
maximum round trip propagation delay, which is typically
less code phases than there are in a code period.

For a data rate Rb and spreading code rate Rc, the ratio
L=Rc/Rb is called the spreading factor or the processing
gain. In the preferred embodiment of the present invention,
the cell boundary radius is 30 km, which corresponds to
approximately between 1000 and 2500 code phases in the
maximum round trip delay, depending on the processing
gain.

If the base station 14 has not detected the access code after
searching through the code phases corresponding to the
maximum round trip delay the search is repeated starting
from the phase of the pilot code 40 which cormresponds to
zero delay (step 102).

During idle periods, the pilot code 40 from the base
station 14 is received at the subscriber unit 16 which
periodically synchronizes its transmit spreading code gen-
erator thereto (step 103). If synchronization with the pilot
code 40 is lost, the subscriber unit 16 reacquires the pilot
code 40 and resynchronizes (step 104).

When it is desired to initiate a communication link, the
subscriber unit 16 starts transmitting the access code 42 back
to the base station 14 (step 106). The subscriber unit 16
continuously increases the transmission power while
retransmitting the access code 42 (step 108) until it receives
an acknowledgment from the base station 14. The base
station 14 detects the access code 42 at the correct phase
once the minimum power level for reception has been
achieved (step 110). The base station 14 subsequently trans-
mits an access code detection acknowledgment signal (step
112) to the subscriber unit 16. Upon receiving the acknow]-
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edgment, the subscriber unit ceases the transmission power
increase (step 114). With the power ramp-up completed,
closed loop power control and call setup signaling is per-
formed (step 116) to establish the two-way communication
link.

Although this embodiment limits subscriber unit 16 trans-
mission power, acquisition of the subscriber unit 16 by the
base station 14 in this manner may lead to unnecessary
power overshoot from the subscriber unit 16, thereby reduc-
ing the performance of the system 10.

The transmission power output profile of the subscriber
unit 16 is shown in FIG. 5. At t,, the subscriber unit 16 starts
transmitting at the starting transmission power level P,
which is a power level guaranteed to be less than the power
level required for detection by the base station 14. The
subscriber unit 16 continually increases the transmission
power level until it receives the detection indication from the
base station 14. For the base station 14 to properly detect the
access code 42 from the subscriber unit 16 the access code
42 must: 1) be received at a sufficient power level; and 2)be
detected at the proper phase. Accordingly, referring to FIG.
5, although the access code 42 is at a sufficient power level
for detection by the base station 14 at t, the base station 14
must continue searching for the correct phase of the access
code 42 which occurs at t,.

Since the subscriber unit 16 continues to increase the
output transmission power level until it receives the detec-
tion indication from the base station 14, the transmission
power of the access code 42 exceeds the power level
required for detection by the base station 14. This causes
unnecessary interference to all other subscriber units 16. If
the power overshoot is too large, the interference to other
subscriber units 16 may be so severe as to terminate ongoing
communications of other subscriber units 16.

The rate that the subscriber unit 16 increases transmission
power to avoid overshoot may be reduced, however, this
results in a longer call setup time. Those of skill in the art
would appreciate that adaptive ramp-up rates can also be
used, yet these rates have shortcomings and will not appre-
ciably eliminate power overshoot in all situations.

The preferred embodiment of the present invention uti-
lizes “short codes” and a two-stage communication link
establishment procedure to achieve fast power ramp-up
without large power overshoots. The spreading code trans-
mitted by the subscriber unit 16 is much shorter than the rest
of the spreading codes (hence the term short code), so that
the number of phases is limited and the base station 14 can
quickly search through the code. The short code used for this
purpose carries no data.

The tasks performed by the base station 14 and the
subscriber unit 16 to establish a communication channel
using short codes in accordance with the preferred embodi-
ment of the present invention are shown in FIGS. 6A and 6B.
During idle periods, the base station 14 periodically and
continuously transmits the pilot code to all subscriber units
16 located within the operating range of the base station 14
(step 150). The base station 14 also continuously searches
for a short code transmitted by the subscriber unit 16 (step
152). The subscriber unit 16 acquires the pilot code and
synchronizes its transmit spreading code generator to the
pilot code (step 154). The subscriber unit 16 also periodi-
cally checks to ensure it is synchronized. If synchronization
is lost, the subscriber unit 16 reacquires the pilot signal
transmitted by the base station (step 156).

When a communication link is desired, the subscriber unit
16 starts transmitting a short code at the minimum power
level P, (step 158) and continuously increases the transmis-
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sion power level while retransmitting the short code (step
160) until it receives an acknowledgment from the base
station 14 that the short code has been detected by the base
station 14.

The access code in the preferred embodiment, as previ-
ously described herein, is approximately 30 million chips in
length. However, the short code is much smaller. The short
code can be chosen to be any length that is sufficiently short
to permit quick detection. There is an advantage in choosing
a short code length such that it divides the access code
period evenly. For the access code described herein, the
short code is preferably chosen to be 32, 64 or 128 chips in
length. Alternatively, the short code may be as short as one
symbol length, as will be described in detail hereinafter.

Since the start of the short code and the start of the access
code are synchronized, once the base station 14 acquires the
short code, the base station 14 knows that the corresponding
phase of the access code is an integer multiple of N chips
from the phase of the short code where N is the length of the
short code. Accordingly, the base station 14 does not have to
search all possible phases corresponding to the maximum
round trip propagation delay.

Using the short code, the correct phase for detection by
the base station 14 occurs much more frequently. When the
minimum power level for reception has been achieved, the
short code is quickly detected (step 162) and the transmis-
sion power overshoot is limited. The transmission power
ramp-up rate may be significantly increased without concern
for a large power overshoot, In the preferred embodiment of
the present invention, the power ramp-up rate using the short
code is 1 dB per millisecond.

The base station 14 subsequently transmits a short code
detection indication signal (step 164) to the subscriber unit
16 which enters the second stage of the power ramp-up upon
receiving this indication. In this stage, the subscriber unit 16
ceases transmitting the short code (step 166) and starts
continuously transmitting a periodic access code (step 166).
The subscriber unit 16 continues to ramp-up its transmission
power while transmitting the access code, however the
ramp-up rate is now much lower than the previous ramp-up
rate used with the short code (step 168). The ramp-up rate
with the access code is preferably 0.05 dB per millisecond.
The slow ramp-up avoids losing synchronization with the
base station 14 due to small changes in channel propagation
characteristics.

At this point, the base station 14 has detected the short
code at the proper phase and power level (step 162). The
base station 14 must now synchronize to the access code
which is the same length as all other spreading codes and
much longer than the short code. Utilizing the short code, the
base station 14 is able to detect the proper phase of the
access code much more quickly. The base station 14 begins
searching for the proper phase of the access code (step 170).
However, since the start of the access code is synchronized
with the start of the short code, the base station 14 is only
required to search every N chips; where N=the length of the
short code. In summary, the base station 14 quickly acquires
the access code of the proper phase and power level by: 1)
detecting the short code; and 2) determining the proper
phase of the access code by searching every N chips of the
access code from the beginning of the short code.

If the proper phase of the access code has not been
detected after searching the number of phases in the maxi-
mum round trip delay the base station 14 restarts the search
for the access code by searching every chip instead of every
N chips (step 172). When the proper phase of the access
code has been detected (step 174) the base station 14
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transmits an access code detection acknowledgment (step
176) to the subscriber unit 16 which ceases the transmission
power increase (step 178) upon receiving this acknowledg-
ment. With the power ramp-up completed, closed loop
power control and call setup signaling is performed (step
180) to establish the two-way communication link.

Referring to FIG. 7, although the starting power level P,
is the same as in the prior embodiment, the subscriber unit
16 may ramp-up the transmission power level at a much
higher rate by using a short code. The short code is quickly
detected after the transmission power level surpasses the
minimum detection level, thus minimizing the amount of
transmission power overshoot.

Although the same short code may be reused by the
subscriber unit 16, in the preferred embodiment of the
present invention the short codes are dynamically selected
and updated in accordance with the following procedure.
Referring to FIG. 8, the period of the short code is equal to
one symbol length and the start of each period is aligned
with a symbol boundary. The short codes are generated from
a regular length spreading code. A symbo} length portion
from the beginning of the spreading code is stored and used
as the short code for the next 3 milliseconds. Every 3
milliseconds, a new symbol length portion of the spreading
code replaces the old short code. Since the spreading code
period is an integer multiple of 3 milliseconds, the same
short codes arc repeated once every period of the spreading
code.

