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Reduc‘ing Messagé CongestiOn ina Communication System -

BACKGROUND

Appllcants lnventlon relates to electrloal telecommunlcatlon and

" more partlcularly to wrreless communication systems, such as cellular and
satellrte radlo systems for various modes of operation (analog, digital, dual

| mode etc ), and for access techniques such as frequenoy division multlple

access (FDMA) trme dlwsnon multiple access (TDMA), code division multiple
access (CDMA) and hybrid FDMA/T DMA/CDMA ' :

Ina TDl\/lA cellular radio telephone system, each radio channel is
lelded into a series of tlme slots, each of which contains a burst of

lnformatron from a data source, e.g., a drgrtally encoded portion of a voice

" conversation or digital control information. The time slots are grouped into -

- successive frames that each have a predetermined duration. Successive

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

slots on the radio carrier, constitute a logical channel assigned to the user.

As descnbed in more detail below, such loglcal channels are provrded for

| communlcatlng control sngnals and for voice and data sngnals

It can be seen that a TDMA cellular system Operates in a buffer—-and- -

burst or d|scont|nuous-transmrssnon mode: each terminal transmlts (and

| recerves) only durrng its assrgned time slots or frames. Therefore portlons

of the terminal, or mobrle statlon (MS), which may be battery-powered can
be switched off or sleep to save power during the time slots when it is
neither transmlttlng nor recelving. During assigned slots, a MS awakes and
monitors the oontrol ohannel for paging' messages addressed fo it. |
For example, when an ordinary tel’ephone (land-line) subscriber calls
a mobile‘suhscriber, 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 requests some or all of
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~anumber of radio base stations (BSs) to page the called MS by'transmitting

over their respectrve control channels page messages that contain

mformatlon 'such as a mobrle Identlt" cation number (MIN) that ldentlfres the

called MS.

Each |dle MS recelvmg a paglng message compares the recelved

ldentlfyrng information wrth its own stored lnformatlon The MS havnng the

Imatchlng ldentlfylng mformatlon transmlts a page response over the

partlcular control channel to the BS, which forwards the page response to

the MSC Upon receiving the page response the MSC selects a traft" o

| channel available to the BS that received the page response swrtches ona

corresponding radlo transceiver in that BS, and_' causes that BS to send a

‘message via the control channel to the called MS that Instructs the called
- MS to tune to the selected voice or traffic channel. ‘A through-connection for

~ the call is established once the MS has tuned to the selected traffi_c channel.

A tully digitized type of cellular network uses logical channels for

~ communicating digital voice or data as well as control information. One
'such digital cellular standard Is defined by the TIA/EIA-136 standard which

E promulgated by the Telecommunlcatlons Industry Association and the

Electronlc lndustnes Assocratron and is being adopted raprdly throughout

the world. A cellular hetwork lmplementlng the TIA/EIA-136 standard
atransmlts control lnformatlon over dlgttal control channels (DCCHs) A
forward or downlink (BS to MS) DCCH includes successive repetltlons of an

| ordered sequence of loglcal channels that makes up what is called a

superframe. Such networks are described in U.S. Patent No. 5,604,744 to
Andersson et al. for “Digital Control Channels Having Logical Channels for

Multiple Access Radiocommunication”, which is incorporated In this

- application by reference.

FIG. 1 shoWs a general example of a forward DCCH configured as a

succession of time slots 1, 2, ..., N, . . . included in the consecutive time
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B islots 1,2,...sent on a carrier signal. The DCCH slots may be defined on a

radlo-frequency carrier srgnal such as that specn‘led by TIA/EIA-136, and |
may consrst as seen In FIG 1 for example of every n-th slot in a series of
consecutlve slots that can be orgamzed in TDMA blocks and frames Each

slot may have a duratlon of 6.67 milliseconds (ms), WhICh s also the

~ duration of a trafflc-channel slot accordmg to the TIA/EIA-136 standard. As

shown in FIG 1 the DCCH slots may themselves be organized into

: superframes (SF) and 3 superframe accordmg to the standard may lnclude

thlrty-two DCCH slots and have a duration of 640 ms. _
Each superframe typlcally Includes an ordered sequence of a number |

of loglcal channels that carry dlfferent kinds of mformatron One or more

'DCCH slots may be allocated to each logical channel in the superframe.

