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.
RANDOM ACCESS COMMUNILATIONS CHANNEL .
' FORDATA SERVICES

- BACKGRO_UND OF THE INVENTION

I Field_of the Invention |

~ The present invention relates to a random access communications:

channel for data services. More particularly, the present' invention relates

. to a method for sharing the resources of exrstmg channels in a cellular
telephone commumcatlons system among a large number of packet data -

- users, each havmg a vartable and unpredlctable demand for transmission

.' resources

II Descnptron of the Related Art

Cellular telephone systems have tradmonally provided voice services,

-.patterned on the land telephone system model. In that model, a user places

a call by requesting a connection between one telephone terminal and

another such terminal. Once the connectlon is established, it remams in

_ place until the callmg party or the called party requests that the connection -
be released.- Whlle the connection is established, the telephone system
_ dedlcates system resources, such as trunk bandwidth, to the call. The :

-resources are dedicated at all tlmes, regardless of whether the callers talk or

are srlent The system resources are not shared: among calls
The land telephone model is followed in conventional cellular

systems For example, two systems that follow that model are the Advanced

Mobile Phone System ("AMPS") cellular system, described in "Mobile

Station/Land Station’ Compatlblhty Spec:frcatlon,“ ANSI/EIA/TIA-553

‘ (September 1993), and the time division multlple access ("TDMA") system,
| '-descnbed in "Cellular System Dual-Mode Mobile Station/Base Station
'. Compatxblhty Standard,” EIA/TIA/ 15-54-B (September 1992). - The code
. dwxsron multiple access ("CDMA") cellular system, described in "Mobile
Station/! Base Station Compatlblhty Standard for Dual-Mode Wideband |
Spread Spectrum Cellular System,“_ TIA/ EIA/IS-95, Telecommumcatnons
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| Industry 'Ass'd_ciation__ (July 1993), allows sharing of radio-ban_dwidth, but

" follows the land telephone model for connectidns'between 'the mobile
: swrtchrng center (“MSC") and the pubhc sthched telephone network
("PSTN"). | | "

The CDMA system descrlbed above uses a 1. 23 MHz bandwrdth to

serve multrple calls, usxng a CDMA scheme. Each user is assrgned a unique

~ code.. All  user _ter_mma_ls, sha_rmg the radio channel  transmit.
'simultaneously-, and the receivers use the unique code to identify an.d_
- decode a signal frorn the terminal that is to be received. The ."p'roce-ss is
' lmuted by the rnterference generated by the other transmitters. So long as _
the desired srgnal can be maintained sufficiently strong relative to the total _- _
3 mterference, the signal can be successfully demodulated. When the number' .
~ of users exceeds the CDMA channel's capacity, however, the necessary-'

signal strength cannot be mamtamed This CDMA cellular system provides - |

for a total of 64 forward link channels per cell in each 1. 23 MHz band

_ .Expenments have shown that such a system ‘can support more than 60

: srmultaneous calls per cell in the 1. 23 MHz bandwidth under bemgn

propagatlon and interference conditions.

The CDMA cellular telephone system also provrdes a means of

. serving a large population of cellular telephone units, most of whrch are _

. 1dle, i.e., not involved in a call, These idle units momtor a specral control

channel known as the "Paging Channel," which continuously transmlts. '
system information and paging messages. Paging messages are used to "

inform a mobile terminal that a caller wishes to establish a call connection

to the mobile. Each Paging Channel has one or ‘more associated "Access
~Channels." The Access Channels use multiple-access prOtoc_:_ols, by which

the mobile terminals transmit call requests (originations) and ansWer

paging messages. When a connectlon is established, the cellular base station.

assigns the mobile station a dedicated "Trafflc Channel" to carry the voice .

mformatlon for the duratlon of the call.

The CDMA system was designed to exploxt the ldleness of the mobile

i termmals If this were not so, the number of mobile termmals supported

would be hmlted to fewer than 64 per cell, because of the hmrtecl number of
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channel's'-pmvlded in the system design. Because most terminals are idle,

the system- can support several orders of magmtude more mobile termmals .

'per cell, theteby ]ustlfymg the choice of 64 channels as an upper limit.

Users of packet data services often atilize system resources ina

'manner that varies over the course of the packet data session. File transfers, _
'e-maxl and information retneval are examples of packet data services that -
 follow this pattem. For these services, a few packets are sent whl_le the user:
selects the file, e-mail, or other information to' be retrieved-,_ then a long

~ sequence of packets is sent or received while the information is transferred."

In other types of data packet serVices, only a few packets are sent

during an exchange of 'd'ata, and the exchanges occur on an irregular basis.

Examples of such services include: credxt verification, message and paging .

- services, order entry, and dehvery routmg

The manner in which these two types of data packet servxces utlllze

 resources suggests that a packet service should provide two basic service
- modes.. F:rst for those cases where large amounts of data are to be
transferred, a service mode should be available that optimizes the data

- throughput.’ Second for cases where packet transmission is mfrequent and' :

irregular, dedicating a channel ass1gnment to each user would be was_teful_of_'-

~ system resources, because the dedicated channels would be unused most of -

- the time. For this second case, then, a servxce mode should be available that. )

optimizes the sharing of resources, i.e., optimizing channel usage. Tt should -

be possxble for a packet service to switch between the two modes in response_'

to usage demand.

Conventlonal cellular systems, including' CDMA, however, have

- neither the capability to .efﬁc:ently and effectively har_ldle both’ types of data
. packet services, nor the capability _to switch between the two. While the
- CDMA Traffic Channels do provide dedicated channel assignments and can
. thus be use_'d' to handle high-throughput packet servi_c'e-to prevent the

throughput reduction resulting from channel sharing, they are in'efficient '

'for low throughput, 1rregular -and mfrequent data packet transmlssxons B

_Thus, a multlple-access protocol is requxred for a service mode that

optlmlzes sharing of resources. -
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Desprte provrdmg multrple-access protocols, the exrstmg CDMA '

' Pagmg and Access Channels operate in a manner that is not well suited to . |

- ‘data packet servrces_. _For_example, those channels can’ support only a small _
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20

- for fragmentmg longer messages.

‘packet size, which redirces the effective throughput of the channel because X

each 'packet contains header ‘information as overhead. - This overhead

occupres a greater fractron of the avarlable channel bandwidth when the

' packets are small.

Furthermore, the Pag:ing-. and Access Channels cannot support long
packet srzes because of their access methods. The Access Channel provrdes o

no power control feedback- that would allow the base station to mamtam the

mobile terminal's srgnal strength in an acceptable range dunng a prolonged o

transmrssron Instead mobile termmals simply transmrt messages-
repeatedly, with increased transmrt power on successive attempts, until the
base statron acknowledges reception of the message Because longer
messages are more susceptlble to errors caused by mterference or fading, the
mobile terminal's power level may reach very hlgh levels when attempting
to send a long message. This would result in excessive 1nterference to other
users during the transmrssron. On -th_e Paging Channel,,moreover, long
packets cannot he supported ‘because of the structure of the channel.

Messages are hmrted to'a maxrmum of 255 octets, and no mechamsm exists -

- The Access Channel also is incapable of 1dent1fymg multrple o
propagation’ paths. On Traffic Channels, each of the mobile termmals has a

- umque spreading code that is used by the base station to identify and exp101t. :

multiple propagatron paths, using a signal comblnmg method. On the

"Access Channel, in. contrast all mobile terminals use the same spreading

code for transmissions, makrng multiple propagation paths’
mdrstmgurshable from transmissions from other mobxle terminals. _

_ In some present systems, it is possrble to provrde connectlonless data
servrces, based on the dehvery of individual data packets from many users

who transmit data packets in bursts. Such services preferably do not utilize |

fixed allocatrons of commumcatron resources and allow the shanng of such

resources among multlple users. In many present communications
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.' systems, and in partlcular digital cellular systems and CDMA cellular,.

‘however, no capablhty exists to provide for communication of data packets

from . many bursty users. In such systems, efficient support for

: connectlonless data services requlres changes in the access methods used on -

‘the radio channel and in the land network.

Therefore, a need exists for a random access data packet channel that :

" can share commumcatron channel resources among a large number of

bursty packet data users, each having a variable and unpredictable demand

for transmission resources, and for a way to switch between such a random

access channel and a dedicated data channel. A need also exists for a coding -

scheme that can be used'to identify users on the randorn access channel and

a scheme for overlaymg the random access channel w1th control channels
SUMMARY OF THE INVENTION

_ :Aecordingly,_ the present invention is directed to a random access .-

channel for packet. data services in a wireless communications system that

-substantially ohviates.one or more of the problems due to the limitations

and dlsadvantages of the related art.

Additional features and advantages of the invention will be set- forth'.'

in the descnptxon that follows and in part will be apparent- from the -

descnptron, or may be learned by practrce of the invention. The ob]ectlves

~and other advantages of the mventlon will be realized and attained by the
'apparatus partlcularly pointed out in- the written description and clalms of

this applrcatlon, as well as the appended drawings.

'To achieve these and other advantages, and in accordance with the'

'purpose of the mventxon as embodied and broadly described herein, in a

digital communication system for communicating digital information, the

-'dlgltal commumcatton system having a forward link and a reverse link, the - |
invention is-a system for _c_ommun_rcatmg a digital data packet.- The_syst__em'
* of the. present' inyention comprises - digital transceivers for sending the
' .' dlgttal data packet ona random access channel over the reverse link and for -

.' recelvmg the digital mformatxon from the forward link. The system further
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' comprises a dlgrtal base station for receiving the dlgltal data packet on the "

' .random access channel from the reverse link and for sendmg the drgltal -

mformatron over the forward link, wherem the digital transceivers make

_packet service requests on the random access channel and thereby share the -

_random access channel

I_n _another aspec_t,, in a digital communication system for

‘communicating digital information, the digital communication system -
" having a forward link and a reverse link, the present invention is a method

for commumcatmg a drgrtal data packet ' The method comprrses sendmg . 3

the dlgrtal data packet on a random access channel over the reverse link and

receiving the dlgltal mformatlon from the forward link by a number of o

"~ digital transceivers. The method further comprises recelvmg the drgrtal-

data packet on the_ random ac_cess channel from the reverse link and -

sending the digital information over the forward link by a digital base - ;

statron, ‘wherein the drgltal transceivers make packet servrce requests on the
random access channel and thereby share the random access channel
In another aspect in a d1g1tal communication system for

commumcatmg digital mformatron, the digital communication. system -

' havmg a digital transceiver and a digital base station, the dlgrtal transcerver :

having a bandwidth demand, the present invention is a system for' _
commumcatmg dlgltal data packets The system of the present invention
compnses a random access channel and a dedicated channel for

communicating - the dlgrtal data packets between the digital transcelver and

_the digital base statxon 'I‘he system further comprlses a processor for'_,

sthchmg from the random access channel to the dedrcated channel if the .

bandwrdth demand exceeds a first threshold level and from the dedicated |

- channel to the random access channel if the bandwidth demand below a

second threshold level and/ or if the drgrtal transcerver is hrghly mobile, -
frequently movmg from the coverage area of one base statron to the
coverage area of another

In yet another aspect in a drgltal commumcatron system havmg a

. broadcast channel for commumcatmg system mformatron and an access

| channel for makmg access requests, the system mfor_matxon mcludrng §
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paging rttessages, the _dl’gi-tal'cf'omrnuh'iloiati'on system including a plurality_'of :

~ transceivers each having a specific long code, the present invention is a.

system for commumcatmg a drgttal data packet. In the system of the present

invention, a commumcatmg transcexver from among the plurallty of =

transceivers initializes - a packet service request requests a searcher"

reservatxon on the access channel, and sends the digital data packet over a

‘random access channel using the specrﬁc long code corresponding to the_

commumcatmg transceiver to obtain a coded digital data packet. The

: _system compnses a base station, mcludmg a plurality of searchers and a'

controller for locating a free searcher from the plurality of searchers and for

sending to the free searcher ;_the specific long code co'rresponld,ing to. the

| communicating transceiver. "Further, the base station assigns the free .
‘searcher to the commumcatlng ‘transceiver and receives the coded dlgltal'

'data packet from the commumcatmg transcerver over the randomaccess

channel. The plurahty of transceivers share the random access channel.
In all of the systems and methods descrrbed above and in the

followmg descnptxon, the digital data can be commumcated over the dlgltal -

cellular communications system  using code division multrple access

(CDMA). CDMA is a .spread spectrum method of muiltiplexing

“transmissions by encoding the: transmissions so that they are each .

drstmctlve CDMA multlplexmg permit ‘a larger number of transcelvers'

(i.e., mobile telephone units) -to communicate wrthm a commumcatlon' '

‘network than would other wise be possrble wrthout thrs spread spectrum

technique.

It is to be understood that both the foregoing general descrlptlon and

“the followmg detailed descrrptlon are exemplary and explanatory only and

are not restrictive of the invention, as claimed.

‘The accompanymg drawings are mcluded to provide a further'

: understandmg of the invention and are mcorporated in and. constltute a

part of thls specrfxcatron, to 1llustrate the embodiments of the mventxon,

. and together thh the descrlptlon, to explain the prmcrples of the - |

mventlon



10

15

WO 96/37079 - S - . " PCTIUS96/06930

BRIEF DESC,RIPTION OF THE'DRAWINGS'

The features, ob]ects, and advantages of the present. mventmn will

- become more apparent from the detailed descnptxon set forth below when
taken in conjunction with the. drawings in which like reference characters

1dent1fy correspondingly throughout and wherein:

~ Figure lisa schematlc overview of an exemplary moblle cellular '

 telephone system.

