1 APPARATUSES AND MOBI LE STATI ONS FOR PROVI DI NG PACKET DATA @aw&ﬂ%lmljo\l
IN DI G TAL TDVA CELLULAR SYSTEMS FI ELD OF THE | NVENTI ON Thi s invention
relzates to digital TDVA (Tine 5 Division Multiple Access) cellular radio
mobi | € tel ecom nunications systens. Morre specifically, the present
invention is directed towards apparatuses and nDbiIe stations for providing
packet data communications _services in curre | ul ar _syst

as- defined i PAPRRRATUEES @%#@WWW‘* 5°R43R9HGD§§G QM‘CF

- THE | NVENTI ONcOMMUNECARTONCINTOIGITAL CTDNX CELLULIAR BYS®EMBY one of the
fastest growi ng segnents of the nobile conmunicati ons market. | ndependent

mar ket studies predict several, mllion 15 wusers in Europe by the year
2000. A strong dri vi ngFIBLDcOFsTHRINEENTIONW ng portabl e personal
("laptop”, "palnop" and "notebook") conputer market and the need for

flexible wireless data communications it creates. This nmarket force is
further enphasized by Thdseniépyen§isaw tehatiascat? ordigital e FOMA JRimees,

comonl y ref enies!sienan Rq&ﬁ@aAc&gs; acedular LHUfS Mbbiker t¥ldcon-
Communi cat ors”. | i.catiopns i ncludg

um.ca 1ons ystems. More spec1flca11y, the present invention

is directed towards apparatuses and mobile stations for

providing packet data communications services in current TDMA

cellular systems as defined in the preambles of claims 1, 30,

10 44 and 53.

BACKGROUND OF THE INVENTION

Mobile data communication is rapidly becoming one of
the fastest growing segments of the mobile communications
market. Independent market studies predict several million

15 users in Europe by the year 2000. A strong driving force is
the fast growing portable personal ("laptop", "palmtop" and
"notebook") computer market and the need for flexible wireless
data communications it creates. This market force is further
emphasized by the emerging new communication-~centered

20 devices, commonly referred to as "Personal Digital Assis-
tants" or "Personal Communicators". Target applications
include: |
- 'i'he wide range of standard business applications today

predominantly used across fixed data networks, such as

25 electronic mail and host computer/data base access.
~ Specialized mobile data applications including vehicle

fleet control and road transport informatics.’
- Fixed wireless applications, including remote monitoring
and control applications, and credit card verification and

30 similar fiqancial tfpnsact‘ion aspp]:i.catlons
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- The wi de range of standard business applications today predom nantly used
across fixed data networks, such as 25 el ectronic mail and host
conput er/ data base access. - Specialized ile data applications including
vehicle fleet control and road transport informatics. - Fixed wreless
applications, including renote nonitoring and control applications, and
crédit card verification and 30 simlar financial transaction
applications. - P3ssiBl@shéleappdicatidmnhsod rasukt lofStheé cdnvdivgence of

conver gence of t t enabling.techpologi s of new. personal com

Ut g7 communi cabiRy U5 csealiyhdr PepRRbESaike, dh ) UL erRAds: FERTar o
comruni cati ons. puting/commufidcatipgr tdenices amingd yeffigpphtcandnwidely
cost effective ' W F%Rﬁ . - Provide packet npde
data servi gses b%ﬁ'gg?gﬁm ata r#gl. oﬁ%ggil_s %m ged for .
packet data (exploiting & SuvVarafiio ife Bcahi ansos
appl i cations) dffectifeaflhf¥f, PUIDiNE ahthChebGYrRNEn6QEd: ef f ecti veness.

- Provide industpy $t30dard, ag' 1258 3SLY' S28vstaS' BIS2d on shared packet
data radio channels optimized for packet data (exploiting
the bursty nature of most data communications applications)

10 to achieve spectrum efficiency and cost effectiveness.

- Provide industry standard network services, including
standard connectionless network (datagram) services and,
depending on market requirements, standard connection-
oriented network (virtuwal call) services e.g. to provide

15 transparent X.25 connectivity.

- Provide performance (packet transfer delays) comparable to
what is provided by current fixed networks, to allow
existing standard applications to be used without modifi-
cation.

20 - Provide broadcast and multicast services to support specia-
lized mobile applications. .
Providing the packet data services on a cellular
system platform offers potential advantages in terms of wide~-
spread availability, possibility of combined voice/data
25 services, and comparatively low additional investments by
capitalizing on the cellular infrastructure. Of particular
interest are current TDMA cellular systems, through their
spectrum efficiency and world wide penetratioﬁ. Examples of
potential TDMA platforms include:
30 -~ GSM (Global System for Mobile communication)

- Systems with a GSM type of architecture but operating in
other frequency bands, such as the 1800 and 1900 MHz bands,
including PCN (Personal Communications Network) in Europe

. and PCS (Personal Communications Services) in the U.S.A.

35 - The Nortl!"“American D-AMPS (Digital Advanced Mobile Phone
Service) system. ' o




standard connectionl ess network (datagram services and, . dependi ng on

mar ket requirenents, standard connection- oriented network (virtual call)
seryices e.g. to provide 15 transparent oX. 25 connectivity. - Provide
performance (packet transfer delays) conparable to what is provided by
current fixed networks, to allow existing standard applications to be used
wi fhout nodifi- cation. 20 - Provide broadcast and nulticast services to

support speci & Thealapahese Rﬂ@l(b@ﬁ:@mﬁ DEthhMiwlltlnhﬁﬁ@Wtéiﬁl a
services on a cellular m.platform of fers. po i antages in terns
of wide- spread avail ablﬁ?g?%s,erpo ?bﬁiﬁ? ys%ﬁlc%er%%?@m%gﬁﬂdg ap§8p°se8
servi ces, and fenmeliulat gystemsdintgenaral aresvithtfew excepittizinszrbagedn

the cellul ar g ratduicd Wolle &F dprd it fu%_'ih%r S%eﬁ%t\%)&r ?&@Vtimoggyg‘nnel

cellular systens, thr ough,t helr spectrumefticiency and,
penetrati o EQFSAEh artivedmhidie wspKR- jThe e¥coptinpe irclude thegpprket
(G obal Systeradtd dériidpts degcribaid AR) the F61 Rowing docurierddype of

7600 Mt bande) PEKTRr 467 4P (P < BREE - Combinit e {@e{Rr (franelrare
and PCS (Personagtoriferemceatduns S vPhibadelphiz (US4, pages 414-418:
"Packet Switching in Digital Cellular Systems".