Periodic updating of the short code averages the interfer-
ence created by the short code over the entire spectrum. A
detailed description of the selection and updating of the
short codes is outside the scope of this invention. However,
such a detailed description is disclosed in the related appli-
cation U.S. Patent Appln. entitled Code Division Multiple
Access (CDMA) System and Method.

A block diagram of the base station 14 is shown in FIG.
9. Briefly described, the base station 14 comprises a receiver
section 50, a transmitter section 52 and a diplexer 54. An RF
receiver 56 receives and down-converts the RF signal
received from the diplexer 54. The receive spreading code
generator 58 outputs a spreading code to both the data
receiver 60 and the code detector 62. In the data receiver 60,
the spreading code is correlated with the baseband signal to
extract the data signal which is forwarded for further pro-
cessing. The received baseband signal is also forwarded to
the code detector 62 which detects the access code or the
short code from the subscriber unit 16 and adjusts the timing
of the spreading code generator 58 to establish a commu-
nication channel 18.

In the transmitter section 52 of the base station 14, the
transmit spreading code generator 64 outputs a spreading
code to the data transmitter 66 and the pilot code transmitter
68. The pilot code transmitter 68 continuously transmits the
periodic pilot code. The data transmitter 66 transmits the
short code detect indication and access code detect acknowl-
edgment after the code detector 62 has detected the short
code or the access code respectively. The data transmitter
also sends other message and data signals. The signals from
the data transmitter 66 and the pilot code transmitter 68 are
combined and up-converted by the RF transmitter 70 for
transmission to the subscriber units 16.

Ablock diagram of the subscriber unit 16 is shown in FIG.
10. Briefly described, the subscriber unit 16 comprises a
receiver section 72, a transmitter section 74 and a diplexer
84. An RF receiver 76 receives and down-converts the RF
signal received from the diplexer 84. A pilot code detector
80 correlates the spreading code with the baseband signal to
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acquire the pilot code transmitted by the base station 14. In
this manner, the pilot code detector 80 maintains synchro-
nization with the pilot code. The receiver spreading code
generator 82 generates and outputs a spreading code to the
data receiver 78 and the pilot code detector 80. The data
receiver 78 correlates the spreading code with the baseband
signal to process the short code detect indication and the
access code detect acknowledgment transmitted by the base
station 14.

The transmitter section 74 comprises a spreading code
generator 86 which generates and outputs spreading codes to
a data transmitter 88 and a short code and access code
transmitter 90. The short code and access code transmitter
90 transmits these codes at different stages of the power
ramp-up procedure as hereinbefore described. The signals
output by the data transmitter 88 and the short code and
access code transmitter 90 are combined and up-converted
by the RF transmitter 92 for transmission ta the base station
14. The timing of the receiver spreading code generator 82
is adjusted by the pilot code detector 80 through the acqui-
sition process. The receiver and transmitter spreading code
generators 82, 86 are also synchronized.

An overview of the ramp-up procedure in accordance
with the preferred current invention is summarized in FIGS.
11A and 11B. The base station 14 transmits a pilot code
while searching for the short code (step 200). The subscriber
unit 16 acquires the pilot code transmitted from the base
station 14 (step 202), starts transmitting a short code starting
at a minimum power level P, which is guaranteed to be less
than the required power, and quickly increases transmission
power (step 204). Once the received power level at the base
station 14 reaches the minimum level needed for detection
of the short code (step 206) the base station 14 acquires the
correct phase of the short code, transmits an indication of
this detection, and begins searching for the access code (step
208). Upon receiving the detection indication, the subscriber
unit 16 ceases transmitting the short code and starts trans-
mitting an access code. The subscriber unit 16 initiates a
slow ramp-up of transmit power while sending the access
code (step 210). The base station 14 searches for the correct
phase of the access code by searching only one phase out of
each short code length portion of the access code (step 212).
If the base station 14 searches the phases of the access code
up to the maximum round trip delay and has not detected the
correct phase, the search is repeated by searching every
phase (step 214). Upon detection of the correct phase of the
access code by the base station 14, the base station 14 sends
an acknowledgment to the subscriber unit 16 (step 216).
Reception of the acknowledgment by the subscriber unit 16
concludes the ramp-up process. A closed loop power control
is established, and the subscriber unit 16 continues the call
setup process by sending related call setup messages (step
218).

Although the invention has been described in part by
making detailed reference to the preferred embodiment,
such detail is intended to be instructive rather than restric-
tive. It will be appreciated by those skilled in the art that
many variations may be made in the structure and mode of
operation without departing from the spirit and scope of the
invention as disclosed in the teachings herein.

What is claimed is:

1. A wireless code division multiple access (CDMA)
subscriber unit comprising:

a transmitter configured such that, when the subscriber
unit is first accessing a CDMA network and wants to
establish communications with a base station associ-
ated with the network over a communication channel to
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be indicated by the base station, the transmitter suc-
cessively transmits signals until the subscriber unit
receives from the base station an indication that a
transmitted one of the signals has been detected by the
base station, wherein each transmission of one of the
signals by the transmitter is at an increased power level
with respect to a prior transmission of one of the
signals;
the transmitter further configured such that the transmitter
transmits to the base station a message indicating to the
base station that the subscriber unit wants to establish
the communications with the base station over the
communication channel to be indicated by the base
station, the message being transmitted only subsequent
to the subscriber unit receiving the indication,
wherein each of the successively transmitted signals and
the message are generated using a same code; and
wherein each of the successively transmitted signals is
shorter than the message.
2. The subscriber unit of claim 1 wherein all of the
transmitted signals are different.
3. The subscriber unit of claim 1 wherein some of the
transmitted signals are different.
4. The subscriber unit of claim 1 wherein all of the
transmitted signals are the same.
5. The subscriber unit of claim 1 wherein the same code
is a spreading code.
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6. The subscriber unit of claim 1 wherein the successive
transmission of signals by the transmitter facilitates power
control when the subscriber unit is first accessing the net-
work.

7. The subscriber unit of claim 1 wherein each of the
transmitted signals is generated from a respective portion of
a chip sequence.

8. The subscriber unit of claim 1 wherein the transmitter
is further configured to transmit the signals such that there
is a uniform decibel power level increase between the
successively transmitted signals.

9, The subscriber unit of claim 1 wherein the communi-
cation channel is indicated by the base station in response to
the message.

10. The subscriber unit of claim 1 wherein the message is
a call setup message.

11. The subscriber unit of claim 1 wherein the transmitter
is further configured such that, subsequent to the subscriber
unit receiving the indication, the transmitter transmits a
message uniquely identifying the subscriber unit to the base
station.

12. The subscriber unit of claim 1 wherein the transmitter
is further configured such that, subsequent to the subscriber
unit receiving the indication, the transmitter transmits pilot
bits to the base station.

* % k ok %
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GENERATION OF USER EQUIPMENT
IDENTIFICATION SPECIFIC SCRAMBLING
CODE FOR THE HIGH SPEED SHARED
CONTROL CHANNEL

This application claims priority to U.S. Provisional
Application No. 60/378,170, filed May 13,2002 and to U.S.
Provisional Application No. 60/378,509, filed May 7, 2002.

BACKGROUND

The present invention relates to wireless communication
systems. More particularly, the present invention relates to
user equipment identification specific scrambling sequences
for high speed shared control channels (HS-SCCH).

A high speed downlink packet access (HSDPA) is pro-
posed for wideband code division multiple access commu-
nication systems. HSDPA allows for high downlink data
rates to support multimedia services.

To support HSDPA, high speed shared control channels
(HS-SCCHs) are used. The HS-SCCHs are used to signal
vital control information to the user equipments (UEs). Each
HS-SCCH has two patts, referred to as Part-1 and Part-2.
Part-1 carries time critical information needed by the UE.
This information includes the channelization code set and
the modulation type used by the high speed physical down-
link shared control channel (HS-PDSCH) which carries the
HSDPA payload. This information is vital to support
HSDPA, since HSDPA uses adaptive modulation and coding
(AMC).

