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The disclosure of U.S. Patent Application No. 08/ 147,254, entitled "A
Method for Communicating in a Wireless Communication System,” filed on
Novembef 1, 1993, is incorporated in this application by reference.
5 | BACKGROUND |
The present invention relates to a method for transmitting messages between
mobile stations and a central switching system, and more particularly to t_ransmitﬁng
these messages using a more efficient communications link protocol over the air-
-interface of a cellular telephone system.
10 In a typical cellular radio system, 2 geogfaphi‘cal area, e.g., 2 metropolitan
.a'rm, is divided into several smaller, contiguous radio coverage areas called “cells."
The cells are served by a series of fixed radio stations called "base stations.” The
base stations are connected to and controlled by a mobile services switching center
(MSC). The MSC, in tum, is connected 0] the landline (wireline) public sw1tched
15  telephone network (PSTN). The telephone users (mobile subscribers) in the ce]lular
radio system are provided with portable (hand-held), transportable (hand-carried) or
. mobile (car-mounted) telephone units (mobile stations) which communicate voice
and/or data with the MSC through a'nw'b'y base-station. The MSC switches calls
between and among wireline and mobile subscribers, “controls signalling to the
20  mobile stations, compiles billing Statistics, and provides for the operation,
' maintenance and. testing of the system.
FIG. 1 illustrates the architecture of a conventional cellular radio system
built according to the Advanced Mobile Phone Service (AMPS) standard. In FIG.
1, an arbitrary geographic area may be seen divided into a plurality of contiguous
. 25  radio coverage areas, or cells, C1-C10. While the system of FIG. 1 is, for
illustration purposes, shown to include only ten cells, the number of cells may be
much larger in practice. Associated with and located in each of the cells C1-C10
is a base station designated as a corresponding one of a plurality of base stations B1-
B10. Each of the base stations B1-B10 includes a pluralitj of channel units, each
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the cellular radio system, the. base stations BI-B10 may be located near the

 periphery, or otherwise away from the centers of the cells C1-C10 and may
illuminate the cells C1-C10 with radio signals directionally. For ex_ample, the base
station may be equipped with three directional antennas, each one covering a 120
10  degrees sector cell as shown in FIG. 2. In this case, some channel units will be
connected to one antenna covering one sector cell, other chmnd units will be
connected to another antenna covering another sector cell, and the remaining’
channel units will be connected to the remaining antenna covering the remaining
sector cell. In FIG. 2, therefore, the base station serves three sector cells.
15 . However, it is not always necéssary for three sector cells to exist and only one
- . sector cell needs to be used to cdver, for example, a road or a highway.

Rcturning to FIG. 1, each of the base stations B1-B10 is connected by voice

. and data links to a mobile switching center (MSC) 20 which is, in turn, connected -
to a central office (not shown) in the public switching telephone network (PSTN),
20 or a similar facility, ..e.g., an integrated system digital network (ISDN). The
| relevant connections and transmission modes between the mobile switching center
MSC 20 and the base stations B1-B10, or between the mobile switching center MSC
20 and the PSTN or ISDN, are well known to those of ordinary skill in the art and
may include twisted wire pairs, coaxial cables, fiber optic cables. or microwave
25 radio channels operating in either ana!og or digital mode. Further, the voice and

data links may either be provided by the opezator -or Jeased from a telephone

company (telco).

With continuing reference to FIG. 1, a plurality of m_obil_e stations Ml-MlO
may be found within the cells C1-C10. Again, while ohly ten mobile stations are
30 shown in FIG. 1, the actual number of mobile stations may be much larger in
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“hui it according to the Advanced Mobile Phone Service (AMS) standard. In
FIG- 1, an arbitrary geographic area may be seen divided into a pI urallty
of . conti gwabss/iagss o coverage areas, or cells, Cl-Cl0. Wil

FIG 1is, for illustration purposes, shown to include only en ce the
nunber of «cells may be nuch | ar ger in practice. Associ at ed wi th and Iocat ed
in each of the cells Cl1-Cl0 is a base station designhated as a correspondi ng
one of a plurality of base stations Bl- Bl 0. Each of the base stations
B1-B10 includes a plurality of channel ugits, each -

préc_:ﬁce and will generally exceed the number of bas{e_stations. Moreover, while

none of the mobile stations M1-M10 hxay be found in some of the cells C1-C10, the

presence or absence of the mobile stations M1-M10 in any particular one of the cells

C1-C10 depends on the individual desires of each of the mobile subscribers who

5 may travel from one location in a cell to another or from one cell to an adjacent or
| neighboring cell. _ '

Each of the mobile stations M1-M10 includes a transmitter, a receiver, a

controller and a user interface, e.g., a telephone handset, as is well known in the

. art, Each of the mobile stations M1-M10 is assigried a mobile identification number

10 MIN) which, in the United States, is a dig_ital repre;entatioh of the telephone
directory number of the mobile subscriber. The MIN defines the subscription of the
mobile subscriber on the radio path and is sént from the mobile station to the MSC
20 at call origination and from the MSC 20 to the mobile station at call termination.
Each of the mobile stations M1-M10 is also identified by an electronic serial number

15  (ESN) which isa factory-set, "unchangeable” number designed to pi'o;ect against the

| uﬁauthoﬁzed use of the mobile station. At call origination, for example, the mobile
station will send the ESN to the MSC 20. The MSC 20 will compare the received
ESN to a *blacklist* of the ESN's of mobile stations which have been reported to be
stolen. If a match is found, the stolen mobile station will be denied access.

20 Each of the cells C1-C10 is allocated a subset of the radio frequency ®RF)
channels assigned to the entire cellular system by the concerned government
authority, e.g., the Federal Communications Commission (FCC) in the United
States. Each subset of RF channels is divided into several voice or speech channels

. which are used to carry voice conversaﬁehs, and at least one paging/access or"‘

25  control channel which is used to carry supervisory data messages, between each of |

' the base stations B1-B10 and the mobile stations M1-M10 in its coverage area.
Each RF channel comprises a duplex channel (bidirectional radio transmission path)
between the base station and the mobile station. The RF channel consxsts of a pair
of separate frequencies, one for transrmssxon by the base station (recepnon by the
30  mobile station) and one for transmission by the mobile station (reception by the base
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-2- “conprising a transmitter, a receiver and a controller, as is well ?
known in the art. In FIG 1, the base stations Bl-Bl10 are | ocated at
the cent erWOPSAM8Scel 1 s Cl- Cl0, respectively, and are equi ppedisyi/izéis

omi -directional antennas transmtting equally in all directions. In this
case, all the Ghannel units in each of the base stations B1-B10 are
connected to one antenna. However, in other configurations of the cellular
radi o system the base stations B1- B10 may be | ocated near the periphery,

or otherwise away fromthe centers of thé cells C1-C10 and may illumi nate

the cells C1-C10 W|th radi o stgnal s dlrectlonallmFor exghpl e, the base
station may atiem)ui Bachichanngl pmit dn the base: stafiens BinBAmesmally gpegates E’b\?erlng

a 120 degre Winh&ls & c‘%h%éﬁd?ﬁ &P{Tq el
units wll bémgonnec ﬁgbtﬁﬁgﬂgntenﬁgdclgtvaé% tndg{i‘l(‘):ne sector cell, ﬂ%p
channel uni tﬁammerbel'K})rmdabeeivero(mpbﬁehe ahaxmchamnouerﬁungd dook Ipmr afect or
cel |, andthererralnl chan units wl | cedtot ere ni ng
ant enna covelTansIt FBd  EREIVRi ﬁ‘@@@?’br ‘?B?q“veﬁlv gﬁ‘:&é FE?‘BF base
station ger Vﬁﬁwsk&@&e(ﬂ?ﬁi)ﬁr of&atH fhobile station M1-M10, however, may tune to any of

the radlo channels specified in the system.

. In typical land line systems, remote stations and control centers are ‘
connected by copper- or fiber optic circuits which have a data throughput capacity
and performance integrity that is generelly significantly better than the data

10 - throughput capacity and performance integrity provided by an. air interface in a
cellular telephone system. As a result, the conciseness of overhead required to
manage any selected communication link protocol for land line systems is of

'secondary importance. In cellular telephone systems, an air interface

] communications link protceol is required in order to allow a mobile station to
15 = communicate with a cellular switchihg system. A communications link protocol is
- used to initiate and to receive cellular telephone calls. |
The electromagneuc spectrum available for use by cellular telephone systems
is limited and is divided into units called channels. Individual channels are used as
communication lihks either on a shared basis or on a dedicated or reserved basis.
20 © When individual channels are used as communication links on a shared basis,
multiple mobile stations may either listen to or eontend for the same channels. In
the contending situation, each shared channel can be used by a plurality of mobile
" stations which compete to obtzin exclusive use of the channel for a lmnted period
of time. On the other hand, when individual channels are used as communication
25  links on a dedicated basis, a single mobile station is assigned the exclusive use of
- the channel for as long as it needs it. '
In light of the gexierally reduced data throughput capacity and performiance
integrity afforded by an individual channel in a channel sharing situation in a
cellular telephone environment, the selection of an efficient air interface protocol to
30 - serve as the basis of the communication link becomes paramount.

heet Has Been Replaced

UL

\\Il



A ’ .
However, It
only one se

i's not always necessary for three sector cells to exist and
ctor cell needs to be used to cover, for exanple, a road or a

hi ghway. wo9sm2eseturning to FIG 1, each of the base statlpe.f i
connected by voice and data links. to a nobile sw tching cente
n tyrn, connected to a central office (not shown) in the public

which is, i
switching t
i nt egrated

el ephone network (PSTN), or a simlar facility, e.g.

systemdigital network (1SDN). The rel evant connecti ons and

transm ssi on nodes between the nobile swstching center MSC 20 and the base
B10, or between the nobile switching center MSC 20 and the PSTN

stations Bl-
or | SDN, ar
i ncl ude tw
radi o chann
voi ce and d
a tel ephone

Agai n, whil

e vel | Tho @amrishitdtionclink ppoweslaisyconimbhly feférfed a6 tasan dayer)2

sted wire pairs, coaxial cables, fiber optic cables or mcrowave

eprotagob rwithin gthpmmn@saml wduitry andi its funetigmality, inc

I)

e only ten nmobile stations are shown in FIG 1, e act ual

nunber of noling aetworks today imframe highes layer qressages, which are réferred to as layer

10

15

20

3 messages. These layer 3 messages may be sent between communicating layer 3
peer entities residing within mobile stations and cellular sthclung systems.
In cellular systems, the likelihood of suceessfully.sendmg a message over a
radio channel is inversely proportional to the length of the thessage since the entire
. message will be considered to be in error even if only a single bit of the transmitted
message is received in error. In order to address this problem, messages are first
divided into small packets or frames. Thus, it becomes important for the cellular
system to know if all of the traﬁsmined packets are correctly received by a mobile
station.

SUMMARY
Acc_ording' to the present invention, in order to make this determination a
base station may send a mobile station any given number of frames using automatic
' retransmission request (ARQ) wherein the base station may ask the mobile station
to send a cuirent status rej:ort-oxi the frames it has received and then resend any
frames not received correctly. For example,- the mobile station can be asked to

identify what frames it has received at any point during an ARQ based transmission

25

or the mobile station can autonomously send a message to the base station stating -

what frames it has received.

According to one embodxment of the present invention, a method for
obtaining a report from a mobile station on the status of frames comprising an entire
'message transmitted to tﬁe mobile station is disclosed. First, a polling request is

sent to the mobile station from a base station. A status report is then sent to the |

base station. The polling request specifies whether the mobile station should send

Rides there
o s Y "SGR o 1]
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the status report on a reservation basis (i.e., using a reserved frame) or on a
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-3- - practice and will generally exceed the nunber of base stations.

Mor eover, while none of the nobile stations ML-MLO nay be found in sone of
t he cell s@-"&l&’iﬁthe presence or absence of the nobile stapcomwsodiizsidlO in
any particul ar -one of the cells Cl-Cl0 depends on the individual desires of -
each of the nohile subscribers who may travel fromone |ocation in a cell
to another or fromone cell to-an adjacent or : ‘

-5-
contention basis (i.e., using an idle frame). The mobile station then transmits a bit

map to the communication system to indicate which frames have been correctly
received by the mobile station at the point in time when it received the polling

request.

5 BRIEF DESCRIPTION OF THE DRAWINGS
The present invention-will now be described in more detail with reference
" to preferred embddiments of the invention, given only by way of example, and
illustrated in the accompanying drawings, in which: .
Figure 1 illustrates the architecture of a conventional cellular radio system;
10 - Figure 2 illustrates a three sector ce_li which may be used in the system
shown in Figure 1;
Figure 3 1llustrates a block diagram of an exemplary cellular mobile radio
telephone system;
Figure 4 illustrates the logical channels which make up the digitai control
15  channel according to one embodiment of the present'inven_tion;
| Figures 5a-b illustrate SPACH Header sections A and B, respectively,
a¢¢ording to one embodimeht of the presei;t invention;
Figures 6a-b illustrate the Random Access Procedures for a base station and
a mobile station according to one embodiment of the present invention; |
20 Figures 7a-b illustrate a SPACH ARQ Mode Procedure for a mobile station
. and a base station -according to one embodiment of the ﬁresent invention;
Figure 8'illustrates an ARQ Mode Begin frame accordmg to one embodiment
~of the present invention; and
Figure 9 illustrates an ARQ Mode Conunue frame accordmg to one
25 embodiment of the present invention.

Although the description hereinafter focuses on systems which comply with
I1S-54B and its successors, the principles of the present invention are equally
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nei ghboring cell. Each of the nobil e stations M- MO includes a
transmitter, a receiver, a controller and a user interface, e.g., a -
tel ephonavbm as is well known in the art. Each of thq,cﬁﬁiy,k@zégatlons -
M-MO is assigned a nobile identification nunmber (MN) which, in the
United States, ,is a digital representation of the tel ephone d| rectory
number of the nobile subscriber. The M N defines the subscri ption of the
nobi | e subscriber on the radio path and is sent fromthe nobile station to
the MSC 20 at -call origirnation and from?*he MSC 20 to the nobile station at
call termnation. Each of the nobile stations M-MLO is also identified by
an el ect r onagplicebliead avarietyrof (ifeiéss eomatunication systems, . g ecellulanandsatglie| e

mber d dto t ect t th th d I
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'ESNtothe e20gtc1e EC Eﬁq d ESHMA,
"bl acklist" ,[hgtc Sl\lsa{?)f a%{)@ebl | e st a@%n?ﬁ ch have been reportgd to be
stolen. |If mmm/famm etcf)eosﬂ'lelmmtwmré e'nwatnlbnmwbbe]hepmecellsd

ooenangy (- AR o BonrPned obipiandash Bl bRl loBehioRbaR MR
concer ned ggufEed¥pdich and/or data may be implemented in different ways at the physical
layer level. The physical channel ;nay be, for example, a relatively narrow RF
band (FDMA), a time slot on a radio frequency (TDMA), a unique codg sequence
(CDMA), or a combination of the foregoing. For purposes of the present invention,

10 - the term “"channel” means any physical channel which can carry speech and/or data,
and is not limited 't_o any pénicular mode of Ope'ratioq, access technique or system
architecture. _ . '

This application contains subject matter which is related to co-pending U.S.
Patent Application Serial No. 07/955,591, entitled "Method and Apparatus for

15 Communication Control in a Radiotelephone System,* filed on October 2, 1992, to
co-;ieriding U.S. Patent Application Serial No. 07/956,640, entitled *Digital Control
Channel,” filed on October 5, 1992, to co-pending U.S. Patent Application Serial
No. 08/047,452, entitled "Layer 2 Protocol for the Random Access Channel and the

Access Response Channel," filed on April 19, '1993, to co-pending U.S. Patent
20  Application Serial No. 08/147,254, entitled "A Method For Communicating i ina
- Wireless Communication System,*" filed on November 1, 1993, to co-pending U.S.
. Patent Application Serial No. 07/967,027, entitled "Multi-Mode Signal Processing,”
filed on. October 27, 1992, and to co-pendmg U.S. Patent Application No.
.081 140,467, entitled *A Method of Effecting Random Access in a Mobile Radio .