" The downhnk superframe depicted in FIG. 1 includes at least three logical

channels: a broadcast control channel (BCCH) that includes six successive

DCCH slots for overhead messages; a paging channel (PCH) that includes

" one slot for paging messages; and an access reSDOnsé channel (ARCH)

that lncludes one slot for channel as3|gnment and other messages Other

ochannels may be included in the exemplary SUperframe of FIG 1, such as

addltlonal PCHs or other channels As descrlbed in more detall below other

organlzatlons of channels i Ina superframe are possnble

The superframes of a forward DCCH are advantageously organized

" into hyperframes, with one arrangement being depicted by FIG. 2 in

accordance with the TIA/EIA-136 standard. Each hyperframe compnses
two superframes one of which Is usually desrgnated the pnmary superframe
and the other of which is usually designated the secondary superframe A
complete hyperframe (hyperframe 0) and a successive patrtial hyperframe
(hyperframe 1) are shown in FIG. 2. Each SUperframe comprises time slots

that are organized into the following logical channels: a fast BCCH (F-

BCCH), an extended BCCH (E-BCCH), a short message service BCCH (S-
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| "BCCH’) and arSPACH :The:SPACH typically"comprises a'short message :
- service channel (SlVISCH) 3 plurality of PCHs, and an ARCH, although any

~ combination of these can make up a given SPACH frame. As noted above

each superframe may also lnclude slots for other Ioglcal channels.

Accordmg to the TIA/EIA-136 standard, each superframe includes a

complete set of F-BCCH mformatlon which is system- related information

such as the structure of the DCCH that a MS uses for accessing and

malntalnmg communlcatron wrth the BSs. Thrs IS descrrbed in Section 5. 1 1,

7 for example, of TIA/EIA Pub. No. SP 4027-123-A (Nov 20, 1993). Also

10 every PCH in a primary superframe is repeated in the corresponding

secondary superframe. Each MS is hashed to a DCCH in a cell based on a
number of parameters, including portions of its user group identity or

permanent mobile station:identity, the number of DCCHs In the cell, and the

number of slots allocated to the DCCHs Thrs process is described in

TIA/EIA Pub No. SP-4027- 121-A, Section 8.1 (Nov. 20, 1998), which is
mcorporated in this appllcatron by reference. ' ’
Besrdes supporhng sleep modes for MSs, dlgrtal control and traffic

channels facilitate optlmrzatlon of system capacrty and support hlerarchrcal

~ cell structures, l.e., structures of macrocells, mlcrocells,,prcocells, 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 progressrvely smaller cells. For example, a microcell might cover a

pubhc |ndoor or outdoor area, e.g., a conventlon center or a busy street, and

a picocell might cover an office corrldor or a floor of a hlgh-rlse building.

From a radio coverage perspective, macrocells, mrcrocells, and picocells

may be distinct from one another or may overlap one another to handle

~ different traffic patterns or radio environments.

FIG. 3 is an exemplary hierarchical, or multi-layered, cellular system.
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" An umbrella macrocell 10 represented by a hexagonal shape makes up an
: overlylng cellular structure. Each umbrella cell may contam an underlying - '
| mrcrocell structure The umbrella cell 10 includes microcell 20 represented =
: by the area enclosed within the dotted line and microcell 30 represented by

| the area enclosed within the dashed line corresponding to areas.along crty

streets, and prcocells 40, 50, and 60, which cover individual floors of a
building. The lntersectlon of the two crty streets covered by the mlcrocells |