To obtain its Part-1 information, each HSDPA UE moni-
tors up to four HS-SCCHs for its information. The infor-
mation for a particular UE is distinguished from other UEs
by its UE identification (UE ID) specific scrambling
sequence. The UE processes each monitored HS-SCCH with
its UE ID specific scrambling sequence to detect the
HS-SCCH intended for the UE. After processing, the UE
determines on which HS-SCCH, if any, information was
carried using its scrambling sequence. The UE descrambles
the data carried on Part-1 of its HS-SCCH using its scram-
bling sequence.

Until recently, a 10 bit UE ID was used as the basis for the
UE ID specific scrambling sequence. In this case, this UE ID
was converted into a 40 bit scrambling sequence. To turn the
10 bit UE ID into the 40 bit UE ID specific scrambling
sequence, the 10 bit UE ID is processed by a Reed-Muller
block to produce a 32 bit code. The first 8 bits of the
produced code are repeated and appended onto the back of
the 32 bit code to produce a 40 bit code.

Although it is proposed to extend the UE ID length to 16
chips, the current proposal for the HS-SCCHs uses a 10 bit
UE ID. This UE ID is converted into a 40 bit scrambling
sequence. To turn the 10 bit UE ID into the 40 bit scrambling
sequence, the 10 bit UE ID is processed by a Reed-Muller
block to produce a 32 bit code. The first 8 bits of the
produced code are repeated and appended onto the back of
the 32 bit code to produce a 40 bit code.

To reduce the occurrence of false detections, it is desirable
to have good separation between the produced scrambling
codes for each UE ID. Accordingly, it is desirable to have
alternate approaches to producing scrambling codes.

SUMMARY

Acode is produced for use in scrambling or descrambling
data associated with a high speed shared control channel
(HS-SSCH) for a particular user equipment. A user identi-
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fication of the particular user equipment comprises L bits. A
1 rate convolutional encoder processes at least the bits of
the user identification by a % rate convolutional code to
produce the code.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A is a preferred diagram of a circuit for producing
a code associated with a particular user for a HS-SCCH.

FIG. 1B is a diagram of a rate matching block used in
conjunction with FIG. 1A.

FIG. 2A is a preferred diagram of a circuit for producing
a code associated with a user identification of 16 bits.

FIG. 2B is a diagram of a rate matching block used in
conjunction with FIG. 2A.

FIG. 3 is a simplified user equipment using the UE ID
specific scrambling code.

FIG. 4 is a simplified base station using the UE ID specific
scrambling code.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Although the preferred embodiments are described in
conjunction with the preferred application of the invention
for use with the HSDPA of the third generation partnership
project (3GPP) wideband code division multiple access
(W-CDMA) communication system, the invention can be
applied to other code division multiple access communica-
tion systems. FIGS. 1A and 1B are diagrams of a preferred
UE ID specific scrambling sequence circuit. A UE ID, Xy,
of length L is input into the circuit. L can be any length, such
as 8 bits, 10 bits, 16 bits, etc. The UEID, Xyz= {Xpg1s+ - - »
Xz}, is input into a % rate convolutional encoder 10 as
shown in FIG. 1A. Along with the UE ID, extra bits, such as
zeros, may be added to the end of the input string to extend
the length of the input string and, accordingly, the output
string. The use of a % rate convolutional encoder 10 pro-
vides for a high level of code separation between the output
strings produced by different UE IDs. Additionally, current
proposed 3GPP W-CDMA communication systems utilize a
1% rate convolutional encoder 10 for a forward error correc-
tion (FEC) technique. Accordingly, no additional hardware
is required to generate the convolutionally encoded UE ID
specific scrambling sequence. After encoding, based on the
length of the output string, a rate matching stage 12 may be
added to puncture bits to obtain a desired string length.

FIGS. 2A and 2B are diagrams of preferred UE ID
specific scrambling sequence circuit for a preferred UE 1D
codes of length 16, L=16. The 16 bit UE ID, Xyp=
{Xuz1 - - - » Xveae)s is input into a ¥ rate convolutional
encoder 14 along with eight zero bits appended onto the end
of the input string. As a result, the input string is Xyz1, - - -
Xpg1e0 05 0, 0, 0,0, 0,0, 0. After being processed by the %
rate convolutional encoder 14, the output code is 48 bits in
length, Cye={Cur1> - - - » Cupas}

To reduce the length of the code to a preferred length of
40 bits, eight bits are preferably punctured. FIG. 2B illus-
trates the rate matching stage 16 to perform the puncturing.
After the rate matching stage 16, the cffective length of the
scrambling code is 40 bits.

FIG. 4 is a simplified diagram of a user equipment
descrambling a HS-SCCH using the UE ID specific scram-
bling code. The UE ID scrambling code is mixed, such as by
exclusive-or gate 18, with the received HS-SCCH for use in
recovering the encoded HS-SCCH data.

FIG. 3 is a simplified diagram of a base station scrambling
encoded data with the UE ID specific scrambling code for
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transfer over the HS-SCCH. The encoded data is mixed with produce a 48 bit code for use in descrambling a high
the UE ID scrambling code, such as by an exclusive-or gate speed shared control channel (HS-SCCH).
20, for a particular user. The scrambled data is used to 6. The user equipment of claim § further comprising
produce the HS-SCCH for transfer to the particular user. means for puncturing eight bits after the production of the 48
What is claimed is: 5 bit code.

1. An apparatus comprising:

an input configured to accept a user identification com-
prising L bits; and

a % rate convolutional encoder for processing at least the
bits of the user identification by a % rate convolutional
code to produce a code used for scrambling a high

7. A base station comprising:
an input configured to accept a 16 bit user identification;
and
10 a Y% rate convolutional encoder for processing the 16 bit
user identification code with eight appended zero bits to

cod shared control channel (HS-SCCH). produce a 48 bit code for usc in scrambling a high
2. s'Ighc: apparatus of claim 1 fu(nher conll?rising a rate speed shared control channel (HS-SCCH) for a user
matching block for puncturing bits after the production of equipment associated with the 16 bit user identification.
the % rate convolutional code. 15 8. The base station of claim 7 further comprising a rate
3. A user equipment comprising; matching bl‘ock for puncturing eight bits after the production
an input configured to accept a 16 bit user identification; of the 48 bit code. L.
and 9. A base station comprising:
2 % rate convolutional encoder for processing the 16 bit 59 30 input configured to accept a 16 bit user identification;
user identification code with eight appended zero bits to and
produce a 48 bit code for use in descrambling a high means for % rate convolutional encoding the 16 bit user
speed shared control channel (HS-SCCH). identification code with eight appended zero bits to
4. The user equipment of claim 3 further comprising a rate produce a 48 bit code for use in scrambling a high
matching block for punctu:ing eight bits after the production 25 specd shared control channel (HS.SCC}—I) for a user

of the 48 bit code.

. equipment associated with the 16 bit user identification.
5. A user equipment comprising:

10. The base station of claim 9 further comprising means
an input configured to accept a 16 bit user identification;  for puncturing eight bits after the production of the 48 bit
and code.
means for % rate convolutional encoding the 16 bit user 30
identification code with eight appended zero bits to * ok ok ko k
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INDICATION OF THIS DETECTION, AND BEGINS

SEARCHING FOR THE ACCESS CODE

!

UPON RECEIVING THE DETECTION INDICATION,
THE SUBSCRIBER UNIT CEASES TRANSMITTING
THE SHORT CODE AND START TRANSMITTING  ——210
AN ACCESS CODE. THE SUBSCRIBER UNIT
INITIATES A SLOW RAMP - UP OF TRANSMIT
POWER WHILE SENDING THE ACCESS CODE

g) FIG. 11A
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BASE STATION SEARCHES FOR THE CORRECT

PHASE OF THE ACCESS CODE BY SEARCHING 919

ONLY ONE PHASE OUT OF EACH SHORT CODE
LENGTH PORTION OF THE ACCESS CODE

!

