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METHOD AND APPARATUS FOR
IMPROVING RADIO SPECTRUM USAGE
AND DECREASING USER DATA DELAY
WHEN PROVIDING PACKET PSI STATUS

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

CROSS REFERENCE 10 RELATED
APPLICATIONS

This patent application claims priovity under 35 U.S.C.

$119(e) from U.S. Provisional Application No. 60/260,599,
filed Jan. 9, 2001, the disclosure of which is incovporated by

reference herein in its entirety.

FIELD OF THE INVENTION

This 1nvention relates generally to wireless communica-
tion devices and methods and, more particularly, relates to
wireless terminals, networks and systems for conununicating,
packet data over radio channels.

BACKGROUND OF THE INVENTION

The following terms are used 1n the ensuing description,
and are defined as follows:

GSM Global System for Mobile Communications, a digital
wireless communication system using a Time Division
Multiple Access (TDMA) arr interface.

GPRS General Packet Radio Service, a GSM phase 2+ ser-
vice in which radio resources for data transter are allocated
on a per block basis, as opposed to a circuit-switched basis.

MS Mobile Station, such as a handheld cellular telephone, a
vehicle-installed cellular telephone, a personal communi-
cation device, a personal data assistant (PDA) device hav-
ing wireless communication capabilities, a wireless com-
munication module 1nstallable within or with a computer,
such as by plugging into a PCMCIA slot and, in general,
any device capable of bidirectional communication with a
wireless network.

DL Downlink: a direction from the wireless network to the
MS

UL Uplink: a direction from the MS to the wireless network

PSI Packet System Information (message)

PBCCH Packet Broadcast Control Channel: a downlink
channel used to broadcast PSI messages.

PACCH Packet Associated Control Channel: a logical chan-
nel that 1s used to send control blocks between the network
and the MS on the same channel that packet data blocks are
sent (1.e., during packet data transter)

TBF Temporary Block Flow: a temporary tlow of packet data

from the MS to the network (UL TBF) or from the network
to the MS (DL TBF). It the direction 1s not specified, TBF
means UL TBE, DL TBF, or both.

PTM Packet Transfer Mode: a mode wherein the MS 1s
receiving packet data, sending packet data, or both, that 1s,
the MS has UL TBF, DL TBE, or both UL and DL TBFs
active.

Multi-RAT Multi-Radio Access Technology: a MS having
both 2G (GSM) and 3G (IMTS) capabilities, 1.e., 2G-3G
multimode phone that can obtain service 1n either a 2G or
a 3G network.
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During the 1nitial acquisition of PSI messages, for example
after cell (re)selection, the network does not necessarily know
which PSI messages it needs to send to the MS. This problem

will become more prominent 1n future releases (e.g., those
coming aiter Release 1997 (R97), Release 1998 (R98 and
Release 1999 (R99)), as new PSI messages will be intro-
duced. As presently specified, a gtven MS 1s not able to inform
the network as to which PSI messages 1t expects to receive
from the network.

More specifically, during an Unspecified Update proce-
dure the MS 1s required to recerve at least one instance of each
PSImessage type. Currently, the Packet PSI Status message 1s
not specified so as to indicate which PSI message type(s) the
MS requires 1n order to perform change mark checking. As
such, the currently specified Packet PSI Status procedure
cannot be used during a partial acquisition procedure.

OBIECTS AND ADVANTAGES OF THE
INVENTION

It 1s a first object and advantage of this invention to provide
an improved packet data procedure that overcomes the fore-
going and other problems.

It 1s another object and advantage of this mvention to
provide an ability for the MS to indicate to the network which
PSI messages 1t requires from the network.

SUMMARY OF THE INVENTION

The foregoing and other problems are overcome and the
foregoing objects and advantages are realized by methods and
apparatus 1n accordance with embodiments of this invention.

In accordance with the teachings herein the MS 1s enabled
to expressly inform the network as to which PSI messages 1t
1s required to recerve and, in response, the network 1s enabled
to send the MS only those PSI messages that 1t requires. As a
result, there 1s a better utilization of the spectrum of the packet
data channels, and data throughput also increases.

A further benefit that results 1s that the MS 1s not required
to suspend an ongoing packet transfer during the Unspecified
Update procedure, thereby further increasing data through-
put. Also, since the TBF 1s not required to be suspended, the
spectrum 1s more fully utilized and allocated more efficiently,
since during a conventional TBF suspension data blocks can-
not be sent or received for the duration of each PBCCH block,
as well as for the surrounding blocks, due to channel configu-
ration delays and required settling times 1n the MS Digital
Signal Processor (DSP).

A further advantage of these teachings 1s that currently
specified signaling procedures are used, thereby avoiding a
requirement to specily new signaling procedures.

A method 1n accordance with these teachings provides for
operating a wireless communication system having packet
data capabilities, and includes steps of: (a) sending a message
from a mobile station to anetwork on a same physical channel
that 1s used to transmit packet data, the message speciiying
individual ones of packet system information (PSI) messages
that are required for reception by the mobile station; and (b) in
response to recewving the message, transmitting only the
specified individual ones of the PSI messages from the net-
work to the mobile station over the same physical channel
used to transmit the packet data.