20 and 30 may be an area of dense trafﬁc concentratlon and thus might

'represent a hot spot

- FIG. 4 represents a block dlagram of an exemplary cellular mobile
radlo telephone system, mcludlng an exemplary BS 110 and MS 120. The'
BS 110 includes a control and processrng unit 130, which is connected to an-
MSC 140, whrch in turn is connected to a PSTN (not shown). General

aspectsof such cellular radlo telephone systems are known in the art, as

| descnbed for example by U.S. Patents No. 5,175,867 to Wejke et al for

“Nelghbor-Assrsted Handoff in a Cellular Commun:catlon System” and |
No. 5,353,332 to ,Rarth et al. for “Method and Apparatus for Communlcati_on :

. Control in a Radiotelephone System’ Both of these patents are

: . lncorporated in this appllcatlon by reference

" The BS 110 handles a plurality of voice channels through one or

| more voice channel transcelvers 150 Wthh are controlled by the control

~and processmg unrt 130 Also each BS includes at least one control

channel transcelver 160 which may be capable of handllng more than one .

: control channel. The control channel transceiver 160 is controlled by the

control and processrng unit 130. The control channel transcelver 160

broadcasts control information over the control channel of the BS or cell to

MSs 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 DC;CHs and other channels.
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The MS 120 receives the mformatlon broadcast on a control channel

at 1ts voice and control channel transcelver 170 and the processmg unit 180

evaluates the received control channel lnformatlon which mcludes the
characterlstlcs of cells that are candidates for the mobile statlon to lock on
to and determlnes on which cell the mobile should lock.

Under the TIA/EIA-136 standard PCHs belonging to particular

DCCHs are allocated to MSs based on a number of parameters, moludmg

' .-'for examp|e each MS’ S user group ldentlty and its permanent mobile station

" ldentrty, WhICh can be a MIN This process is described in Sections 8 and
3. 2 of TlA/EIA Pub No. SP-4027-121-A (Nov 20, 1998), which are

lncorporated in this appllcatlon by reference. In general, the page
messages in a TIA/EIA-136 system may be scattered over many PCHs of a

DCCH, and dependlng on the configuration of the network, a cell may

~ further scatter its PCH channels over many DCCHs.

One consequence of MS sleep mode is that page messages can only

be sent in assigned PCHs, which allows for potential congestion of the

" PCHs. This "consequence is built into the TIA/EIA-136 definition of PCH

functionality and has been observed in practice. Some network operators
 have complained that they see a higher number of rejected page messages
- than they would expect on thelr DCCHes, whlch should have hlgher nominal

“capacity than analog control channels.

SUMMARY
it is an object of Applicant’s mventron to address this and other

aspects of current telecommunication systems by providing methods of

reducing deleted messages in a transmitter that sends messages organized
~ in frames, superframes, and logical channels. At least one of the channels

includes_ structure messages that describe the organization of the frames

and logical channels and a number of frames to be read by a receiver,
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- one dlsplaced message exists.
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In one aspect of Appllcant’s mventlon a method lncludes the steps of |

flndlng messages to be displaced: placmg found messages Ina

displacement queue, and assigning messages to a frame according to a

predetermined order of logical channels, including any displaced messages

: that fit | |n the frame. A message S dlsplaced If it will not be sentin a frame

- of at least one Ioglcal channel and will timeout before it can next be sent,

and if a message is placed In the dlsplacement queue then an iInformation

element is set in a message, |nd|cat|ng that the number of additional frames |

Isto be read.

- The dlsplacement queue may have a length that is based on a

maxrmum number of messages that can be sent in the loglcal channel and

“the number of addltlonal frames to be read, and the length may be three and

the number of additional frames to be read may be one. Also, the

~ predetermined order of logical channels may be undisplaced messages,

other messages and displaced messages. [n addition, the method rnay

: further mclude the steps of removing any displaced messages included in

- the frame from the dlsplacement queue and deleting any dtsplaced

messages left in the dlsplacement queue and sending respective notification

‘messages for deleted dlsplaced messages. ‘A receiver reads the number of

additional frames in response to the set information element.
~In another aspect of Appllcant’s invention, an apparatus for reducing