25  System,” filed on October 25, 1993 These six co—pendmg applications are
incorporated herein by reference.

Figure 3 represents a block diagram of an exemplary cellular mobile
* radiotelephone system according to one embodiment of the present invention. The
system shows an exemplary base station 110 and a mobile station 120. The base

30 station includes a control and prooessing unit 130 wwﬂe
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authority, e.g., the Federal Communications Conmission (FCC) in the United
States. Each subset of RF channels is divided into several voice or speech
channel s W0 9s129385¢ used to carry voice conversations, and @CIEsys268€e
pagi ng/ access or control channel which is used to carry supervisory data
nmessages, between each of the base stations Bl-B10 and the nobile stations
ML-MLO in its coverage area. Each RF channel conprises a duplex channe
(bidirectional radio transmn ssion path) between the base station and the
mobi | e station. The RF cthannel consists-8f a pair of separate frequencies,

one for transm ssion by the base station (reception % t he mpbil e, station)
i .

and one for switching eentem M§Ct H0 whigh din Jumy jsoponnegted pio; the pyblic,
telephone network (not illustrated). :
The base station 110 for a cell includes a plurality of voice channels handled
by voice channel receiver 150 which is controlled by the control and processing unit
5 130. Also, each base station includes a control channel transceiver 160 which may
be capable of handling more than one control channel. The control channel
transceiver 160 is controlled by tﬁe'control_ and processing unit 130. The control -
channel transceiver 160 broadcasts control information over the control channel of
the base station or cell to mobiles locked to that control channel. _
10 When the mobile 120 is in an idle mode, the mobile periodically scans the
~ control channels of base stations like base station 110 to determine which cell to
lock on or camp to. The ‘mobile 120 receives the absolute and relative information
broadcast on a control channel at its voice and control channel transceiver 170.
Then, the processing unit 180 evaluates the received contrbl channel information
15  which includes the characteristics of the candidate cells and determines which cell
~ the mobile should lock onto. The received control channel information not only
includes absolute information concerning the cell with which it is associated, but
also contains relative information concerning other cells proximate to the cell which
_ tl;e control channel is associated. _ .
| - 20 ‘For a better understanding of the structure and opefaﬁon of the present
invention, the digital control channel (DCC) may be divided into three layers: layer
1 (the physical layer), layer 2 and léyer 3. The physical layef defines the
parémeters of the physicai communications channel, e.g., RF spacing, modulation
characteristics, etc. Layer 2 (L2) defines the techniques necessary for the accurate
25. transmission of information within the constraints of the physical channel, e.g.,
error correction and detection, etc. I.ayer 3 (L3) defines the procedures for
reception and processing of informatibn_ transmitted over the phy_sicél channel.
According to the present invention, the DCC is comprised of the logical
channels shown in Figure 4. 'The DCC logical channels include: th_é broadcast
30  control channel (BCCH) (which is further comprised of the fast broadcast control
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-4- - '_stat ion). Each channel wunit in the base stations Bl1-B10 normally
operates. on a preselected one of the radio channels allocated to the
corresponcvegsiem®ss, i.e., the transmitter (TX) and receiver pcisoplacis'e
channel unit are tuned to a pair of transmt and receive frequencies,
respectively, which does not change. The transceiver (TX/ RX) of each nobile
station ML-MLO, however, may tune to any of the radi o channels specified in
the system - In typical land line systens, renote stations and.
control centers are connected by copper ¢ fiber optic circuits which have
a data throughput capacity and performance integrity that is generally

si gni ficant Id:ahnﬂtmccﬁndtdntmmmlmntohdmnehﬁ-mpand dhershore

osult . { ne mewEES srvice bypadsash s conet SECCHI e APARK ShiaciiEhEs
communi cat i o ghdp h.eeaga%fvxcef &sm_é @/ Ybihd liansel (SMSCHY, £paging channel (PCH)
and an access response channel (ARCH); and a random access control channel
5  (RACH). | | |
The BCCH acronym is used to refer collectively to the F-BCCH, E-BCCH,
and S-BCCH logieal channels. These three logical channels are used, in general,
to carry generic, system-related information' Some attributes of these three
channels are: unidirectional (i.e., downlink), shared, p01nt-to-mult1pomt G.e.,
10 -broadcast), and unaclmowledged The fast BCCH 1s a logical channel used to
broadcast, for example, time critical system mformanon The extended BCCH is
a logical channel used to broadcast for example, system mformanon that is less
time critical than the information sent on the F-BCCH The short message service
BCCH is a logical channel that is used to broadcast for example, short messages
15  used for the SMS broadcast service.
The SPACH channel is a logical channel that includes the SMSCH, PCHand
'ARCH and is used to send information to specific mobile stations for SMS point-to-
. point, paging and access response pur_poses.' -The paging channel PCH is a subset
| of the SPACH used to deliver pages and orders. The access response channel
20  ARCH is a subset of the SPACH to which the mobile station may autonomously
move upon successful completion of an access on a random access channel. The
ARCH may be used to convey analog voice channel or digital traffic channel
. assignments or other responses to a mobile access attempt. Layer 2 automatic
retransmission requests are pbsaible for the ARCH and SMSCH using
25 acknowledgement frames sent on the RACH. The SMS point-to-point channel
SMSCH is used to deliver short messages to a specific mobile station receiving SMS
~ services. The attributes of the SPACH are: unidirectional (downlink) and shared.
The PCH is point-to-multipoint and unacknowledged. The ARCH and SMSCH are
point-to-point and may be acknowledged or unacknowledged.
30 The random access channel RACH is used to request access to the system.
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secondary inmportance. In cellular tel ephone systems, an air interface

communi cations |ink protocol
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nmagretic spectrum available for use by cellular tel ephone

L]

Is required in order to allow a nobile station

l[imted and is divided into units call ed channels. |ndividual
channel s are used as comruni cation |links either on a shared basis or on a

r reserved basis. Wien indi ¥i@ual channels are used as

on links on a shared basis, multiple nobile stations nmay either

riR ol iR ForiIR bubCHinHEI BHespOIRIE tebary Bivesd a%iesseﬁpmsa cati on

asl s SI ng e nobi statio |s assigned the

Rﬂ\(ﬂ‘l the channel for-as long as it needs it. In 1ight of

o e SR Tetemnienl eSCHE e ey TOMB i e,

to carry point-to-point SMS, Paging, or ARCH information. A single SPACH layer

2 protocol frame can be constructed so as to 'ﬁt, for example, within a 125 bit

envelope. Additional bits (e.g., five) are reserved for use as tail bits resulting in
a total of 130 bits of information carried within each slot assigned for SPACH
purposes. A summary of the possible SPACH formats is provided in the first table
below. A summary of the fields comprising layer 2 protocol frames for SPACH
operation is provxded in the second table below.

Similar frame formats can be used for the SPACH channels such that the
frames will have a common Header A. The contents of the Header A determine
whether or not additional information, known as Header B, is present ih any given
SPACH frame. The Header A discriminates between hard (dedicated) page frames,
PCH frames, ARCH frames and SMSCH frames. A Hard Triple Page frame
containing three 34-bit mobile station identifications MSIDs can be sent on the PCH
(Burst Usage BU = Hard Triple Pége) A Hard Quadruple Page frame containing
four 20 blt or 24 bit MSIDs can also be sent on the PCH (BU Hard Quadruple

~ Page).

One or more L3 messages may be. transmitted in one frame, or continued'

- over many framés. MSIDs are only carried within frames where BU= Hard Triple
. Page, Hard Qixadruple Page, and ARQ Mode BEGIN in addition to BU = PCH,

30

~ ARCH and SMSCH where the Burst Type BT may be set to Single MSID, - Double

MSID, Triple MSID or Quadruple MSID. - The mobile station identity type (IDT)
field identifies the format of all MSIDs carried within a given SPACH frame (i.e.,
no mixing of MSID formats is allowed). Pages carried on the PCH are not allowed
to continue beyond a single SPACH frame (even though the protocol allows for it).
All other PCH messages may continue beyond a single SPACH frame.

-
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cell Ul ar tel ephone environnent, the selecti on of an efficient air interface
protocol to serve as the basis of the conmunication |ink becones par am)unt.

- 5- wo dGigosomuni cation |ink protocol is comonly refp?i-
| ayer 2 protocol w thin the comunications industry and its unctlona |ty

includes the delimti ng or fram ng of higher |evel nessages. Traditional
| ayer 2 protocol :

-11-
For non ARQ mode operation, the L2 SPACH pretocol supports sending a
 single L3 message to multiple MSIDs in addition to the fixed one-to-one relationship
between MSIDs and L3 messages. The Message Mapping field (MM) is used to
control this aspect of the layer 2 frame operation. A valid SPACH frame requires
S  that all L2 header information periinent_ to a given L2 frame be included entirely
within that frame, i.e., L2 header from a given SPACH frame cannot wrap into
another SPACH frame. The Offset Indicator field (OI) is used to allow both the
completion of a previously started Iéyer 3 message and the start of a new layer 3
message to occur within a single SPACH frame. | |

10, - The following table summarizes possible SPACH formats:
SMS PCH ARCH | CAN BE CONTINUED “
Single MSID y " vy Ay Y
Double MSID N Y Y Y /
Il Triple MSID N Y Y Y
Quadruple MSID - N Y Y Y
15 1| Hard Triple Page MIN) | N Y N N
| Hard Quadruple Page | N Y N N
(TMST) . |
{l continue Y Y Y Y
ARQ Mode BEGIN

20 ARQ Mode CONTINUE

Figure 5a illustrates the SPACH Header A according to one embodiment of

" the present invention. The SPACH Header A contains burst usage information and

flags for rhanaging mobile stations in a sleep mode. The BU field provides a high

level indication of burst usage. According to the present invention, the operation

25  performed on each SPACH channel is not predetermined. The BU field indicates
whether the burst is being used for paging, access response, or short message
services. The flags indicate changes in sleep mode ednfigurauon as well as
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frami ng nechani sns of bit stuffing and flag characters are commonly used in:
| and.li ne networks today to franme higher |ayer nessages, which are referred
to as.| aysvogs/mmessages. These | ayér 3 nessages may be sent peipSafieis
comruni cating | ayer 3 peer entities residing within nobile stations and

cel lular sw tching systens. : In cellular systens, the |ikelihood of
successfully sending a nessage over a radi o channel is inversely
proportional to the length of the nessage since the entire nessage will be

considered to be in error even if only alingle bit of the transnitted
message is received in error. In order to address this problem nessages
are first dibroddeast control channeb infernation. Thisrheader/anshe presant dn @l passibler t ant
for the cell stemto oW i | of Lh r | t.te acket s
correctly re%&%e RS ‘5"“&%’[ ﬁfgs.n'aotes &:eeSI%Aeﬁﬁgadg f a%cor%mg to"dné |
SUMARY emb&ﬁﬁ@ﬁtd'dfg the praserk’ Biveftion."V EThd CSPACH Félfer ! B BkRirshi S
determ nation a base station nay send a npbil e station any given nunber of
frames usi ngsuppleoventary header information used to identify the remaining content of the layer

5 2 frame. This header is present when Héader A indicates a burst usage of type
PCH, ARCH or SMSCH. . _
The following table summarizes the SPACH Layer 2 Protocol fields:

“ Field Name . Length (bits) | Values | “

BU = Burst Usage 3 000 = Hard Triple Page (34 bit
B ) MSID) .
001 = Hard Quad Page (20 or 24

bit MSID) -

.| 010 = PCH Burst
011 = ARCH Burst
100 = SMSCH Burst
101 = Reserved

| 110 = Reserved

111 = Null

10 PCON = PCH Continuation 1 ' 0 = No PCH Continuation _
. : 1 = PCH Continnation,
Activated

BCN = BCCH Change Notification | 1 | Transitions Whenever there is a
: change in F-BCCH information.
SMSN = SMS Notification 1 .| Transitions whenever there is a
- ~_| change in S-BCCH information.
PFM = Paging Frame Modifier 1 | 0= Useasigned PF
' . : * -} 1 = Use one higher than assigned
PF

000 = Single MSID Frame
001 = Double MSID Framse
010 = Triple MSID Frame
011 = Quadruple MSID Frame
100 = Continue Frame

101 = ARQ Mode Begin

110 = ARQ Mode Continue
111 = Reserved

15 IDT = Identity Type 12 | 00 = 20 bit T™SI

- s - 01 = 24 bit MINI per 1S-54B
10 = 34 bit MIN per IS-54B
11 = 50 bit IMSI |
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retransm ssion request (ARQ wherein the base station may ask the nobile
station to send a current status report on the franes it has received and

t hen resewd gsnyodsr anes not received correctly. For exanpl e, péhis kst
station can be asked to identify what frames it has received at any point
during an.ARQ pased transm ssion or the nobile station can autononously
send a nessage to the base station stating what frames it ‘has received.
Accordi ng to one enbodi nent of the present invention, a nethod for
obtaining a report froma nobile statiop3.on the status of franmes conprising
an entire rressage transrn'tted to the nobile station is disclosed. First, a

polling re Baa?on ase station. st at us
report ist angé’rﬁ“?’lf sc“ﬂ‘@“ B’&'g’é" st al ?%i“t | ?‘Irmlr equest specififls
whet her thell nobile station should send the stfa mtﬁﬁport on a reservftion
basis (i.e using a reserved frame) or -on a | 50 bit IMSI
MM = Message Mapping 11 0 = One instance of L3L] and
' o L3DATA per instance of MSID.
1 = One instance of L3LI and
L3DATA for multiple MSIDs.
Ol = Offset Indicator 1 0 = No message offset included.
‘ 1 = Message offset included.
CLI = Continuation Leagth 7 Number of bits remaining in the
5 indicator o previous L3 message.
L3LI = Layer 3 Length Indicator '8 Variable length layer 3 messages
' supported up to a maximum of 255
octets,
L3DATA = Layer 3 Data Contains 4 portion (some or all) of
the layer 3 message having an
overall length as indicated by L3LI.
The portion of this field not used to
carry layer 3 information is filled
_ with zeros, :
PE = Partia] Echo 7 The 7 least significant bits of the
' _ mobile station 1S-54B MIN.
TID = Transaction Identity 2 Indicates which ARQ mode
: transaction is being transmitted on
the ARCH or SMSCH.
10 || FRNO = Frame Number 5. . | Uniquely identifies specific frames
_ . sent in support of an ARQ mode
. transaction.
FILLER = Burst Filler Variable | All filler bits are set zero. || o
CRC = Cyclic Redundancy Code . ' Same Generator polynomial as IS-
L 54B (in¢ludes DVCC)

Accordirig to the present mvennon, a mobile station (MS) can be in a
plurahty of states. A mobile statxon shall be in the "start random access® state -

15 before the first unit of a message that is to be uansmltted by a random access has
been transmitted. The mobile station shall be in the "start reserved access” state °
before the first unit of a message that is to be transmitted by a reservation based
access has been transmitted. The mobile station shall be in the “more units" state
if there are more units associated with the current access event yet to be transmitted.

20  The mobile station shall be in the “after last burst” state if the last unit of an access
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-6- - contention basis (i.e., using an idle frane). The nobil e station then
transnits a bit map to the conmuni cation systemto indicate which franes
have beenwogseedsl y recei ved by the nobile station at the pomisosnzéisne
when it received the polling request. - - BRI EF DESCRI PTI ON OF
THE DRAW.NGS The present invention will now be described in nore _
detail with reference to preferred enbodi.nents of the |nvent|on gi ven only
by way of exanple, and

-14-
event has been transmitted. Finally, the mobile station shall be in the “success”
state after a complete message has been sent successfully. _
The layef 2 protocol also contains a plurality of flags. Forward shared
control feedback (SCF) ﬂaés are used to control transmissions on the RACH., A
5 bhsylrcservedlidlé (BRI) flag is used to indicate whether its corresponding uplink
RACH slot is Busy, Reserved or Idle Six bits are used for these ﬂags and the
different condmons are encoded as shown in the table below:

BRI, | BRY | BRI, | BRL, | BRI, | BRI,

Busy = 1 1 1 1 1 1 - o | o
Reserved o | o 1 1 1 1

10 Idle . 0 | O 0 0 0 0

A received/not recewed ®R/N) ﬂag is used to indicate whether or not the
base station received the last transmitted burst. A five times repetition code is used
for encoding this flag as shown in the table below: -

15

According to the present invention, pamal echo (PE) mformanon is used to
| identify which MS was correctly received after the initial burst of random access has
been sent or which MS is intended to have access to a reserved RACH slot. For
example, the seven least mgmﬁaht bits LSBs of an IS-54B MIN can be used as
20  partial echo information.
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illustrated in the acconpanyi ng drawi ngs, in which: Figure 1
illustrates the architecture of a-conventional cellular radio system
Figure 2 WO/ es a three sector cell which may be used perrbSsarEmt em

shown in Figure 1; Figure 3 illustrates a bl ock diagram of an
exenpl ary :cel lular nobile radi o tel ephone system Figure 4
illustrates the |ogical channels which make up the digital control channel
accordi-ng to one enbodi nent of the present invention; ~ Figures 5a-b
il lustrate SPACH Header sections A and -B5-respectively, according to one
enbodi nent of the present invention; Figures 6a-b illustrate the

Random Access Pr Ghediollewing table Ishews dioat Romobilel sation ecodest received flagsr di ng
to one enbodi nent of .the present jayveption: - Figures., 7a-b iJ L.ystrate
(o0, o e s B 35, N Gyt s L e
accor di ng t gred AveTD ORI tHE "512p ranBSmPARERM stdid) VBB flag is the orlly GeleRarft

illustrates an ARQ Mbde Begin frane according to one enbodinent of the
present i nvélagi oDyringd multiburst message transmission both the BRI and R/N flags are

5 relevant. In the summations in the following table, b; equals the bit value.

Layer 2 State Busy/Reserved/Idle Received/Not Received
Busy Reserved Idle Received |  Not
. , received
II | 1moo 001111 000000 11111 | 00000 II
Start random ) ] N/A - N/A
Access ldle IF ¥ b, < 2 ANDY. b, < '
=l ) i3
Start reserved Reserved TF < 3 bits difference to N/A NIA
10 || access Reserved flag code value . '
More units Busy IF < 4 bits difference to Busy flag s . s
| code value | "Th=s | To<s
' : : is} : =l
After last burst Busy IF < 4 bits differeace to Busy flag -
: code value .

The mobile .station-imerprets a received coded partiﬂ echo (CPE) value as

having been correctly decoded if it differs by less than 3 bits from the correctly

15 coded partial echo. This is referred to as PE match. o |
A mobile station is allowed a maximum of Y+1, where Y=(0..7), access

| attempts before considering the attempt to transfer a message as a failure. The
random delay period used by a mobile station after not finding BRI=Idle when
ready to send the first burst of an access attempt or after a transmission attempt

20 failure, is uniformly distributed between 0 and 200 ms with a granularity of 6.667
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Figure 9 illustrates an ARQ Mode Conti nue frarre according to one enbodi nent

of the present invention. DETAI LED DESCRI PTI ON
Al t hough tWO983298%i pti on her ei nafter focuses on systems whi POTAISAWI2618 t h
| S-54B and its successors, the principles of the present invention are
equal |y : -

-16-
ms (the length of a time slot). A mobile station is not allowed to make more.than
Z, where Z=(0..3), consecutive repetitions of an individual burst during an access
attempt.
| When a mobile station is in the start "random access" state, it looks at BRI
5 information in the first occurrence of a downlink DCC slot, regardless of the sub
| channels' of the current DCC. If the mobile station finds BRI =Idle, it sends the
first burst unit of its message in the cdrresponding sub channel uplink RACH. If
BRI=Busy or Reserved, the mobile station gerierétes a random delay time. After
the random delay time has expired the mobile shall repeat the foregoing procedure.
10 "The search for BRI=Idle is to be repeated a maximum of X+1 times, where
X =(0...9), for each transmission attempt. Wiih the exception of an origination, the
" MS still monitors its PCH during random access procedures.
When a mobile station is in the "start reserved access" state, it looks at BRI
and PE information in all downlink slots of the current DCC, regardless of
15 subchannels, for a slot where BRI=Reserved and a PE match occurs, which will be
explained below. The base station (BS) can assign a reserved slot for a given
mobile station MS regardless of which subchannel the MS may have previously
used. If a mobile station finds this slot, it sends the first unit of its message in the
corresponding uplink RACH subchannel. If the mobile station does not find this
20  slot within a predetermined time-out peribd (T), it enters the "start random access"
state. After the first burst of a random access has been transmitted, the mobile
1eads the partial echo field in the next downlink slot of the current DCC that
corresponds to its RACH subchannel. If a PE match is found and R/N=1, the .
mobile assumes that the first burst of its access attempt has been correctly received
25 by the BS and then enters either the “after last burst" state or the *more units” _.state.
If the mobile does not find a PE match, it generates a random delay time ﬁnd enters
- the "start random access” state. | | _
If the mobile station has additional bursts to send, it enters the *move units®
state and then checks R/N after sending each of these bursts. If the mobile station
30 finds that R/N= Recexved after sendmg a burst, it considers that burst as correctly
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-7-.*applicable to a variety of wreless conmunication systens, e.dg.,
cellular and satellite radio systems, irrespective of the particul ar
of oper ay@us/idgsl og, digital, dual- node, etc.), the accepgriyRédivsis e
(FDVA, TDWVA, CDMA, hybrid FDVA/ TDVAI CDVA etc.), or the architecture
(macrocel|s, mcrocells, picocells, etc.). As wll be appreciated by

skilled in

may be inplenmented in different ways at the physical |ayer level. The

node

one

thée art, the logical channel which carries speech and/or data

physical channel may be, for exanple, g4elatively narrow RF band (FDVA),
time slot on a radio frequency (TDVMA), a uni que code sequence (CDWA),

conbi natio

'}eﬁéjvéd‘%w ﬁﬁobﬁ&wx@ lit E%Hsi&?@ﬁlefﬁurﬁt% 1t e6ciNed by tetBSin If

term "channe

s any’ physi cal annel which can carry speech and/

?atﬁ and lthenmbzléusunbmﬁ:ﬂsﬁmgamammadam 1dbdet copsidsts e bugst agnat
echni que or system t

matter q\/\/m M%ledr Bl’éﬁégég 3@&“%3&8%&"0 §” %QK&’A@ #qnggﬁx.ﬁ‘?rgt@é” a
07/ 955, 591, rofithbd bPHRYELD RfAdEBY AP RLAER abBits the transmission of the message

5

10

15

and starts another transmission attempt after a random delay. If a given burst i is
considered to be received, the mobile transmits the next burst of the message in the
next slot of the subchannel. If a burst is.found to be not received, the mobile re-

transmits it.