10 These documents describe a cellular system providing
shared packet data radio channels, each one capable of
accomodating multiple data calls. A mobile station requesting
packet data service is assigned to a particular packet data
channel using essentially regular cellular signalling. The

15 system may include Packet Access Points (PAPs) for interfacing
with packet data networks. In that case, each packet data
radio channel is connected to one particular PAP and is thus
capable of multiplexing data calls associated with that PAP.
System initiated handover (handoff) is employed, to a large

20 extent similar to the type of handover used in the same systenm
for voice calls. A-new type of handover is added for handling
situations when the capacity of a packet channel is insuf-
ficient.
b)US-A-4,916,691. _

25 This document describes (for one of the embodiments)

a new packet mode cellular radio system architecture, and a
new procedure for routing (voice and/or data) packets to a
mobile station. Base stations, public switches via trunk
interface units, and a cellular control unit are linked
30 together via a wide area network. The routing procedure is
based on mobile station initiated handover and on adding to
the header of any packet transmitted from a mobile station
(during a call) an identifier of the base station through
. which the packet passes. In case of an extended period of

35 time between subsequent user information packets from a

mobile station, the mobile station may transmit extra



35 - The North Anmerican D-AMPS (Digital Advanced Mbil e Phone Service)
system 3 - The Japanese PDC (Personal Digital Cellular) system

However, the data services provided by or Froposed for cellular systens in
general are with few exceptions based on cfrcuit node of operation, using a
dedi cated radi o channel 5 for each active nobile user. The exceptions

i nél ude the packet data concepts described in the follow ng docunents:

a) US- A- 4, 887, 26 r E+Mahigcydl Y oMY ne
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packet data radi o channel is connect to one gart icu
1n1t1a1 base station. During a call packets are then routed

directly between the trunk interface unit and the currently
serving base station.

10 c)Cellular Digital Packet Data (CDPD) System Specification,
Release 1.0, July, 1993.

CDPD is a new concept for providing packet data
services, utilizing available radio channels on current
Advanced Mobile Phone Service AMPS systems (i.e. the North

15 American Analog Cellular System). CDPD is a comprehensive,
open specification endorsed by a group of U.S. cellular
operators. Items covered include external interfaces, air
interfaces, services, network architecture, network
management, and administration. The CDPD system specified

20 is to a large extent based on an independent infrastructure.
Common denominators with AMPS systems are limited to
utilization of the same type of radio frequency channels and
the same base statlon sites (the base station
itself, used by CDPD, is new and CDPD specific), and
25 employment of a signalling interface for coordinating
channel assignments between the two systems. Routing a
packet to a mobile station is based on, first routing the
packet to a home network node (home Mobile Data Intermediate
System, MD-IS) equipped with a home location register (HLR),
30 based on the mobile station address; then, when necessary,
routing the packet to a visited, serving MD-~IS based on HLR
information; and finally transferring the packet from the
serving MD-IS via the current base station, based on the
-mobile station reporting its cell location to its serving
35 MD-IS.




capable of multiplexing data calls associated with that PAP. System

I nitiated handover (handoff) is enployed, to a large 20 extent simlar to
t he- type of handover used in the same systeg for voice calls. A-new type of
handover is added for handling situations when the capacity of a packet
channel is insuf- ficient. b)US-A-4,916, 691. 25 Thi s docunent
desScri bes (for one of the enbodi nents) a new packet node cellular radio
system archi t ed) BTSI JBhropeast maxmhmﬁimatmﬁs' rs;:dndainﬁs emtytxtuiaé)a)'r

packets to a nobple §hat ?‘Erfggse"éé é)nigggubl.. §§§§ovig ég K ana

interface units, and a uni't "are her VI a
a wi de area net WBESM ﬂmear(ﬁntlume mqmm&i‘ﬂ% eba@ézprmenﬁibl I%‘@t‘hﬁ#orﬁel'

initiated ha”dOVSinﬁﬂd O@cedduag tiadde hgadanetaldadodk cRaliianydriv Rk

froma nobile station (durling a caII) an identifier of the base station
t hrough whi®h t hBrgROged F9¥sESM"tn case of an extended period of 35

ti me between subsequent Thewe iddcumerits nowelimme saf possdblebpaecketatacoess he
mobi l'e station mi¥ &:E:%g mf%rex)%{ge ancf' data in GSM.
e)ETSI T Doc SMG 1 238/93, Sep. 28, 1993: "Packet Data over
GSM Network".

10 This document describes a concept of providing
packet data services in GSM based on first using regular GSM
signalling and authentication to establish a virtual
channel between a packet mobile station and an "Agent",
handling access to packet data services. With regular

15 signalling modified for fast channel setup and release,
regular traffic channels are then used for packet transfer.

Of the above documents, documents d) and e) directly
relate to a TDMA cellular system. Documents d), although
outlining a possible organisation of an optimized shared

20 packet data channel, do not deal with the aspects of in-

tegrating packet data channels in a total system solution.
The concept described in document e), being based on

using a "fast switching" version of existing GSM traffic

channel, has disadvantages in terms of spectrum efficiency and

25 packet transfer delays (especially for short messages)-

compared to a concept based on optimized shared packet data
channels.

The system described in documents a) is data call

oriented and based on using system initiated handover in a

30 similar way as for regular voice calls. Applying these

principles for providing general purpose packet data services

in a TDMA cellular system would imply spectrum efficiency and

performance disadvantages. For example, system initiated

handover in GSM is based on allocating 1/26 of a traffic

35 channel capacity during a call for signalling related to



control packets for the sole purpose of conveying cell |ocation
I nformation. The cellular control unit is prima- rily involved at cal
establ i shnment, when it assigns to the call & call control nunmber. It then

notifies the nobile 5 station of the call control number and the trunk
interface unit of the call control number and the identifier of the initial
bdase station. During a call, packets are then routed directly between the
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station sites dHdihdBs Sptiitlizéd for packet data.