deleted messages includes a device for finding messages to be dlsplaced a

. drsplacement queue, in which found messages 1o be displaced are stored, a

device for setting, if a message Is placed in the displacement queue, an
information element in a message indicating that the number of additional
frames | s to be read; and a device for aSSIgnmg messages to a frame

accordlng to a predetermmed order of loglcal channels including any
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be sent in a frame of at least one loglcal channel and W|l| timeout before it

o can next be sent.
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The dlsplaoement queue may have a length that is based on a

maxnmum number of messages that can be sent in the Ioglcal channel and
' the number of additional frames to be read, and the length may be three and
the number of addltlonal frames to be read may be one. The predetermrned

| order of loglcal channels may be undlsplaced messages other messages

and displaced messages Dlsplaced messages mcluded in the frame may
be removed from the dlsplacement queue, and displaced messages left in

the dlsplacement queue may be deleted and a respective notification

- message may be sent for each deleted displaced message.

" BRIEF DESCRIPTION OF THE DRAWINGS

- The features and advantages of Applicant’s invention will be

| understood by readlng this description | In conjunctlon with the draw:ngs In

| whrch

FIG 1 shows a known forward DCCH oonflgured as a succession of

 time slots included in the consecutive time slots sent on a carrier frequenoy,

FIG. 2 shows a known hyperframe structure of a forward DCCH;

FIG. 3 rllustrates a known exemplary hierarchical, or multl-layered

- cellular system

FIG. 4 is a block diagram of a known exemplary cellular mobile
radiotelephone system, including an exemplary base station and mobile
station: - o | |

Fle 5A, 5B depict ARCH and SMSCH queues and PCH queues for
a SUperframe havrng thirty-two slots;

FIG. 61 S @ flowchart of a method in acoordance with Appllcant S

lnvenhon and |
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FIG 7 shows PCH message contents of PCH queues a

e drsplacement queue, and SPACH frames.

e 'DETAILED DESCRIPTION
As described above, the TIA/EIA-136 standard prowdes for

superframes that contain a succession of thirty-two time slots, each of which

is assigned to a type of logical channel such as a PCH. As this invention
 relates pnmanly to the pagmg logical channel this description focuses
: mamly on the PCH but it will be understood that the principles of this

: mventlon can be applled to other channels and in other access techmques

Erlcsson Radio Systems AB manufactures a CMS88 Cellular Mobrle '

: Telephone System that complles with the TIAEIA-136 standard Base
- stations |n that system are controlled by computer software that aSS|gns |

SPACH | messages to DCCH superframes according to the following

priorities: 1. PCH; 2. ARCH; 3. SMSCH; 4. if none of 1, 2, and 3, then a

= NULL SPACH :frame. : Since a SPAC:H message may require more than the
SPACH slots available in a DCCH superframe and since more SPACH

. : messages may need to be sent than the number of SPACH slots messages

are typically queued and sent as SPACH slots become available Detalls of

" how messages are assrgned and transported by the SPACH slots i in a

communication system conforming to the TIA/EIA-136 standard are
specrt“ ed by 3 SPACH layer 2 protocol that is described in Section 2.5 of
TIAEIA Pub No. SP-4027- 122-A (Nov. 20, 1998), Wthh IS incorporated in

~: ; this applicatron by reference Of course, it will be apprecrated that SPACH
| messages may be assrgned to superframes according to other priorltres

- without departing from the essence of Applicant’s invention.

The lengths of such message queues are limited due o Ilmlted
memory space in theB_Ss and perhaps a predetermined timeout period for

messages.: It Willbe understood that a page message may expire, or “time
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’ out’, after a predetermlned penod of time, such as three seconds “Tlme

out’ should also be understood as referring more generally to any change of

| status or desrred handlrng of 3 message. In general, the queue lengths are
i - maximized wrthm these constrarnts and the expected maximum rate of
outgomg messages After all queumg messages that will not be sent before

their timeout perlods elapse requrres extra memory and processing

resources in the BSs for such messages ‘that will be dlscarded anyway. In

the CMS88 system the ARCH and SMSCH each have a queue of

- ‘messages that can reach a length of forty messages Since MSs listen to
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. asslgned specrf ¢ SPACH frames for incoming page messages, there are

separate PCH queues having lengths of ten messages for each SPACH

frame. Typically there are as many as twenty-four PCH queues, one for

each PCH in a superframe.