In a presently preferred, but not limiting, embodiment the
message 15 a PACKET PSI STATUS message, and the physi-
cal channel conveys a Packet Associated Control Channel
(PACCH). The steps of sending the message and transmitting,
the PSI messages occur during a packet data transfer mode



US RE42,586 E

3

and without suspending an established Tempporary Block
Flow (TBF). In the presently preferred embodiment the

mobile station {ills the Packet PSI Status message by includ-
ing (optional) fields PSIx_COUNT and Instance_Bitmap,
and by setting their respective fields to zero for the particular
PSI message type 1n the PACKET PSI STATUS message. In

response, the network determines that the mobile station has
not recerved the particular PSI message type, and disregards
an indicated PSI_CHANGE_MARK 1n the PACKET PSI
STATUS message.

Further 1n accordance with these teachings 1s a method for
operating a wireless communication system having packet
data capabilities. The method includes sending a PACKET
PSI STATUS message from a mobile station to a network, the
PACKET PSI STATUS message specitying individual ones
of packet system information (PSI) message types that are
required for reception by the mobile station and, in response
to receiving the PACKET PSI STATUS message, sending,
only the specified individual ones of the PSI message types
from the network to the mobile station. Sending the PACKET
PSI STATUS message includes indicating mobile station-
supported PSI message types in a Received PSI Message List
in the PACKET PSI STATUS message. The mobile station
may indicate in the PACKET PSI STATUS message, for each
PSI message type for which the mobile station desires a PSI
CHANGE MARK value, the present status of the PSI mes-
sage type and that the PSImessage type has not been received.
In this case the mobile station may desire the PSI CHANGE
MARK value at least during a partial acquisition of PSI
messages.

The PSI message types that are required for reception by
the mobile station are those meeting the following critenia: a)
those PSI message types that the mobile station considers
relevant based on the features that the mobile station sup-
ports; and b) for optional PSI message types, the PSI message
type has been indicated by the network as present on a Packet

Broadcast Control Channel (PBCCH).

BRIEF DESCRIPTION OF THE DRAWINGS

The above set forth and other features of the invention are
made more apparent in the ensuing Detailed Description of
the Invention when read 1n conjunction with the attached
Drawings, wherein:

FIG. 1 1s simplified block diagram of a wireless commu-
nication system that 1s suitable for practicing the teachings in
accordance with this invention;

FIG. 2 shows consistent sets of system information mes-

sages;
FIG. 3 presents an example of a PSI message with several

instances, 1n this example PSI2=four 1nstances,

PSI2_CHANGE_MARK=2; and

FIG. 4 shows the PACKET PSI STATUS message infor-
mation elements.

DETAILED DESCRIPTION OF THE INVENTION

Referring first to FIG. 1, there 1s illustrated a simplified
block diagram of an embodiment of a wireless communica-
tions system 1 that 1s suitable for practicing this mvention.
The system 1 1s assumed to include a plurality of mobile
stations 100. Two mobile stations (MSs) are shown 1n FIG. 1
for convenience, with one being designated MS#1 and the
other MS#2. FIG. 1 also shows an exemplary network opera-
tor having, for example, a GPRS Support Node (GSN) 30 for
connecting to a telecommunications network, such as the
Public Switched Telephone Network (PSTN) and/or a Public

5

10

15

20

25

30

35

40

45

50

55

60

65

4

Packet Data Network (PDN), at least one base station con-
troller (BSC) 40, and a plurality of base transceiver stations

(BTS) 50 that transmit in a forward or downlink (DL) direc-

tion both physical and logical channels to the mobile stations
100 1n accordance with a predetermined air interface stan-
dard. A reverse or uplink (UL) communication path also
ex1sts from the mobile station 100 to the network operator 2,
which conveys mobile originated access requests and traflic.

Each BTS 50 can be assumed to support a cell within which
one or more of the MSs may be located. The MS 100 and the
network 2 employ the improved PSI procedure 1n accordance
with these teachings, as described in further detail below.

In a preferred, but not limiting, embodiment of these teach-
ings, the air interface standard can conform to any standard
that enables packet data transmissions to occur with the
mobile stations 100, such as Internet 70 access and web page
downloads. In the presently preferred embodiment of this
invention the air interface standard 1s a Time Division Mul-
tiple Access (IDMA) air interface that supports the enhanced
GPRS capabilities disclosed herein.

The network operator 2 may also include a System Mes-
sage Service Center (SMSC) 60 that recerves and forwards
messages for the mobile stations 100, although any wireless
messaging technique that 1s capable of using packet data can
be used. Other types of messaging service may include
Supplementary Data Services and one under currently devel-
opment and known as Multimedia Messaging Service
(MMS), wherein 1mage messages, video messages, audio
messages, text messages, executables and the like, and com-
binations thereof, can be transterred between a network and a
mobile station.

The mobile station 100 typically includes a microcontrol
umt (MCU) 120 having an output coupled to an mput of a
display 140 and an input coupled to an output of a keyboard or
keypad 160. The mobile station 100 may be considered to be
a handheld radiotelephone, such as a cellular telephone or a
personal communicator. The mobile station 100 could also be
contained within a card or module that 1s connected during
use to another device. For example, the mobile station 100
could be contained within a PCMCIA or similar type of card
or module that 1s installed during use within a portable data
processor, such as a laptop or notebook computer, or even a
computer that 1s wearable by the user.