10 DISCLOSURE OF THE INVENTION

The overall object of the present invention is to
provide system concepts for providing general purpose packet
data communication services in current digital TDMA cellular
systems, based on providing spectrum efficient shared packet

15 data channels optimized for packet data and compatible with
cellular requirements. Target systems include GSM systems,
systems based on GSM architecture but operating in other
frequency bands (e.g. the 1800 and 1900 MHz bands) , D-AMPS and
PDC systems.

20 Specifically, an object of the invention is to
provide an "integrated" system concept that provides the new
packet data services in a closely integrated way, utilizing
the currént_: ‘TDMA cellular infrastructure to the extent
possible consistent with packet data functional and perfor-

25 mance requirements.

It is another object of the invention to provide a
mobile station for packet data communication over TDMA
cellular shared packet data channels enabled by the integrated
system concept. '

30 Another object of the invention is to provide a
"separated" system concept that provides the new packet data
services with minimum impact on the current TDMA cellular
infrastructure, by primarily utilizing the base station
portion of the cellular system and for the remaining network



itself, used by CDPD, is new and CDPD specific), and 25 -enpl oynment of a
signalling interface for coordinating channel assignments between the two
systens. Routing a packet to a nobile statign is based on, first routing

t he packet to a honme network node (honme Mobile Data Internediate System
MD-1S) equipped with a hone |ocation register (HLR), 30 based on the
mobBi | e station address; then, when necessary, routing the packet to a .
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It is yet another object of the invention to provide
a mobile station for packet data communication over TDMA

10 cellular shared packet data channels enabled by the separated

system concept.

These objectives are attained by apparatuses and
mobile stations as defined in the characterizing clauses of
claims 1, 30, 44 and 53 and associated subclainms.

15 BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates an embodiment of the "integrated"
system concept applied to a GSM system ("Embodiment I"), by
showing a block diagram of a GSM system enhanced with packet
data (PD) functions, the major PD function blocks shown with

20 bold contour lines.

FIG. 2 illustrates an intranetwork protocol and
interworking example (Internet Protocol IP) for Embodiment I.

FIG. 3 illustrates an intranetwork protocol and
interworking example (X.25) for Embodiment I.

25 FIG. 4 illustrates a new PD state (PD mode), introdu-
ced in Embodiment I, in relation to reqgular GSM idle state
(mode) and call-connected state (mode).

FIG. 5 shows a sequence diagram illustrating
establishment of PD state (PD mode), initiated from a mobile

30 station (MS).

FIG. 6 shows an example of a 51-frame Master packet
data channel (MPDCH) downlink multiframe, together with the
multiframe cycle in FIG. 7 provided for coordinating listening
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e)ETSI T Doc SM5 1 238/93, Sep. 28, 1993: "Packet Data over GSM Network".
10 Thi s docunent describes a concept of providing packet data
services in GSM based on first using regulag GSMsignalling and

aut hentication to establish a virtual channel between a packet nobile
station and an "Agent", handling access to packet data services. Wth
regul ar 15 signalling nodified for fast channel setup and rel ease,

& egul ar trazI fiﬁochmmd a«iagﬁ Hmd_ nmz{i wrfagﬁkai- t;s_nrmbfreadlc@&tt thatineils
ocunent s, ocynents a e | rect , relate t ce i system
Bocament o a5 LBRYIGAPARPoFR 1P Fahndingne 3 ahl, Sepbbduigne 1A nolhAT
shared 20 packet data ®I&anzishcis aotexampleiof a hultiframe cycler-formed

tegrating pacﬁ%uﬁwwlﬁiﬂmﬁlﬁﬁa&g‘igﬁ%‘g-tkit%: if h*ﬁé’grg\’?eptand

described in ased on usin switc mg €r si on

of exi stingS GSwnt exemple: (pfinsFfheduling s adesatsc tines cfox distgringuto
efficiency andredguillaCclsin BrcHtdsut Eadtreld especially for short messages)

O 0 P CeoP DRRE o8 ol ca AereehbeCEindint, L1THa gl
systeminiti atellloeatdvarof a padRetsdata ashammelh{PDOH)r endemand, daitdiaks.
Applying theset:ev.:l from an MS (applicable to Embodiment I).
10 FIG. 9 shows a flow chart, illustrating the process
of dynamically allocating PDCHs based on throughput measure-
ments (applicable both to Embodiment I and II). _ .
FIG. 10 shows a sequence diagram illustrating an
example of a mobile originated packet transfer in Embodiment
i5 I.
FIG. 11 shows a sequence diagram illustrating an
example of a mobile terminated packet transfer (using "i-
mmediate channel reservation") in Embodiment I.
FIG. 12 shows a sequence diagram illustrating an
20 example of a mobile terminated packet transfer (using paging)

in Embodiment I.
FIG. 13 shows examples of a mobile originated and a

mobile terminated packet transfer on an MPDCH, thereby
illustrating the principles of using Uplink State Flags (USFs)

25 and a type of paging that reserves an access slot for the MS
to respond (applicable both to Embodiment I and II).

FIG. 14 illustrates an example of routing from an
interworking function (IWF) to an MS's currently serving
Mobile services Switching Centre (MSC) in Embodiment I, when

30 the addressing scheme chosen is Such that an MS's IP address
identifies the MS as belonging to a particular public land
mobile network (or group of MSCs). '

FIG. 15 illustrates an example of routing from an IWF
to an MS's currently serving MSC in Embodiment I, when the

35 addressing scheme chosen is such that an MS's IP address
identifies the MS as belonging to a particular MScC.
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principles for providing general purpose packet data services in a TDVA
cellular systemwould inply spectrumefficiency and perfornance
di sadvant ages. For exanple, systeminitiated handover in GSMis based on

allocating 1/26 of a traffic 35 channel capacity during a c
signalling related to nmoni toring and controlling signal

all for
quality (for a

sifhgle nobile station) in preparation for a possible handover. The systens
descri bed in docunents RnG.anﬁ f)lustrates cir embbgimehtatqﬁthe t$eparated” c
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Two different embodiments of the invention are
described, both applied to a digital TDMA cellular system with
a GSM type of architecture. Although this type of system may
operate in another frequency band (such as the 1800 or 1900
MHz band) than that specified for GSM, it is in the following
description referred to as a "GSM system". One of the em-
bodiments (Embodiment 1) is directed towards providing the new
packet data services in a closely integrated way, utilizing
the current infrastructure to the extent possible, consistent
with functional and performance requirements. By contrast,
the second embodiment (Embodiment 2), in order to minimize the
impact on the current system, primarily utilizes the base
station portion of the GSM system, for the remaining network
parts relying on a separate mobile packet data infrastructure.