Flgure 2 is a schematic overview “of the process of searcher :

reservation in accordance with the present invention. _ _
| Flgure 3isa schematlc overview of the process of swrtchmg betWeen o
a random access channel and a dedicated channel for reverse link

' commumcatlons in accordance with the present invention.

Frgure 4 1llustrates a Long Code Mask used on a forward hnk. .
Packet/ Pagmg Channel. . .

Flgure 5A and Figure 5B illustrates the structure of the forward hnk
Packet/ Pagmg Channel in accordance with the present xnventxon

Figure 6A and Flgure 6B illustrates the structure of the Packet

' Subchannel of the Packet/ Paging Channel of the present invention.
20 .

Flgures 7A-7C illustrate the half-frame structure of the Packet

o Subchannel of the present invention.

Frgure 8 shows the structure of messages sent on the Packet
Subchannel

Flgure 9 1llustrates the synchromzatmn of a random access channel

(or Reverse Packet Channel) in accordance with the present mventlon

Flgure 10 1llustrates the structure of transmlssmns sent on’ the-.
Reverse Packet Channel of the present invention. . _

F:gure 11 illustrates the message portlon of a transrmsslon sent on'-
the Reverse Packet Channel of the present invention.

Frgures 12A-12C are flow dragrams 1llustratmg an exemplary mobile

station searcher management scheme in ‘accordance with the present

~ invention.
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Figures 13A-13E a're flow dia'g'ram's illustrating an'ex'empla'ry base
station . searcher management scheme in accordance w1th the present .

invention.
DETAILED DESCRIPTION OF THE PREFERRED
' EMBODIMENTS -

Reference will now be made in ‘detail to the 'pres'ent --p_referr'ed

: embodiments of the invention, examples of which are illustrated in the

accompanyxng drawmgs ‘Wherever possible, the same reference numerals '

: w1ll be used throughout the drawmgs to refer to the same or like parts.’

In.accordance w1th the present invention, in a digital commumcatlon _

system for commumcatmg dlgxtal information having a forward link and a

_ reverse hnk a system and method are provrded for communlcatmg drgltal
15

data packets The system comprises digital transcewers, for example, mobile
cellular telephones for sendmg the digital data packets on a random access' _

channel over the reverse link and for recelvmg digital mformatron from

. the forward link. The system also comprises a digital base station for

receiving the digital data packet on the random access channel from the

reverse link and for sending digital information over the forward link. The

| -dlgltal transceivers make packet service requests on and thereby share the '
-random access channel
L SYSTEM DESIGN

A, Appllcatrons s

An exemplary embodiment of a terrestrlal dlgltal cellular mobxle i

; _telephone system in which the present mventmn may be embodled is

illustrated in Figure 1 and designated generally by reference numeral 100.

The dlgxtal commumcatlon system illustrated in Flgure 1 may utrhze o

TDMA, CDMA or other dlgxtal modulatlon techmques in commumcatxons

between the remote user units 102, 104 (which may be fixed or mobile and

. may also be referred to as moblle stations) and the cell-sites (or base statlons). o
-+ 108. For the remalnder of this description, the terms “cell-site" and "base .

 station" will both be. used to refer to terrestnal transcelvers that

communicate overfthe-arr w1th -remote_ and/or moblle units. It is not
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' _mtended however, that the present invention be llmlted to cellular systems- ‘

and thus to cell-SItes Cellular systems in large cities may have hundreds or’

thousands of mobile telephones 102 and many cell-sites 108. Nevertheless, -

 the present system is not llmxted to mobile telephones 102 and may be used -

to mterconnect a frxed posrtlon cellular communications devrce 104. For

example, a cellular transcerver 104 can be supphed at.a bulldlng in order to

“send and recerve data and/ or. voice commumcatrons between some devrce-

in, the burldmg and a swrtchmg station 110 that collects the data. _.
Transmlssxons from the. cell-srtes 108 to the remote user units 102 104 are

sent on a. forward link 120, whlle transmxssrons in the opposrte direction are

~sent on a reverse link 130. The cell sites 108 are coupled to the sw1tch1ng .

 station 110 via backhaul 140 or- may be linked to the swrtchrng statlon 110 |

15

over-the-air. | . ,
- An example ‘of such a use would be a company that has 'many'-- '
vendmg machines throughout a wide area and that needs to momtor the

requrrements of those Vendmg machines. The vending machmes could be

o equlpped with a digital cellular transceiver 104 that can send and receive

data to and from the switching statlon 110, including whether the macl_une-“__ o

is empty,'which slots are empty, whether the supply is runn_ing low, an_d

whether " the machine ‘has 'malfunctioned. " In such an applic_ation-, the

" ..vending machines would not need to communicate large amounts of data

~at any one time, but rather only short packets, such as status reports a'nd.

malfunctions, and then only sporadically. Wrth many vending machmes '

. needing to commumcate data packets to the sw1tch1ng station 110, and v1ce.

. versa, it would be. inefficient and lmpractrcal to have the vendmg machines

commumcate over a dedicated communication channel, in which system

resources. would be dedlcated to each -vending machme that requrred'

channel trme

A more efﬁcxent approach is to provide a random access channel over
whxch the vendmg machmes can commumcate with the swrtchmg station

110. Wlth a random access channel, the vendmg machines could request'

: channel time only when they need it. Because the vendmg machrnes '

_requrre channel time only mfrequently and brlefly, hterally thousands of
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vending machines could share a single random access channel without

 significant transmission delays due to the random access channel being

busy."

Another apphcatron in whlch a random access channel on a digital |

cellular system is useful- would be: where a fleet of: taxrcabs reports

information back to a dlspatcher Each taxicab must keep the dispatcher

- apprised, for example',- of the cab's location and _avaxl_abrhty_ and must
“monitor requests for service. As with the vending machine example, many .
- cabs' must communicate with the dispatcher, but only with data packets that

B 10 _are sent sporadlcally Accordingly, in this example as well, a random access

channel would more effrcrently serve the communications needs of the

taxrcab fleet and dispatcher than would a dedicated data channel..

a Furthermore, the cabs could be equlpped with a vorce/data transcener 0

 that they can commumcate by vmce with the dispatcher when needed and
send and receive data from the dispatcher. Communicating both voice and

~ data over the same system is made possible by the use of a digital system, for

in such systems both the voice and data transmissions are in digital format.

Therefore, in accordance with the Ppresent. invention, a system for

| -commumcatmg short drgltal data packets over a random access channel is
provided wrthm the system 100 of Figure 1. An additional feature of the
‘system’ of the_ present mven-tron is the ability to send digital data packets

over a dedicated data channel in the system 100. To facilitate sending .dig.i'tal_-

' 'data packets over the random access ‘and dedicated channels, the present

mventlon mcludes means for switching between the random access and- . -

dedicated data channels, dependmg on the bandwidth demand of the user

| _'(or_ mobile unit) that 1s commumcatmg data packets. The details of the
_‘present invention, including the means for switching between the random
- access and dedicated data channels, will be described in detail below.

While applicable to any digital communications system, the system of
the present 1nventron is partrcularly well suited to the use of CDMA'

' techmques. In a CDMA system, a "User Specific Long Code" is used to

" encode data and voice transmissions sent over the system. As used herein,

the term User Specific Long Code (or Long Code) may refer to a general_ i
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spreadmg code used for encodmg transmissions. The use of User Specrflc- '

Long Codes is a spread spectrum techmque by whlch the data and voice

transmissions are altered in such a way as to allow one user's data or voice

to be distinguished from that of other users. Thus, User Specrflc Long Codes - -

are a means of 1dent1fy1ng one system user from many users and extracting:
that one user's data from the sum of the data of all the other users '

As embodred herein, User Spectfrc Long Codes are selected such that

'they are uncorrelated over one modulation symbol time. Two long codes

are’ uncorrelated if the result of exclusive-or-ing them results in an equal

number of 1 s and 0's when statistically averaged. For example, the'__-. - -
followmg are orthogonal 0110 and 0101, because 0110 XOR 0101 0011, i.e., . '_

an equal number of 1's and 0's. Long Codes generated as temporal shifts of

maximal-length shift register sequences are an example of a means for-'

producing uncorrelated codes. The Long Codes are generated such that they B
‘have. long periods; i.e., the pattern of Long Codes repeats very mfrequently
- For example, if a Long Code is 42 bits long, the perrod will be 242.1. Because

data sent by one of many users ‘on the system must be dlstrngurshable from

all other users’ data, the Long Codes must appear totally random, so that
_two users will not have the same Long Code. A.long penod for the Long- :
Codes, such as a penod of 242-1 accomphshes this goal, because with sucha

" long penod the Long Codes repeat very mfrequently In practice, then,

having such a long penod the Long Codes are, on average, uncorrelated__
over one mformatron bit time. The use of orthogonal Long Codes is well-
known to those ‘skilled in the art. .
 In accordance with the present mventlon, a searcher and a
demodulatmn element in response to commands from a controller unit,
acquire and demodulate a user s information sxgnal A searcher element 1s-

a sliding correlator receiver that contmually scans a time domain wmdow

m search of a partrcular user’s mformatlon signal. In a system wrth .
- multiple demodulatlon elements, a searcher element may also scan a set of -
_time offsets around the nominal arrival of the srgnal in search of multipath -

. signals that have developed Typlcally, the controller drrects the searcher to -

scan the _recelved s1gnal from' the base statron antenna and correlate the :
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: recewed srgnal w1th a known PN spreadmg sequence (or Long Code)

associated with a partlcular mobile transmitter. Methods for 1mplementrng o

correlators for thls purpose are well known to those skilled in the art.

In one embodlment illustrated in FIG. 2, demodulators 206A-206C -

are permanently ~assigned to receive signals for pagmg/access,'

'paging/random-access and traffic channel functions, respectively. - The
. corresponding searchers 210A-210N may be assigned and desassxgned to
- demodulators 206A-206C as required by controller 212 and communrcated :
~ over 1nterconnectlon bus 214. Generally, a searcher is assigned to search for

-a User Speclflc Long Code only when the user (or transcerver) initiates a -

data transmrssron sessron The searcher to demodulator assrgnment'

scheme, whrch will be detailed 1ater, enables relatrvely few searchers to o

* provide servrce to potentxally thousands of users.” It should also be noted -

* that demodulator elements 206A—206C could also be assigned, preferably also

under the control of controller 212 to- receive signals for purposes other:

than those listed prevrously

Ina CDMA system, each transceiver has its own personal permanent .

o Long Code, and each cell site 108 has searchers that search for transmissions -

© users.

using specific Long' Codes. (Long Codes need not be permanent however, as.

' 'they can be. dynamrcally ass1gned by the cell site 108, generatmg a pnvate o

long code.) Although a user can transmlt data at any time, for the data to be
received by the cell site 108, the cell site 108 must assrgn a searcher to the -
Long Code correspondmg to that user's transceiver. As noted above, many
users (perhaps thousands) may be attempting to transmit. data packets to a

smgle cell site 108 via a random access channel ‘With so many users, if each

~ had its own personal searcher seeking only that user's Long Code, the |

-'system would require hterally thousands of searchers to handle all the -

Therefore, in the present 1nventron, ‘each user must be assrgned a

searcher before data transmltted by that user can be recelved by the base :

- statron Referring to Flgure 2, when a system user 202 has data to send to

. the swrtchmg statron 110, the user 202 makes a packet data transrrussron

,request on a standard Access Channel 204 whrch serves the system on the
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reverse lmk ie., from the users 202 to the cell site 108. Although each’

: Access Channel 204 in the system has its own partlcular Long Code, each

user 202 has a priori knowledge of that Long. Code and thus uses that Long'

Code to transmit over the Access Channel 204 to an paging/access channel- 3

transceiver 206A in the cell site 108 and gain access to the cell site 108, the

transmrssron bemg collected at the cell site 108 by an antenna 207 that is

: coupled to- transcetver 206A. Based on thrs Access Channel transmrssxon,

the cell site 108 learns of the user's 202 request to access the random access

-channel 208 and thereby transmrts packet data over paging/ random access -

transcerver 206B. The user 202 is assrgned (i-e., granted access) to the .

random access channel 208. _
The user 202 then sends a signal over the Access Channel to the. 3
paging/ random access transcerver 206B requestmg that a searcher 210 be.

assigned to the user 202. The transceiver 206B sends a signal to a controller -

212, askmg the controller 212 to locate a free. searcher from among the )
‘available searchers 210 that can be assrgned to the user 202. The controller _
: 212 examrnes the. searchers 210 and locates a free searcher (i.e., one that is
not presently assrgned to another user) from among the searchers 210. Once S

the controller 212 locates the free searcher, it assigns the free searcher to the.' o -

user 202. In the cell site 108, which has a priori knowledge of each user's

Specific Long Code, the transceiver 206B sends the user's 202 Long Code to
the controller 212, which relays the Long Code to the free searcher.

The free searcher assrgned to the user 202 can now begm searchmg for

| data packets transmrtted by the user 202.. The free searcher, however, has no

information on when ‘the user 202 will transnut data packets The free

searcher,. therefore, snnply begins searchmg for srgnals encoded with the

‘user's 202 Long Code. 1f the free searcher detects multrple signals wrth that

user's Long Code, the free searcher is thus recelvmg multipath signals and

' treats them accordmgly, e. g .,.combining those signals to maximize the

effectrve srgnal-to-norse ratio for the user 202 as described below

Accordmgly, the umqueness of the Long Codes is used by the cell-sltes '_ 5

- 108 to identify’ and- explort multiple propagation paths usmg a srgnal '.

| cornbrnmg method When a srgnal is sent between the user 202 and a cell- o
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' sitelOS,’ the signal will'.l_ike.ly take several propagation paths,' res_ulting in

several versions of the same signal arriving at the cell-site 108 at slightly .

different times. Multipath effects occur when, for example.,' the signal is _
| reﬂected off bulldmgs or other structures between the transmitter and the
_recelver By using a specific Long Code for each of the users transmlttmg
'data, if the cell—51te 108 receives several signals, it can dlstmgulsh the -
' transm1551ons of one user from those of other users Consequently, the cell-
,51te 108 can dtstmgulsh multlpath sxgnals from the partlcular user of .

