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I:AYER 2 PROTOCOL IN A CELLULAR COMMUNICATION SYSTEM

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 présent invention relates to a method for transmitting messages
between mobile stations and a central switching system, and more particularly to
a method for transmitting 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 geOgra_phiéal area, €.g., a

‘metropolitan area, 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 turn, is connected to the
land-line (wire-line) public switched telephone network (PSTN). The telephone
users (mobile subscribers) in the cellular 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
nearby base station. The MSC switches calls between and among wire-line and
mobile subscribers, controls signalling to the 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 is 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 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
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In FIG. 1, the base stations B1-B10 are located at the center of the cells
5 Ci-C10, respecnvely, and are equlpped with omni-directional antennas
transmitting equally in all directions. In this case, all the channel units in each
of the base 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-
10  C10 and may illuminate the cells C1-C10 with radio signals directionally. For
~ example, the base station may be equipped with three directional antennas, each
one covering a 120-degree sector cell as shown in FIG. 2. In this case, some
channel units will be connected to one antehna covering one sector cell, other
channel units will be connected to another antenna covering another sector cell,
15  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. 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 or a
highway. : ' :
20 Returning to FIG. 1, each of the base stations B1-B10 is connected by
voice and data links to an MSC 20 which is, in turn, connected to a central
office (not shown) in the public switching telephone network (PSTN), or a
similar facility, e.g., an integrated system digital network (ISDN). The relevant
connections and transmission modes between the mobile switching center MSC
25 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, eoax1a1 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 operator or leased from a
30 telephone company (telco).
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larger in practice and will generally exceed the number of base stations.

5  Moreover, while none of the mobile stations M1-M9 may be found in some of
the cells C1-C10, the presence or absence of the mobile stations M1-M9 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.

10 Each of the mobile stations M1-M?9 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-M9 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

15  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-M?9 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

20  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.
If'a 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)

25  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 conversations,- and at least one
pagit':glaccess' or control channel which is used to carry supervisory data

30  messages, between each of the base stations B1-B10 and the mobile stations M1-
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M9 in its coverage area. Each RF channel comprises a duplex channel (bi-
directional radio transmission path) between the base station and the mobile
station. The RF channel consists of a pair of separate frequencies, one for
transmission by the base station (reception by the mobile station) and one for

5 transmission by the mobile station (reception by the base station). Each channel
unit in the base stations B1-B10 normally operates ona preselected one 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

freqhencies, respectively, which is not changed. The transceiver (TX/RX) of

10  each mobile station M1-M9, 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 generally significantly better than the data

15  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
secbndary importance. In cellular telephone systems, an air interface
communications link protocol is required in order to allow a mobile station to

20 communicate with a cellular switcliing system. A communications link protocol
is used to initiate and to receive cellular telephone calls.

The electromagnetic spectrum available for use by cellular telephone
systems is limited and is portioned into units called channels. Individual
channels are used as communication links either on a shared basis or on a

25  dedicated 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
chanﬁel can be used by a plurality of mobile stations which compete to obtain
exclusive use of the channel for a limited ﬁeriod of time. On the other hand,

"30  when individual channels are used as communication links on a dedicated basis, a
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5 inherited from the prior AMPS or the equivalent EIA/TIA-553 standard.
According to EIA/TIA-553, the analog forward control channel (FOCC) on the
down-link from the base station to the mobile stations carries a continuous data
stream of messages (words) in the format shown in FIG. 3. Several different
types (functional classes) of messages may be uansmi&ed on the analog FOCC.
10  These messages include a system parameter overhead message (SPOM), a global
action overhead message (GAOM), a registration identification message
(REGID), a mobile station control message, e.g., a paging message, and a
control-filler message. The SPOM, GOAM and REGID are overhead messages
which are intended for use by all mobile stations in the coverage area of the base
15  station. Overhead messages are sent in a group called an overhead message train
(OMT). The first message of each OMT must always be the SPOM which is
transmitted every 0.8 1+ 0.3 seconds. | _
The format of the analog FOCC shown in FIG. 3 requires an idle mobile
station listening to the FOCC to read all the messages transmitted in each OMT
20  (not just paging messages) even though the information contained in these '
messages may not have changed from one OMT to the next OMT. This’
requirement tends to unnecessarily limit the mobile station Battery life. One of
the goals of the next generation digital cellular systems is to extend the "talk
time" for the user, that is, the battery life of the mobile station. To this end,
25  U.S. Patent Application No. 07/956,640 (which is incorporated here by
. reference) discloses a digital FOCC which can carry the types of messages
specified for the analog FOCC, but in a format which allows an idle mobile
station to read overhead messages when locking onto the FOCC and thereafter
only when the information has changed, and to enter “sleep mode" at all other
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and saves battery power.
The above-referenced U.S. Patent Apphcanon No. 07/956,640 shows how
a digital control channel (DCC) may be defined alongside the digital traffic
5  channels (DTC) specified in IS-54B. Referring to FIG. 4, a half-rate DCC
- would occupy one slot, while a full-rate DCC would occupy two slots, out of the -
six slots in each time-division-multiple-access (TDMA) frame of duration 40
milliseconds (msec). For additional DCC capacity, additional half-rate or fuil-
rate DCCs may be defined in place of the DTCs until there are no more available
10  slots on the carrier (DCCs may then be defined on another carrier if needed).
Each 1S-54B RF channel, therefore, can carry DTCs only, DCCs only, or a
mixture of both DTCs and DCCs. Within the IS-54B framework, each RF
channel can have up to three full-rate DTCs/DCCs, or six half-rate DTCs/DCCs,
or any combination in-between, for example, one full.at'ate and four half-rate
1S DTCs/DCCs.
" In general, however, the transmission rate of the DCC need not coincide
- with the .half-rat'e and full-rate specified in IS-54B, and the length of the DCC
slots may not be uniform and may not coincide with the length of the DTC slots.
FIG. 5 shows a general example of a forward (or downlink) DCC oenﬂgured as
20  a succession of time slots 1, 2, . . . , N, .. . included in the consecutive time
slots 1, 2, . . . sent on a carrier frequency. These DCC slots may be defined on
a radio channel such as that specified by IS-54B, and may consist, as seen in
FIG. 5 for example, of every n-th slot in a series of consecutive slots. Each |
DCC slot has a duration that may or may not be 6.67 msec, which is the length
25 of a DTC slot according to the IS-54B standard. (There are six DTC slots in
each 40-msec TDMA frame.) Alternatively (and without limitation on other
possible alternatives), these DCC slots may be defined in other ways known to
one skilled in the art. |
As shown in FIG. 5, the DCC slots may be organized into superframes
30 and each superframe may include a number of logical channels that carry
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5 including one slot for paging messages; and an access response channel (ARCH)
including one slot for channel assignment and omer messages. The remaining
time slots in the exemplary superframe of FIG. 5 may be dedicated to other
logical channels, such as additional paging channels PCH or other channels.
Since the number of mobile stations is usually much greater than the number of

‘10 slots in the superframe, each paging slot is used for paging several mobile

| stations that share some unique characteristic, e.g., the last digit of the MIN.

For purposes of efficient slesp mode operation and fast cell selection, the
BCCH may be di_vidéd into a number of sub-channels. U.S. Patent Application
No. 07/956,640 discloses a BCCH structure that allows the mobile station to read

15 a minimum amount of information when it is switched on (when it locks onto a
DCC) before being able to access the system (place or receive a call). After
being switched on, an idle mobile station needs to regularly monitor only its
assigned PCH slots (usually one in each superframe); the mobile can sleep during
other slots. The ratio of the mobile’s time spent reading paging messages and its

20 time spent asléep is controllable and represents a tradeoff between m]l-sét—up
delay and power consumption. - .

Since each TDMA time slot has a certain fixed information carrying
capacity; each burst typically carries only a portion of a layer 3 message as noted
above. In the uplink direction, multiple mobile stations a&empt to communicaté

25  with the system on a contention basis, while multiple mobile stations listen for
layer 3 messages sent from the system in the downlink direction. In known
systems, any given layer 3 message must be carried using as many TDMA
channel bursts as required to send the entire layer 3 message. '

The communication link protocol is commonly referred to as a layer 2

30 protocol within the communications industry and its functionality includes the
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systems. \

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 (physical layer), layer 2, and layer 3. The physical layer (L1) defines

10  the parameters of the physical communications channel, e.g., RF 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 dietecﬁon,' etc. Layer 3 (L3) defines the
procedures for reception and processing of information transmitted over the
15  physical channel.

FIG. 6 schematically illustrates pluralities of layer 3 messages 11, layer 2
frames 13, and layer 1 channel bursts, or time slots, 15. In FIG. 6, each group
of channel bursts corresponding to each layer 3 message may constitute a logical
channel, and as described above, the channel bursts for a given layer 3 message

20  would usually not be consecutive slots on an IS-54B carrier. On the other hand,
| the channel bursts could be consecutive; as soon as oné time slot ends, the next
time slot could begin.

Each layer 1 channel burst 15 contains a complete layer 2 frame as well
as othef information such as, for example, error correction information and other

25  overhead information used for layer 1 operation. Each layer 2 frame contains at
least a portion of a layer 3 message as well as overhead information used for
layer 2 operation. Although not indicated in FIG. 6, each layer 3 message would
include various information elements that can be considered the payload of the
message, a header portion for identifying the respective message’s type, and

30 poséibly padding.
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Each layer 1 burst and each layer 2 frame is divided into a plurality of
different fields. In particular, a imited-length DATA field in each layer 2 frame
contains the layer 3 message 11. Since layer 3 messages have variable lengths
depending upon the amount of information contained in the layer 3 message, a
plurality of layer 2 frames may be needed for transmission of a single layer 3
message. As a result, a plurality of layer 1 channel bursts may also be needed to
transmit the entire layer 3 me_ssagé as there is a one-to-one correspondence
between channel bursts and layer 2 frames.

As noted above, when more than one channel burst is required to send a
layer 3 message, the several bursts are not usually consecutive bursts on the |

" radio channel. Moreover, the several bursts are not even usually successive

bursts devoted to the particular logical channel used for carrying the layer 3
message. '

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. |
Thus, there is a need for a layer 2 header which describes what is
contained in the time slot, how it is contained in the time slot and how the
information should be interpreted. ' |

SUMMARY . _
It is an object of the present invention to provide an indication within the
layer 2 protocol which indicates what is contained in a time slot, how it is

'contained_in a time slot and how the information should be interpreted.

According to one embodiment of the present invention, a method for transmitting
information to a mobile station from a cellular switching system wherein a frame
is divided into a plurality of sections including a header section and the header
section is then coded so as to identify what is contained in the frame.
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- According to another embodiment of the present invention, a group
identity field can be included in the SPACH layer 2 protocol. The group identity
field indicates that a mobile is part of a group and enables the cellular

communication system to page a plurality of mobiles with one page by including

10  the group identity field in the SPACH layer 2 protocol. Furthermore, the
SPACH layer 2 protocol can also include a go away flag which can be used to
tell mobiles not to use a particular cell.

According to another embodiment of the present invention, a mobile
station can distinguish between broadcast control channel BCCH slots and

15  SPACH slots within a superframe. One way to distinguish between the different
slots is to use a different cyclic redundancy check in the different type slots.

In yet another embodiment of the invention, a method for providing
reserved channels in a lajer 2 protocol in a cellular communication system
includes the steps of providing a field in broadcast control channel overhead

20  messages that indicates where reserved channels are located within a superframe.

According to another embodiment of the present invention, a group
identity field (GID) can be included in the SPACH layer 2 protocol. The group
identity field indicates that a mobile is part of a group. By using this group
identity, the communication system can page the enﬁre group using one page.
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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: _
5 FIG. 1 shows the architecture of a conventional cellular radio system;
FIG. 2 shows e.three sector cell which may be used in the system shown
in FIG. 1;
FIG. 3 shows the format of a forward analog control channel;
FIG. 4 shows the structure of a forward TDMA channel according to IS-
10 54B; ‘ .
FIG. 5 is a generalized view of a digital control channel having time slots
~ which are grouped into superframes; '
FIG. 6 illustrates a plurality of layer 3 messages, layer 2 frames, and
layer 1 channel bursts-in a communication system;
15 . FIG. 7 illustrates a block diagram of an exemplary cellular mobile radio
telephone system;
FIG. 8 illustrates the logical channels which make up the digital control
channel according to one embodiment of the present invention;
FIG. 9 shows a hyperframe structure;
20 FIGS. 10a-10o illustrate various SPACH layer 2 protocol frames
according to one embodiment of the present invention; and
FIG. 11 shows an exemplary slot format on the forward DCC.

DETAILED DESCRIPTION
25 Although the description hereinafter focuses on systems which comply
with IS-54B, the principles of the present invention are equally applicable to a
variety of wireless com_munication system, e.g., cellular and satellite radio
system, irrespective of the particular mode of operation (analog, digital, dual-
. mode, etc.), the access technique (FDMA, TDMA, CDMA, hybrid -
30 © FDMA/TDMA/CDMA, efc.), or the architecture (macrocells, microcells,



-5-" single nobile station is assigned the exclusive use of the channel for’
as long as it needs it. The contipued need to serve existing
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picocells, etc.). As will be appreciated by one skilled in the art, the logical
channel which carries speech_‘andl‘or data may be implemented in different ways
at the physical channel level (layer 1). The physical channel may be, for
example, a relatively narrow RF band (FDMA), a time slot on a radio frequency
5 (TDMA), a code sequence (CDMA), or a combination of the foregoing. For
f)urposes 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 U.S. Patent
10  No. 5,353,332 to Raith et al., entitled “Method and Apparatus for
Communication Control in a Radiotelephone System"; to U.S. Patent Application
No. 07/956,640, entitled “Digital Control Channel,” filed on October 5, 1992; to
U.S. Patent Application No. 08/047,452, entitled *Layer 2 Protocol for the
Random Access Channel and the Access Response Channel,” filed on April 19,
15 1993; to U.S. Patent Application No. 08/147,254, entitled "A Method for
Communicating in a Wireless Communication System,” filed on November 1,
1993; to U.S. Patent Application No. 07/967,027, entitled “Multi-Mode Signal
Processing," filed on October 27, 1992; and to U.S. Patent Application
-No. 08/140,467 entitled "A Method of Effecting Random Access in a Mobile
20  Radio System,” filed on October 25, 1993. These six co-pending applications
are incorporated herein by reference.
FIG. 7 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
25  base station includes a control and processing unit 130 which is connected to the
MSC 140 which in turn is connected to the PSTN (not illustrated). General
- aspects of such cellular radiotelephone systems are known in the art.
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
30  processing unit 130. Also, each base station includes a control channel



types (functional classes) of nessages may be transmtted on the anal og
FOCC. These nessages i-nclude a system paraneter overhead message (SPOM, a.

gl obal ag}; rhead nessage (GAOWF—a reqgrstratromjden ' '

méssage ?&E&E,&wa nobi | e station cnllnr'@'s RlsHAS BEENG aﬁ,ggg%\s%gh%g‘sage, '
~and a control-filler nmessage. The SHov GBERFABEPREG Df areoverhead

nmessages: which are intended for use by all nobilTe stati ong,d verage
area of the base station. Overhead nessages are sent in gﬁgééhetenffa Cé)e laced
over head nmessage train (OMI). The first message of each Ovrl'”wm te
the SPOM which is transmtted every 0.8 0.3 seconds.

t he anal og FOCC shown in FIG 3 requires-b¥r idle nobile station |istening

to the FOCC to read all the nmessages transmtted in each OMI (not just

pagi ng nessagtensceiven 166 adhich of andling; merecthan gne gantEolessages

) may be
may not have d e : | ' t ends
t o unnecessar ?@%ﬁm@égﬁ}é@@o‘g‘%ﬂs a |on&?§tl%n%. Jm&%%&?ﬁgﬁ%oal s of
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for the user, that is, the battery_ |if f the nohile station. .To.this end,
information over the control )cl:hannef o? the base station or cell to mobiles loc

5  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 absolute information (information
about the particular cell corresponding to the control channel on which the

10  information is being broadcast and may include the service profile of that cell,
the control channel organization, and the type of cell) and relative information
(generally the same kind of information as absolute information but is
' information'concenﬁng the characteristics of other cells) broadcast on a control
channel at its voice and control channel transceiver 170. - Then, the processing
15  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
20  control channel is associated.

