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{54) Title: DIGITAL CONTROL CHANNELS HAVING LOGICAL CHANNELS FOR MULTIPLE ACCESS RADIOCOMMUNICA­
TION 

(57) Abstract 

A communications system in which information is transmitted in 
successive time slots grouped into a plurality of superframes which are, 
in tum, grouped into a plurality of hyperframes. A remote station (120) is 
assigned to one of the time slots in each of the superframes for paging the 
remote station, each hyperframe including at least two superframes, and 
the infonnation sent in the assigned time slot in one superframe in each 
hyperframe is repeated in the assigned time slot in the other superframe(s) 
in each hyperframe. Each superframe can include a plurality of time 
slots used for sending paging messages to remote stations, grouped into 
a plurality of successive paging frames, and the time slot to which the 
remote station is assigned is included once in every paging frame. Also, 
each superframe may include time slots comprising a logical channel for 
broadcast control information and time slots comprising a logical paging 
channel. 
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DIGITAL CONTROL CHANNELS HA VINO LOGICAL CHANNELS 
FOR MULTIPLE ACCESS RADIOCOMMUNICATION 

The disclosure of U.S. Patent Application No. 08/147,254 entitled "A 

Method for Communicating in a Wireless Communication System", filed on 

5 November 1, 1993, and U.S. Patent Application No. 011956,640 entitled "Digital 

Control Channel", which was filed on October 5, 1992, are both incorporated in 

this application by reference. 

BACKGROUND 

Applicants' invention relates generally to radiocommunication systems 

10 that use digital control channels in a multiple access scheme and more 

particularly to cellular TDMA radiotelephone systems having digital control 

channels. 

The growth of commercial radiocommunications and, in particular, the 

explosive growth of cellular radiotelephone systems have co~pelled system 

15 designers to search for ways to increase system capacity without reducing 

communication quality beyond consumer tolerance thresholds. One way to 

increase capacity is to use digital communication and multiple access techniques 

such as TOMA, in which several users are assigned respective time slots on a 

single radio carrier frequency. 

20 In North Am~ca, these features are currently provided by a digital 

cellular radiotelephone system called the digital advanced mobile phone service 

(D-AMPS), some of the characteristics of which are specified in the interim 

standard IS-54B, "Dual-Mode Mobile Station-Base Station Compatibility 

Standard•, published by the Electronic Industries Association and 

25 Telecommunications Industry Association (EIAITIA). Because of a large 

existing consumer base of equipment operating only in· the analog domain with 

11i1mr 
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frequency--division multiple access (FDMA), IS-S4B is a dual-mode (analog and 

digital) standard, providing for analog compatibility in tandem with digital 

communication capability. For example, the 1S-S4B standard provides for both 

FDMA analog voice channels (AVC) and TDMA digital traffic channels (DTC), 

S and the system operator can dynamicaµy replace one type with the other to 

accommodate fluctuating traffic patterns among analog and digital users. The 

A VCs and DTCs are implemented by frequency modulating radio carrier signals, 

which have frequencies near 800 megahertz (MHz) such that each radio channel 

has a spectral width of 30 kilohertz (KHz). 

10 In a TDMA cellular radiotelephone system, each radio channel is divided 

into a series of time slots, each of which contains a burst of information from a 

data source, e.g., a digitally encoded portion of a voice conversation. The time 

slots are grouped into successive TDMA frames having a predetermined 

duration. The number of time slots in each TDMA frame is related to the 

15 number of different users that can simultaneously share the radio channel. If 

each slot in a TDMA frame is assigned to a different user, the duration of a 

TDMA frame is the minimum amouni of time between successive time slots 

assigned to the same user. 

The successive time slots assigned to the same user, which are usually not 

20 consecutive time slots on the radio carrier, constitute the user's digital traffic 

channel, which may be considered a logical channel assigned to the user. As 

described in more det.ail below, digital control channels (DCCs) can also be 

provided for communicating control signals, and such a DCC is a logical channel 

formed by a succession of usually ~n-coniecutive time slots on the radio carrier. 

25 According to IS-S4B, each TDMA frame consists of six consecutive time 
slots and has a duration of 40 milliseconds (msec). Thus, each radio channel can 

carry from three to six DTCs (e.g., three to six telephone conversations), 

depending on the source rates of the speech coder/decoders (codecs) used to 

digitally encode the conversations. Such speech codecs can operate at either full-

30 rate or half-rate,. with full-rate codecs being expected to be used until half-rate 
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codecs that produce acceptable speech quality are developed. A full-rate DTC 

requires twice as many time slots in a given ti.me period as a half-rate DTC, and 

in IS-54B, each radio channel can carry up to three full-rate DTCs or up to six 

half-rate DTCs. Each full-rate DTC uses two slots of each TDMA frame, i.e., 

S the first and fourth, second and fifth, or third and sixth of a TDMA frame's six 

slots. Each half-rate DTC uses one time slot of each TDMA frame. During 

each DTC time slot, 324 bits are ttansmitted, of which the major portion, 260 

bits, is due to the speech output of the codec, including bits due to error 

correction coding of the speech outpUt, and the remaining bits are used for guard 

10 times and overhead signalling for purposes such as synchronization. 

It can be seen that the TDMA cellular system operates in a buffer-and­

burst, or discontinuous-transmission, mode: each mobile station tr3nsmits (and 

receives) only during its assigned time slots. At full rate, for example, a mobile 

station might transmit during slot 1, receive during slot 2, idle during slot 3, 

15 trarismit during slot 4, receive during slot 5, and idle during slot 6, and th~ 

repeat the cycle during succeeding TDMA frames. Therefore, the mobile 

station, which may be battery-pdwered, can be switched off, or sleep, to save 

power during the time slots when it is neither transmitting nor receiving. In the 

IS-54B system in which the mobile does not transmit and receive simultaneously, 

20 · a mobile can sleep for periods of at most about 27 msec (four slots) for a half­

rate DTC and about 7 msec (o~ slot) for a full-rate DTC. 

In addition to voiee or traffic channels, ~lar radiocommunication 

systems also provide paging/access, or control, channels for carrying call-setup . . 

messages between base stations ~d mobile stations. According to IS-54B, for 

25 example, there are twenty-one dedicated analog control channels (ACCs), which 

have predetermined fixed frequencies for transmission and reception located near 

800 MHz. Since these ACCs are always found at the same frequencies, they can 

be readily located and monitored by the mobile stations. 

For example, when in an idle state (i.e., switched on but not making or 

30 receiving a call), a mobile station in an IS-S4B system tunes to and then 
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regularly monitors the strongest control channel (generally, the control channel of 

the cell in which the mobile station is located at that moment) and may receive or 

initiate a call through the corresponding base station. When moving between 

cells while in the idle state, the mobile station will eventually "lose" radio 

S connection on the control chamiel of the •old" cell and tune to the control 

channel of the "new" cell. The initial tuning and sub8equent re-tuning to control 

channels are both accomplished automatically by scanning all the available 

control channels at their known frequencies to find the "best" control channel. 

When a control channel with good reception quality is found, the mobile station 

10 remains tuned to this channel until the quality deteriorates again. In this way, 

mobile stations stay "in touch" with the system. The ACCs specified in IS-54B 

require the mobile stations to remain continuously "awake" (or at least for a 

significant part of the time, e.g. 50%) in the idle state, at least to the extent that 

they must keep their receivers switched on. 

15 While in the idle state, a mobile station must monitor the control channel 

for paging messages addressed to it. For example, when an ordinary telephone 

(land-line) subscriber calls a mobile subscriber, the call is directed from the 

public switched telephone network (PSTN) to a mobile switching center (MSC) 

that analyzes the dialed number. If the dialed number is validated, the MSC 

20 requests some or all of a number of radio base stations to page the called mobile 

station by transmitting over their respective control channels paging messages 

that contain the ~bile identification number (MIN) of the called mobile station. 

:Each idle mobile st.a.ti.on receiving a paging message compares the received MIN 

with its own stored MIN. The mobile station with the matching stored lWN 

25 transmits a page response over the particular control channel to the base station, 

which forwards the page response to the MSC. 

Upon receiving the page response, the MSC selects an A VC or a DTC 

available to the base station that received the page response, switc?hes on a 

corresponding radio transceiver in that base station, and causes that base station 

30 to send a message via the control channel to the called mobile station that 
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instructs the called mobile station to tune to the selecte4 voice or traffic channel. 
A through-connection for the call is established once the mobile station has tuned 
to the selected A VC or DTC. 

When a mobile subscriber initiates a call, e.g., by dialing the telephone 
5 number of an ordinary subscriber and pressing tbe "send" button on the mobile · 

station, the mobile station transmits the dialed number and its MIN and an 

electronic serial number (ESN) over .the control channel to the base station. The 
ESN is a factory-set, "unchangeable• number designed to protect against the 
unauthorized use of the mobile station. The base station forwards the received 

10 numbers to the MSC, which validates the mobile station, selects an A VC or 

DTC, and establishes. a through-connection for the call as described above. The 
mobile may also be required to send an authentication message. 

It will be understood that a communication system that uses ACCs has a 
number of deficiencies. For example, the format of the forward analog control 

15 channel specified in IS-54B is largely inflexib~ and not conducive to the 
objectives of modern cellular telephony, including the extension of mobile station 
battery life. In particular, the time interval between transmission of certain 

broadcast messages is fixed and the ~rder in which messages are handled is also 
rigid. Also, mobile stations are required "to re-read messages that may not have 

20 changed, wasting battery· power.· niese deficiencies can be remedied by 

providing a DCC having new formats and processes, one example of which is 
described in U.S. Patent Application No. 071956,640 entitled •Digital Control 
Channel", which was filed Oil October S, 1992t and·which is incorporated in this 
application by reference. Using such DCCs, each IS-54B radio channel can 

25 carry DTCs only, DCCs only, or a mixture of both DTCs and DCCs. Within 
the IS-54B framework, each radio carrier frequency 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. As described in this 
application, a DCC in accordance with Applicants' invention provides a further 

30 increase in functionality. · 
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In general, however, the transmission mte of the DCC need not coincide 

with the half-mte and full-mte 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. 

The DCC may be defined on an IS-54B :radio channel and may consist, for 

S example, of every n-th slot in the stream of consecutive TDMA slots. In this 

case, the length of each DCC slot may or may not be equal to 6.67 msec, which 

is the length of a DTC slot according to IS-S4B. Alternatively (and without 

limitation on other possible alternatives), these DCC slots may be defined in 

other ways known to one skilled in the art. 

10 As such hybrid analog/digital systems mature, the numb~ of analog users 

should diminish and the number of digital users should increase until all of the 

analog voice and control channels are replaced by digital traffic and control 

channels. When that occurs, the current dual-mode mobile terminals can be 

replaced by less expensive digital-only mobile units, which would be unable to 

15 scan the ACCs currently provided in the IS-54B system. One conventional 

radiocommunication system used in Europe, known as GSM, is already an all­

digital system, in which 200-KHz-wide radio channels are located near 

900 MHz. Each GSM radio channel has a gross data rate of 270 kilobits per 

second and is divided into eight full-rate traffic channels (each traffic time slot 

20 carrying 116 encrypted bits). 

In cellular telephone systems, an air-interface communications link 

protocol is required in order to allow a mobile station to communicate wi~ the 

base stations and MSC. The communications link protocol is used to initiate and 

to receive cellular telephone calls. As described in U.S. Patent Application 

25 No. 08/047 ,452 entitled "Layer 2 Protocol for the Random Access Channel and 

the Access Response Channel," which was filed on April 19, 1993, and which is 

incorporated in this application by reference, the communications link protocol is 

commonly referred to within the communications ·industry as a Layer 2 protocol, 

and its functionality includes the delimiting, or framing, of Layer 3 messages. 

30 These ·Layer 3 messages may be sent between communicating Layer 3 peer 
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entities residing within mobile stations and cellular switching systems. The 

physical layer (Layer 1) defines the parameters of the physical communications 

channel, e.g., radio frequency spacing, modulation characteristics, etc. Layer 2 

defines the techniques necessary for the accurate transmission of information 

. S Within the constraints of the physical channel, e.g., error correction and 

detectio~, etc. Layer 3 defines the procedures for reception and processing of 

information transmitted over the physical channel. 

Communications between mobile stations and the cellular switching 

system (the base stations and the MSC) can be described in general with 

10 reference to FIGS. 1 and 2. FIG. 1 schematically illustrates pluralities of 

Layer 3 messages 11, Layer 2 frames 13, and Layer 1 channel bursts, or time 

slots, 15. In FIG. 1, 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 

15 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 ti.me slot could begin. 

Each Layer l _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. &ch Layer 2 frame contains 

20 at least a portion of a Layer 3 message as well as overhead information used for 

Layer 2 operation. Although not indicated in FIG. 1, each Layer 3 message 

would include various informat\on elements that can be considered the payload of 
. . 

the message, a header portion for identifying the respective message's type, and 

possibly padding~ 

25 F.ach Layer 1 burst and each Layer 2 frame is divided into a plurality of 

different fields. In particular, a limited-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 

30 single Layer 3 message. As a result, a plurality of Layer 1 channel bursts may 
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also be needed to transmit the el).tire Layer 3 message 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 

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

bursts devoted to the particular logical channel used for carrying the I.ayer 3 

message. Since time is required to receive, process, and react to each received 

burst, the bursts required for transmission of a Layer 3 message are usually sent 

in a staggered format, as schematically illustrated in FIG. 2 and as described 

10 above in connection with the IS-54B standard. 

FIG. 2 shows a general example of a forward (or downlink) DCC 

configured as 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 

15 consist, as seen in FIG. 2 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 of a DTC slot according to the IS-54B standard. 

As shown in FIG. 2, the DCC slots may be organi7.ed into superframes 

(SF), and each superframe includes a number of logical channels that carry 

20 different kinds of information. One or more DCC slots may be allocated to each 

logical channel in the superframe. Th~ exemplary downlink superframe in 

FIG. 2 includes three logical channels: a broadcast control channel (BCCH) 

including six successive slots for overhead messages; a paging channel (PCH) 

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

25 including one slot for channel assignment and other messages. The remaining 

time slots in the exemplary superframe of FIG. 2 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 

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

30 stations that share some unique characteristic, e.g., the last digit of the MIN. 
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For purposes of efficient sleep mode operation and fast cell selection, the 

BCCH may be divided 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 

a minimum amount of information when it is switched ori (when it locks onto a 

5 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 superfnune); the mobile can s~eep 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 

10 delay and power consumption. 

Since each TOMA 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 

15 stations listen for Layer 3 messages sent from the system in the downlink 

direction. ~n known systems, any given Layer 3 m~sage must be carried using 

as many TDMA channel bursts as required to send the entire Layer 3 message. 

Digital control and traffic channels are desirable for these and other 

reasons described in U.S. Patent Application No. 08/147,254, entitled •A 

20 Method for Communicating in a Wireless Communication System", which was 

filed on November 1, 1993, and which is incorporated in this application by 

reference. For example, they support longer sleep periods for the·mobile units, 
which results in longer battery life. Although IS;.S4B provides for digital traffic 

channels, more flexibility is desi~le in using digital control channels having 

25 expanded functionality to optimize system capacity and to support hierarchical 

cell structures, i.e., structures of macrocells, microcells, picocells, etc. The 

term •macrocell11 generally refers to a cell having a size comparable to the sizes 

of cells in a conventional cellular telephone system (e.g., a radius of at least 

about 1 kilometer}, and the terms 11microcet1• and "picocell" generally refer to 

30 progressively. smaller cells. For eXample, a microcell might cover a public 
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indoor or 0utdoor area, e.g., a convention center or a busy street, and a picocell 

might cover an office corridor or a floor of a high-rise building. From a radio 

coverage perspective, macrocells, microcells, and picocells may be distinct from 

one another or may overlap one another to handle different traffic patterns or 

5 radio environments. 

FIG. 3 is an exemplary hierarchical, or multi-layered, cellular system. 

An umbrella macrocell 10 represented by a hexagonal Shape makes up an 

overlying cellular structure. Each umbrella cell may cont.ain an underlying 

microcell structure. The umbrella cell 10 includes microcell 20 represented by 

10 the area enclosed within the dotted line and microcell 30 represented by the area 

enclosed within the dashed line corresponding to areas along city streets, and 

picocells 40, 50, and 60, which cover individual floors of a building. The 

intersection of the two city streets covered by the microcells 20 and 30 may be 
. . 

an area of dense traffic concentration, and thus might represent a hot spot. 

15 FIG. 4 represents· a block diagram of an exemplary cellular mobile 

radiotelephone system, including an exemplary base station 110 and 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 shown). 

General aspects of such cellular radiotelephone systems are known in the art, as 

20 described by the above-cited U.S. patent applications and by U.S. Patent 

No. 5,175,867 to Wejke et al., entitled •Neighbor-Assisted Handoff in a Cellular 

Communication System,• and U.S. Patent Application No. 07/967,027 entitled 

"Multi-mode Signal Processing, 11 which was filed on October 27, 1992, both of 

which are incorporated in this application by reference. 

25 The base station 110 handles a plu~ity of voice channels through a voice 

channel transceiver 150, which is controlled by the control and processing 

unit 130. Also, each base station includes a control channel transceiver 160, 

which may be capable of handling more· than ~ne control channel. The control 

channel transceiver 160 is controlled by the control and processing unit 130. 

30 The control channel transceiver 160 broadcasts control information over the 
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control channel of the base station or cell to mobiles locked to that control 

channel. It will be understood that the transceivers 150 and 160 can be 

implemented as a single device, like the voice and control transceiver 170, for 

use with DCCs and DT€s that share the same radio carrier frequency. 

S The mobile station 120 receives the information broadcast on a control 

channel at its voice and control channel ttansceiver 170. Then, the processing 

unit 180 evaluates the received control channel information,· which includes the 

characteristics of cells that are candidates for the mobile station to lock on to, 

and determines on which cell the mobile should lock. Advantageously, the 

10 received control channel. information not only includes absolute infonnation 

concerning the cell with which it is associated, but also contains relative 

information concerning other cells proximate to the cell with which the control 

channel is associated, as described in U.S. Patent No. 5,353,332 to Raith et al., 

entitled "Method and Apparatus for Communication Control in a Radiotelephone 

15 System," which is incorporated in this application by reference. 

As noted above, one of the goals of a digital cellular system is to increase 

the user's •tatk time", i.e., the battery ~fe of the mobile station. To this end, 

U.S. Patent Application No. 071956,640 discloses a digital forward control 

channel (base station to mobile station) that can carry the types of messages 

20 specified for current analog forward control ch311nels (FOCCs), 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; the mobile 

sleeps at all other times. In such a system, some types of messages are 

broadcast by the base stations more frequently· than other types, and mobile 

25 stations need not read every message broadcast. 

Als0, Application No. 07/956,640 shows how a DCC may be defi:necl 

alongside the DTCs specified in IS-54B. For example, a half-rate DCC could 

occupy one slot and a full-rate DCC could occupy two slots out of the six slots in 

each TDMA frame. For additional DCC capacity, additional half-rate or full-

30 rate DCCs could replace DTCs. In general, the ttansmission ·rate of a DCC need 
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not coincide with the half-rate and full-rate specified in IS-54B, and the length of 

the DCC time slots need not be uniform and need not coincide with the length of 

the DTC time slots. 

Although the above-described communication systems are highly 

5 beneficial and are markedly different from previous systems, Applicants' 

communication system described in this application is optimized to achieve the 

goal of long sleep times at the same time as the goal of good immunity to 

.channel impairments due to noise and interference like Rayleigh channel fading. 

As an added feature, Applicants' communication system is capable of 

10 broadcasting special messages to the mobile.stations without affecting other 

aspects of its pedormance. 

SUMMARY 

A radiocom1J1unication system according to Applicants' invention 

eliminates several of the drawbacks mentioned above. 

15 In one aspect, Applicants' invention provides a method of communicating 

information ~o a remote station which comprises the steps of grouping the 

information into a plurality of successive time slots on a radio carrier signal; 

grouping the time slots into a plurality of successive superframes; grouping 

successive superframes into successiv:e hyperframes; and assigning the remote . 
20 station to one of the time slots in each of the superframes, the assigned slot being 

used for paging the remote station. In addition. each hyperframe includes at 

least two superframes, and the information sent in the assigned time slot in one 

superframe in each hyperframe is repeated in the assigned time slot in the other 

superframe(s) in each hyperframe. 

25 In a further aspects of Applicants' invention, each superframe includes a 

plurality of time slots used for sending paging messages to remote stations, the 

time slots used for sending paging messages in successive hyperframes are 

grouped into a plurality of successive paging frames, and the time slot to which 

the remote station is assigned is included once in every paging frame. Also, 
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each superframe may include time slots comprising a logical channel for 

broadcast control information and time slots comprising a logical paging channel, 

the assigned time slot being included in the time slots comprising the logical 

paging channel. Moreover, the information sent in the assigned time slot may 
" 

5 include information directing the remote station to· read the broadcast control 

information, and the information may have been encoded according to an error 

correcting cOde and include a plurality of bits having polarities that are inverses 

of cyclic redundancy check bits produced by the encoding. The remote station, 

in response to decoding the plurality of bits, could read the broadcast control 

10 information. 