' This arrangement of ARCH and SMSCH queues and PCH queues IS
depicted in FIGs. 5A and 5B, which Show one superframe having thirty-two

| slots respectively identified by a superframe phase (SFP) that takes on

integer values between 0 and 31: BCCHmessages are assigned to the

slots in the SUperframe between SFP =0 and SFP = y-—1 and SPACH

messages are ass1gned to the slots between SFP y and SFP = 31. As
seen in FIG. OA, the PCH slots, e.g., [SFP=y], [SFP=y+2], ..., [SFP=31],

- each have an ‘associated message queue that may be |mplemented by a

; stack of memory locations ldentlfled by an index that runs from 0 to 9. FIG

5B shows that ARCH and SMSCH messages can be queued in respective

stacks of memory locations |dent|fled by an index that runs from Oto 39,

As a result of the requ1rement that page messages can be sent only
in assrgned PCH slots and the l|m1ted queue Iengths noted above, PCH
congestlon can occur, resuiting in a higher number of rejected page

messages than would otherwise be expected. To see how this can occur,

the following example is provided.
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Accordlng to the TIA/EIA-136 standard the maxrmum number of

: page messages that can be sent in one PCH slot is three when the

rnformatlon rdentlfyrng the called MS (i.e., the mobile station ldentrty (MSID))

- isa MIN. ln general however the number of page messages that can be

sent in one PCH slot depends on the type of page message. For example

only one message-—waltlng indicator can be sent in a PCH slot, four voice

pages can be sentin a PCH slot in a telecommunioation system according
 to the Global System for Mobile (GSM) communication, and five pages can
be sent when the information identifying the called MS is a temporary mobile

. station identity (TMSI). Still other capacities are obtained for other kinds of

~messages, such as ARCH and SMSCH messages. It is believed likelythat

only about two page messages can be sent in one PCH’sIot. As noted

above, a page message sent in a primary superframe is repeated in the

. succeeding secondary superframe, and thus only about two MSs can be
15

paged every 1.28 seconds in each PCH slot, or subchannel, which is an
average rate of about 1.56 pages per second.

Unfortunately, practical experience has shown thatsystems often

K require actual average paging rates of up to three pages per second. Since

~an average rate of less than two pages per second is available from one

20

| PCH slot, some pages in a PCH queue wrll be rejeoted If they must be sent

at a rate greater than the available average rate because page messages

~ eventually time out and thus they cannot wait lndeﬂnrtely to be sent | in later

superframes
' “ The probability that three pages in any given second are for the same
PCH slot is approximately 1*(1/24)*(1/24) = 0.17%. Although 0.17% does

not seem large, system users (network operators) would usually deem it

- unacceptable.” This estimated probability is similar to page rejection

probabilities measured with actual systems, some of which tend to show a

non-linear inorease in page rejection probability for a linear increase in the
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o number of pages per unit tlme :

 Two obvrous solutions to this problem - increasing the PCH queue |

-- Iength and/or the page message tlmeout length - are unsatrsfactory because

~an increase in the number of page messages that must be sent will cause a

proportlonal decrease In the number of ARCH and SMSCH messages that
can be sent. Appllcant s solution that is described i In more detail below has

the advantage of havrng no |mpact on elther the ARCH or SMSCH message

Accordlng to TlA/ElA-136 when a MS wakes up from sleep mode

nd reads its asmgned PCH, the MS first checks to see if its read PCH slot

- contains a PCH message addressed to it. If there is no PCH message, then

the MS reads other information, in particular a page continuation (PCON)