' mterest from those sent by other users. The cell site 108, using a srgnal o

_combmmg method can. take the multlple signals from the one user and

combme them to combat multlpath fadmg by using all the energy avallable )

at the recelvmg antenna 207 and by preventing the multxple paths from .

"-combmmg destructwely (i e, out of phase). Signal combmmg methods are-

well known to those. skllled in the art

Thus, the user 202 must obtam a searcher asszgnment before the

- transceiver 206B will receive data packets from the user 202. As a result, B

because each system user does not have its own permanently assigned and

: uruque searcher, each user need not have its own personal searcher, thereby -

reducing the number of search_ers 210 re_quu'ed at each cell site 108. There

need only'be.suff'ici'eut searchers 210 to handle the anticipated use'r'_load‘ on

the sYs'tem,' which is a function of the anticipated maximum number of

 total data packet users that will attempt to snnultaneously send data packet
transmissions. .If this max:mum number of users is exceeded i.e., all
channel(s) for commurucatmg data packets are busy, any user that receives a. .

busy signal will be placed ina queue to be assigned a free searcher. The user

202 does not have to place a request for the free searcher each time it has

data to send. Rather, the searcher. reservatlon scheme of the present
; mventxon w1ll leave the free searcher assxgned to the user 202 between data

'packets sent by user 202. The searcher reservation scheme of the present

mventnon, which uses a pnonty assignment algorithm to handle"

; outstandmg requests from users to reserve a searcher, will be described in-

- detail below.
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| On both random access and dedicated data channels, the power level .

of the sxgnal bemg transmitted can be controlled in order to optlmlze the
p efflcrency of the transmission and to maintain a sufficient power level so as

to prevent losmg any of the data bemg transmrtted In commumcatlons' o

system—s, a minimum threshold power level exists for data transmrssxons '
When the power level of a signal falls below that threshold level the cell-
site 108 will be unable to- read the data, resulting in data loss. On. the other -

hand, when the strength of a sxgnal srgmfrcantly exceeds the minimum .

threshold .power _l_evel the srgnal will interfere with other srgnals bemg _

transmitted within' the system, also resulting in data loss. Accordmgly, it is

not. only desrrable, but 1mperat1ve, to control the power level of srgnals-' o

being transmltted over a commumcahons system
‘Various power control systems are well known in the art that are ’
compatrble with systems that communicate via spread spectrum technlques,

such as CDMA Two such systems are disclosed i 1n U.S. Patent Nos 5,056, 109

" and 5,257, 283 whrch are a551gned to the assignee of the present invention.

ln those systems, and with reference to Figure 1, cell-srte 108 transmrtted o

signal power is ‘measured as received by the remote unit (e.g-, reference g

".numeral 102 or 104), and the transmltted power is adjusted at the unit in an
- opposite manner with respect to increases. and decreases in received srgnal,

- power. Additionally, a power control feedback scheme may’ be used. In that

scheme, at the cell-site 108 commumcatmg with the remote unit 102, the

transmitted power from the remote unit 102 is measured as received at the

_ cell-site 108. A command srgnal is generated at the cell-site 108 and

8 -transmrtted to the remote unit 102 for ad)ustmg the transmrssxon power of -

the remote unit 102 correspondmg to deviations in the cell-srte 108 received
signal power The feedback scheme is used to adjust the remote unit's 102_ '
transmission power so as: to arrive at the cell-site 1_08 at a desired power
level ' _ . o _

In CDMA systems, for example, Traffrc Channels are provrded to

handle certam transmrssrons between remote units 102 and cell sites 108.-

Such transmrssrons mclude voice and data srgnals A CDMA system. may :

a_ls_o ,mcorporate the random access channel of the present xnventron, which
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is used to handle data packets transmltted between the remote units 102 and

'the cell sites 108. In accordance with the present invention, it is preferable_ .

to use the same power control method, on both the Traffic Channels and |

- the random access channels. The use of Long Codes on the random access |

channels makes it possrble to 1dent1fy the power level of mdwrdual users

- and therefore makes it possible to control their power levels.

As noted above, in accordance w1th the present mventlon, and with

reference to Figure 2, both a random access channel 208 and a dedicated data

_channel' 214 can be.imple_mented within the same communication system. .

| Both the random access 208 and dedicated 214 channels can be used to =

transmit data packets A system having many users 202 that commumcate N

data can have both types of channels 208, 214 and thereby accommodate a.
N wrde vanety of data servxces ‘Thus, when a user 202 has a large amount of
~ data to be transferred to the home base 110, a channel ass1gnment is

_ dedlcated to the user 202 Only the user 202 assigned to the dedrcated' |

channel 214 will be permitted to transmit data over that channel, until the |

user 202 completes its data transfer On the other hand, When a user 202

_transmxts bursts of data, it is preferable to have those bursts sent over a

random access channel 208 shared by many users and accessed by request :

‘when bursty transmissions must be made.

- With reference to Frgure 3, a processor 302, located in swrtchmg

station 110, may be provnded that controls swrtchmg between the dedicated -
: channel (or Trafflc Channel'). 214 and the random access channel 208.
Typically, a switching station 110 couects._communication information
306A-306N from the respective base station units 108A-108N. The
‘bandwidth demand, which is 'in'cl_t_xded in communication information _
'306A—'306_N, _i_s. then.utilized_ by processor 302 to determine, by a method
= E described later,_ when switching between_. the dedicated channel-214 and the .

random accesschann_el 208 is appropriate for each mobile station associated'

with base station units 108A-108N. Alternatively, processor 302 may

' determme that all the moblle statlons are to switch s1multaneously from _'

dedrcated channel 214 to random access channel 208 and vice-versa..
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 relates to bandwndth demand is set that determines when the processor 302

- will switch a user 202, who is commumcatmg w1th a cell site 108 over the
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| " the user 202 from the Trafﬁc Channel 214 to the random access channel 208
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random access channel 208, from the random access channel’ 208 to the h ..

Traffic Channel 214. As 1llustrated the processor 302 may be located at

switching station 110 Altematlvely, processor 302 could be located at each |

- individual cell srte (not shown) In either 1mplementat10n the processor. '_

302 may cause a sw1tchmg sxgnal preferably over pagmg channel 304, tobe -

- sent the user 202, causmg the user 202 to switch between the random access
channel 208 and the dedxcated (or Traffic) channel 214.  As noted above, this '_
first threshold level is based on a ‘bandwidth demand of the user 202, When _ .' '_

the bandwidth demand of the user 202 exceeds the first _threshofd level, the

processor 302 switches the user 202 from the random access .channel 208 to
the Traffic Channel 214. - R

- Conversely, 'a Second threshold level is"set that determines when' the

. processor 302 will swrtch the user 202, who'is commumcatmg with the cell :

site 108 over the Trafﬁc Channel 214 from the Traffic Channel 214 to-the
random access channel 208. Thrs second threshold level is also based on the"

bandw:dth demand of the user 202, and when the bandwidth demand of the
user 202 drops below the second threshold level, the processor 302 swrtches

As previously mentloned the processor 302 may cause a sw1tch1ng sxgnal

preferably over paglng channel 304, to be sent to user 202 causing the user C
202 to swrtch between the dedicated (or Trafﬁc) channel 214 and the random o

access channel 208. Each threshold level may be ad]usted mdependently

As embodred herem, on the reverse hnk 130 the random access

' .channel is -associated w1th a TIA/EIA/ IS-95 Pagmg Channel w1th one or

more Data Packet Channels per Paging Channel To multlp]ex data packet

transxmssrons from remote units 102 with transmxssxons by other remote R

umts on the reverse lmk 130, the User Specific Long Codes are used
| RANDOM ACCESS CHANNEL DESIGN

With reference to Frgures 4-11, the channel desrgn of the random "

- access channel of the present invention will be descrlbed refernng
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' specrfxcally to the CDMA envxronment and to cellular systems havmg _
'mobile stations communicating with base stations. It is to be understood,

however, that most of the random access channel design described herein is -

not' limited to CDMA, but rather is applicable m other di.g.ital-"

communications systems,'including TDMA. Moreover, it should be

" understood that the random access channel desrgn described hereln is not '
' limited to cellular .applications or to.mobile stations. First, the channel
'desrgn of the random access channel forward link wxll be descnbed The -

- channel design of the reverse link will then be. descnbed

A. The Forward Link Channel

The forward link random access channel for carrymg packet data'can-

3 be considered a subchannel of a combined cellular pagmg and packet data -
-'channel on the CDMA forward lmk “An example of a cellular’ pagrng
" channel is the CDMA Pagmg ‘Channel defined in TIA/EIA/ IS-95. The

CDMA Paging Channel is used for communication from the cell site 108 to .

the mobile station 104 for such purposes as broadcasting system ‘overhead

o 1nformatxon, locating the moblle, assrgnmg a Trafflc Channel and other -

20

R srgnahng for system control purposes :

Varlous ways exist for defmmg a subchannel of a forward lmk CDMA-
channel ‘Some cellular systems pre-define data subchannels as loglcal

subchannels in a continuous or bursty paging channel data stream. The

CDMA Pagmg Channel (TIA/EIA/1S-95) ‘can support a subchannel by_ S

defining' a special message'type that carries packet data. This method can be

used without changes to the 15-95 Pagmg Channel procedures for Paglng o

Channel assignment and other call control. . Thls method, however, can be
| _expected to provxde xmpalred performance for the random access channel.
“because the pa_cket subchannel must cornp_ete with other Pagmg_ Channel |

| __messages for'the Paging Channel data bandwidth. When other rnessages are -

~ lengthy, random access channel messages will be delayed. This delay will

© 30

reduce the timeliness of busy/ idle channel state feedback to the mobile

. "statlons 102, 104, thereby reducmg the eff1c1ency of channel shanng among -

" users. To mltlgate this unpalrment an alternative implementation is used

~in the present 1nventron
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Preferably, the CDMA random access channel is defmed as a

subchannel of a new set of paging and packet data channels, usmg a format.

that drffers from the IS-9S Pagmg Channel format in such a way that normal

cellular paging channel functlons do not mterfere with random access'- 3

channel data. The new random access channels are referred ‘to. herem as

Packet/ Pagmg Channels The Packet/ Pagmg Channel of the present -

invention will now be descnbed with initial reference to the physrcal layer |

of the Packet/ Pagmg Channel and then its structure.
R Physrcal Layer |

The modulatlon characterlstrcs of the Packet/ Pagmg Channel are the

same as that of a CDMA Paging Channel, as defined' in § 7.1.3 of -

TIA/EIA /1S-95, wrth the followmg three exceptlons First, there can be 0 to 7

'_ 15

20,

Packet/Paging Channels: on a forward CDMA channel usmg Walsh codes .
starting with Walsh code 33 through 39, in sequence - The number of -

Packet/ Pagmg Channels is identical to the number of Pagmg Channels, as

- broadcast m the . PAGE CHAN flEld of the TIA/ EIA/IS—95 “System |

Paramet_ers Message. Walsh codes 33-39 are selected because they are -

~ related to. the _-CDMA Paging Channel Walsh codes through a _srmple-'-:_l |
_ transformation, namely, _inversion'.o_f the last 32 bits of the 64-bit cod_e o

sequence. This pairing— of Paging Channels and.Packet/Paging Channels

may be advantageous if aggregated channels are used for higher-rate
services. ‘Any other pairing can be used, however, without substantially
changmg the nature of the present invention. '

| Second ‘the Packet/ 'Paging Channel has a power control subchannel. o
“This power control subchannel is identical to that of a CDMA Forward '_
~ Traffic Channel, as described in §7.1.3.1.7 of TIA/EIA_-/IS-95. The power

control 'subchannel 'is' activ_e_" o_nly when reverse packet. channel _data are"
bemg recelved |

. Third, with reference to Figure 4, the Packet/ Paging Channel is

scrambled using a Packet/ Paging Channel Long Code mask 400 Preferably, - |

the mask follows the parameters of the mask shown in Frgure 4. Thus, as

: lllustrated the Long Code mask 400 contains 42 bits (brts 0 through 41). The =

frrst portlon 402 of the Long Code mask 400 is nine bits long (i. e blts 0-8)
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and constrtutes a Pllot Pseudo—Noxse (leot PN) sequence offset 1ndex for .

| the forward lmk CDMA channel. The Pilot PN sequence offset mdex is as. L
- defined iin TIA/ EIA/1S-95 §7.1.3.2.1. The second portion 404 of the Long
_Code mask 400 is 12 bits long (brts 9-20), each bit berng a zero. The third

portion 406 of the Long Code mask 400 is Packet/ Paging Channel number,

" which is three blts long (bits 21-23) and identifies the number of the specxftc.
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Packet/Pagmg Channel each of whrch is assigned a umque number. The |

' Packet/ Paging Channel Nutnber is in the range from 1 to 7, correspondmg -
to the Walsh Code 33-39 assigned to. the Packet/ Paging Channel in order

The fourth portlon 408 is five bits long (bits 24-28), each bit being a_zero.