In another aspect, the method would further include the step, in the 

remote station, of decoding the assigned time slot only in first superframes in 

successive hyperframes if the assigned time slot is properly decoded. Also, the 

method could include the step, in the remote station, of decoding the assigned 

15 time slot in the <lther superframes in the successive hyperframes if the assigned 

time slot in the first superframes is not properly decoded. The mobile station 

would determine that the assigned time slot is properly decoded based on a 

plurality of cyclic redundancy check bits included in the assigned time slot. 

In a further aspect, each time slot has a duration of substantially 6.67 

20 millisecond, and each superframe consists of thirty-two time slots distributed 

among ninety-six consect1tive time slots on the radio carrier signal. Also, the 

broadcast control information may comprise special messages that are included in 

respective time slots comprising a logical special message channel, the time slots 

of the special message channel are grouped in successive SMS frames, and the 

25 SMS frames are synchronized to start with a start of a superframe. 

In yet a further aspect, Applicants' invention provides a method of 

communicating information to a remote station com.prising the steps of grouping 

the information into a plurality of time slots on a radio carrier signal; grouping 

_the time slots into a plurality of superframes; and sending, in each slot in each 

30 superframe, phase information for identifying a position of the slot in the 



W095/12931 PCT/US94/12651 

-14-

superframe. The superframe phase infomiation may be a count indicating a time 

of next occurrence of a slot including overhead information. 

In a further aspect,· Applicants' invention provides a method of 

communicating overhead information to a remote station comprising the steps of 

S grouping the overhead information into a plurality of time slots on a radio carrier 

signal; grouping other information into another plurality of time slots; 

successively transmitting the time slots having overhead information and the time 

slots having other information; and indicating in each time slot the respective 

time slot1s temporal position with respect to the next transmission of time slots 

10 having overhead information. 

In the method, each time slot,s temporill position can be indicated by a 

count for indicating a time interval until the next transmission of the time slots 

having overhead information. Also, the time interval between successive 

transmissions of the time slots having overhead information is at least an order of 

15 magnitude greater than a duration of each time slot. Moreover, the time slots 

including the overhead information may comprise a logical channel for broadcast 

control information and the time slots including the other information may 

comprise special messages that are included in other time slots comprising a 

logical special message channel. 

20 In other aspects of the method, the time slots of the special message 

channel are grouped in successive SMS frames, and each SMS frame may 

correspond to a respective one of a plurality of SMS sub-channels. A special 

message may span at least two SMS frames of a respective SMS sub-channel, 

and each special message may be encrypted according to a respective encryption 

25 method. As an alternative, the special messages included in the time slots of a 

first one of the SMS sub-channels may be encrypted according to a first 

encryption method and the special ~essages included in the time slots of at least 

one other SMS sub-channel may be encrypted according to a second encryption 

method. 
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BRIEF DESCRIPI'ION .OF THE DRAWINGS 

The features and advantages of Applicants, invention will be understood 

by reading this description in conjunction with the drawings, in whichi 

FIG. 1 illustrates a plurality of I.ayer 3 messages, Layer 2 frames, and 

5 Layer 1 channel bursts in a communication system; 

FIG. 2 is a genemlized view of a digital control channel (DCC) having 

time slots which are grouped into superframes; 

FIG. 3 illustrates a typical multi-layered cellular system employing 

umbrella macrocells, microoells and picocells; 

10 FIG. 4 represents an exemplary implementation of an apparatus for a 

radiotelephone system according to the present inve~tion; 

FIG. 5 shows a hjperframe structure; 

FIG. 6 shows the logical channels of the DCC; 

FIG. 7 shows an exemplary TDMA frame structure; 

15 FIGS. 8a-8c show exemplary slot formats on the DCC; 

FIG. 9 shows the partitioning of data before channel encoding; 

FIG. 10 shows a paging frame structure; 

FIG. 11 shows an SMS frame structure; 

FIG. 12 shows an ~pie of SMS sub-c~annel multiplexing; and 

20 FIG. 13a-13c show F-BCCH Layer 2 frames. 

DETAR.ED DESCRIPl'ION 

The following description is in terms qf a cellular radiotelephone system, 

but it will be understood that Applicants' invention is not limited to that 

environment. Also, the following description is in the context of TDMA cellular 

25 communication systems, but it will be understood by those skilled in the art that 

the present invention may apply to other digital communication applications such 

as Code Division Multiple Access (CDMA). The physical channel may be, for 

example, a relatively narrow band of radio frequencies (FDMA), a time slot on a 

radio frequency (TDMA), a· code sequence (CDMA), or a combination of the 
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foregoing, which can carry speech and/or data, and is not limited to any 

particular mode of operation, access technique, or syste~ architecture. 

In one aspect of Applicants' invention, communication between mobile 

stations and base stations is structured into succ:eSsions of different kinds of 

5 logical frames. FIG. 5 illustrates the frame structure of a forward (base station 

to mobile station) DCC and shows two successive hyperframes (HF), each of 

which preferably comprises a respective prµnary superframe (SF) and a 

respective secondary superframe. It will be recognized, of course, that a 

hyperframe could include more than two superframes. 

10 Three successive superframes are illustrated in FIG. 5, each comprising a 

plurality of time slots that are organized as logical channels F-BCCH, E-BCCH, 

S-BCCH, and SPACH that are described in more detail below. At this point, it 

is sufficient to note that each superframe in a forward DCC includes a complete 

set of F-BCCH information (i.e., a set of Layer 3 messages), using as many slots 

15 as are necessary, and that each superframe 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. 

Referring to FIG. 5, and more part:icularly to FIG. 6, each superframe of 

the downlink (forward) DCC preferably comprises a broadcast control channel 

20. BCCH, and a short-message-service/paging/access channel SPACH. The BCCH 

comprises a fast BCCH (the F-BCCH shown in FIG. S); an extended BCCH (the 

E-BCCH); and a short-message-service BCCH (the S-BCCH), all of which are 

used, in general, to carry generic, system-related information from the base 

stations to the mobile5. The BCCH is unidirectional~ shared, point-to-multipoint, 

25 and unacknowledged. The SPACH comprises a short-message-service channel 

SMSCH, a plurality of paging channels PCH, and an access response channel 

ARCH, which are used to send information to specific mobile stations relating to 

short-message-service point-to-point messages (SMSCH), paging messages 

(PCH), and messages responding to ~pted accesses (ARCH) as described 

30 below. · The SPACH is unidirectional, shared, and unacknowledged. The PCH 
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may be considered point-to-multipoint, 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 

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

· S 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 

10 uplink are used for 1!1obile 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 

in this application by reference. One important feature of RACH operation is 

15 that reception of some downlink information is required, whereby mobile stations 

receive real-time feedbi\Ck for every burst they send on the uplink. This is 

!mown as LaY.Cr 2 ARQ, or automatic repeat request, on the RACH. The 

downlink information preferably comprises twenty-two bits that may be thought 

of as another downlink sub-channel dedicated to carrying, in the downlink, 

20 Layer 2 information specific to the uplink. This flow 9f information, which can 

be called shared channel feedback, enhances the throughput capacity of the 

RACH so that a mobile station can quickly determine whether any burst of any 

access attempt has been successfully recei~~ Other aspects of the RACH are 

described below. 

25 The F-BCCH logical channel carries time-critical system information, 

such as the structure of the DCC, other parameters that are essential for 

accessing the system, and an E-BCCH change flag that is describ~ in more 

detail below; as noted above, a complete set of F-BCCH information is sent in 

every superframe. The B-BCCH logical channel carries system information that 

30 is less time-critical than the information sent on the F-BCCH; a complete set of 
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E-BCCH information (i.e., a set of :l..ayer 3 messages) may span several 

superframes and need not be aligned to start in the first E-BCCH slot of a 

superfnune. The S-B~CH logical channel carries short broadcast messages, such 

as advertisements and information of interest to various classes of mobile 

S subscriber, and possibly system operation information, such as change flags for 

the other logical channels. An important aspect of Applicants, invention is that 

the S-BCCH decouples the sys~ overhead information sent on the F-BCCH and 

E-BCCH from the broadcast message service (S-BCCH), obtaining ·maximum 

system flexibility. It would be possible to omit the S-BCCH and send its 

10 messages on the E-BCCH or even the F-BCCH, but doing so would delay the 

delivery of important system information since the SMS messages would be 

intermingled with the system overhead messages. 

As for the SPACH slots, they are assigned dynamically to the SMSCH, 

PCH, and ARCH channels based on transmitted header information. The 

15 SMSCH logical channel is used to deliver short messages to a specific mobile 

station receiving SMS services. The PCB logical channel carries paging 

messages and other orders to the mobiles, such as the F-BCCH change flag 

described above and in U.S. Patent Application No. 07/956~640. Mobile stations 

are assigned respective PCH slots in a manner described in more detail below. 

20 A mobile station listens to system responses sent on the ARCH logical channel 

upon successful completion of the mobile's access on a RACH. The ARCH may 

be used to convey A VC or DTC assignments or other responses to the mobile's 

attempted access. 

An important aspect of Applicantst invention is that every PCH slot in the 

25 primary superframe of a hyperfuune is repeated in the secondary superframe of 

that hyperframe. This is called •specification guaranteed repeat". Thus, once a 

mobile station has read the BCCH in~onnation, it can enter sleep mode after 

determining, based on its MIN or some other distinguishing characteristic, which 

single PCH slot it is to monitor for a paging message. Then, if the mobile 

30 station properly receives a paging message sent in its PCB slot in a primary 
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superframe, the mobile can sleep through the entire associated secondary 

superframe, thereby inen:asing the life of its batteries. If and only if the mobile 

station cannot correctly decode its assigned PCH slot in a primary superframe, 

the mobile reads the corresponding PCH slot in the associated secondary 

5 superframe. 

It should be understood, however, that the mobile station may read its 

PCB slot in only one of the superframes, either primary or Secondary, for a 

variety of reasons, whether or not the slot is correctly decoded. This may be 

permitted to maximire the mobile's sleep time. Also, after the mobile has read 

10 its PCH slot in one of the superframes (for example, a primary superframe), the 

mobile may monitor other control channels during at least part of the time until 

the next (primary) superframe without missing a page on the first control 

channel. Indeed, the mobile may even read a paging slot on another control 

channel. This enables cell reselection to be carried out smoothly and avoids the 

15 mobile's being blind to pages during such reselection. It will be recognized that 

reselection is facilitated when the two control channels are synchronized, at.least 

to the extent that a time offset between their superframes is known, which is 

information that may be provided on the E-BCCH for example. 

One aspect of a DCC as described in U.S. Patent Application 

20 No. 07/956,640 is that the F-BCCH slots in successive superftames carry the 

same information until change flags transmitted in the PCH slots toggle, or 

otherwise change value in a predetermined way. This feature is also provided in 

the systems and methods described in this application. Also, the E-BCCH and 

S-BCCH information may span both superframes in a hyperframe, and even 

25 several hyperframes, which represents a tradeoff between BCCH bandwidth (i.e., 

the number of slots needed for sending a complete set of BCCH messages) and 

the time required for a full cycle of messages sent. The toggling of a change 

flag in the_PCH slot indicates that.new data will be found on the F-BCCH sent in 

the following superframe. In this way, once a mobile station has read the BCCH 

30 information on a DCC, the mobile need awaken only to read its assigned PCH 
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slot; when the change flag in its PCH slot toggles, the mobile learns that it must 

Cither awaken or stay awake to re-acquire the F·BCCH, which has changed; if 

the mobile determines that the change flag has not toggled, it is not necessary for 

the mobile to read the F-BCCH. This also increases the mobile's sleep time, and 

. 5 battery life. 

In a similar way, the F-BCCH slots may ~ude E-BCCH change flags 

indicating that the system has changed the B-BCCH information. In response to 

an E-BCCH change flag, the mobile would stay awake to read the E-BCCH 

slots. It will be understood that the change of the E-BCCH change flag in the F-

10 BCCH slots is "new data" to be found on the F-BCCH that would be indicated 

by the F-BCCH change flag transmitted in the PCH slots. Th~ mobile station 

preferably stores the value of the E-BCCH change flag transmitted in the F­

BCCH slots before reading the B-BCCH. After the mobile station has acquired 

the relevant information (which may be dependent on the specific task the mobile 

15 is engaged in), the mobile reads the E-BCCH change notification flag again. The 

process of updating/initiating the E-BCCH m,essage set can be considered 

successful when the E-BCCH change flag is the same before and after the mobile 

reads the E-BCCH. 

Among the other important features of Applicants' invention, is that 

20 -information is not interleaved among successive slots, although as described 

below, information may be interleaved among fields in the same slot. Also as 

described below' the downlink information is advantageously encoded by error 

correction codes for immunity to channel impairments, for example a 

convolutional rate-1/2 code. It is desirable not to use "too much" encoding like 

25 a convolutional rate-1/4 code, however, because the number of user data bits sent 

in any given channel burst would be low. Also, such encoding is not needed 

because the BCCH information is repeated in every superframe and certain 

transactions can use ARQ. The BCCH and PCH cannot use ARQ, of course, but 

using a siogle type of eoding is advantageous because it reduces equipment 

30 complexity. Therefore, to obtain sufficient protection, somewhat less encoding is 
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combined with the time diversity provided by specification guaranteed repeat for 

the PCH. This combination is also beneficial for sleep mode performance. 

The combinati~n of these featufes results in a communication system that 

has good immunity to errors at the same time that it permits, on average, long 

S mobile sleep times. It will be appreciated that the guaranteed repeats of the PCH 

slots provide time diversity, yielding an improved immunity to errors due to 

Rayleigh fading that is provided in previous systems by nue-:114 encoding and 

inter-burst interleaving. (Of course, specification guaranteed repeat is not an 

option for speech slots.) Applicants' combination of these features, however, 

10 results in a communication system that permits a mobile that has successfully 
decoded its PCH slot in a primary superframe to sleep through all of the PCH 

slots in the corresponding secondary superframe. It will be recognized that the a 

mobile's assigned PCH slots are temporally separated by many times the duration 

of such a slot (6. 67 msec). · 

15 The BCCH information sent in one or more slots of the DCC comprises 

information about the serving system and the desired bebavi"or of the mobile 

station when operating in this system. The overhead information would.include, 

for example, indications of the following: (1) the paging slot to which the 

mobile station is assigned; (2) whether the mobile station is allqwed to make and 

20 receive any calls through this base station or is restricted to only emergency 

calls; (3) the power level to be used for transmitting to this base station; (4) the 

identity of the system (home system or visited system); (5) whether or not to use 

an equalizer for compensating distortion and attenuation effects of the radio 

channel on the transmitted signal; and (6) the location of other DCCs 

25 (frequencies, time slots, time offsets of other DCCs' superframes with respect to 

superfrarnes of current DCC) of neighboring -base stations. A DCC of a 

neighboring base station may be selected because the DCC signal received from 

this base station is too weak or for some other reason, e.g., the signal from 

another base station is stron~r than the signal front this base station • 

• 
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When a mobile station locks onto the DCC, the mobile station first reads 

the overhead information to determine the system identity, call restrictions, etc.; 

the locations of the DCCs.of the neighbotjng base stations (the frequencies, time 

slots, etc., on which these DCCs may be found); and its paging slot in the 
5 · superframe (the DCC slot assigned to the paging frame class to which the mobile 

station belongs). The relevant DCC frequencies are stored in memory, and the 

mobile station then enters sleep mod~. Thereafter, the mobile station "awakens" 

once every hyperframe, depending on the mobile's paging frame class, to read 

the assigned paging slot, and then returns to sleep. 

10 The F-BCCH information transmitted in every superframe allows a 

mobile station to read other infonnation in the superframe, to access the system, 

or to quickly find the best serving cell, when first locking onto a DCC. For 

example, certain basic information about the low-layer structure of the DCC 

must be read by a mobile station before any other information in the superframe 

15 can be read. This basic infonnation includes, for example, a superframe period 

(number of DCC slots), whether the DCC is half-rate or full-rate, the DCC 

format (which slot(s) in a TOMA frame), the location of other BCCH channels, 

the location of the assigned PCH, and whether the mobile station receiver should 

use an equalizer. Other ~ of information should also be sent rather often so 
20 that a mobile station can quickly accept or reject a particular DCC. For 

example, information about the availability and data capability of a cell (the cell 

may be available only to a closed user group or may not be capable of handling 

data transmissions from a mobile station), the identity of the system and the cell, 

etc., may be sent in every superframe. For accelerating system accesses, it 

25 would be sufficient for a mobile station to read only system access rules sent on 

the F-BCCH. 

The E-BCCH is assigned a system-oontrolled, fixed number of slots .in 

each superframe, but a long cycle, or set of messages, sent on the E-BCCH may 

span several superframes; hence, the number E-BCCH slots in each superframe 

30 can be much less than the number of slots needed to carry the long cycle, or set 
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of messages. If there are not enough E-BCCH slots in a superframe to 

accommodate all E·BCCH messages, subsequent superframes are used. Mobile 

stations are notified through the F-BCCH as described above of the number and 

location of E-BCCH slots assigned in each superframe. A start-of-E-BCCH 

S marker may be sent in the current F-BCCH (or S-BCCH) to infonn the mobile 

stations that the current superframe contains the ~ of an E-BCCH message. 

With the S.BCCH, long and/or sporadic -information may be sent on the 

DCC without affecting the organization of the superframe, e.g., PCH 

assignments, or the DCC capacity. For example, the list of DCCs of 

10 neighboring base stations may be sent on the E-BCCH. Such a list can be rather 

large, including the locations of, say, ten other DCCs. Such a list would require 

several slots to transmit, and these slots may be spread out over the E-BCCH of 

several superframes instead of taking up a large portion of one superframe. In 

this way, BCCH overhead is traded off for a larger number of paging slots (and 

15 consequent increased paging capacity). 

LAYER! FORMAT 

An exemplary organization of the information transmitted on each radio 

channel, i.e., the channel bursts, or time slots, in accordance with Applicants' 

invention is shown in FIG. 7. This organization is similar to that specified by 

20 the IS-54B standard. The consecutive time slots on a radio channel are organimi 

in TDMA frames of six slots each and TDMA blocks of three slots each so that 

a plurality of distinct channels can be supported by a single radio carrier 

frequency. Each TOMA frame has a duration of 40 msec and supports six half­

rate logical channels, three full-rate logical channels, or various combinations 

25 between tbese extremes by interchanging one full-rate channel and two half-rate 

channels as indicated in the following table. Bach slot has a duration of 6.67 

msec and carries 324 bits (162 symbols), which have positions in each slot that 

are conventionally consecutively numbered 1-324. 
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Number of Slots Used Slots Rate 

1 1 half 

2 1,4 full 

4 1.4,2,5 2 full 

6 1,4.2,S,3,6 3 full 

.As explained above, each superframe comprises a predetermined number 

of successive time slots (full-rate) of a DCC. Since a complete set of F-BCCH 

information is sent in each superframe and since the first slot of each superframe 

is a F-BCCH slot, each superframe is the interval between such initial F-BCCH 

10 slots. It is currently preferred that each superframe consist of thirty-two such 

time slots, which are distributed among the logical channels F-BCCH, E-BCCH, 

S-BCCH, and SPACH as illustrated in FIG. 5 for example. Thus, the duration 

of each logical superframe is simply 32 TOMA blocks/superframe * 

20 msec/TDMA block = 640 msec, which spans 96 consecutive physical time 

15 slots on the radio channel. 

It will be appreciated that this selection represents a balance of several 

factors that Applicants' currently deem most useful. For example, using thirty-
. . 

two slots, which is an integer power of two, simplifies the implementation of 

various counters in existing hardware that is based on binary signal processing. 

20 Also, using thirty-two-slot superframes balances call set-up delay against paging 

channel (and other channel) capacity. For a given amount of BCCH information 

to be transmitted> using longer superframes would increase paging capacity, but 

would also increase the average· set-up delay; using shorter superframes would 

decrease the average set-up delay to an extent, but would also decrease paging 

25 capacity and devote a greater proportion of each superframe to overhead 
. 

information. Different balances can be struck that would nevertheless fall within 

the spirit of Applicants• invention. 

• 
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In order to locate each time slot in each superfnune and thus provide the 

enhanced sleep capabilities made available by Applicants' inv.ention1 a 

superframe phase (SFP) count, which increments by one ·for each full-rate DCC 

slot in a given superframe, is included as part of the information broadcast in 

. 5 each downlink ·nee slot. The· SFP value sent in the first slot (an F-BCCH slot) 

of each superframe may be assigned the value O; the next slot of the same logical 

DCC is assigned an SFP value of 1, etc! Thus,. for a system using superframes 

of thir.ty-two slots each, the SFP value increments modulo-32, and the SFP value 

sent in each slot requires five bits. For a half-rate DCC, only half of the values 

10 (e.g., 0, 2, 4, ... , 30) need be used to identify the slots in each superframe of 

the DCC. 

It will be appreciated that such a modulo-32 up-counter could be replaced 

by a modulo-32 down-counter, and for a communication system that does not 

employ superfruves having a fixed number of time slots, the modulo-32 up-

15 counter would be replaced by a down counter for indicating the next occurrence 

of the F-BCCH, or other desired overhead information. It is only necessary for 

the information in a slot to include some indication of that slot's position in time 

with respect to the next occurring time slot carrying the important overhead 

information. It is also desirable that the information indicate the start of the 

20 superframe/hyperframe/paging-frame structures, i.e., that the boundaries of the 

frame structures all be synchroni7.ed with the next occurring ti.me slot carrying 

the important overhead information, but such synchroni7.ation is not necessary. 