The MCU 120 1s assumed to include or be coupled to some
type of amemory 130, including a read-only memory (ROM)
for storing an operating program, as well as a random access
memory (RAM) for temporarily storing required data,
scratchpad memory, received packet data, packet data to be
transmitted, and the like. The memory 130 1s also assumed to
store PSI messages, as described 1n further detail below. A
separate, removable SIM (not shown) can be provided as
well, the SIM storing, for example, a preferred Public Land
Mobile Network (PLMN) list and other subscriber-related
information. The ROM 1s assumed, for the purposes of this
invention, to store a program enabling the MCU 120 to
execute the software routines, layers and protocols required
to implement the transmission and reception of packet data in
accordance with the teachings herein, as well as to provide a
suitable user intertace (Ul), via display 140 and keypad 160,
with a user. Although not shown, a microphone and speaker
are typically provided for enabling the user to conduct voice
calls 1n a conventional manner. A Packet PSI Status process-
ing module, that operates in accordance with this invention, 1s
shown generally as the block 260, although this functionality
will 1n practice typically be embodied by program instruc-
tions stored within the memory 130.
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The mobile station 100 also contains a wireless section that
includes a digital signal processor (DSP) 180, or equivalent
high speed processor, as well as a wireless transceiver com-
prised of a transmitter 200 and a recerver 220, both of which
are coupled to an antenna 240 for communication with the
network operator. Packet data 1s transmitted and received
through the antenna 240, 1n accordance with the teachings
herein.

Having thus described a suitable embodiment of a wireless
communications network 2, mobile station 100 and overall
system 1 for practicing this invention, a more description of
this invention 1s now provided.

These teachings provide a method for using existing pro-
cedures and messages to handle various types of PSI message
acquisitions during the packet data transter mode. These PSI
message acquisitions include an 1nitial acquisition, wherein
for a first time the PSI messages are received in the cell. In this
case a problem 1s presented that the network 2 does not know
which PSI messages to send to the MS 100. Thais 1s especially
the case 1 R99 and newer networks for which several
optional PSI message types have been defined. The PSI mes-
sage acquisitions also include the case of an update specified
by the network 2 1n a PSI_CHANGE_FIELD 1n a PSI1 mes-
sage, wherein a set of messages are explicitly defined and an
Unspecified Update 1s commanded.

In order to gain a better understanding of the present inven-
tion and the benefits conferred by the use thereot, a descrip-
tion will be first be made of the current PSI message usage,
and the problems that result from the currently specified PSI
message procedure.

In the GPRS the system information concerning packet
access parameters 1s broadcast as PSI messages 11 the cell
supports a control channel dedicated to GPSR (PBCCH). In
this case the MS 100 15 expected to receive all broadcast PSI
messages.

Reference 1s now made to FIG. 2 for showing various
exemplary types of PSI messages. If a PBCCH 1s presentin a
cell, the network 2 regularly broadcasts Packet System Infor-
mation (PSI) type messages on the PBCCH. The PSI2 and
PSI3bis messages, and some further types of PSI messages,
may be broadcast in some multiple numbers of instances.
Based on the information broadcast in PSI messages, the MS
100 1s enabled to determine whether and how it may gain
access to the network 2 via the current cell.

If multiple mstances of a PSI message type are sent on the
PBCCH the MS 100 1s expected to recerve a consistent set of
that type of PSI (or System Information (SI)) message. In
some cases more than one type of PSI message may be joined
into one consistent set, as shown 1n FI1G. 2. As an example, all
instances (1-8) of the PSI2 message form a consistent set.

Referring now to FIG. 3, a consistent set of system infor-
mation messages 1s identified by a PSI_Change Mark param-
cter that 1s mncluded 1n each message in the set. All PSI
messages within a consistent set are specified to have the
same value of the PSI_Change Mark_parameter.

The total number of system information messages of a
certain type within a consistent set 1s indicated by a PSI_
Count parameter that 1s included 1n each PSI message of the
set. The position of a certain message nstance within the
consistent set of system information messages 1s indicated by
a PSI_Index parameter.

The PSI_Count parameter has the value of N-1, where N 1s
the number of instances of the particular message type
present 1n the consistent set. The PSI_Index parameter has a
range from zero to N-1. Different instances of a particular
message type 1n a consistent set have different values of the
PSI_Index parameter.
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FIG. 3 shows an example of a PSI message with several
instances: PSI12, four instances, PS12. CHANGE MARK=2.
Note should be made of the same PSI Change Mark values,
as well as the increasing PSI_Index values.

With regard to change mark handling, the PSI1 contains a
change mark for the entire set of PSI messages (PBCCH_
CHANGE_MARK). This change mark 1s stored in the
memory 130 of the MS 100 and used for subsequent com-
parisons. The PSI1 1s refreshed every 30 seconds regardless
of whatever activities the MS 100 1s performing. The PSI1
may indicate that some PSI messages are to be refreshed (1.¢.,
received again) by the MS 100. This refresh indication (pa-
rameters PBCCH_CHANGE_MARK and PSI_CHANGE_
FIELD) may be given 1n the following two ways. The first
technique 1s that the PBCCH_CHANGE_MARK value 1s
increased by two or more. In this case the MS 100 1s required
to recerve all PSI messages again. The second technique
increases the PBCCH_CHANGE_MARK value by one,
which indicates that the MS 100 1s required to check the value
of the associated parameter PSI_CHANGE_FIELD. This
parameter may indicate that: (a) the MS 100 1s to begin an
update of a specific type of PSI message; (b) that the MS 100
1s to begin an update of an unspecified type of PSI message(s);
or (¢) that the MS 100 1s to begin an update of an unknown
type of PSI messages (for future extensions, in this case the
MS 100 need not refresh any PSI messages).