The description focuses on the new packet data
functions introduced. Descriptions of the GSM system as
implemented by Ericsson may be found in Ericsson Review
No. 3, 1991 and in "CME 20 Training Document" with the
Ericsson designation EN/LZT 120 226 R3A.

I. EMBODIMENT 1
I.A Overview

FIG. 1 illustrates a GSM system enhanced with packet
data (PD) functions, the major PD function blocks shown with
bold contour lines. A plurality of Base Transceiver Stations
(BTSs), each providing radio communication service to
multiple Mobile Stations (MSs) in one cell, together provide



cellular requirenents. Target systens include GSM systens, systens based on
GSM architecture but operating in other frequency bands (e.g. the 1800 and
1900 Mz bands), D-AMPS and PDC systens. 2044 Specifically, an
object of the invention is to provide an "integrated" system concept that
provi des the new packet data services in a closely integrated way,
utirlizing the current TDMA cellular infrastructure to the extent possible

Ic;)n_si st ent hWi t h:qml@l:? deiveriageco £ aid GSHCPMi@ﬂ:an&&&quremrfiw CPEMNS.
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cel lul ar syst eBawe Sttidit Systeni (BS9)at \Giek or mOére BSSs are served by a

Mobile services Switching Centre (MSC) with an associated
Visitor Location Register (VLR). An MSC controls calls to and
from other networks such as PSTN (Public Switched Telephone

10 Network), ISDN (Integrated Services Digital Network), or
other PLMN networks. An MSC equipped for routing incoming
calls is referred to as a Gateway MSC (GMSC). One or more MSC
service areas together constitute the PILMN service area.
Furthermore, the MSC/VLR(s) are via a CCITT (International

15 Telegraph & Telephone Consultative Committee) Common Channel
Signalling (CCS) system No. 7 network connected to a Home
Location Register (HLR), which is a data base comprising
information on all subscribers, including location infor-
mation identifying the MSC/VLR where a subscriber is currently

20 (or was last) registered. Connected to HLR, is an Authen-
tication Centre (AUC), that provides HIR with authentication
parameters. To allow identification of subscriber equipment,

an Equipment Identity Register (EIR) is provided, connected

to the MSC(s). Finally, an Operations and Maintenance Centre

25 (OMC) may be included for providing overall network support.
The packet data functionality added in BTS includes

capability to provide one or more shared packet data channels
(here referred to as "PDCHs"), depending on demand. In a cell,
only occasionally visited by a packet data user, a PDCH may be

30 allocated temporarily on user demand. In a cell with con-
tinuous packet data traffic demand on the other hand, one or
more PDCHs may either be allocated on a semi-permanent basis,

or be allocated dynamically, adapted to the current load
situation. The allocation of PDCHs is controlled from BSC. The

35 degree of PDCH support in a cell (continuous, on user demand,
or no support at all) may be configurable. Information



parts relying on a separate nobile packet data infrastructure. As the base
station portion (including sites) constitutes a major part of a cellular
systeminvestnent, the advantage of capitaljging on the cellular
infrastructure applies also for 5 this system concept. The remnai ning
separate infrastructure may be based on avail abl e nobil e packet data
network tech- nology. It is yet another object of the invention to provide
a nobil e stati defimimpacikhe debpportnleved! i amd owty TPIWH 10 addidadted sher ed
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providing, in @hta transfer and associated control signalling. A "“rese-~
10 rvation-Aloha" type of protocol is employed. Uplinks and
downlinks are basically used as independent channel resour-
ces. In a certain TDMA frame, a PDCH uplink may carry data
from 6ne MS and the downlink data to another. The packet data
radio link protocol over the PDCH(s) allocated in a cell is
15 handled by a "PD transfer controller" in BTS. In a BTS with at
least one PDCH allocated, the PD transfer controller has a,
normally unique, physical connection for packet transfer to
and from MSC, utilizing ordinary internode trunks.
In MSC/VLR, a "PD router" is provided for routing
20 packets to and from the MSC service area. Furthermore, a "PD
controller" is provided for handling signalling exchange with
the "circuit mode MSC", and for handling control, monitoring
and parameter storage functions related to packet data MSs.
The PD controller comprises processor, memory, signalling
25 interface functions, and software. (Note: Although the PD
router and PD controller are described as being provided in
MSC/VLR, it should be understood thgt they, wholly or partly,
physically could be realized in the form of external equipment
attached to MsSC.)
30 MSCs (PD routers) are interconnected via a backbone
network to which also one or more interworking functions
(IWFs) are connected. IWFs provide internetworking with
external network(s), such as Internet (i.e. IP network) and/or
PSPDN (Packet Switched Public Data Network, i.e. X.25 net-
35 work), thus interconnecting Fixed Stations (FSs) with the MSs.
An IWF may perform protocol conversion and address transla-



| east some of the base stations, on a per cell basis, one or 25 nore shared
packet data channels for packet transfer to and fromthe nobile stations,
and- a packet transfer controlling device f@g controlling the packet
transfer. The apparatus further conprises a channel defining device for
defining, on a per cell basis, the packet data 30 channel to be used for
initiating packet transfer; a first packet data npde establishing device
for establishitiopaclast requiredie Itr maymalisioe miutie gradcketendata traffdk | e
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necessary functions to enable such interrogation from the
packet data network. HLR, AUC, EIR and OMC, are also enhanced

10 to support the new types of subscriptions, services and

equipments.