The mobile reads the SCF flags of the currently used subchannel after it has

- transmitted the last burst of its current access attempt. If R/N = Received, the MS
considers the message to have been correctly transmitted. If R/N = Not Received

and BRI = Reserved or Idle, the MS considers the last burst as not received. If
more than S+1, where- S=(0,1), consecutive combined R/N=Not Received and
BRI=Not Busy readings are made by the mobile station, it aborts the transmission
of the message and starts andiher transm_'ission attempt after a raridom delay. If
R/N=Not Received and BRI=Busy, the mobile re-transmits the last transmitted
burst. '

The foregoing random access procedures are illustrated in Figures 6a-b.

| ‘Figure 6a illustrates the random access pfocedure for a mobile station while Figure

20

6b illustrates the random access procedure for a base station. Set forth below is an
itemized description of the use of the trith table in the flow chart shown in Figure

'63:

25

30

1. The truth table is examined at start of a contention based access at
block 10. If BRI = "Reserved® or "Busy* the mobile station shall
increment the ﬁusy/ldlé copnter and then compare it to X. IfBRI =

* *Idle" the mobile station shall set Unit ctr to 1 and send the first
burst of its access attempt. .
2. The truth table is examined after sending any given intermediate

or a
t he
or

bj ect
No.

burst of an access attempt with at least one more burst pending at

" block 20. If BRI = "Idle" or "Reserved" the mobile station shall
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Conmuni cation Control in a Radiotel ephone System " filed on Cctober 2,
1992, to co-pending U S. Patent Application Serial No. 07/956, 640, entitled
"Digital FROM%3Thannel ," filed on October 5, 1992, to.co- PENUSHAI26ISS.

Pat ent Application Serial No. 08/ 047,452, entitled "Layer 2 Protocol for

t he Random Access Channel and the Access Response Channel," filed on April
19, 1993, to co-pending U S. Patent Application Serial No. 08/147, 254,
entitled "A Method For Conmunicating in a Wrel ess Communi cation -System "
filed on Novenber 1, 1993, to co-pendi ngld8. S. Patent Application Serial No.
07/ 967,027, entitled "Multi-Mde Signal Processing,” filed on Cctober 27,
1992, and to co- pendi nipcresentrStop.etr ashPBcetr pudh thas, capspare; Stops etr tord.i If ed " A
Met hod of Effecting Ra m eSS | T\Yo]oV! di 0. Sustem ., fil.

Cct ober 25, 1993. Thesg(}@i ?%—%eﬁ%‘fﬁ@qaﬁplﬁﬁﬁa’@daﬁﬁ?ﬁ@&? é%{@?é@&ner ein
by reference.  Fifltéfent PISRUCHRNhEn oMparekit ¥ 29" HBRE =2vBayeraar y
cel lular nobile radiotel ephone system according to one enbodi nent” of the
present invention. TheRINsteMRedeed” she owbile statign ishalkincrement Unit Cteand a

nobi |l e station 120. The e spation includes a control and processing unit
130 whi ch i s connect ed% -kfér{?o’ﬂ?‘e_ e

3. The truth table is examined after sending the last burst of an access
attempt at block 30. If R/N = "Received” then the mobile station
shall consider the message as successmllf sent. If BRI =
"Reserved” and R/N = "Not Received” the mobile station shall

10 - increment Stop_ctr and PB_ctr and then compare Stop_ctr to S. If
BRI = “Busy” and R/N = "Not Received” the mobile station shall
~ resend the last burst of the access attempt.

4.  The truth table is examined at _the.star't of a reservation based access

_ at block 40. If BRI = "Busy” or “Idle” then the mobile station
15 ~ examines the reservation timer. If BRI = "Reserved" and tﬁe PE
' does not match then the mobile station examines the reservation
timer. If BRI = "Reserved” and the PE does match then the mobile
station shall set Unit_ctr to 1 and send the first burst of the access
attempt. | | ' ' -
20 - According to one embodiment of the presex'lt- invention, a unique method. for
determining the status of frames sent to a' mobile station is disclosed and is
. illustrated in Figures 7a-b. The BMI (base station, mobile télephox_xé service center
and iniemetwor‘king function) starts an Automatic Retransmission Request (ARQ)
mode transaction by sending an ARQ Mode BEGIN frame which is illustrated in
25 Figure 8. The ARQ Mode BEGIN frame is used to start the delivery of a L3
ARCH or SMSCH message in the ARQ mode. If the L3 message s too long to fit-
into a single ARQ Mode BEGIN frame, then the remaining L3 information is
' carried using additional ARQ Mode CONTINUE frames as necessary. If the L3
message does fit within a single ARQ Mode BEGIN frame, it is padded with filler
30  as necessary. The ARQ Mode Begin frame contains a Header A and a Header B,
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cel f

_ ) - 8- swi t chi ng
center MSC 140 which in turn is connected to the public sw tched
t el ephone

“gf:;syﬁ §3s (not illustrated). The base st 10 for a
includes a plurality of voice channels handl ed \a/%#'g’gs%‘fﬁﬂﬁel-

receiver 150 which is controlled by the control and proce55|ng unit .
each base-station |ncludes a control channel transceiver 160 which

Al so,
may

10

15

20

30

-19-
which in turn contain various layer 2 overhead information. In this example, the
Header A section has identified this frame as a point-to-point SMS channel, however
the present invention is not limited thereto. The ARQ Mode BEGIN frame contains
a Mobile station identity (MSID) and a Partial Echo (PE) field which is set to some
value, for example, the 7 least significant bits of the mobile station’s IS-54B mobile
identification number (MIN). A transaction identifier (TID) field is included and
uniquely identifies which instance of an ARQ mode transaction is being sent to a

mobile station. The PE field in conjunction with the transaction identifier TID

identifies the transaction initiated by the ARQ Mode BEGIN frame and serves to

- associate any subsequent ARQ Mode CONTINUE frames with the same transaction.
A L3 length indicator (L3LI) field is used by the mobile station to calculate the

number of ARQ Mode CONTINUE frames which will follow the ARQ Mode

' 'BEGIN frame. Fmally, the ARQ Mode Begin frame contains a Jayer 3 data field

(I3DATA).

As a result of sending an ARQ Mode BEGIN frame, the BMI may wait for

an acknowledgment from the mobile station since this frame contains information

_pertaining to the poten_tiél success of an ARQ Mode transaction. If the BMI decides
~ not to wait for a mobile station aclm_owiedgment, it shall proceed to send an ARQ

Mode CONTINUE frame which will be described below. However if the BMI
decides to wait for an acknowledgement, the BMI shall proceed as follows. For the
case of soliciting a reservation based acknowledgement in a given downlink slot, the
BMI polls the mobile station by setung the BRI flag (part of the SCF) to "Reserved”
and by setting the PE field (part of the SCF) to the value correspondmg to the target

mobile station. The BMI then waits for an uplink ARQ Status frame on the same

access path on which it polled the mobﬂe station. If an ARQ Status message is not

-received on the reserved access slot or is received but thh an incorrect indication

of outstanding frames, the BMI shall resend the ARQ Mode BEGIN frame up to'a
predetermined number of times. If the BMI does not receive a correct ARQ Status
message after a certain number of attempts it shall terminate the ARQ Mode
transaction. If the BMI does receive a correct ARQ Status frame after a certain
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be capabl e'of handl i ng nore than one control channel . The control channel
transcei ver 160 is controlled by the control and processing unit- 130. The
cont r ol WOII235 t r anscei ver 160 broadcasts control infor nPeT/0894A%6s t he

control channel of ~the base station or cell to nobiles |locked to that
control channel. When the nobile 120 is in an idle node, the
nobi |l e periodically scans the control channels of base stations |ike
base station 110 to determ ne which cell to | ock on or canp to. The
nmobi | e 120 receives the absol ute and rel 20 ve information br oadcast on a
control channel at its voice and control channel transceiver 170. Then,

the processi mymheriof 2B8emptsalituhell procesd 1o send A AR Made CONTINUE fmenat i on

uni ch col -t no TRLEME i B HERY ARQ SOt CORTIRUER el BY Pty e

i nformati on nGmpiék the mmamiNHQawawmmomfmmRQqaoa@cmm&el |

with which it i s associ ated, but al so contal ns relative infornmation

concer ni ng otwikich dis| illystpatest i inaFigure, 9 heongaing theyPagtial Eehee (RE)ificld adaanel
5 252051 Neomacion oyt TR A ol RPNy SRR BbY PR
may be -di vi deRQnmdé hraRadtivreisSbeihgysent to the mobile station. The ARQ Mode
CONTINUE frame also includes a Continuation Frame _Number (I-'RNO) field which
identifies indi;/idual continuation frames, and a portion of the L3 data (L3DATA).
" An ARQ Mode BEGIN frame has an implicit frame number FRNO value of 0
10  -associated with it whereas ARQ Mode CONTINUE frames have explicit FRNO
" values which start at 1 and range from 1 to 31. The FRNO value is incremented
for each new ARQ Mode CONTINUE frame sent by the BMI to a MS in support
of a specific ARQ Mode transaction. -
The BMI may poll the mobﬂe station while scndmg any mtermedxate ARQ
15 Mode CONTINUE frame. If the BMI decides to issue an intermediate poll it shall
proceed as follows. In a given downlink slot the BMI sets the BRI flag to
"Reserved” and sets the PE field to the value corresponding to the target mobile
station. The BMI then waits for an uplink ARQ Status message on the same access
path on which it polled the mobile station. If an ARQ Status message is not
20  received on the reserved access slot, the BMI resends the current ARQ Mode -
CONTINUE frame up to a predetermined number of times. If the BMI does not
receive a correct ARQ\ Status frame after a certain number of attempts, the BMI
terminates the ARQ Mode transaction. If the BMI does receive a correct ARQ
Status frame after a certain number of attempts, it continues to send ARQ Mode
~25  CONTINUE frames that have not yet been correctly received by the mobile station,
" When the BMI sends the last ARQ Mode CONTINUE frame, the BMI proceeds in
a manner described below. | - ‘ _
‘The BMI polls the mobile station while sending ihe last ARQ Mode
- CONTINUE frame as fbllows. For the case of soliciting a reservation based
30 acknowiedgement ina giveh downlink slot, thé BMI sets the BRI flag to "reserved"
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1'(thé physi cal - | ayer), layer 2 ahd'[ayer 3. The physical |ayer defines the
paraneters of the physical communications channel, e g., RF spacing,
nodul at i orWO9S#M3s act eri stics, etc. Layer 2 (L2) defi nes t heoraas9ai1zEIe S

necessary for the accurate transm ssion of information within the
constrai nts of .the physical channel, e.g.,  error correction and
detection, etc. Layer. 3 (L3) defines the procedures for reception and

processing of information transmtted over the physical channel.
According to the present invention, the.jCC is conprised of the | ogi cal
channel s shown in Figure 4. The DCC | ogi cal channels include: -the broadcast

control changgy setsSHetBE feld ithe vafuerdobresponding tosthd tmfget hobilestationodliwast
control BMI then waits for an uplink ARQ Status frame on the same access path on which
it polled the mobile station. If an ARQ Status frame is not received on the reserved
~ access slot, the BMI resends the current ARQ Mode CONTINUE frame up to 2
S  predetermined numbcx_' of times. If the BMI does not receive a correct ARQ Status
frame after a certain number of attemﬁis,.me BMI terminates the ARQ Mode
transaction. If the BMI does receive an ARQ Status frame and the FRNO MAP
indicates "all correct®, the ARQ Mode transaction is considered to be successfully
completed. If the BMI does receive an ARQ Status frame and the FRNO MAP
10  “does not indicate “all correct", the BMI resends those ARQ Mode CONTINUE -
frames that have not yet been correctly received by'the mc;bile station. The BMI
resends any given ARQ Mode CONTINUE frame up to a predeterxhined maximum
number of times before terminating the ARQ Mode transaction.
The operation of the SPACH ARQ mode for the mobile station will now be
15  described. After a mobile station has successfully completed transmission of a
message on the RACH (as indicated by the SCF flags), it reads up to a
predetermined number of SPACH frames Beginning 40ms after successfully
completing the RACH message transmission. When the mobile station receives an
ARQ Mode BEGIN frame with a MSID matching its own, it proceeds as follows.
20 The mobile station stores the TID for ARQ Mode transacﬁon 'identiﬁcation
purposes. The number of pending ARQ Mode CONTINUE frames can then be
calculated based on the received L3LI. The FRNO MAP, which is a bit map, is set
to RECEIVED for FRNO zero (correspondmg to the ARQ Mode BEGIN) and NOT
RECEIVED for all pending ARQ Mode CONTINUE frames. According to one
25  embodiment of the present invention, a 1 can be used to signify that a fmme has
been received and a 0 can be used to signify that a frame has not been rec;:lved.
The FRNO MAP supports BMI transmissions up to 32 ARQ Mode frames in length
(1 BEGIN frame and 31 CONTINUE frames). The portion of the L3 message .
carried in L3DATA shall be stored. The mobile station then proceeds as described
30  in the next section. Of course those skilled in the art will readily appreciate that the
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-9- - channel F-BCCH, the extended broadcast control channel E-BCCH and the’
short nessage service broadcast control channel S-BCCH); the SPACH which
incl udes aveB¥I293§ressage service poi-nt to point channel (SMe€riusosmuzpmoi ng
channel (PCH) and an access response channel (ARCH); and a random access
control channel (RACH). The BCCH acronymis used to refer
collectively to the F-BCCH, E-BCCH, and S-BCCH | ogi cal channels. These
three |l ogical channels are used, in general, to carry generic,
systemrelated information. Some attribgies of these three channels are:
unidirectional (i.e., downlink), shared, “point-to-nultipoint (i.e.,

or oadeast )1 SROSYRRES ¢ exppfed G2 hedtbl s o niiBRN el felfB 0y
is a | ogical ngmbemef frames trapshitted droas the BMI. exanpl e, systeminformation
that Ts less The mobile station shall read SPACH frames and respond as follows. Ifa:
_ poll occurs, i.e., 2 PE match occurs albn_g with the BRI flag setto "Reserved®, the
-5 mobile station sends an ARQ Status frame to the BMI with a FRNO MAP that
indicates the reception status of all ARQ frames correctly received to that point of
the cunéﬁt ARQ mode transaction. If the FRNO MAP indicates. that an *all
| correct” condition exists, the mobile station considers the corresponding ARQ Mode
~ transaction to be successfully completed. Otherwise, if an ARQ Mode CONTINUE
10 ~ frame is correctly received for an outstanding ARQ Mode n'ansa'cf:tion. (i.e., PE and
TID sent in the ARQ Mode CONTINUE frame match) the mobile station stores the
L3DATA contained therein and sets the corresponding FRNO MAP position to
RECEIVED. If no ARQ Mode CONTINUE frame or poll is received for a
predetermined period, the mobile station can autonomously transmit an ARQ Status
15  frame using a contention based random access. A maximum number of such
autonomous ARQ Status frame transmissions may be sent before the corresponding
ARQ Mode transaction is terminated. | |
While a particular embodiment of the present invenﬁon has been described
and illustrated, it should be understood that tﬁe invention is not limited thereto since
20  modifications may be made by persdns skilled in the art. The present application
contemplates any and all modifications that fall wi'thinl.the spirit and scope of the
underlying invention disclosed and claimed herein, N |
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time critical than the information sent on the F-BCCH The short nessage
service BCCH is a logical channel that is used to broadcast, for exanple,
short nmesw@estassed for the SM5 broadcast service. - p oo seannel
is a logical channel that includes the SMSCH, PCH and ARCH and is used to
send information to specific nobile stations for SM5 poimt=to- pu.

pagi ng and access response purposes. The pagi ng channel, ,P%]_'ee ubset of
t he SPACH used to deliver pages and orders. The access re pacec
"ARCH i s a subset of the SPACH to which. t?@ mobi | e statlon

nove upon successful corrpl etion_of an.actess on a random

The ARCH may be u fmEonvey anal og voi ce channel or digi taI trafflc :
channel assi gnnent e Myt her responses to a nobile access attenpt. Layer 2
automatic retransii ssi g0 metiRURY lobtaiifig R Q%vbrb'oﬁ the statiscof ¥rirles eompRMREH

usi ng acknow edgenent franes sent on t The SMS poi nt -t o- poi nt
channel SVBCkinmessagedtiansmitied tw&remmmtamm@tgp@mngwmmoﬁ c nobile

station receiving seryv ces at t.ri but es e SP,
uni di recti onal 6‘5‘%‘5'?51?)90 W@ﬂ‘é g&’ Wﬂé"ﬁ?ﬁﬁ 0& ﬁhsﬁ\.ﬁ?%q%'maﬂg and
unacknowsedged. TQ&dﬁFﬁ:H #ds Pbfdrt!16'slid base station, wherein said polling request

"speciﬁes whether the remote station should send the status Teport on a reservation

basis or on a contention basis.

2. A method according to claim 1, wherein said polling requesi uses
" layer 1 bits to indicate whether said status report should be sent on a reservation -

10 basis or contention basis.

3. A method according to claim 2, wherein said layer 1 bit is_ the
Busy/Reserved/Idle portion of the shared channel feedback.

4. A method for obtaining a report on the .status of frames comprising
a message transmitted from a cellular communication system to a remote stanon,
15  comprising the steps of:
sending a polling request to said remote station;
transmitting a bit map from said mobile station to a base station, wherein
said bit map indicates which of a plurality of frames have been correctly received
by said remote station. ' |

20 5. A method according to claim 4, wherein said bit map indicates
whether or not the remote station has correctly received up to 32 frames.