According to the present invention, the digital control channel DCC
comprises the logical channels shown in FIG. 8. The DCC logical channels
include: a broadcast control channel (BCCH), comprising a fast broadcast control
channel F-BCCH, an extended broadcast control channel E-BCCH, and a

| 25  broadcast short-message-service ,con_trol channel S-BCCH; a short-message-
service/paging/access channel SPACH, comprising a point-to-point short--

' messége-service channel (SMSCH), the paging channel (PCH), and an access
response channel (ARCH); the random access control channel (RACH); and the
reserved channel. The DCC slots can be organized into higher level structures

30 called superframes as illustrated in FIG. 5, or as preferably illustrated in FIG. 9, .
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which depicts the frame structure of a forward (base station to mobile statmn)
DCC and shows two successive hyperframes, each of which preferably comprises
a respective primary superframe and a respective secondary superframe.

Three successive superframes are illustrated in FIG. 9, each comprising a
plurality of time slots that are organized as the logical channels F-BCCH, E-
BCCH, S-BCCH, and SPACH. In general, one or more DCC slots may be
allocated for each logical channel in the superframe. Each superframeina
forward DCC preferably includes a complete set of F-BCCH information (i.e., a
set of layer 3 messages), using as inany slots as are necessary, and each
superframe preferably begins with a F-BCCH slot. After the F-BCCH slot or
slots, the remaining slots in each superframe include one or more (or no) slots
for the E-BCCH, S-BCCH, and SPACH logical channels.

"The BCCH, which in the example shown in FIG. 5 is allocated six DCC
slots, carries overhead messages. One of the overhead messages is used to _
define the end of the BCCH section within the superframe. The PCH, which is
allocated one DCC slot, carries paging messages. The ARCH, which is also
allocated one bCC slot, carries channel assignment and other messages. The
exemplary superframe of FIG. 5 may contain other logical channels, including
additional paging channels, as indicated by FIG. 9. If more than one PCH is
defined, different groups of mobile stations identified by different traits may be
assigned to different PCHs.

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. The attributes of these
three channels are that they are unidi;ecﬁonal (downlink), shared, point-to-
multipoint, and unacknowledged. The fast BCCH is a logical channel used to
broadcast time critical system information. The extended BCCH is a logical
channel used to broadcast system information that is less critical than the
information sent on the F-BCCH. The broadcast short message service S-BCCH
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The SPACH channel is a logical channel that is used to send information

to specific mobile stations regarding SMS point-to-point, paging and to provide
5 an access response channel. The SPACH channel may be considered to be

further subdivided into three logical channels: SMSCH, ARCH, and PCH. The
paging channel PCH is a subset of the SPACH dedicated to delivering pages and
orders. The access response channel ARCH is a subset of the SPACH to which
the mobile station autonomously moves upon successful completion of an access

10  on the random access channel. The ARCH may be used to eonvey analog voice
channel or digital traffic channel assignments or other responses to the mobile
.access attempt. The SMS point-to-point channel SMSCH is used to deliver short
messages to specific mobile stations receiving SMS services, although the
messages could also be addressed to more than one mobile. Similarly, the

15  paging messages on the PCH may also be directed to more than one mobile.
The SPACH is unidirectional (downlink), shared, and unacknowledged. The
PCH is generally .point-to-m_ixlti'point, in that it can be used to send paging
messages to more than one mobile station, but in some circumstances the PCH is
point-to-point. The ARCH and SMSCH are generally point-to-point, although

20  messages sent on the ARCH can also be addressed to more than one mobile
station.

For communication from the mobile stations to the base stations, the |
reverse (uplink) DCC comprises a random access channel RACH, which is used
by the mobiles to request access to the system. The RACH logical channel is

25 'unidirectional, shared, point-to-point, and acknowledged. All time slots on the
uplink are used for mobile access requests, either on a contention basis or on a
reserved basis. Reserved-basis access is described in U.S. Patent Application
No. 08/140,467, entitled *Method of Effecting Random Access in a Mobile
Radio System", which was filed on October 25, 1993, and which is incorporated

30 in this application by reference. One feature of RACH operation is that
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Elt channel
such as that specified by IS 54B, and may consi st, 5 for

exanpl e, of every n-th slot in a series ofléonsecutive slots. Each DCC sl ot
has a duration that may or may not. be 6.67_nsec, which is the length of a

DTC sl ot accorrecepsioncofi seane downimksinformatian ls(rgqgr,rgd,aw@ergbx(mgb@egagpgs in each

Poearr e orfRy e bk tr (R0 ol ) gl B lagy AR |,

to one skill edyigwi BeLagér2 ARQ, or difomlivepedt rBydast, on hBRACE, shomsayipy be
organi zed into superfranes
provided by a flow of information called shared channel feedback on a downlink
5  sub-channel.
It may be important sometimes to be able to distinguish between the
BCCH slots and the SPACH slots within a superframe. For example, upon
being switched on, a mobile station does not know which slots are BCCH slots
and which slots are SPACH slots. The mobile station needs to find the overhead
10  information at the beginning of the BCCH section to be able to determine its
* paging slot. Also, the boundary between the BCCH section and the SPACH
section may have changed for a variety of reasons. F?r example, if a system has
been using twelve slots of a thirty-two-slot superframe for the BCCH and wants
to use thirteen slots for the BCCH, mobile stations assigned to the first paging |
15  slot after the BCCH slots must be informed that they should monitor another
paging slot.
According to one aspect of the present invention, one way to distinguish
between BCCH slots and SPACH slots is to use different cyclic redundancy
check (CRC) bits in these channels. For example, the CRC bits in the Layer 2
20  frames sent in the BCCH slots may be inverted, while the check bits in the
Layef 2 frames sent in the SPACH slots are not inverted. Thus, when a mobile
reads the CRC bits, it obtains an indication of the kind of slot it has read. Using

the check bits in this way is advantageous in some situations where it is

necessary to re-assign a mobile station to another paging slot. The mobiles could

25  obtain this information by decoding one or two bits that would identify the type
of slot being decoded, but at a cost of reduced bandwidth. In Applicants’
system, the mobile stations will recognize that something has changed when they
spot the inverted CRC bits, and in response they will re-read the F-BCCH,
including the new DCC structure and paging slot assignment. |
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Furthermore, as illustrated in FIG. 8, the DCC logical channels may
include reserved channels that make the communication system more flexible:
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new features, services, or functions can be added at a later time without affecting
‘existing mobiles. According to this embodiment of the present invention, the
5  BCCH overhead messages include a field which indicates where the reserved
channels are located in ;he superframe. These reserved channels have a
potentially wide variety of uses, such as carrying messages specific to a system
operator and/or mobile station manufacturer. While existihg mobile stations may
not be able to-use the new features described in the reserved channels, the
10  existing mobile stations will take the location and number of reserved slots into
consideration when determining the location of their respective paging channels. .
The SPACH layer 2 protocol is used whenever a TDMA burst, or time
slot, is used to carry point-to-point SMS, paging, or ARCH information. A
single SPACH layer 2 protocol frame is constructed so as to fit within a 125-bit
15 envelope. An additional five bits are reserved for use as tail bits, resulting in a
total of 130 bits of information carried within each slot assigned for SPACH
. purposes. FIGS. 10a-100 show a range of possible SPACH layer 2 protocol
frames under various conditions. A summary of the possible SPACH formats is
provided in the first table below. A summary of the fields coniprising layer 2
20  protocol frames for SPACH operation is provided in the second table below.
Similar frame formats are used for all SPACH channels such that all
frames have a common Header A. The contents of the Header A determine
- whether or not a Header B is present in any given SPACH frame. The
Header A discriminates among hard page frames (containing no layer 3
25 information), 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 Page). A Hard Quadruple
Page frame containing four 20-bit or 24-bit MSIDs can be sent on the PCH
. (BU = Hard Quadruple Page).



FIG 5 includes three logical channels: a broadcast control channel (BCCH)

i ncl udi ng si x successive slots for oveghs nessages; a pagi'ng channel
(PCH) i nc! Hd| ? ne slot for paging ngissRgesHeANg CRsS

channel ( Iq?‘:?%cl udi ng one slot for c,hannggpggéégﬁﬁg ana o§ e;rﬁgls
messages. The remaining tinme slots inSFe—exenpl-aE) ~~supefframe of FIG 5

may be dedicated to other |ogical channels, such as additional paging
channel s PCH or other channels. Since the nunber of nobile stations is
usual Iy much greater than the nunber of slots in the superfranme, each

pagi ng slot is used for paging several nobile stations that share sone

uni que characteri-stic, e.g., the last digil8of the MN. For purposes
of efficient sleep node operation and fast cell selection, the BCCH may be
di vi ded into a nunbéneoér mofe Ehanessdges mayde wansgritedrinonectrameoneontinued

07/ 956, 640 di scl oses a _BCCH structure tha || he nmobj | tion.to
read a mini mumCYFoRRY SRmMess z‘&r‘&? %‘“M@%"i‘@%ﬁ%‘& oy Wfocks
onto a DCC) befgpmg.sighds BIP!=2 PCH 2ARETE of SRISTH WwWifh thelbaest tPpe (BPELEVSingle
call). After being swtched on, an idle nobile station needs to regularly
noni tor only i (MSE3sDgukie MSID,sTrple M§H%4Quadruple MBI errawematid r ane) : t he
nobi | e can §Ie%g duri.ngo . e
transmission request ARQ Mode BEGIN. 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
preferably not allowed to continue beyond a single SPACH frame, although the
protocol allows for it. All other PCH messages may continue beyond a single
10  SPACH frame. "
For non-ARQ-mode operation, the L2 SPACH protocol supports sénding
a single L3 message to multiple MSIDs in addition to the fixed one-to-one
relationship between MSIDs and L3 messages. A Message Mapping field (MM)
is used to control this aspect of the layer 2 frameé operation. A valid SPACH
15  frame requires that all L2 header information pertinent to a given L2 frame be
included entirely within that frame, i.e., the L2 header from a given SPACH
frame cannot wrap into another SPACH frame. An 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 a single SPACH frame.
20 The following table summarizes the possible SPACH formats:

L /"
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othet slots. The ratio of the nobile's tinme spent readi ng pagi ng nessages
and its tinme spent asleep is controllable and represents a tradeoff between
call -set and power consunptfi ¢ach sl ot
has a cer&g’ls’gﬁ#l xed information carily ?ﬂrs Sﬁ%%%gggg?b%ggc bur's %{c

carries only a portion of a layer 30iam :

direction, nuttiple nobile stations atterrpt to commnl ca,thgglﬁe tkHatsrée %St em

on a contention basis, while nmul tiple nobile stations Ilst aced
nmessages sent fromthe systemin the downlink direction.

any given | ayer 3 nmessage nust be carried using as many T sts
as required to send the entire | ayer 3 neskhrge. The commnl cation
link protocol is commonly referred to as a laver 2 protocol w thin the
comuni cat i onfﬂﬁﬁgw n esm
| 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
Il Hard Quadruple Page N Y N N
(MINI)
[Continue Y Y Y Y "
ARQ Mode BEGIN Y N Y Y "
10 |[ ARQ Mode CONTINUE | Y N Y Y
. II Group ID | 1Y Y Y Y “

FIG. 10a illustrates the SPACH Header A according to one embodiment
of the present invention. The SPACH Header A contains burst usage (BU)
information and flags for managing mobile stations in a sleep mode. The BU

15  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 in broadcast control channel information.
20  This header is always present in all possible SPACH frame types.

FIG. 10b illustrates the SPACH Header B according to one embodxment
of the present invention. The SPACH Header B contains supplementary header
information used to identify the remaining contents of the layer 2 frame. This
header is present when Header A indicates a burst usage of type PCH, ARCH or

25 . SMSCH. In one alternative, the bit used for the offset indicator OI shown in-
FIG. 10b as part of the Header B may be used as a SPACH response mode SRM
indicator; i.e., as information about the layer 2 access mode (contention or
reservation) to be used in the next access attempt made by the receiving mobile
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station. The SRM indicator indicates how a mobile is to respond once it has
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received all frames associated with a given SPACH message.

- FIG. 10c illustrates a Null Frame. The Null frame is sent when

necessary by the cellular system when there is nothing else to be transmitted for
S . any given SPACH burst. The Null Frame also contains 2 Go Away GA ﬂag
which will be described -below.

FIGS. 10d, 10 illustrate a Hard Triple Page Frame and a Hard
Quadruple Page Frame. A Hard Triple Page is a single frame page message
containing three 34-bit MINs. A Hard Quadruple Page is a single frame page

10  message containing four 20-bit or 24-bit MINs as determined by the mobile
station identity type. . ' .
_ . A Single MSID frame, as illustrated in FIG. 10f, is used for starting the
delivery of ARCH or SMSCH L3 messages in a non-ARQ mode. In addition,
this frame may also be used for sending L3 PCH inessages (pages or otherwise),
15  which are non-ARQ by definition. Page messages sent using a Single MSID
frame cannot be continued into another frame. | '

If an ARCH or SMSCH L3 message is too long to fit into a Sihgle MSID
frame then the remaining L3 information is carried using additional CONTINUE
frames or MSID frames as necessary. If a complete ARCH or SMSCH L3

20  message does fit within a Single MSID frame, it is padded with filler, i.e., bits
having a predetermined value like zero, as necessary. | _

If a non-page PCH L3 message is too long to fit into Single MSID frame
then the remaining L3 information is carried using additional CONTINUE frames
or MSID frames as necessary. If a complete PCH L3 message does fit within a

25  Single MSID frame, it is padded with FILLER as necessary. A Double MSID
frame, as illustrated in FIG. 10g, is used for starting the delivery of two ARCH
messages in a non-ARQ mode or two PCH L3 messages. The number of MSIDs
is indicated in the BT field with the same IDT format used for both instances of
MSID. Page messages sent using a Double MSID frame cannot be continued

30 . into another frame. FIG. 10h shows a Double MSID frame with continuation.



For -a better understanding of the structure and operation of the present

':nvention t he dithaI control channel may be divided into three
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FIG 6 schematically |IIustrates pluralit2bks of |layer 3 nessages 11, layer
2 franmes 13, and layer 1 channel bursts, or tine slots, In FILG 6 each
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constitute a Logi cal channel, and as descri bed above, the channel bursts

for a given | 3 nessage mnuld usual |y not be consecutive slots on an
|'S-54B carrier. ﬁg e, A9 BluSHABI & FIG! 30k, is ased/forestating eesit i ve;
as soon as one tlne sI'dt ends, the next tine slot coul d begi n,

delivery of three ARCH L3 messages in a non-ARQ mode or three PCH L3
5  messages. The number of MSIDs is indicated in the BT field with the same

mobile station identity type format used for all instances of MSID. Page
messages sent using a Triple MSID frame cannot be continued into another
frame. A Quadruple MSID frame is used for starting the delivery of four ARCH
L3 messages in non ARQ mode or four PCH L3 messages. The number of

10  MSIDs is indicated in the BT field with the same mobile station identity type
format used for all instances of MSID. Page messages sent using a Quadruple
MSID frame cannot be continued into another frame.

A CONTINUE frame, as illustrated in FIG. 101, is used for continuation

of the L3 messages which are too long to fit into the previous frame. Note that a
15 L2 header which is specific to atiy given SPACH frame must always be carried
" entirely within that frame (i.e., the L2 header associated with a given SPACH
frame is not completed by using a subsequent SPACH frame).

An ARQ Mode BEGIN frame, as illustrated in FIG. 10m, is used for
starting the delivery of a L3 ARCH or SMSCH message in the ARQ mode. The

20  ARQ Mode BEGIN frame contains only one MSID within its L2 header as well
as a portion of the L3 message itself. If the L3 message is 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

25  filler as necessary.