IF THE BASE STATION SEARCHES THE PHASES
OF THE ACCESS CODE UP TO THE MAXIMUM | ___—914
ROUND TRIP DELAY AND HAS NOT DETECTED

THE CORRECT PHASE, REPEAT SEARCH BY
SEARCHING EVERY PHASE

|

UPON DETECTION OF THE CORRECT PHASE OF
THE ACCESS CODE BY THE BASE STATION,
THE BASE STATION SENDS AN
ACKNOWLEDGEMENT TO THE SUBSCRIBER UNIT

|

RECEPTION OF THE ACKNOWLEDGEMENT BY
THE SUBSCRIBER UNIT CONCLUDES THE RAMP-UP |__—218
PROCESS. A CLOSED LOOP POWER CONTROL
IS ESTABLISHED, AND THE SUBSCRIBER
UNIT CONTINUES THE CALL SETUP PROCESS
BY SENDING RELATED CALL SETUP MESSAGES

216

FIG. 11B
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METHOD AND APPARATUS FOR
PERFORMING AN ACCESS PROCEDURE

CROSS REFERENCE TO RELATED
APPLICATION

This application is a continuation of application Ser. No.
10/866,851, filed Jun. 14, 2004, now U.S. Pat. No. 7,117,004
which is a continuation of application Ser. No. 10/400,343,
filed Mar. 26, 2003, which issued on Jan. 4, 2005 as U.S. Pat.
No. 6,839,567, which is a continuation of Ser. No. 10/086,
320, filed Mar. 1, 2002, which issued on May 27, 2003 as
U.S. Pat. No. 6,571,105; which is a continuation of appli-
cation Ser. No. 09/721,034, filed Nov. 22, 2000, which
issued on Dec. 10, 2002 as U.S. Pat. No. 6,493,563; which
is a continuation of application Ser. No. 09/003,104, filed
Jan. 6, 1998, which issued on Jan. 30, 2001 as U.S. Pat. No.
6,181,949; which is a continuation of application Ser. No.
08/670,162, filed on Jun. 27, 1996, which issued on Nov. 24,
1998 as U.S. Pat. No. 5,841,768; which applications and
patents are incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to CDMA com-
munication systems. More specifically, the present invention
relates to a CDMA communication system which utilizes the
transmission of short codes from subscriber units to a base
station to reduce the time required for the base station to
detect the signal from a subscriber unit. The improved
detection time allows a faster ramp-up of the initial transmit
power from the subscriber units while reducing the unnec-
essary power overshoot.

2. Description of Related Art

The use of wireless telecommunication systems has
grown dramatically in the last decade as the reliability and
capacity of the systems have improved. Wireless commu-
nication systems are being utilized in a variety of applica-
tions where land line based systems are impractical or
impossible to use. Applications of wireless communications
include cellular phone communications, communications in
remote locations, and temporary communications for disas-
ter recovery. Wireless communication systems have also
become an economically viable altemative to replacing
aging telephone lines and outdated telephone equipment.

The portion of the RF spectrum available for use by
wireless communication systems is a critical resource. The
RF spectrum must be shared among all commercial, gov-
emmental and military applications. There is a constant
desire to improve the efficiency of wireless communication
systems in order to increase system capacity.

Code division multiple access (CDMA) wireless commu-
nication systems have shown particular promise in this area.
Although more traditional time division multiple access
(TDMA) and frequency division multiple access (FDMA)
systems have improved using the latest technological
advances, CDMA systems, in particular Broadband Code
Division Multiple Access™ (B-CDMAT™) systems, have
significant advantages over TDMA and FDMA systems.
This efficiency is due to the improved coding and modula-
tion density, interference rejection and multipath tolerance
of B-CDMA™ systems, as well as reuse of the same
spectrum in every communication cell. The format of
CDMA communication signals also makes it extremely
difficult to intercept calls, thereby ensuring greater privacy
for callers and providing greater immunity against fraud.

5

10

15

20

30

40

45

50

55

60

65

2

In a CDMA system, the same portion of the frequency
spectrum is used for communication by all subscriber units.
Each subscriber unit’s baseband data signal is multiplied by
a code sequence, called the “spreading code”, which has a
much higher rate than the data. The ratio of the spreading
code rate to the data symbol rate is called the “spreading
factor” or the “processing gain”. This coding results in a
much wider transmission spectrum than the spectrum of the
baseband data signal, hence the technique is called “spread
spectrum”. Subscriber units and their communications can
be discriminated by assigning a unique spreading code to
each communication link which is called a CDMA channel.
Since all communications are sent over the same frequency
band, each CDMA communication overlaps communica-
tions from other subscriber units and noise-related signals in
both frequency and time.

The use of the same frequency spectrum by a plurality of
subscriber units increases the efficiency of the system.
However, it also causes a gradual degradation of the per-
formance of the system as the number of users increase.
Each subscriber unit detects communication signals with its
unique spreading code as valid signals and all other signals
are viewed as noise. The stronger the signal from a sub-
scriber unit arrives at the base station, the more interference
the base station experiences when receiving and demodu-
lating signals from other subscriber units. Ultimately, the
power from one subscriber unit may be great enough to
terminate communications of other subscriber units. Accord-
ingly, it is extremely important in wireless COMA commu-
nication systems to control the transmission power of all
subscriber units. This is best accomplished by using a closed
loop power control algorithm once a communication link is
established. A detailed explanation of such a closed loop
algorithm is disclosed in U.S. patent application entitled
Code Division Multiple Access (CDMA) System and
Method filed concurrently herewith, which is incorporated
by reference as if fully set forth.

The control of transmission power is particularly critical
when a subscriber unit is attempting to initiate communica-
tions with a base station and a power control loop has not yet
been established. Typically, the transmission power required
from a subscriber unit changes continuously as a function of
the propagation loss, interference from other subscribers,
channel noise, fading and other channel characteristics.
Therefore, a subscriber unit does not know the power level
at which it should start transmitting. If the subscriber unit
begins transmitting at a power level that is too high, it may
interfere with the communications of other subscriber units
and may even terminate the communications of other sub-
scriber units. If the initial transmission power level is too
low, the subscriber unit will not be detected by the base
station and a communication link will not be established.

There are many methods for controlling transmission
power in a CDMA communication system. For example,
U.S. Pat. No. 5,056,109 (Gilhousen et al)) discloses a
transmission power control system wherein the transmission
power of the subscriber unit is based upon periodic signal
measurements from both the subscriber unit and the base
station. The base station transmits a pilot signal to all
subscriber units which analyze the received pilot signal,
estimate the power loss in the transmitted signal and adjust
their transmission power accordingly. Each subscriber unit
includes a non-linear loss output filter which prevents sud-
den increases in power which would cause interference to
other subscriber units. This method is too complex to permit
a base station to quickly acquire a subscriber unit while
limiting the interference to other subscriber units. In addi-
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tion, the propagation losses, interference and noise levels
experienced in a forward link (transmission from the base
station to a subscriber unit) is often not the same as in a
reverse link (transmission from a subscriber unit to the base
station). Reverse link power estimates based on forward link
losses are not precise.

Many other types of prior art transmission power control
systems require complex control signaling between commu-
nicating units or preselected transmission values to control
transmission power. These power control techniques are
inflexible and often impractical to implement.

Accordingly, there is a need for an efficient method of
controlling the initial ramp-up of transmission power by
subscriber units in a wireless CDMA communication sys-
tem.

SUMMARY OF THE INVENTION

The present invention comprises a novel method of con-
trolling transmission power during the establishment of a
channel in a CDMA communication system by utilizing the
transmission of a short code from a subscriber unit to a base
station during initial power ramp-up. The short code is a
sequence for detection by the base station which has a much
shorter period than a conventional spreading code. The
ramp-up starts from a power level that is guaranteed to be
lower than the required power level for detection by the base
station. The subscriber unit quickly increases transmission
power while repeatedly transmitting the short code until the
signal is detected by the base station. Once the base station
detects the short code, it sends an indication to the subscriber
unit to cease increasing transmission power. The use of short
codes limits power overshoot and interference to other
subscriber stations and permits the base station to quickly
synchronize to the spreading code used by the subscriber
unit.

Accordingly, it is an object of the present invention to
provide an improved technique for controlling power ramp-
up during establishment of a communication channel
between a CDMA subscriber unit and base station.