Two possible formats for the infonnation sent in the slots of the reverse 

DCC are shown in FIGS. Sa and Sb, and a preferred information fonnat in the 
. . 

25 slots of the forward DCC is shown in FIG. 8c. These formats are substantially 

the same as the formats 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 FIGS. 8a-8c, the number of bits in each field is 

indicated above that field. 
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In general, messages {Ulyer 2 user data bits) to be carried by the slots are 

mapped onto the two DATA fields ~tin each slot, and in the downlink slots, 

encoded SFP values are sent in the CSFP fields that uniquely identify each slot 

according to each slot's relative position in its superframe. Also in the downlink 

S slots, the BRI, R/N, and CPE fields contain the information used in the random 

access scheme for Layer 2 ARQ on the RACH; comparable Layer 2 ARQ fields 

could be included in the uplink slots. In the forward DCC (FIG. 8c), the DATA 

fields total 260 bits in length, ·the CSFP field carries twelve bits, and the BRI, 

R/N, CPE fields for shared channel feedback total twenty-two bits. In the 

10 -reverse DCC, the DATA fields total either a normal 244 bits in length (FIG. Sa) 

or an abbreviated 200 bits (FIG. Sb). 

The bits sent in the G, R, PREAM, SYNC, SYNC+, and AG fields are 

used in a conventional way to help ensure accurate reception of the CSFP and 

DATA fields, e.g., for synchronization, guard times, etc. For example, the 

15 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. Also, the SYNC+ field would include a fi~ bit pattern to provide 

additional synchronization information for the base stations, which would set 

their receiver gains during the PREAM field so as to avoid signal distortion. 

20 Referring again to FIG. ~c, the CSFP field in each DCC slot conveys the 

SFP value that enables the mobile stations to find the start of each superframe. 

The SFP values are preferably encoded with a (12,8) code, similar to the way the 

DVCC is encoded according to the IS-54B standard; thus, the CSFP field is 

preferably twelve bits in length, and the unencoded SFP consists of eight bits. 

25 Encoding the SFP values in this way has the advantage of using the hardware 

and software already present in the mobile phone for handling the DVCC. Also, 

the four check bits are preferably inverted, enabling a mobile to use the 

information sent in the CSFP field to discriminate between a DCC and a DTC 

since the CSFP of a DCC and the CDVCC of a DTC have no common 

30 codewords. Other ways to discriminate DCCs from DTCs are described in U.S. 
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Patent Application No. 08/147 .254. In view of the importance of the SFP to the 

operation of the system, a mobile station might decode the CSFPs in seveial slots 

in order to ensure accuracy since the CSFP in any individual slot is less well 

protected by encoding and time diversity than the Layer 3 message in the. DATA 

5 fields. 

When each superframe includes thirty-two slots, the three most significant 

bits in each eight unencoded SFP bits may be set to zero. It will be appreciated 

that the unused SFP bits could be used for particular purposes, e.g., to handle 

superframes consisting of more than thirty-two slots each or for Layer 1 power 

10 control messages. Also, the three unused SFP bits could be used, either alone or 

in combination with other unused (reserved) bits transmitted in each slot, for 

increasing the redundancy or strengthening the error correction coding of 

the SFP, if determined to be necessary. It will be appreciated that the SFP 

information could be included in the Layer 2 frame header information, rather 

15 than in separate Layer 1 fields as shown. 

Also, in a system using thirty-two-slot superframes, it is currently 

preferred that. the sixteen CRC, or check, bits in the Layer 2 frames sent in the 

BCCH slots are inverted, while the sixteen check bits in the Layer 2 frames sent 

in the SPACH slots are not inverted. Using the check bits in this way is 

20 advantageous in some situations where it is necessary to re-assign a mobile 

station to an~~ paging slot. For 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 slot after the BCCH 

slots must be informed that they should ~onitor another paging slot. The 

25 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 message. 
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A hyperframe count and a primary SF indicator are also preferably 

included in the information carried by the BCCH slots; in particular as described 

in more detail below, these information elements are included in the DCC 

structure message carried by the F-BCCH. The hyperframe count identifies 

S which hyperframe of a higher-level structure of paging frames and SMS frames 

is cunently being broadcast, as described below in connection with· FIG. 10. In 

accordance with Applicants' invention, four paging frame classes and/or four 

broadcast SMS sub-channels may be provided as described below. The primary 

superframe indicator is a single bit that toggles to indicate whether the current 

10 superframe is the primary or the secondary superframe in the current 

hyperframe; when its value is zero, the current superframe may be the primary, 

and vice versa. In one embodiment of Applicants' invention, the hyperframe 

count counts modulo-12. 

FIG. 9 shows a currently preferred partitioning of the Layer 2 user data 

15 bits before channel encoding. The DATA fields in the logical ~s BCCH, 

SPACH, and RACH (normal and abbreviated) preferably use 112-rate 

convolutional encoding; thus, the two DATA fields in each forward DCC slot 

carry '109 plaintext, or unencoded, BCCH or SPACH bits; and the two DATA 

fields in each reverse DCC slot carry either· a normal 101 plaintext RACH bits or 

20 an abbreviated 79 plaintext RACH bits. Also, the encoded user data bits are 

preferably interleaved between the two DATA fields in ea.ch slot, but they .are 

not interleaved among DATA fields in different slots in order to enable the 

longer sleep times available from Applicants' invention. Interleaving may be 

done according to suitable convenient matrices, lite those used under the IS·54B 

25 standard. 

Different DCCs may be assigned to different radio channel frequencies,. 

and' a differe~t number of slots may be allocated to the BCCH on each DCC. 

Layer 213 information may also be different for each DCC, but this is not 

required. In an embodiment in which each DCC includes its own BCCH, much 

30 information is redundant from DCC to DCC, resulting in a loss of paging 
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capacity. In another embodiment, DCCs may be organized in master-slave 

relationships, in which full BCCH ·information would be available only on the 

master DCC; a mobile monitoring a slave DCC would acquire its BCCH 

information by changing to its Slave's corresponding master DCC. It is currently 

5 preferred that each frequency carry a full set of BCCH information and a mobile 

station always acquire all its BCCH information on the same frequency as its 

assigned PCH channel. 

The structure of the DCC transmitted on the F-BCCH in the first slot of 

each superframe is the most important information for a mobile to acquire. An 

10 advantageous DCC structure message comprises the information elements listed 

in the following table. 

Information Element IE Type Bit Length 

Message type M 8 

Number of F-BCCH slots M 2 

· 15 Number of E-BCCH slots M 3 

Number of S-BCCH slots M 4 

Number of Skipped slots M 3 

E-BCCH change notification flag M 1 

Hyperframe eount · M 4 

20 Primary superframe indicator M 1 

Number of DCC slots on this fiequency M 2 

MAX_SUPPOR.TBD_PFC M 2 

PCH_DISPLACBMENT M 3 

Additional DCC frequencies 0 23-114 

Total= 33-
147 

25 M = Mandatory 
0 =Optional 

As described ab0ve, the mobile station normally monitors only one of the 

PCH slots in a superframe to minimize power consumption, or battery drain. 

Since some paging messages may be longer than the capacity of a single time 
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slot, each PCH slot carries a PCON bit that may be set to cause the assigned 

mobile station to read additional SPACH slots, the number of which is 

advantageously indicated by a parameter PCH_DISPLACEMENT sent on the F­

BCCH. The additional slots to be read preferably are separated by at least 

5 40' msec (one TOMA frame) from the assigned PCH slot for both full- and half­

rate DCCs. For example, for a full-rate DCC, the mobile station would attempt 

to read every other SPACH slot up to the number indicated by the 

PCH_DISPLACEMENT parameter. This is advantageous in that it reduces the 

trunking loss caused by the creation of the several distinct paging channels. 

· 10 Also, using every other SPACH slot in this way gives a mobile station time for 

processing its received information to determine whether it must read additional 

slots. If every SPACH slot were us~ instead of at least every other one, a 

mobile station having a slow processing unit might not. complete processing by 

the time the next SPACH slot occurred; since the mobile would not yet be aware 

15 that the PCON bit was set, it would have to read the next slot even if that were 

unnecessary and sleep mode performance would suffer. 

Also~. the transmission of long ARCH or SMSCH messages to a first 

mobile station may be interrupted to allow for the transmission of messages to a 

second mobile station. Each interruption of an ARCH or SMSCH message by 

20 another SPACH message may be limited to no more than a predetennined 

number n of time slotst or by Layer 3 timeout for SMSCH or ARCH messages. 

It will be understood that Layer 3 timeout refers to the common practice of 

waiting for a response to a Layer 3 message only for a predetermined period. 

The number of interruptions each mobile station may suffer may also be limited. 

25 Ordinarily, the probability of a successful transmission of a Layer 3 

message is inversely related ·to the length of the message. Since the probability 

can be quite small for long messages, a simple-minded system would spend much 

of its time re-transmitting or re-reading entire messages that were not properly 

received. In Applicants' system, Layer 3 paging and broadcast SMS messages 

30 are mapped onto Layer Z frames, and these are organized in structures called 
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paging frames and SMS frames, respectively. For the BCCH, if a Layer 2 frame 
. is not received properly, it is not necessary to re-read the entire Layer 3 mess8ge 

. . . 
but only the improperly received Layer 2 frame. The ARCH and RACH can use 
ARQ. 

5 In accordance with an aspect of Applicants• invention, the superframes 
and hyperframes on each DCC are grouped into a succession of paging frames, 
each of which includes an integer number of hyperframes and is a member of 
one of a plurality of paging frame classes; hence, the PCH slots have the paging 
frame structure. In accordance with one aspect of Applicants' invention, the 

10 mobile station reads its .as~ed PCH slot only in the hyperframes of its 
allOcated paging frame class. (As described above, each mobile station is 

allocated a specific PCH sub-channel within a paging frame based preferably on 
the mobile's IS-54B MIN identity.) In many cases, mobile stations would be 
allocated a paging frame class that would cause the mobiles to read their assigned 

15 PCH slots in each hyperframe; this minimizes call set-up time and sleep 

duration. But other paging classes would have the mobiles read PCH slots in 
more widely separated hyperframes, delaying call set-ups but increasing sleep 
times to as much as 123 seconds for some types of paging frame structure. 

Thus, it will be appreciated that PCH slots are included in every superframe but 
20 the PCH slot assigned to a given mobile may not be. 

Referring to the exemplary table shown in FIG. 10, primary and 
secondary PCH slots p and s in the primary and secondary superframes, 

' respectively, of each hyperframe may be grouped~ one of four PF classes PF1 -

PF 4, which are distinguished by how frequently the PCH slot information is 
25 repeated. Class PF1 may be called the "lowest" PF class because PCHs in this 

class repeat their information with the lowest duration between repeats; in 
FIG. 10, the PCH slot is repeated in each successive hyperframe (i.e., in every 
successive superframe). Class PF4 may be called the "highest• PF class because 
PCHs in this class repeat their information with the highest duration between 

30 repeats; in FIG. 10, the PCH slot is repeated only every fourth hyperframe. As 
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described above, the PCH information in a primary superframe is guaranteed to 

be repeated in the corresponding secondary superfiame. In FIG. 10 for paging 

frame class PF(i), where i = 2, 3, 4, only the PCH assignments which are 

aligned to HF0 are shown for illustration purposes. 

S In the embodiment illustrated by FIG. 10, there are only four paging 

frame classes that are linearly related, yielding maxim.um sleep times of eight 

superframes, or 5 .12 seconds. Longer sleep times can be obtained by providing 

more classes that are exponentially related. For example, sleep times of 123 

seconds are obtained in a system having eight paging frame classes in which the 

10 delays double from class to class. It will be understood that long sleep times can 

result in access delays that are unacceptable for typical telephone use; for 

example, most callers attempting to reach a mobile would be unwilling to wait 

123 seconds after dialing the mobile's number for contact to be established. 

Nevertheless, such delays may be tolerable in some cases, such as remote polling 

15 of equipment like soft-drink dispensers. 

In an embodiment using the table illustrated in FIG. 10, the least common 

multiple of the indices of the four paging fiame classes is twelve; this is the 

reason that the HF counter counts modulo-12, as described above. 

Three other terms used in describing the operation of the PF classes are 

20 default PF class, assigned PF class, and current PF class. The default PF class 

is the class assigned to the mobile station when its ·subscription to the system is 

entered. If the default PF class happens to be higher than the highest class 

supported by a DCC, as defined by the parameter MAX_SUPPORTED _PFC in 

the DCC structure message, the mobile would use the PF class defined by 

25 MAX_SUPPORTED_PFC. Tue assigned PF class :refers to a PF class assigned 

to the mobile by the system, for example in the system's response to a 

registration request by the mobile. The PF class actually used during a 

communication may be called the current PF class. 

In another aspect of Applicants' invention, the S-BCCH slots in 

30 successive superframes are grouped into a succession of fixed-length SMS 
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frames, each preferably consisting of twenty-four superframes (twelve 

hyperframes) as shown in FIG. 11. This S-BCCH frame structure enables 

messages to be sent with highly variable periodicity without sacrificing capacity, 

and as described below, "it avoids requiring the mobile stations to re-read 

5 constantly the entire S-BCCH information when only one of the many messages 

sent has changed. Also, choosing an SMS frame structure that is conveniently 

related to the paging frame class structure enables counters that are already in 

use for one purpose (paging) to be re-used for another purpose (SMS broadcast 

messaging). 

10 The SMS frames _are advantageously divided into a plurality of sub-

channels, each having its own repetition cycle defined in terms of units of 

possible SMS frames. For most practical situations, the sub-channel repetition 

time should not be too long. In a manner similar to the handling of the F-BCCH 

change flag d~cribed above, a mobile station is informed of a change in the 

15 contents of particular sub-channels through an SMS transition flag <n:> included 

in its PCH slot information. 

Currently, four SMS sub-channels are preferred, and the SMS sub­

channels are sub-multiplexed on the S-BCCH channel in units of SMS frames, 

e.g., SMS frame SMS(i), where i = 1, .•• , N, as illustrated in FIG. 12. It will 

20 be understood that each (Layer 1) time slot carries a respective SMS frame and 

that a Layer 3 SMS message can span several SMS frames. 

An SF number is advantageously derlved from the hyperframe count and 

primary superframe indicator sent on the BCCH as follows: · 

SF number= 2*HF count+ primary SF indicator. 

25 The first S-BCCH slot(s) within each SMS frame (superframe 0) would contain a 

header that describes the structure of -the SMS sub-channel. As noted above, the 

number of superframes within each SMS frame is fixed, and thus the· number of 

slots assigned to the SMS frame~ 0, 24, 48, 72, ••. (full-rate), depending on 

how many slots per superframe are assigned to S-BCCH. The SMS frame is 

30 aligned to start at HF ~un~ equal to r.ero and in a primary superframe to help 
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the mobile synchronize to the SMS frame structure. In this way, SMS frames 

are synchronized to the hyperframes and superframes, although it will be 

appreciated that ~he start of an SMS frame is offset from the start of a 

hyperframe (or a primary superframe) since the S-BCCH slots are not the first 

5 slots in a superframe. Furthermore7 regardless of how many paging frame 

classes ~ supported, the system increments the hyperframe count to provide 

SMS frame synchronization information to the mobile station. 

According to Layer 2 information {ound in every first slot in each SMS 

frame, the set of messages in an SMS frame SMS(i) may span a number M(i) of 

10 SMS frames before a cycle is completed. Regardless of varying message set 

cycles among the sub-channels, SMS frame SMS(i) is always followed by SMS 

frame SMS((i+l) mod N.f-1) in order of transmission. Thus, Layer 3 broadcast 

SMS messages can span several SMS frames, which represents a tradeoff 

between the number of slots in each superframe devoted to SMS broadcast and 

15 the time needed for message transmission. 

A transition flag (TF) is provided for each SMS sub-channel, and the 

flags for all SMS sub-channels are submultiplexed onto a single flag, transmitted 

on the SPACH channel, that points to the next logical SMS frame to be rea<I. 

For example, FIG. 12 shows flag TF(2) points to SMS frame SMS(2). If the 

20 transition flag for a sub-channel indicates a change, the mobile station reads an 

S-BCCH header field at the start of the next logical SMS frame to obtain further 

information, as described more fully below. 

Header information describes the sub-channeling of the broad~t SMS 

channel and is provided in the first slot of every SMS frame. The mobile can 

25 also find the Layer 3 structure of the SMS frame associated with this header. A 

suitable SMS Header information element located ·.at the start of every SMS 

frame is shown in the table below. 

Information Element Range (Logical) Bits 

NumberofSub-cbaonels 1-4 2 . 
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Sub-channel Number 14 2 

Phase Length of Sub-ch. Cycle l-64 . 6 

Phase Number of Sub-ch. Cycle 1-64 6 

Number of SMS Messages (N} 1-64 (set to 1 plus value in 6 
field) 

0 SMS Message ID (Note l) 0-2SS (unique ID in cycle) 8 

0 Layer 2 Frame Start (Note l) 0-255 (Layer 2 frame identifier) 8 

Note 1: N instances of these two elements are sent consecutively. 

SMS data may span several SMS frames, but the flags TF enable 

interruption of the sub-channel cycles (cycle clearing). For example, after a flag 

10 TF, the mobile station assumes that the next sub-channel is the start of the new 

cycle. There are two ways to change the data provided on the broadcast SMS: 

changing the Layer 3 messages within the SMS (messages may be added and/or 

deleted from any position in the cycle), and changing the structure of the_ sub­

channels. 

15 The SMS Message IDs, of which there are a set of 256, and their 

associated Layer 2 Frame Starts eomprise a list of all messages appearing in an 

SMS frame. SMS Message IDs are unique for each SMS frame and the whole 

set of 256 values is used before· the set begins to be used again in order to aid 

the mobile in searching for changed message(s) and in avoiding reading messages 

20 that have not changed. A Layer 2 Frame Start infonnation element is provided 

to point to the start of the Layer 2 frame in which the associated SMS message 

begins (the message does not have to begin at the start of the Layer 2 frame). A 

description of message delivery is provided in the description of the S-BCCH 

Layer 2 Protocol given below. 

25 In the example shown in the table below, four messages make up SMS 

frame I, and it may be assumed that only one slot in each superframe is 
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dedicated to S-BCCH. (Since it is cumntly preferred that each SMS tiame 

include twenty-four superftames, them are ~four slots in each SMS frame.) 

Prerious SMS NewSMS 
Frame 1 lleader Frame 1 Deader 

Number of sub-chmmeJs 3 Number of sub-dwmels 

Sub-channel u.mnber 1 SUb-cbannel number 

Length of sub-ch. cycle 2 Length of sub-ch. cycle 

Phase of sub-ch. cycle 1 .. Phase of sub-ch. cycle 

Number of SMS messages (N) 4 Number of SMS messages (N) 

!01 SMS message ID 1 ot SMS message ID 

lol Layer 2 Frame Start 1 01 I.ayer 2 Fmme Start 

!02 SMS message ID 2 02 SMS message ID 

!02 Layer 2 Fname Start 2 02 Layer 2 Fmme Start 

!03 SMSmessage 3 04 SMS message JD 
JD 

!03 Layer 2 Frame Start 2 ~4 Layer 2 Frame Start 
. 

!04 SMS message ID 4 os SMS message ID 

!04 Layer 2 Frame Start 3 05 Layer 2 Frame Start 

°' SMS message JD 

06 Layer 2 Frame Start 

In the table above, the mobile is- assumed to be monitoring the SPACH 

when the TF toggles to indicate a change in the S-BCCB. The mobile knows 

20 from its own intem81 superfxame count where the start of the SMS frame is, and 

it can determine that SMS ·sub-channel three is cun:ently being broadcast by 

reading the SMS header and that the TF points to a change in SMS sub-channel 

one. When SMS sub-channel one begins, the mobile reads the SMS header. It 

determines that message 3 is removed; that the position of message 4 has 
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changed (but the message ID is the same so the mobile does not need to re-read 

this message); and that new messages S and 6 have been added and must be read. 

The mobile may skip the appropriate number of Layer 2 frames to read the new 

messages. 

S S-BCCB LA YER 2 PROTOCOL 

The S-BCCH Layer 2 protocol is used when a TDMA burst carries S­

BCCH information. Each S-BCCH Layer 2 protocol frame is constructed to fit 

in a 125-bit envelope.· An additional five bits are reserved for use as tail bits, 

which are the last bits sent to the channel coder, resiilting in a total of 130 bits of 

10 Layer 2 information carried within each ·s-BCCH slot. As noted above, the 

Layer 2 protocol for S-BCCH operation supports only unacknowledged 

operation. Several different S-BCCH Layer 2 frames are shown in FIGS. 13a, 

13b, 13c. 