The PE field in conjunction with the transaction identifies TID field
identifies the transaction initiated by the ARQ Mode BEGIN frame and serves to
associate any subsequent ARQ Mode CONTINUE frames with this same
transaction. An ARQ Mode BEGIN frame has an implicit frame number FRNO

30  value of zero associated with it. '
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The ARQ Mode CONTINUE frame, as illustrated in FIG. 10n, is used
for continuing a L3 ARCH or SMSCH message which is too long to fit into the
previous ARQ Mode frame (BE_GIN or CONTINUE). The frame number FRNO
field identifies the CONTINUE frames within the context of the overall L3
-5 :hessage. The FRNO field value is incremented for each CONTINUE frame sent
in support of a given transaction (i.e., multiple CONTINUE frames may be sent
to complete the transaction initiated by the ARQ Mode BEGIN frame). The
ARQ Mode Continue frame is also used to repeat any previously sent ARQ
Mode CONTINUE frames received incorrectly by the mobile station.
10 According to one embodiment of the present invention, a group identity
field (GID) can be included in the SPACH layer 2 protocol. The group identity
field indicates that a mobile is part of a group. By using this group identity, the
communication system can page the entire group using one page. A Group ID
frame is illustrated in FIG. 100. The Group ID frame is used for starting the -
15  delivery of ARCH or SMSCH L3 messages in a non-ARQ mode. In addition,
this frame may aiso be used for sending L3 PCH messages (pages or otherwise),
which are non-ARQ by definition. Page messages sent using a Group ID frame
" cannot be continued into another frame. If an ARCH or SMSCH L3 message or
a non-page PCH L3 message is too long to fit into a Group ID frame, then the
20  remaining L3 information is carried using an END frame or additional
CONTINUE frames as necessary. If a complete ARCH'or SMSCH L3 message
or a non-page PCH L3 message does fit within a Group ID frame, it is padded
with filler as necessary. '
According to another embodiment of the present invention, a go-away flag
25  GA can be included in the SPACH layer 2 protocol for example in the Null
Frame illustrated in FIG. 10c. The GA flag can be used by the cellular system
to indicate that the mobile stations should not attempt to.use a certain cell. Fir
example, this would permit a system operator to test a base station without risk

of mobile stations trying to lock onto it. -
30 " The following table summarizes the SPACH Layer 2 Protocol fields:



-9+ Each |l ayer 1 burst and each | ayer 2 frame is divided into a
plurality of different fields. In , alimted-length DATA field

particul ar
in each | Qupdsndedsr ane contai ns t heffFayer -3 Si ncpct/essy12615
nt_of information

nmessages have vari abl e | engths depg

contained in the layer 3 nessage, ¢ 2 franes may be
needed for transm ssion of a single Iayer 3 rressa e. As 'ﬂus&lmett-lasaeenReplaced
plurality of layer 1 channel bursts may al so be needed to t

entire layer 3 nessage as there is a one-to-one correspond

channel bursts and | ayer 2 franes. noted above, en nor e

one channel ‘burst is requrred to send a |l a 3 nessage t he several bursts
are not usual | ) S adig . Morggwe =
several bursts %kﬁlﬂ&k even usuaIIy S

BU = Burst Usage 3 000 = 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 1 0 = No PCH Continuation “

1 = PCH Continuation,
Activated

BCN = BCCH Change Notification | 1 ‘ Transitions whenever there is a change in
: : F-BCCH information.

5 SMSN = SMS Notification 1 Transitions whenever there is a change in
S-BCCH information.

PFM = Paging Frame Modifier ~ .| 0 = Use assigned PF
1 = Use one higher than assigned PF

000 = Single MSID Frame
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 IS-54B
= 34 bit MIN per IS-54B

11 = 50 bit IMSI

MSID = Mobile Station Identity _ 20/24/3 | 20 bit TMSI
- 4/50 24 bit MINI

34 bit MIN

50 bit IMSI

10 I[Gm = Group Identity '. 24/34/5 | 24 bit MIN 1

0 "1 34 bit MIN
50 bit IMSI

MM = Message Mapping 1 0 = One instance of L3LI and
L3DATA per instance of MSID.

1 = One instance of L3LI and
L3DATA for muitiple MSIDs.
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1 = Message offset included.

0 = Next access attempt made on
RACH to be contention-based.
1 = Next access attempt made on
RACH to be reservation-based.

CLI = Continuation Length Indicator

Number of bits remaining in the
previous L3 message.

.GA = Go Away

Indicates if the cell is barred
0 = cell not barred
1 = cell barred

L3LI = Layer 3 Length Indicator

Variable length layer 3 messages
supported up to a maximum of 255
octets, - _

L3DATA = Layer 3 Data

Variable

Contains a portion (some or all) of the
layer 3 message having an overall
length as indicated by L3L1. The
portion of this field not used to carry
layer 3 information is filled with
Zeros.

" PE = Partial Echo

The 7 least significant bits of the
mobile station IS-54B MIN.

TID = Transaction Ideatity

Indicates which ARQ mode transaction
is being transmitted on the ARCH or
SMSCH.

FRNO = Frame Number

Uniquely identifies specific frames
sent in support of an ARQ mode
transaction.

FILLER = Burst Filler

Variable

All filler bits are set zero.

CRC = Cyclic Redundancy Code

Same Generator polynomial as 1S-54B
(includes DVCC)

According to the present invention, the mobile station can be in any of a

plurality of states. For example, a mobile station would be in a "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 would be in a "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 would be

in a "more units" state if there are more units associated with the same access

event pending for transmission. The mobile station would be in a “after last
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burst" state if the last unit of an access event has been transmitted. Finally, the
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mobile station would be in a "success” state after a message has been sent
successfully. |
The layer 2 protocol also provides for a plurality of flags. Forward
S  shared control feedback (SCF) flags are used to control the reverse channel, i.e.,
the RACH, as noted above. These SCF flags are a BRI flag, a R/N flag, and 2
CPE flag that are interleaved and transmitted in two fields in each downlink slot
| (layer 1); the total length of the two fields is twenty-two bits. A preferred
| information format in the slots of the forward DCC is shown in FIG. 11. This
10  format is substantially the same as the format used for the DTCs under the IS-
~ 54B standard, but new functionalities are accorded to the fields in each slot in
accordance with Applicants’ invention. In FIG. 11, the number of bits in each
field is indicated above that field. The bits sent in the SYNC field are used in a
conventional way to help ensure accurate reception of the CSFP and DATA

15  fields, and the SYNC field would be the same as that of a DTC according to IS-
54B and would carry a predetermined bit pattern used by the base stations to find
the start of the slot. The CSFP field in each DCC slot conveys a coded
superframe phase (SFP) value that enables the mobile stations to find the start of
each superframe.

20 The busy/reserved/idle (BRI) ﬂag is used to indicate whether the
corresponding uplink RACH slot is Busy, Reserved or Idle for reserved-basis
accesses, which is described in U.S. Patent Application No. 08/140,467. Six
bits are used for these ﬂags and the different conditions are encoded as shown in
the table below:

BRI; | BRI, | BRI; | BRI, | BRI, | BRI,

25 “ Busy 1 1 1 0 0 “
| Reserved 0 0 1
“ Idle . 0 0 0 0 0 0
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in the SPACH | ayer 2 protocol. The group identity field ind
‘mobile is part of a group and enables the cellular conmunic
page a plurality of nobiles with one page,by including the

field in the SPACH | ayer 2 protocol. Furt'ﬁ rnmore, the SPACH | ayer 2
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control channel BCCH slots and SPACH slots within a superframe. One way to
di sti ngui sh bds usedrfor leacatling this flag as shown in the table below:

R/N, R/N; R/N, R/N, R/N, “

| Received 1 1 NN
5 Not Received 0 0 O | 0 0

According to the present invention, partial echo information is used to
identify which mobile station was correctly received after the initial burst of
random access and/or which mobile station is intended to have access to the

| reserved slot. For example, the seven least significant bits of an IS-54B-type
10 MIN can be assigned as the partial echo information, and these are preferably
encoded in a manner similar to the manner in which the digital verification color
code (DVCC) is encoded under IS-54B, i.e., a (12,8) code, producing eleven-bits
of coded partial echo information.

The following.mble shows how the mobile decodes received flags

15  according to the layer 2 state. Note that only the flags relevant to the layer 2
state are shown. In the "start random access" state, the BRI flag is the only
relevant flag. During a multiburst message transmission, both the BRI and R/N

flags are relevant. In the summary in the following table, b; is the bit value.

Busy/Reserved/Idle
Busy Reserved Idle
| 111100 001111 000000 11111° | 00000
20 Start random | N/A NA
| acoess _ zdzem)jb<241vn2b <2

j=i

access’ . Reserved flag code value

Siart reserved Reserved IF < 3 bits difference to N/A N/A J}
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code value Eb:Z4 Ebz<4

=] [

After last burst Busy IF < 4 bits difference to Busy flag

s s
code value 2”:24 E b<4
. . T oiwl
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The mobile station interprets a received coded partial echo value as
having been correctly decoded if it differs by less than three bits from the correct
5 coded partial echo (CPE). This is referred to as PE mach.

A mobile station is allowed a maximum of Y+1, where Y=, 1, ..., ),
transmission attempts before considering the attempi to transfer a messagé as a
failure. The random delay period used in the mobile station after a Not Idle

 condition or after a transmission attempt is uniformly distributed between zero
10  msec and 200 msec with a granularity of 6.667 msec (the duration of a time
slot). A mobile station is preferably not allowed to make more than Z
consecutive repetmons of an individual burst where Z—(O 1, ..., 3).
According to one embodiment of the present invention, the BMI (basé '
station, mobile switching center and interworking function) can page a mobile
15  station by using SPACH Notification and thereby save much system bandwidth in
- some situations. For example, when a SPACH message is to be delivered to a
mobile in the system illustrated in FIG. 1, all ten base stations woulci transmit it
since the éystem would generally not know in which cell the mobile was located.
If the SPACH messé.ge required a total of ten slots to transmit, 100 slots would
20  be used by the system to send the SPACH message, ten slots per base station.
To avoid this waste, a SPACH Notification message would be broadcast
in all ten cells, or whatever the appropriate number of cells for the mobile station
happened to be, rather than the entire SPACH message. In essence, the SPACH
Notification message asks the mobile station if it is able to receive a message.



BRI EF DESCRI PTI ON OF THE DRAW NGS The present invention will now be
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acconpanyi ng draw ngs, in which: THISSHEETHAS§BEBN he_architecture of a
conventional cellular radio systen REPEACED 2 sh a three sector ceII
whi ch may be used in the system shoWr—rmro— - [Fhi&Shéet stag Beert Rep
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When the mobile station responds (on the RACH), the BMI can determine in
which cell the mobile station is located and thus can send the SPACH message
through tﬁat cell’s base station.
 In addition, the SPACH Notification message may also indicate what type
5  of SPACH message will be sent to the mobile station. For example, if the
mobile station receives a SPACH Notification which indicates that an SSD
(Shared Secret Data) Update is coming, the mobile station issues a response
containing a SPACH confirmation and starts a timer. The BMI then transmits
the SSD Update Order message. Upon receipt of the message, the mobile stops
.10  the timer and enters the SSD Update Proceeding State. However, if the &ma
expires prior to receiving the SSD Update Order message, the mobile returns to
the DCCH camping state. The SPACH Notification could also be used to notify
the mobile that a SMS message is coming.
In another aspect, the system may dynamically assign temporary mobile

15  station identities (TMSIs) to the mobile stations. Such a TMSI would be a 20-bit
or 24-bit MSID sent by the system over the air interface to a mobile. The TMSI
would be used by the network to page or deliver a message to the corresponding
mobile station on the SPACH,'and the TMSI would be used by the mobile station
to make accesses on the RACH.

20 Using 20-bit TMSISs increases the paging capacity in comparison to using
24-bit TMSTIs at the expense of reducing the address space, i.e., the number of
mobiles that can be paged, in the same way that using 24-bit MSIDs increases
paging capacity in comparison to using 34-bit MINs (compare FIG. 10e to
FIG. 10d, for example). As seen from FIG. 10, a single layer 2 paging frame

25  can carry five 20-bit TMSIs, or pages, instead of four 24-bit _TMSIs-.(or MSIDs).
By providing a plurality of TMSI formats, one has the flexibility to trade off
address space for paging capacity. '

It is currently preferred that the BMI assign a TMSI to a mobile in
response to the moblle s registration, in which case the TMSI can be provided in

30 an mformahon element called MSID Assignment that is included in a



FIG 5 is a generalized view of a digital control channel having time slots

whi ch are grouped into superfranes; " FIG 6 illustrates a plurality
of layer yogwsgages, |ayer 2 frames,| g 3 _c%%'ncl bupetmisb4112815
conmuni cat i on system ' FIG 71l Piu%s %ﬁgﬁ% !Q)‘m di agram of an
exenpl ary cel lular nobile radio tel ephere—sysiam FIG 8 illustrates

4 he | ogi cal channel s which make up t he di gi tal control channel accor di ng to
one enbodi nent of the present invention; FIG 9 shows a hyperfrane
structure, FIGS. 10a-100 illustrate various SPACH | ayer 2 protocol
frames according to one enbodi nent of the present invention; and
FIG 11 shows an exenplary slot format on Pre forward DCC.
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.station would treat the assigned TMSI as valid until it is switched off or until it
decides to carry out any of the following system accesses: a new system
registration; a forced registration; a power-up registration; a TMSI timeout

5 registrétion; a deregistration registration; or the first system access of any kind
made after receiving various other messages, such as a registration reject
message. A mobile station assigned a TMSI in a registration accept message sent
by the BMI using ARQ mode advantageously would only treat the assigned
TMSI as valid if the ARQ transaction were completed successfully from a layer 2

10 perspecti;ve. '

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 fali within the

15  spirit and scope of the underlying invention disclosed and claimed herein.
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1. A method for transmitting information in a cellular communication

We claim:

system with a layer 2 protocol, comprising the steps of:
dividing a frame into a plurality of sections including a header section;
and ' | |
coding said header section so as to identify what type of information is in

2. - A method according to claim 1, wherein said frame can be used
for paging, access response, or short message services.

3. A method for discriminating between a broadcast control channel
and SPACH channels in a superframe in a cellular communication system with a
layer 2 protocol, comprising the steps of: '

assigning a first cyclic redundancy check to said SPACH frames; and

assigning a second cyclic redundancy check to said broadeast control
channel frames, wherein a mobile station distinguishes between said frames by
examining said cyclic redundancy checks.

4. A method according to claim 3, wherein said second cyclic
redundancy check is said first cyclic redundancy check inverted.

S. A method for paging a plurality of mobile stations in a cellular

. communication system, comprising the steps of:

assigning said plurality of mobile stations a user group identiﬁmtion code; |
and | |

broadcasting a paging: message containing_ said user group identification
code in layer 2 protocol overhead information for said paging message.

6. A method for providing reserved channels in a layer 2 protocol in
a cellular communication system, comprising the step of: '

providing a field in broadcast control channel overhead messages, wherein
said field indicates where the reserved channels are located within a superframe.

7. A method for prohibiting a mobile station from using a cell in a

cellular communication system comprising the steps of:




-12-" picocells, etc.). As will be appreciated by one skilled in the art,
the-1 ogi cal channel which carries speech and/or data nmay be inplenented in

di f f er entywgfoadly t he physi cal _.-._;._.._-— Thepd®hysdianakis

channel may be, for exanple, a rel aj : FENMGNd (FDMA), a tine

slot on a radio frequency (TDVA), a CDNW) , or a conbination

Qf the forégoing. For purposes of t frhie Sh&étMas BB&REYIaced

means any physical channel -which can carryspeech and/ or dat
limted to any particular node of operation, access techniqu
architecture. This application contains subject matter [

related to U.S. Patent No. 5,353,332 to Ra®l-h et al., entitled "Method and

Appar atus for Communi cation Control in a Radiotel ephgne Systeni; to U.S.
Pat ent Appl i cation R®viding 9flags frameiip adayeny gratagolcwherein sad flage) |

filed on Cct Obﬁlrd'kc%ﬁséw?lg%lg?rt %%@Hg@ﬂﬁﬁﬂtisw 6 Q8ind'the O81;4ha 452,

entitled "Layer
‘enabling said flag.