In any case, except for the unknown update case, the MS
100 1s expected to recerve and check the change mark of at
least one 1nstance of each PSI message type specified by the
PSI_CHANGE_FIELD. If the change mark has a different
value that the one stored 1n the memory 130, the MS 100 15 to
delete the stored PSI message set and begin reacquiring that
particular PSI message set.

With regard to PSI message acquisition, if the MS 100 1s 1n
the packet transfer mode when PSI acquisition 1s required, the
MS 100 suspends the TBF(s) for enabling PSI reception on
the PBCCH. The PBCCH 1s located 1n a different physical
channel (1.e., 1n a different downlink frequency), which
implies that the MS 100 must switch to the PBCCH from the
actual packet data physical channel. Since the DSP 180 1s not
able to switch instantly between physical channels, the data
transter must be interrupted. Some amount of channel settling
time must also be provided. Furthermore, 1n the GPRS system
all data blocks are sent 1n four consecutive radio bursts, which
means that the MS 100 misses a complete data block even 1
only one burst 1s missed. When suspending the TBF this 1s
typically the case. As such, for each PBCCH block the MS
100 misses three packet data blocks (one corresponding to the
actual receirved PBCCH block as well as the two blocks sur-
rounding 1t.) This can seriously impede the data traific, as
there may be many PSI messages with multiple instances.

Also, the amount of PBCCH blocks per multiframe (a
network 2 configuration parameter) may be up to four. As
such, the TBF suspension may lead to a complete halt 1n
packet data traflic for the duration of the suspension.

Furthermore, the suspension case may be even more oner-
ous 1f the PSI message reception 1s not optimized (1.e., PSI
messages are not recerved accurately).

The GPRS system as presently specified provides for a
PACKET PSI STATUS message which, 1f supported by the
network 2, means that the network 2 1s enabled to support the
sending of PSI messages to the MS 100 on the Packet Asso-
ciated Control Channel (PACCH). As defined above, the
PACCH 1s a logical channel that 1s used to send control blocks
between the network 2 and the MS 100 on the same (physical)
channel that the packet data blocks are sent. In this case, the
packet data transfer 1s only mterrupted for those PSI message
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blocks sent on the PACCH, and the TBF is not required to be
suspended for receiving PSI messages from the PBCCH.

Further 1in this regard, 1n the uplink direction (PACCH/U) 1s
a point-to-point connection, whereas PACCH 1n the downlink
direction (PACCH/D) 1s point-to-point or point-to-multi-
point, depending on the MSs 100 configured on the PDCH.
Most typically, in the downlink direction PDCH 1s shared by
a plurality of MSs 100, and since PSI messages are broadcast
data, the PSI messages are valid for a plurality of the MSs 100.
Since there will typically be a number of MSs 100 sharing the
downlink PDCH, the teachings of this invention help these
mobiles as well (1n the case that there 1s a downlink TBF
active for them), since the shared downlink PDCH 1s not
required to convey unnecessary PSI messages.

The support of the PACKET PSI STATUS 1s optional for
both the MS 100 and the network 2. However, due at least to
the fact that PACKET PSI STATUS message support in the
network 2 reduces the cell reselection delay, the eventual
wide-spread support for this optional feature i1s expected,
especially 1n light of the fact that in GPRS R99 new PSI
message types with multiple mstances have been specified.
This can be expected to increase even further the cell reselec-
tion times. Furthermore, future versions of the GPRS speci-
fication are expected to provide for additional information to
be broadcast on the PBCCH, as well as information that can
be expected to change frequently (e.g., location services,
assistance data, advertisements, etc.) These various factors
can be expected to drive the GPRS specification 1n the direc-
tion of requiring a flexible, accurate and frequent ability to
refresh PSI messages.

As 15 presently specified (GSM TS 04.60, Release 1997
(version 6.10.0) and Release 1999 (version 8.6.0)) for the
PACKET PSI STATUS message (paragraph 5.5.1.4.3):

“5.5.1.2 System Information on PBCCH

If the PBCCH 1s present in the serving cell, the mobile
station shall recerve the PACKET SYSTEM INFOR-
MATION (PSI)messages broadcast onthe PBCCH. The
parameters determining the schedule of PSI messages
on PBCCH are provided 1n the PSI1 message.

When a new cell has been selected where PBCCH 1s
present, the mobile station shall perform a complete
acquisition of the PBCCH messages (see 5.5.1.4). The
mobile station shall not perform packet access in the
selected cell, or enter the packet transfer mode, until 1t

has:
acquired the PACKET SYSTEM INFORMATION
TYPE 1 (PSI1) message;
acquired a consistent set of PSI2 messages; and
made at least one attempt to receive the complete set of
PSI messages on PBCCH.

As an option, 1f the network supports the PACKET PSI
STATUS message, the mobile station may perform
packet access, and enter packet transfer mode, as soon as
the PSI1 message and a consistent set of PSI2 messages
have been received. In this case, the mobile station shall
implement the request for acquisition of system infor-
mation (see 5.5.1.4.3).