: mformatlon element in a SPACH header in its read PCH slot. In a

TIA/EIA-136 system, the PCON element is one bit in the SPACH header A
in the PCH message. If the PCON bit is not set, e.qg., it is 0, then the MS

may sleep again until the next occurrence of its assigned PCH, but if the

| ‘PCON bit is set, e.g., itis 1 then the MS reads up to seven additional
- SPACH slots as determlned by 3 three- blt PCH DISPLACEMENT eIement .
in the F- BCCH mformatron of the DCCH. Thus PCH dlsplacement IS a

process by Whlch a MS s directed to contlnue readlng additional SPACH

| slots after it reads lts assigned PCH For the TIA/EIA-1 36 standard, this |
: process IS descnbed in TIA/EIQA Pub. No. SP-4027-121-A, Section 6 (Nov.
- 20, 1998) and the three-bit PCH DISPLACEIVIENT parameter is defined In
- Section 6. 132 of TIA/EIA Pub. No. SP-4027- 123-A (Nov. 20, 1998). These

sections are lncorporated In this application by reference

One consequence of this PCH displacement process is that it causes

- the MS to stay awake longer than it ncrmally would, and thus battery life is

~ reduced. This is addressed by Applicant’s invention, which utilizes the

PCH_DISPLACEMENT element in a way that does not disrupt the MS sleep
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R tlme too much and srmpllﬂes BS lmplementatlon The

PCH DISPLACEMENT element IS Included in the DCCH structure message -

SRR broadcast on the F-BCCH, wnth the PCH_ DISPLACEMENT element having

an approprlate value (in this example, it is set to one) [t will be understood

that in accordance wrth the TIA/EIA-136 standard the
PCH DISPLACEMENT element | is always included in the broadcast DCCH
structure message even when there are no displaced messages.

 ltwill also be understood that in general the PCH_ DISPLACEMENT :
element can have a value other than one and can have a range greater than

0-7 as in a TIA/EIA-136 communication system. Of course, ‘the length of the

equrvalent information elements for other logical channels The

, dlsplacement queue length IS determlned by the maximum number of

: messages that can be sent in each slot and the number of additional slots

that is to be read when the PCON information element Is set. A descnptlon

of a method in accordance W|th Appllcant S rnventlon is depicted i in FIG. 6 |

- and is described below with the help of FIG. 7.

= In Appllcant s method, a queue for dlsplaced PCH messages S

~ created and manlpulated by a BS This displacement queue needs only to

- bex messages long, where X is the maximum number of page messages

that can be sent ina PCH slot, assumrng one additional slot is to be read.

For a system using MSID-type Mle x = 3, as described above. One of the

advantages of Appllcant’s lnventron is that the communication system needs

~only one dlsplacement queue that is managed (i.e., frlled and emptied) for
- each successive SPACH frame. The method lncludes the following steps

that are carried out for each SPACH t'rame

As described above the BS assigns SPACH messages to DCCH
superframes (step 602), vlz., the BS builds a SPACH frame, accordrng toa

set of predetermined priorities, preferably the following: 1. normal (i.e., not
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displaced) PCH messages: 2. ARCH messages; 3. SMSCH messages;t
. 4. displaced PCH messages; . If noneof 1,2,3,and 4, thena NULL
- SPACH frame. In bunldlng a PCH siot in a SPACH frame, the BS starts with

normal PCH. messages that have arnved for transmission, lncludes any

- .dlsplaced PCH messages that will fit in the frame with the normal PCH
..messages and removes the included dlsplaced messages from the
: displacement queue. If any displaced PCH messages are left in the

"“dlsplacement queue after the PCH sIot/SPACH frame S assembled (step

604) they are deleted and a page rejectlon notlflcatlon message is sent for

“each deleted dtsplaced PCH message (step 606)

~ After burldlng a SPACH frame, the BS finds (step 608) up to x PCH

-messages that will not be sent in that frame (in partlcular iIn a PCH slot in

that frame) and that will tlmeout before they can next be sent (e.g., in the

next hyperframe for a system in accordance with TIA/EIA-136) These are

- PCH messages that are to be dlsplaced by removmg them from the current
- PCH queue and placmg them in the displacement queue (step 610). If there

are any PCH messages placed In the dlsplacement queue, then the PCON .
mformatton element IS set e.g., to 1, in the SPACH headerA message of
o the current SPACH frame (step 612) If there are no PCH messages tobe
20 | "dtsplaced the PCON information element is reset, e.g., to 0 (step 614) and

the flow can return to step 602 for building the next SPACH frame.