The basic packet data network service provided is a

standard connectionless network (datagram) service based on

a standard connectionless IP protocol. IP is here used to

15 denote the Internet Protocol (the de facto standard IP
protocol used in the TCP/IP protocol suite) or the IS0
(International Standards Organisation) Internetwork protocol
(ISO 8473). (Possibly both these protocols may be supported.)
Value-added services, including multicast, broadcast and

20 electronic mail services, may be provided by Network Ap-
pPlication Server(s) (NAS(s)), attached to the backbone
network and accessed by using higher layer protocols on top of

IP. Thus, from a packet data communication point of view, the
PIMN basically appears as an IP network. The protocol ar-

25 chitecture is illustrated in FIG. 2. The figure shows an
example of communication between an MS and a fixed station
(FS), e.g. a host computer, attached to an external IP
network. IWF and MSC then both have the role of IP (layer 3)
routers, and MS and FS may communicate end-to-end using a TCP

30 (Transmission Control Protocol) transport (layer 4) protocol.
The MT and TE parts of the MS are in this example integrated

in one unit. Between MSC and MS, BTS acts as a link layer
(layer 2) relay between the radio link protocol (denoted RL2

in the figure) and the link protocol (denoted L2) used across

35 the trunk connection. The radio protocol handled by BTS is an
ARQ (Automatic Repeat reQuest) type of protocol, based on




services switching center; a first device for performng cell selection for
a nobile station in packet data node; a first device for performng

| ocation updating for the nobile 10 statioggin packet data node; a first
packet data node maintaining device for nmaintaining the packet data node
for a roamng nmobile station; and a first packet data node term nating
device for termnating the establ | shed packet data node for the nobile
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10 transport protocol across the PIMN, on top of the IP protocol.
An example of transparent X.25 communication between an MS and
an FS, attached to an external X.25 network, is shown in FiIG.
3. In this example, an X.25 DCE~DTE interface is provided
between MT and TE. IWF and MT both perform protocol conversion
15 and map any X.25 virtual circuit on to a transport connection
between the two entities, using the intra-PIMN transport
protocol (denoted 14). IWF and M‘I‘ also translate between X.121
and IP address. The L4 protocol may be utilized to provide
optional data compression. When a transport connection is
20 established between an MS and IWF, this transport connection
is then maintained- for the duration of the X.25 virtual call,
even if the MS moves to the service area of another MSC. For
packets in the mobile originated direction, this is achieved
by, as part of the connection establishment procedure,
25 informing the MT of the IP address of the IWF. MT then
addresses all packets associated with this connection to this
IWF. MSC, in its turn, merely routes packets based on their IP
address. In the mobile terminated direction, the IWF is
updated with new routing information when the MS moves to a
30 new MSC, as described below. As indicated in the figure, TE
and FS may communicate end-to~end via a transport protocol
{such as ISO transport protocol Class 1).
The packet data services subscribed to are available
to an MS after a procedure that brings the MS from an initial
35 GSM idle mode to a new "PD mode". This procedure may be
initiated either by the MS making a request for packet data



30 data node termnating device for termnating the established packet
data node for the nobile station. - 7b- BRI EF DESCRI PTI ON OF THE
DRAWNGS FIG 1 illustrates an enbodi nent gf the "integrated" system
concept applied to a GSM system (" Enbodi ment 1"), by show ng a bl ock

di agram of a GSM system enhanced wi th packet 5 data (PD) functions, the
may or PD function bl ocks shown with bold contour lines. FIG 2 illustrates
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Mast er packet current MSC/VLR After completed procedure, the MS is registe~
red in its current MSC/VIR as being in PD mode. The system
then provides access to PDCHs in any cell. It also provides
other system mechanisms for fast packet transfer, including:
10 - Maintaining the authentication granted at PD mode estab-
lishment, thus avoiding a time~consuming authentication
procedure for normal packet transfers. .
- For mobile terminated traffic, mechanisms for establlshing
and maintaining routes from entities on the backbone network
is to the MS's current MSC, limiting the need for HLR inter-
rogation to the initial route establishment.

In PD mode, an MS performs cell selection and
location updating based on GSM idle mode procedures. (Hand-
over, in the GSM sense, is not used.) When roaming between

20 cells, the MS, from information broadcasted on BCCH, iden-
tifies the PDCH that may be used for intiating packet transfer
in a cell. Initiation of packet transfer to an MS from its
currently serving MSC is guided by monitoring the MS's cell
location based on any previous packet transfer. Depending on

25 the recentness of the cell location information, and on other
MS operational parameters (e.g. mobile or stationary mode of
operation), the packet transfer may be initiated with or
without paging.

When an MS moves to a location area belonging to a

30 new MSC/VLR, the PD mode registration and any associated
information stored at the MS's currently serving MSC/VIR is
transferred from the old to the new MSC/VLR. Peer entities of
any routes established to the MS's current MSC are also
updated with routing information to the new MscC.



data channel (MPDCH) downlink nultiframe, together with the nmultifrane

cycle in FIG 7 provided for coordinating listening 20 - 8 - to MPDCH
with listening to regular GSM broadcast chgsinels (applicable both to
Enbodi ment | and "Enbodinent 1" below). FIG 7 shows an exanple of a

mul tiframe cycle forned by 8 MPDCH downlink nultiframes (illustrated in

FI-G 5 6), and an exanple of scheduling adequate times for
listening to regul ar G3VBor Badkett Datariede. (BD Mode)shpdsMabibitence

diagramillustrating allocation of g ettt a channel (PDCH) on denand,
initiated froman MS (applicable to Enbodinent 1). 10 FI GS.
9, 9A 9B and 9C show a flow chart, illustrating the process of

dynami cal Iy allocating m&aﬁedremibhreughagmaﬁeasw dald mode and
(oot o0 © B3 e 1 Bl bdrrfen 4, B AS RO o

i n Enbodi n®nt other figures, the denomination "state" is used as a synonym

for "mode". When a packet data MS is turned on, standard GSM

power-on and registration procedures are used. After re-

gistration, the MS is in attached, idle mode and performs idle

mode cell selection and location updating. In order to stay

10 attached to the system, the MS also regularly initiates

periodic registration. .