. 8. A method according to claim 7, wherein said flag is a go away
5 flag. '
9. A meihod for sending a message to a mobile station in a cellular
communication system, comprising the steps of:
broadcasting a page for said mobile station in a plurality of cells, wherein
said page asks the mobile staﬁon if the mobile station can receive a message,
10  said page also indicating to the mobile station what type of message is going to
be transmitted;
transmitting an acknowledgement from said mobile station to a base
station when said mobile station can receive said message;
determining in which cell the mobile station is located in by examining
'15  said acknowledgement; and |
sending said message to said mobile station in the cell the mobile station

is located in.
10. A method according to claim 9, wherein said page is a SPACH
notification.
20 11. A mobile station for use in a cellular communication systeni,
comprising: |

means for receiving signals from said cellular system, wherein a plurality
of frames are contained within said signals; and

means for distinguishing between different types of frames by examining

25  cyclic redundancy checks assigned to each frame by said cellular system.

12. A mobile station according to claim 11, wherein a first cyclic
redundancy check is assigned to SPACH frames and a second cyclic redundancy
check is assigned to broadcast control channel frames.

- 13. A mobile station accbrding to claim 12, wherein said second cyclic
30  redundancy check is said first cyclic redundancy check inverted.
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Random Access Channel and the Access Response Channel," filed on April 19,
1993; to U. S. Patent Application No. 081147, 254, entitled "A Met hod for
Communi cawgws/izes4a W rel ess Communi cat ion System" filed orpdjwsgmmlsl,

1993; Wcatlon . 02T oy | ed "Ml ti - Mode

Si gnal~Processing, " fil ed on Cctob TBBSﬁ@@TZH';% oflu. S. Patent '

Appl i cﬁamgslﬁ‘eet\iaaswn entitleo MRERSACEP £ ti ng Random Access i n

a Mobi | e f| | ed on OctFober 25, 1993. These si x co-pendi ng

appl i catlm\g‘ ;‘ orated herein by reference. . FIG 7 represents
. a block d

an exenpl ary cel lul ar fl | e radi ot el ephone system
according to one enbodl ment of the present“fhnvention. The system shows an

exenpl ary base stat nobi l.e station 1 i on

i ncl udes a control }b(‘f%ﬁ'g?rnﬁ’m TRpcation sysem, %830&“@& gg"t bﬁFhe NVBC
140 which in tgﬁﬂoﬁ§m@mwt%elbgsé S&tidn; tonipfieingt | | ustrated) . General
aspects of such cellular radiotel ephone systens are known in the art.

The base station 11@neaps for assighingraiffereot cycliciredundancy ctecks tor different tymes
handl ed by voi e sohe channel recei ver 150 which is controlled by the control
and '

5 means for transmitting a plurality of different frames using a layer 2
" protocol to said mobile stations, wherein said mobile stations distinguish between
said different frames by examining said cyclic redundaney checks.
15. A cellular communication system according to claim 14, wherein a -
first cyclic redundancy check is assigned to SPACH frames and a second cyclic
10  redundancy check is assigned to broadcast control channel frames.
| 16. A cellular communication system accordmg to claim 15, wherein
said second cyclic redundancy check is said first cyclic redundancy check
- inverted. '
17. A cellular communication system using a layer 2 protocol with a
15  plurality of mobile stations and at least one base station, comprising:
means for transmitting and receiving signals, wherein a plurality of
frames are contained within said signals; '
means for dividing a frame into a plurality of sections including a header
section and an information section; and |
20 ~ means for coding said header section so as to idetttify what type of
information is in said frame. ‘ | |
18. A cellular communication system according to claim 17, wherein
said frame can be used for paging, access response, or short message services.
| 19.. A cellutar communication system'according to claim 17, wherein
25  said frame is a SPACH frame.
20. A cellular communication system with a plurality of mobile
stations and at least one base station, comprising: ,
. means for assigning a group of mobile stations a user group identification
code;

RN R BARY DN
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means for storing said user group identification code in said mobile

33-

stations; and

means for broadcasting a paging message containing said user group
identification code in layer 2 protocol overhead information of said paging
message. . | _

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

means for storing a user group identification code, said user group
identification code identifying said mobile station as being a member of a group
of mobile stations; | '

means for receiving a paging message containing a user group
identification code in layer 2 protocol overhead information;

means for comparing said stored user group identification code with said
received user group identification code; and

means for responding to said paging message when said user group
identification codes match. '

22. A method for providing channels in a layer 2 protocol in a cellular
communication system, comprising the steps of:

dividing a superframe into a plurality of different types of channels; and

providing fields in broadcast control channel overhead messages, wherein
said fields indicate boundaries between the different types of channels in the

superframe. o
23. A method according to claim 22, wherein said superframe is

divided into broadcast éontml channels and SPACH channels.

24. A method according to claim 22, wherein said superframe is
divided into broadcast control channels, reserved channels and SPACH channels.
25. A cellular communication system using a layer 2 protocol,

comprising: '
means for dividing a superframe into a plurality of different 'typ& of

channel; an I |||I|| | IlIII .



processing unit 130. The control channel transceiver 160 broadcasts control
I nformati on over the control channJiT’_(ﬁg E ase bL d.t on or cell to nobiles

| ocked t owiopatiaemant rol channel .. b 120 BCI/USY4AR615d| e

node, the nobile periodically scanf._the chan bl's of base stations

| i ke base station 110 to determ ne whi ch ceII to lock on or canp to. The
nmobi | e 120Th|esaeelda’@sab nformation (information about the particular
cel | correspo Wontrol channel on which the information is being
br oadcast and he service profile of that cell, the control
channel organi za |on and the type of cel Ig and relative information
(generally the sane k| nd of information as dabsol ute information but is

i nf.ormati on concerning the .charact t her % QE gﬁﬂﬁ
control channel at F'Fg“/ d@dsﬂ?}‘%w&s%"g‘% &gdé éts §€ the
processing unig,e]sﬁgemdmt es the received control channel |nformat|on

whi ch i ncludes the characteristics of the candidate cells and determ nes

which cel | the nobi 2 shéurdlularenypemicatipnSystemcacperding i flaim 2hamherein
' nfor mati on DObelde 'ﬁ/ BE"a%B%‘? cg@@ﬁ@lgﬁ{@ @Ih%mes&gefma?&wm%%}ﬂw@é | with

which it is as
5 between the different types of channels.

27. A cellular communication system according to claim 25, wherem
said superframe is divided into broadcast control channels and SPACH channels.
28. A cellular communication system accqrding to claim 25, wherein
said superframe is divided into broadcast control channels, reserved channels,
10 and SPACH channels. '
29. A cellular commumcauon system with a plurality of mobile

stations and at least one base station, comprising: )
means for broadcasting a page for a mobile station in a plurality of cells,
wherein said page aské the mobile station if the mobile station can receive a

15  message, said page also indicates to the mobile station what type of message is

going to be transmitted; '

means for transmitting an acknowledgement from said mobilé station to a
base station when said mobile station can receive said message;

means for determining in which cell the mobile station is located in by

20  examining said acknowledgement; and

means for sending said message to said mobile station in the cell the
mobile station is located in.

30. A cellular communication system according to claim 29, wherein
said page is a SPACH notification. ‘ _

25 . 31. A cellular communication system according to claim 29, wherein
the broadcasting means dynamically assigns temporary mobile station identities
(TMSIs) to the mobile stations and sends the TMSIs to the respective mobile
stations, wherein the TMSIs each have a predetermined length.

——————
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relative information concerning other cells proxinmate to the cell which the
control channel i s associ at ed. According to the present invention,

t he digi channel D&;Q conprises the | ogical Chamiﬁ%rﬁl in

FIG 8. %9% ogi cal chann [ gge. ast contro cﬁ?gﬁ%@f)
(BCCH), conprising a fast broa 113-5@] dBRt HAS BERMlel F-BCCH, an ext ended

hr oadcast cortrol channel E-B , altF dcastl short-nessage-service
control channel S-BCCH, a short-nessage- servicel pagi ng/ access channel
SPACH, conprising a point-to-point short- nessage-service channel (SMSCH),
t-he pagi ng channel (PCH), and an access response channel (ARCH); the random
access control channel (RACH); and the res¥rved channel. The DCC slots can
be organi zed into higher level structures called superfranes as.illustrated
in FIG 5, or as pr3fer adlogllilar gommunigatipn sy§tetn ageording to claim 31, wherein

the broadcasting means broadcasts pages that are organized in paging frames, and

each paging frame carries four TMSISs.
33. A cellular communication system according to claim 31, wherein
5  the broadcasting means broadcasts pages that are organized in paging frames, and
each paging frame carries five TMSIs. ‘
34, A method for transmitting information in a cellular communication
system with a layer 2 protocol, comprising the steps of:
dividing a frame into a plurality of sections including a header section;
10 and |
coding said header section so as to identify an access mode to be used by
a mobile station in its next access attempt.
35. A method according to claim 34, wherein said header section is
coded so as to identify one of a contention-based access mode and a reservation-
15  based access mode.

s Sheet Has Been Replaced

W

* [ L L] S *



-14- " which depicts the frame structure of a forward (base station to

nobi | e station) DCC and shows t T ;c %gﬁ rames, each of which
pref er abl woossfpésases a respectl % | %ﬁ% ajffe and a_r ctive
secondary superfrane. lee M“FDS.SI Ve supelif ranmes géfq%?‘f’l@ﬁ at ed
in FIG 9,. each conprising a pI urallty of time sl ots that are organi zed as
the | ogi cal channels F- BCCH, E- BCCH, S-BCCH, and SPACH. In general, one or

nore DCC slots may be allocated for each lpgical channel in the superframe.
Each superfrane in a

This Sheet Has Been Replaced
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forward DCC preferably includes a conplete set of F-BCCH information (i.e.,
-a set of |ayer 3 nessages), u\%i ng as many slots as are necessary, and each
superfranme preferably begins After t - | ot or
slots, tWO9s@2984ning slots in :aMsWTfm@sTgEF,qc ude ongﬁgﬁugogﬁgﬁ(%or no) -
slots for the E-BCCH, S-BCCH, .fnd SPRE€®PLAGED Ca annel s. The BCCH,
whi ch in the- exanpl e shown in : six DCC slots, carries
over head nmessages. One of the overhead ngggages is UW
of the BCCH section within the superfranme. The PCH, i is allocated one
DCC slot, carries paging messages. The ARCH, which is 2l sf.&lH.98akeRemared

DCC sl ot, carries channel assignnent and ot her nessages.
supeframe of FIG 5 may contain other |ogical channel s,rl ““MB%
addi ti onal paging channels, as indicated by FIG 9. If CHis
defined, different groups of nobile stations identified by different traits

may be assigned to different PCHs. The BCCH acronymis used to refer
collectively to the F-BCCH, E- BCCH, and S- | ogi cal channels. These
three | ogical channels are F«'G i r2
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-15-.is a |l ogical channel thatW@WkﬂAﬁBEBﬂd' ast short rressages used for
an SMS broadcast service. ' ThBEBQm:EDchannl is a |ogical channel that
is used to send information t

tations r '
poi nt - t oVPIPHRE34 pagi ng and to pr ovi de an access response ?ﬁ@gépﬁs% SPACH
channel may be considered to be further subdivided into three | ogical

channel s: 3MBCH, ARCH, and PCH. The pagi ng channel PCH is
SPACH dedi cated to delivering pages and qders. The access feasg '
ARCH is a subset of the SPACH to which the nobi l e station aulﬁlf?s’S £ ’?fe'placed
roves upon successful conpletion of an access on the random a mllEu I”II

The ARCH may be used to conwey—anal og Vvoi ce channelfor—ti gi t al
channel assignnents or ot hér I es s to mblle.-l%(;:ess attenpt. The
SMS poi nt-to-point channel SI\/SCH S Esed i@ g i ver| B bpl t nessages to
specific nobile stations rercei vifng W e—aﬂ@@gh t he nessages
coul d al so be addressed tojnore{than one rﬁ)ﬁ . S rgmaLIy, t he :
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pagi ng messages on the PCH may al so be directed to nore than one nobile. X
The SPACH i s unidirectional (downlink), shared, and unacknow edged. The PCH
i s genera i nt -t o-mul ti poi nfi—Frtratid.0an

messages %’Y%@'ﬁ%"'t han one nobi | r-. A B

i s point-to-point. The ARCH and ( ! poi nt - t 0- poi nt,

al t hough' nessages sent on the ARCH Sz f essed to nore than one
nobi l e station.. For comuni cation fromthe nobile stations to the
base stations, the reverse (uplink) DCC cscf rises a random access channel
RACH, which is used by the nobiles to request access to the system The

ERCTNE

RACH | ogi cal channel is wunidirectional, shared, point-to-point, and
acknow edged. All time slots on the wuplink are used for nobile access
requests, either on a coFE@i ofMpbasis or on a reserved basis.
Reserved-asi s access is*td Pilfed in U S. Patent Application No.
08/ 140, 463, entitled "Method of Effecting Random Access in a Mbile Radio
Systent, vhich was filed on Cctober 25, 1993, and which is incorporateq in
this applifcation by reference. One feature. of RACH operation is that
130 150 .
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kifown as Layer 2 ARQ or autonat|c repeat réduegf‘ on the RACH and nay be- o
provided by a flow of informagigen called shared channel feedback on a

downl i nk sub- channel .

di sti ngui ¥R %42%¥en t he BCCH 3l
For .exanpl e, upon being swit ciresan, éAﬁﬁu
slots are BCCH slots and which slots are~SRacH &
needs to find the overhead i nformation at Ee beglnnlng of the BCCH section
to be able to determine its paging slot. t he boundary between tte

BCCH section and the SPACH section may have changed for anggﬁ Ma@éeawRemamx
reasons. For exanple, if a system has been using twelve sl ot
thirty-two-slot superfranme for the BCCH and wants to use th|

t he BCCH, nobil e statdans.assigoed tq the first paging slot
slots nust be inflor tﬁ&PNI EREMI | i tor anot her paglng slot
According to one - - o~ ntion, one way to distinguish

bet ween BCCH sl ots adéd SPACH sllots is toluse di f f er ent cyclic redundancy
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check (CRC) bItS in these channel s. For exarrpl e “the CRC bItS iR the Lay [
2 frames sent in the BCCH slots may be inverted, while the check bits in
tshe Layer 2 franes sent i PACH sI ots are not inverted. Thus, when a
nobi | e r SMA9SA2984 CRC bi t s, ' setcat i on of thep{fgrmggmzsissl ot it
has read. Using the check 3/ advant ageous i n sone
situations*where it IS neces a nobile station to another

pagl ng sl ot. i Af or mat i on by decoding one—or—
two bits that would identify the type of $8t being deCWﬁESheéQWaséé gpqaced

of reduced bandwi dth. In Applicants' system the nobile stﬂ"ﬂm

recogni ze t hat sonet hi ng has changed when they spot the i
and in response they will re-read the F-BCCH, including t
‘structure and pagi ng sl ot assignnent.

Header B
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may i nclude reserved channels that nmake the communication pyptemere

~flexible:

without affecting existing nobiles. According to this enmbofi
present invention, the BCCH overhead nessages include a fifglH_which

i ndi cates where the reserved channels are located in the spperframe. These
reserved channels have a potentially w de variety of uses, 'stHeh—as—earryrg-

Furthernmore, as illustrated in FIG 8, the DCC | oRftPtACEMENT SHEET

new features, services, or functions can be addef ht I [ Linge
%5 &P 19

nessages specific to a systemoperator and/or nobile station nanufacturer.
Whi |l e existing nobile stations may -1-

LAYER 2 PROTOCOL IN A CELLULAR COMMUNICATION SYSTEM

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

a method for transmitting 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., a
metropolitan area, 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 turn, is connected to the
land-line (wire-line) public switched telephone network (PSTN). The telephone

_users (mobile subscribers) in the cellular 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
nearby base station. The MSC switches calls betweeﬁ and among wire-line and
mobile subscribers, controls signaliing to the 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 is 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 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



not be able to use the new features described in the re
existing nobile stations will take the location and nu
slots into consideration when determ ning the |ocation
pagi ng channel s. The SPACH | ayer 2 protocol is u
burst, or tinme slot, is used to carry point-to-point S
i nformation. A single SPACH tayer 2 protocol frane is cpnstrteted——so—=as't
fit wwthin a 125-bit envel ope. An additional five bits fre reserved for use
as tail bits, resulting in a total of 130 bits of information carried
Wi thin each slot assigned for SPACH purpgses. Fl GS. 10a-100 show a range of
possi bl e SPACH | ayer 2 protocol franes under various conditions. A sumary
of the possi P fen [ ' afd : A
sumary of t *qsel S cogrrt%?lbéﬁen%a gg\eﬁrldgf?o;ﬂgtl%dc%gl élggﬁﬁgsafg%@ggﬁm’
operation i :eaq:ir compiEsing 2 transnikery adetaiidraankead controller, as isSivell kaowh fimne
formats are used for all SPACH channels such that all franmes have a common
Header A TH¥ &ntents of the Header A determ ne whether or not a Header B
s present in am N, bl dafhs BiTB10%8A Ricatbd Bt ¥l bdidi e FRNY har d
page franmes (containing no [ayer

C1-C10, respectively, and are equipped with omni-directional antennas

transmitting equally in all directions. In this case, all the channel units in each
of the base stations B1-B10 are connected to one antenna. However, in other

eRERIACEMEN}
fitherr respect

efl whengrenger T
, | pagi ng, or AR

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 station may be equipped with three directional antennas, each
one covering a 120-degree 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 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. However, it is not always necessary for three sector cells to
enstandonlyonesectorcellneedstobeusedtoewer, for example, a road or a
highway.