6. A method according to claim 1, wherein said polling request uses
layer 1 bits to identify said remote station to which said polling request is being
sent. '
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poi nt -to-point and may be acknmd—edged—ef—unaekeew edged. - "The randord ’

access channel RACH is used tohRQH StHa2ERES tO the system '
-10-  TheWQsR#st es of this chan M I AEEi onal ( URCTVES94/12618.1 ed

poi nt -t o- poi nt, and acknow edged soI ution and/or collision
avoi dance:information is

-24-.
7. A mniethod according to claim 6, wherein said layer 1 bitsarea partial
echo (PE) portion of shared channel fwdback

8. A method for detennining ownership of ARQ Mode BEGIN and
'CONTINUE frames, comprising the steps of:
5 . receiving, at a ‘remote station, an ARQ Mode BEGIN frame with an |
identifier associated mth said remote station and storing a partxal echo and
. transaction identifier contained in the ARQ Mode BEGIN frame; and
o receiving, at said remote station, at least one subsequent ARQ Mode
- CONTINUE frame having partial echo and transaction identifier values that match
10 the stored values. | |

9. A method for commuriicating in a radiocommunication system
comprising the steps of: '
receiving, at a remote smtid_n, a partially completed ARQ Mode transaction;
- and . ' ' |
15 generating an ARQ Status frame after a period of time during which said
remote station received no polling fequest of ARQ Mode CONTINUE frames from
a base station for current ARQ mode transaction.

10. A method for communicating in a radiocommunication system
comprising the step of: .
20 - sending, from a base station, a pollmg request using shared channel feedback
bits coincidental with an ARQ Mode BEGIN or an ARQ Mode CONTINUE frame.

11. A method for communicating in 2 radiocommunication system

comprising the step of: |
sending, from a remote stauon, a polling request usmg shared channel
25  feedback bits which are time mdep_endent of an ARQ Mode BEGIN or an ARQ

* c L M S *




prqvi ded on the forward subchannel corresponding to any given frame sent on
't he RACH. The SPACH | ayer 2 protocol can be used whenever a TDVA
burst i sywseghsbss carry point-to:point SMS, Paging, or ARCHPCIVDS®Sam26ison. A
.single SPACH | ayer 2 protocol frame can be constructed so as to fit, for
exanple, within a 125 bit envel ope. Additional bits (e.g.._five) are

reserved for Use as tail bits resulting in a total of 130 bits of

information carried within each slot assigned for SPACH plh
of the possible SPACH formats is provided in the first tabl |
summary of the fields conprising |ayer _égprot ocol franmes for

operation is provided in the second tab bel ow. - Simlar franme :
formats canmf t he SPACH channel s such that the franes will have a
common Head Pents of the Header ‘A deterni ne whether or . not

addi tional information, known as Header. B, is present in any given SPACH
frame. The Header A discrimnates between hard (dedicated) page franmes, PCH
frames, ARCH frad@s arkl Brthod foraremmunicatingl in a pradiocgmenumnication csystem ni ng -

t hr ee 34 bit - rmblletﬁtatlor} identifications MSIDs can be sent on the PCH
comprising

assigning a partial echo value to a remote station within an ARQ Mode
5 BEGIN frame; and
transmlttmg frames mcludmg said partxal echo value for a durauon of that *
ARQ Mode transaction.

13. A method for commiunicating in a radiocommunication system
comprising the step of: ' |
10 assigning a partial echo value to a remote ‘station w1thm an ARQ Mode
BEGIN frame; and
considering subsequent partial echo values to match said assigned partial
echo value if said subsequent partial echo values differ from said assigned partial
echo value by a predetermined number of bits.

15 14, A base station for use in a ‘cellular communication system,
comprising:
means for transmitting a polling request to a mobﬂe station;
means for receiving a status report from said mobile station in tespbnse to
said polling réquest, wherein said polling request specifies whether the mobile
20  station should send the status report on a reservation basis or on .a contention basis.

'15. A base station accordmg to claim 13, wherein said polling request
uses layer 1 bits to indicate whether said status report should be sent on -a

reservation basis or contention basis.

16. A base station according to claim 14, wherein said layer 1 bit is a
25  busy reserved idle portion of shared channel feedback.
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(Burst Usage BU = Hard Triple Page) A Hard Quadrupl e Page frame contai ning
four 20 bit or 24 bit MSI Ds can al so be sent on the PCH (BU = Hard

Quadr up! fydog2d3s ThlsShemW ageg nessages nay be traRERDSMH3618n one

frame,- or continued o MSIDs are.only carried within franes
where BU= Hard Tri pl e adrupl e Page, and ARQ Mbde BEG N in

addition to BU = PCH, ARCH and SMSCH where the Burst Type BT may be set to
Single MSID, Double MSID, Triple: MSI.D or Quadruple MSID. The nobile station
identity type (IDT) field identifies the format of all MSIDs carried wi t hin
a given SPACH frame (i.e., no mxing of ,M5ID formats is allowed). Pages

carried on the PCH are not allowed to céntinue beyond a single SPACH frame

(ven, Lhoudh the 0% OFObufl ! 'l i ol SSmiRERAP Sy,
comprising:
means for transmitting a polhng request to a mobile station;
means for receiving a bit map from said mobile station in response to said
5  polling request; | _
| means for interpreting said bit mép to determine which of a plurality of
frames have been correctly received by said mobile station when the polling request :

was received.

18. A base station according to claim 16, wherein said bit map indicates
10  whether the mobile station has correctly received up to 32 frames.

19. A base station acc_ording_ to claim 13, wherein said polling request
_uses layer 1 bits to indicate which mobile station is being sent a polling request.

20. A base station according to claim 18, wherein said layer 1 bits are a
partial echo portion of shared channel feedback.
15 21. A base station according to claim 16, wherein said polling request.-
uses layer 1 bits to indicate which mobile station is being sent a polling request.

22. A base station according to claim 20, wherein said layer 1 bits are a
partial echo portion of shared channel fee_dbaek. '

23. A mobile statioq for use in a cellular co_mmunicatidn system,
_ 20' comprising: | _
means for receiving a polhng request from said cellular system
means for trangmitting a status report to said cellular system in response 0
said polling request, wherein said pollmg request specifies whether the mobile
. station should send the status repoﬁ-on a reservation basis or on a contention basis.
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—
-11-° For non ARQ node operation Co Béenteh @bﬂeq)rot ocol supports

sending a single L3 message to nul THHpEe dition to the fixed
one-t 0- oM 95212935 onshi p bet ween MSI Dsl |k EH - TheP§EYSMI26appi ng
yer 2 frane operation. A

field (MM is used to control this as{dB
valid SPACH frame requires that all L2 header infornmation pertinent to a
given L2 frane be included entirely within that franme, i.e., L2 header from
a given SPACH frane cannot wrap into another SPACH frane. The O f set
I ndicator field (O) is used to allow both the conpletion of a previously
started | ayer 3 nessage and the start q§7_a new | ayer 3
24. A mobile station according to claim 22, wherein said polling request
uses layer 1 bits to indicate whether said status report should be sent on a

reservation basis or contention basis.

25. A mobile station according to claim 23, wherein said layer 1 bit is a
5  busy reserved idle portion of shared channel feedback. |

26. A mobile station according to claim 22, wherein said mobile station
transmits said status report to a base station in said cellular system.

27. A mobile station according to claim 22, wherein said polling request
includes layer 1 bits to indicate which mobile station is being sent a polling request.

10 -28. A 'mobile station aecordmg to claim 26, wherein said layer 1 bits are
a pamal echo portion of shared channel feedback. .

29. A mobile station for use in a cellular communication system,"

comprising: _ '

' means for receiving a polling réquest from said cellular system;

15 means for forming a bit map which indicates which of a plurality of fré_mes
have been correctly rec;eivéd by said mobile_'Station when the polling request was
received; ' |

means for transmitting said bit map to said cellular system.

30. A mobile station according to claim 28, wherein said bit map
20 indicate_s whether the mobile station has correctly received up to 32 frames.

31. A mobile station according to claim 28, wherein said polling request
uses layer 1 bits to indicate which mobile station is being sent a polling request.
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rressage to occur within a single SPACH frame——

summari zes possi bl e SPACH for mat s: | - SMB
ARCH  CANOBSI1I9ENT| NUED S| ngTh@s s Been Replaced y PCT/USSAII3G18
Y -Doubl e MSID m “L‘“M Y Triple MSID
N - Y Y N Y
Y Hard Triple Page(MN) 'N N Hard Quadruple
Page N N (TI\/BI) Cont i nue _ Y
Y Y ARQI\/bdeBEGN Y ' N . .Y
Y ARQ Mbde CONTINUE Y N 98 Y Y -
32. A mobile station according to claim 30, wherein said layer 1 bits are
a partial echo portion of shared channel feedback.
33. - A mobile station according to claim 28, wherein said mobile station
transmits said bit map to a base station in said cellular system. -
5 34. A method for identifying to which mobile station a plurality of linked |
' frames are being sent to in a cellular communication system, comprising the steps
of: |
receiving a begin frame at a mobile station;
comparing said mobile station’s mobile station identiﬁcation_ with a mobile
10 . station identification in sa1d begin frame; '

storing a partial echo and transaction identiﬁes values contained in said begin

frame w1th a matching mobile station identification;

receiving at least one combination frame, wherein said frame contains partial

echo and transaction identifies values that matgh the stored values.

N O R

The fol lowing table
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Figure 5a illustrates the SPACH Header A according to one enbodi nent of the
‘present invention. The SPACH Header A contai hs burst usage infornmation and
fl ags fowowsAg@sNg nobile stations in a sleep .node. The BRCFUM4H26M80vi des a
hi gh |l evel indication of burst usage.. According to the present invention,

the operation. performed on each SPACH channel is not predeterm ned. The BU

fiel d i'ndi catés whether the burst is being used for pagihg—aeeess
- response, or short nessage services. The flags I ndi cat ‘Fh-sCEﬁeegﬁaséé‘enSAeer

nmode configuration as well as I"”"I" II "

Fig. 1
PRIOR ART
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-12-" broadcast control channel information. This header can be present in
.all possible SPACH frame types. Figure 5b illustrates the SPACH Header B -
accor di ngvo es/i2e3s enbodi nent of . the present invention. — TRCIGSOHE418 Header
B -contains supplenentary header information used to identify the remaining
content of the layer 2 frame. This header is present when Header A

- indicates a burst usage of type PCH ARCH or SMSCH. - The follow ng
tabl e summarizes the SPACH Layer 2 Pro2é%ol fields: Fietrd—Nane

Length (bits) Val ues ' This Sheet Has Been Re :

T u‘if““_ |
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BU =Bur st Usage

3 : 000 = Hard Triple Page (34

bi t S VSI D).
001 = Harwo@samb3Page (20 or 24 : PCT/USI4/12618
bi t MBI D) o - ' 010 = PCH Burst

011 = ARCH Burst

SMSCH Bur st

110 = Reserved

PCO\I = PCH Continu

ff’g31

100 =
' 101 = Reserved
3/9 111 = Null
0 = No PCH Caont nuatlnn

1 = PCH Contijnuati
Activated B(GN = BCCH Change Noti fi cat i on 1 * Transit | ons
whenever therle is a change in E-BCCH information = SVSN =
SMB Noti fi catfi on 1 136r ansi tions whengggr there isa -
¢ ¢
- VOICE \V
CHANNEL [
1§4o TRANSCEIVER
T CONTROL | |
MSC AND | 160
PROCESSING (
~ UNIT 1 |
| CONTROL \{/
| CHANNEL :
.| TRANSCEIVER
BASE STATION

4110 |

VOICE AND CONTROL | 170 |
CHANNEL TRANSCEIVER [~ |

PROCESSING UNIT | 180 |

' MOBILE ' _ Thls Sheet Has Been Replaced
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charige in S-BCCH i nformati on.

‘0 = Use assigned PF

Use one wob@kretoss han assi gned
PF- BT = Burst Type

001= Doubl e MsID Frane

= Triple MSID Frame:
Quadrupl e MSI D Fr.ane

Conti nue Frame

Mbde Begin

Cont i nue

I DT = Identity Type . |
01 24 bit M'NI per |S-54B
10 = 34 bit MN per |S-54B

PFM = Pagi ng Frane Mdifier - 1

PCT/US94/12618
3 000 = Singl e MSD Frane
' 010
_ 011 =.
4/9 _ - 100 =.
: 101 = ARQ

110 = ARQ Mbde
111 = Reserved

DCC .

|

uplink

RACH

2 00 = 20 bit TMmSI
" downlink
SPACH BCCH Reserved
PCH - | F-BCCH
ARCH E-BCCH

SMSCH | |S-BCCH

\

Thls Sheet Has Been Rep
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11.="50 bit | Ml . ' : _ - -13-
MSID = Mobile Station Identity 20/ 24/ 34/ 50 20 bit TMSI '
' - : PCT/0S94113618bit M N

24 bit MW‘DWIZ%S

5/9

BU |PCON| BCN | PFM | SMSN
= x = X = X = X

=XXX
3 1 1 1 1
Fig. 5a -
BT | IDT | MM | Ol
=XXX|= XX| = X | = X
3 2 - 1 1
Fig. 5b
Header A Header B |MSID1| PE ‘| TID | L3LH |L3DATAI| CRC
(BU=100) ~ (BT=10)  k X.X|= X.X|= XX|= X.X| = X.X |= X.X
7 7 7 2 8 16
Fig. 8 | |
Header A Header B | PE_| TD | FANO | L3DATAT | CAG
(BU=100) | . (BT=M0) [= X.X|= X.X| = X.X = XX |= X.X
7 7 7 2 16

his Sheet Has Been Replaced
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50 b|t | MBI = ge Nbﬁgenrl%placed ' 1 : 0 = One

i nst ance of L3LI an’d’h'SSh _

L3DATA PO 95 BNnCce ofu‘m&l““ ““‘\ \“‘ _ PCT/US94/12618
| = One instance of L3 :

L3DATA for multiple MSIDs. 01 = Offset I.ndicator -1

0 = No nessage of fset included.

1 = Message offset included ti Al&tion Lengt h - 7
Nurrber of bits remaining in §ﬁ%’ Fﬂg tor
previous L3 message.  L3LI |= LAGERSS Lgngth | ndi cat{Start Reserve
Variable length |ayer 3 rr_essages . Access
supported up to a maxi num of__255 ' ~
octets. L3DATA Layer 3| DRtr—ctr:=0 Var| abl e r Cont ai ns a
portion (some or.all) of Stop-ctr:=S Rir—ctr=0
the layer 3 nmessage having an p _9L_° _ St tr:=S

overall length as indicatedtoy l ' ng‘c‘:r_ra

» B/l-ctr:=0

— R
Random| | Random Ri{B|I 4
| Delay | [ Delay —
T N
I R T l -
Unft_ctr:=1
Inc(B/l—ctr) |
_*_.,. I CTnc{Rtr—
No Yos Inc(Rtr—ctr)

Start
Random
Access

Inc(Rtr—ctr)| ——@
Stop-ctri=S -

4 A R J .
N O NR|B]1 B
il il | N l—l O Inc(PB—ctr)
R LJ QL] | |
Yes. No vy L [ Tne{Unit—ctr)
Yo eS| bl J

.
- o FIG. 6a
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The 'portioh of this field not used to
carry layer 3 information is filled

with zerwo9sn2gE = Partial Echo . : 7 PCT/US94/12638 7
| east significant bits of the ' : o :
nobile station 1S-54B MN.- ~TI'D = Transactlon | dentity 2

| ndi cat es” whi th ARQ node 279

transaction i s bei g LA . . -

the AROH or SWEOL Frlame Nunber Start Reserved
Uni quel y i ¢ | Access

sent in suj 2

transacti on. FILLER = Burst Filler . T Vari abl e Al
filler bitg are set zer CRC = CycLic Redundancy Code 16

S Ge at |
Sde(i n(r:]:alrjcl o v&ﬁ@aauﬁmﬁ% ding to the present |R’§r§|eol;1v obi | e

station (I\/E>) cgn be ipurst anne
Yes v
( Correct CRC? »— — | Read uplink
No . - burst

(Correct CRC? )-

N 2 Yes No
Set B,R and .
PE value |
oy
Read uplink
" burst -
Set éscl\g: to <—<Correc£ CRC")
— ' Yes l<
‘Set SCF to _h_|_°< ~ More? )
L I R _ . :
. -  Yes |
Set SCF to
B, R
This Sheet Has Been Replace
I |
implementation
options -

Fig. 6b
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plyrality of states. A nobile station shall be in the "start random
access" state before the first uni't of a message that is to be transnmitted
by a rang@wsaasmss has been transnitted. The nobile stati BETARWI2638e in t he
"start reserved access" state before the first unit of a nessage that is to
be transmtted by a reservation based access has been transmtted. The
nobi | e statioh shall be in the "nore units" state if there are nore units
ent access evedft? yet to be transnitted. The nobile

[the after | ast "burst” ghate if the last unit o
Idie | | -

Correct No
CRC?

associated with the
station shall be in
access

Read DL Frame

Correct
TID?

S TID s,
ave . |
Calculate last FRNO || Set R(FNRO)=0

Set H(.)=1 : ' -

No .-
l ® ( A: correct? )____.' Mo
| o8 Timeout? )—
Read DL Frame l ~ ( Timeout? }—
and SCF Flags | | Send ARCH status | Yes

~ (random access)

/Access No | d¢1 | -
Reserved? /— [ & | Y

(Success) Max number .
Yes & < of repetitions.>"
Send ARQ status : - —
- No v Yes
y Y . Send ARQ status
oS /Al correct? ) | - (random access)
..~ |No k o ‘
e )| | - ®
| (Success) | [ |
Idle _
(Unsuccess)-

This Sheet Has Been Replaced
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_--14- event has been transmtted Finally, the nobile station shall be in
"the "success" state after a conpl ete message has been sent successful Iy.

The | ayewWodsfie9¥ocol al so contains a plurality of flags. FOTAmSsaMm2sigar ed
cofitrol feedback (SCF) flags are used to control transnissions on t he RACH.
A busy/reservedll dle (BRI) flag is used to indicate whet her |ts '

correspondi ng”uplink RACH slot is Busy/ Reserved or Idle. Pheet Bmdit lacec
for these fl.ags and t artterent nd/?i ons are encoded as shq
t abl e bel ow T Idle j BRI[err] - BRI[err]

BRI [err] BRI[err] - BRI[err] Busy 1
1 1 0 OF
Send BEGIN ARQ

!

Reserve slot
for access

ARQ status
< received in rsvd \No

slot? / l

Yes] . No.
: R( )=1 Max number
=0 | of repetitions

- < Yes|
Yef{s All correct?) - Idle
| [(unsuccass))

[ Idle ] "
(succees) -

r.