The 0perat|on of these steps can be seen by comparlng successive
slots in FIG 7, Wthh shows the PCH message contents of the PCH queues,

dlsplacement queue, and a SPACH frame before and after the SPACH

frame is assembled for slots SFP = y through SFP = y+4. It will be noted

that SPACH header messages are not depicted in FIG. 7 for clarity since
these and other details wculd be understood by those of ordinary skill in this
o | - : ’ | " |

- Before the SPACH frame s built with slot SFP = y, @ number of
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page messages a,b,... gare present in the PCH queue for this slot. If

three pages can be rncluded in a PCH slot and if page messages d, e, f will

- ~timeout before they can next be sent, then after the SPACH frame is burlt
' W|th this slot the pages a, b, c are included in the SPACH frame, three

| ’pages d, e, fhave been removed from the PCH queue and placed in the

dlsplacement queue and page g remains in the PCH queue. Slnce

messages are present in the dlsplacement queue, the PCON lnformatlon

element in the SPACH header is set €. g PCON = 1.

Before the SPACH frame is burlt with slot SFP = y+1 newly arrived

~ page messages h oo | are present in the PCH queue for this slot, and
- pages d, e, fremain in the dlsplacement queue. (It can be noted that page
: g is not shown in the PCH queue for slot SFP = y+1 because page g is in
- the queue for the PCH that mcludes slot SFP = y ) After the SPACH frame

IS bu1|t with th|s slot, pages h, 1, ) are included in the SPACH frame since

these non-dlsplaced pages have priority over the displaced pages d, e, fin

- the displacement queue (As messages d, e, f could not be sent, they are

 deleted from the displacement queue and notifications are sent for those

messages.) In addition, a page k has been moved to the dlsplacement

queue smce it will otherwise timeout, page I remains in the PCH queue since

. it will not time out |f |t IS nhot sent at thrs time, and again smce messages are
present in the dlsplacement queue, the PCON information element in the
~ SPACH header is set.

| Before the SPACH frame is built with slot SFP = y+2, newly arrlved

- page messages m, n are present | in the PCH queue for this slot, and page k
“remains in the dlsplacement queue. (As noted above, page | is not shown in '

the PCH queue for slot SFP = y+2 because page | is rn the queue for the

PCH that lncludes slot SFP = y+1.) After the SPACH frame isbuilt with this

- slot, pages m n, k are included in the SPACH frame, since there | IS room in

the frame for the non- dlsplaced pages m, n and for the dlsplaced page K.
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‘No pages remain in either the PCH queue or the dlSplacement queue and

srnce no messages are present in the dlsplacement queue, the PCON

- rnformatlon element in the SPACH header is reset, e.g., PCON = 0.

| Before the ‘S‘PACH frame 1S burlt wrth slot SFP = y+3, newly arrived

page messages o,p,...,tare present in the PCH queue for this slot. Aftert

the SPACH frame is built with this slot, pages 0, P, g are included in the

SPACH frame, pages rs, t have been placed in the dlsplacement queue

e and the PCON rnformatlon element in the SPACH header S set

10

19°

Before the SPACH frame is built with slot SFP = y+4 no newly

.arrrved page messages are present ln the PCH queue for this slot and.

pages I, S, tremam in the displacement queue After the SPACH frame IS

b“"t with this SIOt pages r s t are included in the SPACH frame which has

‘room for these dlsplaced pages and the PCON information element in the

SPACH header message IS reset.
Confi gurlng aBSto 1mplement this method reduces the effects of

PCH congestlon by provrdmg one more chance for pages to be sent to a

. MS. It can also be seen that thls method has no impact on ARCH or

o SMSCH message capacrty because a separate dlsplacement queue is

25

provrded for dlsplaced page messages and d|splaced page messages are
given Iower priority in assembllng SPACH frames.