RetummgtoFIG 1, each of the base stauonsBl-BlOisconnectedby
voice and datalmkstoanMSC 20 which is, in turn, connected to a central
office (not shown) in the public switching telephone network (PSTN), 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 radio channels operating in either analog or digital mode. Further,
the voice and data links may either be provided by the operator or leased from a
telephone company (telco).



i nformati on), PCH franes, ARCH franmes and SMSCH franes. A Harg-F
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C A
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frame containing three 34-bit nobile station identificatiors mqﬁj"ﬂﬂaﬁﬁﬁﬂ'
sent on the PCH (burst usage (BU = Hard Triple Page). A Hgrd Quadruple
Page frame containing four 20-bit -or 24-bit MSIDs can be sqnt] opg RppHRehY
(BU = Hard Quadrupl e Page). PR

-3-

With continuing reference to FIG. 1, a plurality of mobile stations M1-
M9 may be found within the cells C1-C10. Again, while only nine mobile
stations are shown in FIG. 1, the actual number of mobile stations may be much
larger in practice and will generally exceed the number of base stations.
Moreover, while none of the mobile stations M1-M9 may be found in some of
the cells C1-C10, the prééence or absence of the mobile stations M1-M9 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-M9 includes a transmitter, a receiver, a
controller and a user interface, e.g., 4 telephone handset, as is well known in the
art. Each of the mobile stations M1-M9 is assigned a mobile identification
number (MIN) which, in the quted States, is a digital representation of the
telephone directory number of the mobile subscriber. The MIN defines the
subscription of the imobile 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-M9 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 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.

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 conversations, and at least one
pagirig/access or control channel which is used to carry supervisory data
messages, between each of the base stations BI-B10 and the mobile stations M1-



- 1.8- One or nore L3 nessages may be transmitted in dn@RFPLACEMENTT SHEET
continued over many franes. It is currently preferred that :

carried within frames where BU = PCH ARCH or SMSCH with tHhe {oupst pe.
(BT) = Single MBID, Double MSID, Triple MSID, Quadruple MSIID,| o L APBRe7
retransm ssi on request ARQ Mbde BEG N. The nobile station ijdepntity type LD
fleld identifies the format of all MSIDs carried within a djven SPACH frame

(i.e., no mxing of MSID formats is allowed). Pages carried

preferabl y not allowed to cont| nue beyond a single SPACH frane, although
the protocol allows for it. ot her ' nessages may contlnue beyond a
singl e SPACH frane. For non npde o erat t PACH
protocol sUMBdRits COVERBREIea.-sEagh 31{5"%?8 ﬁlff"cﬂl 5‘ 5 n addition

to the fixe & snaq-rlgfaemshﬁ&&ﬁﬁ{thpb&w% B@h%@ﬁdadd%eemes- A

Message Mappin
station. The RF channel consists of a pair of separate frequencies, one for

transmission by the base station (reception by the mobile station) and one for
transmission by the mobile station (reception by the base station). Each channel
unit in"the base stations B1-B10 normally operates on a preselected one 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
frequencxes, respectively, which is not changed. The transceiver (TX/RX) of
each mobile station M1-M9, 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 generally significantly better than the data
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 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 electromagnetic spectrum available for use by cellular telephone
systems is limited and is portioned into units called channels. Individual
channels are used as communication links either on a shared basis or on a
dedicated 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 a 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




I s-used to control this aspect of the layer 2 frane operati rREPﬁAEﬂh
SPACH frame requires that all L2 header information pertinent _
frame be included entirely within that frane, i.e., the L2 der froma
gi ven SPACH frame cannot wap into another SPACH frame. An [Offf s@t5 AR 987 or
field (O) is used to allow both the conpletion of a previqugly started

| ayer 3 nessage and the start of a new |ayer 3 nessage to dccur wmthrn a

si ngl e SPACH frane. The follow ng table summari zes tithe possible

SPACH f or mat s:
-5-

single mobile station is assigned the exclusive use of the channel for as long as it
needs it.

The continued need to serve existing analog-only mobile stations has led
to the specification in IS-54B of an analog control channel (ACC) which has been
inherited from the prior AMPS or the equivalent EIA/TIA-553 standard.
According to EIA/TIA-553, the analog forward control channel (FOCC) on the
down-link from the base station to the mobile stations carries a continuous data
stream of messages (words) in the format shown in FIG. 3. Several different
types (functional classes) of messages may be transmitted on the analog FOCC.
These messages include a system parameter overhead message (SPOM), a global
action overhead message (GAOM), a registration identification message
(REGID), a mobile station control message, e.g., a paging message, and a
control-filler message. The SPOM, GOAM and REGID are overhead messages
which are intended for use by all mobile stations in the coverage area of the base
station. Overhead messages are sent in a group called an overhead message train
(OMT). The first message of each OMT must always be the SPOM which is

. transmitted every 0.8 £+ 0.3-seconds. .

The format of the analog FOCC shown in FIG. 3 requires an idle mobile
station listening to the FOCC to read all the messages transmitted in each OMT
(not just paging messages) even though the information contained in these
messages may not have changed from one OMT to the next OMT. This
requirement tends to unnecessarily limit the mobile station battery life. One of
the goals of the next generation digital cellular systems is to extend the “talk
time" for the user, that is, the battery life of the mobile station. To this end,
U.S. Patent Application No. 07/956,640 (which is incorporated here by
reference) discloses a digital FOCC which can carry the types of messages
specified for the analog FOCC, but in a format which allows an idle mobile
station to read overhead messages when locking onto the FOCC and thereafter
only when the information has changed, and to enter “"sleep mode” at all other
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times. While in sleep mode, the mobile station turns off most internal circuitry
and saves battery power.

The above-referenced U.S. Patent Application No. 07/956,640 shows how
a digital control channel (DCC) may be defined alongside the digital traffic
channels (DTC) specxﬁed in IS-54B_. Referring to FIG. 4, a half-rate DCC
would-occupy one slot, while a full-rate DCC would occupy two slots, out of the
six slots in each time-division-multiple-access (TDMA) frame of duration 40
milliseconds (msec). For additional DCC capacity, additional half-rate or full-

- rate DCCs may be defined in place of the DTCs until there are no more available
slots on the carrier (DCCs may then be defined on another carrier if needed).
Each IS-54B RF channel, therefore, can carry DTCs only, DCCs only, or a
mixture of both DTCs and DCCs. Within the IS-54B framework, each RF
channel can have up to three full-rate DTCS/DCCs, or six half-rate DTCs/DCCs,
or any combination in-between, for example, one full-rate and four half-rate
DTCs/DCCs. .

In general, however, the transmission rate of the DCC need not coincide
with the half-rate and full-rate speclﬁed in IS-54B, and the length of the DCC
slots may notbeumformand maynotcomudemthﬂlelmgth of the DTC slots.
FIG. 5 shows a general example of a forward (or downlmk) DCC configured as
a succession of time slots 1, 2, . . . , N, . . . included in the consecutive time
slots 1, 2, . . . sent on a carrier frequenéy. These DCC slots may be defined on
a radio channel such as that specified by IS-54B, and may consist, as seen in
FIG. 5 for Mple, of every n-th slot in a ‘series of consecutive slots. Each
DCC slot has a duration that may or may not be 6.67 msec, which is the length
of a DTC slot according to the IS-54B standard. (There are six DTC slots in
each 40-msec TDMA frame.) Alternatively (and without limitation on other
possible alternatives), these DCC slots may be defined in other ways known to
one skilled in the art.

As shown in FIG. 5, the DCC slots may be organized into superframes
and each superframe may include a number of logical channels that carry
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shown in including six successive slots for overhead messages; a paging channel (PCH

including one slot for paging messages; and an access response channel (ARCH)

including one slot for ché,‘xmel assignment and other messages. The remaining

time slots in the exemplary superframe of FIG. 5 may be dedicated to other
logical channels, such as additional paging channels PCH or other channels.
Since fhe number of mobile stations is usually much greater than the number of

slots in the superframe, each paging slot is used for paging several
stations that share some unique characteristic, e.g., the last digit of
For purposes of efficient sleep mode operation and fast cell

mobile
the MIN.
selection, the

BCCH may be divided into a number of sub-channels. U.S. Patent Application

No. 07/956,640 discloses a BC(.":H structure that allows the mobile

a minimum amount of information when it is switched on (when it

station to read
loc_:ks onto a

DCC) before being able to access the system (place or receive a call). After
being switched on, an idle mobile station needs to regularly monitor only its
assigned PCH slots (usually one in each superframe); the mobile can sleep during
other slots. The ratio of the mobile’s time spent reading paging messages and its
time spent asleep is controllable and represents a tradeoff between call-set-up

delay and power consumption.
Since each TDMA time slot has a certain fixed information

carrying

capacity, each burst typically carries only a portion of a layer 3 message as noted

above. In the uplink direction, multiple mobile stations attempt to

communicate

with the system on a contention basis, while multiple mobile stations listen for
layer 3 messages sent from the system in the downlink direction. In known

systems, any given layer 3 message must be carried using as many
channel bursts as required to send the entire layer 3 message.

TDMA

The communication link protocol is commonly referred to as a layer 2
protocol within the communications industry and its functionality includes the
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limiting or framing of higher level messages. Traditional layer 2 protocol |
framing mechanisms or bit stuffing in flag characters are commonly used in land-
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. .

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 (physical layer), layer 2, and layer 3. The physical layer (L1) defines
the parameters of the physical communications channel, e.g., RF 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 pro.cessing of information transmitted over the
physical channel. '

FIG. 6 schematically illustrates pluralities of layer 3 messages 11, layer 2
frames 13, and layer 1 channel bursts, or time slots, 15. In FIG. 6, each group
of channel bursts corresponding to each layer 3 message may constitute a logical
channel, and as described above, the channel bursts. for a given layer 3 message
would usually not be consecutive slots'on an IS-54B carrier. On the other hand,
the channel bursts could be consecutive; as soon as one time slot ends, the next

" time slot could begin. -

Each layer 1 channel burst 15 contains a complete layer 2 frame as well
as other information such as, for example, error correction information and other
overhead information used for layer 1 operation. Each layer 2 frame contains at
least a portion of a layer 3 message as well as overhead information used for

-layer 2 operation. Although not indicated in FIG. 6, each layer 3 message would
include various information elements that can be considered the payload of the
message, a header portion for identifying the respective message’s type, and
possibly padding. "
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defi ni ti on. coneains meslaytges nmmgeulsll n§inge dnyegi messages have variable lengths
depending upon the amount of information contained in the layer 3 message, a

plurality of layer 2 frames may be needed for transmission of a single layer 3
message. As a result, a plurality of layer 1 channel bursts may also be needed to
transmit the entire layer 3 messagé as there is a one-to-one correspondence
between channel bursts and layer 2 frames.

As noted above, when more than one channel burst is required to send a
layer 3 message, the several bursts are not usually consecutive bursts on the
radio channel. Moreover, the several bursts are not even usually successive
bursts devoted to the particular logical channel used for carrying the layer 3
message..

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.

| Thus,merelsanwdforalayerthdetwhxchdescﬁb&swhatls
contamedmtheume slot, hothlseontamedmtheume slot and how the
-information should be interpreted.

SUMMARY

It is an object of the present invention to provide an indication within the
layer 2 protocol which indieates what is contained in a time slot, how it is
contained in a time slot and how the information should be interpreted.
According to one embodiment of the present invention, a method for transmitting
information to a mobile station from a cellular switching system wherein a frame
is divided into a plurality of sections including a header section and the header
section is then coded so as to identify what is contained in the frame.
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"According to another embodiment of the present invention, a group
identity field can be included in the SPACH layer 2 protocol. The group identity
field indicates that a mobile is part of a group and enables the cellular
communication System to page a plurality of mobiles with one page by including
the group identity field in the SPACH layer 2 protocol. Furthermore, the
SPACH layer 2 protocol can also include a go away flag which can be used to
tell mobiles not to use a particular cell.

According to another embodiment of the present invention, a mobile -
station can distinguish between broadcast control channel BCCH slots and
SPACH slots within a superframe. One way to distinguish between the different
slots is to use a different cyclic redundancy check in the different type slots.

| In yet another embodiment of the invention, a method for providing
reserved channels in a layer 2 protocol in a cellular communication system
includes the steps of providing a field in broadcast control channel overhead
. messages that indicates where reserved channels are located within a superframe.
| According to another embodiment of the preseni invention, a group
identity field (GID) can be included in the SPACH layer 2 protocol. The group
identity field indicates that a mobile is part of a group. By using this group
identity, the communication system can page the entire group using one page.
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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:

FIG. 1 shows the architecture of a conventional cellular radio system;

FIG 2 shows a three sector cell which may be used in the system shown
in FIG. 1;

FIG. 3 shows the format of a forward analog control channel;

FIG. 4 shows the structure of a forward TDMA channel according to IS-
54B;

FIG. 5 is a generalized view of a digital control channel having time slots
which are grouped into superframes;

FIG. 6 illustrates a plurality of layer 3- méssages, layer 2 frames, and
layer 1 channel bursts in a communication system;

FIG. 7 illustrates a block diagram of an exemplary cellular mobile radio
telephone system; : ; )

FIG. 8 illustrates the logical channels which make up the digital control
channel according to one embodiment of the present invention;

FIG. 9 shows a hyperframe structure;

FIGS. 10a-100 illustrate various SPACH layer 2 protocol frames
according to one embodiment of the present invention; and

FIG. 11 shows an exemplary slot format on the forward DCC.

DETAILED DESCRIPTION
_ Although the description hereinafter focuses on systems which comply
with IS-54B, the principles of the present invention are equally applicable to a
variety of wireless communication system, e.g., cellular and satellite radio
system, irrespective of the particular mode of operation (analog, digital, dual-
mode, etc.), the access technique (FDMA, TDMA, CDMA, hybrid
FDMA/TDMA/CDMA, etc.), or the architecture (macrocells, microcells,

> MSI D

for
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(TDMA), a code sequence (CDMA), or a combination of the foregoing. For

purposes of the present-iﬁvenﬁon, 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 téchnique or system architecture.

This application contains subject matter which is related to U.S. Patent
No. 5,353,332 to Raith et al., entitled "Method and Apparatus for
Communication Control in a Radiotelephone System"; to U.S. Patent Application
No. 07/956,640, entitled "Digital Control Channel," filed on October 5, 1992; to
U.S. Patent Application No. 08/047,452, entitled "Layer 2 Protocol for the
Random Access Channel and the Access Response Channel," filed on April 19,
1993; to U.S. Patent Application No. 08/147,254, entitled "A Method for
Communicating in a Wireless Communication System,* filed on November 1,
1993; to U.S. Patent Application No. 07/967,027, entitled *Multi-Mode Signal
Processing,” filed on October 27, 1992; and to 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. ' . -

FIG. 7 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 station includes a control and processing unit 130 which is connected to the
MSC 140 which in turn is connected to the PSTN (not illustrated). General
aspects of such cellular radiotelephone systems are known in the art.