FIG. 13a shows a mandatory minimum S-BCCH BEGIN frame and 

15 FIG. 13b shows another S-BCCH BEGIN Frame use.d when two Layer 3 

messages are included in the frame with the second Layer 3 message being 

continued in a following franie. The BEGIN frames are used. for starting the 

delivery of one or more Layer 3 messages on the S-B,CCH, and it is currently 

preferred that an S-BCCH BEGIN frame be used as the first frame of the S-

20 BCCH cycle. If the first Layer 3 message is shorter than one S-BCCH frame, a 

begin/end indicator BE is added to the-end of the L3DATA field as shown to 

indicate whether or not an additional Layer 3 message is started within the 

BEGIN frame. As shown in FIG. 13a, if the BB hldicator is set to indicate 

•END", the rest of the BEGIN frame is padded with FILLER, e.g., zeroes. As 

2S Mown in FIG. 13b, if the BE indicator is set to indicate "BEGIN", a new 

Layer 3 message is started in the BEGIN frame. If the L3DATA field ends on 

an S-BCCH frame boundary, the BE indicator is not included in the frame; an 

"END" indication is implied. If the L3DATA field ends with less than nine bits 
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remaining in the S-BCCH frame, the BE indicator is set to "END", and the rest 

of the frame is padded with FU .I .ER. 

FIG. 13c shows an S-BCCH CONTINUE Frame (mandatory minimum), 

which is used for continuation of a Layer 3 message that was too long to fit into 

5 the previous frame. The continuation length indicator CLI field indicates how 

many bits of the CONTINUE frame belong to the continued message, and thus 

the preceding Layer 3 message may have to be padded with FILLER. If the BE 

indicator is set to "END", the rest of the CONTINUE frame is padded with 

FILLER. If the BB indicator is set to "BEGIN", a new Layer 3 message is 

10 started in the CONTINUE frame. If the L3DATA field ends on an S-BCCH 

frame boundary, the BE indicator is not included in the frame; an "END" 

indication is implied. If the L3DATA field ends .with less than nine bits 

remaining in the S-BCCH frame, the BE indicator is set to "END", and the rest 

of the frame is padded with FILLER. 

15 The CU makes it possible for mobile stations to receive any iµessage 

starting in a continuation frame, even if the preceding logical frame was not 

received. The following table summarizes the fields included in the S-BCCH 

Layer 2 protocol frames. 
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Field Name Bit Length Values 

SCS = S-BCCH Cy~le Start 1 0 = Not the start of an 
S-BCCH cycle 
1 = Start of an S-BCCH 
cycle 

BC = Begin I Continue 1 0 =Begin 
1 = Continue 

CU = Continuation Length Indicator 1 Number of bits remaining in 
previous Layer 3 message. 

L3U = Layer 3 Length Indicator 8 Variable length Layer 3 
messages supported up to a 
maxim.um of 2SS octets 

L3D~TA = Layer 3 Oat.a Variable Contains a portion (some or 
all) of the Layer 3 message 
having an overall length 
indicated by L3U. The 
portion of this field not used 
to carry Layer 3 data is filled 
with zeroes. 

BE = Begin I End 1 0 == Beginning 
1 =End 

FILLER = Burst Filler Variable All filler bits are set zero · 

CRC == Cyclic Redundancy Code 16 Same geaerator polynomial as 
IS-S4B. The nominal DVCC 
is applied in the calculatio.a 
of CRC for each S-BCCH 

. Layer 2 frame. . 
Similar lo ical frames can be defined g me F-BL;l,;H and E-Bl;l,;lit as 

described in U.S. Patent Application No. 08/147,254 for example, but these are 

beyond the scope of this application. 

LAYER 3 MESSAGF.s 

The S-BCCH Layer 3 messages that are mapped to the Layer 2 frames 

15 are described below. In all messages shown in tabular form below, the 
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infonnation elements in the top rows of the tables. are prefetably the first 

elements to be delivered to Layer 2. In the information elements, the most 

significant bit (the left-most bit in the tables) is the first bit to be delivered to 

Layer 2. The information elements are described in alphabetical order after the 

· 5 description of the messages below. 

There are two types of S-BCCH messages used for SMS broadcast: SMS 

frame header message$; and SMS non-header messages, which are those used to 

transfer the actual messages to the mobile stations. 

The SMS frame header messages describe the structure of the SMS sub-

10 channel, and are provided in the first slot of each SMS frame. The format of a 

suitable SMS frame header message is described in the following table. 

15 

20 

25 

Information Element Type Bit Length 

Message Type M 8 

Number of Sub-channels M 2 

Sub-channel Number M 2 

Phase Length of Sub-ch. Cycle M 6 

Phase Number of Sub--ch. Cycle M 6 

Number of SMS Messages (N) M 6 

0 SMS Message ID (Note I) M 8 

0 Layer 2 Frame Start (Note 1) M 8 

Total= 46 

NOTE 1: N instances of these two elements are sent consecutively. 

The format of a suitable SMS non-header, broadcast message is as 

follows: 

Information Element 1)'pe Bitl.eagth 

Message Type M 8 

SMS Message ID M 8 

Text Message Data Unit M N•S 
Nmu. = 253 
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In one aspect of Applicants' invention, SMS messages may be encrypted 

in a way that supports different claSses of message servicet much like cable 

television systems distinguish premium classes of service from a basic service 

class by scrambling or otbCrwise protecting the premium programming. For 

5 example, three classes might be provided as follows: a basic class in which any 

subscriber paying an appropriate fee would be able to de-crypt some of the SMS 

broadcast messagest such as product advertisements, weather and vehicle traffic 

announcements; a higher class in which a subscriber paying a higher fee would 

be able to de-crypt the SMS broadcast messages available to the basic class and 

10 additional messages, such as news items; and a highest class in which a 

subscriber paying a highest fee would be able to de-crypt all of the SMS 

broadcast messages, including financial quotations arid higher-value items of 

information. 

The de-cryption of the SMS messages could be carried out by the 

15 processing units in the mobile stations according to any of a wide variety of 

cryptographic techniques. Preferably. each broadcast message would include as 

an attribute an indicator for determining which encryption key or algorithm 

should be used to decode the respective message. Such attributes might be 

included in the SMS frame headers, and the encryption keys or algorithms could 

20 be sent to the mobiles over the air or entered directly, via a "smart ca.rd", for 

example. As an alternative, the sub-channels could be individually encrypted, so -

that broadcast SMS messages included in the time slots of one of the SMS sub­

channels are encrypted according to one encryption method and the broadcast · 

SMS messages included in the time slots of another SMS sub-channel are 

25 encrypted according to a another encryption method. 

INFORMATION ELtMEN'f DESCRIPrION 

A few coding rules apply to the information element descriptions. For 

example, information elements of the type "flag• have values of 0 to indicate 

"disable", or "off', or "false", and values of 1 to indicate "enable", or "on", or 
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•true11
• Also, certain BCCH fields do NOT trigger a transition in the BCCH 

change flag in the SPACH; those fields are designated as non-critical, or "NC". 

Information elements of the type •transition" are modulo-1 counters for 

indicating changes in current status.. The channel number is coded in accordance 

5 with the IS-54B standard, unless.otherwise noted. All lengths are specified in 

bits, unless otherwise noted. 

Layer 2 Frame Start 

This variable indicates the number of slots from the start of the SMS sub­

channel cycle to the beginning of the SMS message, which may not begin in the 

10 indicated SMS slot but may be contained in an end/begin burst used to start 

delivery of this message. 

15 

Messa&e TuPe 
This 8-bit information element identifies the function of the message being 

sent. The message types are coded ~ follows: 

S-BCCH Messages Code (binary-hex) 

Broadcast Information Message 0010 0111 - rT 

Number of SMS Messages 

This variable indicates the number of broadcast SMS messages in this 

SMS frame (1 plus the value in this field). 

20 Number of Sub-channels 

This variable indicates the number of SMS sub-channels being used by 

this DCC (1 plus the value in this field). 

Pbase I..ength of Sub-ch. Cycle 

This variable indicates the number of SMS frames that make up one cycle 

25 (1 plus the value in this field). 

Phase Number of Sub-ch. Cycle 

This variable indicates which SMS frame in the cycle is currently being 

broadcast. 

Sub-channel Number 



. • .... F ..._ 

W095/12931 PCI'/US94/12651 

-43-

This variable indicates which sul>-channel is currently being b~cast. 

Since current mobile stations operating under the IS-54B standard sleep 

for periods on the order of only a few milliseconds, the electronic circuits that 

constitute the mobile station's processing unit would preferably be optimized to 

S . take complete advantage of the long sleep times made available by Applicants' 

invention. To a somewhat lesser extent, current mobile station transceivers and 

other electronic components would also benefit from optimization for longer 

sleep times. In addition, the processing units would be expected to. support the 

higher data throughput on a DCC. 

10 It is, of course, possible to embody the invention in specific forms other 

than those described above without departing from the spirit of the invention. 

The embodiments described above are merely illustrative and should not be 

considered restrictive in any way. The scope of the invention is determined by 

the following claims, rather than the preceding description, and all variations and 

15 equivalents which fall within the scope of the claims are intended to be embraced 

therein. 

liiiiifi<N ! 
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WHAT IS CLAIMED IS: 

1. A method of communicating information to a remote station 

comprising the steps of: · 

grouping the information into a plurality of successive time slots on a 

5 radio carrier signal; 

grouping the time slots into a plurality of successive superframes; 

grouping the successive superframes into a plurality of successive 

hyperframes, wherein at least two successive superframes are grouped into each 

hyperframe; and 

10 assigning one of the time slots in each of the superframes to the remote 

station, the assigned time slot being for sending a paging message to the remote 

station; 

wherein information sent in the assigned time slot in one superframe in a 

hyperframe is repeated in the assign~ time slot in all other superframes in that 

15 hyperframe. 

2. The method of claim 1, wherein each superframe includes a 

plurality of paging time slots for sending paging messages to remote stations, the 

paging time slots in successive hyperframes are grouped into a plurality of 

successive paging frames, and the assigned time slot is included once in every 

20 paging frame. 

3. The method of claim 1, wherein each superframe includes time 

slots comprising a logical channel for broadcast control information and time 

slots comprising a logical paging channel, the assigned time slot being among the 

paging channel time slots. 

25 4. The method of claim 3, wherein the information sent in the paging 

channel time slots includes information directing remote stations to read a time 

slot having broadcast control information. 

5. The method of claim 3, wherein the information in the time slots 

having broadcast control information is encoded according to a predetermined 

30 error correcting code and includes a plurality of cyclic redundancy check bits 
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having first polarities, and the information sent in the paging channel time slots 

is encoded according to the predetermined error correcting code and includes a 

plurality of cyclic redundancy check bits having second polarities that are 

inverses of the first polarities. 

S 6. The method of claim 5, wherein the remote station, in response to 

decoding one of the pluralities of cyclic redundancy check bits, reads a time slot 

having broadcast control information. 

7. The method of claim 1, further comprising the step, in the remote 

station, of decoding the assigned time slot only in first superftames in s~ssive 

10 hyperframes if the assigned time slot is properly decoded. 

8. The methoo· of claim 7, further comprising the step, in the remote 

station, of decoding the assigned time slot in the other superframes in the 

successive hyperframes if the assigned time slot in the first superframes is not 

properly decoded. 

15 9. The method of claim 7, wherein the remote station determines that 

the assigned time slot is properly decoded based on a plurality of cyclic 

redundancy 9heck bits included in the information sent in the assigned time slot. 

10. The method of claim 1, wherein each time slot has a duration of 

substantially 6.67 millisecond, and each superframe consists of thirty-two time 

20 slots distributed among ninety-six consecutive time slots on the mdio carrier 

signal. 

11. A method of communicating information to a remote station 

comprising the steps of: 

grouping the information into a plurality of successive time slots on a 

25 radio carrier signal; 

grouping the time slots into a plurality of successive superframes; and 

grouping the successive superframes into a· plurality of successive 

byperframes, wherein at least two successive superframes are grouped into each 

hyperframe; 

J 111111111111111111111111111 
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wherein each superframe includes time slots comprising a logical channel 

for broadcast control information and time slots comprising a logical paging 

channel, and the broadcast control information comprises special messages that 

are included in respective time slots comprising a logical special message 

· S channel. 

12. The method of claim 11, wherein the time slots of the special 

message channel are grouped in successive SMS frames, and the SMS frames are 

synchronized with respective hyperframes. 

13. The method of claim 12, wherein each SMS frame corresponds to 

10 a respective one of a plurality of SMS sub-channels. 

14. The method of claim 13, wherein a special message spans at least 

two SMS frames of a re8pective SMS sub-channel. 

15. The method of claim 13, wherein the special messages included in 

the time slots of a first one of the SMS sub-channels are encrypted according to a 

15 first encryption method and the special messages included in the time slots of at 

least one otber SMS sub-channel are encrypted according to another encryption 

method. 

16. The method of claim 13, wherein each special message is 

encrypted according to a respective encryption method. 

20 17. A method of communicating information to a remote station 

comprising the steps of: 

grouping the information into a plurality of time slots; 

grouping the time slots into a plurality of superframes; and 

sending, in each slot in each superframe, superframe phase information 

25 for identifying a position of the slot in the superframe. 

18. The method of claim 17, wherein the superframe phase 

information is a count indicating a time of next occurrence of a slot .including 

overhead information. 

19. The· method of ~laim 18, wherein the count is encoded according 

30 to a predetermined error correcting code, polarities of a plurality of cyclic 
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redundancy check bits produced by encoding the count are inverted, and the bits 

having inverted polarities are included in the respective slot. 

20. A method of communicating overhead information to a remote 

station comprising the steps of: 

S grouping the overhead information into a plurality of time slots on a radio 

carrier signal; 

grouping other information into another plurality of time slots; 

successively transmitting the time slots having overhead information and 

the time slots having other information; and 

10 indicating in each time slot the respective time slot's temporal position 

with respect to a start of the next transmission of time slots having overhead 

information. 

21. The method of claim 20, wherein each time slot's tempo~ 

position is indicated by a count for indicating a time interval until the next 

15 transmission of the time slots having overhead information. 

22. The method of claim 20, wherein a time interval between 

successive transmissions of the time slots having overhead information is at least 

an order of magnitude greater than a duration of each time slot. 

23. The method of claim 20, wherein the time slots including the 

20 overhead information comprise a logical channel for broadcast control 

information and the time slots including the other information comprises special 

messages that are included in other times.lots comprising a logical special 

message channel. 

24. The method of claim 23, wherein the time slots of the special 

25 message channel are grouped in successive SMS frames. 

25. The method of claim 24, wherein each SMS frame corresponds to 

a respective one of a plurality of SMS sub-channels. 

26. The method of claim 25, wherein a special message spans at least 

two SMS frames of a respective SMS sub-channel. 

11111111 llflll 111111111111 f 111 
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27. The method of claim 25, wherein the special messages included in 

the time slots of a first one of the SMS sub-channels are encrypted according to a 

first encryption method and the special messages included in the time slots of at 

least one other SMS sub-channel are encrypted according to another encryption 

. 5 method. 

28. The method of claim 25, wherein each special message is 

encrypted according to a respective encryption method. 

29. In a radio communication system, a base station for 

communicating information to a remote station comprising: 

10 means for grouping the information into a plurality of successive time 

slots, the time. slots being grouped in a plurality of successive superframes and 

the successive superframes being grouped in a plurality of successive 

hyperframes, 

a transmitter for sending the time slots on a radio carrier signal; 

15 wherein at least two successive superframes are grouped into each 

hyperframe, and one of the time slots in each of the superframes is assigned to 

the remote station, the assigned time slot being for sending a paging message to 

the remote station, and the transmitter sends information sent in the assigned 

time slot in one superframe in a hyperframe in the assigned time slot in all other 

20 superframes in that hyperframe. 

30. The base station of claim 29, wherein the transmitter sends paging 

messages to remote stations in a plurality of paging time slots in each 

superframe, the paging time slots in successive hyperframes being grouped into a 

plurality of successive paging frames, and the transmitter sends the assigned time 

25 slot once in every paging frame. 

31. The base station of claim 29, wherein the transmitter sends 

information in the assigned time slot that directs the remote station to read a time 

slot having broadcast control informatiQO, the broadcast control information 

being transmitted in time slots in each superframe comprising a logical channel 

30 for the broadcast control information; and other time slots in each superframe 
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comprising a logical paging channel, the assigned time slot being included among 

the paging channel time slots. 

32. The base station of claim 31, wherein the transmitter encodes the 

information sent in the time slots having broadcast control information according 

S to a predetermined first error correcting code and includes in those time slots a 

plurality of cyclic redundancy check bits having first polarities, and the 

transmitter encodes the information sent in the paging channel time slots 

according to the predetermined error correcting code and includes in the paging 

time slots a plurality of cyclic redundancy check bits having second polarities 

10 that are inverses of the first polarities. 

33. -The base station of claim 29, wherein each time slot has a duration 

of substantially 6.67 millisecond, and each superframe consists of thirty-two time 

slots distributed among ninety-six consecutive ti.me slots on the radio carrier 

signal. 

15 34. The base station of claim 29, wherein the broadcast control 

information comprises special messages that are included in respective time slots 

comprising a logical special message channel, the time slots of the special . 
message channel are grouped in successive SMS frames, and the SMS frames are 

synchronized with respective hyperfrarnes. 

20 35. The base station of claim 34, wherein each SMS frame 

corresponds to a respective one of a plurality of SMS sub-channels. 

36. The base station of ctaim 35, wherein a special message spans at 

least two SMS frames of a respective SMS sub-channel. 

37. The base station of claim 35, wherein the special messages 

25 included in the time slots of a first one of the SMS sub-channels are encrypted 

according to a first encryption method and the special messages included in the 

time slots of. at least one other SMS sub~annel are encrypted according to 

another encryption method. 

38. The base station of claim 35, wherein each special message is 

30 encrypted according to a respective encryption method. 
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39. The base station of claim 29, wherein the grouping ·means 

includes, in each slot in each superframe, superframe phase information for 

identifying a position of the slot in the superframe. 

40. The base station of claim 39, wherein the superframe phase 

5 information is a count indicating a time of next occurrence of a slot including 

overhead information. 

41. The base station of claim 40, wherein the count is encoded 

according to a predetermined error correcting code, polarities of a plurality of 

cyclic redundancy check bits produced by encoding ~e count are inverted, and 

10 the bits having inverted polarities are included in the respective slot. 

42. In a radio communication system, a remote station for receiving 

information sent by a base station in a plurality of successive time slots on a 

radio carrier signal comprising: 

a receiver for receiving the radio carrier signal; 

15 means for processing the information in the time slots on the received 

carrier signal, wherein the time slots are grouped in a plurality of successive 

superframes; the successive superframes are _grouped in a plurality of successi\re 

hyperframes; at least two successive superframes are grouped in each 

hyperframe; one of the time slots in each of the superframes is assigned to the 

20 remote station, the assigned time slot being for sending a paging message to the 

remote station; and information sent in the assigned time slot in one superframe 

.in a hyperframe is repeated in the assigned time slot in all other superframes in 

that hyperframe. 

43. The remote station of claim 42, wherein each superframe includes 

25 a plurality of time slots for paging messages and the superframes in successive 

hyperframes are gro~ped in a plurality of successive paging frames, and the 

processing means reads the assigned time slot once in every paging frame. 

44. The remote station of claim 42, wherein the processing means 

reads information sent in the assigned time slot that directs the remote station to 

30 read broadcast control information transmitted in predetermined time slots in 
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each superframe; the predetermined time slots comprise a logical channel. for the 

broadcast control information; and other time slots in each superframe comprise 

a logical paging channel, the assigned time slot being included among the time 

slots comprising the logical paging channel. 

5 45. The remote station of claim 44, wherein the broadcast control 

information comprises special messages that are included in respective time slots 

comprising a logical special message channel, the time slots of the special 

message channel are grouped in successive SMS frames, and the SMS frames are 

synchronized with respective hyperframes. 

10 46. The remote ~tation of claim 45, wherein each SMS frame 

corresponds to a respective one of a plurality of SMS sub-channels. 

47. The remote station of claim 46, wherein a special message spans at 

least two SMS frames of a respective SMS sub-channel. 

48. The remote station of claim 46, wherein the special messages 

15 included in the time slots of a first one of the SMS sub-channels are encrypted 

according to a first encryption method and the special messages included in the 

time slots of at least one other SMS sub-channel are encrypted according to 

another encryption method. 

49. The remote station of claim 46, wherein each special message is 

20 encrypted according to a respective encryption method. 

50. The remote station of claim 44, !'herein the processing means 

decodes the information sent in the time slots having broadcast control 

information according to an error correcting code, the information including a 

• plurality of cyclic redundancy check bits having first polarities; and the 

25 processing means decodes the information sent in the assigned slot according to 

the error correcting code, the information including cyclic redundancy check bits 

having second polarities that are inverses of the first polarities. 

51. The remote station of claim 50, wherein the processing means, in 

response to decoding one of the pluralities of cyclic redundancy check bits, reads 

30 the broadcast control information. 
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52. The remote station of claim JO, wherein the processing means 

decodes the assigned time slot only in first superframes in successive 

hyperframes if the assigned time slot is properly decoded. 

53. The remote station of claim SO, wherein the processing means 

5 decodes the assigned time slot in the other superframes in the successive 

hypetf1ames if the assigned time slot in the first superframes is not properly 

decoded. 

54. The remote station of claim 50, wherein the processing means 

determines that the assigned time slot is properly decoded based on the plurality 

10 of cyclic _redundancy check bits included in the assigned time slot. 

55. The remote station of claim 42, wherein the processing means 

reads, in each slot in each superframe, superframe phase information for 

identifying a position of the slot in the superframe. 