\
(CMAX 7 yYes
o N .Reservfe slot |
o
( R(i) f 1? ) —/ | for access
R I Yes |
Send continues (i) ARQ ‘status No
| ‘ , receivecli is rsvd)—
ARQ status\Yes slot
received? /| 1Yes
No = Sav? oFi(...)
I=i+1 - -
\ -‘No
o Max number
~ of repetitions
. y Y6S
' - - ~Idle } |
Fig. 7b ' - | ((unsuccess)
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A

© Reserved 0 N
0 0 "0 ()/ Ly
received (R'N) flag is used t¢6 |nd|~.eat ,
received the last transmtted burst A. f-,,l.-ve iql ne'
for encoding this flag as shown in the table below
RN err] RN err] R:N.err] R/N[errl R/N[err]
Recei ved 1 il 1. '.'..-1-, l“ A Sl

qbosra-t IveS
1 | dl e
A recei ved/ not
he base station
ition code is used

AUTOMATIC RETRANSM[SSION REQUEST

The disclosure of U.S. Patent Application No. 08/147,254, entitled “A
Method for Communicating in a Wireless Communication System,” filed on
November 1, 1993, is incorporated in this application by reference.

BACKGROUND
The present invention relates to a method for transmitting messages between
' mobile stations and a central switching system, and more particularly to transniitﬁng
these messages using a more efficient communications link protocol over the air-
-interface of a cellular telephone system.

In a typical cellular radio system, a geographical area, e.g., a2 metropolitan
area, is divided into several sméller; contiguoes radio coverage areas called “cells.”
The cells are served by a series of fixed radio stations called "base stations.” The
base stations are connected to and controlled bya mobile services switching center
(MSC). The MSC, in tur, is connécted to the landline (wireline) public switched
telephone network (PSTN). The telephone users (mobile subscribers) in the cellular
radio system are provided with portable (hand-held), transportable (harid-carried) or

“mobile (car-mounted) telephone units (mobile stations) which communicate voice
and/or data with the MSC through a nearby base station. The MSC switches calls
between and among wireline and mobile subscribers, controls signalling to the
"mobile stations, compiles billing statxstxcs, and provides for the operauon,
mamtenance and testing of the system.

FIG. 1 illustrates the architecture of a conventional cellular radio system
built according to the Advanced Mobile Phone Service (AMPS) standard. In FIG.
1, an arbitrary geographic area may be seen divided into a plurality of contiguous
radio coverage areas, or cells, C1-C10. While the system of FIG. 1 is, for
illustration purposes, shown to include enly ten cells, the number of cells may be
much larger in practice. Associated with and located in each of the cells C1-C10
is a base station designated asa corresponding one of a plurality of base stations B1-
B10. Each of the base stauons Bl-BlO mcludes__a plurahty of ch channel units, each




Not Recei ved 0 0 0 0o 0 )
According to the present invention, partial echo (PE) information is .used
toddentify which M5 was correctly received after the initial burst of
random access has been sent or which M5 is intended to have access to a
reserved RACH sl ot. For exanple, the seven |least significant bits LSBs of
an 1S-54B M N can be used as partial -echo infornmation.

comprising a transmitter, a receiver and a controller, as is well known in the art.
In FIG. 1, the base stations B1-B10 are located at the center of the cells C1-
C10, reépectively, and are equipped with omni-directional antennas transmitting
equally in all directions. In this case, all the channel units in each of the base e
~ stations B1-B10 are connected to one antenna. However, in other configurations of ' -
the cellular radio system, the base stations B1-B10 may be located near the ’ :
periphery, or otherwise away from the centers of the cells C1-C10 and may = = - .
illuminate the cells C1-C10 with radio signals directionally. For example, the base | X PR
station may be equipped with three directional antennas, each one covering a 120
degrees sector cell as shown in FIG. 2. In this case, some channel units will be

connected to one antenna covering one sector cell, other channel units will be i3

connected to another antenna covering another sector cell, and the remaining %
channel units will be connected to the remaining antenna coveﬁng the remaining |
sector cell. In FIG. 2, therefore, thé base station serves three sector cells.
. However, it is not always necessary for three sector cells to exist and only one
. sector cell needs to be used to cover, for example, a road oi‘ a highway.
Returning to FIG. 1, each of the base stations B1-B10 is connected by voice
and data links to a mobile switching center (MSC) 20 Which is, in turn, connected
to a central office (not shown) in the bublic switching telephone network (PSTN),
or a similar facility, e.g., an integrated system digital network (ISD_N)." The
relevant connections and transmission modes between the mobile swiichipg center
MSC 20 and the base stations B1-B10, or between the mobile switching center MSC
20 and the PSTN or ISDN, are well known to those of ordinary skill in the art and
may include twisted wire pairs, coaxial cables, fiber optic cables or microwave
radio channels operating in either analog or digital mode. Further, the voice and
data links may either be provided by the operétor or leased from a telephone
company (telco). . '
With continuing reference to FIG. 1, a plurality of mobile stations M1-M10
may be found within the cells C1-C10. Again, while only ten mc;bile stations are
shown in FIG. 1, the actual number of mobile stations may be much larger in
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-15- . ¢ The follow ng table shows how a nobile station decodes received
flags according to its Layer 2 state. Note that only the flags relevant to
its - Layer 2 state are shown. In the "Start random access" state, the BRI
flag is the only relevant flag. During a nultiburst nessage transni ssion
both the BRI and R/'N flags are relevant. In the summations in the follow ng

table, b[err] equals the bit val ue. Layer 2 State
Busy/ Reserved/ I dl e Recei ved/ Not -3Recei ved Busy
Reser ved I dl e Recei ved Not recei ved

practice and will generally exceed the number of base stations. Moreover, while
none of the mobile stations M1-M10 may be found in some of the cells C1-C10, the
presence or absence of the mobile stations M1-M10 in any particular one of the cells
C1-C10 depends on the individual desires of each of the mobile subscribers who
may travel from one location in a cell to another or from one cell to an adjacent or
neighboring cell.

Each of the mobile stations M1-M10 includes a transmitter, a receiver, a
controller and a user interface, e.g., a telephone handset, as is well known in the
art. Each of the mobile stations Ml-MlO is assigned a mobile identification number
(MIN) which, in the United States, is a digital representation of the telephone
directory number of the mobile subscriber. The MIN defines the subscription of the
mobile subscriber on the radio path and is sent from the mobile station to the MSC
20 at call origination and from the MSC 20 to the mobile station at call termination.
Each of the mobile stations M1-M10 is also identified by an electronic serial number
(ESN) which is a factory-set, "unchangeable” number designed to protect against the
unauthorized use of the mobile station. At call origination, for example, the mobile
station will send the ESN to the MSC 20. The MSC 20 will compare the received
ESN to a "blacklist” of the ESNs of mobile stations which have been reported to be
stolen. Ifa match is found, the stolen mobile station will be denied access.

Each of the cells C1-C10 is allocated a subset of the radio frequency (RF)
chaimels assigned to the entire cellular syetem by the concerned government
authority, e. g the Federal Commumeauons Commission (FCC) in the United
States. Each subset of RF channels is divided into several voice or speech channels
which are used to carry voice conversations, and at least one paging/access or
control channel which is used to earry supervisory data messages, between each of
the base stations B1-B10 and the mobile stations M1-M10 in its coverage area.
Each RF channel comprises a duplex channel (bidirectional radio transmission path)
between the base station and the mobxle station. ‘The RF channel consists of a pair
of separate frequencies, one for transmission by the base station (recepuon by the
mobile station) and one for transmission by the mobile station (reception by the base
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111100 001111 000000 11111 00000 Start random

N A N A access ' [err] ' Start reserved
Reseérved IF < 3 bits difference to NA N A access

Reserved flag code value Mre units ' Busy IF < 4 bits difference to
Busy fl ag code val ue

[err] [err] After |ast burst Busy IF < 4 bits difference to Busy
flag code val ue -4- [err]

[err]

station). Each channel unit in the base stations B1-B10 normaliy operates on a
preselected ene of the radio channels allocated to the corresponding cell, i.e., the
transmitter (TX) and receiver (RX) of the channel unit are tuned to a pair of

transmit and receive frequencies, respectively, which does not change. The
transceiver (TX/RX) of each mobile station M1-M10, however, may tune to any of
the radio channels specified in the system.

In typical land line systems, remote stations and control centers are
connected by copper or fiber optic circuits which have a data throughput capacity
and performance integrity that is generaily s1gmﬁcant1y better than the data

- throughput capacity and performance integrity provided by an air interfece ina
cellular telephone system. As a result, the conciseness of overhead required to
manage any selected communication link protocol for land line'syst__ems is of
secondery importance.  In cellular telephone systems, an air interface
communications link protocol is required in order to allow a mobile station to
communicate with a cellular switching system. A communications link protocol is
used to initiate and to receive cellular telephone calls.

The electromagneuc spectrum available for use by cellular telephone systems
is limited and is divided into units called channels. Individual channels are used as
communication links either.on a shared basis or on.a dedxcated or reserved basis.
When individual channels are used as communication links on a shared basis,
multiple mobile stations may either listen to or contend for the same channels. In
the contending situation, each shared channel can be used by e plurality of mobile
stations which compete to obtain exclusive use of the channel for a limited period
of time. On the other hand, when individual channels are used as communication
links on a dedicated basis, a single mobile station is assigned the exclusive use of
the channel for as long as it needs it. |

In light of the generally reduced data throughput capacity and performance
integrity afforded by an individual channel in a channel sharing situation in a
cellular telephone environment, the selection of an efficient air interface protocol to
serve as the basis of the communication link becomes paramount.
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The nobile station interprets a received coded partial echo (CPE) val ue as
havi ng been correctly decoded if it differs by less'than 3 bits fromthe
correctly coded partial echo. This is referred to as PE natch. A
nobile station is allowed a maxi num of Y+1, where Y=(0..7 ), access
attenpts before considering the attenpt to transfer a nessage as a failure.
The random del ay period used by a nobile station after not finding

BRI =1 dl e when ready to send the first bu§st of an access attenpt or after a
transm ssion attenpt failure, is uniformy distributed between 0 and 200 ns
with a granul ari ffheofomme@fication link protocol is commonly referred to as a layer 2

protocol within the communications industry and its functionality includes the
delimiting or framing of higher level messages. Traditional layer 2 protocol
framing mechanisms of bit stuffing and flag characters are commonly used in Jand
line networks today to frame higher layer messages, which are referred to as layer
3 messages. These layer 3 messages may be sent between communicating layer 3
peer entities residing within mobile stations and cellular switching systems.
In cellular systems, the likelihood of successfully sending a message over a
radio channel is inversely proportional to the length of the message since the entire
- message will be considered to be in error even if only a single bit of the transmitted
message is received in error. In order to address this probiem, messages are first
divided into small packets or frames. Thus, it becomes important for the cellular
system to know if all of the transmitted packets are correctly received by a mobile
station.

SUMMARY .

. According to the present invention, in order to make this determination a
base station may send a mobile station any given number of frames using automatic
retransmission request (ARQ) wherein the base station may ask the mobile station
to send a current status report on the frames it has received and then resend any
frames not received correctly. For example, the mobile station can be asked to
identify what frames it has received at any point during an ARQ based transmission
or the mobile station can autonomously send a message to the base station stating
what frames it has received.

~ According to one embodiment of the present invention, a method for
obtaining a report from a mobile station on the status of frames comprising an entire
message transmitted to the mobile station is disclosed. First, a polling request is
sent to the mobile station from a base station. A status report is then sent to the
base station. The polling request 'specifies whether the mobile station should send
the status report on a reservation basis (i.e., using a reserved frame) or on a
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-16- s (the length of a time slot). A nobile station is not allowed to

- make nore than Z; where Z=(0..3), consecutive repetitions of an individual
bur'st during an access attenpt. When a nobile station is in the
start "random access" state, it |ooks at BRI- information in the first
occurrence of a downlink DCC slot, regardl ess of the sub channels of the
current DCC. If the nobile station finds BRI=Idle, it sends the first burst
unit of its message in the correspondi ngddsub channel uplink RACH. If

contention basis (i.e., using an idle frame). The mobile station then transmits a bit
map to the communication system to indicate which frames have been correctly
received by the mobile station at the point in time when it received the polling

request.

BRIEF DESCRIPTION OF THE DRAWINGS
The present invention will now be described in more detail with reference
to preferred embodiments of the invention, given only by way of example, and
illustrated in the accompanying drawings, in which:
Figure 1 illustrates the architecture of a conventional cellular radio system;
: Figure 2 illustrates a three sector cell which may be used in the system
shown in Figure 1; _
Figure 3 illustrates a block diagram of an exemplary cellular mobile radio
telephone system;
~ Figure 4 illustrates the logical channels which make up the digitai control
channel according to one embodiment of the present invention;
Figures 5a-b illustrate SPACH Header sections A and B, respectively,
according to one embodiment of the present invention; -
Figures 6a-b illustrate the Random Access Procedures for a base station and
a mobile station according to one embodiment of the present invéntion;
Figures 7a-b illustrate a SPACH ARQ Mode Procedure for a mobile station -
. and a base station according to one embodiment of the present invention;
. Figure & illustrates an ARQ Mode Begin frame according to one embodiment
of the present invention; and |
Figure 9 illustrates an ARQ Mode Continue frame according to one
embodiment of the present invention.
DETAILED DESCRIPTION |
Although the description hereinafter focuses on systems which comply with
IS-54B and its successors, the principles of the present invention are equally
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BRI =Busy or Reserved, the nobile station generates a random del ay tine.
After the randomdelay time has expired the nobile shall repeat the
foregoi ng procedure. The search for BRI =lIdle is to be repeated a naxi mum of
X+ 1 times, where X=(QO...9), for each transm ssion attenpt. Wth the
exception of an origination, the M5 still nonitors its PCH during random
access procedures. When a nobile station is in the "start reserved
access" state, it |ooks-at BRI and PE ihformation in all downlink slots of
the current DCC, regard]ess of subchannels, for a slot where BRI =Reserved

and a PE napplicabletorcvaricty efwireless qommunicaionsystemse¢:8. oedlularapd satellite,, ( Bs)

can assi gn _ga,. [ Of .:{,0r | LA £ | €8,:5,1.0f

whi ch subc@hﬁ&%'&q@s‘%ybgg{;@cw&s é/&eu%fgécﬁ}# a(y{r%ggﬂg@éﬁ]a?%n finds
this slot, mddesert®), hehe i acdessiNitdchhiquet FDM330eTDMA e CDMA;S phyttidig

upl i nk RACH subchannel . |f the nobjle station does not find this s|ot

within ap A{CDMA. 0,4}, 95 dhe arghitecture; (magracelis, pogellBdom

FM, P!
Cransni t t o dnAs Bl be ppiciled by She Riaipa 1A 16 B RRIGRTHAES which,
sl ot of theagiesrspeéchDaitd/ohdatacmay derimplemémed frs difféshtswayhanthel physicah PE

match is found and R.N=1, the - . _
layer level. The physical channel may be, for example, a relatively narrow RF

band (FDMA), a time slot on a radio frequency (TDMA), a unique code sequence
(CDMA), or a combination of the foregoing. For purposes of the present invention,
- the term “channel” means any physical channel which can carry speech and/or data,
and is not limited to any particular mode of operation, access technique or system
 architecture. | ,
| This application contains subject matter which is related to co-pending U.S.
Patent Application Serial No. 07/955,591, entitled "Method and Apparatus for
Communication Control in a Radiotelephone System," filed on October 2, 1992, to
co-pending U.S. Patent Application Serial No. 07/956,640, entitled "Digital Control
Channel, " filed on October 5, 1992, to co-pending U.S. Patent Application Serial
No. 08/047,452, entitled "Layer 2 Protocol for the Random Access Channel and the
Access Response Channel,” filed on April 19,.1993, to co-pending U.S. Patent
Application Serial No. 08/147,254, entitled *A Method For Communicating in a
Wireless Communication System,” filed on November 1, 1993, to co-pending U.S.
 Patent Application Serial No. 07/967,027, entitled “Multi-Mode Signal Processing, *
filed on October 27, 1992, and to co-pending U.S. Patent. Application No.
08/140,467, entitled *A Method of Effecting Random Access in a Mobile Radio
System,” filed on October 25, 1993. These six co-pending applications are
incorporated herein by reference. .

Figure 3 represents a block diagram of an exemplary cellular mobile
radiotelephone system according to one embodiment of the present invention, The
system shows an exemplary basé Station 110 and a mobile station 120. The base
station includes a control and processing unit 130 which is connected to the mobile
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ITDb‘I | e assunes that the first burst of its access att errpt has been
correctl prt-?é@M"éd by the BS and then enters either the "after last burst"”
state or the "nore units" state. If the nobile does not find a PE match, it
generates a randomdelay tinme and enters the "start random access" state.
If the nobile station has additional bursts to send, it enters the "nove
uni FS" state and. then checks R/'N af ter ssndi ng each of these byr st s. I f the
nobil e station finds that R/ N=Received &8%ter sending a burst, it considers
that burst as Cl?mrgeccenlt r MSC 140 which in turn is connected to the public switched
telephone network (not illustrated).
The base station 110 for a cell includes a plurality of voice channels handled
by voice channel receiver 150 which is controlled by the control and processing unit
130. Also, each base station includes a control channel transceiver 160 which may
be capable of handling more than one control channel. The control channel
transceiver 160 is controlled by the control and processing unit 130. The control
channel transcengr 160 broadcasts control information over the control channel of
the base station or cell to mobiles locked to that control channel. _
When the mobile 120 is in an idle mode, the mobile periodically scans the
control channels of base stations like base station 110 to determine which cell to
lock on or camp to. The mobile 120 receives the absolute and relative information
broadcast on a control channel at its voice and control channel transceiver 170.
Then, the processing unit 180 evaluates the received control channel information
which includes the characteristics of the candidate cells and determines which cell
the mobile should lock onto. The received control channel information not only
includes absolute information concerning the cell with which it is associated, but
also contains relative information concerning other cells proximate to the cell which
the control channel is associated. )
~"For a better understanding of the structure and operation of the present
‘invention, the digital control channel (DCC) may be divided into three layers: layer
1 (the physical layer), layer 2 and layer 3. The. physical layer defines the
parameters of the physical communications channel, e.g., RE spacing, modulation
characteristics, etc. Layer 2 (L2) defines the techniques necessary for the accurate
transmission of information within the constraints of the physical channel, e.g.,
error correction and detection, etc. Layer 3 (L3) defines the procedures for
reception and processing of information transmitted over the physical channel.
According to the present invention, the DCC is comprised of the logical
channels shown in Figure 4. The DCC logical channels include: the broadcast

control channel (BCCH) (which is further comprised of the fast broadcast control
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-17- received by the BS; otherwise, it considers the burst as not received
by the BS. If the nobile station finds that BRI =reserved or idle, it also
considers the burst as not received by the BS. If nore than S+1, where
S=(0,1), consecutive Not Busy readings of BRI are nmade by the nobile, it
aborts the transm ssion of the nmessage and starts another transm ssion
attenpt after a randomdelay. If a given burst is considered to be
received, the nobile transmts the next-urst of the nmessage in the next

sl ot of the subchannel. If a burst is found to be not received, the nobile
re- transnichannel F-BCCH, tighextended| broadeastscontrel sizaniel IBCEH, and tharshertt | y

rocese at t cHisssaes seiag broadcast GBRST craiins tﬁﬁﬁﬁ@u@”#ﬁ@(’#&s'%@“”” Sve
been correc 'su rt agetie?ﬂccf SmRé sint\eHanRec@MSEIHNE gk thaeﬂg

Idl e, the cons ers the t butst as not received.
where S=( O dnd mmsmmespmscmhbnn&dﬂ&&)ﬂcnndmmnd@n MS control channel

(RACH). :
The BCCH acronym is used to refer collectively to the F-BCCH, E-BCCH,
and S-BCCH logical channels. These three logical channels are used, in general,
to carry generic, system-related information. Some attributes of these three

channels are: unidirectional (i.e., downlink), shared, point-to-multipoint (i.e.,
-broadcast), and unacknowledged. The fast BCCH is a logical channel used to
broadcast, for example, time critical system information. The extended BCCH is
a logical channel used to broadcast, for example, system information that is less
time critical than the information sent on the F-BCCH. The short message service
BCCH is a logical channel that is used to broadcast, for example, short messages
used for the SMS broadcast service.