Other objects and advantages of the present invention will
become apparent after reading the description of a presently
preferred embodiment.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic overview of a code division multiple
access communication system in accordance with the
present invention;

FIG. 2 is a diagram showing the operating range of a base
station;

FIG. 3 is a timing diagram of communication signals
between a base station and a subscriber unit;

FIG. 4 is a flow diagram of the establishment of a
communication channel between a base station and a sub-
scriber unit;

FIG. 5 is a graph of the transmission power output from
a subscriber unit;

FIGS. 6A and 6B are flow diagrams of the establishment
of a communication channel between a base station and a
subscriber unit in accordance with the preferred embodiment
of the present invention using short codes;

FIG. 7 is a graph of the transmission power output from
a subscriber unit using short codes;

FIG. 8 shows the adaptive selection of short codes;

FIG. 9 is a block diagram of a base station in accordance
with the present invention;
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FIG. 10 is a block diagram of the subscriber unit in
accordance with the present invention; and

FIGS. 11A and 11B are flow diagrams of the ramp-up
procedure implemented in accordance with the present
invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

The preferred embodiment will be described with refer-
ence to the drawing figures where identical numerals rep-
resent similar elements throughout.

A communication network 10 embodying the present
invention is shown in FIG. 1. The communication network
10 generally comprises one or more base stations 14, each
of which is in wireless communication with a plurality of
subscriber units 16, which may be fixed or mobile. Each
subscriber unit 16 communicates with either the closest base
station 14 or the base station 14 which provides the strongest
communication signal. The base stations 14 also communi-
cate with a base station controller 20, which coordinates
communications among base stations 14. The communica-
tion network 10 may also be connected to a public switched
telephone network (PSTN) 22, wherein the base station
controller 20 also coordinates communications between the
base stations 14 and the PSTN 22. Preferably, each base
station 14 communicates with the base station controller 20
over a wireless link, although a land line may also be
provided. A land line is particularly applicable when a base
station 14 is in close proximity to the base station controller
20.

The base station controller 20 performs several functions.
Primarily, the base station controller 20 provides all of the
operations, administrative and maintenance (OA&M) sig-
naling associated with establishing and maintaining all of
the wireless communications between the subscriber units
16, the base stations 14, and the base station controller 20.
The base station controller 20 also provides an interface
between the wireless communication system 10 and the
PSTN 22. This interface includes multiplexing and demul-
tiplexing of the communication signals that enter and leave
the system 10 via the base station controller 20. Although the
wireless communication system 10 is shown employing
antennas to transmit RF signals, one skilled in the art should
recognize that communications may be accomplished via
microwave or satellite uplinks. Additionally, the functions of
the base station controller 20 may be combined with a base
station 14 to form a “master base station”.

Referring to FIG. 2, the propagation of signals between a
base station 14 and a plurality of subscriber units 16 is
shown. A two-way communication channel (link) 18 com-
prises a signal transmitted 21 (Tx) from the base station 14
to the subscriber unit 16 and a signal received 23 (Rx) by the
base station 14 from the subscriber unit 16. The Tx signal 21
is transmitted from the base station 14 and is received by the
subscriber unit 16 after a propagation delay At. Similarly, the
Rx signal originates at the subscriber unit 16 and terminates
at the base station 14 after a further propagation delay At.
Accordingly, the round trip propagation delay is 2At. In the
preferred embodiment, the base station 14 has an operating
range of approximately 30 kilometers. The round trip propa-
gation delay 24 associated with a subscriber unit 16 at the
maximum operating range is 200 microseconds.

It should be apparent to those of skill in the art that the
establishment of a communication channel between a base
station and a subscriber unit is a complex procedure involv-
ing many tasks performed by the base station and the
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subscriber unit which are outside the scope of the present
invention. The present invention is directed to initial power
ramp-up and synchronization during the establishment of a
communication channel.

Referring to FIG. 3, the signaling between a base station
14 and a subscriber unit 16 is shown. In accordance with the
present invention, the base station 14 continuously transmits
a pilot code 40 to all of the subscriber units 16 located within
the transmitting range of the base station 14. The pilot code
40 is a spreading code which carries no data bits. The pilot
code 40 is used for subscriber unit 16 acquisition and
synchronization, as well as for determining the parameters
of the adaptive matched filter used in the receiver.

The subscriber unit 16 must acquire the pilot code 40
transmitted by the base station 14 before it can receive or
transmit any data. Acquisition is the process whereby the
subscriber unit 16 aligns its locally generated spreading code
with the received pilot code 40. The subscriber unit 16
searches through all of the possible phases of the received
pilot code 40 until it detects the correct phase, (the beginning
of the pilot code 40).

The subscriber unit 16 then synchronizes its transmit
spreading code to the received pilot code 40 by aligning the
beginning of its transmit spreading code to the beginning of
the pilot code 40. One implication of this receive and
transmit synchronization is that the subscriber unit 16 intro-
duces no additional delay as far as the phase of the spreading
codes are concerned. Accordingly, as shown in FIG. 3, the
relative delay between the pilot code 40 transmitted from the
base station 14 and the subscriber unit’s transmit spreading
code 42 received at the base station 14 is 2At, which is solely
due to the round trip propagation delay.

In the preferred embodiment, the pilot code is 29,877,120
chips in length and takes approximately 2 to 5 seconds to
transmit, depending on the spreading factor. The length of
the pilot code 40 was chosen to be a multiple of the data
symbol no matter what kind of data rate or bandwidth is
used. As is well known by those of skill in the art, a longer
pilot code 40 has better randomness properties and the
frequency response of the pilot code 40 is more uniform.
Additionally, a longer pilot code 40 provides low channel
cross correlation, thus increasing the capacity of the system
10 to support more subscriber units 16 with less interference.
The use of a long pilot code 40 also supports a greater
number of random short codes. For synchronization pur-
poses, the pilot code 40 is chosen to have the same period
as all of the other spreading codes used by the system 10.
Thus, once a subscriber unit 16 acquires the pilot code 40,
it is synchronized to all other signals transmitted from the
base station 14.

During idle periods, when a call is not in progress or
pending, the subscriber unit 16 remains synchronized to the
base station 14 by periodically reacquiring the pilot code 40.
This is necessary for the subscriber unit 16 to receive and
demodulate any downlink transmissions, in particular pag-
ing messages which indicate incoming calls.

When a communication link is desired, the base station 14
must acquire the signal transmitted from the subscriber unit
16 before it can demodulate the data. The subscriber unit 16
must transmit an uplink signal for acquisition by the base
station 14 to begin establishing the two-way communication
link. A critical parameter in this procedure is the transmis-
sion power level of the subscriber unit 16. A transmission
power level that is too high can impair communications in
the whole service area, whereas a transmission power level
that is too low can prevent the base station 14 from detecting
the uplink signal.
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In a first embodiment of the present invention the sub-
scriber unit 16 starts transmitting at a power level guaran-
teed to be lower than what is required and increases trans-
mission power output until the correct power level is
achieved. This avoids sudden introduction of a strong inter-
ference, hence improving system 10 capacity.

The establishment of a communication channel in accor-
dance with the present invention and the tasks performed by
the base station 14 and a subscriber unit 16 are shown in
FIG. 4. Although many subscriber units 16 may be located
within the operating range of the base station 14, reference
will be made hereinafter to a single subscriber unit 16 for
simplicity in explaining the operation of the present inven-
tion.

The base station 14 begins by continuously transmitting a
periodic pilot code 40 to all subscriber units 16 located
within the operating range of the base station 14 (step 100).
As the base station 14 transmits the pilot code 40 (step 100),
the base station 14 searches (step 101) for an “access code”
42 transmitted by a subscriber unit 16. The access code 42
is a known spreading code transmitted from a subscriber unit
16 to the base station 14 during initiation of communications
and power ramp-up. The base station 14 must search through
all possible phases (time shifts) of the access code 42
transmitted from the subscriber unit 16 in order to find the
correct phase. This is called the “acquisition or the “detec-
tion” process (step 101). The longer the access code 42, the
longer it takes for the base station 14 to search through the
phases and acquire the correct phase.

As previously explained, the relative delay between sig-
nals transmitted from the base station 14 and return signals
received at the base station 14 corresponds to the round trip
propagation delay 2At. The maximum delay occurs at the
maximum operating range of the base station 14, known as
the cell boundary. Accordingly, the base station 14 must
search up to as many code phases as there are in the
maximum round trip propagation delay, which is typically
less code phases than there are in a code period.