56. The remote station of claim 55, wherein the superframe phase 

15 information is a count indicating a time of next occurrence of a slot incl~ing 

overhead information. 

57. The remote station of claim 56, wherein the count is encoded 

according to a predetermined error correcting code, polarities of a plurality of 

cyclic redundancy check bits produced by encoding the count are inverted, and 

20 the bits having inverted polarities are included in the respective slot. 

-----------liflf ,,1'861 
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DIGITAL CONTROL CHANNELS HAVING LOGICAL CHANNELS 
FOR MULTIPLE ACCESS RADIOCOMMUNICATION 

The disclosure of U.S. Patent Application No. 08/147,254 entitled •A 

Method for Communicating in a Wireless Communication System•, filed on 

5 November 1. 1993, and U.S. Patent Application No. 07/956,640 entitled "Digital 

Control Channer• 1 which was filed on October 5, 1992, are both incorporated in 

this application by reference. 

BACKGROUND 

Applicants' invention relates generally to radiocommunication systems 

10 that use digital control channels in a multiple access scheme and more 

particularly to cellular TDMA radiotelephone systems having digital control 

channels. 

The growth of commercial radiocommunications and, in particular, the 

explosive growth of cellular radiotelephone systems have compelled system 

15 designers to search for ways to increase system capacity without reducing 

communication quality beyond consumer tolerance thresholds. One way to 

increase capacity is to use digital communication and multiple access techniques 

such as TOMA, in which several users are assigned respective time slots on a 

single radio carrier frequency. 

20 In North America, these features are currently provided by a digital 

cellular radiotelephone system called the digital advanced mobile phone service 

(D-AMPS), some of the characteristics of which are specified in the interim 

standard IS-54B, 11Dual-Mode Mobile Station-Base Station Compatibility 

Standard", published by the Electronic Industries Association and 

25 Telecommunication,s I~~ustry Association ~~~· .. ~~se; CJ! a large 
existing consumer base of eittfip:ent ~tlfllion'1- inldte \tialbg domain with 
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frequency..<fivision multiple access (FDMA), IS-54B is a dual-mode (analog and 

digital) standard, providing for analog compati*bility in tandem with digital 

communication capability. For example, the IS-S4B standard provides for both 

FDMA analog voice channels (A VC) and TDMA digital traffic channels (DTC), 

5 and the system operator can dynamically replace one type with the other to 

accommodate fluctuating traffic patterns among analog and digital users. The 

A VCs and DTCs are implemented by frequency modulating radio carrier signals, 

which have frequencies near 800 megahertz (MHz) such that each radio channel 

has a spectral width of 30 kilohertz (KHz). 

10 In a TOMA cellular radiotelephone system, each radio channel is divided 

into a series of time slots, each of which contains a burst of information from a 

data source, e.g., a digitally encoded portion of a voice conversation. The time 
slots are grouped into successive TDMA frames having a predetermined 

duration. The number of time slots in each TDMA frame is related to the 

15 number of different users that can simultaneously share the radio channel. If 

each slot in a TDMA frame is assigned to a different user, the duration of a 

TOMA fram~ is the minimum amount of time between successive time slots 

assigned to the same user. 

The successive time slots assigned to the same user, which are usually not 

20 consecutive time slots on the radio carrier, constitute the user's digital traffic 

channel, which may be considered a logical channel assigned to the user. As 

described in more detail below, digital control channels (DCCs) can also be 

provided for communicating control signals, and such a DCC is a logical channel 

formed by a succession of usually non--consecutive time slots on the radio carrier. 

25 According to IS-54B, each TDMA frame consists of six consecutive time 

slots and has a duration of 40 milliseconds (msec). Thus, each radio channel can 

carry from three to six DTCs (e.g., three to six telephone conversations), 

depending on the source rates of the speech coder/decQders (codecs) used to 

digitally encode the conversations. Such speech codecs can operate at either full-

30 rate or half-rate, with full-rate codecs being expected to be used until half-rate 

/ 
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codecs that produce acceptable speech quality are developed. A full-rate DTC 

requires twice as many time slots in a given time period as a half-rate DTC, and 

in IS-54B, each radio channel can carry up to three full-rate DTCs or up to six 

half-rate DTCs. Bach full-rate DTC uses two slots of each TDMA flame, i.e., 

5 the first and fourth, second and fifth, or third and sixth of a TDMA ftam.e's six 

slots. Each half-rate DTC uses one time slot of each TDMA frame. During 

each DTC time slot, 324 bits are transmitted, of which the major portion, 260 

bits, is due to the speech output of the codec, including bits due to error 

correction coding of the speech output, and the remaining bits are used for guard 

10 times and overhead signalling for purposes such as synchronization. 

It can be seen that the TDMA cellular system operates in a buffer-and­

burst, or discontinuous-transmission, mode: each mobile station transmits (and 

receives) only during its assigned time slots. At full rate, for example, a mooile 

station might transmit during slot 1, receive during slot 2, idle during slot 3, 

15 transmit during slot 4, receive during slot 5, and idle during slot 6, and then· 

repeat the cycle during succeeding 'IDMA frames. Therefore, the mobile 

station, which may be battery-powered, can be switched off, or sleep, to save 
. . 

power during the time slots when it is neither transmitting nor receiving. In the 

IS-54B system in which the mobile does not transmit and receive simultaneously, 

20 a mobile can sleep for periods of at most about 27 msec (four slots) for a half­

rate DTC and about 7 msec (one slot) for a full-rate DTC. 

In addition to voice or traffic channels, cellular radiocommunication 

systems also provide paging/access, or control,· channels for carrying call-setup 

messages between base stations and mobile stations. According to IS-S4B, for 

25 example, there are twenty-one dedicated analog control channels (ACCs), which 

have predetermined fixed frequencies for transmission and reception located near 

800 MHz. Since these ACCs are always found at the same frequenciest they can 

be readily located and monitored by the mobile stations. 

For example. when in an idle state (i.e., switched on but not making or 

30 receiving a call), a mobile station in an IS-S4B system tunes to and then 
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regularly monitors the strongest control channel (generally, the control channel of 

the cell in which the mobile station is located at that moment) and may receive or 

initiate a call through the corresponding base station. When moving between 

cells while in the idle state, the mobile station will eventually "lose" radio 

5 connection on the control channel of the "old" cell and tune to the control 

channel of the "new" cell. The initial tuning and subsequent re-tuning to control 

channels are both accomplished automatically by scanning all the available 

control channels at their known frequencies to find the "best" control channel. 

When a control channel with good reception quality is found, the mobile station 

10 remains tuned to this channel until the quality deteriorates again. In this way, 

mobil~ stations stay "in touch" with the system. The ACCs specified in IS-54B 

require the mobile stations to remain continuously "awake" (or at least for a 

significant part of the time, e.g. 50%) in the idle state, at least to the extent that 

they must keep their receivers switched on. 

15 While in the idle· state, a mobile station must monitor the control channel 

for paging messages addressed to it. For example, when an ordinary telephone 

(land-line) subscriber calls a mobile subscriber, the call is directed from the 

public switched telephone network (PSTN) to a mobile switching center (MSC) 

that analyzes the dialed number. If the dialed number is validated, the MSC 

20 requests some or all of a number of radio.base stations to page the called mobile 

station by transmitting over their respective control channels paging messages 

that contain the ~obile identification number (MIN) of the called mobile station. 

:Each idle mobile station receiving a paging message compares the received MIN 

with its own stored MIN. The mobile station with the matching stored MIN 

25 transmits a page response over the particular control channel to the base station, 

which foJWards the page response to the MSC. 

Upon receiving the page response, the MSC selects an A VC or a DTC 

available to the base station that received the page response, switches on a 

corresponding radio transceiver in that base station, and causes that base station 

30 to send a message via the control channel to the called mobile station that 
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instruct$ the called mobile station to tune to the selected voice or traffic channel. 

A through-connection for the call is established once the mobile station has tuned 

to the selected A VC or DTC. 

When a mobile subscriber initiates a call, e.g., by dialing the telephone 

5 number of an ordinary subscriber and pressing the "send" button on the mobile 

station, the mobile station transmits the dialed number and its MIN and an 

electronic serial number (ESN) over the control channel to the base station. The 

ESN is a factory-set, "unchangeable" number designed to protect against the 

unauthorized use of the mobile station. The base station forwards the received 

10 numbers to the MSC, which validates the mobile station, selects an A VC or 

DTC, and establishes a through-connection for the call as described above. The 

mobile may also be required to send an authentication message. 

It will be understood that a communication system that uses ACCs has a 

number of deficiencies. For example, the fonnat of the forward analog control 

15 channel specified in IS-54B is largely inflexible and not conducive to the 

objectives of modem cellular telephony, including the extension of mobile station 

battery life. In particular, the time interval between transmission of certain 

broadcast messages is fixed and the order in which messages are handled is also 

rigid. Also, mobile stations are required to m--read messages that may not have 

20 changed, wasting battery power. These deficiencies can be remedied by 

providing a DCC having new formats and~ one example of which is 

described in U.S. Patent Application No. 07/956,640 entitled •Digital Control 

Channel•, which was filed on October 5, 1992, and which is incorporated in this 

application by reference. Using such DCCs, each IS-54B radio channel can 

25 carry DTCs only, DCCs only, or a mixture of both DTCs and DCCs. W'lthin 

the IS-54B framework, each radio carrier freqilency 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. As described in this 

application, a DCC in accordance with Applicants' invention provides a further 

30 increase in functionality. 



In general, however, the transmission rate of the DCC need not coincide 

with the half-rate 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. 

The DCC may be defined on an IS-54B radio channel and may consistt for 

S example, of every n-th slot in the stream of consecutive TDMA slots. In this 

case, the length of each DCC slot may or may not be equal to 6.67 msec, which 

is the length of a OTC slot according to IS-54B. Alternatively (and without 

limitation on other possible alternatives), these DCC slots may be defined in 

other ways known to one skilled in the art. 

10 As such hybrid analog/digital systems mature, the number of analog users 

should diminish and the number of digital users should increase until all of the 

analog voice and control channels are replaced by digital traffic and control 

channels. When that occurs, the current dual-mode mobile terminals can be 

replac~ by less ex.pensive digital-only mobile units, which would be unable to 

15 scan the ACCs currently provided in the IS-54B system. One conventional 

radiocommunication system used in Europe, known as GSM, is already an all­

digital system, in which 200-KHz-wide radio channels are located near 

900 MHz. &ch GSM radio channel has a gross data rate of 270 kilobits per 

second and is divided into eight full-rate tmftic ch8nnels (each traffic time slot 

20 carrying 116 encrypted bits). 

In cellular telephone systems, an air-interface communications link 

protocol is required in order to allow a mobile station to communicate with the 

base stations and MSC. The communications link protocol is used to initiate and 

. to receive cellular telephone calls. As described in U.S. Patent Application 

25 No. 081041,452 entitled "Layer 2 Protocol for the Random Access Channel and 

the Access Response Channel," which was filed on April 19, 1993, and which is 

incorporated in this application by reference, the communications link protocol is 

commonly referred to within the communications industry as a Layer 2 protocol, 

and its functionality includes the delimiting, or framing, of Layer 3 messages. 

30 These Layer 3 messages may be sent between communicating Layer 3 peer 
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entities residing within mobile stations and cellular switching systems. The 

physical layer (Layer 1) defines the parameters of the physical communications 

channel, e.g., radio frequency spacing, modulation characteristics, etc. Layer 2 

defmes the techniques necessary for the accurate transmission of information 

5 within the constraints of the physical channel, e.g., error correction and 

detection, etc. Layer 3 defines ·the procedures for reception and processing of 

information transmitted over the physical channel. 

Communications between mobile stations and the cellular switching 

system (the base stations and the MSC) can be described in general with 

10 reference to FIGS. 1 and 2. FIG. 1 schematically illustrates pluralities of 

Layer 3 messages 11, Layer 2 frames 13, and Layer 1 channel bursts, or time 

slots, 15. In FIO. 1, 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 

15 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. 

F.ach 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. F.ach Layer 2 frame contains 

20 at least a portion of a Layer 3 message as well as overhead information used for 

Layer 2 operation. Although not indicated in FIG. 1, 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. 

25 Each Layer 1 burst and each Layer 2 frame is divided into a plurality of 

different fields. In particular, a limited-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 

30 single Layer 3 message. As a result, a plurality of Layer 1 channel bursts may 
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also be needed to transmit the entire Layer 3 message 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 

5 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. Since ti.me is required to receive, process, and react to each received 

burst, the bursts required for transmission of a Layer 3 message are usually sent 

in a staggered format, as schematically illustrated in FIG. 2 and as described 

10 above in connection with the IS-S4B standard. 

FIG. 2 shows a general example of a forward (or downlink) DCC 

configured as a succession- of time slots 1, 2, ••• , N, ••• included in the 

consecuti~ 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-S4B, and may 

15 consist, as seen in FIG. 2 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 of a DTC slot according to the IS-54B standard. 

As shown in FIG. 2, the DCC slots may be organized into superframes 

(SF), and each superframe includes a number of logical channels that carry 

20 different kinds of infonnation. One or more DCC slots may be allocated to each 

logical channel in the superframe. The exemplary downlink superftame in 

FIG. 2 includes three logical channels: a broadcast control channel (BCCH) 

including six successive slots for overhead messages; a paging channel (PCH) 

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

25 including one slot for channel assignment and other messages. The remaining 

time slots in the exemplary superframe of FIG. 2 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 

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

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

! -
' 



---··--- ----·--------~==-----

-9-

For purposes of efficient sleep mode operation and fast cell selection, the 

BCCH may be divided into a number of sub"(:hannels. U.S. Patent Application 

No. 07/956,640 discloses a BCCH structure that allows the mobile station to read 

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

5 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 

10 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 

15 stations listen for Layer 3 messages sent from the system in the downlink 

direction. In knowµ systems, any given Layer 3 message must be carried using 

as many TDMA channel bursts as required to send the entire Layer 3 message. 

Digital control and traffic channels are desirable for these and other 

reasons described in U.S. Patent Application No. 08/147,254, entitled •A 

20 Method for Communicating in a Wireless Communication System", which was 

filed on November 1, 1993, and which is incorporated in this application by 

reference. For ~pie, they support longer sleep periods for the·mobile units, 

which results in longer battery life. Although IS-54B provides for digital traffic 

channels, more flexibility is desirable in using digital control channels having 

25 expanded functionality to optimize system capacity and to support hierarchical 

cell structures, i.e., structures of macrocells, microcells, picocells, etc. The 

term "macrocell" generally refers to a cell having a size comparable to the sizes 

of cells in a conventional cellular telephone system (e.g., a radius of at least 

about 1 kilometer), and the terms "microcell" and "picocell" generally refer to 

30 progressively smaller cells. For example, a microcell might cover a public 
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indoor or outdoor area, e.g., a convention center or a busy street, and a picocell 

might cover an office corridor or a floor of a high-rise building. From a radio 

coverage perspective, macrocells, microcells, and picocells may be distinct from 

one another or may overlap one another to handle different traffic patterns or 

S radio environments. 

FIG. 3 is an exemplary hierarchical, or multi-layered, cellular system. 

An umbrella macrocell 10 represented by a hexagonal shape makes up an 

overlying cellular structure. Each umbrella cell may contain an underlying 

microcell structure. The umbrella cell 10 includes microcell 20 represented by 

10 the area enclosed within the dotted line and microcell 30 represented by the area 

enclosed within the dashed line corresponding to areas along city streets, and 

picocells 40, 50, and 60, which cover individual floors of a building. The 

intersection of the two city streets covered by the microcells 20 and 30 may be 

an area of dense traffic concentration, and thus might represent a hot spot. 

15 FIG. 4 represenlS a block diagram of an exemplary cellular mobile 

radiotelephone system, including an exemplary base station 110 and mobile 

station 120. The base station includes a control and processing unit 130 which is 

connected to the MSC 140 which in tum is connected to the PSTN (not shown). 

General aspects of such cellular radiotelephone systems are lmown in the art, as 

20 described by the aboveecited U.S. patent applications and by U.S. Patent 

No. 5,175,867 to Wejke et al., entitled •Neighbor-Assisted Handoff in a Cellular 

Communication System," and U.S. Patent Application No. 071967 ,CYJ.7 entitled 

"Multi-mode Signal Processing," which was filed on October 27, 1992, both of 

which are incorporated in this application by reference. 

25 The base station 110 handles a plurality of voice channels through a voice 

channel transceiver 150, which is controlled by the control and processing 

unit 130. Also, each base station includes a control channel transceiver 160, 

which may be capable of handling more than one control channel. The control 

channel transceiver 160 is controlled by the control and processing unit 130. 

30 The control channel transceiver 160 broadcasts control information over the 
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control channel of the base station or cell tO mobiles locked to that control 

channel. It will be understood that the transceivers 150 and 160 can be 

implemented as a single device, like the voice and control transceiver 170, for 

use with DCCs and DTCs that share the same radio carrier frequency. 

5 The mobile station 120 receives the infonnation broadcast on a control 

channel at its voice and control channel transceiver 170. Then, the processing 

unit 180 evaluates the received control channel information, which includes the 

characteristics of cells that are candidates for the mobile station to lock on to, 

and determines on which cell the mobile should lock. Advantageously, the 

10 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 with which the control 

channel is associated, as described in U.S. Patent No. 5,353,332 to Raith et al., 

entitled "Method and Apparatus for Communication Control in a Radiotelephone 

15 · System," which is incorporated in this application by reference. 

As noted above, one of the goals of a digital cellular system is to increase 

the user's "talk time•, i.e., the battery life of the mobile station. To this end, 

U.S. Patent Application No. 07/956,640 discloses a digital forward control 

channel (base station to mobile station) that can carry the types of messages 

20 specified for current analog forward control channels (FOCCs), 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; the mobile 

sleeps at all other times. In such a system, some types of messages are 

broadcast by the base stations more frequently than other types, and mobile 

25 stations need not read ev~ry message broadcast. 

Also, Application No. 07/956,640 shows how a DCC may be defined 

alongside the DTCs specified in IS-54B. For example, a half-rate DCC could 

occupy one slot and a full-rate DCC could occupy two slots out of the six slots in 

each IDMA frame. For additional DCC capacity, additional half-rate or full-

30 rate DCCs could replace DTCs. In general, the transmission rate of a DCC need 
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not coincide with the half-rate and full-rate specified in IS-54B, and the length of 

the DCC time slots need not be unifonn and need not coincide with the length of 

the DTC time slots. 

Although the above-described communication systems are highly 

5 beneficial and are markedly different from previous systems, Applicants' 

communication system described in this application is optimized to achieve the 

goal of long sleep times at the same ti.rile as the goal of good immunity to 

channel impairments due to noise and interference like Rayleigh channel fading. 

As an added feature, Applicants' communication system is capable of 

10 broadcasting special messages to the mobile stations without affecting other 

aspects of its performance. 

SUMMARY 

A radiocommunication system according to Applicants' invention 

eliminates several of the drawbacks mentioned above. 

15 In one aspect, Applicants' invention provides a method of communicating 

information t;<> a remote station which comprises the steps of grouping the 

information into a plurality of successive time slots on a radio carrier signal; 

grouping the time slots into a plurality of successive superframes; grouping 

successive superftames into successive hyperftames; and assigning the remote 

20 station to one of the time siots in each of the superframes, the assigned slot being 

used for paging the remote station. In addition, each hyperframe includes at 

least two superframes, and the information sent in the assigned time slot in one 

superframe in each hyperframe is repeated in the assigned time slot in the other 

superframe(s) in each hyperframe. 

25 In a further aspects of Applicants' invention, each superframe includes a 

plurality of time slots used for sending paging messages to remote stations, the 

time slots used for sending paging messages in successive hyperframes are 

grouped into a plurality of successive paging frames, and the time slot to which 

the remote station is assigned is included once in every paging frame. Also, 
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each superframe may include time slots comprising a logical channel for 

broadcast control information and time slots comprising a logical paging channel, 

the assigned time slot being included in the time slots comprising the logical 

paging channel. Moreover, the infonnation sent in the assigned time slot may 

5 include information directing the remote station to read the broadcast control 

information, and the infonnation may have been encoded according to an ·error 

correcting code and include a plurality of bits having polarities that are inverses 

of cyclic redundancy check bits produced by the encoding. The remote station, 

in response to decoding the plurality of bits, could read the broadcast control 

10 information. 

In another aspect, the method would further include the step, in the 

remote station, of decoding the assigned tim,e slot only in first superframes in 

successive hyperframes if the assigned time slot is properly decoded. Also, the 

method could include the step, in the remote station, of decoding the assigned 

15 time slot in the other supemames in the successive hyperframes if the assigned 

time slot in the first superframes is not properly decoded. The mobile station 

would determine that the assigned time slot is properly decoded based on a 

plurality of cyclic redundancy check bits included in the assigned time slot. 

In a further aspect, each time slot has a dmation of substantially 6.67 

20 millisecond, and each superframe consists of thirty-two time slots distributed 

among ninety-six consecutive time slots on the radio carrier signal. Also, the 

broadcast control infonnation may comprise special messages that are included in 

respective time slots comprising a logical special message channel, the time slots 

of the special message channel are grouped in successive SMS frames, and the 

25 SMS frames are synchronized to start with a start of a superframe. 

In yet a further aspect, Applicants' invention provides a method of 

communicating information to a remote station comprising the steps of grouping 

the information into a plurality of time slots on a radio carrier signal; grouping 

the time slots into a plurality of superframes; and sending, in each slot in each 

30 superframe, phase information for identifying a position of the slot in the 
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superframe. The superframe phase infomiation may be a count indicating a time 

of next ·occurrence of a slot including overhead information. 