The SPACH channel is a logical channel that includes the SMSCH, PCH and
-AARCH and is used to send information to specific mobile stations for SMS point-to-
point, paging and access response purposes. The paging channel PCH is a subset
of the SPACH used to deliver pages and orders. The access response channel
ARCH is a subset of the SPACH to which the mobile station may autonomously
move upon successful completion of an access on a random access channel. The
ARCH may be used to convey analog voice channel or digital traffic channel
assignments or ‘other responses to a mobile access attempt. Layer 2 automatic
retransmission requests are . possible for the ARCH :and SMSCH using
acknowledgement frames sent on the RACH. The SMS point-to-point channel
SMSCH is used to deliver short messages to a specific mobile station receiving SMS
services. The attributes of the SPACH are: unidirectional (downlink) and shared.
The PCH is point-to-multipoint and unacknowledged. The ARCH and SMSCH are
point-to-point and may be acknowledged or unacknowledged. |

The random access channel RACH is_used to request access to the system.
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BRI =Not Busy readi ngs are made by the nobile station, it aborts the-
transnmi ssion of the message and starts another transmission attenpt after a-
random del ay. |If R/ N=Not Received and BRI =Busy, the nobile re-transmts the

| ast transmitted burst. The foregoing random access procedures are
illustrated in Figures 6a-b. Figure 6a illustrates the random access
procedure for a nobile station while Figure 6b illustrates the random

access procedure for a base station. Seld-forth belowis an item zed
description of the use of the truth table in the flow chart shown in Figure
6a: . The attribTites afithisichannis] arei unidizestional (uplinlk); shared; fpointdorpointiangdn based

SCat i on shaknowledged.  Conftion: fesplutio ndos, ESRRRY veidihes SBimaddic ™" | ©
conpare it éir?vﬁed bh tRS¥orward subchannel correspgotiihg fo'dhyEibéd Srafiieadenoon gieal | set

Unit ctr t and send the first burst” of its access attenpt.
The tRACH.table is exam ned after sending any given internediate

bur st of an 4CCCPhe gf’k&'ﬁ}ayer E r&ocolecaa%tbeolpsgd We%epéra%m%uw i&hsed
. to carry point-to-point SMS, Paging, or ARCH information. A single SPACH layer

2 protocol frame can be constructed so as to fit, for example, within a 125 bit
envelope. Additional bits (e.g., five) are reserved for use as tail bits resulting in
a total of 130 bits of information carried within each slot assigned for SPACH
purposes. A summary of the possible SPACH formats is provided in the first table
“below. A summary of the fields comprising layer 2 protocol frames for SPACH
operation is provided in the second table below.. .

Similar frame formats can be used for the SPACH channels such that the
frames will have a common Header A. The contents of the Header A determine
whethér or not additional information, known as Header B, is present in any given
SPACH frame. The Header A discriminates between hard (dedicated) page frames,
PCH framés, ARCH frames and SMSCH frames. A Hard Triple Page frame
containing three 34-bit mobile station identifications MSIDs can be sent on the PCH
(Burst Usage BU = Hard Triple Page). A Hard Quadruple Page frame containing
four 20 bit or 24 bit MSIDs can also be sent on the PCH (BU = Hard Quadruple
Page). ' : _

One or more L3 messages may be transmitted in one frame, or con_t_inued

- over many framés. MSIDs are only carried within frames where BU= Hard Triple

- Page, Hard Quadruple Page, and ARQ Mode BEGIN in addition to BU = PCH,
ARCH and SMSCH where the Burst Type BT may be set to Single MSID, Double
MSID, Triple MSID or Quadruple MSID.  The mobile station identity type @DT)
field identifies the format of all MSIDs carried within a given SPACH frame (i.e.,
no mixing of MSID formats is allowed). Pages carried on the PCH are not allowed
to continue beyond a single SPACH frame (even though the protocol allows for it).
All other PCH messages may continue beyond a single SPACH frame.
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bl ock 20. If BRI ="ldle" or "Reserved" the nobile station shall
increnent Stop_ctr and PB ctr and then conpare Stop ctr to S. If

BRI = "Busy" and RN = "Not Received" the nobile station shall

increment PB ctr and then conpare it to Z |If BRI = "Busy" and

R/'N = "Recei ved" the nobile station shall increnment Unit ctr and
-11-

For non ARQ mode operaﬁon, the L2 SPACH protocol supports sending a
single L3 message to multiple MSIDs in addition to the fixed one-to-one relationship
between MSIDs and L3 messages. The Message Mapping field (MM) is used to
control this aspect of the layer 2 frame operation. A valid SPACH frame requires
that all L2 header information pertinent to a given L2 frame be included entirely
within that frame, i.e., L2 header from a given SPACH frame cannot wrap into
another SPACH frame. The Offset Indicator field (OI) is used to allow both the
completion of a previously started layer 3 message and the start of a new layer 3
message to occur within 2 single SPACH frame.

The following table summarizes possible SPACH formats:

Single MSID. Y Y Y Y

Double MSID N Y Y Y

Triple MSID N Y Y Y

Quadruple MSID N Y Y Y |
| Hard Triple Page (MIN) | N Y N N l
| Hard Quadruple Page N Y N N

(TMS])

Continue
| ARQ Mode BEGIN.

Figure 5a illustrates the SPACH Header A according to one embodiment of

" the present invention. The SPACH Header A contains burst usage information and
flags for managing mobile stations in a sleep mode. The BU field provides a high
level indication of burst usage. According to the present invention, the operation
performed on each SPACH channel is not predetermined. The BU field indicates
whether the burst is being used for paging, access response, or short message
services. The flags indicate changes in sleep mode configuration as well as
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set PB ctr to zero. 3. The truth table is exam ned after sending

the |l ast burst of an access attenpt at block 30. If RN =
"Recei ved" then the nobile station _ shal | consi der the nessage
as successfully sent. If BRI "= "Reserved" .and R/'N = " Not
Recei ved" the nobile station shall i ncrement Stop ctr and PB
ctr and then conpare Stop_ctr to S. If BRI = "Busy" and R/'N =
"Not Received" the nobile station shal F12- resend the |ast burst

o e e tamet hrormadbe, il b bEoRET A sl 51
“ldle” t heﬂéfﬂéﬂ@%kmgtmg@e 5b illustrates the SPRCHHEadeP B AROFdiNg S e L1 1MET .

|f BRI = "Reserve a e does not match then the nobil e

stati on exaembedimene ofcdthe vptesent invention. Thet SRACH | Hegler B "endainyed”
o e Bl el el e gty e SR
According t9 st eI haRRE i€hrdstit WhES Behdér"X GiRliicais atbutd Heuge BT ype f or
PCH, ARCH or SMSCH. _
The following table summarizes the SPACH Layer 2 Protocol fields:

Field Name Values

BU = Burst Usage ' - } 000 = Hard Triple Page (34 bit
. MSID)
001 = Hard Quad Page (20 or 24
-{ bit MSID)
010 = PCH Burst
011 = ARCH Burst
100 = SMSCH Burst
101 = Reserved
110 = Reserved
111 = Null

PCON = PCH Continuation | 0 = No PCH Continuation

1 = PCH Continuation,

At_:tivated

BCN = BCCH Change Notification ' - | Transitions whenever there is a
. change in F-BCCH infomtion.

SMSN = SMS Notification . . '} Transitions whenever there is a
E change in S-BCCH information.

0 = Use assigned PF
1 = Use one higher than assigned
PF .

001 = Double MSID Frame
010 = Triple MSID Frame
011 = Quadruple MSID Frame
100 = Continue Frame

101 = ARQ Mode Begin

110 = ARQ Mode Continue
111 = Reserved

| IDT = Identity Type 2 00 = 20 bit TMSI

| 01 = 24 bit MINI per 15-54B
10 = 34 bit MIN per IS-54B
11 = 50 bit IMSI
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defe_rm' ning the status of franes sent to a nobile station is disclosed and

Is illustrated in Figures 7a-b. The BM (base station,

nobi | e tel ephone

service center and internetworking function) starts an Automatic
Ret ransm ssi on Request (ARQ node transaction by sendi ng an ARQ Mbde BEGA N
frame which is illustrated in Figure 8. The ARQ Mbde BEA N frane is used to

start the delivery of a L3 ARCH or

SMSCH nessage in the ARQ node.

If the L3

message is too long to fit into a sing'llé'ARQ Mode BEG N franme, then the

remaining L3 infornpfion is carrie

’iminga

Litional ARQ Mhde CONTILNUE

frames as ; RERD S2Mbbild $ratiol fachity NES

BEG N fra & It is padded with fil
frame conthi ns a Header A and a He

er

5 26/04/941S65
as nec

1der_ B

hd bMIIN a single ARQ de
28 dit MINThe ARQ Mbode Bedi n
34 bit MIN

50 bit IMSI

1

1 = One instance of L3LI and
L3DATA for multiple MSIDs.

Ol = Offset Indicator

0 = No message offset included.
1 = Message offset included.

1 MM = Message Mapping
!
|
|
x
|

0 = One instance of L3LI and
L3DATA per instance of MSID.

R

|

CLI = Continuation Length 7 Number of bits remaining in the

Indjcator previous L3 message.

L3LI = Layer 3 Length Indicator 8 Variable length layer 3 messages
supported up to 2 maximum of 255
octets.

L3DATA = Layer 3 Data " Variable Contains a portion (some or all) of
the Jayer 3 message having an
overall length as indicated by L3LI.

| The portion of this field not used to
carry layer 3 information is filled
-| with zeros.
PE = Partial Echo 7 The 7 least significant bits of the
mobile station 1S-54B MIN.
i TID = Transaction Ideatity 2 Indicates which ARQ mode
i transaction is being transmitted on
| the ARCH or SMSCH.
| FRNO = Frame Number 5 Uniquely identifies specific frames
sent in support of an ARQ mod
| transaction. o
| FILLER = Burst Filler Variable All filler bits are set zero.
| CRC = Cyclic Redundancy Code | 16 ' ' Same Generator polynomial as 1S- |
| : 7 54B (includes DVCC) i

Accordirig to the present invention, a mobile station (MS) can be in a
plurality of states. A mobile station shall be in the “start random access* state
before the first unit of a message that is to be transmitted by a random access has
been transmitted. The mobile station shall be in the "start reserved access” state
before the first unit of a message that is to be transmitted by a reservation based
access has been transmitted. The mobile station shall be in the *more units* state

if there are more units associated with the current access event yet to be transmitted.
. The mobile station shall be in the "after last burst” state if the last unit of an access
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-19- which in turn contain various layer 2 overhead information. In this
exanpl e, the Header A section has identified this frane as a point-to-point
SMS channel, however the present invention is not limted thereto. The ARQ-
Mbde BEG N frane contains a Mobile station identity (MSID) and a Parti al
Echo (PE) field which is set to sone value, for exanple, the 7 |east
significant bits of the nobile station's |S-54B nobile identification
nunber (M N). A transaction identifier-14fFID) field is included and uni quely
identifies which instance of an ARQ node transaction is being sent to a
nobi | e st at évent hi$ bedtEtransmhitted.n Finally,rthe inobilgi statiom shall, b im the GRCPSENt i f i er

serves to a¥SGANEE 8 SPIERBHES S HRF P framss with the sams

transaction. The layer 2 protocol also contains a plurality of flags. Forward shared
control feedback (SCF) flags are used to control transmissions on the RACH. A
busy/reserved/idle (BRI) flag is used to indicate whether its corresponding uplink
RACH slot is Busy, Reserved or Idlé. Six bits are used for these flags and the
different conditions are encoded as shown in the table below:

“ Reserved 0 0 1 1 1 1

Idle 0 o | o | o | |

A received/not received (R/N) flag is used to indicate whether or not the
base station received the last transmitted burst. A five times repetition code is used
for encoding this flag as shown in the table below: |

eceived

According to the present invention, partial echo (PE) information is used to
identify which MS was correctly received after the initial burst of random access has
been sent or which MS is intended to have access to a reserved RACH slot. For
example, the seven least significant bits LSBs of an IS-54B MIN can be used as
partial echo information.
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A L3 l ength indicator (L3LI) field is used by the npbile station to

cal cul ate the number of ARQ Mbde CONTINUE frames which will foll ow the ARQ
Mode BEG N frame. Finally, the ARQ Mode Begin frame contains a |ayer 3 data
field (L3DATA). As a result of sending an ARQ Mbode BEG N frane, the
BM may wait for an acknow edgnent fromthe nobile station since this frane
contains information pertaining to the potential success of an ARQ Mdde
transaction. If the BM decides not to~wit for a nobile station

acknow edgnent, hal |, procee end an I\/bde | NUE .fr ' whi ch
will be descri béﬂ‘%i‘PgW’ Elo‘ﬁ’élﬁeg‘ ‘@ Ffobd %tr%ﬂiﬁ‘gs
acknow edg I reﬁ?int q\%i,@r f
soliciti ng%sg vat | orﬁ?ase acknO\E/i\ﬂat?me)t Eﬂe | n a gl \}etﬁq'go I %ksmstT ot
t he EI\/I poldc;i-e shdagn.lr)rdm the "Start |rﬁ1ﬂog;é afeeﬂs?“idstgtet, hhe IB]ICRII ﬂdga'g Ctgpamly uﬁevml SCF)
to "Reserved" and py set t e i e art t e val ue
cor r espondifiig- t HUng 45‘?‘58& SHMeEFsIEe (LrANs s mﬂ%ﬁ@ fi@? %

i nk Al led th
upl Ink - ARQ refedhitS ﬁm%g}%daﬁs%@afe RilfolAy %w 19 s @3 Bit vl ed t he

nobi | e stat1 on. t at Us nessag not’ r‘ on the reserved
access slot or |s received but with an incorrect indication

Layer 2 State Busy/Reserved/Idle Received/Not Received
Busy Reserved Idle Received Not
received
111100 - 001111 000000 11111 00000
6
access ldle IF Y b, < 2 ANDY b, < 2
[ i=3
| Start reserved Reserved IF < 3 bits difference to | N/A N/A
| access - Reserved flag code value

Busy IF < 4 bits difference to Busy flag
code value

Busy IF < 4 bits differeace to Busy flag

Start random . N/A N/A l
l
f
|

The mobile station interprets a received coded partial echo (CPE) value as
having been correctly decoded if it differs by less than 3 bits from the correctly
coded partial echo. This is referred to as PE match. .

A mobile station is allowed a maximum of Y+1, where Y=(0..7), access
attempts before considering the attempt to transfer a message as a failure. The
random delay period used by a mobile station after not finding BRI=Idle when
ready to send the first burst of an access attempt or after a transmission attempt
failure, is uniformly distributed between 0 and 200 ms with a granularity of 6.667
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of outstanding franes, the BM shall resend the ARQ Mbode BEG N frane up to
a predeternm ned nunber of tines. If the BM does not receive a correct ARQ -
St atus nessage after a certain nunber of attenpts, it shall term nate the
ARQ Mbde transaction. If the BM does receive a correct ARQ Status frane
after a certain -20- nunber

of attenpts, it shall proceed to send arl16ARQ Mode CONTI NUE frane. -

ms (the length of a time slot). A mobile station is not allowed to make more than
Z, where Z=(0..3), consecutive repetitions of an individual burst during an access
attempt. ' |

When.a mobile station is in the start "random access® state, it looks at BRI
information in the first occurrence of a downlink DCC slot, regardiess of the sub
channels of the current DCC. If the mobile station finds BRI=Idle, it sends the
first burst unit of its message in the correspondirig sub channel uplink RACH. If
BRI=Busy or Reserved, the mobile station generates a random delay time. After
the random delay time has expired the mobile shall repeat the foregoing procedure.

“The search for BRI=Idle is to be repeatéd a maximum of X+1 times, where
X=(0...9), for each transmission attempt. With the exception of an originatiori, the
MS still monitors its PCH during random access procedures.

When a mobile station is in the “start reserved access" state, it looks at BRI
and PE information in all downlink slots of the current DCC, regardless of
subqhannels, for a slot where BRI=Reserved and a PE match occurs, which will be
explained below. The base station (BS) can assign a reserved slot for a given
mobile station MS regardless of which subchannel the MS may have previously
used. If a mobile station finds this slot, it sends the first unit of its message in the
corresponding uplink RACH subchannel. If the mobile statibn does not find this

- ‘slot within a predetermined time-out period (T), it enters the “start random access"
state. After the first burst of a random access has been transmitted, the mobile
" reads the partial echo field in the next downlink slot of the current DCC that
corresponds to its RACH subchannel. If a PE match is found and R/N=1, the .
mobile assumes that the first burst of its access attempt has been correctly received
.. by the BS and then enters either the "after last burst" state or the "more units” state,
If the mobile does not find a PE match, it generates a random delay time and enters
. the "start random access” state.