Finally, the fifth portion 410 of the Long Code mask 400 is 14 bits long (bits -,
: 29-41). The 14 bits of the fifth portion 410 are selected to ensure that the.' -
' same Long Code is not used for any other type of CDMA channel They are.
- selected arbrtranly to be dlfferent from’ ordmary Paging - and Access .

Channels and the specrfrc value may be varied wrthout affectmg the present
1nventlon " '

2 Structure
The structure of the forward link of the Packet/Paging Channel will

‘be described with reference to Figure 5A and Figure 5B. The structure of the.

forward link ‘Packet/ Paging Channel slots 502, frames 504, and half-frames ._

+.506 is similar to that of IS-95 Pagmg Channels. The Packet/ Pagmg Channel

is divided into 80 millisecond (“ms") slots. The slots 502 are grouped into
cycles of 2048 slots (163 84 seconds) referred to as maximum slot cycles. Each

: . maximum slot cycle begrns at the start of the frame 508 when System Time,

30

in units of 80 ms,. modulo 2048 is zero. The slots of each maximum slot -

cycle are numbered from 0 to 2047, as shown in Flgure 5A and Frgure 5B. A

- mobile station operatmg in the slotted mode monitors the Paging Channel

using a slot cycle with a length that is a submultlple of the maximum slot

_cycle length (see § 6.6.2.1.1.3 of TIA/EIA/IS-95).

Each 80 ms slot 502 comprises four Packet/ Paging Channel frames

: 510 each of the four frames being 20 ms in length. Each 20 ms long
',Packet/ Pagmg Channel frame 504 is dnnded into 10 ms long Packet/Pagmg o

Channel half-frames * 506. Alternatmg half—frames contam Pagmg_ |
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Subchénhel and Packet Subchannel data. The first half ffame in 'each

Packet/Paging Channel frame 504 is a Paging Subchannel half-frame 512, .

while the second half-frame in each ‘Packet/Paging Channel frame 504 is
Packet Subchannel half-frame 514. The length of the frames 504, the timing '

sequence of the half-frames 506 and the division of frames 504 into two

" half-frames of equal size is of no consequence to the invention. Thus, the

frames 504 can have a different length than that specified, the t1mmg
sequence can be different, and the half-frames need not be of equal size.

Figure 5A and Figure 5B also shows the structure of the Paging |
Subchannel half-frames 512. The structure of these half-frames 512 is nearly '
identical to that descnbed in TIA/ EIA/IS-95, except that successive
alternating half-frames are shown in Flgure 5A and Figure 5B as.
concatenated to form the Paging Subchannel data stream, rather than
adjacent half-frames as in TIA/EIA/ 15-95. The Paging Subchannel structure
is shown for reference only, however, because the structure of the Paging
Subchannel is of no consequence to the invention, and any other Paging
Subchannel structure can be used. The messages and protocols of the Paging
Subchannel in the preferred embodiment of the present invention are
identical to those of the CDMA Paging Channel, as. deflned in TIA/ EIA/IS-
95. _

- Figure 6A and Flgure 6B illustrates the structure of the half-frames
602 comprising the Packet Subchannel. The Packet Subchannel is a
continuous bit stream w1thm which Packet Subchannel message capsules

begm and end without regard to frame or half-frame boundaries. A Packet

Subchannel message capsule 604 comprises one Packet Subchannel message

plus framing and Cyclic Redundancy Check (CRC), an error detection code,

~ as shown by reference numeral 606. CRC is explained in TIA/EIA/IS-95 |
§ 7.7.2.2.2, which defines the 30-bit CRC for the Paging Channel. The Packet

Subchannel could be designed similarly.

The structure of a Packet Subchannel half-frame 602 is shown in

' Flgures 7A-7C. As illustrated in Figure 7A, each Packet Subchannel half--

frame 602 contains a busy/ idle bit 702 and a half-frame body 704. Referring |
to Figure 7B, if the busy /idle bit 702 is set to zero, the half-frame body con-
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i 1s set to zero, the channel is idle and thus open for communxcatlon, and as
- 1llustrated in Flgure 7B, the Packet Subchannel Message Data is 95 bits long
| .The 95 bit length, however, is only éxemplary; other Packet Subchannel ;"
Message Data lengths can ‘be selected On the- other hand, as 1llustrated in |

Figure 7C, if the busy/ idle blt 702 is set to one, meaning the channel is busy,

the half-frame body 704 contalns a current user ‘identifier (User ID) 708 (15 '_

bits long) and Packet Subchannel Message Data 710 (shown as 80 bits long)
Agatn, these bit lengths are only exemplary .

© User IDs are local to a Packet/ Paging Channel. That is, ;, the same User N

ID may be used for’ dxfferent mobxle stations on different Packet/Paging |

Channels. A single Packet/ Pagmg Channel is 1dent1f1ed by 1ts Walsh code' |

and the PN sequence offset of the forward CDMA channel (PILOT PN, as -

shown in Figure 4). o

_ Packet Subchannel messages 606 have a structure such as that shown
in Figure 8. Atthe begtnnmg of the message is a flag octet 802 whrch may
be standard '01111110" flag used in ‘Hrgh-Level Data Link Control" (HDLC)

framing, as defined in "Data Commumcatron--Hrgh—Level Data Lmk "
'Control Procedures--Consohdatton of Elements of - Procedures,

' Internatxonal Orgamzatlon for Standardlzatmn ("1SOM), ISO-4335 1984

Standard HDLC rules for zero insertion and deletion are used to prevent

.' ~ data between ﬂags from bemg interpreted as ﬂags The field 804 is a 30-b1t_ o

Frame Check Sequence (FCS), which is the CRC described in TIA/ EIA/1S-95 o
8 7.7.2.2.2. ‘Other frammg and frame check methods may be used in |

accordance with the present mventton The Message Text field 806 holds
the data packet being transmitted and has a maxrmum length of 2048 octets.

* The message. also mcludes a message type 808, an 8-bit message 1dent1f1er

Fmally, at the end of the message isa second ﬂag octet 810, the same as the

'ﬂag octet 802 described above. Those skllled in the art W111 recogmze that_

tl'us message structure is only exemplary
-3_; ' Stgnalmg , : _ _
To support the Packet/ Pagmg Channel two Paging Channel message_ '

types are used: Packet/ Pagmg Channel Assrgnment and Packet/ Pagmg' '. _
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Channel :Overhead 'These "messages can be sent on arty CDMA Paging

Channel, mcludmg those defined in TIA/EIA/IS-95 and the Pagmg -
Subchannel of the Packet/Paging Channels of the present invention.

The Packet/Pagmg Channel A551gnment message is sent by a base.

 station to assign or deassign a mobile statlon to the Packet/Pagmg Channel.

" _Implementatlons can also include the abxhty to assign mobile statrons to a

particular Packet/P_aging Channel. The Packe_t/ Paging Ct\annel Assignm'eht_

. message contains a Mobile-Stat_ion Identi_ﬁer (MSID), which eén be a mobile

o identifiéation number (MIN); electronic serial number (ESN), or other. -

1dent1f1er in the format defined in IS-95." The Assignment message also -

contains an ASSIGN_ TYPE field, whxch indicates to which type of channel

‘a Paging Channel or Packet/ Paging Channel, the base station is assxgmng the
" mobile station. For example, if 'ASSIGN_TYPE = 0, then the mobile is being

assigned to the Paging Channel; if ASSIGN_TYPE = 1, then the mbBile is

- being eSSigned to the Packet/Paging Channel. Finally, the Packet/ Paging_

Channel A551gnment message contams a CHANNEL field, which contains

-an optional CDMA frequency channel number a551gned by the base station.

The Packet/ Paging Channel Overhead message is sent by the base
station to control global parameters related to the Packet/Paging Chan_nel._
The Packet/ Paging ‘Channel Overhead message contains a MAX_LEN

parameter, which indicates the number of octets permitted m a reverse

R packet channel transmxssron burst The burst may consist o_f one or more - -

reverse packet channel messages, but the total burst length must not exceed |

the value of the MAX_LEN "param’ete_rQ The default value for MAX_LEN is.

2047 octets. - The Packet/Paging Channel Overhead message also contains a
LOCATION_CTRL field, which provides information concerning locatiqh.

of the mobile unit. - For eXample, if LOCATION_CTRL = 0, the base station -
 may rely on 1895 reglstratlon methods to locate the mobile station. If .~

LQCATION_CTRL_. -1, the mobile station transmits a Packet/Pagmg

‘Channel Ré(pe‘st 'Message after every idle handoff. The methods of mobile
- station locatxon will be descrlbed in detail below. |

Two Packet Subchannel message types may be used in thls mvenhon ._ |

to support the Packet/ Paging Channel: User ID Assignment messages and
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Packet Dehvery messages The User ID Assrgnment message consrsts of the

: two types of mformatlon in the Message Text field of the Packet Subchannel -
- message. ‘First is a ‘User 1D field, which is a 15-bit number ldentlfymg a
mobile station or broadcast message User IDs 0- 15 are reserved for specxal R
“ uses, as defined in the procedures below The base station. may assign other B

User IDs to mdlvrdual moblle stations, permlttmg them to transmit on the -

Reverse Packet Channel. The second type of information is a ‘mobile statxon'

' 1dent1f1er (MSID), whlch constitutes an MIN ESN or other 1dent1f1er, in the.

forrnats defined in IS-95 . o
' The Packet Dehvery message consists of three types of mformatlon in
the Message Text fleld of the Packet Subchannel message. The first is an’ | -
ID_TYPE field, with the value "0" indicating a User ID and the value o _ .

indicating a MSID. The second type of information is an identifier, which. . -
"can be either a User 1D or MSID, according to the value of ID_ TYPE. UID:'-. |
-and MSID are as defmed for the User ID Assignment message. The third .
type of mformatron is the packet data being transmrtted (DATA field). The
format and contents of the DATA field are not 1rnportant to the present

_invention. In the preferred 1mplementatxon, however, the contents of this

field are in accordance with the Internet Pomt- to-Point Protocol (PPP) as

._defmed in Internet REC 1661

B. The Reverse Link Channel

The reverse link channel of the random access channel w111 now be_ '

descnbed For convemence, it will be referred to herein as the Reverse k

' Packet Channel. The physrcal layer, synchromzatron, structure, and -

: srgnalmg of the Reverse Packet Channel will be descrlbed

1. Physrcal Layer

The Reverse Packet Channel of the present 1nvent10n is 1dent1cal to

'the CDMA Access Channel defined in §§ 6.1.2 and. 6.1.3.of TIA/EIA/IS-95

-~ with four exceptlons First, the Reverse Packet Channel is addressed by long

30

code PN using | the Public Long Code Mask based on moblle station

: Electromc Serial ‘Number (ESN), as for CDMA Reverse Traffic Channels (see
: Frgure 6.13.1. 8-2 of TIA/ EIA/IS-95). Such addressmg perrmts identification )

and signal level. measurement of transmissions from mdlvxdual ‘mobile
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stations and thus also provides the ability to use multipath diversity

. fecelation and to use c1qsed-lon reverse link power control on the 'Reve:se"

Packet Channels , _ _
~ Second, one Reverse Packet Channel exists per assigned User ID. o
Thll’d the reverse lmk transmlt power is determined as for a CDMA- o

Reverse Traffic Channel, usmg the open and closed loop procedures defmed :

o in §§ 6.1.2. 3 and 6.1 2 4 of TIA/EIA/IS-95. Fourth, the synchromzahon and_ |

15

structure -of the Reverse_ Packet Channel are as defined in the_f_ollowmg _, :

. descriptions_' and therefore corresponding sections §§ 6.6.3.1.1 and 6.7.1.1 of-

TIA/EIA/IS-95 do not apply.
| 2. Synchronization -

The tumng of Reverse Packet ‘Channel transmissions will be .

- described with reference to anure 9. Figure 9 illustrates the timing of the -

Reverse Packet Channel 902 with respect to the, forward link Packet/Paging

Channel 904 descnbed in detail above. As can be seen, the Reverse Packet

- - Channel 902 has a preamble 906 and a packet data message ﬁeld 908. The

-__zo'

Packet/Paging Channel 904 has a Paging Subchannel half-frame 910 (which -
repeats periodically) and a Packet Subchannel half-frame 912 (whxch also
repeats periodically). A frame 914 of the Packet/Pagmg Channel 904

_comprises the Pagxng Subchannel half-frame 910 and the Packet. Subchannel

half-frame 912. At the begmmng of each Packet Subchannel half-frame 912"

_of the Packet/Paging Channel 904 i isa busy-idle bit 916, which indicates to .
‘the mobile stations moriito'ririg the Packet/Paging Channel 904 whether it is.

available for commumcatlon or. busy

~ The preamble 906 of the Reverse Packet Channel 902 is the same as

for the CDMA Access Cha_nnel. The length of the preamble 906 is the same

~as “that _Qf a CDMA---Access Channel burst, which is broadcast in the '

- PAM | SIZ field of the Access Parameters Messuge,' as defined in TIA/EIA/IS- :

- 958§ 7.7.2.3.2.2. In Figure 9, the preamble 906 of the Reverse Packet Channel
: 902 is shown as one CDMA frame in length. '

Moblle stations without User ID assignments cannot transmlt on: the

- Reverse Packet Channel 902 The moblle station with a User ID as&gnment.