In a further aspect, Applicants' invention provides a method of 

communicating overhead information to a remote station comprising the steps of 

S grouping the overhead information into a plurality of time slots on a radio carrier 

signal; grouping other information into another plurality of time slots; 

successively transmitting the time slots having overhead information and the time 

slots having other information; and indicating in each time slot the respective 

time slot's temporal position with respect to the next transmission of time slots 

10 having overhead information. 

In the method, each time slot's temporal position can be indicated by a 

count for indicating a time interval until the next transmission of the· time slots 

having overhead information. Also, the time interval between successive 

transmissions of the time slots having overhead information is at least an order of 

15 magnitude greater than a duration of each time slot. Moreover, the time slots 

including the overhead information may comprise a logical channel for broadcast 

control information and the time slots including the other infonnation may 

comprise special messages that are included in other time slots comprising a 

logical special message channel. 

20 In other aspects of the method, the time slots of the special message 

channel are grouped in successive SMS frames, and each SMS frame may 

correspond to a respective one of a plurality of SMS sub-channels. A special 

message may span at least two SMS frames of a respective SMS sub-channel, 

and each special message may be encrypted according to a respective encryption 

25 method. As an alternative, the special messages included in the time slots of a 

first one of the SMS sub-channels may be encrypted according to a first 

encryption method and the special messages included in the time slots of at least 

one other SMS sub-channel may be encrypted according to a second encryption 

method. 
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BRIEF DFSCRIPTION OF THE DRAWINGS 

The features and advantages of Applicants' invention will be understood 

by reading this description in conjunction with the drawings, in which: 

FIG. 1 illustrates a plurality of Layer 3 messages, Layer 2 frames, and 

5 Layer 1 channel bursts in a communication system; 

FIG. 2 is a generalized view of a digital control channel (I)CC) having 

time slots which are grouped into superframes; 

FIG. 3 illustrates a typical multi-layered cellular system employing 

umbrella macrocells, microcells and picocells; 

10 FIG. 4 represents an exemplary implementation of an apparatus for a 

radiotelephone system according to the present invention; 

FIG. S shows a hyPerframe structure; 

FIG. 6 shows the logical channels of the DCC; 

FIG. 7 shows an exemplary TOMA frame structure; 

15 FIGS. 8a-8c show exemplary slot formats on the DCC; 

FIG. 9 shows the partitioning of data before channel encoding; 

FIG. 10 shows a paging frame structure; 

FIG. 11 shows an SMS frame structure; 

FIG. 12 shows an example of SMS sub-channel multiplexing; and 

20 FIG. 13a-13c show F-BCCH Layer 2 frames. 

DETAILED DFSCRIPTION 

The following description is in terms of a cellular radiotelephone system, 

but it will be understood that Applicants' invention is not limited to that 

environment. Also, the following description is in the context of TDMA cellular 

25 communication systems, but it will be understood by those skilled in the art that 

the present invention may apply to other digital communication applications such 

as Code Division Multiple Access (CDMA). The physical channel may be, for 

example. a relatively narrow band of radio frequencies (FDMA), a time slot on a 

radio frequency (TOMA), a code sequence (CDMA), or a combination of the 
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foregoing, which can carry speech and/or data, and is not limited to any 

particular mode of operation, access technique, or system architecture. 

In one aspect of Applicants' invention, communication between mobile 

stations and base stations is structured into successions of different kinds of 

5 logical frames. FIG. S illustrates the frame structure of a forward (base station 

to mobile station) DCC and shows two successive hyperframes (HF), each of 

which preferably comprises a respective primary superframe (SF) and a 

respective secondary superframe. It will be recognized, of course, that a 

hyperframe could include more than two superframes. 

10 Three successive superframes are illustrated in FIG. 5, each comprising a 

plurality of time slots that are organized as logical channels F-BCCH, B-BCCH, 

S-BCCH, and SPACH that are described in more detail below. At this point, it 

is sufficient to note that each superframe in a forward DCC includes a complete 

set of F-BCCH information (i.e., a set of Layer 3 messages), using as many slots 

15 as are necessary, and that each superframe 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 • . 
Referring to FIG. S, and more particularly to FIG. 6, each superframe of 

the downlink (forward) DCC preferably comprises a broadcast control channel 

20 BCCH, and a short-message-service/paging/aceess channel SPACH. The BCCH 

comprises a fast BCCH (the F-BCCH shown in FIG. S); an extended BCCH (the 

E-BCCH); and a short-message-service BCCH (the S-BCCH), all of which are 

used, in general, to carry generic, system-related information from the base 

stations to the mobiles. The BCCH is unidirectional, shared, point-to-multipoint, 

25 and unacknowledged. The SPACH comprises a short-message-service channel 

SMSCH, a plurality of paging channels PCH, and an access response channel 

ARCH, which are used to send information to specific mobile stations relating to 

short-message-service point-to-point messages (SMSCH), paging messages 

·(PCH), and messages responding to attempted accesses (ARCH) as described 

30 below.· The SPACH is unidirectional, shared, and unacknowledged. The PCH 
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may be considered point-to-multipoint, 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 

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

5 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 

10 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 

in this application by reference. One important feature of RACH operation is 

15 that 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 l..a.Y.er 2 ARQ, ot automatic repeat requestt on the RACH. The 

downlink information preferably comprises twenty-two bits that may be thought 

of as another downlink sub-channel dedicated to carrying, in the downlink, 

20 Layer 2 information specific to the uplink. This flow of information, which can 

be called shared channel feedback, enhances the throughput capacity of the 

RACH so that a mobile station can quickly determine whether any burst of any 

access attempt has been successfully received. Other aspects of the RACH are 

described below. 

25 The F-BCCH logical channel carries time-critical system information, 

such as the structure of the DCC, other parameters that are essential for 

accessing the system, and an B-BCCH change flag _that is describ~ in more 

detail below; as noted above, a complete set of F-BCCH information is sent in 

every superframe. The E-BCCH logical channel carries system information that 

30 is less time-critical than the information sent on the F-BCCH; a complete set of 
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E-BCCH information (i.e., a set of Layer 3 messages) may span several 

superframes and need not be aligned to start in the first B-BCCH slot of a 

superframe. The S~BCCH logical channel carries short broadcast messages, such 

as advertisements and information of interest to various classes of mobile 

5 subscriber, and possibly system operation infonnation, such as change flags for 

the other logical channels. An important aspect of Applicants' invention is that 

the S-BCCH decouples the system overhead information sent on the F-BCCH and 

E-BCCH from the broadcast message service (S-BCCH), obtaining maximum 

system flexibility. It would be possible to omit the S-BCCH and send its 

10 messages on the B-BCCH or even the F-BCCH, but doing so would delay the 

delivery of important system information since the SMS messages would be 

intermingled with the system overhead messages. 

As for the SPACH slots, they are assigned dynamically to the SMSCH, 

PCH, and ARCH channels based on transmitted header information. The 

15 SMSCH logical channel is used to deliver short messages to a specific mobile 

station receiving SMS services. The PCH logical channel carries paging 

messages and other orders to the mobiles, such as the F-BCCH change flag 

described above and in U.S. Patent Application No. 07/956,640. Mobile stations 

are assigned respective PCH slots in a manner described in more detail below. 

20 A mobile station listens to system responses sent on the ARCH logical channel 

upon successful completion of the mobile•s access on a RACH. The ARCH may 

be used to convey A VC or DTC assignments or other responses to the mobile's 

attempted access. 

An important aspect of Applicants' invention is that every PCH slot in the 

25 primary superframe of a hyperframe is repeated in the secondary superframe of 

that hyperframe. This is called •specification guaranteed repeat•. Thus, once a 

mobile station has read the BCCH information, it can enter sleep mode after 

determining, based on its MIN or some other distinguishing characteristic, which 

single PCH slot it is to monitor for a paging message. Then, if the mobile 

30 station properly receives a paging message sent in its PCH slot in a primary 
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superframe, the mobile can sleep through the entire associated secondary 

superframe, thereby increasing the life of its batteries. If and only if the mobile 

station cannot correctly decode its assigned PCH slot in a primary superframe, 

the mobile reads the corresponding PCH slot in the associated secondary 

5 superframe. 

It should be understood, however, that the mobile station may read its 

PCH slot in only one of the superframes, either primary or secondary, for a 

variety of reasons. whether or not the slot js correctly. decoded. This may be 

permitted to maximize the mobile's sleep time. Also, after the mobile has read 

10 its PCH slot in one of the superframes (for example, a primary superframe), the 

mobile may monitor other control channels during at least part of the time until 

the next (primary) superframe without missing a page on the first control 

channel. Indeed, the mobile may even read a paging slot on another control 

channel. This enables cell reselection to be carried out smoothly and avoids the 

15 mobile's being blind to pages during such reselection. It will be recognized that 

reselection is facili~ted when the two control channels are synchronized, at least 

to the extent that a time offset between their superframes is known, which is 

information that may be provided on the B-BCCH for example. 

One aspect of a DCC as described in U.S. Patent Application 

20 No. 07/956,640 is that the F-BCCH slots in successive superframes carry the 

same information until change flags transmitted in the PCH slots toggle. or 

otherwise change value in a predetermined way. This feature is also provided in 

the systems and methods described in this application. Also, the B-BCCH and 

S-BCCH infonnation may span both superframes in a hyperframe, and even 

25 several hyperframes, which represents a tradeoff between BCCH bandwidth (i.e., 

the number of slots needed for sending a complete set of BCCH messages) and 

the time required for a full cycle of messages sent. The toggling of a change 

flag in the PCH slot indicates that new data will be found on the F-BCCH sent in 

the following superframe. In this way. once a mobile station has read the BCCH 

30 information on a DCC, the mobile nee.d awaken only to read its assigned PCH 
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slot;· when the change flag in its PCH slot toggles, the mobile learns that it must 

either awaken or stay awake to re-acquire the F-BCCH, which has changed; if 

the mobile determines that the change flag has not toggled, it is not necessary for 

the mobile to read the F-BCCH. This also increases the mobile's sleep time, and 

5 battery life. 

In a similar way, the F-BCCH slots may include E-BCCH change flags 

indicating that the system has changed the E-BCCH information. In response to 

an E-BCCH change flag, the mobile would stay awake to read the E-BCCH 

slots. It will be understood that the change of the B-BCCH change flag in the F-

10 BCCH slots is "new data" to be found on the F-BCCH that would be indicated 

by the F-BCCH change flag transmitted in the PCH slots. The mobile station 

preferably stores the. value of the B-BCCH change flag transmitted in the F­

BCCH slots before reading the E-BCCH. After the mobile station has acquired 

the relevant information (which may be dependent on the specific task the mobile 

15 is engaged in), the mobile reads the E-BCCH change notification flag again. The 

process of updating/initiating the E-BCCH message set can be considered 

successful when the E-BCCH change flag is the same before and after the mobile 

reads the B-BCCH. 

Among the other important features of Applicants' invention, is that 

20 information is not interleaved among successive slots, although as described 

below, information may be interleaved among fields in the same slot. Also as 

described below, the downlink information is advantageously encoded by error 

correction codes for immunity to channel impairments, for example a 

convolutional rate-112 code. It is desirable not to use •too much• encoding like 

25 a convolutional rate-1/4 code, however, because the number of user data bits sent 

in any given channel burst would be low. Also, such encoding is not needed 

because the BCCH information is repeated in every superframe and certain 

transactions can use ARQ. The BCCH and PCH cannot use ARQ, of course, but 

using a single type of coding is advantageous because it reduces equipment 

30 complexity. Therefore, to obtain sufficient protection, somewhat less encoding is 
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combined with the time diversity provided by specification guaranteed repeat for 

the PCH. This combination is also beneficial for sleep mode performance. 

The combination of these features results in a communication system that 

has good immunity to errors at the same time that it permits, on average, long 

5 mobile sleep times. It will be appreciated that the guaranteed repeats of the PCH 

slots provide time diversity, yielding an improved immunity to errors due to 

Rayleigh fading that is provided in previous systems by rate-114 encoding and 

inter-burst interleaving. (Of course, specification guaranteed repeat is not an 

option for speech slots.) Applicants' combination of these features, however, 

10 results in a communication system that permits a mobile that has successfully 

decoded its PCH slot in a primary superframe to sleep through all of the PCH 

slots in the corresponding secondary superframe. It will be recognized that the a 

mobile's assigned PCH slots are temporally separated by many times the duration 

of such a slot (6.67 msec). 

15 The BCCH information sent in one or more slots of the DCC comprises 

information about the serving system and the desired behavior of the mobile 

station when operating in this system. The overhead information would include, . 
for example, indications of the following: (1) the paging slot to which the 

mobile station is assigned; (2) whether the mobile station is allowed to make and 

20 receive any calls through this base station or is restricted to only emergency 

calls; (3) the power level to be used for transmitting to this base station; (4) the 

identity of the system (home system or visited system); (5) whether or not to use 

an equalizer for compensating distortion and attenuation effects of the radio 

channel on the transmitted signal; and (6) the location of other DCCs 

25 (frequencies, time slots, time offsets of other DCCs' superftames with respect to 

superframes of current DCC) of neighboring base stations. A DCC of a 

neighboring base station may be selected because the DCC signal received from 

this base station is too weak or for some other reason. e.g., the signal from 

another base station is stronger than the signal from this base station. 
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When a mobile station locks onto the DCC, the mobile station first reads 

the overhead information to detennine the system identity, call restrictions, etc.; 

the locations of the DCCs of the neighboring base stations (the frequencies, time 

slots, etc., on which these DCCs may be found); and its paging slot in the 

5 superframe (the DCC slot assigned to the paging frame class to which the mobile 

station belongs). The relevant DCC frequencies are stored in memory, and the 

mobile station then enters sleep mode. Thereafter, the mobile station "awakens" 

once every hyperframe, depending on the mobile's paging frame class, to read 

the assigned paging· slot, and then returns to sleep. 

10 The F·BCCH information transmitted in every superframe allows a 

mobile station to read other information in the superframe, to access the system, 

or to quickly find the best serving cell, when first locking onto a DCC. For 

example, certain basic information about the low-layer structure of the DCC 

must be read by a mobile station before any other information in the superframe 

15 can be read. This basic information includes, for example, a superframe period 

(number of DCC slot$), whether the DCC is half·rate or full-rate, the DCC 

format (which slot{s) in a TDMA frame), the location of other BCCH channels, 

the location of the assigned PCH, and whether the mobile station receiver should 

use an equalizer. Other types of information should also be sent rather often so 

20 that a mobile station can quickly accept or reject a particular DCC. For 

example, information about the availability and data capability of a cell (the cell 

may be available only to a closed user group or may not be capable of handling 

data transmissions from a mobile station), the identity of the system and the cell, 

etc., may be sent in every superframe. For accelemting system accesses, it 

25 would be sufficient for a mobile station to read only system access rules sent on 

the F-BCCH. 

The E-BCCH is assigned a system-controlled, fixed number of slots in 

each superframe, but a long cycle, or set of messages, sent on the E-BCCH may 

span several superframes; he~ce, the number E-BCCH slots in each superframe 

30 can be much less than the number of slots needed to carry the long cycle, or set 
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of messages. If there are not enough E-BCCH slots in a superframe to 

accommodate all E-BCCH messages, subsequent superframes are used. Mobile 

stations are notified through the F-BCCH as described above of the number and 

location of E-BCCH slots assigned in each superframe. A start-of-E-BCCH 

5 marker may be sent in the current F-BCCH (or S-BCCH) to inform the mobile 

stations that the current superframe contains the start of an E-BCCH message. 

With the E-BCCH, long and/or sporadic information may be sent on the 

DCC without affecting the organization of the superframe, e.g., PCH 

assignments, or the DCC capacity. For example, the list of DCCs of 

10 neighboring base stations may be sent on the E-BCCH. Such a list can be rather 

large, including the locations of, say, ten other DCCs. Such a list would require 

several slots to transmit, and these slots may be spread out over the E-BCCH of 

several superframes instead of taking up a large portion of one superframe. In 

this way, BCCH overhead is traded off for a larger number of paging slots (and 

15 consequent increased paging capacity). 

LAYER 1 FORMAT 

An exemplary organization of the information transmitted on each radio 

channel, i.e., the channel bursts, or time slots, in accordance with Applicants' 

invention is shown in FIG. 7. This organization is similar to that specified by 

20 the IS-S4B standard. The consecutive time slots on a radio channel are organU.ed 

in TDMA frames of six slots each and TDMA blocks of three slots each so that 

a plurality of distinct channels can be supported by. a single radio carrier 

frequency. Each TOMA frame has a duration of 40 msec and supports six half­

rate logical channels, three full-rate logical channels, or various combinations 

25 between these extremes by interchanging one full-rate channel and two half-mte 

channels as indicated in the following table. Each slot has a duration of 6.67 

msec and carries 324 bits (162 symbols), which have positions in each slot that 

are conventionally consecutively numbered 1-324. 
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Number of Slots Used Slots Rate 

I 1 balf 

2 1,4 full 

4 1,4,2,S 2 full 

6 1,4,2,5,3,6 3 full 

As explained above, each superframe comprises a predetermined number 

of successive time slots (full-rate) of a DCC. Since a complete set of F-BCCH 

information is sent in each superframe and since the first slot of each superframe 

is a F-BCCH slot, each superframe is the interval between such initial F-BCCH 

10 slots. It is currently preferred that each superframe consist of thirty-two such 

time slots, which are distributed among the logical channels F-BCCH, B-BCCH, 

S-BCCH, and SPACH as illustrated in FIG. 5 for example. Thus, the duration 

of each logical superframe is simply 32 TDMA blocks/superframe * 
20 msec/TDMA block = 640 msec, which spans ~6 consecutive physical time 

15 slots on the radio channel. 

It will be appreciated that this selection represents a balance of several 

factors that Applicants' currently deem most useful. For example, using thirty­

two slots, which is an integer power of two, simplifies the implementation of 

various counters in existing hardware that is based on binary signal processing. 

20 Also, using thirty-two-slot superframes balances call set-up delay against paging 

channel (and other channel) capacity. For a given amount of BCCH infonnation 

to be transmitted, using longer superframes would increase paging capacity, but 

would also increase the average set-up delay; using shorter superframes would 

decrease the average set-up delay to an extent, but would also decrease paging 

25 capacity and devote a greater proportion of each superframe to overhead 

information. Different balances can be struck that would nevertheless fall within 

the spirit of Applicants' invention. 
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In order to locate each time slot in each superf.rame and thus provide the 

enhanced sleep capabilities made available by Applicants' invention, a 

supeiframe phase (SFP) count, which increments by one for each full-rate DCC 

slot in a given superframe, is included as part of the information broadcast in 
5 each downlink DCC slot. The SFP value sent in the first slot (an F-BCCH slot) 

of each superframe may be assigned the value O; the next slot of the same logical 

DCC is assigned an SFP value of 1, etc. Thus, for a system using superframes 

of thirty-two slots eacht the SFP value increments modulo-32, and the SFP value 

sent in each slot requires five bits. For a half-rate DCC, only half of the values 

10 (e.g., 0, 2, 4, . . . , 30) need be used to identify the slots in each superframe of 

the DCC. 

It will be appreciated that such a modulo-32 up-counter could be replaced 

by a modulo-32 down-counter, and for a communication system that does not 

employ superframes having a fixed number of time slots, the modulo-32 up-

15 counter would be replaced by a down counter for indicating the next occurrence 

of the F-BCCH, or other desired overhead information. It is only necessary for 

the information in a slot to include some indication of that slot's position in time 

with respect to the next occurring time slot carrying the important overhead 

information. It is also desirable that the information indicate the start of the 

20 superframe/hyperframe/paging-frame structures, i.e., that the boundaries of the 

frame structures all be synchronized with the next occurring time slot carrying 

the important overhead information, but such synchronization is not necessary. 

Two possible formats for the information sent in the slots of the reverse 

DCC are shown in FIGS. 8a and Sb, and a preferred information fonnat in the 

25 slots of the forward DCC is shown in FIG. 8c. These fonnats are substantially 

the same as the formats 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 FIGS. 8a-8c, the number of bits in each field is 

indicated above that field. 
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In generalt messages (Layer 2 user data bits) to be carried by the slots are 

mapped onto the two DATA fields sent in each slot, and in the downlink slots, 

encoded SFP values are sent in the CSFP fields that uniquely identify each slot 

according to each slot's relative position in its superframe. Also in the downlink 

5 slots, the BRI, R/N, and CPE fields contain the information used in the random 

access scheme for Layer 2 ARQ on the RACH; comparable Layer 2 ARQ fields 

could be included in the uplink slots. In the forward DCC (FIG. Sc), the DATA 

fields total 260 bits in length, the CSFP field carries twelve bits, and the BRI, 

R/N, CPE fields for shared channel feedback total twenty-two bits. In the 

10 reverse DCC, the DATA fields total either a normal 244 bits in length (FIG. Sa) 

or an abbreviated 200 bits (FIG. Sb). 