For a data rate Rb and spreading code rate Rc, the ratio
L=Rc/Rb is called the spreading factor or the processing
gain. In the preferred embodiment of the present invention,
the cell boundary radius is 30 km, which corresponds to
approximately between 1000 and 2500 code phases in the
maximum round trip delay, depending on the processing
gain.

If the base station 14 has not detected the access code after
searching through the code phases corresponding to the
maximum round trip delay the search is repeated starting
from the phase of the pilot code 40 which corresponds to
zero delay (step 102).

During idle periods, the pilot code 40 from the base
station 14 is received at the subscriber unit 16 which
periodically synchronizes its transmit spreading code gen-
erator thereto (step 103). If synchronization with the pilot
code 40 is lost, the subscriber unit 16 reacquires the pilot
code 40 and resynchronizes (step 104).

When it is desired to initiate a communication link, the
subscriber unit 16 starts transmitting the access code 42 back
to the base station 14 (step 106). The subscriber unit 16
continuously increases the transmission power while
retransmitting the access code 42 (step 108) until it receives
an acknowledgment from the base station 14. The base
station 14 detects the access code 42 at the correct phase
once the minimum power level for reception has been
achieved (step 110). The base station 14 subsequently trans-
mits an access code detection acknowledgment signal (step
112) to the subscriber unit 16. Upon receiving the acknowl-
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edgment, the subscriber unit ceases the transmission power
increase (step 114). With the power ramp-up completed,
closed loop power control and call setup signaling is per-
formed (step 116) to establish the two-way communication
link.

Although this embodiment limits subscriber unit 16 trans-
mission power, acquisition of the subscriber unit 16 by the
base station 14 in this manner may lead to unnecessary
power overshoot from the subscriber unit 16, thereby reduc-
ing the performance of the system 10.

The transmission power output profile of the subscriber
unit 16 is shown in FIG. 5. At t,, the subscriber unit 16 starts
transmitting at the starting transmission power level P,
which is a power level guaranteed to be less than the power
level required for detection by the base station 14. The
subscriber unit 16 continually increases the transmission
power level until it receives the detection indication from the
base station 14. For the base station 14 to properly detect the
access code 42 from the subscriber unit 16 the access code
42 must: 1) be received at a sufficient power level; and 2) be
detected at the proper phase. Accordingly, referring to FIG.
5, although the access code 42 is at a sufficient power level
for detection by the base station 14 at t, the base station 14
must continue searching for the correct phase of the access
code 42 which occurs at t,.

Since the subscriber unit 16 continues to increase the
output transmission power level until it receives the detec-
tion indication from the base station 14, the transmission
power of the access code 42 exceeds the power level
required for detection by the base station 14. This causes
unnecessary interference to all other subscriber units 16. If
the power overshoot is too large, the interference to other
subscriber units 16 may be so severe as to terminate ongoing
communications of other subscriber units 16.

The rate that the subscriber unit 16 increases transmission
power to avoid overshoot may be reduced, however, this
results in a longer call setup time. Those of skill in the art
would appreciate that adaptive ramp-up rates can also be
used, yet these rates have shortcomings and will not appre-
ciably eliminate power overshoot in all situations.

The preferred embodiment of the present invention uti-
lizes “short codes” and a two-stage communication link
establishment procedure to achieve fast power ramp-up
without large power overshoots. The spreading code trans-
mitted by the subscriber unit 16 is much shorter than the rest
of the spreading codes (hence the term short code), so that
the number of phases is limited and the base station 14 can
quickly search through the code. The short code used for this
purpose carries no data.

The tasks performed by the base station 14 and the
subscriber unit 16 to establish a communication channel
using short codes in accordance with the preferred embodi-
ment of the present invention are shown in FIGS. 6A and 6B.
During idle periods, the base station 14 periodically and
continuously transmits the pilot code to all subscriber units
16 located within the operating range of the base station 14
(step 150). The base station 14 also continuously searches
for a short code transmitted by the subscriber unit 16 (step
152). The subscriber unit 16 acquires the pilot code and
synchronizes its transmit spreading code generator to the
pilot code (step 154). The subscriber unit 16 also periodi-
cally checks to ensure it is synchronized. If synchronization
is lost, the subscriber unit 16 reacquires the pilot signal
transmitted by the base station (step 156).

When a communication link is desired, the subscriber unit
16 starts transmitting a short code at the minimum power
level P, (step 158) and continuously increases the transmis-
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sion power level while retransmitting the short code (step
160) until it receives an acknowledgment from the base
station 14 that the short code has been detected by the base
station 14.

The access code in the preferred embodiment, as previ-
ously described herein, is approximately 30 million chips in
length. However, the short code is much smaller. The short
code can be chosen to be any length that is sufficiently short
to permit quick detection. There is an advantage in choosing
a short code length such that it divides the access code
period evenly. For the access code described herein, the
short code is preferably chosen to be 32, 64 or 128 chips in
length. Alternatively, the short code may be as short as one
symbol length, as will be described in detail hereinafter.

Since the start of the short code and the start of the access
code are synchronized, once the base station 14 acquires the
short code, the base station 14 knows that the corresponding
phase of the access code is an integer multiple of N chips
from the phase of the short code where N is the length of the
short code. Accordingly, the base station 14 does not have to
search all possible phases corresponding to the maximum
round trip propagation delay.

Using the short code, the correct phase for detection by
the base station 14 occurs much more frequently. When the
minimum power level for reception has been achieved, the
short code is quickly detected (step 162) and the transmis-
sion power overshoot is limited. The transmission power
ramp-up rate may be significantly increased without concern
for a large power overshoot. In the preferred embodiment of
the present invention, the power ramp-up rate using the short
code is 1 dB per millisecond.

The base station 14 subsequently transmits a short code
detection indication signal (step 164) to the subscriber unit
16 which enters the second stage of the power ramp-up upon
receiving this indication. In this stage, the subscriber unit 16
ceases transmitting the short code (step 166) and starts
continuously transmitting a periodic access code (step 166).
The subscriber unit 16 continues to ramp-up its transmission
power while transmitting the access code, however the
ramp-up rate is now much lower than the previous ramp-up
rate used with the short code (step 168). The ramp-up rate
with the access code is preferably 0.05 dB per millisecond.
The slow ramp-up avoids losing synchronization with the
base station 14 due to small changes in channel propagation
characteristics.

At this point, the base station 14 has detected the short
code at the proper phase and power level (step 162). The
base station 14 must now synchronize to the access code
which is the same length as all other spreading codes and
much longer than the short code. Utilizing the short code, the
base station 14 is able to detect the proper phase of the
access code much more quickly. The base station 14 begins
searching for the proper phase of the access code (step 170).
However, since the start of the access code is synchronized
with the start of the short code, the base station 14 is only
required to search every N chips; where N=the length of the
short code. In summary, the base station 14 quickly acquires
the access code of the proper phase and power level by: 1)
detecting the short code; and 2) determining the proper
phase of the access code by searching every N chips of the
access code from the beginning of the short code.

If the proper phase of the access code has not been
detected after searching the number of phases in the maxi-
mum round trip delay the base station 14 restarts the search
for the access code by searching every chip instead of every
N chips (step 172). When the proper phase of the access
code has been detected (step 174) the base station 14



Case 1:07-cv-00489-SLR Document 15 Filed 12/10/07 Page 77 of 80 PagelD #: 360

US 7,286,847 B2

9

transmits an access code detection acknowledgment (step
176) to the subscriber unit 16 which ceases the transmission
power increase (step 178) upon receiving this acknowledg-
ment. With the power ramp-up completed, closed loop
power control and call setup signaling is performed (step
180) to establish the two-way communication link.

Referring to FIG. 7, although the starting power level P,
is the same as in the prior embodiment, the subscriber unit
16 may ramp-up the transmission power level at a much
higher rate by using a short code. The short code is quickly
detected after the transmission power level surpasses the
minimum detection level, thus minimizing the amount of
transmission power overshoot.