The base station 110 for a cell includes a plurality of voice channels
handled by voice channel receiver 150 which is controlled by the cbntrol and
processing unit 130. Also, each base station includes a control channel



ARQ Mbde BEG N franme contains only one MSID within itsl2 header as well as

a portion of the L3 message itself. |f the L3 nmessage ) REPPACEMENT SH ﬁl

into a single ARQ Mbde BEGA N frame, then the remainin
carried using additional ARQ Mbde CONTI NUE franes as rjedessary.
message does fit within a single ARQ Mode BEG N framne,} i BR1967 wi
filler as necessary. The PE field in conjunctigniwith the

| f the-

transaction identifies TIDfield identifies the transqction initiate
the ARQ Mbde BEA N franme and serves to associ ate any

CONTI NUE franes with this sane transaet3-on. An ARQ Mbde BEG N frane has “an

inmplicit frame nunmber FRNO val ue of zero associated with it.
transceiver 160 which may be capable of handling more than one control _

channel. The control channel transceiver 160 is controlied by the 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. '

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 absolute information (information
about the particular cell corresponding to the control channel on which the
information is being broadcast and may include the service profile of that cell,
the control channel organization, and the type of cell) and relative information
(generally the same kind of information as absolute information but is
information concerning the characteristics of other cells) broadcast on a control
channel at its voice and control cﬁamlel 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
.comrolcha:_melisassociated.

According to the present invention, the digital control channel DCC
comprises the logical channels shown in FIG. 8. The DCC logical channels
include: a broadcast control channel (BCCH) , comprising a fast broadcast control
channel F-BCCH, an extended broadcast control channel E-BCCH, and a
broadcast short-message-service control channel S-BCCH;; a short-message-
service/paging/access channel SPACH, comprising a point-to-point short-
message-service channel (SMSCH), the paging channel (PCH), and an access
response channel (ARCH); the random access control channel (RACH); and the
reserved channel. The DCC slots can be organized into higher level structures
called superframes as illustrated in FIG. 5, or as preferably illustrated in FIG. 9,



- 22~ The ARQ Mbde CONTINUE frane, as illustrated in FIG 10n, i
used for continuing a L3 ARCH or SMSCH nmessage whic '

field identifies the CONTINUE frames w thin the contjet—of~tte—overql |
message. The FRNO field value is increnented for eagh g S
e BPEBE

sent to conplete the transaction initiated by the A
The ARQ Mode Continue frame is also used to repeat

I n support of a given transaction (i.e., multiple
ny previously sent

-14-

which depicts the frame structure of a forward (base station to mobile station)
DCC and shows two successive hyperframes, each of which preferably comprises
a respective primary superframe and a respective secondary superframe.

Three successive superframes are illustrated in FIG. 9, each comprising a
plurality of time slots that are organized as the logical channels F-BCCH, E-
BCCH, S-BCCH, and SPACH. In general, one or more DCC slots may be
allocated for each logical channel in the superframe. Each superframe in a
forward DCC preferably includes a complete set of F-BCCH information (i.e., a
set of Jayer 3 messages), using as many slots as are necessary, and each
superframe preferably begins with a F-BCCH slot. After the F-BCCH slot or
slots, the remaining slots in each superframe include one or more (or no) slots
for the E-BCCH, S-BCCH, and SPACH logical channels.

The BCCH, wtiich in the example shown in FIG. 5 is allocated six DCC
slots, carries overhead messageé. One of the overhead messages is used to
define the end of the BCCH section within the superframe. The PCH, which is
allocated one DCC slot, carries paging messages. The ARCH, which is also
allocated one DCC slot, carries channel assignment and other messages. The
exemplary superframe of FIG. 5 may contain other logical channels mcludmg
additional paging channels, as indicated by FIG. 9. If more than one PCH is
defined, different groups of mobile stations identified by dlffa'ent traits may be
assigned to different PCHs. .

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. The attributes of these
three channels are that they are unidirectional (downlink), shared, point-to-
multipoint, and unacknowledged. The fast BCCH is a logical channel used to
broadcast time critical system information. The extended BCCH is a logical
channel used to broadcast system information that is less critical than the
information sent on the F-BCCH. The broadcast short message service S-BCCH
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an access response channel. The SPACH channel may be considered to be
further subdivided into three logical channels: SMSCH, ARCH, and PCH. The
paging channel PCH is a subset of the SPACH dedicated to delivering pages and
orders. The access response channel ARCH is a subset of the SPACH to which
the mobile station autonomously moves upon successful completion of an access
on the random access channel. The ARCH may be used to convey analog voice
channel or digital traffic channel assignments or other responses to the mobile
acoess attempt. The SMS point-to-point channel SMSCH is used-to deliver short
messages to specific mobile stations receiving SMS services, although the
messages could also be addressed to more than one mobile. Similarly, the
paging messages on the PCH may also be directed to more than one mobile.

The SPACH is unidirectional (downhnk), shared, and unacknowledged. The

. PCH is generally pomt-to-mulupomt, in that it can be used to send paging

messages to morethanqnemobllestauon, but in some circumstances the PCH is
point-to-point. The ARCH and SMSCH are generally- point-to-point, although
messages sent on the ARCH can also be addressed to more than one mobile
station. '

For communication from the mobile stations to the base stations, the

reverse (uplink) DCC comprises a random access channel RACH, which is used

by the mobiles to request access to the system. The RACH logical channel is
unidirectional, shared, point-to-point, and acknowledged. All time slots on the
uplink are used for mobile access requests, either on a contention basis or on a
reserved basis. Reserved-basis access is described in U.S. Patent Application
No. 08/140,467, entitied *Method of Effecting Random Access in a Mobile
Radio System", which was filed on October 25, 1993, and which is incorporated
in this application by reference. One feature of RACH operation is that
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reception of some downlink information is required, whereby mobile stations
receive real-time feedback for every burst they send on the uplink. This is
known as Layer 2 ARQ, or automatic repeat request, on the RACH, and may be
provided by a flow of information called shared channel feedback on a downlink
sub-channel. ‘ '

| it may be important sometimes to be able to distinguish between the
BCCH slots and the SPACH slots within a superframe. For example, upon
being switched on, a mobile station does not know whiqh slots are BCCH slots
and which slots are SPACH slots. The mobile station needs' to find the overhead
information at the beginning of the BCCH section to be able to determine its
paging slot. Also, the boundary between the BCCH section and the SPACH
sectio_n may have changed for a variety of reasons. F?r example, if a system has
been using twelve slots of a thirty-two-slot superframe for the BCCH and wants
to use thirteen slots for the BCCii,- mobile stations assigned to the first paging
slot after the BCCH slots must be informed that they should monitor another
paging slot. |

According to one aspect of the present invention, one way to distinguish

between BCCH slots and SPACH slots is to use different cyclic redundancy
check (CRC) bits in these channels. For example, the CRC bits in the Layer 2
frames sent in the BCCH slots may be inverted, while the check bits in the
Layer 2 frames sent in the SPACH slots are not inverted. Thus, when a mobile
reads the CRC bits, it obtains an indication of the kind of slot it has read. Using
the check bits in this way is advantageous in some situations where it is
necessary to re-assign a mobile station to another paging slot. The mobiles could
obtain this information by decoding one or two bits that would identify the type
of slot being decoded, but at a cost of reduced bandwidth. In Applicants’
system, the mobile stations will recognize that something has changed when they
spot the inverted CRC bits, and in response they will re-read the F-BCCH,
including the new DCC structure and paging slot assignment.
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Furthermore, as illustrated in FIG. 8, the DCC logical channels may
include reserved channels that make the communication system more flexible:
new features, services, or functidns can be added at a later time without affecting
existing mobiles. According to this embodiment of the present invention, the
BCCH overhead messages include a field which indicates where the reserved
channels are located in the superframe. These reserved channels have a -
potentially wide variety of uses, such as carrying messages specific to a system
operator and/or mobile station manufacturer. While existing mobile stations may
not be able to use the new features described in the reserved channels, the
existing mobile stations will take t_he location and number of reserved slots into
consideration when determining the location of their respective paging channels.

The SPACH layer 2 protocol is used whenever a TDMA burst, or time
slot, is used to carry point-to-point SMS, paging, or ARCH information. A
single SPACH layer 2 protocoi frame is constructed so as to fit within a 125-bit
envelope. An additional five bité are reserved for use as tail bits, resulting in a
total of 130 bits of information carried within each slot assigned for SPACH

" purposes. FIGS. 10a-100 show a range of possible SPACH layer 2 protocol

frames under various conditions. A summary of the possible SPACH formats is
provided in the first table below. A-summary of the ficlds comprising layer 2
protocol frames for SPACH operation is provided in the second table below.
Similar frame formats are used for all SPACH channels such that all
frames have a common Header A. The contents of the Header A determirie
whether or not a Header B is present in any given SPACH frame. The
Header A discriminates among hard page frames (containing no layer 3
information), 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 Page). A Hard Quadruple
Page frame containing four 20-bit or 24-bit MSIDs can be sent on the PCH
(BU = Hard Quadruple Page).



PCON = PCH Conti nuati on ' 1
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0O = No PCH Continuation
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S-BCCH i nformati on. PFM =Pagi ng Franme Modifier 1 0 § Yse
assi gned PF —t—="05€ one

hi gher than assigned PF BT = Burst Type _ 3

000 = Single MSID Frane 18- '

001 = Doubl e MSI D Frane

8%8 - g;:aglr 5p:\/§| @gF rﬂ?ﬁ?{ﬁe L3 messages may be transmitted in one frame, or continued

100 = Cont i owee thargnframes. It is currently preferred that MSIDs are only carried within 101 =
ARQ Mode Begin

rames where BU = PCH, ARCH or SMSCH with the burst type (BT) = Single
MSID, Double MSID, Triple MSID, Quadruple MSID, or automatic
retransmission request ARQ Mode BEGIN. 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
preferably not allowed to continue beyond a single SPACH frame, although the
protocol allows for it. All other PCH messages may continue beyond a single
SPACH frame.

For non-ARQ-mode operation, the L2 SPACH protocol supports sending
a single L3 message to multiple MSIDs in addition to the fixed one-to-one
reiationship between MSI_Ds and L3 meséages. A Message Mapping field (MM)
is used to control this aspect of the layer 2 framé 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., the L2 header from a given SPACH
frame cannot wrap into another SPACH frame. An 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 a single SPACH frame. '

The following table summarizes the possible SPACH formats:
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= ARQ Mode Continue 111

= Reserved IDT = ldentity Type

2 00 = 20 bit TivSI
01 = 24 bit MN per |S-54B. REPLACEMENT SHEET
100 = 34 bit MN per |S-54B _
11 = 50 bit IMSI MSID = Mbile Station lIdentity 2Q0/24PR 187 bt
TvVSI 4/ 50 P4l bit M NI
34 bit MN | ]
G D=Goup ldentity 24/ 34/5 24 bit{MN 1
0 34 bit MN -19- 50 bit
I MSI MM = Message Mappi ng 1 0 = One instance of
L3LlI and = %%Fpem
I nst-ance off MsID. SMS PCH ARCH CAN BE CONTINUED (he
I nstance o“ %n%LJM%d v Y Y v
l Double MSID N Y. Y Y
|| Triple MSID N Y Y Y

Quadruple MSID N Y Y Y

Hard Triple Page (MIN) I N Y N N

Hard Quadruple Page N Y N N

(MINI)

Continue Y Y Y Y

ARQ Mode BEGIN Y N Y Y

ARQ Mode CONTINUE | Y. N Y Y

Group ID Y Y Y Y

FIG. 10a illustrates the SPACH Header A according to one embodiment
of the present invention. The SPACH Header A contains burst usage (BU)
information and flags fof'managing mobile stations in a sleep mode. The BU
field prowdu a lugh-level indication of burst usage Acoordmg to the present
mvennon, the operation performed on each SPACH channel isnot
predetemuned 'I'heBUﬁeldmdwat&swhethetﬁleburstxsbangusedfor _
paging, access:response, orshortmmsagesemc& Theﬂagsmdxmtechang&s
in sleep mode conﬁgurauon as well as in broadcast control charinel mformatlon,
This header is always present in all possible SPACH frame types. .

FIG. 10b illustrates the SPACH Header B according to one embodiment
of the present invention. The SPACH Header B contains supplementary header
information used to identify the remaining contents of the layer 2 frame. This
header is present when Héader A indicates a burst usage of type PCH, ARCH or
SMSCH. In one alternative, the bit used for the offset indicator OI shown in
FIG. 10b as part of the Header B may be used as a SPACH response mode SRM
indicator, i.e., as information about the layer 2 access mode (contention or
reservation) to be used in the next access attempt made by the receiving mobile
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station. The SRM indicator indicates how a mobile is to respond once it has
received all frames associated with a given SPACH message.

FIG. 10c illustrates & Null Frame. The Null frame is sent when
necessary by the cellular system when there is nothing else to be transmitted for
any given SPACH burst. The Null Frame also contzins a Go Away GA flag
which will be described below.

FIGS. 10d, 10e illustrate a Hard Triple Page Frame and a Hard
Quadruple Page Frame. A Hard Triple Page is a single frame page message
containing three 34-bit MINs. A Hard Quadruple Page is a single frame page
inessage containing four 20-bit or 24-bit MINs as determined by the mobile
station identiiy type. |

' A Single MSID frame, as illustrated in FIG. 10f, is used for starting the
delivery of ARCH or SMSCH L3 messages in a non-ARQ mode. In addition,
this frame may also be used for Qending L3 PCH messages (pages or otherwise),
which are non-ARQ by definition. Page messages sent using 2 Single MSID
frame cannot be continued into another frame. |

If an ARCH or SMSCH L3 message is 00 long to fit into a Single MSID

,frame then the remammgLS information is carried using additional CONTINUE
framies or MSID frames as necessary. Ifa complete ARCH or SMSCH L3
message does fit within a Single MSID frame, it is padded with filler, i.e., bits
having a predetermined value hke zero, as necessary. ,

If a non-page PCH L3 message is too long_ to fit into Single MSID'frame
then the remaining L3 information is carried using additional CONTINUE frames
or MSID frames as necessary. If a complete PCH L3 message does fit within a
Single MSID frame, it is padded with FILLER as necessary. A Double MSID

'frame, as illustrated in FIG. 10g, is used for starting the delivery of two ARCH
messages in a non-ARQ mode or two PCH L3 messages. The number of MSIDs
is indicated in the BT field with the same IDT format used for both instances of
MSID. Page messages sent using a Double MSID frame cannot be continued
into another frame. FIG. 10h shows a. Double MSID frame with continuation.
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A Triple MSID fram5e,5as 1llustrated in FIG. 10k, is used for starting the
delivery of three ARCH L3 messages in a non-ARQ mode or three PCH L3
messages. The number of MSIDs is indicated in the BT field with the same
mobile station identity type format used for all instances of MSID. Page
messages sent using a Triple MSID frame cannot be continued into another

- frame. A Quadruple MSID frame is used for starting the delivery of four ARCH

L3 messages in non ARQ mode or four PCH L3 messages. The number of

MSID:s is indicated in the BT field with the same mobile station identity type
format used for all instances of MSID. Page messages sent using a Quadruple
MSID frame cannot be continued into another frame.

A CONTINUE frame, as mustrated in FIG 101, is used for continuation
of the L3 messages which are too long to fit into the previous frame. Note that a
L2 header which is specxﬁc to any given SPACH frame must always be carried
entirely within that frame (i.e., the L2 header associated with a given SPACH
frame is not completed by using a subsequent SPACH frame)

An ARQ Mode BEGIN frame, as illustrated in FIG. 10m, musedfor
starting the delivery of a L3 ARCH or SMSCH message in the ARQ mode. The
‘ARQ Mode BEGIN frame contains only one MSID within its L2 header as well
as a portion of the L3 message itself. If the L3 message is 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 as necessary.