Due to the fact that there may be many PSI messages
(which 1s certain to be the case 1n later releases of GPRS), the
cell reselection delay (during which time the user’s packet
data cannot be sent or received) can be significantly reduced
using the PACKET PSI STATUS message.

However, the mventor has recognized that certain prob-
lems exist in the use of the PACKET PSI STATUS message as
presently specified. For example, the specification states for
the PACKET PSI STATUS message (04.60, paragraph
5.5.1.4.3):
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“As an option, the mobile station may implement the
request for acquisition of system information, if the

network supports the PACKET PSI STATUS message,
the mobile station may then send the PACKET PSI STA -
TUS message to the network, each time an acquisition of
PBCCH information 1s 1nitiated.

The PACKET PSI STATUS message shall indicate the
present status of the PSI messages stored 1n the mobile
station. The PACKET PSI STATUS message 1s sent on
the PACCH when the mobile station 1s 1n the packet
transier mode. The first sending of this message during
the acquisition of PBCCH information shall take place
at the first suitable opportunity after the acquisition 1s
initiated.”

The content of the PACKET PSI STATUS message 1s
specified 1n 04.60, paragraph 11.2.17, and 1s shown 1n FIG. 4.
In the parameter field description (04.60, paragraph 11.2.17)
it 1s said:

“Recerved PSI Message List (Construction)

This construction contains a list of correctly received PSI
messages. In this version of the protocol, the following
message types may be indicated 1n this list: PSI2 (highest
priority), PSI3, PSI3bis, PSI4, PSIS, PSI3ter, PSI6, PSI7
and PSI8 (lowest priority). The sender of this message
may indicate as many messages 1n this list as can be fit
into the message. Messages are listed by message type in
descending order of priority. It there are more PSI mes-
sages than can be indicated 1n this list, the presence of
additional message type(s) shall be indicated at the end
of the list.

If the sender of this message has recetved a PSI message
which 1s part of a consistent set of PSI messages (see
5.5.2.1.4), the Instance Bitmap may indicate which
instances of this message type that have been recerved.”

Still referring to FIG. 4, in the parameter field description
(04.60, paragraph 11.2.17) 1t 1s said:

“Recerved Unknown PSI Message List (Construction)

This construction contains a list of message types that are
received on PBCCH, which are not recognized as a PSI
message type. In this version of the protocol, any mes-
sage type except PSI1, PSI2, PSI3, PSI3bis, PBI3ter,
PSI4, PSI5, PSI6, PSI7 or PSI8 may be indicated 1n this
list. The sender of this message may indicate as many
messages 1n this list as can be {it into the message fol-
lowing the Receirved PSI Message List. Messages are
listed by message type in the inverse order of reception,
starting with the most recently received message type. It
there are more messages than can be indicated 1n this list,
the presence of additional message type(s) shall be indi-
cated at the end of the list.”

Those MSs 100 that support an earlier release must there-
fore first recerve all PSI message types before they can indi-
cate to the network 2 which PSI messages are recognized and
those which are not. This can present a problem during the
initial acquisition procedure aiter cell reselection.

R99, for example, introduces new optional PSI message
types. The 04.60 protocol, however, states that the MS 100
shall understand and receive these messages, but not consider
them relevant 1n deciding whether a consistent set of PSI
messages have been received. A strict interpretation of the
protocol specification 1s that R99 MSs 100 are not permitted
to indicate the optional PSI messages as being unknown.
Theretore, the MS 100 1s not able to indicate to the network 2
which PSI message types are required by the MS 100 and
which are not.

By way of summary of the problems inherent in the use of

the PACKET PSI STATUS message as presently specified,
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the MS 100 1s required to indicate all correctly recerved PSI
messages 1n the PACKET PSI STATUS message. However, in
an 1nitiation mitiated by recerving PSI1 (in which PBCCH_
CHANGE_MARK increased by one, and then indicated by
the value of the PSI_CHANGE_FIELD) there 1s no mecha-
nism for informing the network 2 of which PSI messages the
MS 100 1s required to recerve. The normal indication of which
PSI messages the MS 100 has received and stored in the
memory 130 1s not suificient, since the network 2 does not
know when (or if) the MS 100 has decoded the PSI messages
sent on the PACCH. In this regard 1t should be noted that there
1s a change mark field in the recerved PSI message structure,
but the change mark field 1s only used (by the network 2) for
checking which PSI messages were previously stored in the
MS 100 (1.e., old PSI messages). It should be remembered
that the MS 100 must recerve at least one instance of each PSI
message type.

In R99 and later networks there are optional PSI messages
that R97, R98 and some R99 compatible MSs 100 do not
require. Therefore, the network 2 1s required to send all PSI
messages 1n the packet data channel. This 1s a clear waste of
spectrum and furthermore impedes data throughput. It should
be noted that new optional PSI messages corresponding to
new functionality and/or features of the R99 and later ver-
sions of the GPRS specifications have been and will in the
future continue to be added, thereby only further compound-
ing the problem. For earlier releases GPRS MSs this presents
a burden, especially in the packet transier mode.