Although the same short code may be reused by the
subscriber unit 16, in the preferred embodiment of the
present invention the short codes are dynamically selected
and updated in accordance with the following procedure.
Referring to FIG. 8, the period of the short code is equal to
one symbol length and the start of each period is aligned
with a symbol boundary. The short codes are generated from
a regular length spreading code. A symbol length portion
from the beginning of the spreading code is stored and used
as the short code for the next 3 milliseconds. Every 3
milliseconds, a new symbol length portion of the spreading
code replaces the old short code. Since the spreading code
period is an integer multiple of 3 milliseconds, the same
short codes are repeated once every period of the spreading
code.

Periodic updating of the short code averages the interfer-
ence created by the short code over the entire spectrum. A
detailed description of the selection and updating of the
short codes is outside the scope of this invention. However,
such a detailed description is disclosed in the related appli-
cation U.S. patent appln. entitled Code Division Multiple
Access (CDMA) System and Method.

A block diagram of the base station 14 is shown in FIG.
9. Briefly described, the base station 14 comprises a receiver
section 50, a transmitter section 52 and a diplexer 54. An RF
receiver 56 receives and down-converts the RF signal
received from the diplexer 54. The receive spreading code
generator 58 outputs a spreading code to both the data
receiver 60 and the code detector 62. In the data receiver 60,
the spreading code is correlated with the baseband signal to
extract the data signal which is forwarded for further pro-
cessing. The received baseband signal is also forwarded to
the code detector 62 which detects the access code or the
short code from the subscriber unit 16 and adjusts the timing
of the spreading code generator 58 to establish a commu-
nication channel 18.

In the transmitter section 52 of the base station 14, the
transmit spreading code generator 64 outputs a spreading
code to the data transmitter 66 and the pilot code transmitter
68. The pilot code transmitter 68 continuously transmits the
periodic pilot code. The data transmitter 66 transmits the
short code detect indication and access code detect acknowl-
edgment after the code detector 62 has detected the short
code or the access code respectively. The data transmitter
also sends other message and data signals. The signals from
the data transmitter 66 and the pilot code transmitter 68 are
combined and up-converted by the RF transmitter 70 for
transmission to the subscriber units 16.

Ablock diagram of the subscriber unit 16 is shown in FIG.
10. Briefly described, the subscriber unit 16 comprises a
receiver section 72, a transmitter section 74 and a diplexer
84. An RF receiver 76 receives and down-converts the RF
signal received from the diplexer 84. A pilot code detector
80 correlates the spreading code with the baseband signal to
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acquire the pilot code transmitted by the base station 14. In
this manner, the pilot code detector 80 maintains synchro-
nization with the pilot code. The receiver spreading code
generator 82 generates and outputs a spreading code to the
data receiver 78 and the pilot code detector 80. The data
receiver 78 correlates the spreading code with the baseband
signal to process the short code detect indication and the
access code detect acknowledgment transmitted by the base
station 14.

The transmitter section 74 comprises a spreading code
generator 86 which generates and outputs spreading codes to
a data transmitter 88 and a short code and access code
transmitter 90. The short code and access code transmitter
90 transmits these codes at different stages of the power
ramp-up procedure as hereinbefore described. The signals
output by the data transmitter 88 and the short code and
access code transmitter 90 are combined and up-converted
by the RF transmitter 92 for transmission to the base station
14. The timing of the receiver spreading code generator 82
is adjusted by the pilot code detector 80 through the acqui-
sition process. The receiver and transmitter spreading code
generators 82, 86 are also synchronized.

An overview of the ramp-up procedure in accordance
with the preferred current invention is summarized in FIGS.
11A and 11B. The base station 14 transmits a pilot code
while searching for the short code (step 200). The subscriber
unit 16 acquires the pilot code transmitted from the base
station 14 (step 202), starts transmitting a short code starting
at a minimum power level P, which is guaranteed to be less
than the required power, and quickly increases transmission
power (step 204). Once the received power level at the base
station 14 reaches the minimum level needed for detection
of the short code (step 206) the base station 14 acquires the
correct phase of the short code, transmits an indication of
this detection, and begins searching for the access code (step
208). Upon receiving the detection indication, the subscriber
unit 16 ceases transmitting the short code and starts trans-
mitting an access code. The subscriber unit 16 initiates a
slow ramp-up of transmit power while sending the access
code (step 210). The base station 14 searches for the correct
phase of the access code by searching only one phase out of
each short code length portion of the access code (step 212).
If the base station 14 searches the phases of the access code
up to the maximum round trip delay and has not detected the
correct phase, the search is repeated by searching every
phase (step 214). Upon detection of the correct phase of the
access code by the base station 14, the base station 14 sends
an acknowledgment to the subscriber unit 16 (step 216).
Reception of the acknowledgment by the subscriber unit 16
concludes the ramp-up process. A closed loop power control
is established, and the subscriber unit 16 continues the call
setup process by sending related call setup messages (step
218).

Although the invention has been described in part by
making detailed reference to the preferred embodiment,
such detail is intended to be instructive rather than restric-
tive. It will be appreciated by those skilled in the art that
many variations may be made in the structure and mode of
operation without departing from the spirit and scope of the
invention as disclosed in the teachings herein.

What is claimed is:
1. A wireless code division multiple access (CDMA)
subscriber unit comprising:
a circuit configured to synchronize to a pilot signal
transmitted by a base station associated with a CDMA
network wherein, during idle periods of the subscriber
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unit, the circuit is further configured to remain syn-
chronized to the pilot signal by periodically acquiring
the pilot signal; and

a transmitter configured such that, when the subscriber
unit is first accessing the CDMA network, the trans-
mitter successively transmits signals until the sub-
scriber unit receives from the base station an indication
that a transmitted one of the signals has been detected
by the base station, wherein each transmission of one of
the signals by the transmitter, other than a transmission
of a first one of the signals, is at an increased power
level with respect to a prior transmission of another one
of the signals and wherein the transmitted signals carry
no data of the subscriber unit;

the transmitter further configured such that, subsequent to
the subscriber unit receiving the indication, the trans-
mitter facilitates closed loop power control with respect
to a communication channel associated with the base
station,

wherein, prior to receiving the indication, the subscriber
unit is not uniquely identified to the base station.

2. A wireless code division multiple access (CDMA)

subscriber unit comprising:

a circuit configured to receive and down convert radio
frequency signals to produce baseband signals, the
baseband signals including a pilot signal and a paging
message, the paging message being associated with the
subscriber unit,

wherein the circuit is further configured to synchronize to
the pilot signal and demodulate the paging message;
and

a transmitter configured such that, when the subscriber
unit is first accessing a CDMA network, the transmitter
successively transmits signals until the subscriber unit
receives from a base station associated with the net-
work an indication that a transmitted one of the signals
has been detected by the base station, wherein each
transmission of one of the signals by the transmitter,
other than a transmission of a first one of the signals, is
at an increased power level with respect to a prior
transmission of another one of the signals and wherein
the transmitted signals carry no data of the subscriber
unit;

the transmitter further configured such that, subsequent to
the subscriber unit receiving the indication, the trans-
mitter transmits to the base station a message indicating
to the base station that the subscriber unit wants to
establish a radio connection with the base station over
a communication channel to be indicated by the base
station,

wherein, prior to receiving the indication, the subscriber
unit is not uniquely identified to the base station.

3. A wireless code division multiple access (CDMA)

subscriber unit comprising:

a circuit configured to synchronize to a pilot signal
transmitted by a base station associated with a CDMA
network wherein, if the circuit becomes unsynchro-
nized to the pilot signal during an idle period of the
subscriber unit, the circuit is further configured to
re-synchronize to the pilot signal;

a transmitter configured such that, when the subscriber
unit is first accessing the CDMA network, the trans-
mitter successively transmits signals generated using a
portion of a code until the subscriber unit receives from
the base station an indication that a transmitted one of
the signals has been detected by the base station,
wherein each transmission of one of the signals by the
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transmitter, other than a transmission of a first one of
the signals, is at an increased power level with respect
to a prior transmission of another one of the signals;

the transmitter further configured such that, subsequent to
the subscriber unit receiving the indication, the trans-
mitter transmits a signal generated using a remainder of
the code,

wherein, prior to receiving the indication, the subscriber
unit is not uniquely identified to the base station.