. may begin sendmg the preamble 906 of the Reverse Packet Channel 902 after '_
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the end of a frame 914 contalnmg a busy/xdle b1t of "0" '(see reference'-

“numeral 916). The first. preamble frame ‘906 is alxgned exactly with the

frame boundary 918, but the mobile station transmltter is not enabled until

- the precedmg Packet/Paging Channel frame 920 has been. decoded and-"'.'

'demterleaved and the state of its busy/ idle bit 922 has been determmed o
If busy/ idle b1t 922 is "1", the mobile station does not enable the

transmitter, dlscards the preamble frame 906, and waits until a subsequent -

' Packet/ Pagmg Channel frame for its next attempt to transmlt Ran-

domization techmques, such as exponentxal backoff are’ well known to

'those sk1lled in the art as methods of selecting the frame. for the next |
attempt in order to rmmmlze the hkehhood of srmultaneous transmissions |

: .(colllslons) from multlple mobile stations.

1f the busy/ 1dle bit 922 is "0", as shown in Flgure 9, the moblle statlon-. o

enables ‘its transmitter and continues sendmg the preamble 906 for the
number of frames mdlcated in the PAM_SIZ field of the Access Parameters -
Message At the end of the preamble transmission, the moblle station .

- begins transmlttmg Reverse Packet Channel data in the packet data rnessage

 field 908.

| 20

30

- When the base station detects a preamble transmlsSiOn frorn a mobile Ny

statlon havmg an assigned User ID on a Packet/ Pagmg Channel it sets the

= busy/ 1dle bit to "1" (see reference numeral 924) and places the User ID of the -

mobile statlon bemg recelved in the UID fxeld 926 of the Packet Channel_
half-frame

Transmlttmg mobrle stations observe 'the' busy/ idle 'bit '9'24 and th'e -

UID field 926 in each Packet Subchannel half-frame 912 followmg the end of .
the Reverse Packet Channel preamble 906 The mobile station disables the '

transrmtter and schedules a retransmxssmn of the packet data 908 if either of

the followmg two error 1nd1cat10ns occurs prior to the end of the Reverse .
‘Packet Channel 902 data transmission. The first error. indication occurs

when the busy / 1dle bit 924 is set to "0". The second error indication occurs . |

when the busy/ idle bit 924 is set to "1" ‘and the UID field 926 does not

. contain the- User 1D assxgned to the mobile station. " For thls second error

“indication, a User ID of "0" can be used by the base statlon to force all' | :
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" mobiles monitOting the Packet/ Paging C'hannel 904 to stop' tr'an's'mitt'ing'

‘This method is also used to indicate that an error has been detected m' -

receiving the packet data 908 from the mobile. _
The base station keeps the busy/ idle ﬂag set to "1” for two frames .

following the end -of the mobile station’s packet data transmission. The

‘User ID in these frames is the User ID of the mobile station if no errors were

detected during transmission, or "0 1f errors occurred. The base statlon_

con51ders the transmission ended after any of the followmg (1) when the .

- base statzon has recelved the end of the data part of the transmission, as

determmed from a ‘length fleld (see Flgure 10) of the reverse packet data

transmlsslon or (2) at the end of the first frame.in which a receptlon error is

. detected, or (3) at the end of the first frame during Wthh the mobxle statlon .

- was commanded to cease transmlsslon '

The transmlttmg mobile station also observes the busy/ idle flag for

two frames following the end of transmission. If either of the two error

mdlcatlons (see above) occurs, the mobile station assumes tha_t the reception

- was not successful and reschedules the transmission. .

3. Structure

The structure of- Reverse Packet Channel transmlssmns 1000 is. = |
_ illustrated in Figure 10. As shown in Figure 10, Reverse Packet Channel

transmlssmns 1000 have a preamble 1002, a length field 1004, a message field

| 1006, and a paddmg field 1008.. The preamble 1002 is as discussed above with
E respect_ to synchronization of the Reverse Packet Channel. The length field
1004 contains the number of CDMA frames that will be transmitted by the .-

mobile station in this ttansmission The message ‘part 1006 of the

transmission may contain one or more Reverse Packet Channel messages,

' havmg the form_at shown below. The paddmg field _1008 co_nsxsts of all zeros '
- .and is added to the end of the message field 1006 to make the transmission
* span an mteger number of CDMA frames The size of the paddmg fleld 1008

is determined by the size of the message field 1006 after zero msernon

With reference to Flgure 11, the message field 1006 of the Reverse

E .'Packet Channel transmxssnon 1000 contams one or more instances of

.. Imessage structure, whlch is the same as for the forward Packet Subchannel
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As 1llustrated in Flgure 11, the message structure of the message fleld 1006 o

'comprlses five fields: a frrst flag field 1102, a message type field 1104 a

message text fleld 1106, an Frame Check Sequence (FCS) field 1108, and a

- second flag field 1110. As shown, the first and second flag fields 1102 1110 : .,
. are each 8-bit fields. The first flag field 1102, however, can be omitted for the

first message in a Reverse Packet Channel transmlssron Only one ﬂag field
~ is required ‘between successive messages in a transmission. The message
type | field 1104 is an 8-bit field, and the FCS field 1108 is 16-bits. Finally, the
message text freld 1106 is at most 2048 octets long, although it may be o o

shorter. All indicated field sxzes, however, are before zero msertlon
4, Srgnalmg

To support the random access channel of the present mventlon, the

" mobile stations signal the base statrons on Access Channels. Vanous Access-’-

- Channel message- tYpes- are used to support the random acceSs channel,

including Packet/ Pagmg Channel Requests and User ID Requests These

‘messages are sent on the Access Channel selected by the mobile station.

Neither of these messages is considered an "implicit regrstratlon, as

defmed in IS-95 The Reverse Packet Channel uses Packet Submit message-'__ o

types, as descnbed herein.

Furthermore, it is assumed that Access Channel messages, such as

on the CDMA Access Channel. This’ allows the use of the Reverse Packet

‘Channel for more efﬁc1ent transmission of call control messages, espec1ally ' .
for Ortgmatzon Messages whose’ length may be restricted on the Access_ c

.Channel requxrmg an Orzgmatzon Continuation . Message to complete the

transmrssron of all dialed digits.
L OPERA‘I'ING PROCEDURES S
A. PacketIPagmg and Access Channel Selectron

In Packet/Paging Channel selection, mobile statrons and base statlons

select the Packet/ Pagmg Channel in the same manner as selectron of the -
| Pagmg Channel in TIA/EIA/IS-95 §6.6.2.2.1.2. The Walsh code for the'
selected Packet/ Pagmg Channel is the Pagmg Channel Walsh code plus 32.
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: In Access Channel selection, when monitoring the Packet/Paging _
Channel, mobile statio_r_\s ‘making access attempts use the same Access -
Channel as wo_ul_cl be used for acc'esses-' when monitoring the corresponding
Paging Channel. Access Channel selection is'descfibed in TIA/EIA/ 1S-95.
§6.63.112 o | o
' Fxgure 12A 1llustrates Packet/ Pagmg Channel selectlon After a’ |

‘mobile stationi begins the process of obtammg a Packet/Paging Channel--

(Step 1202), the mobile statlon s 1S-95 control processor generates a Connect -

Indication signal (Step 1204), mdlcatmg that the mobile station is connected -
to the 1S-95 Paging Channel, which is then monitored by the mobile station.
The moblle station then sends a Packet/ Paging Channel Request Message on .

the Access Channel (Step 1206) to the base statlon and enters an Ass:gnment :

l'Waxt State 1208, in which the mobile station awaits assignment by the base

station to a Packet/Paging Channel. If the mobile station receives no answer

to the Packet/Paging Channel Request Message, the control portion of the

" mobile station generates a Timeout Message (Step 1216), which causes the

mobile to'leave the Assignment Wait State 1208 and to send another

_Packet/Pagmg ‘Channel Request Message (Step 1206). The mobile station .

then reenters the Ass1gnment Wait State 1208. If, however, the base statlon

'-answers the mobile statxons Packet/Pagmg Channel Request Message and |

~ sends a Packet/ P_agmg Channel Assxg_nment on the Paging Channel (Step )

1210), the mobile station deletes any previous searcher reservation by setting

_- the User ID to zero and sets the Wait List Flag to False (Step 1212), which

g mdlcates that the mobile station is- not on the base station's Wait Llst

awaltmg a free searcher. The mobile station then enters the Idle State 1214

and momtors the as31gned Packet/ Paging Channel

B. Slotted Paging Mode - ,
“When' usmg the Packet/ Pagmg Channel of the present mventxon,

moblle stations that do not have a User ID assignment may operate in the

' slotted pagmg. ‘mode. Th_xs 1s_. done according to the requ1rements ,of_.
_ TiA/ EIA/IS-95 § 6.6.2.1.1. Use of the slotting paging mode provides battery |
- ‘savings durmg periods when no packet data are bemg sent or recelved by

. the mob:le statlons '
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C Searcher Management

| Acqursmon of packet transmissions on the Reverse Packet Channel is-

- performed by a functlonal entmes called “searchers," which are located at

10

- 15

20

‘base stations and which were described above with reference to Figures 1

and 2. The searcher entity is a correlator that continually scans the received - -

signal from the base station antenna, seeking to detect the presence of a

‘reverse channel signal by examining the correlation between the received.

- signal and the known PN spreading sequence {(or Long Code) of a mobile |

transmitter. Methods for 1mplementmg correlators for this purpose are
well known to those skilled in the art. The searcher looks for a Long Code

'correspondlng to a par’ncular mobile station and that is known to the' .

searcher, as well as preamble data that is also known to the searcher

The searcher’s task is compllcated by uncertainty in the delay between'-'. |

the signal emanatlng from the transmitter and reaching the recelvers

antenna. Tlus uncertamty is the result of timing synchromzatron error and

- variability 1n the distance from transmltter to receiver. These factors are

inherent in a mobrle communication system and cannot be ehmlnated

~ without a great increase in system. cost and complexity. As a result of thlS-'.:

_uncertainty, a searcher must try a large number of p0551ble txmmg offsets :

when seeklng a transmitted s1gnal Since each correlation attempt at a' a

. distinct offset requrres the collectxon and integration of srgnal samples, the

searcher hardware and/or software needed for the process is made_ '_

consrderably more complex Moreover, the tlme to perform the correlatron

. suggests that a smgle searcher generally cannot seek more than one PN

spreadmg sequence at a time. Consequently, if there are many possible

'transmltters, each with a drstrnct PN sequence to be searched then in

' general many searchers are needed

On the I1S-95 Access Channel, the need for many searchers is
mltlgated by havmg all mobile stations on a grven Access Channel use the
same PN spreadmg sequence (i.e,, Long Code). This reduces the number of

searchers required, but makes it 1mposs_rble to res_olve transr_n:ssron_s from

 different mobile-stations that _transmi_t simultaneously. (In”a CDMA system, o

if different PN -sequences are used, transmissions can be resolved using the
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processing g'a'.m' inher_ent_ in ICDMA.)' The inability to resolve transmi'ssions .
from different mobiles ‘transmitting simultaneously has the following .
disadvantages: (1) Transmissions from different mobile stations cannot be

dlstmgulshed from multipath arrivals of the signal from the same mobile |

station, and, therefore, it is not possrble to combine multlpath energy. 'l'l'\xs"

' results in considerable degradation of the sensitivity of the base station's -
' .recei'ver_.' (2) Mobile_ station identity cannot be es'tablis,hed'unti_l the message

_is fully received and decoded. This prevents using closed-loop power . "

co_ntrol for Access Channel transmissions and prevents fast feedback to the

‘mobile station about success or failure of the access attempt. These
disadvantages reduce the eff_icien'cy of the reverse link by requiring more
mobile station transmit power to provide fade margin and by making: it .

-impossible to quickly terminate mobile station transmissions if errors. are

detected by the receiver.

: The Reverse Packet ‘Channel descnbed herein ehmmates these

~problems by usmg a mobile station-specific PN sequence (i.e., ‘a Mobile
. _Speclﬁc Long Code) for reverse transmissions. From the dxscussron above,

it is clear that the dlsadvantages of the Access Channel are mrtxgated by this -

approach but at the cost of requrrmg a searcher for each mobile station that

‘may transmit on the Reverse Packet Channel. Because searcher hardware

and /or software will not generally be an unlimited resource, it is necessary

to provrde a means for sharmg a limited ‘number of searchers among all the

| moblle stations that use a gwen Reverse Packet Channel.
Two known methods are available for searcher sharmg The first = .

method is polling, wherem the base statlon sends a poll to each moblle

station in turn, glvmg permrssron to transmit. ' This method may be the

~‘most efficient for a single searcher, but is inefficient when many searchers
~ are available. The second method is searcher reservatlon, whlch isa .

: 'method used in the present invention, wherem mobile statmns use the

Access Channel to request searcher assignment and only. transmlt on the

' Reverse Packet Channel when a-searcher has been reserved

1.  Mobile Station Searcher Management
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The mobile station procedures for searcher management will now be a

."descnbed with reference to Figures 12A-12C. Before entermg the searcher

management proced_ures_, a mobxle station first obtains a P_acket/Paglng

. Channel Assignment from the base station. This was described a'bove with

_ "referenc':e to Figure 12A. As illdstrate'd in Figure 12A, to enter the Mobile -

Station Idle State 1214; or_after an idle handoff, the mobile_;Station is first

~ connected to. and then'monitors the IS-95 Paging Channel (Step 12:04)"' The.

mobile station sends a Packet Channel Request Message on the Access.

Channel (Step 1206) and .enters the' Assrgnment Wait State 1208 If the base

sta_txon ‘does not respond with a Packet/Paging Channel _Assrgnment |

Message within a set amount of time, the control portion'of the mobile L

- station generates a time out signal (Step 1216), indicating that the base
" station has not responded, and causing the mobile station to send another .