In accordance with the teachings of this invention, the MS
100 1s enabled to implicitly indicate to the network 2 which
PSI messages the MS 100 supports and requires during dii-
terent PSI refresh situations, thereby reducing packet data
channel usage to a minimum. The method in accordance with
these teachings 1s applicable to all MSs 100 supporting GPRS
and the use of the PACKET PSI STATUS message, including
the first GPRS-compliant MSs (1.e., those compliant with
ETSI Release 1997).

To accomplish this method the MS 100, for each PSI mes-
sage that 1t supports and has not yet recerved, indicates
according to the following rule, 1n a PACKET PSI STATUS
message, the following:

In the Received PSI Message List (see FIG. 4)
MESSAGE_TYPE: a binary representation of the (not yet

received)PSI message type; and
PSIX_CHANGE_MARK: set to any value (1s not valid in any

case).

The MS 100 also includes the optional fields PSIX_
COUNT and Instance Bitmap and sets them each to zero.

The PSIX_COUNT and Instance Bitmap indicate that the
PSI message has one instance, and sets that imnstance as “not
received”. In this manner a minimum number of bits of the
PACKET PSI STATUS message are used.

As defined herein, a PSI message that 1s supported by the
MS 100 1s one that the MS 100 1s required to consider accord-
ing to the specification that the MS 100 supports, and that 1s
relevant when making a determination of whether or not a
consistent set of system information messages have been
received by the MS 100.

With regard to the PACKET PSI STATUS, un/specified
case, 1n a partial acquisition, 1.e., an acquisition nitiated by
PSI1 (PBCCH_CHANGE MARK increased by one fol-
lowed by an examination of the PSI_CHANGE_FIELD), the
MS 100 follows a second rule, in addition to the foregomg
first rule, and includes, for each PSI message that i1s has
completely recetved (1.e., a consistent set of that particular
PSImessage type has been recerved), the PSIX_COUNT and

Instance Bitmap 1n the PSI message structure for that particu-
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lar PSI message type, and sets the first instance of the PSI
message type as “not received”. Furthermore, 11 a PSI mes-
sage type contains only one instance, this case corresponds
directly to the first rule given above.

More specifically, the PACKET PSI STATUS message 1s
sent by the MS 100 to indicate the present status of the PSI
messages stored 1n the memory 130. For those PSI message
types that the MS 100 considers relevant based on the features
the MS 100 supports (non-GSM and multi-Radio Access
Technology (multi-RAT) capabilities, for example), and rec-
ognizes based on the version of the GPRS specification
according to which the MS 100 1s implemented and, for the
optional PSI message types, the broadcast of the message 1n
the cell has been indicated by the network 2 in the PSI2
message, the MS 100 operates to indicate that the PSI mes-
sage type has been received. This 1s valid also 1n the case that
the PSI message type has not been received by the MS 100.
This 1s indicated by the MS 100 by including the optional
fields PSIX_COUNT and Instance_Bitmap, and setting their
respective fields to zero for the particular PSI message type in
the PACKET PSI STATUS message. In response, the network
2 determines that the MS 100 has not recerved the particular

PSI message type, and disregards the 1indicated
PSI_CHANGE_MARK 1n the PACKET PSI STATUS mes-
sage.

In the multi-RAT case 1t 1s noted that the GPRS R99 speci-
fication provides new PSI3-series PSI messages (currently
referred to as PSI3ter) for giving a description of possible 3G
neighbor cells for reselection purposes. Also 1n this regard,
existing PSI messages (e.g., PSI5) are extended to include
certain 3G neighbor cell information and instructions to per-
form measurements of the 3G cells while recerving service 1n
a 2G cell.

During the partial acquisition of PSI messages (04.60 para-
graph 5.5.1.4) the MS 100 indicates, for each PSI message

type that 1t requires to decode for checking the individual
PSIx_CHANGE_MARK values, that at least one instance of
that PSI message type has not been received. In the case that
the PSI message type contains only one mstance, the MS 100
indicates that the PSI message has not been received and fills
the PACKET PSI STATUS message as specified.

In accordance with conventional practice, the PACKET
PSI STATUS message 1s sent on the PACCH when the MS
100 1s 1n packet transier mode. The first sending of this
message during the acquisition of PBCCH information takes
place at the first suitable opportunity after the acquisition 1s
initiated.

During the acquisition of PBCCH information the
PACKET PSI STATUS message may be sent up to four times
to the network 2. The second sending of the PACKET PSI
STATUS message takes place at the first suitable opportunity
at least one second after the message 1s sent the first time.
Further transmissions of this message take place at the first
suitable opportunity at least two seconds after the message
was sent the previous time.

The PACKET PSI STATUS message 1s not sent when the
MS 100 has started to suspend its TBF(s) 1n order to recerve
the required PSI messages on PBCCH. In addition, the
PACKET PSI STATUS message 1s not when the MS 100 has
acquired the complete set of PSI messages on PBCCH.