If the mobile station has additional bursts to send, it enters the *move units"
state and then checks R/N after sending each of these bursts. If the mobile station
finds that R/N=Received after sending a burst, it considers that burst as correctly
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.The BM sends as nany ARQ Mode CONTHNUE frarres as necessary to conplete the
initiated ARQ Mode transaction. The ARQ Mode CONTINUE franme, which is
iltustrated in Figure 9, contains the Partial Echo (PE) field and a
transaction identifier (TID) which together uniquely identify which

I nstance of an ARQ node transaction is being sent to the nobile station.
The ARQ Mode CONTINUE frame al so includes a Continuation Frame Nunber
(FRNO field which identifies individufff- continuation frames, and a portion
of the L3 data (L3DATA). An ARQ Mbde BEG N frane has an |rrpI|C|t frame

E(’t;\r/r‘ge(ra F:?Nedts‘i&F RNéQﬁe ‘Bsasﬂmwkb,eit con:x&ersttha\bmseas npiReceived byahe BSUHST r anes
xpl i ci val ues. whi tart:
;/al ueN:Sg i themeohile:stationfinds Mﬂ%‘war 5 gel ‘@b‘&nd'i %ﬁ%&??%r‘é%ﬁﬁsﬁ% geBll\:/lRNO
0 a | d :
Q,g&’ g&a@e BS SPRGhbie Ctnﬁé‘ﬁ«gl ! MpdGheres )0 Ronsecutive Nt B CO%% NUE

pol | the ron whi'l'e " se ahy |nter I‘ate ARQ Mbde
frame. |f tea@ingBbF BRIGIre enadedyl meumbile ntmhunsaﬂeataasrpxssilonmf tbhmelssqgcoceed

asfollovvs In a given downljnk slot- t fla
" Reser ved"anth B ABOhEE tRARSRISIOR af"SmPﬁ &ﬂ‘r‘%@ﬁon i & eg tfqﬁi\t Bar get
mobi | e considered to be received, the mobile transmits the next burst of the message in the
next slot of the subchannel. If a burst is found to be not received, the mobile re-

transmits it. _
The mobile reads the SCF flags of the currently used subchannel after it has
- transmitted the last burst of its current access attempt. If R/N = Received, the MS
considers the message to have been correctly transmitted. If R/N = Not Received
and BRI = Reserved or Idle, the MS 'considers the last burst as not received. If
more than S+1, where S=(0,1), consecutive combined R/N=Not Received and
BRI=Not Busy readings are made by the mobile station, it aborts the transmission
of the message and starts andther transmission attempt after a random delay. If
R/N=Not Received and BRI=Busy, the mobile re-transmits the last transmitted
burst. | '

The foregoing random access procedures are illustrated in Figures 6a-b.
Figure 6a illustrates the random access procedure for a mobile station while Figure
6b illustrates the random access procedure for a base station. Set forth below is an
itemized description of the use of the truth table in the flow chart shown in Figure
6a: | a ' .

1. The truth table is examined at start of a contention based access at
block 10. If BRI = "Reserved" or “Busy" the mobile station shall
increment the Busy/Idle counter and then compare it to X. If BRI =
*Idle* the mobile station shall set Unit _ctr to 1 and send the first
burst of its access attempt.

2. The truth table is examined after sending any given intermediate
burst of an access attemipt with at least one more burst pending at -
block 20. If BRI = "Idle" or "Reserved” the mobile station shall
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station. The BM then waits for an uplink ARQ Status nmessage on the sane
access path on which it polled the nobile station. If an ARQ Status nessage -
is hot received on the reserved access slot, the BM resends the current
ARQ Mbde CONTINUE franme up to a predeterm ned nunber of tinmes. If the BM
does not receive a correct ARQ Status frane after a certain nunber of
attenpts, the BM termnates the ARQ Mdde transaction. If the BM does
receive a correct ARQ Status frame afted8a certain number of attenpts, it
continues to send ARQ Mbde CONTINUE franes that have not yet been correctly
received by the nobi | énarementoStop\ateand PB_ mandéhascemaane P, ddf

[C):(?I\Ens N’EEef :rggfl et gfa'ltsﬁg&* —O%W\g'h@i@g@ﬂ %bﬁgﬁg'?‘@%ﬁ%ﬂé raPrg EQA
follows. For the case,ﬁre@eﬂ,ﬂpgtdmm@meawm mokm,sqq!mkaomwgan&nt in
a given downlink slot, the BM Sets the BRI flag to_"reserved"

R/N = "Received” the mobile station shall increment Unit_ctr and

set PB_ctr to zero..

3. The truth table is examined after sending the last burst of an access
attempt at block 30. If R/N = "Received” then the mobile station
shall consider the message as successfully sent. If BRI =
"Reserved" and R/N = "Not Received" the mobile station shall
increment Stop_ctr and PB_ctr and then compare Stop_ctr toS. If
BRI = "Busy" and R/N = “Not Received" the mobile station shall
resend the last burst of the access attempt.

4. The truth table is examined at the start of a reservation based access
at block 40. If BRI = "Busy" or "Idle" then the mobile station
examines the reservation timer. If BRI = “Reserved” and the PE
does not.match then the mobile station examines the reservation
timer. If BRI = "Reserved" and the PE does match then the mobile
station shall set Unit_ctr to 1 and send the first burst of the access
attempt.

According to one embodiment of the present invention, a unique method for
determining the status of frames sent to a mobile station is disclosed and is
illustrated in Figures 7a-b. The BMI (base station, mobile telephone service center
and interetworking function) starts an Aﬁt‘omatic Retransmission Request (ARQ)
mode transaction by sending an ARQ Mode BEGIN frame which is illustrated in
Figure 8. The ARQ Mode BEGIN frame is used to start the delivery of a L3
ARCH or SMSCH message in the ARQ mode. If the L3 message is too iong to fit
into a single ARQ Mode BEGIN frame, then the remaining L3 information is
carried using additional ARQ Mode CONTINUE frames as necessary. If the L3
message does fit within a single ARQ Mode BEGIN frame, it is padded with filler
as necessary. The ARQ Mode Begin frame contains a Header A and a Header B
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-21- and set's the PE field to the value corresponding to the target nobile
station. The BM then waits for an uplink ARQ Status frane on the sane
access path on which it polled the nobile station. If an ARQ Status frane
is not received on the reserved access slot, the BM resends the current
ARQ Mbde CONTINUE franme up to a predeterm ned nunber of tinmes. If the BM
does not receive a correct ARQ Status frane after a certain nunber of
attenpts, the BM term nates the ARQ Mygg transaction. If the BM does
recei ve an . ARQ Status frane and the FRNO MAP indicates "all correct”, the

ARQ Mode traReRGhithh bohafNAHEES Bijet @ SerRéddCimfsrmition. In this example, the
Header A section has identified this frame as a point-to-point SMS channel, however
the present invention is not limited thereto. The ARQ Mode BEGIN frame contains
a Mobile station identity (MSID) and a Partial Echo (PE) field which is set to some -
value, for example, the 7 least significant bits of the mobile station’s IS-54B mobile
identification number (MIN). A transaction identifier (TID) field is included and
uniquely identifies which instance of an ARQ mode transaction is being sent to a
mobile station. The PE field in conjunction with the transaction identifier TID

~ identifies the transaction initiated by the ARQ Mode BEGIN frame and serves to
E associate any subsequent ARQ Mode CONTINUE frames with the same transaction.
A L3 length indicator (L3LI) field is used by the mobile station to calculate the
number of ARQ Mode CONTINUE frames which will follow the ARQ Mode
BEGIN frame. Finally, the ARQ Mode Begin frame contains a layer 3 data field
(L3DATA).

As a result of sending an ARQ Mode BEGIN frame, the BMI may wait for
an acknowledgment from the mobile station since this frame contains information
pertaining to the potential success of an ARQ Mode transaction. If the BMI decides

~ not to wait for a mobile station acknowledgment, it shall proceed to send an ARQ
Mode CONTINUE frame which will be described below. However if the BMI
decldes to wait for an aclmowledgement the BMI shall proceed as follows. For the
case of sohcmng a reservanon based acknowledgement in a given downlink slot, the
BMI polls the mobile station by setnng the BRI flag (part of the SCF) to "Reserved”
and by settmg the PE field (part of the SCF) to the value corresponding to thié target
mobile station. The BMI then waits for an uplink ARQ Status frame on the same
access path on which it polled _the mobile station. If an ARQ Status message is not
received on the reserved access slot or is received but with an incorrect indication
of outstanding frames, the BMI shall resend the ARQ Mode BEGIN frame up to a
predetermined number of times. If the BMI does not receive a correct ARQ Status
message after a certzin number of attempts, it shall terminate the ARQ Mode
transaction. If the BMI does receive a correct ARQ Status frame after a certain
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conpleted. If the BM does receive an ARQ Status frane and the FRNO MAP
does not indicate "all correct", the BM resends those ARQ Mbde CONTI NUE-
frames that have not 'yet been correctly received by the nobile station. The
BM resends any given ARQ Mode CONTINUE frame up to a predeterm ned nmaxi num
nunber of tinmes before termnating the ARQ Mdde transaction. The ]
operation of the SPACH ARQ node for the nobile station will now be
described. After a nobile station has sué@essful l y conpl eted transm ssion

of a nmessage on the RACH (as indicated by the SCP fl ags It reads up to a
pr edet er ni neBumbemed attsmpts Atshall Bﬁ?ﬁ%@gﬁ?ﬂiaﬁg‘\BW%FdQNmpi iy

O . hect e BT ' e B Mo O b i 65 Vo
fol I ows. Thecompletexhe irfitiated ARQpMsle tiansaction f The ARYQ Miode CONTINUE frame,
then be cal cHbisfods SlEEategin REWS % velians e PaciatrboVEE) WAk At s bi t
T8 o ek B A BRSSP
. ARQ mode transaction is being sent to the mobile station. The ARQ Mode
CONTINUE frame also includes a Continuation Frame Number (FRNO) field which
identifies individual continuation frames, and a portion of the L3 data (L3DATA).
An ARQ Mode BEGIN frame has an implicit frame number FRNO value of 0
-associated with it whereas ARQ Mode CONTINUE frames have explicit FRNO
values which start at 1 and range from 1 to 31. The I-‘RNO value is incremented
for each new ARQ Mode CONTINUE frame sent by the BMI to a MS in support
of a specific ARQ Mode transaction. : .
The BMI may poll the mobile station while sending any intermediate ARQ
Mode CONTINUE frame. If the BMI decides to issue an intermediate poll it shall
proceed as follows. In a given downlink slot the BMI sets the BRI flag to
*Reserved” and sets the PE field to the value corresponding to the target mobile
_station. The BMI then waits for an uplink ARQ Sum_xs méssage on' th_e; Sﬁme access
path on which it polled the mobile station. If an ARQ Status message is not
received on the reserved access slot, the BMI resends the current ARQ Mode
. CONTINUE frame up to a predete_rxﬁine_d number of 'timés. If the BMI does not
receive a correct ARQ Status frame after a certain nurhbelj of attempts, the BMI
terminates the ARQ Mode transaction. If the BMI does Mve a correct ARQ
Status frame after a certain number of attempts, it continues to send ARQ Mode
CONTINUE frames that have not yet been correctly received by the mobile station.
When the BMI sends the last ARQ Mode CONTINUE frame, the BMI proceeds in
a manner described below.
The BMI polls the mobile station while sending the last ARQ Mode
CONTINUE frame as follows. For the case of soliciting a reservation based
acknowledgement in a given downlink slot, the BMI sets the BRI flag to "reserved"
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enbodi nent of the present invention, a 1 can be used to signify that a
frame has been received and a O can be used to signify that a franme has not
been received. The FRNO MAP supports BM transm ssions up to 32 ARQ Mde
franmes in length (1 BEG N frane and 31 CONTINUE frames). The portion of the
L3 nessage carried in L3DATA shall be stored. The nobile station then
proceeds as described in the next section. O course those skilled in the
art will readily appreciate that the 221~

and sets the PE field to the value corresponding to the target mobile station. The
BMI then waits for an uplink ARQ Status frame on the same access path on which
it polled the mobile station. If an ARQ Status frame is not received on the reserved
access siot, the BMI resends the current ARQ Mode CONTINUE frame up to a
predetermined number of times. If the BMI does not receive a correct ARQ Status
frame after a certain number of attempts, the BMI terminates the ARQ Mode
transaction. If the BMI does receive an ARQ Status frame and the FRNO MAP
indicates "all correct®, the ARQ Mode transaction is considered to be sﬁccessfully
completed. If the BMI does receive an ARQ Status frame and the FRNO MAP

.~ "does not indicate "all correct*, the BMI resends those ARQ Mode CONTINUE
frames that have not yet been correctly received by the mobile station. The BMI
resends any given ARQ Mode CONTINUE frame up to a predetermined maximum
numBer of times before terminating the ARQ Mode transaction.

The operation of the SPACH ARQ mode for the mobile station will now be
described. After a mobile station has successfully completed transmission of a
message on the RACH (as indicated by the SCF flags), it reads up to a
predetermined number of SPACH frames beginning 40ms after successfully
completing the RACH message transmission. When the mobile station receives an
ARQ Mode BEGIN frame with a -‘MSID matching its own, it proceeds as follows.
The mobile station stores the TID for ARQ Mode transaction identification
purposes. The number of pending ARQ Mode CONTINUE frames can the_h be
calculated based on the received L3LI. The FRNO MAP, which is a bit map, is set
to RECEIVED for FRNO zero (corresponding to the ARQ Mode BEGIN) and NOT
RECEIVED for all pending ARQ Mode CONTINUE frames. According to one
embodiment of the present invention, a 1 can be used to signify that a frame has
been received and a 0 can be used to signify that a frame has not been received.
The FRNO MAP supports BMI transmissions up to 32 ARQ Mode frames in length
(1 BEGIN frame and 31 CONTINUE frames). The portion of the L3 message
carried in L3DATA shall be stored. The mobile station then proceeds as described
in the next section. Of course those skilled in the art will readily appreciate that the
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-22- FRNO bit map could be expanded or reduced so as to support a greater
or fewer nunber of franes transmtted fromthe BM. The nobil e
station shall read SPACH franmes and respond as follows. If a poll occurs,
i.e., a PE match occurs along with the BRI flag set to "Reserved", the
nobi |l e station sends an ARQ Status frame to the BM with a FRNO MAP t hat

i ndi cates the reception status of all ARQ franes correctly received to that
poi nt of the current ARQ node transacUQQ I f the FRNO MAP i ndi cates that
an "all correct” condition exists, the Mobile station considers the

corr ESpondmg{mﬂ%@éopﬁﬁégﬁﬁa%e& Gr ?@M%&%ﬁ&ﬁor 0 Agrehteslor Rwadr W se,

I f an ARQ rane 1’s correctly receive out st andi ng ARQ
Mode transagyiber of frames ffansmitted! fromeahe BMI.t he ARQ Mbde CONTI NUE frane

ot oxponi o, FRABeNRSb SRE AR SEARED Spes ARG SURFAOES: oo
oLt oomoue) PofifdetEd, 1.8, £eReiRl géma%ng%wke ﬁmeﬂdg)iutlt@"nesman g
mobile station sends an ARQ Status frame to the BMI with a FRNO MAP that
indicates the recepuon status of all ARQ frames correctly received to that point of
the current ARQ mode transaction. If the FRNO MAP indicates that an "all
correct” condition exists, the rhobile station considers the corresponding ARQ Mode
transaction to be successf\illy completed. Otherwise, if an ARQ Mode CONTINUE
" frame is correctly received for an outstanding ARQ Mode tmnsa;/:tion @i.e., PE and
TID sent in the ARQ Mode CONTINUE frame match) the mobile station stores the
L3DATA contained therein and sets the corresponding FRNO MAP position to
RECEIVED. If no ARQ Mode CONTINUE frame or poll is received for a

predetermined period, the mobile station can autonomously transmit an ARQ Status

frame using a contention based random access. A maximum number of such
autonomous ARQ Status frame transmissions may be sent before the corresponding
ARQ Mode transaction is terminated.

While a particular embodiment of the present invention has been described
and illustrated, it should be understood that the invention is not limited thereto since
modifications may be made by persons skilled in the art. The present application
contemplates any and all modifications that fall within the spirit and soope of the
underlying invention disclosed and clalmed herein.
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frame usi ng '‘a contention based random access. A maxi mnum nunber of such

aut ononous ARQ Status frane transm ssions may be sent before the
correspondi ng ARQ Mbde transaction is termnated. _
enbodi ment of the present invention has been descri bed Er‘ﬂﬂshéét‘#éébééneﬁemééed-

shoul d be understood that the invention'is not limted the

nodi fi cati ons may be nade by persons skilled in the art. Tﬁmm:,ﬂllanl“u

application contenplates any and all m)_g?_f i cations that fal i

spirit and scope of the underlying invefition disclosed and clained herein.
We claim:

1. A method for obtaining a report on the status of frames comprising

a message transmitted to a remote station, comprising the steps of:
sending a polling request to said remote station from a base station; and
sending a status report to said base station, wherein said polling request
specifies whether the remote station should send the status report on a reservation

basis or on a contention basis.

2. A method according to claim 1, wherein said polling request uses
" layer 1 bits to indicate whether said status report should be sent on a reservation

basis or contention basis.

3. A method according to claim 2, wherein said layer 1 bit is the
Busy/Reserved/Idle portion of the shared channel feedback.

4. A method for obtaining a report on the status of frames comprising
a message transmitted from a cellular communication system to a remote station,
~ comprising the steps of: )
sending a polling request to said remote station;
transmitting a bit map from said mobile station to a base station, wherein
said bit map indicates which of a plurality of frames have been correctly received

by said remote station.

5. A method according to claim 4, wherein said bit map indicates
whether or not the remote station has correctly received up to 32 frames.

6. A method according to claim 1, wherein said polling request uses
layer 1 bits to identify said remote station to which said polling request is being
sent. ) .
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23 O ains 1. A nethod for obtai ni ng a report on the statwus of
frames conprising a message transnitted to a .renote statiom —conprising the

steps of: transmtting said nessage to said re
base station using |layer 2 franes; sending a Sﬁhﬁs%@mfﬂﬁf&ﬁ&e&

renote station fromthe base station using a layer 2 bit

fromlayer 2 bits used to carry die nessage; and

report to said base station, wherein sa@iqd status request contains a second
| ayer 2 bit which specifies whether the renote station should send the
status report om.a resqhsRbd SotoRding fo €lainp6, wherelr said lager bbitsare apartial 2. A
nmet hod according to claiml1l wherein sajd |ayer 2 information is the

Busy/ Reser \eetio (BE}poxsion; of sharedghaneel fesdbacle| ~ f eedback i nf or mati on.

8. A method for determining ownership of ARQ Mode BEGIN and
CONTINUE frames, comprising the steps of:
receiving, at a remote station, an ARQ Mode BEGIN frame with an
identifier associated with said remote station and storing a partial echo and
_transaction identifier contained in the ARQ Mode BEGIN frame; and
receiving, at said remote station, at least one subsequent ARQ Mode
" CONTINUE frame having partial echo and transaction identifier values that match
the stored values.

9. A method for communicating in a radiocommunication system
comprising the steps of: |

receiving, at a remote station, a partially completed ARQ Mode transaction;
and ' | |

generating an ARQ Status frame after a period of time during which said
remote station received no polling request of ARQ Mode CONTINUE frames from
a base station for a current ARQ mode transaction.