4. A base station for use in a code division multiple access

(CDMA) network, comprising;

a circuit configured to provide a pilot signal such that a
subscriber unit is synchronized to the pilot signal and
and re-synchronized to the pilot signal if the subscriber
unit becomes unsynchronized to the pilot signal during
an idle period;

a receiver configured to receive, from a subscriber unit
attempting to first access the network, a signal carrying
no data of the subscriber unit; and

a transmitter configured to transmit to the subscriber unit
an indication that the signal carrying no data of the
subscriber unit has been detected by the base station;

the transmitter further configured such that, subsequent to
the transmitter transmitting the indication to the sub-
scriber unit, the transmitter facilitates closed loop
power control with the subscriber unit with respect to
a communication channel associated with the base
station,

wherein, prior to transmitting the indication, the base
station has not uniquely identified the subscriber unit.

5. A wireless code division multiple access (CDMA)

subscriber unit comprising:

a circuit configured to receive and down convert radio
frequency signals to produce baseband signals, the
baseband signals including a pilot signal and a paging
message, the paging message being associated with the
subscriber unit,

wherein the circuit is further configured to synchronize to
the pilot signal and demodulate the paging message;
and

a transmitter configured such that, when the subscriber
unit is first accessing a CDMA network and wants to
establish communications with a base station associ-
ated with the network over a communication channel to
be indicated by the base station, the transmitter suc-
cessively transmits signals until the subscriber unit
receives from the base station an indication that a
transmitted one of the signals has been detected by the
base station, wherein each transmission of one of the
signals by the transmitter, other than a transmission of
a first one of the signals, is at an increased power level
with respect to a prior transmission of another one of
the signals;

the transmitter further configured such that the transmitter
transmits to the base station a message indicating to the
base station that the subscriber unit wants to establish
the communications with the base station over the
communication channel to be indicated by the base
station, the message being transmitted only subsequent
to the subscriber unit receiving the indication,

wherein the successively transmitted signals and the mes-
sage are generated using a same code.

6. A method for use in a code division multiple access

65 subscriber unit for establishing communications between

said subscriber unit and a base station, said method com-
prising:
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synchronizing to a pilot signal transmitted by said base
station;

after said synchronizing to the pilot signal, transmitting a
plurality of different codes by said subscriber unit to
said base station wherein each one of the plurality of
different codes, other than a first one of the plurality of
different codes, is transmitted at an increased power
level with respect to a prior transmission of another one
of the plurality of different codes;

receiving an acknowledgement by said subscriber unit
from said base station and ceasing transmitting the
plurality of different codes, said acknowledgement
indicating to said subscriber unit that said base station
has received at least one of said plurality of different
codes; and

transmitting, in response to receipt of said acknowledge-
ment, an access signal to facilitate communication
initialization between said subscriber unit and said base
station, said access signal as transmitted by said sub-
scriber unit, and said plurality of different codes, as
transmitted by said subscriber unit, being a function of
a same code.

7. A method for performing an access procedure in a code
division multiple access subscriber unit for establishing
communications between said subscriber unit and a base
station, said method comprising:

receiving radio frequency signals;

down converting the received radio frequency signals to
produce baseband signals, the baseband signals include
a pilot signal and a paging message, the paging mes-
sage being associated with the subscriber unit;

synchronizing to the pilot signal;

demodulating the paging message;

after said demodulating the paging message and said
synchronizing to the pilot signal, transmitting a first
code to be used by said base station in establishing
communication between said base station and said
subscriber unit at a first power level, said first code not
providing data of said subscriber unit;

subsequently transmitting, with respect to said first code
a same or a different code, at increasing power levels
until an acknowledgement is received by the subscriber
unit, reception of said acknowledgement by said sub-
scriber unit indicating to said subscriber unit that the
base station has detected transmission by the subscriber
unit; and

transmitting, in response to receipt of said acknowledge-
ment, a signal by said subscriber unit as part of the
access procedure wherein the signal includes a second
code that is associated with the same or different code.

8. A method performed by a code division multiple access
subscriber unit for establishing communications between the
subscriber unit and a base station, the method comprising:

(a) synchronizing to a pilot signal transmitted by the base
station;

(b) after said synchronizing to the pilot signal, transmit-
ting a code of a first type, wherein the code of the first
type does not include data of the subscriber unit;

(c) determining if the subscriber unit has received an
acknowledgement signal from the base station, the
acknowledgement signal being an indication to the
subscriber unit that the base station has received a code
of the first type;

(d) repeating the transmitting of a code of a first type, each
repeated transmission being at an increased power level

14

with respect to a prior transmission of a code of the first
type, until the subscriber unit has received the acknowl-
edgement signal; and

(e) transmitting a code of a second type after a determi-

5 nation is made that the subscriber unit has received the
acknowledgement signal.

9. A method for use in a code division multiple access
subscriber unit for establishing communications between
said subscriber unit and a base station, said method com-

10 prising:

(a) receiving radio frequency signals;

(b) down converting the received radio frequency signals
to produce baseband signals, the baseband signals
include a pilot signal and a paging message, the paging
message being associated with the subscriber unit;

(c) synchronizing to the pilot signal;

(d) demodulating the paging message;

(e) after said demodulating the paging message and said
synchronizing to the pilot signal, transmitting a first
one of a plurality of different codes by said subscriber
unit to said base station;

() if an acknowledgement is not received, transmitting
another one of the plurality of different codes by said
subscriber unit to said base station;

(g) repeating step (f) until an acknowledgement is
received by said subscriber unit from said base station,
said acknowledgement indicating to said subscriber
unit that said base station has received at least one of
said different codes; and

(h) transmitting, in response to receipt of said acknowl-
edgement, an access signal to facilitate communication
initialization between said subscriber unit and said base
station, said access signal, as transmitted by said sub-
scriber unit, and said different codes, as transmitted by
said subscriber unit, being a function of a same code.

10. A subscriber unit operable to perform an access

procedure in a code division multiple access system for
establishing communications between said subscriber unit
and a base station, said subscriber unit comprising:

a circuit configured to synchronize to a pilot signal
transmitted by said base station wherein, the circuit is
further configured to re-synchronize to the pilot signal
if the subscriber unit becomes unsynchronized to the
pilot signal during an idle period of the subscriber unit;

("

0

4
? a transmitter; and
a processor configured to control said transmitter to
transmit a first code to be used by said base station in
establishing communication between said base station
50 and said subscriber unit at a first power level, said first

code not providing data of said subscriber unit, wherein
said processor is further configured to control said
transmitter to subsequently transmit, with respect to
said first code a same or a different code, at increasing
55 power levels until an acknowledgement is received by
the subscriber unit, reception of said acknowledgement
by said subscriber unit indicating to said subscriber unit
that the base station has detected transmission by the
subscriber unit, and said processor is further configured
to control said transmitter to transmit, in response to
receipt of said acknowledgement, a signal by said
subscriber unit as part of the access procedure wherein
the signal includes a second code that is associated with
the same or different code.

11. A subscriber unit for performing an access procedure
for establishing communications between said subscriber

unit and a base station, said subscriber unit comprising:
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a circuit configured to synchronize to a pilot signal
transmitted by the base station wherein, the circuit is
further configured to re-synchronize to the pilot signal
if the subscriber unit becomes unsynchronized to the
pilot signal during an idle period;

a processor configured to control a transmitter such that
the transmitter transmits a first one of a plurality of
different codes by said subscriber unit to said base
station;

a receiver configured to receive an acknowledgement
wherein if said acknowledgement is not received, the
processor is configured to control the transmitter such
that the transmitter transmits another one of the plu-
rality of different codes by said subscriber unit to said
base station;

the processor configured to control said transmitter such
that said transmitter repeats the transmitting of another

16

one of the plurality of different codes until said
acknowledgement is received by said subscriber unit
from said base station, said acknowkdgement indicat-
ing to said subscriber unit that said base station has
received at least one of said different codes; and

said processor further configured to control the transmitter
such that the transmitter transmits, in response to
receipt of said acknowledgement, an access signal to
facilitate communication initialization between said
subscriber unit and said base station, said access signal
as transmitted by said subscriber unit, and said plurality
of different codes, as transmitted by said subscriber
unit, being a function of a same code.
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