The bits sent in the G, R, PREAMt SYNC, SYNC+, and AG fields are 

used in a conventional way to help ensure accurate reception of the CSFP and 

DATA fields, e.g.t for synchronization, guard times, etc. For example, the 

15 SYNC field would be the same as that of a OTC according to IS-54B and would 

carry a predetermined bit pattern used by the base stations to find the start of the 

slot. Also, the SYNC+ field would include a fixed bit pattern to provide 

additional synchronization information for the base stations, which would set 

their receiver gains during the PREAM field so as to avoid signal distortion. 

20 Referring again to FIG. 8c, the CSFP field in each DCC slot conveys the 

SFP value that enables the mobile stations to find the start of each superframe. 

The SFP values are preferably encoded with a (12,8) code, similar to the way the 

DVCC is encoded according to the IS-54B standard; thus, the CSFP field is 

preferably twelve bits in length, and the unencoded SFP consists of eight bits. 

25 Encoding the SFP values in this way has the advantage of using the hardware 

and software already present in the mobile phone for handling the DVCC. Also, 

the four che.ck bits are preferably inverted, enabling a mobile to use the 

information sent in the CSFP field to discriminate between a DCC and a OTC 

since the CSFP of a DCC and the CDVCC of a OTC have no common 

30 codewords. Other ways to discriminate DCCs from DTCs are described in U.S. 
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Patent Application No. 08/147t254. In view of the importance of the SFP to the 

operation of the system, a mobile station might decode the CSFPs in sevetal slots 

in order to ensure accuracy since the CSFP in any individual slot is less well 

protected by encoding and time diversity than the Layer 3 message in the DATA 

5 fields. 

When each superframe includes thirty-two slots, the three most significant 

bits in each eight unencoded SFP bits may be set to zero. It will be appreciated 

that the unused SFP bits could be used for particular purposes, e.g., to handle 

superframes consisting of more than thirty-tw".l slots each or for Layer 1 power 

10 control messages. Also, the three unused SFP bits could be used, either alone or 

in combination with other unused (reserved) bits transmitted in each slot, for 

increasing the redundancy or strengthening the error correction coding of 

the SFP, if determined to be necessary. It will be appreciated that the SFP 

information could be included in the Layer 2 frame header information, rather 

15 'than in separate Layer 1 fields as shown. 

Also, in a system using thirty-two-slot superframes, it is currently 

preferred that. the sixteen CRC, or check, bits in the Layer 2 frames sent in the 

BCCH slots are inverted, while the sixteen check bits in the Layer 2 frames sent 

in the SPACH slots are not inverted. Using the check bits in this way is 

20 advantageous in some situations where it is necessary to re-assign a mobile 

station to another paging slot. For example, if a system has been using twelve 

slots of a thirty-two-slot superframe for ihe BCCH and wants to use thirteen slots 

for the BCCH, mobile stations assigned to the first paging slot after the BCCH 

slots must be informed that they should monitor another paging slot. The 

25 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 message. 
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A hyperframe count and a primary SF indicator are also preferably 

included in the i~formation carried by the BCCH slots; in particular as descnl>ed 

in more detail below, these information elements are included in the DCC 

structure message carried by the F-BCCH. The hyperframe count identifies 

5 which hyperframe of a higher-level structure of paging frames and SMS frames 

is currently being broadcast, as described below in connection with FIG. 10. In 

accordance with Applicants' invention, four paging frame classes and/or four 

broadcast SMS sub-channels may be provided as described below. The primary 

superframe indicator is a single bit that toggles to indicate whether the current 

10 superframe is the primary or the secondary superftame in the current 

hyperframe; when its value is zero, the current superframe may be the primary, 

and vice versa. In one embodiment of Applicants' invention, the hyperframe 

count counts modulo· 12. 

FIG. 9 shows a currently preferred partitioning of the Layer 2 user data 

15 bits before channel encoding. The DATA fields in the logical ch.annels BCCH, 

SPACH, and RACH (normal and abbreviated) preferably use 112-rate 

convoluti.onal encoding; thus, the two DATA fields in each forward DCC slot 

carry 109 plaintext, or unencoded. BCCH or SPACH bits; and the two DATA 

fields in each reverse DCC slot carry either a nonnal 101 plaintext RACH bits or 

20 an abbreviated 79 plaintext RACH bits. Also, the encoded user data ~its are 

preferably interleaved between the two DATA fields in each slot, but they are 

not interleaved among DATA fields in different slots in order to enable the 

longer sleep times available from Applicants• invention. Interleaving may be 

done according to suitable convenient matrices, like those used under the IS-54B 

25 standard. 

Different DCCs may be assigned to different radio channel frequencies, 

and a different number of slots may be allocated to the BCCH on each DCC. 

Layer 2/3 information may also be different for each DCC, but this is not 

required. In an embodiment in which each DCC includes its own BCCH, much 

30 information is redundant from DCC to DCC, resulting in a loss of paging 
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capacity. In another embodiment, DCCs may be organized in m 

relationships, in which full BCCH information would be available only on the 

master DCC; a mobile monitoring a slave DCC would acquire its BCCH 

information by changing to its slave's corresponding master DCC. It is currently 

5 preferred that each frequency carry a full set of BCCH information and a mobile 

station always acquire all its BCCH information on the same frequency as its 

assigned PCH channel. 

The structure of the DCC transmitted on the F-BCCH in the first slot of 

each superframe is the most important information for a mobile to acquire. An 

10 advantageous DCC structure message comprises the information elements listed 

in the following table. 

lnformation Element IE Type Bit Length 

Message type M 8 

Number of F-BCCH slots M 2 

15 Number of E-BCCH slots M 3 

Number of S-BCCH slots M 4 

Number of Skipped slots M 3 

E-BCCH cbaage notification flag M 1 

Hypetframe count M 4 

20 Primary superframe indicator M 1 

Number of DCC slots on this frequency M 2 

MAX_SUPPORTBD _PFC M 2 

PCH_DISPLACEMBNT M 3 

Additional DCC frequencies 0 23-114 

Total""' 33-
147 

25 M = Mandatory 
O =Optional 

As described above, the mobile station normally monitors only one of the 

PCH slots in a superframe to minimize power consumption, or battery drain. 

Since some paging messages may be longer than the capacity of a single time 
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slot, each PCH slot carries a PCON bit that may be set to cause the assigned 

mobile station to read additional SPACH slots, the number of which is 

advantageously indicated by a parameter PCH_DISPLACEMENT sent on the F­

BCCH. The additional slots to be read preferably are separated by at least 

5 40 msec (one TDMA frame) from the assigned PCH slot for both full-and half­

rate DCCs. For example, for a full-rate DCC, the mobile station would attempt 

to read every other SPACH slot up to the number indicated by the 

PCH_DISPLACEMENT parameter. This is advantageous in that it reduces the 

trunking loss caused by the creation of the several distinct paging channels. 

10 Also, using every other SPACH slot in this way gives a mobile station time for 

. processing its received information to determine whether it must read additional 

slots. If every SPACH slot were used instead of at least every other one, a 

mobile station having a slow processing unit might not complete processing by 

the time the next SPACH slot occurred; since the mobile would not yet be aware 

15 that the PCON bit was set, it would have to read the next slot even if that were 

unnecessary and sleep mode performance would suffer. 

Also,. the transmission of long ARCH or SMSCH messages to a first 

mobile station may be interrupted to allow for the transmission of messages to a 

second mobile station. Each interruption of an ARCH or SMSCH message by 

20 another SPACH message may be limited to no more than a predetermined 

number n of time slots, or by Layer 3 timeout for SMSCH or ARCH messages. 

It will be understood that Layer 3 timeout refers to the common practice of 

waiting for a response to a Layer 3 message only for a predetermined period. 

The number of interruptions each mobile station may suffer may also be limited. 

25 Ordinarily, the probability of a successful transmission of a Layer 3 

message is inversely related to the length of the message. Since the probability 
• 

can be quite small for long messages, a simple-minded system would spend much 

of its time re-transmitting or re-reading entire messages that were not properly 

received. In Applicants' system, Layer 3 paging and broadcast SMS messages 

30 are mapped onto Layer 2 frames, and these are organized in structures called 
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paging frames and SMS frames, respectively. For the BCCH, if a Layer 2 frame 

is not received properly, it is not necessary to re-read the entire Layer 3 message 

but only the improperly received Layer 2 frame. The ARCH and RACH can use 

ARQ. 

5 In accordance with an aspect of Applicants' invention, the superframes 

and hyperframes on each DCC are grouped into a succession of paging frames, 

each of which includes an integer number of hyperframes and is a member of 

one of a plurality of paging frame classes; hence, the PCH slots have the paging 

frame structure. In accordance with one aspect of Applicants, invention, the 

10 mobile station reads its assigned PCH slot only in the hyperframes of its 

allocated paging frame class. (As described above, each mobile station is 

allocated a specific PCH sub-channel within a paging frame based preferably on 

the mobile's IS-54B MIN identity.) In many cases, mobile stations would be 

allocated a paging frame class that would cause the mobiles to read their assigned 

15 PCH slots in each hyperftame; this minimizes call set-up time and sleep 

duration. But other paging classes would have the mobiles read PCH slots in 

more widely separated hyperframes, delaying call set-ups but increasing sleep 

times to as much as 123 seconds for some types of paging frame structure. 

Thus, it will be appreciated that PCH slots are included in every superframe but 

20 the PCH slot assigned to a given mobile may not be. 

Referring to the exemplary table shown in FIG. 10, primary and 

secondary PCH slots p and s in the primary and secondary superframes, 

respectively, of each hyperframe may be grouped in one of four PF classes PF1 -

PF4, which are distinguished by how frequently the PCH slot information is 

25 repeated. Class PF1 may be called the "lowest" PF class because PCHs in this 

class repeat their information with the lowest duration between repeats; in 

FIG. 10, the PCH slot is repeated in each successive hyperframe (i.e., in every 

successive superframe). Class PF. may be called the •highest" PF class because 

PCHs in this class repeat their information with the highest duration between 

30 repeats; in FIG. 10, the PCH slot is repeated only every fourth hyperframe. As 
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described above. the PCH information in a primary superframe is guaranteed to 

be repeated in the corresponding secondary superframe. In FIG. 10 for paging 

frame class PF(i), where i = 2. 3, 4, only the PCH assignments which are 

aligned to HF0 are shown for illustration purposes. 

5 In the embodiment illustrated by FIG. 10> there are only four paging 

frame classes that are linearly related, yielding maximum sleep times of eight 

superframes, or 5.12 seconds. Longer sleep times can be obtained by providing 

more classes that are exponentially related. For example, sleep times of 123 

seconds are obtained in a system having eight paging frame classes in which the 

10 delays double from class to class. It will be understood that long sleep times can 

result in access delays that are unacceptable for typical telephone use; for 

example, most callers attempting to reach a mobile would be unwilling to wait 

123 seconds after dialing the mobile's number for contact to be established. 

Nevertheless, such delays may be tolerable in some cases, such as remote polling 

15 of equipment like soft-drink dispensers. 

In an embodiment using the table illustrated in FIG. 10, the least comm.on 

multiple of the indices of the four paging frame classes is twelve; this is the 

reason that the HF counter counts modulo-12, as described above. 

Three other terms used in describing the operation of the PF classes are 

20 default PF class, assigned PF class, and current PF class. The default PF class 

is the class assigned to the mobile station when its subscription to the system is 

entered. If the default PF class happens to be higher than the highest class 

supported by a DCC, as defined by the parameter MAX_SUPPORTBD_PFC in 

the DCC structure message, the mobile would use the PF class defined by 

25 MAX_SUPPORTED_PFC. The assigned PF class refers to a PF class assigned 

to the mobile by the system, for example in the system's response to a 

registration request by the mobile. The PF class actually used during a 

communication may be called the current PF class. 

In another aspect of Applicants' invention, the S-BCCH slots in 

30 successive superframes are grouped into a succession of fixed-length SMS 
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frames, each preferably consisting of twenty-four superfmmes (twelve 

hyperframes) as shown in FIG. 11. This S-BCCH frame structure enables 

message~ to be sent with highly variable periodicity without sacrificing capacity, 

and as described below, it avoids requiring the mobile stations to re-read 

5 constantly the entire S-BCCH information when only one of the many messages 

sent has changed. Also, choosing an SMS frame structure that is conveniently 

related to the paging frame class structure enables counters that are already in 

use for one purpose (paging) to be re-used for another purpose (SMS broadcast 

messaging). 

10 The SMS frames are advantageously divided into a plurality of sub-

channels, each having its own repetition cycle defined in terms of units of 

possible SMS frames. For most practical situations, the sub-channel repetition 

time should not be too long. In a manner similar to the handling of the F-BCCH 

change flag described above, a mobile station is informed of a change in the 

15 contents of particular sub-channels through an SMS transition flag (TF) included 

in its PCH slot information. 

Currently, four SMS sub-channels are preferred, and the SMS sub­

channels are sub-multiplexed on the S-BCCH channel in units of SMS frames, 

e.g., SMS frame SMS(i), where i = 1, .•• , N, as illustrated in FIG. 12. It will 

20 be understood that each (Layer l) time slot canies a respective SMS frame and 

that a Layer 3 SMS message can span several SMS frames. 

An SF number is advantageously derived from the hyperframe count and 

primary superframe indicator sent on the· BCCH as follows: 

SF number= 2*HF count+ primary SF indicator. 

25 The first S-BCCH slot(s) within each SMS frame (superframe 0) would contain a 

header that describes the structure of the SMS sub-channel. As noted above, the 

number of superframes within each SMS frame is fixed, and thus the number of 

slots assigned to the SMS frame are 0, 24, 48, 72, •.• (full-rate), depending on 

how many slots per superframe are assigned to S-BCCH. The SMS frame is 

30 aligned to start at HF counter equal to zero and in a primary superframe to help 
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the mobile synchronize to the SMS frame structure. In this way, SMS frames 

are synchronized to the hyperframes and superframes, although it will be 

appreciated that the start of an SMS frame is offset from the start of a 

hyperframe (or a primary superframe) since the S-BCCH slots are not the first 

5 slots in a superframe. Furthermore, regardless of how many paging frame 

classes are supported, the system increments the hyperframe count to provide 

SMS frame synchronization information to the mobile station. 

-- . 

According to Layer 2 information found in every first slot in each SMS 

frame, the set of messages in an SMS frame SMS(i) may span a number M(i) of 

10 SMS frames before a cycle is completed. Regardless of varying message set 

cycles among the sub-channels, SMS frame SMS(i) is always followed by SMS 

frame SMS((i + 1) mod N + 1) in order of transmission. Thus, Layer 3 broadcast 

SMS messages can span several SMS frames, which represents a tradeoff 

between the number of slots in each superframe devoted to SMS broadcast and 

15 the time needed for message transmission. 

A transition flag (TF) is provided for each SMS sub-channel, and the 

flags for all SMS sub.channels are submultiplexed onto a single flag, transmitted 

on the SPACH channel, that points to the next logical SMS frame to be read. 

For example, FIG. 12 shows flag TF{2) points to SMS frame SMS(2). If the 

20 transition flag for a sub-channel indicates a change, the mobile station reads an 

S-BCCH header field at the start of the next logical SMS fmme to obtain further 

information, as described more fully below. 

Header information describes the sub-channeling of the broadcast SMS 

channel and is provided in the first slot of every SMS frame. The mobile can 

25 also find the Layer 3 structilre of the SMS frame associated with this header. A 

suitable SMS Header information element located at the start of every SMS 

fiame is shown in the table below. 

lnfonnation Element Range 0-.ogical) Bits 

Number of Sub-claannels 1-4 2 

.--
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Sub-chaancl Number 

Phase Length of Sub~h. Cyde 

Phase Number of Sub-ch. Cycle 

Number of SMS Messages (N) 

0 SMS Message lD (Note 1) 

0 Layer 2 Frame Start (Note 1) 

1-4 

1-64 

1-64 

1..64 (set to 1 plus value in 
field) 

0-255 (unique ID in. cycle) 

REPLA.CEMt!if 1~~~~T 
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2 

'6 

6 

<i 

8 

0-255 (Layer 2 frame identifier) 8 

Note 1: N instances .of these two elements are sent consecutively. 

SMS data may span several SMS frames, but the flags TF enable 

interruption of the sub-channel cycles (cycle clearing). For example, after a flag 

10 TF, the mobile station assumes that the next sub-channel is the start of the new 

cycle. There are two ways to change the data provided on the broadcast SMS: .. 
changing the Layer 3 messages within the SMS (messages may be added and/or 

deleted from any position in the cycle), and changing the structure of the sub­

channels. 

15 The SMS Message IDs, of which there are a set of 256, and their 

associated Layer 2 Frame Starts comprise a list of all messages appearing in an 

SMS frame. SMS Message IDs are unique for each SMS frame and the whole 

set of 256 values is used before the set begins to be used again in order to aid 

the mobile in searching for changed message(s) and in avoiding reading 111C.1sages 

20 that have not changed. A Layer 2 Frame Start infonnation element is provided 

to point to the start of the Layer 2 frame in which the associated SMS message 

begins (the message does not have to begin at the start of the Layer 2 frame). A 

description of message delivery is provided in the description of the S-BCCH 

Layer 2 Protocol given below. 

25 In the example shown in the table below, four messages make up SMS 

frame l , and it may be assumed that only one slot in each superframe is 
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. dedicated to S-BCCH. (Since it is cumntly preferred that each SMS flame 

include twenty-four supedtames, there are twenty-four slots in each SMS frame.) 

PreriomSMS NewSMS 
Frame 1 Header Frame 1 lleacler 

Number of sub-dwuxels 3 Number of sub-dwmels 

Sub-channel number 1 SulKbann.el number 

Length of sub-ch. cycle z Length of sub-ch. cycle 

Phase of sub-ch. cycle 1 Phase of sub-ch. cycle 

Number of SMS messages (N) 4 Number of SMS messages (N) 

!01 SMS message ID l 01 SMS message ID 

!Ol Layer 2. Fn.mo Start 1 ot Layer 2 Frame Start 

!02 SMS message ID 2 02 SMS message ID 

02 Layer 2 Frame Start 2 02 Layer 2 Frame S~ 

03 SMSmcssagc 3 04 SMS message ID 
m 

!03 Layer 2 Frame Start 2 04 Layer 2 Frame Start 

lo4 SMS message ID 4 os SMS message ID 

!04 Layer 2 Frame Start ' oS Layer 2 Fzame Start 

06 SMS message JD 

06 Layer 2 Prame Start 

In the table above1' the mobile is assumed to be monitoring the SPACH 

when the TF toggles to indicate a change in the S-BCCH. The mobile knows 

20 from its own internal supedrame count where the start of the SMS fiame is, and 

it can determine that SMS sub-channel three is currently being broadcast by 

reading the SMS header and that the TF points to a change in SMS sub-channel 

one. When SMS sub-channel one begins, the mobile reads the SMS header. It 

determines that message 3 is removed; that the position of message 4 has 

3 

1 

2 

1 

s 

1 

1 

2 

2 

4 

2 

5 

3 

6 

3 
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changed (but the message ID is the same so the mobile does not need to re-read 

this message); and that new messages 5 and 6 have been added and must be read. 

The mobile may skip the appropriate number of Layer 2 frames to read the new 

messages. 

5 S-BCCH LAYER 2 PROTOCOL 

The S-BCCH Layer 2 protocol is used when a TOMA burst carries S­

BCCH information. Each S-BCCH Layer 2 protocol frame is constructed to fit 

in a 125-bit envelope. An additional five bits are reseived for use as tail bits, 

which are the last bits sent to the channel coder, resulting in a total of 130 bits of 

10 Layer 2 information carried within each S-BCCH slot. As noted above, the 

La~er 2 protocol for S-BCCH operation supports only unacknowledged 

operation. Several different S-BCCH Layer 2 frames are shown in FIGS. 13a, 

13b, 13c. 

FIG. 13a shows a mandatory minimum S-BCCH BEGIN frame and 

15 FIG. 13b shows another S-BCCH BEGIN Frame used when two Layer 3 

messages are included in the frame with the second Layer 3 message being 

continued in a following frame. The BEGIN' frames are used for starting the 

delivery of one or more Layer 3 messages on the S-BCCH, and it is currently 

preferred that an S-BCCH BEGIN frame be used as the first ftame of the S-

20 BCCH cycle. If the first Layer 3 message is shorter than one S-BCCH frame, a 

begin/end indicator BE is added to the end of the L3DATA.field as shown to 

indicate whether or no£ an additional Layer 3 message is started within the 

BEGIN frame. As shown in FIG. 13a, if the BB indicator is set to indicate 

"END", the rest of the BEGIN frame is padded with FILLBR, e.g., 7.eroes. As 

25 shown in FIG. 13b, if the BE indicator is set to indicate "BEGIN", a new 

Layer 3 message is started in the BEGIN frame. If the L3DATA field ends on 

an S-BCCH frame boundary, the BE indicator is not included in the frame; an 

"END" indication is implied. If the L3DATA field ends with less than nine bits 
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remaining in the S-BCCH ·frame, the BE indicator is set to "END", and the rest 

of the frame is padded with FILLER. 