Advantages of the use of this method include the following.
First, the method can be used without requiring a change to
the currently specified radio interface between the MS 100
and the network 2. Second, by the use of this method unnec-
essary TBF suspensions are minimized due to the use of the
same physical channel PACKET PSI STATUS message pro-

cedure for PSI updates (namely the ones indicated by PSI1) 1n
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the packet transfer mode. As was discussed above, TBF sus-
pensions adversely impact the packet data throughput and
may result in a complete halt of data transfer for the duration
of the PSI message reception. Sending the PSI messages to
the MS 100 1n the packet transter mode only “steals™ those
radio blocks within which the PSI messages are sent, as
compared to the TBF suspension case, wherein additional
radio blocks are missed due to channel configuration settling,
times and other delays. A third advantage of the use of this
method 1s that all MSs 100, regardless of the protocol release
that they support, are enabled to indicate to the network 2
which PSI messages they require. If the network 2 introduces
new PSI messages, the network 2 has knowledge of which
PSI message(s) to send to a particular MS 100, as each MS
100 1s capable of expressly indicating which PSI messages it
expects to recerve. This increases the utilization of the radio
channel bandwidth and resources, resulting 1n an increase 1n
data throughput.

While the invention has been particularly shown and
described with respect to preferred embodiments thereof, 1t
will be understood by those skilled 1n the art that changes in
form and details may be made therein without departing from
the scope and spirit of the imnvention.

What 1s claimed 1s:

1. A method for operating a wireless communication sys-
tem having packet data capabilities, comprising:

sending a message from a mobile station to a network on a

same physical channel that is used to transmit datal,]
packets, the message specilying individual ones of
packet system information (PSI) messages that are
required by the mobile station; and

in response to receiving the message, sending only the

specified individual ones of the PSI messages from the

network to the mobile station over the same physical
channel used to transmit the data packets,

wherein the message 1s a PACKET PSI STATUS message,

and wherein the mobile station, for each specified PSI
message type in the PACKET PSI STATUS message,
sets each of a PSIx COUNT field and an Instance Bitmap
field to zero.

2. A method as 1n claim 1, wherein the physical channel
conveys a Packet Associated Control Channel (PACCH).

3. A method as 1n claim 1, wherein the operations of send-
ing the message and transmitting the PSI messages occur
during a packet data transfer mode without suspending an
established Temporary Block Flow (TBF).

4. A method as 1n claim 1, wherein, 1n response, the net-
work determines that the mobile station has not received the
particular PSI message type, and disregards an indicated
PSI_CHANGE_MARK 1n the PACKET PSI STATUS mes-
sage.

5. A method for operating a wireless communication net-
work having packet data capabilities, comprising:

receiving a message from a mobile station at the network

on a same physical channel that 1s used to convey data
packets, the message specilying individual ones of
packet system information (PSI) messages that are
required by the mobile station; and

in response to receiving the message, sending only the

specified individual ones of the PSI messages from the
network to the mobile station over the same physical
channel used to transmit the data packets,

wherein the message 1s a PACKET PSI STATUS message,

and wherein the mobile station, for each specified PSI
message type in the PACKET PSI STATUS message,
sets each of a PSIx COUNT field and an Instance Bitmap

field to zero.
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6. A method as 1n claim 5, wherein the physical channel
conveys a Packet Associated Control Channel (PACCH).

7. A method as 1n claim 5, wherein the operations ol recerv-
ing the message and transmitting the PSI messages occur
during a packet data transfer mode without suspending an
established Temporary Block Flow (TBF).

8. A method as 1n claim 5, wherein, in response, the net-
work determines that the mobile station has not received the
particular PSI message type, and disregards an indicated PSI
CHANGE_MARK in the PACKET PSI STATUS message.

9. A method for operating a wireless communication sys-
tem having packet data capabilities, comprising:

sending a PACKET PSI STATUS message from a mobile

station to a network, the PACKET PSI STATUS message
speciiying individual ones of packet system information
(PSI) message types that are required by the mobile
station; and

in response to recerving the PACKET PSI STATUS mes-

sage, sending only the specified individual ones of the
PSI message types from the network to the mobile sta-
tion, and wherein, for each specified PSI message type in
the PACKET PSI STATUS message, setting each of a
PSIx COUNT field and an Instance Bitmap field to zero.

10. A method as in claim 9 wherein, 1n response, the net-
work determines that the mobile station has not recerved the
particular PSI message type, and disregards an indicated
PSI_CHANGE_MARK 1n the PACKET PSI STATUS mes-
sage.

11. A method as 1in claim 9, wherein sending the PACKET
PSI STATUS message comprises indicating mobile station-
supported PSI message types in a Received PSI Message List
in the PACKET PSI STATUS message.

12. A method as 1n claim 9, wherein the mobile station
indicates 1n the PACKET PSI STATUS message, for each PSI
message type for which the mobile station desires a PSI
CHANGE MARK value, the present status of the PSI mes-
sage type and that the PSImessage type has not been received.

13. A method as 1n claim 12, wherein the mobile station
desires the PSI CHANGE MARK value at least during a
partial acquisition of PSI messages.

14. A method as 1n claim 9, wherein the PSI message types
that are required for reception by the mobile station are those
meeting the following criteria:

those PSI message types that the mobile station considers

relevant based on the features that the mobile station
supports; and,

for optional PSI message types, the PSI message type has

been indicated by the network as present on a Packet
Broadcast Control Channel.

15. A mobile station operable with a wireless communica-
tion network having packet data capabilities, the mobile sta-
tion comprising a RF transceiver coupled to a data processor,
said data processor operating under the control of a stored
program for transmitting a PACKET PSI STATUS message
from the mobile station to the network, the PACKET PSI
STATUS message specitying individual ones of packet sys-
tem 1nformation (PSI) message types that are desired by said
mobile station and, 1n response to a reception of said
PACKET PSI STATUS message by said network, said mobile
station recerving from said network only the specified 1ndi-
vidual ones of the PSI message types wherein the mobile
station, for each specified PSI message type in the RACKET
PSI STATUS message, sets each of a PSIx COUNT field and
an Instance Bitmap field to zero.