Furthermore, Appllcant s method i Increases the probability that a MS

- will receive a given page message while having minimal effect on MS sleep

time. A MS is required to stay awake for only one more SPACH frame (20
ms, when the PCH_DISPLACEMENT parameter is one) to listen for

displaced page messages addressed to it, and this is required only when

" the PCON information element is set. In general, a MS would stay awake

for the number of additional frames given by the PCH _ DlSPLACEMENT
parameter N :

It will be noted that this descrrptlon and the drawmgs are illustrative
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| ohly and that one of ordinary skill in the art would recognize that various

| modifi(;atipns can be made without departing from the essence of this
finvention which is defined by the followi'ng claims. For example, Applicant’s
method IS not necessanly limited to pagmg channels but can be applled to -

o relieve congestlon on other logical channels havmg approprlate

- configurations.
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~ WHAT IS CLAIMED IS:

- 1. A method of reducrng deleted messages in a transmitter that

| sends messages organlzed in frames, superframes and logical channels at

least one of the channels mcludmg structure messages that describe the

o organlzatlon of the frames and Iogrcal channels and a number of frames to
be read by a receiver, lncludlng a number of additional frames that should
be read when at Ieast one dlsplaced message exists, the method o

comprlsrng the steps of

flndmg messages to be dlsplaced whereln a message IS drsplaced I

it will not be sent | rn a frame of at least one logrcal channel and will trmeout

- before it can next be sent

pIacrng found messages to be displaced in a displacement queue,

o and if a message IS placed in the drsplacement queue, then setting in a

" message an information element mdlcatlng that the number of addrtlonal

frames is to be read and

as3|gn|ng messages to a frame accordlng to a predetermined order of

- logical channels including any drsplaced messages that fit in the frame.

- 2. The method of olalm 1, wherem the displacement queue has a

Iength that i IS based on a maximum number of messages that can be sent in

~ the Ioglcal channel and the number of additional frames to be read.

3. The method of claim 4 whereln the Iength s three and the
number of addrtronal frames to be read is one.

4. The method of claim 1, wherein the predetermined order of logical

channels IS undrsplaced messages, other messages and displaced

messages

5. The method of claim 1, further comprlsmg the steps of:

removmg any displaced messages included in the frame from the

displacement queue and

deletrng any displaced messages teft in the displacement queue and
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sending a respective notification message for each deleted displaced

* message

6 The method of clalm 1 wherem the recelver reads the number of

' addltlonal frames | in response to the set lnformatlon element

7 An apparatus for reducmg deleted messages In a transmitter that

sends messages orgamzed in frames, superframes and Ioglcal channels at

Ieast one of the channels mcludlng structure messages that descnbe the

' organlzatlon of the frames and loglcal channels and a number of frames to

be read by a receiver, lncludlng a number of additional frames that should

be read when at least one displaced message exists, the apparatus

means for flndlng messages to be displaced, wherein a message S

~displaced If it will not be sent in a frame of at least one Ioglcal channel and

Wl|| timeout before it can next be sent; | o
a displacement queue, in which found messages to be displaced are |
stored'

means for settlng, if a message Is placed in the dlsplacement queue

an lnformatlon element in a message indicating that the number of

addltlonal frames is to be read: and

means for aSSlgnlng messages o a frame accordlng to a

predetermmed order ot' loglcal channels including any dlsplaced messages

that fit in the frame.

8. The apparatus of claim 7, wherein the displacement queue has a

: length that is based on a maxrmum number of messages that can be sent In

the logical channel and the number of additional frames to be read.

9. The apparatus of claim 8, wherein the number of additional frames

to be read IS one and the length IS three

10 The apparatus of clalm 7, wherein the predetermlned order of

logical channels IS undlsplaced messages, other messages, and displaced
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" 11. The apparatus of claim 7 wherein displaced meSsages included
in the frame are removed from the displécément queue, and displaced
mesééges léft: In the displacément "queUe are deleted énd a réspective

5 ‘notification messége is sent for each deleted displaced message.
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