FIG. 13c shows an S-BCCH CONTINUE Frame (mandatory minimum), 

which is used for continuation of a Layer 3 message that was too long to fit into 

5 the previous frame. The continuation length indicator CLI field indicates how 

many bits of the CONTINUE frame belong to the continued message, and thus 

th~ preceding Layer 3 message may have to be padded with Fll..LER. If the BE 

indicator is set to "END", the rest of the CONTINUE frame is padded with 

FILLER. If the BE indicator is set to ltBBOIN", a new Layer 3 message is 

10 started in the CONTINUE frame. If the L3DATA field ends on an S-BCCH 

frame boundary, the BE indicator is not included in the frame; an "END" 

indication is implied. If the L3DATA field ends with less than nine bits 

remaining in the S-BCCH frame, the BE indicator is set to "END", and the rest 

of the frame is padded with FILLER. 

15 The CU makes it possible for mobile stations to receive any message 

starting in a continuation frame, even if the preceding logical frame was not 

received. The following table summarizes the fields included in the S-BCCH 

Layer 2 protocol frames. 
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Field Name BitLeagth Values 

SCS • S·BCcH Cycle Start 1 O = Not the sCart of an 
s-BCCHC)'ck 
1 • Start of an S-BCCH 
cycle 

BC ... Begin I Continue 1 0 - Begin 
1 = Ciontinue 

CU = Continuation Length lnd!cator 7 Number of bits remaining in 
previous Layer 3 message. 

L3U = Layer 3 Length Indicator 8 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 ovemJl length 
indicated by L3U. The 
portion of this field not used 
to can:y Layer 3 data is filled 
with" zeroes. 

BB = Begin I Bild 1 0 "" Beginning 
I =End 

FIU..BR. • Burst Fitter Variable All filler bits am set zero · 

cac - eyClic bduadallcy Code 16 Same geaeratot polynomial as 
IS-54B. 11le nomiaa1 DVCC 
is applied ill the calculation 
of CRC for each. S-BCCH 
Layer 2 frame. 

teat names can be defined for me ¥-~· ~tmlfar 11 og - ~-IU_·1 ~ .... 8S 

described in U.S. Patent Application No. 08/147 ,254 for example, but these are 

beyond the scope of this application. 

LA YER 3 ~SAGF.S 

The S-BCCH Layer 3 messages that are mapped to the Layer 2 frames 

I 

15 are described below. In all messages shown in tabular form below, the 
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information elements in the top rows of the tables are preferably the first 

elements to be delivered to Layer 2. In the information elements, the niost 

significant bit (the left-most bit in the tables) is the first bit to be delivered to 

Layer 2. The information elements are described in alphabetical order after the 

5 description of the messages below. 

There are two types of S-BCCH messages used for SMS broadcast: SMS 

frame header messages; and SMS non-header messages, which are those used to 

transfer the actual messages to the mobile stations. 

The SMS frame header messages describe the structure of the SMS sub-

10 channel, and are provided in the first slot of each SMS frame. The format of a 

suitable SMS frame header message is described in the following table. 

15 

20 

25 

Information Element Type Bit Length 

Message Typo M 8 

Number of Su!H:bannels M 2 

Sub-channel Number M 2 

Phase Length of Sub-ch. Cycle M 6 

Phase Number of SutH:h. Cycle M 6 

Number of SMS Messages (N) M 6 

0 SMS Message ID (Note 1) M g 

0 Layer 2 Frame Start (Note 1) M 8 

Total• 46 

NOTE 1: N instances of these two elements are sent consecutively. 

The format of a suitable SMS non-header, broadcast message is as 

follows: 

Information Element Type Bit Length 

Message Type M 8 

SMS Message ID M g 

Text Message Data Unit M N•8 
N max.= 253 
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In one aspect of Applicants' invention, SMS messages may be encrypted 

in a way that supports different classes of message service, much like cable 

television systems distinguish premium classes of service from a basic service 

class by scrambling or otherWise protecting the premium programming. For 

5 example, three classes might be provided as follows: a basic class in which any 

subscriber paying an appropriate fee would be able to de-crypt some of the SMS 

broadcast messages, such as product advertisements, weather and vehicle traffic 

announcements; a higher class in which a subscriber paying a higher fee would 

be able to de-crypt the SMS broadcast messages available to the basic class and 

10 additional messages, such as news items; and a highest class in which a 

subscriber paying a highest fee would be able to de-crypt all of the SMS 

broadcast messages, including financial quotations and higher-valtte items of 

information. 

The de-cryption of the SMS messages could be carried out by the 

15 processing units in the mobile stations according to any of a wide variety of 

cryptographic techniques. Preferably, each broadcast message would include as 

an attribute an indicator for determining which encryption key or algorithm 

should be used to decode the respective message. Such attributes might be 

included in the SMS frame headers, and the encryption keys or algorithms could 

20 be sent to the mobiles over the air or entered directly, via a •smart card", for 

example. As an alternative, the sub-channels could be individually encrypted, so 

that broadcast SMS messages included in the time slots of one of the SMS sub­

channels are encrypted according to one encryption method and the broadcast 

SMS messages included in the time slots of another SMS sub--channel are 

25 encrypted according to a another encryption method. 

INFORMATION ELEMENT DESCRIPTION 

A few coding rules apply to the information element descriptions. For 

example, information elements of the type "flag11 have values of 0 to indicate 

"disable", or "ofr', or "false", and values of 1 to indicate "enable", or "on", or 
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•true•. Also, certain BCCH fields do NOT trigger a transition in the BCCH 

change flag in the SPACH; those fields are designated as non-critical, or "NC". 

Information elements of the type •transition" are modulo-1 counters for 

indicating changes in current status. The channel. number is coded in accordance 

5 with the IS-54B standard* unless otherwise noted. All lengths are specified in 

bits, unless otherwise noted. 

Layer 2 Frame Start 

This variable indicates the number of slots from the start of the SMS sub­

channel cycle to the beginning of the SMS message, which may not begin in the 

10 indicated SMS slot but may be contained in an end/begin burst used to start 

delivery of this message. 

15 

Message~ 

This 8-bit information element identifies the function of the message being 

sent. The message types are coded as follows: 

S·BCCH Messages 

Broadcast Information Message 0010 0111 • 27 

Number of SMS Messa,ges 

This variable indicates the number of broadcast SMS messages in this 

SMS fmme (1 plus the value in this field). 

20 NumberofSub=Channels 
This variable indicates the number of SMS sub-channels being used by 

this DCC (1 plus the value in this field). 

Phase Length of Sub:eh. cycle 

This variable indicates the number of SMS frames that make up one cycle 

25 (1 plus the value in this field). 

Phase Number of Sub-ch. Cycle 

This variable indicates which SMS frame in the cycle is currently being 

broadcast. 

Sub-channel Number 
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This variable indicates which sub-channel is currently being broadcast 

Since current mobile stations operating under the IS-54B standard sleep 

for periods on the order of only a few milliseconds, the electronic circuits that 

constitute the mobile station's processing unit would preferably be optimized to 

5 take complete advantage of the long sleep times made available by Applicants' 

invention. To a somewhat lesser extent, current mobile station transceivers and 

other electronic components would also benefit from optimization for longer 

sleep times. In addition, the processing units would be expected to support the 

higher data throughput on a DCC. 

10 It is, of course, possible to embody the invention in specific forms other 

than those described above without departing from the spirit of the invention. 

The embodiments descritied above are merely illustrative and should not be 

considered restrictive in any way. The scope of the invention is determined by 

the following claimst mther than the preceding description, and all variations and 

15 equivalents which fall within the scope of the claims are intended to be embraced 

therein. 

• 
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WHAT IS CLAIMED IS: 

1. A method of communicating information to a remote station 

comprising the steps of: 

grouping the information into a plurality of successive time slots on a 

5 radio carrier signal; 

grouping the time slots into a plurality of successive superframes; 

grouping the successive superframes into a plurality of successive 

hyperframes, wherein at least two successive superframes are grouped into each 

hyperframe; and 

10 assigning one of the time slots in each of the superframes to the remote 

station, the assigned time slot being for sending a paging message to the remote 

station; 

wherein information sent in the assigned time slot .in one superframe in a 

hyperframe is repeated in the assigned time slot in all other superframes in that 

15 hyperframe. 

2. The method of claim 1, wherein each superframe includes a 

plurality of paging time slots for sending paging messages to remote stations, the 

paging time slots in successive hyperframes are grouped into a plurality of 

successive paging frames, and the assigned time slot is included once in every 

20 paging frame. 

25 

3. The method of claim 1, wherein each superframe includes time 

slots comprising a logical channel for broadcast control information and time 

slots comprising a logical paging channel, the assigned time slot being among the 

paging channel time slots. 

4. The method of claim 3, wherein the information sent in the paging 

channel time slots includes information directing remote stations to read a time 

slot having broadcast control information. 

5. The method of claim 3, wherein the information in the time slots 

having broadcast control information is encoded according to a predetermined 

30 error correcting code and includes a plurality of cyclic redundancy check bits 

\ \11\11\ \II\\ Ill\\ \\1\1 \\ \\I\ 
* C L Jll S 
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having first polarities, and the information sent in the paging channel time slots 

is encoded according to the predetermined error correcting code and includes a 

plurality of cyclic redundancy check bits having second polarities that are 

inverses of the first polarities. 

5 6. The method of claim 5, wherein the remote station, in response to 

decoding one of the pluralities of cyclic redundancy check bits, reads a time slot 

having broadcast control information. 

7. The method of claim 1, further comprising the step, in the remote 

station, of decoding the assigned time slot only in first superframes in successive 

10 hyperframes if the assigned time slot is properly decoded. 

8. The method of claim 7, further comprising the step, in the remote 

station, of decoding the assigned time slot in the other superframes in the 

successive hyperframes if the assigned time slot in the first superframes is not 

properly decoded. 

15 9. The method of claim 7, wherein the remote station determines that 

the assigned time slot is properly decoded based on a plurality of cyclic 

redundancy ~eek bits included in the information sent in the assigned time slot. 

10. The method of claim 1, wherein each time slot has a duration of 

substantially 6.67 mi11isecond, and each superframe consists of thirty-two time 

20 slots distributed among ninety·six consecutive time slots on the radio carrier 

signal. 

11. A method of communicating information to a remote station 

comprising the steps of: 

grouping the information into a plurality of successive time slots on a 

25 radio carrier signal; 

grouping the time slots into a plurality of successive superframes; and 

grouping the successive superframes into a plurality of sw:cessive 

hyperframes, wherein at least two successive superframes are grouped into each 

hyperframe; 
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wherein each superframe includes time slots comprising a logical channel 

for broadcast control information and time slots "COmprising a logical paging 

channel, and the broadcast control information comprises special messages that 

are included in respective time slots comprising a logical special message 

5 channel. 

12. The method of claim 11, wherein the time slots of the special 

message channel are grouped in successive SMS frames, and the SMS frames are 

synchronized with respective hyperframes. 

13. The method of claim 12, wherein each SMS frame corresponds to 

10 a respective one of a plurality of SMS sub-channels. 

14. The met!Jod of claim 13, wherein a special message spans at least 

two SMS frames of a reSpective SMS sulrchannel. 

15. The method of claim 13, wherein the special messages included in 

the time slots of a first one of the SMS sub-channels are encrypted according to a 

15 fii:st encryption method and the special messages included in the time slots of at 

least one other SMS sub-channel are encrypted according to another encryption 

method. 

16. The method of claim 13, wherein each special message is 

encrypted according to a respective encryption method. 

20 17. A method of communicating information to a remote station 

comprising the steps of: 

grouping the information into a plurality of time slots; 

grouping the time slots into a plurality of superframes; and 

sending, in each slot in each superframe, superframe phase information 

25 for identifying a position of the slot in the superframe. 

18. The method of claim 17, wherein the superframe phase 

information i~ a count indicating a time of next occurrence of a slot including 

overhead information. 

19. The method of claim 18, wherein the count is encoded according 

30 to a predetermined error correcting code, polarities of a plurality of cyclic 
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redundancy check bits produced by encoding the count are inverted, and the bits 

having inverted polarities are incl\lQed in the respective slot. 

20. A method of communicating overhead information to a remote 

station comprising the steps of: 

5 grouping the overhead information into a plurality of time slots on a radio 

carrier signal; 

grouping other information into another plurality of time slots; 

successively transmitting the time slots having overhead information and 

the time slots having other information; and 

10 indicating in each time slot the respective time slot's temporal position 

with respect to a start of the next transmission of time slots having overhead 

information. 

21. The method of claim 20, wherein each time slot's temporal 

position is indicated by a count for indicating a time interval until the next 

15 transmission of the time slots having overhead information. 

22. The rµethod of claim 20, wherein a time interval between 

successive transmissions of the time slots having overhead information is at least 

an order of magnitude greater than a duration of each time slot. 

23. The method of claim 20, wherein the time slots including the 

20 overhead information comprise a logical channel for broadcast control 

information and the time slots including the other information comprises special 

messages that are included in other time slots comprising a logical special 

message channel. · 

24. The method. of claim 23, wherein the time slots of the special 

25 message channel are grouped in successive SMS frames. 

25. The method of claim 24, wherein each SMS frame corresponds to 

a respective one of a plurality of SMS sub-channels. 

26. The method of claim 25, wherein a special message spans at least 

two SMS frames of a respective SMS sub-channel. 
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27. The method of claim 25. wherein the special messages included in 

the time slots of a first one of the SMS sub-channels are encrypted according to a 

first encryption method and the special messages included in the time slots of at 

least one other SMS sub-channel are encrypted according to another encryption 

5 method. 

28. The method of claim 25, wherein each special message is 

encrypted according to a respective encryption method. 

29. In a radio communication system, a base station for 

communicating information to a remote station comprising: 

10 means for grouping the information into a plurality of successive time 

slots, the time slots being grouped in a plurality of successive superframes and 

the successive superframes being grouped in a plurality of successive 

hyperframes, 

a transmitter for sending the time slots on a radio carrier signal; 

15 wherein at least two successive superframes are grouped into each 

hyperframe, and one of the time slots in each of the superframes is assigned to 

the remote station, the assigned time slot being for sending a paging message to 

the remote station, and the transmitter sends information sent in the assigned 

time slot in one superframe in a hyperframe in the assigned time slot in all other 

20 superframes in that hyperframe. 

30. The base station of claim 29, wherein the transmitter sends paging 

messages to remote stations in a plurality of paging time slots in each 

superframe, the paging time slots in successive hyperframes being grouped into a 

plurality of successive paging frames, and the transmitter sends the assigned time 

25 slot once in every paging frame. 

31. The base station of claim 29, wherein the transmitter sends 

information in the assigned time slot that directs the remote station to read a time 

slot having broadcast control information, the broadcast control information 

being transmitted in ti me slots in each superframe comprising a logical channel 

30 for the broadcast control information; and other time slots in each superframe 
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comprising a logical paging channel, the assigned time slot being included among 

the paging channel time slots. 

32. The base station of claim 31, wherein the transmitter encodes the 

information sent in the time slots having broadcast control information according 

5 to a predetermined first error correcting code and includes in those time slots a 

plurality of cyclic redundancy check bits having first polarities, and the 

transmitter encodes the information sent in the paging channel time slots 

according to the predetermined error correcting code and includes in the paging 

time slots a plurality of cyclic redundancy check bits having second polarities 

10 that are inverses of the first polarities. 

33. The base station of claim 29, wherein each time slot has a duration 
• 

of substantially 6.67 millisecond, and each superframe consists of thirty-two time 

slots distributed among ninety-six consecutive time slots on the radio carrier 

signal. 

15 34. The base station of claim 29, wherein the broadcast control 

information comprises special messages that are included in respective time slots 

comprising a logical special message channel, the time slots of the special 

message channel are grouped in successive SMS frames, and the SMS frames are 

synchronized with respective hyperframes. 

20 35. The base station of claim 34, wherein each SMS frame 
corresponds to a respective one of a piurality of SMS su.b-channels. 

36. The base station of claim 35, wherein a special message spans at 

least two SMS frames of a respective SMS sub-channel. 

37. The base station of claim 35, wherein the special messages 

25 included in the time slots of a first one of the SMS sub-channels are encrypted 

according to a first encryption method and the special messages included in the 

time slots of at least one other SMS sub-channel are encrypted according to 

another encryption method. 

38. The base station of claim 35, wherein each special message is 

30 encrypted according to a respective encryption method. 
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39. The base station of claim 29, wherein the grouping means 

includes, in each slot in each superframe, superframe phase information for 

identifying a position of the slot in the superframe. 

40. The base station of claim 39, wherein the superframe phase 

5 information is a count indicating a time of next occurrence of a slot including 

overhead information. 

41. The base station of claim 40, wherein the count is encoded 

according to a predetermined error correcting code, polarities of a plurality of 

cyclic redundancy check bits produced by encoding the count are inverted, and 

10 the bits having inverted polarities are included in the respective slot. 

42. In a radio communication system, a remote station for receiving 

information sent by a base station in a plurality of successive time slots on a 

radio carrier signal comprising: 

a receiver for receiving the radio ·carrier signal; 

15 means for processing the information in the time slots on the received 

carrier signal, wherein the time slots are grouped in a plwality of successive 

superframes; the successive superframes are grouped in a plurality of successive 

hyperframes; at least two successive superframes are grouped in each 

hyperframe; one of the time slots in each of the superframes is assigned to the 

20 remote station. the assigned time slot being for sending a paging message to the 

remote station; and information sent in the assigned time slot in one superframe 

in a hyperframe is repeated in the assigned time slot in all other superframes in 

that hyperframe. 

43. The remote station of claim 42, wherein each superframe includes 

25 a plurality of time slots for paging messages and the superframes in successive 

hyperframes are grouped in a plurality of successive paging frames, and the 

processing means reads the assigned time slot once in every paging frame. 

44. The remote station of claim 42, wherein the processing means 

reads information sent in the assigned time slot that directs the remote station to 

30 read broadcast control information transmitted in predetermined time slots in -------
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each superframe; the predetermined time slots comprise a logical channel for the 

broadcast control information; and other time slots in each superframe comprise 

a logical paging channel, the assigned time slot being included among the time 

slots comprising the logical paging channel. 

5 45. The remote station of claim 44, wherein the broadcast control 

information comprises special messages that are included in respective time slots 

comprising a logical special message channel, the time slots of the special 

message channel are grouped in successive SMS frames, and the SMS frames are 

synchronized with respective hyperframes. 

10 46. The remote station of claim 45, wherein each SMS frame 

corresponds to a respective one of a plurality of SMS sub-channels. 

47. The remote station of claim 46, wherein a special message spans at 

least two SMS frames of a respective SMS sub-channel. 

48. The remote station· of claim 46, wherein the special messages 

15 included in the time slots of a first one of the SMS sub-channels are encrypted 

according to a first encryption method and the special messages included in the 

time slots of at least one other SMS sub-channel are encrypted according to 

another encryption method. 

49. The remote station of claim 46, wherein each special message is 

20 encrypted according to a respective encryption method. 

SO. The remote station of claim _44, wherein the processing means 

decodes the information sent in the time slots having broadcast control 

information according to an error correcting code, the information including a 

plurality of cyclic. redundancy check bits having first polarities; and the 

25 processing means decodes the information sent in the assigned slot according to 

the error correcting code, the information including cyclic redundancy check bits 

having second polarities that are inverses of the first polarities. 

51. The remote station of claim 50, wherein the processing means, in 

response to decoding one of the pluralities of cyclic redundancy check bits, reads 

30 the broadcast control information. 

--
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52. The remote station of claim SO, wherein the processing means 

decodes the assigned time slot only in first superframes in successive 

hyperframes if the assigned time slot is properly decoded. 

53. The remote station of claim SO, wherein the processing means 

5 decodes the assigned time slot in the other superframes in the successive 

hyperframes if the assigned time slot in the first superframes is not properly 

decoded. 

54. The remote station of claim 50, wherein the processing means 

determines that the assigned time slot is properly decoded based on the plurality 

10 of cyclic redundancy check bits included in the assigned time slot. 

55. The remote station of claim 42, wherein the processing means 

reads, in each slot in each superframe, superframe phase information for 

identifying a position of the slot in the superframe. 

56. The remote station of claim SS, wherein the superframe phase 

15 information is a count indicating a time of next occurrence of a slot including 

overhead information. 

57. The remote station of claim 56, wherein the count is encoded 

according to a predetermined error correcting code, polarities of a plurality of 

cyclic redundancy check bits produced by encoding the count are inverted, and 

20 the bits having inverted polarities are included in the respective slot. 
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Abstract 

DIGITAL CONTROL CllANNELS HAVING LOGICAL CHANNELS FOR MULTIPLE 
ACCESS RADIOCOHMONICATION 

A communications system in which information is transmitted 
in successive time slots grouped into a plurality of superframes 
which are, in turn, grouped into a plurality of hyperframes. A 
remote station (120} is assigned to one of the time slots in each 
of the superframes for paging the ·remote station, each hyperframe 
including at least two superframes, and the information sent in 
the assigned time slot in one superframe in each hyperf rame is 
repeated in the assigned time slot in the other superframe(s) in 
each hyperframe. Each superframe can include a plurality of time 
slots used for sending paging messages to remote stations, 
grouped into a plurality of successive paging frames, and the 
time slot to which the remote station is assigned is included 
once in every paging frame. Also, each superframe may include 
time slots comprising a logical channel for broadcast control 
information and time slots comprising a logical paging channel. 

Figure 4 
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