An MS in idle mode may change to PD mode (trans1t10n

(1) in FIG. 4) by a procedure based on regular GSM signalling

and authentication. The procedure may be initiated either by

15 the MS, or by the MSC, currently serving the MS, receiving a

packet addressed to the MS. The procedure in the former case

is exemplified by the sequence diagram in FIG. 5. Initiation

of the procedure may, as determined by a system parameter, be

allowed only in cells where a PDCH is allocated or is al-

20 locatable on user demand. The signalling sequence (1)-(13) in

the figure is based on standard GSM signalling and authen-

tication procedures used for setting up regular GSM voice/cir-

cuit data calls. A new type of service request (signal (3)) is

used to request PD mode establishment. The optional sequence

25 (8)-(13) is employed to allocate the MS a TMSI (Temporary

Mobile Subscriber Identity) and/or to initiate packet

encryption/decryption parameters in the MS and its current

.MSC. After successful completion of the signalling sequence

(1)-(13), the MS is registered in its current MSC/VIR as being

30 in PD mode and (optional) encryption parameters are stored

(block (14)). The sequence (15)-(17), also based on regular

GSM signalling, confirms the PD mode registration and makes

the MS change to PD mode. If a PDCH is not already allocated

in the cell in question, the PDCH allocation controller in BSC

35 (FIG. 1) attempts to allocate a PDCH on demand (blocks (18)-



FIG 11 shows a sequence diagramillustrating an exanple of a nobile
term nat ed packet transfer (using "imredi ate channel reservation") in

Enbodi ment 1. 20 FIGS. 12, 1324 and 12B show a sequence
diagramillustrating an exanple of a nobile term nated packet transfer
(using paging) in Enbodinment I. FIG 13 shows exanples of a nobile

ori'gi nated and a nobile term nated packet transfer on an MPDCH, thereby 25
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VBC. packet transfer on the defined PDCH. If no PDCH is allocated,
the MS may proceed with a predefined procedure, such as

10 periodically initiating a PDCH on demand allocation procedure
(described in section I.C below). MSC/VIR is then, via the
signal denoted (23), informed that the PD mode establishing
procedure is completed. Signal (23) conveys information on the
MS's cell location and, optionally, on whether a PDCH is

15 allocated in the cell. This information is stored, linked to
the PD mode registration (block (24)). As also indicated in
block (24), if PD mode is monitored by a timer and/or inac-
tivity timer, these timers, located in the PD controller (FIG.
1), are initiated.

20 The PD mode establishment procedure, described
above, is primarily based on ordinary GSM signalling func-
tions, controlled from the circuit mode MSC (FIG. 1), although
some adaptations are required e.g. for handling the new type
of service request and the new encryption parameters. When PD

25 mode is established for an MS, parameters related to the MS
are also transferred to a data base portion of the PD control-
ler. This data base may be regarded as an extension of VLR for
packet data MSs. An exemple of functional division between VLR
and this PD controller data base is as follows (alternative

30 realizations are not precluded):

— VLR (as well as HLR) is enhanced with packet data subscrip-
tion parameters such as IP address, multicast address, and
timeout parameters. For an MS in idle mode, this information

. is always available in the current VLR by means of regular

35 location updating procedures (adapted to handle the ad-



9 FIG 16 illustrates an enbodi nent of the "separated" system concept
applied to a GSM system (" Enbodinent 11"), by showi ng a block diagramof a
GSM systemwith a Base Station System (BSS)ggnhanced with PD functions, the
maj or PD function 5 bl ocks shown with bold contour |ines. DESCRI PTI ON OF

PREFERRED EMBODI MENTS Two di fferent enbodi nents of the invention are
described, both applied to a digital TDVA cellular systemwith a GSMtype

of architecture. ddtionajh subscripeiord pasametery) 10VhRenist also aewtdmded

frequency band (galh an0e,1900 gh J90BLEZ. P3%) < BaNpb lglagpect {1 ed for

GSM it is in the tol lowng déscrrptronrererred fo as a systent'.
of the em bodimdies PDEgpptradtieridata hisearayidesdr ds provi di ng the new

packet data serVia)es gtbradd 8ECbyerat £ohAL GParietdts lhidthdl 2 Eﬁgqgs &t
infrastructure to the extént possible, consistent wth functional an
per f or mance3r equi r endiR Bodgy aing enerRIdANPaKABEtRESy tEREER: RekL
2), in order to’ m nilctation, Npist of tﬂaﬁUéﬁemtisgfstﬁr}[ahﬁirgﬁ.g:deig es-
networ k 20 parts. ol A SR <& e HE s PueaEnd Rarpliacs Tt e it
The description focusdatdonary medepaviemalifsleep paging mode; see below).
b) In order to facilitate fast packet routing and limit
10 the interrogation load of VIR, storage also of a
duplicate from VIR of all relevant information stored
for any MS in PD mode (including subscription parame-
ters and location area identity).
c) To facilitate exchange of signalling information with
15 the circuit mode MSC (FIG. 1), capability to, for any
packet data MS registered in the MSC/VLR, translate the
MS's IP address to IMSI.
d) As a support function to the PD router (FIG. 1), a table
with routing information to any MS to which a route is
20 established from the MSC. With the IP address of the MS
as input, the table provides routing information to the
MS's currently serving MSC.
Location updating for an MS in PD mode is based on
idle mode location updating procedures. When an MS in PD mode
25 moves to a location area belonging to a new MSC/VLR, the new
VLR automatically receives the related subscription parame-
ters (from HLR), as part of regular idle mode location
updating. The location updating procedure is enhanced such
that the new MSC/VIR is informed that the MS is in PD mode, and
30 is provided information on the backbone network address of the
previous MSC/VIR. Initiated by the PD controller in the new
MSC/VLR, the MS's operational parameters are then transferred
(across the backbone network) from the PD controller in the
previous MSC/VLR, and the data bases of the two PD controllers
35 are updated. The PD controller in the new MSC/VLR also



functions introduced. Descriptions of the GSM system as inpl enented by

Eri csson nmay be found in Ericsson Review No. 3, 1991 and in "CME 20
Training Docunment” with the 25 Ericsson degggnation EN LZT 120 226 R3A. |.
EMBODI MENT 1 I.A Overview FIG 1 illustrates a GSM system enhanced with
packet data (PD) functions, the major PD function bl ocks shown with 30 bold
contour lines. A plurality of Base Transceiver Stations (BTSs), each
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calls to and destination IP address. The PD controller finds that the MS is
not in PD mode and, after translating the IP address to IMSI,
requests the circuit mode MSC to initiate a PD mode establish-

10 ment procedure. As the MS is in idle mode, the request is
accepted and the circuit mode MSC initiates the procedure
using regular GSM paging, but with a special "PD indicator".
The procedure is then very similar to the one described above
for the mobile originated case.