10. - A method for communicating in a mdiocommunicaﬁon system
comprising the step of:

sending, from a base station, a polling request using shared channel fwdback
bits coincidental with an ARQ Mode BEGIN or an ARQ Mode CONTINUE frame.

11. A method for communicating in 2 radiocommunication system
comprising the step of:

sending, from a remote stauon, a polling request using shared channel
feedback bits which are time mdependent of an ARQ Mode BEGIN or an ARQ
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3. A met hod according to claim1l, wherein said status request uses |ayer 2
information to identify said renpte station to which said status reéequest is

berng sent. 4. A method according to claim3, wherein said |ayer 2
information is a partial echo (PE) portion of shared-channel feedback
i nfornati on. 5. A base station for use in a cellular conmunication

system - conprising: neans for transmtting a messageTf“é & en; Replaced
usi ng layer 2 franes; means for transmtting a SH : t to the
nobil e station using a layer 2 bit whigg.is distinct fr s used
to carry the nessage;: means for receiving a status report fromsaid
mobi | e st atcONTINUEfEARSE t0 said status request, wherein said status
request contains a second layer 2 bit which specifies whether the nobile
station should send the status report on a reservation basis or on a
contention basis, : ase station accordi to claim5, wherein
said layer 2 i nf@‘mtéo?@?‘ﬁ@ﬁ&ﬂ%@ﬂ/%l% gfq‘BW“BPag%rsé@teﬁhannel

f eedback i%ﬂfﬁ?ﬁfﬂ{g"dﬂes off 7- Anobile station for ‘use in a cellular
comuni cati on system conpri sing: nmeans for receiving a nmessage from
sai d cel lul ar syassigningha qartial echanalet toed remotey statigre withifi ranmARQ Mode
| BEGIN frame; and : '

transmitting frames including said partial echo value for a duration of that

ARQ Mode transaction.

13. A method for communicating in a radiocommunication system
comprising the snep of: _

‘assigning a partial echo value to a remote station within an ARQ Mode
BEGIN frame; and

considering subsequent partial echo values to match said assigned partial
echo value if said subsequent partial echo values differ from said assigned partial
echo value by a predetermined number of bits.

14. A base station for use in a .cellula.r communication system,
comprising: |
means for transmitting a polling request to a2 mobile station;
_ means for receiving a status report from said mobile station in response to
said polling request, wherein said polling request specifies whether the mobile
station should send the status report on a reservation basis or on a contention basis.

15. A base station according to claim 13, wherein said polling request
uses layer 1 bits to indicate whether said status report should be sent on a

reservation basis or contention basis.

16. A base station according to claim 14, wherein said layer 1 bit is a
busy reserved idle portion of shared channel feedback.
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means for receiving a status request fromsaid cellular systemwhich is,
transmtted using a layer 2 bit which is distinct fromlayer 2 hits Hse,d_t-o
carry the nessage; means for transmtting a status report toFs
cellular systemin response to said status request, etHaSBeen ep

24 wherein said status request contains a second Iayer %IIMHI“H" tm

speci f I es whether the nobile station
17. A base station for use in a cellular communication system,

Iaced

-26-

comprising:

means for transmitting a polling request to a mobile station;

means for receiving a bit map from said mobile station in response to said
pollmg request; |

means for interpreting said’ b1t map to determine which of a plurality of
frames have been correctly received by said mobile station when the polling request

was received.

18. A base station according to claim 16, wherein Said bit map indicates
whether the mobile station has correctly received up to 32 frames.

19. A base station according to claim 13, wherein said polling request
uses layer 1 bits to indicate which mobile station is being sent a polling request.

20. A base station according to claim 18, wherein said layer 1 bits are a
partial echo portion of shared channel feedback.

21. A base station according to claim 16, wherein said polling request,-
uses layer 1 bits to indicate which mobile station is being sent a polling request.

22. A base station aocordmg to claim 20, wherein said layer 1 bits are a
‘partial echo portion of shared channel feedback.

23. A mobile station for use in a cellular communication system,
comprising: '

means for receiving a polling request from said cellular system;

means for transmitting a status report to said cellular system in response to
said polling request, wherein said polling request specifies whether the mobile
station should send the status report on a reservation basis or on a contention basis.

—_— This is the raplacement shest

) 0 A pate: 11 FEB 097



‘shoul d send the status report on a reservation basis or on a contention

basis. . 8. A npbile station according to clai ayer
2 information is a busy/reserved/idle portion of s B8bn & Q:Qack

i nformati on. 9. A nobile-station according n said
nobi | e station transnts said status report to a base%‘i [ﬁ l“lmﬂﬂwh
cellular system 10. A nobile station accordi n erein
sai d status request includes layer 2 information to indicate which nobile
station is being sent a status request, 11. A nobile station '

according to claim10, wherein said Iayer 2 information are a partial echo

portion of shareg cha(aidhilksRidR%EcIrding toRIdiM 22, wherein said polling request
uses layer 1 bits to indicate whether said ‘status report should be sent on a

reservation basis or contention basis.

25. A mobile station according to claim 23, wherein said layer 1 bitisa
busy reserved idle portion of shared channel feedback.

26. A mobile station according to claim 22, wherein said mobile station
transmits said status report to a base station in said cellular system.

27. A mobile station according to claim 22, wherein said polling request
includes layer 1 bits to indicate which mobile station is being sent a polling request.

28. A mobile station according to claim 26, wherein said layer 1 bits are
a partial echo portion of shai'_ed channel feedback.

29. A mobile station for use in a cellular communication system,
comprising:

means for receiving a polling request from said cellular system;

means for forming a bit map which indicates which of a plurality of frames
have been correctly received by said mobile station when the polling request was
received; .

means for transmitting said bit map to said cellular system.

30. A mobile station according to claim 28, wherein said bit map
indicates whether the mobile station has correctly received up to 32 frames.

31. A mobile station according to claim 28, wherein said polling request
uses layer 1 bits to indicate which mobile station is being sent a polling request.
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CONTI NUE frame. A—mettiod for communicating in a

") .
radi ocomruni cati on systemc | Hefidteast ep of: assigning a partial -
echo value to a renot 3‘1 qrﬂ%rSBﬁ an ARQ Mode BEG N frane; and
transmtting frames |ncI “m“ tlal echo value for a duration of

t hat ARQ Mbde transacti o

28-
32. A mobile station according to claim 30, wherein said layer 1 bits are
a partial echo portion of shared channel feedback.

33. A mobile station according to claim 28, wherein said mobile station
transmits said bit map to a base station in said cellular system.

34. A method for identifying to which mobile station a plurality of linked
frames are being sent to in-a cellular communication system, comprising the steps
of:

receiving a begin frame at a mobile station;

comparing said mobile station’s mobile station identification with a mobile
station identification in said begin frame;

storing a partial echo and transaction identifies values contained in said begin
frame with a matching mobile station identification;

receiving at least one combination frame, wherein said fréme contains partial
echo and transaction identifies values that match the stored values.

= ¢ L M § =
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13. A method for conmunicating in a radi oconmunication system conpri sing
the step of: assigning a partial echo value to a renote station

wi thin an ARQ Mbde BEG N frane; and consi deri ng subsequent parti al
echo values to match said assigned partial echo value if said subsequent
partial echo values differ fromsaid as2® gned partial echo value by a
predet er mi ned nunber of bits. 14. . A base station for use in a
cel lul ar comuni cati on system conprising: - means for transmtting a
polling request to a nobile stati onABSTRACT™ans for receiving a status
report fromsaid nobile station in response to said polling request,
wherein said polling request specifies whether the nobile station should

send the status report Aﬁaﬂﬁféﬁi‘ﬁﬂmlaN Muﬁgq.t ention basis.

A method for obtaining a report from a mobile station on the status of frames comprising an
entire message transmited to the mobile station (120) is disclosed. First, a polling request
is sent to the mobile station from a base station (110). A status report is then sent to the
base station. The polling request specifies whether the mobile station should send the status
report on a reservation basié (using a reserved frame) or on a contention basis (using an idle
frame). The mobile station then transmits a bit map to the communication system to indicate
which frames have been correctly received by the mobile station at the point when it received _
the polling request.

(Figure 7a)
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15, A base station according to claim 13, wherein said polling request
uses layer 1 bits to indicate whether said status report should be sent on
a reservation basis or contention basis. 16. A base station
according to claim 14, wherein said layer 1 bit is a busy reserved idle

portion of shared channel feedback. /
1/9

Fig. 1
PRIOR ART
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17. A base station for use in a cellular comunication system

cofpri si ng: means for transmtting a polling request to a nobile
station; means for receiving a bit map fromsaid nobile station in
response to said polling request; means for interpreting said bit

map to determne which of a plurality YP trames have been correctly
recei ved by said nobile station when the polling request was received.

PRIOR ART
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18, A base station according to claim 16, V\/nerei_n' said bit map indicates
whet her the nobile station has correctly received up to 32 franes.

19- A base station according to claim 13, wherein said polling request
uses layer 1 bits to i ndi cate which nobile station is being sent a polling. .
request. A base station according to claim 18, wherein said

| ayer 1 bits are a partlal echo portl(ﬁ1{9of shared channel feedback.

21. A base_stat cor -
uses |l ayer 1 bi tSEjg?fdl cge whi ch nobile station is being sent a pol I | ng
_request.

130 150

VOICE \V
CHANNEL
140 TRANSCEIVER

a | conTROL
MSC AND %0
PROCESSING \
*UNIT
CONTROL \+/
1 CHANNEL
TRANSCEIVER

BASE STATION

L1

VOICE AND CONTROL | 170
CHANNEL TRANSCEIVER [~

PROCESSING uNIT | 180}

MOBILE
(120
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22. A basé station according to claim 20, wherein said layer 1 bits are a
partial echo portion of shared channel feedback. 23. A nobile
station for use in a cellular conmunication system conprising:

means for receiving a polling request fromsaid cellular system

means for transmtting a status report to said cellular systemin response
to said polling request, wherein said4f8 1ing request specifies whether the

mobi | e station should send the status report on a reservation basis or on a
contention basis.

DCC
uplink | | downilink
RACH , SPACH BCCH Reserved
-PCH F-BCCH
ARCH E-BCCH

SMSCH S-BCCH
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-27- - 24, A nmobile station according to claim22, wherein said

pol ling request uses layer 1 bits to indicate whether said status report
shoul d be sent on a reservation basis or contention basis. 25. A
nobil e station according to claim 23, wherein said layer 1 bit is a busy
reserved idle portion of shared channesl 9f eedback.

BU |PCON| BCN | PFM |SMSN
s XXX| =X | =X | =X]| =X

3 1 1 1 1
Fig. 5a

BT | IDT | MM | Ol
wXXXl= XX| = X = X

3 2 1 1
Fig. 5b
Header A Header B MSID1| PE TiD | L3LH {L3DATA1 CRC
(BU=100) (BT=101) X.Xl= X.X|= XX|= X.X| = X.X {= X.X
7 7 7 2 8 16_
Fig. 8
Header A Header B PE [ TID FRNO L3DATA1 | CRC
(BU=100) (BT=110) |= X.X|= X.X| = X.X = XX |= X.X
7 7 7 2 5 ) 16
| Fig. 9
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26. .

A. nobile station according to claim22, wherein said nobile station

transmts said status report to a base station in said cellular system

277

A nmobile station according to claim 22, wherein said polling request

includes layer 1 bits to indicate which nobile station is being sent a

pol li ng request.

28.

i on according to claim 26,

A nobil e shzﬁ
wherein said layer 1 bits al 1 portion of shared channel
f eedback. 29. A 8 I'qn for use in
cormuni cati on system conprisi 3¢ ) nmeans for r 48l R@§EEVAM) | i ng
request fromsaid cellular system nmeans for for /AGRESS bi§ nmap which
I ndi cates which of a plurali
Rtr—ctr:=0 l
Stop-ctri=S Rtr-ctr:=0
PB—ctr:=0 Stop-ctr:=S
‘ ' PB-ctr:=0
» B/l-ctr:=0
Random{ | Random R {B]|I
Delay Delay N |—|
; N i 7 L]
| [RICOC 1
—Y_—— Yes : No
no(B/—ct) Unit—ctr:=1 _

No B/l-ctr>X >

Inc(Rtr—ctr) |
Yes :

| (Fi—clY )

Stop—ctr:=0

e@Ar—ct)] ———<  "°/ 30 /e \ .20
Stop-ctr:=S * J No \ Units ? /| No

_ ] nc(PB-ctr

Rl N[O
R I_J OlLd
No R In:éUnit_cg)
Yes lnc(Stp..ctr) —ciri=
()—< Stop-ctr>)._ lnc(PB-ctr) B V
( SUCCESS)
| FIG. 6a
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"have been correctly received by said nobile station when the polling

request was received, means for transmtting said bit map to said
cellular system 30. A nmobile station according to claim 28,
wherein said bit map indicates whether the nobile station has correctly

received up to 32 franes. 31. A nobile station according to

| ai m 28, wher ei ' ' t’/8ses | i ch
(r:mg: Ime stati gﬁei 2 bei r&léent [)gﬂijfflg rzgaes?.yrsttalrti Réegs%sté °
' 'l ‘ ' CcC

' o ;

Read uplink Reserve
burst channel
_ & | Yes . ‘ :
{ Correct CRC? ) Read uplink
No ' burst

{ Correct CRC? )
Yes No

Y
Set B,R and
PE value

¢

Read uplink
" burst

. No y
Set SGF to <—( Correct CRC? )

B, N
- Yes 14
No

_| Set 'S%F to | More? )
’ - Yes |

Set SCF to
B, R

Y

implementation
options

Fig. 6b
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28 " 32. A nmobile station according to claim 30, wherein sald

| ayer 1 bits are a partial echo portion of shared channel feedback. '
33> A nobile station according to claim 28, wherein said nobile station
transmits said bit nmap to a base station in said cellular system

34. A nmethod for identifying to whi cgllgrmbile station a plurality of

| i nked m

- Correct No
Read DL’Frame CRO? .
Begin \ NO
AI?I%'? No o
~Yes
Save TID _
Calculate last FRNO | | Set R(FNRO)=0
. Set R(...)=1 i
| No
(Al correct?)_—_.'

0
Read DL Frame ' ( Timeout? )—

Send ARCH status | Yes
and SCF Flags (random access)

Access No
Reserved?>— { ldle

Y
Y (Success) Max number
8s ¢ of repetitions -
Send ARQ status ot Yas
Y Send ARQ status
Yes i correct? ) | (random access)
No ‘
idie | (B
(Success) | [ -
| | ldle
@ _ (Unsuccess)
Fig. 7a -
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frarres .are ‘being sent to in a cellular conmmunication system corrprl sing the
st eps of : receiving a begin frane at a nobile station;

cohparing said nobile station's nobile station i dentification with a mobile
station identification in said begin framne; storing a partial echo
and transaction identifies values conhﬂ ned in said begin frane with a

mat chi ng nobile stati recei ving at | east one
.conbi nation frame, whpreinjgr d franme contains partial echo and transaction
i dentifies values that match the sjored val ues. :

Send BEGIN ARQ

{

Reserve slot
for access

. ARQ status
< received in rsvd \N°

slot? / l |

Yes| Ne
R(..)=1] <M“"‘ “"‘-“-ber>»
(‘-:0 of repetitions
Yes|
Yes Al correct?) Idle
No (unsuccess)
ldle -
(success)

y
CHNAX 7 )ros

h
‘No Reserve slot

( R(l) = 17)-'10— for access

S ‘Yes ‘

Send continues (i) ARQ status \ No
T received is rsvd

slot
RQ status\Yes
Aregeiflead@ - 1Ye§
No =— Save 0Fl(.‘".".)
. j=
i=i+1 | No
<Max number>
- of repetitions)—
| y Yes
| ( idie )]
Fig. 7b | unsuccess
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Claims

1. A merthod for obtaining a report on the status of frames compnsmg a message transmitted to
a remote station, comprising the steps of: _
transmitting said message to said rembtc station from_ a base station using layer 2 frames;
sending a staws request to said remote station from the base station using a layer 2 bit which is
distinct from layer 2 bits used to carry the message; and
sending a status report to said base station, wherem said stafus request contains a second layer
2 bit which specxﬂes whether the remote station should send the status report on a reservauon basis or
~  On 2 contention basis.
2. A method according to claim 1, wherein said layer 2 information is the Busy/Reserved/Idle
portion of shared channel feedback information.
3 A method according to claim 1, wherein said status request uses layer 2 information to
identify said remote station to which said status request is being sent.
4. A method according to claim 3, wherein.said layer 2 information is a partxal echo (PE)
portion of shared channel feedback information.. _
5. A base station for use in a cellular communication system, comprising:
means for transmitting a message to a mobile station using layer 2 frames;
means for transmitting a status request to the mobile station using a layer 2 bit which is distinct
from Iayer 2 bits used to carry the message;
means for receiving a status report from said mobi}e station in response to said status request,
wherein said status request contains a second layer 2 bit which specifies whether the mobile station
should send the status report on a reservation basis or on a contention basis.
6. A base station according to claim 5, wherein said layer 2 information is a busy/reserved/idle
portion of shared channe] feedback information.
: 7. A mobile station for use in a cellular communication system, comprising:
means for receiving a message from said cellular system which is transmitted using layer 2
frames; . .
means for receiving a status request from said cellular system which is transmmed using a
layer 2 bit which is distinct from layer 2 bits used to carry the message;
means for transmitting a status report to said cellular system in response to said status request,

R
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wherein said status request contains a second layer 2 bit which specifies whether the mobile station
shoyld send the stats report on a reservation basis or on a contention basis.

8. A mobile station according to claim 7, wherein said layer 2 information i a
busy/reserved/idle portion of shared channel feedback information.

9. A mobile station according to claim 7; wherein said mobile station transmits said status

report to a base station in said cellular system.

10. A mobile station according to claim 7, wherein said status request includes layer 2
information to indicate which mobile station is being sent a status request.

11. A mobile station according to claim 10, wherein said layer 2 information are a partial echo
portion of shared channel feedback information.

LTI
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ABSTRACT
AUTOMATIC RETRANSMISSION REQUEST

A method for obtaining a report from a mobile station on the status of frames comprising an
entire message transmited to the mobile station (120) is disclosed. First, a polling request
is sent to the mobile station from a base station (110). A status report is then sent to the
base station. The polling request specifies whether the mobile station should send the status
report on a reservation basis (using a reserved frame) or on a contention basis (using an idle
frame). The mobile station then transmits a bit map to the communication system to indicate
which frames have been correctly received by the mobile station at the point when it received

the polling request.

(Figure 7a)
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(57) Abstract

A method for obtairiing a report from a mobile
station on the status of frames comprising an entire
message transmitted to the mobile station (120) is
disclosed. First, a polling request is sent to the mobile
station from a base station (110). A status report is
then sent to the base station. The polling request
specifies whether the mobile station should send the
status report on a reservation basis (using a reserved
frame) or on a contention basis (using an idle frame).
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