Packet Channel Request Message (Step 1206). I‘f however, the hase station -

does_respond and assigns the mobile station to a Packet/ Pagmg Channel
(Step . 1210), the mobile deletes any prevrous searcher reservatlon, sets the g
User ID to zero and the Wait List Plag to false (Step 1212) and enters the Idle -

State 1214. The moblle station then momtors the assigned Packet/Pagmg'-"'_
3 Channel. '

Refernng now to Flgure 12B ‘when in the Idle State 1214 mobrle

statlons momtor the Packet/ Pagmg Channel at all times whlle a551gned to

s,u_ch a ch_an_nel,_ 1nclud1-ng_ when transmitting. As a result, v_vhen in the Id-le. '

State 1214, the mobile station may’ receirre a User ID Assignment Message

. from the base station. on the Packet/Pagmg Channel causing the mobile to

delete its searcher reservation and User ID asmgnment For example, if the

mobile station recelves a User ID Assrgnment Message from the base station :
that contains the moblle statlons ass1gned User ID, but with an MSID that-
does not match the moblle statlons MSID (Step 1254), the mobxle statlon :
wﬂl examine the received User ID (Step 1256). If the received User IDis not

~ equal to the currently assrgned User ID (the "<> UID" branch of Step 1256),
: the mobile station simply reenters the Idle State 1214. If the recexved User. |
. ID is equal to the currently assigned User ID (the "== UID" branch of Step

1256), the mobile station deletes the searcher reservatl_on _and. sets the, User
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- ID equal to zero (Step 1258) It then reenters the Idle State 1214 Srmrlarly, if

the mobrle station recexves a User ID Assrgnment Message- from the base.

statron contammg the mobile's MSID and a User ID of zero (Step 1260), the

" mobile station sets its User ID equal to the recerved User ID and deletes 1ts'

searcher reservatxon (Step 1262). Again, it reenters the Idle State 1214.

‘Mobile stations use the followmg procedure for reservmg searchers

and sending packet data on the Reverse Packet Channel when in the Idle

~ State 1214. When a mobile station has packet data to send. (Step 1218), it

must be determined whether its has a searcher reservation (Step 1220). If

the User ID is less than or equal to 15, as shown in Step 1220, the mobile - -

'.statlon does not have a searcher reservatlon, and it must then be'
determrned whether the moblle is on the base statlon Wart Lxst (Step 1222)..

- If it is on. the Wait List (ie., WtLrst Flag = TRUE), the mobile station is -

_' placed in the User ID Wait State 1226. If, on the other hand, the mobrle
. station is ‘not on the wa1t list (i.e.; Wthst Flag FALSE), the mobile sends a _

User ID Request Message on the Access Channel (Step 1224) and then enters

N the User ID Wait State 1226.

As 1llustrated in Fxgure 12C, once in the User ID Wait State 1226 the

| -mobile statron awaits: assignment of a User ID from the base statron The :
20 -

control portlon of the mobile station monitors the time that the mobile has

been in the User ID Wait State 1226 without receiving a User ID assrgnment |

and if that time exceeds some set amount, the control generates a timeout'
~ signal (Step 1228). The mobile station then sends another User ID Request R
Message -to the base station on the Access Channel (Step 1230), and the .
' mobrle station returns to the User ID Wait State 1226.

- If the timeout is not exceeded and the moblle station receives a User

- ID assignment from the base station on lth_e. Packet/Paging Channel (Step

© 1232), the mobile station has a searcher reservation and can transmit data .

. 'packets The mobile station sets its User ID with the User D received from
30

the base station (Step 1234) The mobile can then send packet data on the

'Reverse Packet Channel (Step 1236). The mobile station momtors whether " '

- -packet data transmissions are successful (Step 1238). If transmission was =
- successful (the "TRUE" branch) the mobxle statlon sets the Waxt List Flag to_ .
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"TRUE" (Step 1240) and enters the Idle State 1214 If, on the other hand, -

~‘transmission was unsuccesst’ul (the "FALSE" branch), the moblle statlon

sets the Wait Llst Flag to "FALSE“ and the User ID to zero (Step 1242) The

~ mobile then sends another User ID Request Message on the Access Channel “
(Step 1244) and reenters the User ID Wait State 1226. .

Refernng back to Flgure 12B, if the User ID recelved by the mobile
station is greater than-15 (see Step 1220), the mobile station already has a

‘User ID and can send packet data. The mdhile sends its packet data on the

Reverse Packet Channel (Step 1246). It then checks whether transmrssron |
was successful (Step 1248) If successful the Wait List Flag is set to "TRUE" )
(Step 1250), and the mobxle reenters the Idle State 1214, If unsuccessful the

- Wait List Flag is set'to "FALSE" and the User ID to zero (Step 1252) Thus, )

~ with referernice to Figure 9 the moblle station deletes its searcher reservahon :

18

20

. Tequest a new reservahon when it has data to send. Instead, it may wait for

if the Packet Subchannel busy/ idle flag 916 of the Packet/Paging Channel 904

is not set to busy following transmission of a 'preamble 906 on the Reverse

_Packet Channel 902 "The mobile statlon then executes Steps 1222- 1226 -

descnbed above

If the mobile statlon had successfully transmxtted a packet on the-'_"

_ Reverse Packet Channel after makmg a deleted searcher reservatron, the..' L

mobile- station will be placed on the base station’s wartmg list and need not

the base station's automatic reassignment, whlch normally occurs at the end_
of a waiting period. If the mobile station had not successfully transmitted a

‘packet on the Reverse Packet Channel after making the _searCher'reserVation. o

just deleted, the mobile station requests a new reservation when it has data
tosend. - _ | | o o
o 2. Base Station Searcher Management .

Wlth reference to. Flgures 13A-13E, the base station searcher
management procedures will be descrlbed Referrmg to Flgure 134, after

: mltlahzatlon (Step 1302), the base statlon awalts a Packet Channel Request o
Message sent by a mobile statlon over the Access Channel (Step 1304) When =

|  the base station recelves such a message, it sends a Packet Channel

Assignment Message over the Paging Channel (Step 1306) tq the mobile
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| | 'then enters the Walt State 1320, and both the mobrle statlon and base statron_ o |

' -wait for an avaﬂable User ID.
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statron The base statron then enters the ldle ‘State (Step 1308), in which it

'awarts a User ID request from the mobile statlon Presumably, both the ..
_ mobile and base stations are in the Idle State at this point wa1tmg for a User

ID. request. Upon recelvmg a User ID Request Message from the mobrle._.

statron on the Access Channel (Step 1310), the base statron exammes the

' User ID list (Step 1312), looking for an 1dle searcher

" At this point, the base station begms searcher management_

' procedures If the base station receives a User ID Request Message from'a .
-~ mobile statron when a searcher is idle (i.e., when the User ID list is "NOT . '
_EMPTY in Step 1312), the searcher is asslgned to the mobile station, a User -

'ID for the mobrle statlon is selected and the base station sends a User ID_ :

Assignment Message to the mobile station on the Packet/ Paging Channel -

permrssron to use packet data services prior to assrgmng a User ID. Upon
sendmg the User ID to the mobile station, the base station management

procedure enters the Actrve State 1316, and the searcher begins searching for

transmissions from the mobile station encoded with its User Specific Long - -

Code If, however, the base station recerves a User ID Request Message from

the mobile station when no searcher is idle (i.e., when the User ID hst is

"EMPTY" in Step 1312), the base station places the ‘mobile station on a Wa1t

Llst (Step 1318) and sets the Wait List Flag to "FALSB" The base station

Referring now to Frgure 13B, the base statron may exit the Wait State .

1320 under at least two crrcumstances Frrst when a searcher becomes

available, a User ID notlfrcatron signal is generated by a base station global

- searcher. control (Step 1322), notifying the base statron of the available User B

- ID. The base station then reassigns the available searcher to the wartmg

mobile station and sends a User ID Assrgnment Message on the

Packet/Pagmg Channel to the waiting mobile statlon (Step . 1324) 'I'he

- moblle station then enters the Actlve State 1316.

Second when the wartmg mobrle exceeds its wait trrne, as determmed '

- by the base station. global searcher control a Wait Time Exceeded srgnal rs'_ .,
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generated by the global searcher control procedure (Step 1326) The base

" statlon then exammes the User ID list to determine whether or not rt is

empty (Step 1328) If the User ID hst is not empty, the base station reassigns

the searcher to the waiting mobrle station, executes Step 1324, and then

~enters the Active State 1316. If the User ID list is empty (Step 1328), a Ready '-
Notification Srgnal is sent to the global searcher control (Step 1330)

indicating that the mobile has exceeded its wait tlme and that no avarlable
User ID exrsts The base station then enters the Ready State 1332 Wthh '

indicates a greater urgency for the moblle to receive a User ID ‘When a User K

'ID becomes available, the global searcher control then generates a User ID'_ B

Notification Signal _(Step 1334), notifying the base station of the aval_lable |

User ID. The base sta_tion then reassigns the searcher from a mob_ﬂe h_aving_' '_ ;

an asSigned User ID that exceeds its usage allocation, in accordance with its

assrgned relative priority, to ‘the waiting mobile station. The base station:

- sends a User. ID Asmgnment Message on the Packet/ Pagmg Channel to the -

- wa1tmg mobrle statron (Step 1336) The mobile statlon then enters the

20

. Active State 1316.

Base statrons can use the same User ID prevrously assrgned or can -
use a new User ID If a new User ID is used, the base station must send a

_separate User ID assignment message to the mobile whose searcher has been |
' reassrgned revokmg the User ID assignment. If, however, the revoked ”
-mobile statlon had successfully transmitted a data packet since recervmg ‘the
User ID ass1gnment bemg revoked, the base statron automatically places the

revoked mobrle station on the ‘Wait List. The base station will later reassign - -

the revoked rnoblle station a User ID in accordance with. Wait List priority.

Various methods can be used to manage the pnonty list for wartmg

and User ID-assxgned moblles, but in the preferred embodiment, the - |

followmg procedure is- used For each mobile station, a ‘base statron —

- _' maintains four elements that determine the pnonty order in whlch User ID |

assxgnments are made (1) Wait time, which is the time elapsed since the

“mobile statron has been placed on the Walt List. (2) Idle time, which is the e

time since the last successful transmlssmn from a mobile statlon that has a -

- User ID. assrgn_ment._ (3) Assrgnment time, which is the time since the o
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mobile station was assigned a User ID. (4) Mobile subscriber priority.level

in accordance with the subscribed grade of service for the moblle station

user. A walt-tlme threshold which is shorter for hlgher pnonty levels, an

‘idle-time threshold Wthh is longer for hlgher priority levels, and an

assrgnment-txme threshold whlch is longer for hlgher priority levels, are all'

'assocrated with each subscnber prlorlty level. The wait-time threshold is
- fixed, because it must agree with the mobile station’s ‘wait-time threshold,
' . and the latter is not controllable by the base station. Idle-trme thresholds o

- and assrgnment—txme thresholds, on the other hand, can be varied by the -

base station in response to traffic load.

The base station controls the assignment of User IDs to those mobile |

stations assigned to the Packet/ Pagmg Channel. If the base station is in the .

' : Walt State 1320 and a searcher becomes avallable, the base statlon sends a

..._15

:20

~ User ID Assignment message to the mobile that has exceeded its wait time

threshold by the greatest amount (see Step 1322).

Refernng now to Figure 13C, if any mobile statxon on the Wait List

_ .exceeds its wait-time threshold, the base station will reass1gn a searcher

_ .from active moblle stat:ons (see Step 1316) accordmg to the followmg =
--procedure

(1) | If no active_"mobil_e station (i.e., mobile stations having a -
User ID assignment) has exceeded its idle-time threshold, nor has any active

" mobile station exceeded its as_sigrirhenbtir_ne threshold, the base station does -
"' not reassign any searchers from active mobile stations to waiting mobile

stations. - The base station generates a data Tx/ Rx Notification signal (Step

1338) and resets the idle timer and sets the Wait List Flag to "TRUE" (Step

_ 1340) The base station. then returns to the Active State 1316.

2) If any mobile station havmg a UID assignment has .