16. A mobile station as 1 claim 15 wherein said network
determines from the included message fields that said mobile
station has not received the particular PSI message type, and
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disregards an 1indicated PSI_CHANGE_MARK i the
PACKET PSI STATUS message.

17. A mobile station as in claim 15, wherein said data
processor, when transmitting the PACKET PSI STATUS
message, indicates mobile station-supported PSI message
types 1 a Recerved PSI Message List in the PACKET PSI
STATUS message.

18. A mobile station as in claim 15, wherein said data
processor, when transmitting the PACKET PSI STATUS
message, indicates in the PACKET PSI STATUS message, for
cach PSI message type for which a PSI CHANGE MARK
value 1s desired, the present status of the PSI message type
and that the PSI message type has not been recerved.

19. A mobile station as 1n claim 18, wherein said PSI
CHANGE MARK value 1s desired at least during a partial
acquisition of PSI messages.

20. A mobile station as 1n claim 15, wherein the PSI mes-
sage types that are desired for reception by said mobile station
are those meeting the following criteria:

those PSI message types that said mobile station considers

relevant based on the features that said mobile station
supports; and,

for optional PSI message types, the PSI message type has

been indicated as being present by said network on a
Packet Broadcast Control Channel (PBCCH).

21. A program of computer-readable instructions, tangibly
embodied on [an information bearing] a non-transitory stor-
age medium and executable by a digital data processor, to

perform actions comprising;:
sending a PACKET PSI STATUS message from a mobile

station to anetwork, the PACKET PSISTATUS message
speciiying individual ones of packet system information
(PSI) message types that are required by the mobile
station; and

receiving the specified individual ones of the PSI message

types from the network wherein sending the PACKET
PSI STATUS message comprises, for each specified PSI
message type in the PACKET PSI STATUS message,
setting each of a PSIx COUNT field and an Instance
Bitmap field to zero.

22. A program as in claim 21, wherein sending the
PACKET PSISTATUS message comprises indicating mobile
station-supported PSI message types 1 a Received PSI Mes-
sage List in the PACKET PSI STATUS message.

23. A program as in claim 21, wherein the mobile station
indicates 1n the PACKET PSI STATUS message, for each PSI
message type for which the mobile station desires a PSI
CHANGE MARK value, the present status of the PSI mes-
sage type and that the PSImessage type has not been received.

24. A program as in claim 23, wherein the mobile station
desires the PSI CHANGE MARK value at least during a
partial acquisition of PSI messages.

25. A program as in claim 21, wherein the PSI message
types that are required for reception by the mobile station are
those meeting the following criteria:

those PSI message types that the mobile station considers

relevant based on the features that the mobile station
supports; and,
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for optional PSI message types, the PSI message type has

been indicated by the network as present on a Packet
Broadcast Control Channel.

26. An apparatus for use in a wireless communication

> network having packet data capabilities, the apparatus com-

prising:
at least one processor configurved to transmit a PACKET
PSI STATUS message to the network, the PACKET PSI

STATUS message specifving individual ones of packet

10 system information (PSI) message types that are desived
by the apparatus and in vesponse to a reception of said
PACKET PSI STATUS message by said network, config-
ured to receive only the specified individual ones of the

5 PSI message types wherein the apparatus, for each

specified PSI message type in the PACKET PSI STATUS

message, sets each of a PSIx COUNT field and an

Instance Bitmap field to zevo.
27. The apparatus of claim 26, wherein said network deter-
mines from the included message fields that said at least one
processor has not veceived the particular PSI message type,

and disregards indicated PSI_CHANGE_MARK in the
PACKET PSI STATUS message.

28. The apparatus of claim 26, wherein said at least one
processor is further configured to indicate supported PSI
message types in a Received PSI Message List in the PACKET
PSI STATUS message, when the PACKET PSI STATUS mes-
sage is transmitted.

29. The apparatus of claim 26, wherein said at least one
3g processoris further configuredto indicate inthe PACKET PSI
STATUS message, for each PSI message type for which a PSI
CHANGE MARK value is desived, the present status of the
PSI message type and that the PSI message tvpe has not been
received, when the PACKET PSI STATUS message is trans-
mitted.

30. The apparatus of claim 29, wherein said PSI CHANGE
MARK value is desired at least during a partial acquisition of
PSI messages.

31. The apparatus of claim 26, whervein the PSI message
a0 types that ave desired for veception ave those meeting the
Jollowing criteria.

those PSI message types that said at least one processor

considers relevant based on the features supported by a
device including said at least one processor; and,

for optional PSI message tvpes, the PSI message type indi-

cated as being present by said network on a Packet
Broadcast Control Channel (PBCCH).

32. The apparatus of claim 26, wherein said at least one
processor comprises at least one of a microcontrol unit, a
5o digital signal processor, or Packet PSI Status processing

module.
33. The apparatus of claim 32, further comprising a
memory operably coupled to said at least one processor.
34. The apparatus of claim 33, further comprising wireless
55 transceiver operably coupled to said at least one processor.
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