The PE field in conjunction with the transaction identifies TID field
identifies the transaction initiated by the ARQ Mode BEGIN frame and serves to
associate any subsequent ARQ Mode CONTINUE frames with this same
transaction. An ARQ Mode BEGIN frame has an implicit frame number FRNO
value of zero associated with it.
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7 The 7 least significant bits of the nobille station |S- 54k

MN. TID = Transaction ldentity 2 ' _
ARQ node transaction 22- IS
being transmtted on the ARCH or SMSCH.  FRNO = Franme Nunber
5 VNl QR YARQGAMGuE CONTRGOE frimé." &' Bfbstrated in FIG. 10n, is used -

sent in support of an ARQ no transaction

for continuing a L3 ARCH or SMSCH message which is too long to fit into the
previous ARQ Mode frame (BEGIN or CONTINUE). The frame number FRNO
field identifies the CONTINUE frames within the context of the overall L3
message. The FRNO field value is incremented for each CONTINUE frame sent
in support of a given transaction (i.e., multiple CONTINUE frames may be sent
to complete the transaction initiated by the ARQ Mode BEGIN frame). The
ARQ Mode Continue frame is also used to repeat any previously sent ARQ
Mode CONTINUE frames received incorrectly by the mobile station.

According to one embodiment of the present invention, a group identity
field (GID) can be included in the SPACH layer 2 protocol. The group identity
field indicates that a mobile is part of a group. By using this group identity, the
communication system can page the entire group using one page. A Group ID
frame is illustrated in FIG. 10o. "The Group ID frame is used for starting the
delivery of ARCH or SMSCH L3 messages in a non-ARQ mode. In addition,

. this frame may also be used for sending L3 PCH messages (pages or otherwise),
- ‘which are non-ARQ by definition. Page miessages seat using a Group ID frame

cannot be continued into another frame. If an ARCH or SMSCH L3 message or
a non-page PCH L3 message is too long to fit into a Group ID frame, then the
remaining L3 information is carried using an END frame or additional
CONTINUE frames as necessary. If a complete ARCH or SMSCH L3 message
ora non-page PCH L3 message does fit within a Group ID frame, it is padded
with filler as necessary.

According to another embodiment of the present invention, a go-away flag
GA can be included in the SPACH layer 2 protocol for example in the Null
Frame illustrated in FIG. 10c. The GA flag can be used by the cellular system
to indicate that the mobile stations should not attempt to use a certain cell. Fir
example, this would permit a System operator to test a base station without risk
of mobile stations trying to lock onto it.

The following table summarizes the SPACH Layer 2 Protocol fields:
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pol ynom al as |S-54B (includes DVCC Accor n%PE&ﬁWﬁﬁESB
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Field Name Length (bits) | Values

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

100 = SMSCH Burst
101 = Reserved

110 = Reserved

111 = Null

PCON = PCH Continuation 1 0 = No PCH Continuation
1 = PCH Continuation,
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.

BT = Burst Type 3 000 = Single MSID Frame
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

PFM = Paging Frame Modifier 1 0 = Use assigned PF
1 1 = Use one higher than assigned PF

| IDT = Identity Type 2 00 = 20 bit TMSI

| 01 = 24 bit MINI per IS-54B
| 10 = 34 bit MIN per IS-54B
. 11 = 50 bit IMSI

| MSID = Mobile Station Identity 20/24/3 | 20 bit TMSI

: 4/50 24 bit MINI
34 bit MIN
S0 bit IMSI

| GID = Group Identity ' 24/34/5 | 24 bit MIN 1
0 34 bit MIN
50 bit IMSI

MM = Message Mapping 1 0 = One instance of L3LI and
L3DATA per instance of MSID.
1 = One instance of L3LI and
L3DATA for multiple MSIDs.
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Ol = Offset Indicator
or

SRM = SPACH Response Mode

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

0 = Next access attempt made on
RACH to be contention-based.
1 = Next access attempt made on
RACH to be reservation-based.

CLI = Continuation Length Indicator

Number of bits remaining in the
previous L3 message.

|
|
|
l
i
|
\
|
}

GA = Go Away

0 = cell not barred

Indicates if the cell is barred
1 = cell barred

L3LI = Layer 3 Length Indicator

L3DATA = Layer 3 Data

Variable

Variable length layer 3 messages
supported up to a maximum of 255
octets.

Contains a 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
ZEr0S.

PE = Partial Echo

The 7 least significant bits of the
mobile station IS-54B MIN.

TID = Transaction Identity

Indicates which ARQ mode transaction
is being transmitted on the ARCH or
SMSCH. )

| FRNO = Frame Number

Uniquely identifies specific frames
sent in support of an ARQ mode
transaction.

| FILLER = Burst Filler

Variable

All filler bits are set zero.

CRC = Cyclic Redundancy Code

16

Same Generator polynomial as 1S-54B |
(includes DVCC)

e eneomes ettt e——————— e e me— e e e e ] |

According to the present invention, the mobile station can be in any of a
plurality of states. For example, a mobile station would be in a "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 would be in a "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 would be

in a "more units" state if there are more units associated with the same access

event pending for transmission. The mobile station would be in a “after last
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preferred information format in the sl@ss of the forward DCC i s shown in
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bi ts sent 'nz%l?ulﬁ'YNC field are used in a conventional way to hel p ensure
accurate r&¢% ‘of the CSFP and DATA

The layer 2 protocol also provides for a plurality of flags. Forward
shared control feedback (SCF) flags are used to control the reverse channel, i.e.,
the RACH, as noted above. These SCF flags are a BRI flag, a R/N flag, and a
CPE flag that are interleaved and transmitted in two fields in each downlink slot
(layer 1); the total length of the two fields is twenty-two bits. A preferred
information format in the slots of the forward DCC is shown in FIG. 11. This
format is substantially the same as the format used for the DTCs under the IS-
54B standard, but new ﬁnnctionalities are accorded to the fields in w_:h slot in
accordance with Applicants’ invention. In FIG. 11, the number of bits in each
field is indicated above that field. The bits sent in the SYNC field are usedin'a
conventional way to help ensure accurate reception of the CSFP and DATA
fields, and the SYNC field would be the same as that of a DTC according to IS-
54B and would carry a predetermined bit pattern used by the base stations to find

. the start of the slot. The CSFP field in each DCC slot conveys a coded '
superframe phase (SFP) value that enables the mobile stations to find the start of
each superframe.

The busy/reserved/idle (BRI) flag is used to indicate whether the
corresponding uplink RACH slot is Busy, Reserved or Idle for reserved-basis
accesses, which is described in U.S. Patent Application No. 08/140,467. Six
bits are used for these flags and the different conditions are encoded as shown in
the table below: .

N1 Sﬁ"ﬂ?ﬁ
f eedba k

| Reserved o | o 1 1 1 1

“ Idle 0 0 0 0 0 0




fi.el ds,
| S- 54B and woul d carry a predeterm ned bit pattern u
stations to find the start of the slot. The CSFP fi el
conveys a coded superfranme phase (SFP) val ue that enabl
stations to find the start of each superfrane. The

and the SYNC field would be the sane as that of a DIC according to
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the tabl e bel ow BRI[err] BRI[err] BRI[err] BRI[err] BRI[err]
BRI [err] Bhs yeceived/not recelved (RIN) flag is uded to indicate whether orlnot 0
0 Reserved 1 1 1 1
I dl e the base statipn received tbe last transrmtted burst. A ﬁve—tmesorepeuuon cqgle
is used for encoding this flag as shown in the table below:
R/N, R/N, R/N, R/N, R/N,
Received 1 1 1 1 1
Not Received 0 0 0 0 0

According to the present invention, partial echo information is used to
identify which mobile station was correctly received after the initial burst of
random access and/or which mobile station is intended to have access to the
reserved slot. For example, the seven least significant bits of an IS-54B-type
MIN can be assigned as the partial echo information, and these are preferably
encoded in a manner similar to the manner in which the digital verification color
code (DVCC) is encoded under IS-54B, i.e., a (12,8) code, producing eleven bits
of coded partial echo information. |

The following table shows how the mobﬂe decodes received flags
" according to the layer 2 state. Note that only the flags relevant to the layer 2
state are shown. In the “start random access” state, the BRI flag is the only
relevant flag. During a multiburst message transmission, both the BRI and R/N
flags are relevant. In the summary in the following table, b; is the bit value.

Busy
111100 001111 000000 11111 00000 -
Start random N/A N/A
access Idzemzb <2AND2b<2
[}
Start reserved Reserved IF < 3 bits difference to N/A N/A
access Reserved flag code value
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More units Busy IF < 4 bits difference to Busy flag ; s
code value E b24 2 b<4

[ =]

After last burst Busy IF < 4 bits difference to Busy flag s s
‘ code val_ue | Y 524 Y b<4

. =l [}

The mobile. station interprets a received coded partial echo value as
having been correctly decoded if it differs by less than three bits from the correct

coded partial echo (CPE). This is referred to as PE match.

A mobile station is allowed a maximum of Y+1, where Y=(0, 1, ..., 7)

transmission attempts before considering the attempt to transfer a message as a
failure. The random delay period used in the mobile station after a Not Idle
 condition or after a transmission attempt is uniformly distributed between zero
msec and 200 msec with a granularity of 6.667 msec (the duration of a time

slot). A mobile station is preferably not allowed to make more than Z

- consecutive repetitions of an individual burst, where Z=(0, 1, vey

3).

According to one embodiment of the present invention, the BMI (base
station, mobile switching center and interworking function) can page a mobile
station by using SPACH Notification and thereby save much system bandwidth in
some situations. For example, when a SPACH message is to be delivered to a
mobile in the system illustrated in FIG. 1, all ten base stations woulci transmit it
since the system would generally not know in which cell the mobile was located.
If the SPACH message required a total of ten slots to transmit, 100 slots would
be used by the system to send the SPACH message, ten slots per base station.

To avoid this waste, a SPACH Notification message would be broadcast
in all ten cells, or whatever the appropriate number of cells for the mobile station
happened to be, rather than the entire SPACH message. In essence, the SPACH
Notification message asks the mobile station if it is able to receive a message.
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In addition, the SPACH Notification message may also indicate what type
of SPACH message will be sent to the mobile station. For example, if the
mobile station receives a SPACH Notification which indicates that an SSD
(Shared Secret Data) Update is coming, the mobile station issues a response
containing a SPACH confirmation and starts a timer. The BMI then transmits
the SSD Update Order message. Upon receipt of the message, the mobile stops
the timer and enters the SSD Update Proceeding State. However, if the timer
expires prior to receiving the SSD Upda'te Order message, the mobile returns to
the DCCH camping state. The SPACH Notification could also be used to notify
the mobile that a SMS message is comiﬁg.

In another aspect, the system may dynamically assign temporary mobile
station identities (TMSIS) to the mobile stations. Such a TMSI would be a 20-bit
or 24-bit MSID sent by the system over the air interface to a mobile. The TMSI
would be used by the network to page or deliver a message to the corresponding
mobile station on the SPACH, and the TMSI would be used by the mobile station
to make accesses on the RACH

Using 20-bit TMSISs i increases the paging mpaclty in comparison to using
24-bit TMSIS at the expense of reducing the address space, i.e., the number of
mobiles that can be paged, in the same way that using 24-bit MSIDs increases
paging capacity in comparison to using 34-bit MINs (compare FIG. 10e to
FIG. 10d, for example). As seen from FIG. 10e, a single layer 2 paging frame
can carry five 20-bit TMSISs, or pages, instead of four 24-bit TMSIs (or MSIDs).
By providing a plurality of TMSI formats, one has the flexibility to trade off
address space for paging capacity. |

| It is currently preferred that the BMI assign a TMSI to a mobile in
response to the mobile’s registration, in which case the TMSI can be provided in
an information element called MSID Assignment that is included in a



st.ate are shown. In the "start random access" state, the BRI flag is the
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only relevant flag. During a nultiburst nessage trans
and R/N flags are relevant. In the summary in the foll

s the bit val ue. Layer 2 State . Busy/ Rgsdrvetttdte

Recei ved/ Not Recei ved Busy Rederjve dl

Recei ved Not 55 APR 199

recei ved 1111100 001111 00Q0as

00000 Start random INA
access Idle | F [ 9] Start | F
< 3 bits difference to NA N A access ' Reserved flag code
val ue Registration Accept message sent on the SPACH. Advantageously, the mobile

station would treat the assigned TMSI as valid until it is switched off or until it
decides to carry out any of the following system accesses: a new system
registration; a forced registration; a power-up registration; a TMSI timeout
registration; a deregistration registration; or the fjrst system access of any kind
made after receiving varigus othef messages, such as a registration reject
message. A mobile station assigned a TMSI in a registration accept message sent
by the BMI using ARQ mode advantageously would only treat the assigned
TMSI as valid if the ARQ transaction were completed successfully from a layer 2
perspective.

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 apﬁlication contemplates any and all modifications that fall within the
spirit and ‘scope of the underlying invention disclosed and claimed herein.
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We claim:
. A method for transmitting information in a cellular communication

system with a layer 2 protocol, comprising the steps of:

dividing a frame into a plurality of sections including a header section;
and '

coding said header section so as to identify what type of information is in
said frame.

2. A method according to claim 1, wherein said frame can be used
for paging, access response, or short message services.

3. A method for discriminating between a broadcast control channel
and SPACH channels in a superframe in a cellular communication system with a
layer 2 protocol, comprising the steps of:

assigning a first cyclic redundancy check to said SPACH frames; and

assigning a second cjrclic 'redundancy check to said broadcast control
channel frames, wherein a mobile station distinguishes between said frames by
examining said cyclic redundahcy checks.

4. - A method according to claim 3, wherein said second cyclic
redundancy check is said first cyclic redundancy check inverted.

S. A method for paging a plurality of mobile stations in a cellular
communication system, compnsmg ‘the steps of:

’ assigning said plurahty of mobile stations a user group 1denuﬁcauon code;

and

broadcasting a paging message containing said user group identification
code in layer 2 protocol overhead information for said paging message.

6. A method for providing reserved channels in a layer 2 protocol in
a cellular communication system, comprising the step of:

providing a field in broadcast control channel overhead messages, wherein
said field indicates where the reserved channels are located within a superframe.

7. A method for prohibiting a mobile station from using a cell in a
cellular communication system comprising the steps of:

||IIl|I| |||I|l III|| l||l| || \|I|
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indicates whether the mobile station is barred form using the cell; and

enabling said flag. .

8. A method according to Elaim 7, wherein said flag is a go away
flag. . |

9, A method for sending a message to a mobile station in a cellular
communication system, comprising the steps of:

" broadcasting a page for said mobile station in a plurality of cells, wherein
said page asks the mobile station if the mobile station can receive a message,
said page also indicating to the mobile station what type of message is going to
be transmitted;

transmitting an acknowledgement from said mobile station to a base
station when said mobile station can receive said message;

determining in which cell the mobile station is located in by examining

said acknowledgement; and

sending said message to said mobile station in the cell the mobile station
is located in. '

10. A method according to claim 9, wherein said page is a SPACH
notification.

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

means for receiving signals from said cellular system, wherein a plurahty
of frames are contained within said signals; and

means for distinguishing between different types of frames by examining
cyclic redundancy checks assigned to each frame by said cellular system.

12. A mobile station according to claim 11, wherein a first cyclic
redundancy check is assigned to SPACH frames and a second cyclic redundancy
check is assigned to broadcast control channel frames.

. 13. A mobile station according to claim 12, wherein said second cyclic
redundancy check is said first cyclic redundancy check inverted.

R ORI
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of frames;

means for transmitting a plufality of different frames using a layer 2
protocol to said mobile -sﬁtions, wherein said mobile stations distinguish between
said different frames by examining said cyclic redundancy checks.

15. A cellular communication system according to claim 14, wherein a
first cyclic redundancy check is assigned to SPACH frames and a second cyclic
fedundancy check is assigned to broadcast control channel frames.

_ 16. A cellular communication system according to claim 15, wherein
said second cyclic redundancy check is said first cyclic redundancy check
_inverted. o __

17. A cellular commuhicaﬁon system using a layer 2 protocol with a
plurality of mobile ‘stations and at least one base station, comprising:

means for transmitting and receiving signals, wherein a plurality of
frames are contained within said signals;

means for dmdmg a frame into a plurality of sections including a header
section and an information section; and

means for coding said header section so as to identify what type of
information is in said frame. | |

18. A cellular communication system abcording to claim 17, wherein _
said frame can be used for paging, access response, or short message services.