' -exceeded its assignment—tlme threshold (Step 1342), the base. station will
- reassxgn the searcher of the mobile station that has exceeded its assrgnment—

txme threshold by. the maxrmum ‘amount (Step. 1344) ‘This contmues untﬂ '

- elther there are no more mobrles m the Walt List that have exceeded thelr

wart-tlme thresholds, or there are no more mobiles with User ID assign- .

ments that have exceeded therr assrgnment time thresholds If the mobile _ -
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being exammed for assignment txme age (Step 1344) is not the oldest actlve,'

the base statlon enters the Assrgnment Timeout State 1346. If on the other

- hand, the mobile being examined is the oldest active, its User ID is revoked

_ by the base station sendmg a User ID Dea551gnment Message to the mobtle" -

on the Packet/ Pagmg Channel (Step 1348). The base station global searcher '.

management control then sends a User ID Notification Message to the next
: waltmg mobile station (Step 1350), and the Wait Lrst Flag is exammed (Step.
' 1352) If the Wait List Flag is FALSE, meanmg the mobile is on the Wait

List, the base statxon enters the Idle State (Step 1354). If the Walt List Flag is

_ TRUE meamng the mobile is not now on the Wait List, the Wait List Flag '.-"

| is reset to FALSE (Step 1356), and the base statlon enters the Wait State 1320 - _

' 3 If there remain mobile stations on the Walt List. that_ o -
have exceeded their wait-time thresholds, and there are mobiles. hax ing | idle
times that exceed their idle-time thresholds (Step 1358), the base statlon will: o
continue reassxgmng searchers from the pool of such.moblles, begmnmg :_

'w1th the mobxle statlon that has exceeded its idle-time threshold by the

greatest. amount (Step 1360) This contmues until either there are no more

mobiles in the Wait List that have exceeded their wait-time thresholds, or' o

there are no more mobiles with User ID assignments that have exceeded o

their idle time thresholds. When the oldest_ active idle m_obl.l_e (1.e_._, the one |

. that most exceeds its idle time) is located, the same p’rocediires are followed .

as when the oldest active assigned miobile is located (in Step 1344). If the _
mobile bemg exammed is not the oldest actxve idle mobile, then the base )

. station goes to-the Idle ‘Timeout State 1362,

The. mobrle statlon also measures its own walt time, and has a wait-

time threshold, which varies with the subscriber priority level. The mobile ._ R

- station’s wait-time threshold should be greater than the wa1t-t1me threshold

used by the base station to allow time for the base statlon s reassrgnment :

'process to be completed before the mobile statlon s wait-time threshold is
‘exceeded. . If a moblle statron s measured walt time exceeds the mobrle B
station wart—txme threshold and the mobrle station has data to send the

: rnoblle station sends a User ID Request Message and resets the wart ttme to
Zero.. - '
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With reference to Flgure 13D -exit from the Idle Timeout State 1362

wrll be descnbed As described above, when an active moblle station is

'examrned (in Step 1360) that is not the oldest active idle moblle, the _base |

station enters the Idle Timeout State 1362. At this point the base station

will continue to examine the status of the mobxle statlons The base statlon _

'global searcher control sends a. Ready Notlﬁcatlon Message to the oldest - |
. active idle moblle statron (Step 1364). That mobile station’s User ID is then _'

revoked via a User ID Deassxgnment Message sent on the Packet/ Pagmg -

Channel (Step 1368); and a User ID notification signal is generated by the

global searcher control for the next wartlng mobile (Step 1370). The. Wait

Llst Flag is then examined (Step 1372) If the Wait List Flag is FALSE,

meaning the mobile station is on the Wa1t List, the base station goes to the .
Idle State 1354. If the Wait Lls_t Flag is TRUE, however, meaning the mobile
is not on the Wait List, the Wait List Flag is reset to FALSE (Step 1374), and

the base station enters the Wait State 1320. | -

When the base station is in the Idle Txmeout State 1362, if the |
assrgnment time of a mobxle is- exceeded (Step 1376), meamng the mobile
has had its User ID for too long, the base station enters the Assrgnment :
Trmeout State 1346. Moreover, ‘when in the Idle Timeout State 1362 the

- global searcher control. generates Data Tx/Rx Notrfrcatlon Messages (Step "

- 1378) that cause the Idle Timer to be reset and the Wait Lxst Flag to be set to
TRUE (Step 1380), indicating that the moblle station is not on the Wait List. o
" The base station the enters ‘the Active State 1316. | o |

With reference to Flgure 13E, the base station Assrgnment Timeout

. State 1346 w1_ll be described. The base station may send a Ready Notification - |
' Message to its global searcher control (Step 1382), indicating that the oldest __

active assigned mobile station is about to have its searcher reservation

- _revoked The base station then revokes that ‘mobile station’s User ID by

' __:'sendmg a User ID Deassrgnment Message to the ‘mobile on the

_ ‘sent by the global searcher control to the next waltmg mobile (Step 1388).
‘ The Walt List Flag is then exammed (Step 1390). If the Walt Lrst Flag is

Packet/ Paging Channel (Step 1386) and a User ID Notlflcatlon Message is

- FALSE the base statlon enters the Idle State 1354. If the Walt List Flag is
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TRUE the Wait LlSt Flag is reset to FALSE (Step 1392), and the base station = -

returns to the Wait State 1320

Further, in the Assrgnment Tlmeout State 1346, the global searcher

 control generates a Data Tx/Rx Notification Message (Step 1394) whena

mobrle is transmitting or recelvmg data. The Wait List Flag is then set to. |

TRUE (Step 1396), and the base station returns to the Assrgnment Txmeout |

~ State 1346

D. Moblle Statron Locahon _ N
When a base statron has packet data to transmit to a mobrle statlon,

two basic methods may be used to deliver the packet data: (1) The base '.

station may rely on IS-95 ‘registration methods to locate the mobile station. .
' Wxth this method, the base station can either page the mobxle station to |
~ determine its current cell/sector location before transmlttmg the packet- o

data, or can srmply transmit the packet data throughout the locatron area of ..
- the moblle (2) The base station may require the mobile station to transrmt a .
Packet/Paging Channel Request Message after every idle handoff thereby -

. providing exact locatlon information (to the cell/ sector) for the mobrle at all

tlmes

The first of these methods mmrmlzes the Access Channel traffrc

generated by the mobrle station, at the cost of an mcrease in Pagmg' o

may be a desrrable method for hlgh-moblhty mobile stations. The second |

method minimizes delay for most packets at the cost of increased Access '

Channel traffic. - It may be the best approach for low-mobility_ m_obil_e' L

stations. | _ o .

" When usi'n.'g 'the first method, the base statiori sets the
LOCATION CTRL field (descnbed above) in a Packet/ Pagmg Channel.
0verhead Message to "0" ‘The mobile then performs only IS-95- regrstratlon

‘asa means of location and packet delivery.

30 When usmg the second method, the base station sets the

LQCATION_CTRL ﬂeld in the Packet/Pa_gmg Ch_annel__O_ver_head Message to

-"1"." The mobile statiort:s'_lertds ‘a Packet/Paging Channel Request Message - .
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after every idle handoff The mobile station also performs IS-95 reglstratlon,
as required according to the normal IS-95 procedures.
"E. Traffic Channel Management

While packet data servxces are in progress, a mobxle statlon can

commence Or end operatlon on a CDMA Traffic Channel at any time. This

‘is done by using the channel ass1gnment channel ‘release, and related
K procedures defined in TIA/EIA/IS-95. Herein, reference will be made to the

- CDMA Traffic Channel It is to be understood, however, that in general itis

: preferable to use a dedlcated channel to send transmissions that exceed the .

bandwrdth of the random access channel (e.g., non-bursty, lengthy, or -

contmuous transmrssrons) between the base station and mobile statlon

The Traffic Channel referenced in the remainder of this sectlon is merely an .
- exemplary dedicated channel ‘This section describes the process for -
' wrtchmg or transrtlonmg between a dedxcated channel (or Traffic Channel)

and the random access channel of the present mvennon when conditions’

- dictate that a transition is. benef1c1al._ For convenience, the dedicated

20 'Channel assxgnment process. A mobile station initiates the Traffic Channel

channel will be described with specific reference to the Traffic Channel.

_This process was descrrbed above in less detail with respect to Flgure 3..

Either the base station or mobile station may initiate the Trafﬁc

assignment process by sendmg an IS-95 Origination Message on either the
access Channel or Reverse Packet Channel A base station can initiate’ a .

" Traffic Channel assignment by directly assigning a Traffrc Channel, or by

sendmg a Page Message to the mobrle station prior to the assignment. -

The base station uses the followmg procedure to determine when to

'_mmate transitions between the Packet/Pagmg Channel and Trafﬁc'

~ Channels:

7~(1) If, over a penod of time, packet data sent to a moblle or

: recerved from a mobile station exceed a predetermmed threshold level, the

base station assigns the mobile station to a CDMA Traffic Channel ‘This

_ -procedure addresses the problem that packet data usage may exceed the
o capacity of the Packet/Paging Channel or the Reverse Packet Channel under .
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'crrcumstances where users. transfer large amounts of data, or carry out an -

| extended session wrth frequent exchanges of data packets

(2)_ If the moblle station user .or the base statron sets up a |

-second call appearance (e g., a voice call sunultaneous thh packet data

service) where a Trafflc Channel_ is necessary to carry the new call

' appearance, the base station assign's the mobile station to a CDMA Traffic

10

15

20

- Request when mxtlatmg packet data service. Mobile stations can. also

-Channel.

(3)- If the mobrle statron is in motion and undergoes a rapld

' succession of handoffs or signal fades, the base station assrgns ‘the mobile

station to a CDMA_ Traf_f:c Channel. It will be advantageous to use a '__Traffxc

'Channel under such circumstances so that connectivity is maintairied (eg.,

usmg the soft handoff feature of CDMA cellular) wrthout excessrve Access_ '_ -
~ Channel activity to re-establish Packet/ Paging Channel assrgnments |
' -(4) Whena mobile station's Traffic Channel utlhzanon falls ..

~ below a confrgured level, the base station releases the Traffic Channel

Criteria for determmmg when to release the Traffic Channel 1nclude idle

~ time (nme since the’ last packet was sent or received), user prronty, and

_ moblhty hrstory (raprd succession of handoffs or signal fades).

Mobile statlons can request assignment to a CDMA Traffic Channel by
sendmg a CDMA Orxgmatzon Message mstead of a Pagmg/Packet Channel' '

establlsh their own criteria for makmg the transrtlon between Traffic

~ Channel and Packet/Pagmg Channels, so long as the resultlng procedures. -

do not conflict with the base station's procedures

IV. CONCLUSION _
The present 1nventlon provxdes the capacrty to commumcate data _
packets in a dlgltal commumcatlon system over a random access channel In

CDMA systems, the mventron uses Long Codes to ericode the data packets

- and searchers that recognize the Long Codes for acquisition of. packet data on

the reverse link, permitting multiple users of the system fo share random -

access channels. ‘The present invention provides procedures for managing

the searchers. As a result, many users who transmit infrequently and in

small bursts can share the resources of the random access channel without
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" the need to have a channel dedicate'd to each user for trans'rnissiOn of its

data packets, thereby mcreasmg efﬁcxency in the system and reducmg system
and subscriber costs. The ablhty to track the location of mobile unlts |
communicating with the base station is also a feature or this mventxon

- Furthermore, the present invention provrdes means for swrtchmg or

‘transitioning between the random access channel and a dedicated channel.

The random access channel of the present invention is’ desxgned to handle-

“bursty data transrmssxons. A dedicated channel, on the other hand is

- dedicated to the user for the duration of its transmission sequence and is

used, for example, when the user has a large amount of data to send or is
transmitting continuously with - little or no break between data_

transmrssrons In accordance thh the present mventlon, both types of . |

 channels i may be provxded as well as the abxhty to transmon between them

‘when conditions chctate Threshold levels can be estabhshed for

determmlng when to transition in either drrectron (i.e.; from the random
access channel to the dedlcated channel and vice versa). When these

threshold levels are met, the user is transitioned to the appropnate channel ~

for transmlsswn of data. - In this way, the present invention _keeps the .

random access channel open for bursty users, while providing users with -
large volume or contmuous data a channel by which to communicate thexr |

data Thus, the random access channel is not overburdened and rendered

. ineffective for its intended purpose.

The design of the random access channel may be dlfferent for. the .
forward link and the reverse link. On the forward link, a Packet/Paging -
Channel is prov:ded mcorporatmg both a Packet Subchannel and a Pagmg_

* Subchannel. This permlts the base station to transmit packet data to a
~‘remote user. On the reverse link, a Reverse Packet Channel is provided

that handles packet data from remote users s0 that the data can be sent to
 the base station. |

The prevrous descnptlon of the preferred embodunents is provxded |

. to enable any pe_rson sk__llled m_the art to make or use the pre_sent invention.

The various niodifications to these embodiments will be readily apparejnt to
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~ those skilled in the art, and the generic principles defined herein may be
" applied to other'éiﬁi;odiments without the use of the inventive faculty.

~ Thus, the present invention is not intended to. be limited to the

embodiments shown herein but is to be accorded the widest scope consistent -

with the princi_pleS _and_'_novel- features disclosed herein.

I_'.CLAIM:
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cLaMs llIIIIII Illlll R |IIl
1 In a dlgltal commumcatron system for commumcatmg dlgltal

2 mformatron, said d:gltal commumcatlon system having a forward link and .

oa reverse link, a system for commumcatmg a data packet, compnsmg
4 ‘a communicating transceiver, from among a plurality of transceivers, -
- for sendmg said data packet on a random access channel over said reverse
6 link and for receiving said digital information from said forward link; and
- a base station for receiving said data packet on said random’ access
'8 ' channel from said reverse link and for sending sard dlgltal mformatxon '
- over said forward link;

10 " wherein sald plurahty of transceivers share sald random access
- channel. '

‘2. The system recited in claim 1 wherein each of the plurahty of

-2 dlgltal transceivers has a long code and the base station has a searcher; and .
‘wherein the communicating tr_anscexve_r requests reservation of said .

- 4  searcher and sends the data pael;et over the random access channel on the
‘ reverse link using sa_id' long code corresponding to the _communicatirig |

6 trarrsceiver to obtain an encoded data packet, said searcher recognizing said
encoded data packet as bemg sent by the communicating transceiver based_ '

8 on said long code correspondmg to the commumcatmg transceiver. '

3. . The system recited in claim 1 wherein the dxgxtal
2 commumcatlon system includes a broadcast channel for commumcatmg '
~ paging and control messages over the forward link; and wherein the digital
4 information is interleaved with sa1d pagmg and control messages on said
‘broadcast channel. ' ' '

4. The system rec1ted in claim 3 wherein the digital =
-2 communication system is a CDMA communication system, and wherein . -

. ‘the broadcast channel and a forward data packet channel are combined to .
' 4 - obtain a Packet/ Pagmg Channel on the forward link, said Packet/ Pagmg

' Channel mcludmg a Packet Subchannel and a Pagmg Subchannel

Sh \aced
This e g‘
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5. The system recited in claim 4 wherein the Packet/Paging

2 Channel has a power control subchannel for controlling a power level of _
' the data packet when the data packet is bemg received by the base station.