15 Returning to FIG. 4, the normal situation for an MsS
in PD mode is that it is located in a cell with at least one
PDCH allocated. The first PDCH allocated in a cell, on which
packet transfers are initiated, is here designated "Master
PDCH" (MPDCH). In this normal situation, the MS performs what

20 is here referred to as "PDCH procedures" (the upper smaller
circle in FIG. 4).-An MS, using "PDCH procedures":
a)Performs cell selection based on idle mode procedures:

- Measures signal strength on current and
surrounding cells (when not doing anything else, e.q.
25 between PDCH slots of consecutive TDMA frames), and keeps
an updated list of the 6 strongest BCCH carriers.
- In connection with measurements, in order to identify
BCCH carriers and read Base Station Identity Code (and
TDMA frame number), listens to Synchronization Channel
30 {SCH) of current cell, and Frequency Correction Channel
(FCCH) and SCH of adjacent cells.
- In order to read system and cell specific parameters,
listens to BCCH and "extended BCCH" (if any) of current
~ cell, and BCCH of adjacent cells.

35 Thus, the available framework for regular GSM

broadcast control channels are utilized for performing cell



from ot her networks such as PSTN (Public Swi tched Tel ephone 10 Network),
| SDN (Integrated Services Digital Network), or other PLMN networks. An MSC
equi pped for routing incomng calls is refggred to as a Gateway MSC (GVBC).
One or nore MSC service areas together constitute the PLMN service area.
Furthernore, the MSC/VLR(s) are via a CCITT (International 15 Tel egraph &
Tel ephone Consultative Commttee) Common Channel Signalling (CCS) system
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1o the threshold value, the MS automatlcaily returns to normal
"mobile mode" of operation. The MS informs the PD controller
in its currently serving MSC/VLR of its mode of operation,
by sending a mobile/stationary mode indicator at least every
time it changes from mobile to stationary mode, or vice
15 versa. For data transfer to an MS in stationary mode, paging
may then be limited to a single cell, or data may be sent
directly (as "immediate data® / "immediate channel reser-
vation" followed by data) without previous paging.
In an alternative realization of the embodiment,
20 the modified cell selection criteria may be employed also
for an MS in mobile mode. Provided that the information on
the MS's cell location (stored in the PD controller) is
sufficiently recently updated, packet transfer to the MS may
be initiated in a similar way as to a “*stationary" Ms.
25 b)Listens to MPDCH and performs packet transfers as required.
Oon MPDCH, an MS listens for:
- Paging, in "normal" paging mode (during a period of
relatively high packet transfer activity) or "PD sleep"
paging mode.
30 The MS, explicitly or implicitly, informs the PD
| controller in its current MSC/VLIR of its paging mode, by
sending a normal/PD sleep mode indicator at least every
time it changes paging mode.
.= "Immediate data" (or "immediate channel reservation®
35 followed by data) without previous paging, in normal
mode.




nore PDCHs may either be allocated on a sem -permanent basis, or be

all ocated dynam cally, adapted to the current |oad situation. The

al Location of PDCHs is controlled from BSGgThe 35 degree of PDCH support
in a cell (continuous, on user demand, or no support at all) may be
configurable. Information defining the support |evel and any PDCH,

ald ocated for initiating packet transfer, is broadcasted on a regular GSM
Br oadcast Contr ot Mrhﬁodm meAsRDEH ( i.ea. macknewlbédded mesisagesntol

on a physical TDVi ¢ qﬂx%e | BB §) ot sheg€ed packet
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| ndependent chani8MsYy esour- ces. In a certain TDMA frame, a PDCH uplink may

carry data from one I\/B %ﬁé ktql%t aa%‘gvgngtrggﬁpul 1@3 egedg

radio |ink protocol over ©3l Ocat handl e
a "PD transf eccompkished by |amm1nm forpthe\MPRPCRR downlink a multlframe

scheme similar to and synchronized with the 51-frame mul-
10 tiframe schemes used for regular GSM downlink control chan-
nels. Compared to idle mode, when an MS may listen to broad-
cast channels at any time except during its assigned (sleep
mode) paging block, more extensive coordination is required
for an MS in PD mode, and specifically when the MS is in normal
15 paging mode. In the latter case, the time an MS is available
for downlink messages needs to be maximized, while allowing
sufficient time for the broadcast listening tasks. A mul-
tiframe coordination scheme with this purpose is exemplified
in FIG. 6 and FIG. 7. FIG. 6 shows an example of a 51-frame
20 MPDCH multiframe, synchronized with the corresponding GSM
Broadcast Channel .(BCH) / Common Control Channel (CCCH) and
Stand-alone Dedicated Control Channel (SDCCH) multiframes. As
depicted in FIG. 7, 8 MPDCH multiframes form a multiframe
cycle (synchronized with the corresponding BCH/CCCH and SDCCH
25 wmultiframe cycles). FIG. 7 also illustrates an example of
scheduling adequate times for the tasks of listening to and
reading information from ordinary GSM broadcast channels.

The MPDCH multiframe (FIG. 6) comprises:

- Paging blocks (similar to GSM), marked PO-P7, each 4 TDMA
30 frames long.

In PD sleep mode, an MS listens to one of the paging
blocks (depending on its IMSI) in a subset of the mul-
tiframes in the cycle, as determined by a system parameter
( giving a sleep mode period ranging between approximately

35 0.25 and 2 seconds). Multiframes 5 and 7 every Nth cycle are

(Do



| east one PDCH al | ocated, the PD transfer controller has a, normally

uni que, physical connection for packet transfer to and from MSC, utilizing
ordinary internode trunks. In MSC/VLR a " router” is provided for
routing 20 packets to and fromthe MSC service area. Furthernore, a "PD
controller"” is provided for handling signalling exchange with the "circuit
node MSC', and for handling control, nonitoring and paraneter storage
functions rel at gkdludwrkak €Rése MEts illadtRadd LAIFERS. F)NREE SSheduled

By O0eSOT | D e SSRGS R BGhuTCt ops, and, softuere, (Yot
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PDCH broadcast may, with a sleep mode parameter, be

10 limited to a defined subset of the multiframes. The sleep
mode parameter may be different from that used for paging.

PDCH broadcast is used for providing system infor-
mation, including PDCH specific parameters, and a flag
indication when relevant information on current BCCH has

is changed. MSs should then read BCCH and "extended BCCH" (if
any), starting with the next multiframe and until the
relevant information contents of all 8 multiframes have been
read (see FIG. 7). PDCH broadcast may also be used for
different kinds of user information services.