19. A cellular communication system according to claim 17, wherein
said frame is a SPACH frame.

20. A cellular communication system with a plurality of mobile
stations and at least one base station, comprising:

means for assigning a group of mobile stations a user group identification
code;

1L o

i on



REPLACEMENT SHEET : -28- \Wen the
nobil e station responds _(on the RACH), the BM can detErjin ql |
- P DB bR

t he nohile-stati I's | ocated _ e S dh
that cell's base pabrRepaced ” TS SHiRET A BEENe|| SPAQH [Not i fi cati on
messagéh emm\immmﬁ what ||t ype BEPGERAER nmesspge W RS APR 1993 tihe

mobi | e st le, if tThe nobrte statron reckiles a SPACH
Noti fi cati I cates that an SSD '

-33-
means for storing said user group identification code in said mobile
stations; and
means for broadcasting a paging message containing said user group
identification code in layer 2 protocol overhead information of said paging
message. '
31. A mobile station for use in a cellular communication system,
comprising:
means for storing a user group identification code, said user group
identification code identifying said mobile station as being a member of a group
of mobile stations;
means for receiving a paging message -containing a user group
identification code in layer 2 protocol overhead information;
means for comparing said stored user group identification code with said
received user group identiﬁcatiori code; and
means for responding to said paging message when said user group
identification codes match.
22. A method for providing channels in a layer 2 protocol in a cellular
communication system, comprising the steps of:
dividing a superframe into a plurality of different types of channels; and
providing fields in broadcast control channel overhead messages, wherein
said fields indicate boundaries between the different types of channels in the
" superframe. ' |
23. A method according to claim 22, wherein said superframe is
. divided into broadcast control channels and SPACH channels.
24. A method according to claim 22, wherein said superframe is
divided into broadcast control channels, reserved channels and SPACH channels.
25. A cellular communication system using a layer 2 protocol,
comprising:
means for dividing a superframe into a plurality of different types of
channels; and

-
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contai ning a SPACH Frmation and starts a tinmer. The T ts
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t
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to the ate. Th !
notify I'l'e that a SM5S nmessage i s com ng.
the system may dynamically assign tenporary nobile stiiion.identities
(TMSIs) to the nobile stations. Such a33Vsl would be a 20-bit or 24-bit
MSI D sent by the systemover the air interface to a nobile. The TMSI woul d
be used by the meanifdr indicatmgbaunddries betwean thesdiffgeent sypascofcbarralpithdi ng
nobil e station on the SPACH, and the TMSI woul d be used by the nobile

station tothﬁéléﬁe_ sses on the RACH Usi ng 20-bit TMSIs increases
the paging capagity i QRIREdmAlnicatots sydn? 4oddirding W5lctaint 25,hehensimense of
reduci ng the address space, I.e., the ndnber of nobiles that can be paged,

in the sanfieldsyn bradcasticogtrakichznnel\vretheadmessagasdndicate the boundaries
between the different types of channels.
27. A cellular communication system according to claim 25, wherein
said superframe is divided into broadcast control channels and SPACH channels.

28. A cellular communication system according to claim 25, wherein
said superframe is divided into broadcast control channels, reserved channels,
and SPACH channels. '

29. A cellular communication system with a plurality of mobile
stations and at least one Base. station, comprising:

means for broadcasting a page for-a mobile station in a plurality of cells,
wherein said page asks the mobile station if the mobile station can receive a
message, said page also indicates to the mobile station what type of message is
going to be transmitted;

means for transmitting an acknowledgement from said mobile station to a
base station when said mobile station can receive said message;

means for determining in which cell the mobile station is located in by
examining said aclnio’wledgement; and . s

means for sending said message to said mobile station in the cell the
mobile station is located in. -

30. A cellular communication system according to claim 29, wherein
said page is a SPACH notification. '

31. A cellular communication system according to claim 29, wherein
the broadcasting means dynamically assigns temporary mobile station identities
(TMSIs) to the mobile stations and sends the TMSIS to the respective mobile
stations, wherein the TMSIs each have a predetermined length.

L
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32. A cellular communication system according to claim 31, wherein

the broadcasting means broadcasts pages that are organized in paging frames, and

each paging frame carries four TMSIs.
33. A cellular communication system according to

claim 31, wherein

the broadcasting means broadcasts pages that are organized in paging frames, and

each paging frame carries five TMSIs.

34. A method for transmitting information in a cellular communication

© system with a layer 2 protocol, comprising the steps of:

dividing a frame into a plurality of sections including a header section;

and

coding said header section so as to identify an access mode to be used by

a mobile station in its next access attempt.
35. A method according to claim 34, wherein said

header section is

coded so as to identify one of a contention-based access mode and a reservation-

based access mode.
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A method for transmitting messages using an efficient
communication link protocol ovef an air interface of a cellular
communications system (Fig 7) is disclosed. A frame in the
protocol is divided into a bluxality of sections including a
header section (BU) and data section (DATA) . The header section
contains a field which indicates what type of information is

contained in the frame.

Figure 8
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1. -- Anethod for transmtting information in a cellular conmunication
systemwi th a | ayer 2 protocol, conprising the steps of " a
frane into a plurality of sections including a header seth%ﬁ@Eghﬁ*%hﬂgT .
codi ng said header section so as to identify what type ¢f finformation i$ {n
said frane, wherein said frane can be used for paging, gc¢esEsrARRAGSE, |of.
short nessage services. 2. A nethod fgpgdiscrimnatiing between a
broadcast control channel and short-nessage-servi ce/ pagi|ngtracctess channel §,
SPACH channel s, in a superfrane in a cellular comunicatli ons system mLLhJ
| ayer 2 protocol, conprising the steps of: dividing a frame into a
plurality of sections including a header section;
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communi cati on system conprising the steps of: divfﬁﬁggqﬁﬂﬁéﬂfr+7¢1r-
a plurality of sections including a header section; H i §HEET

header section so as to identify what type of informationf ijs in said frare;
providing a flag in a frane in a |layer 2 protocol, whereijn sagQ;ﬁngpgy
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enabling said flag. 5. A nmet hod according to claim4, annﬂaﬂT-sard—++ag

is a go away fl ag. 6. ©~ A cellular commugjgcation systepwith a plurality
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means for coding said header section so as to identify what type of
information is in said frane; nmeans for assigni ng—drffer: C
redundancy checks to different types of frames; n%akbpgme gﬁééTc
transmtting a plurality of different franes using a |layer{ 2 protocol t _
said nobile stations, wherein said nobile stations distijngui 9i5 APRWMIOT daild
different frames by exam ning said cyclig/medundancy checkls, wherein a
first cyclic redundancy check is assigned to SPACH frangs 'amd—a—second
cyclic redundancy check is assigned to broadcast control| channel franes,
and sai d second cyclic redundancy check is said first cyclic redundancy
check inverted. 7. A nobile station for use in a cellular conmunication

system according to claim®6 conpri sing: means for receiving signals
fromsaid cellular system wherein a plurality
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1. Amethod for transmitting information in a cellular communication system

with a layer 2 protocol, comprising the steps of:

'dividing a ffafne_ihto a plurality of sections including a header section;
and | :
coding $éid header section so as to identify 'whét type of information is in
said frame, wherem said frame can be used for. pagmg. access response, or
short. message servxces '

2. - A_methcd for discrirriinatihg between a broadcast control channel and
short-message-service/paging/access channels, SPACH channels, in a
superfrarﬁe'in a cellular communications system with layer 2 protocol,
comprising the steps of: | '
dividing a frame into a plurality of sections including a header section,
.c_:odl_ng said header section so as to identify what type of information is in
said frame;
assigning a first cyclic redundancy check to SPACH frames; and
'assigning a second cyclic redundancy check to broadcast control
channel frames, wherein a mobile station distinguishes between said SPACH
and broadcast control channel frames by examining said cyclic redundancy
checks, wherein said second cyclic redundancy check is said first redundancy

check inverted.

3. A method for paging a plurality of mobile stations in a cellular
communication system, comprising the stéps of:

dividing a frame into a plurality of sections including a header section;

coding said header section so as to identify what fype of information is in
said frame;

assigning said plurality of mobile stations a user group identification
code; and o

broadcasting a paging message containing said user group identification

) ) 0



33 identification code in layer 2 protocol overhead idf RE%MEMFN&S%%M
pagi ng nessage. .11. A nobile station for use in a cégl jul ar conmuni cat ifon
system according to claim 10 conpri sing: . means flof s28rAUd Bo8Iser
group identification code, said user group identificatijop code identifyipg
said nobile station as being a nenber of g4 group of nobile statTons,—

code in layer 2 pio'to'col overhead information for said paging message.

4. A method for pfdhibiting a mobile station from using a cell in a cellular

communication system comprising the steps of: ,'
dividing a fréme into a plurality of sactions in¢luding a header section;
coding said header section so as to |dent|fy what type of information is in

said frame, _ _

prov;dmg a flag in a frame in a layer 2 protocol, wherein said flag

indicates whether the mobile statson is barred from using the cell; and |
enabling said ﬂag

5. A method according to claim 4, wherein said flag Is a go away flag.

6. A cellular communication system with a plurality of mobile stations and at
least one base station, comprising:

means for dividing a frame into a plurality of sections including a header
sectaon,

means for coding said header sectlon so as to identify what type of
information is in said frame; '

means for assigning different cyclic redundancy checks to different types
of frames; | |

means for transmitting a plurality of different frames using a layer 2
protocol to sald mobile stations, wherein said mobile stations distinguish
between said different frames by examining said cyclic redundancy checks,
wherein a first cyclic redundancy check is assigned to SPACH frames and a
second cyclic redundancy check is assigned to broadcast control channel
frames, and said second cydlic redundancy check is said first cyclic redundancy
check inverted.

7. A mobile station for use in a cellular communication system, according to
claim 6 comprising: '
means for receiving signals from said cellular systam, wherein a plurality

HIIlIIl \l\l\l IIII! I IIII




means for receiving a pagi ng nessage containing a user §r ' FYar TaGak bn
TACERIEE, SHER

code i'n | ayer 2 protocol overhead:-infornation; _ mejn
said stored user group identification code with said regefved user group
i dentification code; and means for responding to pafd 28AUG 98Sshgk

when said user group identification codesggatch. - 12. } Ajnethod for
provi ding channels in a layer 2 protocol in a.cellular go nrcacion

system conpg{ Sl t f. Sdividing,a framepinto a plurality pf
sections i nc&u@é&‘%saar}ﬁe%&ggﬁgggmm?a‘_d S'QX-a'éo_aﬁ‘i‘.g sai d header section so as
to identify what picestior distingiRshirbetwddh Giffeferititgpes of framesliby ékdrflining
downl i nk superframe into broadcast control channelS, reserved channels and
shor t - messageyalier tedindrnayngheeks: assignadnta eacariame by gaidvealiuigr fsyster, i n
broadcast cqphpplin Cé‘?ﬁ&eéyﬁfﬁe_%?ﬂaﬂsi%ﬂ%ﬁ’is assigned to SPACH frames and a
second cyclic redundancy check is assigned to broadcast ‘control channel
frames, and said second cyclic redundancy check is. said first cyclic redundancy

check inverted.

8. A cellular communication system ‘using a layer 2 protocol with a plurality
of mobile stations and at least one base station, comprising: .

means for transmitting and receiving signals, wherein a plurality of frames
are contained within said signals; |

means for dividing a frame into a plurality of sections including a header
section and an information section; and |

means for coding said header section so as to identify what type of
information is in said frame, wherein said frame can be used for paging, access
response, or short message services. | o

8. A cellular communication system according to claim 8, wherein said
frame is 2 SPACH frame.

10. A cellular communication system with a plurality of mobile stations and at
least one base station, comprising: o ' ,

means for dividing a frame into a plurality of sections including a header
section; ) :
means for coding said header section so as to identify what type of
information is in said frame; '

means for assigning a group of mobile stations a user group identification
code; '

means for storing said user group identification code in said mobile
stations; and

means for broadcasting a paging message containing said user group

e ——
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super f rane.
pr ot ocol ,

conpri si ng: means for dividing a frame i
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13. A W rel ess communi cati on system usi ng. a I ayer
r: n| il al | tv

wherein said fields indi cate boundari es between the broad U comtrots
reserved, and short - rressage servi ce/ pagi ng/ access channelfs fin sygoi%lj

sections including a header section; - 83 neans for codi ng sai d header

‘'section so as to |dent|fy what type of information is in saro framer—

k
f

‘identification code ln layer 2 protocol overhead information of said pagmg
message.

1. A mobale station for use in a cellular commumcatlon system, accordmg to

* claim 10 comprlsmg

means for stonng a user group identification code, said user group
ldentn‘lcatlon code ldentn‘ymg said mobile statlon as being a member of a group
of mabile stattons. _ _
~.means for receiving a paging message containing a user group
identification code in layer 2 protocol overhead Information; |

means for comparing said stored user group identification code with said

received user group identification code; and
 means for responding to said paging message when said user group
identification codes match. |

1'2. A method for pfovidi_ng channels in a layer 2 protocol in a cellular

_communication system, comprising the steps of:

dividing a frame into a plurality of sections including a header section;

cdding said header section so as to identify what type of information is in
said frame; | |

dividing a downlink superframe into broadcast control channels, reserved
channels and short-message-service/paging/access channels; and

providing fields in broadcast control channel overhead messages,
wherein said fields indicate boundaries betWéen the broadcast control,
reserved, and short-message-service/paging/access channels in the downlink
superirame. |

13. A wireless communication system using a layer 2 protocol, comprising:
means for dividing a frame into a plurality of sections including a header
section;
means for coding said header section so as to identify what type of
information is in said frame; '

Hll\ll\ \\\l\\ |||l\ \\l\l \\ \||\
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channel s, reserved channel s, and short-nessage-services p&&gg&gﬁccess
channel s; and means for indicating, in layer 2 Jnfo

-boundari es between broadcast control, reserved, and '
short - message- servi ce/ pagi ng/ access charfifel s in the downlink super f rang.

14.

REPLACEMENT SFEET
means for di viding a downlink superframe info trjo

| ds

A cel lul ar comuni cation system according to cl

in broadcast CO%é&hsCmnaﬁhdmgelah%dvrnm%ﬂgémwecam tHrpabiedst acormrol
between the di-fferent types of channels.

channels, reserved channels, and short-message-services/paging/access

channels; and
means for mdwatmg, in layer 2 information, boundanes between

broadcast gpntrql,_[_e_sgrved, and shorl-m-ess_age-.servnce/pagmg/access
“channels in the downlink superframe.

14. A cellular communication system according to claim 13, whereln fields in
broadcast control channel overhead messages indicate the boundaries
between the different types of channels.

18. A method for transmitting information in a cellular communication system
with a layer 2 protocol..comprisfng the steps of:

divid_ing a frame into a plurality of sections including a header section;
and |

coding said header section so as to identify an access mode to be used
by a mdbile station in its next access attempt after the mobile station has
received all frames associated with a short?messagé-servic_e/paging/access
channel message. '

16. A method according to claim 15, wherein said header section is coded so
as to identify one of a contention-based access mode and a reservation-based
access mode. )

17. A method for providing channels according to 'claim 12, wherein different
cyclic redundancy check fields are used to indicate the boundaries between the
channels in the downlink.

18. A wireless communication system according to claim 13, ‘wherein

different cyclic redundancy check fields are used to mdlcate the boundaries
between the channels in the downlink superframe.

L



15. . A method for transmtting information in a

systemw th a layer 2 protocol, cottpfi s$iig the: iding a
frame into a plurality of sections including a hepder sectTom

codi ng said header section so as to identify. an accgﬁg QE@ 50 [bg used by a
nmobil e station in its next access attengg afterjthe lﬁ atfi qn has
received all franes associated wth a short-nmesfsal ' i g/ access
channel nessage. 16. A nethod accogﬂ%&gAE@ | ai m 15, wherein dqaid header
section is coded so as to identify on a contentrombas 4SS node

and a reservatiopabgged BRGPSSofPHE A CELLULAR COMMUNICATION SYSTEM

A method for transmitting messages using an efficient
communication link protocol ovef an air interface of a cellular
communications system (Fig 7) is disclosed. A frame in the
protocol is divided into a plurality of sections including a
header section (BU) and data section (DATA). The header section
contains a field which indicates what type of information is
contained in the frame.

Figure 8



17. *”A neY hod for provi di ng channels ac
di fferent cyclic redundancy check fiel ds
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