6 ~ The system recited in claim 1 further compnsmg a dedlcated-
2 'channel for commumcatmg the data packet

7. . The system rec1ted in claim 6 wherem each of the plurality of

2 dlgltal transceivers has a bandwidth demand, the system further comprising -

" a processor for sthchmg from the random access channel to the dedicated
4 channel when said bandwxdth demand exceeds a first threshold level

| 8.  The system recited in claim 7 wherein the 'proc'e'ssor-= switches o
2 from the dedicated channel to the random access channel when the'
. bandwidth demand drops below a second threshold level.

9. ' The system recited in claim 6 Wherein- the digital

2 communication system is a cellular system having a network of individual |

cell sites and an actwe moblle transceiver from among the plurahty of -
4 dlgltal transceivers is communicating on the random access channel, the
- system further compnsmg a processor for sw1tch1ng said active mobtle'-'-
6 "transcelver from the random access channel to the dedicated channel if said
" active mobile transceiver is undergoing a succession of handoffs between
8 individual cell sites w1th1n said network of 1nd1v1dual cell sites.

10. The system recited in claim 1 wherein the d1g1ta1
2 communication system includes a broadcast channel for communicating
system information and an access channel for making access requests, said
4  system mformatlon mcludmg paging messages, ' . A
- wherein the communicating transceiver sends a searcher request-
6 message on said access channel and encodes the data packet using a specific
long code correspondmg to the communicating transcelver to obtain an
8 encoded data packet, the random access channel comprising a Reverse_
a Packet Channel, the communicating transceiver sendmg sa1d encoded data
10 packet on said Reverse Packet Channel; and : | .
| | wherein the base station assigns a searcher to the -
12 communicating transcelver in response to said searcher: request message
:and sends a searcher ass1gnment to the commumcatmg transcewer

| O O ) L '
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11. The system recited in claim 10 wherein the base station

includes a plurality of searchers for locating the encoded data packet based
on the specific long code; and wherein the base station includes a controller

for locating an idle searcher from said plurality of searchers and for sending

the specific long code to said idle searcher. .

12, The system recited in claim 10 wherein the. d_igita'lj:

" communication system includes a Packet/Paging Channel on the forward

link; wherein the communicating transceiver sends a Packet/Paging
Channel Request Message to the base station on the access channel; and -

- wherein the base station assigns the communicating transceiver to said =
- Packet/Paging Channel in response to receiving said Packet/Paging Channel -

'Request Message.

' 13.. The system recited in claim 10 wherein theé base station
“includes a plurality' of searchers for locating the encoded data packet based
on the specific long code; wherein the base station has a searcher assi'gnmént
waiting list; and wherein if the base station is unable to locate an idle’
searcher from said plurality of searchers, the base station places the

communicating transceiver on said searcher assignment waiting list.

14. The system recited in claim 13 wherein when -one of the
plurality of searchers becomes a new idle searcher, the base station removes
‘the communicating transceiver from the searcher assignment waiting. list
and assigns the communicating transceiver to said new idle searcher. '

15,  The system recited in claim 14 wherein eaic_h of the plurality of
transceivers has a priority level; wherein an assigned transceiver has an

assignment to one of the plurality of searchers; and wherein when said

~ priority level of said assigned transceiver becomes lower than said p’ri_ority'

‘level of the communicating transceiver, the base station revokes said

" assignment from said assigned transceiver resulting in a revoked
* transceiver and assigns the communicating transceiver to said one searcher.

16. In a digital COmmuniéation system for communicating digital

_ information, said digital communication system having a forward link and

a reverse link, a method for communicating a data packet, comprising:
'  first sending said data packet on a random access channel over

_said reverse link by a communicating transceiver from among 2 plurality of

This Sheet Has Been Replaced |
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dlgltal transcelvers, sald plurality of dlgxtal transcelvers sharmg said
random access chanifiel; ' '

first receiving said data packet on said random access channel from )

 said reverse link by a base station;

second sendmg said dlgltal information over sald forward lmk by sald' :

" base statxon, and

second recewmg sald dlgltal information from sald forward lmk by

-saxd commumcatmg transcelver

17. The fnethod recited. in claim 16 wherein each of the plurality of
dlgltal transceivers has a spec1f1c long code and the base station has a

- searcher; the method further comprising:

requestmg reservatlon of said searcher by the commumcatmg L

: transcelver,

providing to said searcher said 'specific long code correspondmg to the
commumcatmg transceiver; and _ : ' .
encoding the data packet being $ent on | the random access

channel ‘with said spec;flc long code corresponding to the communicating

transceiver to obtain.an encoded data pack_et; said searcher recognizing said

encoded data p.acke‘t as being sent by the communicating tra_nsceiver__ based

on said co_rtesponding.specific long code being provide_d to said searcher.

18. The method recited in claim 16, further compnsmg first

~ communicating a paging message ‘and a control message on' a broadcast -
channel over the forward link; and interleaving the dlgltal information

with said paging message and sald control message on saxd broadcast
channel. '

19. The method recited in claim 18 wherem the dlgltal'
communlcatxon system is a CDMA communication system, the method
further comprising combining the broadcast channel and a data packet
channel to obtain a Packet/Paging Channel on the forward link, said
Packet/Paging Charmel mcludmg a Packet Subchannel and a Pagmg

N Subchannel

"20.  The method recited in clalm 19 further compnsmg

_controllmg, via a power control subchannel on the Packet/ Paging Channel, .
‘a power level of the data packet when sending the data _packet to the base’ h

statlon

\ " This Sheet Has Been Rep|
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21. The method. rec1ted in claim 16, further comprxsmg
communicating the data packet from the communicating transceiver to the
base station over a dedlcated channel

| .22, .. The method recited in claxm 21 wherein each of the plurality of

transceivers has a bandwrdth demand, the method further compnsmg first -
. switching from the random access channel to the dedicated channel when

said bandwidth demand exceeds a first threshold level

: 23.  The method recited in claim.2"2, further comprising second
switching from the dedicated channel to the random access channel when -

‘the bandwidth demand drops below a secdnd threshold level. -

24. The method rec1ted in clatm 21 wherem the dtgttal

','commumcatron system is a cellular system having a network of mdmdual

cell sites; and wherein an actlve mobile transceiver from among the
plurahty of drgltal transceivers is communicating on the random access
channel, the method further comprising switching said actl_ve mobile
transceiver from the randdm access channel to the dedicated- channel if said

- active mobile transceiver is undergoing a succession of handoffs- between

mdlvxdual cell srtes within sald network of md1V1dual cell sxtes :

25. - The method recited in claim 16 wherein the digital
communication system includes a broadcast channel for communicating
system information and an access channel for making access requests', said -

~ system mformatlon mcludmg paging messages, and wherein the random o

access channel comprxses a Reverse Packet Channel, the method further
comprising: '

third sending a searcher request message on said access channel by the

communica tmg tl' anscelver 7

 first assigning a searcher to the communicating transceiver by the
base station in response to said searcher request message,
fourth sending a searcher assxgnment to- the commumcatmg

transceiver by the base station; and

encoding the data packet using a specific long code correspondmg to
the communicating transceiver to obtain an encoded data packet;

wherein the first sending step includes transmitting said encdded': B
data packet on said Reverse Packet Channel over the reverse link "
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26. The method recited in claim 25, further comprising locatmg an
2 idle searcher from a among plurality of searchers, and fifth sendmg the
- specific long code to sa1d idle searcher. -

WO 96/37079 .

27. The method recited in clarm 25 wherein the digital

-2 ~ communication system includes a Packet/ Paging Channel, the method
further comprising fifth sendmg a Packet/ Paging Channel Request Message -
4 to the base station on the access channel; and second assigning the

| ) commumcatmg transceiver to said Packet/ Paging Channel in response to

6 receiving sa1d Packet/ Pagmg Channel Request Message.

'28. The method recited in claxm 25 wherein the base statlon
2 includesa plurahty of searchers for locating the encoded data packet based
- . on the specific long code; and wherein the base station has a searcher
4 assignment waiting list, the method further comprlsmg placing the
communicating transceiver on said searcher assignment list if the base
6 station is unable to locate an idle searcher from among sard plurahty of
searchers. '

29.  The method recited in claim 28, the method further
"2 comprising rembving the communicating transceiver from the searcher
'- assignment waiting list and second assigning the commumcatmg
‘4 transceiver to a new idle searcher. |

30. The method recited in claxm 29 wherein each of the plurahty of
2 transcervers has a priority level; and wherein an assigned transcelver has an
' ‘assignment to one of the plurahty of searchers, the method further -
4  comprising, when said priority level of said assigned. transceiver becomes o
* lower than said priority level of the communicating transceiver, first -
6 revokir\g said assignment from said assigned transceiver r"esulting in 'a'
revoked transcerver and third. assrgmng the commumcatmg transcewer to -
8 said one searcher '

31. Ina digital communication system for communicating
2 information, said digital communication system including a digital
transceiver and a base statron, sald dlgltal transceiver havmg a bandwrdth
4 demand, a system for data commumcatlons, compnsmg
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a random access channel for communicating a data packet between

~ said dlgltal transceivér and said base stahon, _

a dedlcated channel for communicating said data packet between sand
dlgltal transceiver and said base station; and

a processor for sthchmg from said random access channel to said
dedicated channel when said bandwidth demand exceeds a first threshold,
and for switching from said dedicated channel to sald randorn access

- channel when said bandw1dth demand drops below a second threshold

- 32.  The system reC1ted in clalm 31 wherein the mformanon is

3commun1cated over the digital communication system using code division

multiple access (CDMA), and wherem the data packet compnses a CDMA
data packet

'33.. Ina dxgltal communication system for commumcatmg

_-mformatlon, said digital commumcatlon system including a digital
- transceiver and a base statlon, said digital transceiver havmg a bandw1dth

demand a method for data communications, comprising:
first transrmttmg a data packet from said digital transceiver to said
base station over a random access channel; . :
~~ second transmitting said data packet from said dxgxtal transcelver to

' sa1d base statlon over a dedlcated channel;

first swﬁclung from said random access channel to said dedlcated .
channel when said bandwidth demand exceeds a first threshold; and

second switching from said dedlcated chanriel to said random access
channel when said bandwidth demand drops below a second threshold.

. 34,  The method recited in claim 33 wherein the information is
communicated over the digital cellular communication system using code

. division multiple access (CDMA) and wherein the data packet compnses a
CDMA data packet '

'35, Ina dxgltal commumcatlon system for commumcatmg
mformatlon, said digital communication system having a forward link and

" a reverse link and having a broadcast channel and an access channel, a
' ;system for commumcatmg a data packet comprising:

a base station for transm:ttmg said data packet on a Packet/ Pagmg

'Channel over sald forward link and for determmmg a location of a moblle
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: .drgltal transceiver, sald mobile digital transceiver receiving sa1d data packet
8 _from said Packet/ Paglng Channel over said forward link.

_ - 36. The system recited in clarm 35 wherein the base station sends a
2 paging message on the broadcast channel over the forward link to

-+ - determine the location of the mobrle digital transceiver before transmitting o
4 the data. packet '

37.  The system recited in claim 35 wherein the location of the
2 mobile digital transceiver is within-an area; and wherein the base station

transmits the data packet on the Packet/ Pagmg Channel over the forward ,
4 link throughout said area. |

38. - The systeni_ recit'e‘d in claim 35 wherein the system'includes a

" 2 plurality of base stations each Having a handoff region; wherein a handoff -

occurs each time the mobile digital transceiver moves from said handoff
4 region of one of said plurality of base stations to said handoff region of'
o another of said plurality of base stations; and- wherein the mobile dlgltal
.6 transceiver sends a request message to the base station on the access channel
| over the reverse link after each said handoff to provide the location of the
8 mobile digital transceiver. '

39. In a digital communication system for communicating
2 information, said digital corrxmunication system having a forWard link and" -
- areverse link and having a broadcast channel and an access channel a
4 method for commumcatmg a data packet, compnsmg
: _ transrmttrng said data packet on a Packet/ Pagmg Channel over sard
6 forward link by a base statron, and _ . |
B ‘receiving said data packet from said Packet/ Pagmg Channel over sard : |
8 forward link by a mobile digital transceiver; : _
“determining a location of said moblle digital transcerver whlle o
:10 transmrttmg said data packet

o - 400 The me_thod r_ecited in claim 39, further compri'si__ng sending a -
2 paging message on the broadcast channel over the forward link by the base
- station to determine the location of the mobrle digital transceiver before
-4 transmrttmg the data packet ) “_R““
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41. The method rec1ted in claim 39 wherem the locatlon of the
2 moblle digital transceiver is within an area; wherein the transmitting step
~ includes sending the data packet on the Packet/ Paging Channel over the -
4 forward link throughout sald area.

42.  The method recited in claim 39 wherein the system includes a -

‘2 _plurality of base stations each having a handoff region; wherein a handoff

_ occurs each time the mobile dlgltal transceiver moves from said handoff
4 region of one of said plurality of base stations to said handoff region of

another of said plurality of base stations, the method further comprising -

6 - sending a request mesSage to the base station on the access channel over the °

 reverse hnk after each said handoff to prov1de the location of the moblle

8 dlgltal transcewer
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