20 - Frames marked F0-Fl4 which can be grouped in different ways
for various purposes (see FIG. 7).

Furthermore, the block F3-F6 may (when not
allocated for other purposes; see FIG. 7) be utilized for
multicast messages. (Other multicast allocation alter~

25 natives exist.)
The BCH/CCCH multiframe is included in FIG. 6 to show
the allocation of FCCH (marked F), SCH (marked S), and BCCH
(marked B) used in the cell selection process. "Extended BCCH"
(if provided) is allocated in the first “c" block from the
30 left, in multiframes 4-7 (see FIG. 7). The purpose of showing
the SDCCH multiframe in FIG. 6, is to indicate the allocation
of cell broadcast SMs. These are allocated a subchannel
utilizing the block marked "D2", in multiframes
0-3 (as shown in FIG. 7). A possible way to schedule listening
35 to these broadcast channels is shown in the diagram of FIG. 7.



12 tion, as required. It may al so route packet data traffic between
cooperating PLMNs. Packet data traffic between Mss in different MSC service
areas in the same PLMN is normally routed gprectly between the respective
MSCs, across the 5 backbone network. For routing purposes, HLR may, via a
"HLR interrogation server", be interrogated fromentities on the backbone
network. The HLR interrogation server provides necessary functions to

enabl e such i Meermgzeéi pretiss bleckydramed Xl ovatvioik . indl he AblespétRivad
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Protocol (the de facto standard

suite) or the (B5C(IIRRYAMARLAY & r%%&ﬁ%%ﬂ %i{:gg%\ﬁégcg‘lf
protocol (1 SO &djEdent Celishhay ¥ tnknehrphitedaritinthiobe of ther éefrent
mai | servi ces. s 2 SERPETRLYE RkriBpnagl G e onter (o) ¢
(NAS(s)), attached to AmMSotbhboneeds to read information from BCCH of an
adjacent cell, should read at least one BCCH block from
10 multiframes 2, 3, 6 or 7 in a multiframe cycle. This is
achieved with the reading schedule in FIG. 7, again taking
into account that multiframes of adjacent and current cells
may be unsynchronized. The time indicated for reading adjacent
BCCH is assigned once every N:th cycle, where N is a systenm
15 parameter.

In some situations, an MS in PD mode temporarily has
to be "off PDCH" and use ordinary GSM channels and perform
what is here denoted "GSM procedures". It is then accessable
by and has access to the same signalling as in idle mode. It

20 also performs cell selection exactly as in idle mode. Common
situations when the MS changes to these "GSM procedures"
(transition marked (3) in FIG. 4) are:

a) When the MS moves to a new location area. It then
performs location updating based on idle mode procedures.

25 Upon completion, the MS returns to "PDCH procedures"

(transition (4) in the figure).

b) At regular intervals, when the MS performs periodic
registration as in idle mode. Upon completion, the MS
returns to "PDCH procedures" (transition (4)).

30 c¢) When the MS (on PDCH) receives a request from its
current MSC to perform authentication or equipment

identification. The requested procedure is then performed
in an essentially regular GSM manner. After granted and
completed procedure, the MS returns to "PDCH procedures"
35 (transition (4)). If the authentication or equipment



networ k and accessed by using higher |ayer protocols on top of IP. Thus,
froma packet data comruni cation point of view the PLMN basically appears
as.an | P network. The protocol ar- 25 chiggcture is illustrated in FIG 2.
The figure shows an exanpl e of comuni cati on between an M5 and a fi xed
station (FS), e.g. a host conputer, attached to an external I|IP network. |W
arrd MSC then both have the role of IP (layer 3) routers, and M5 and FS nmay
communi cat e end-t oidedtilﬁiugtboﬂ' des 3@jecteshs thes poecedureoen@sovith| $he

transport (laver 4sproloffing W maaahggrﬁagasée%g findhad] Srétuifidg

exanpl e integrated I n one uni g acts as a
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choice), the MS may be required to report to its current
MSC/VLR when it moves from a cell with PDCH allocated to
10 one without, and vice versa. This information is stored in
the PD controller (FIG. 1) which thus monitors the
procedures used by the MS. In this case, paging is made on
either MPDCH or ordinary GSM paging channel. In a system
where the PD controller does not have this information,
15 paging has to ‘be made in parallel on both MPDCH and
ordinary GSM paging channel, if the paging area comprises
cells of both kinds.
A PDCH may be allocated when an actual need for
packet transfer arises as described in section I.C below.
20 The MS returns to "PDCH procedures" (transistion (4))
when a PDCH is-allocated, or when the MS moves to a cell
with PDCH allocated.
e) When the MS moves to a cell not supporting PDCH. This case
is similar to 4) above with the difference that no PDCH
25 may be allocated. Moreover, packet data paging (using
ordinary GSM paging channel) may or may not be made in
this type of cell, depending on system configuration.
For a combined MS, supporting both packet data and
ordinary GSM services (but not simultaneously), a number of
30 mixed traffic situations are possible. An MS in PD mode may
make or receive a regular GSM (voice/circuit data/point-to-
point short message) call with the PD mode maintained as
"pending" during the call and returned to "active" when the
. call is completed. To make a call, the MS, if it was using
35 "PDCH procedures", first changes to "GSM procedures" (tra-
nsition (3) in FIG. 4). When using "GSM procedures", the MS



5 standard GSMidentities, International Mbile Subscriber Identity (1Ml)
or, normally, Tenporary Mbobile Subscriber lIdentity (TMSI). Standard
connection-oriented network (X 25) servi @4s nay al so be provided by

enpl oying a connection- oriented 10 transport protocol across the PLMN, on
top of the I P protocol. An exanple of transparent X. 25 conmunication

bet ween an M5 ,and an FS, attached to an external X 25 petwork, is shown in

FIG 3. In thiBifiakesea aallxipsa xegudpr GSMoPRRRET|ang, whegebbgeakk dsvr
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Its turn, , grer el Xa 5 RY" EPoRNER endESEte M5 ¥ sn '¥D mode, requests the PD
controller to initiate paging of the MS. If the PD controller
has information on the procedures used by the MS, paging is
initiated accordingly using either MPDCH, for whic;h. special
paging types are provided to convey GSM calls, or ordinary GSM

15 paging channel (via the circuit mode MSC). Should such
information not be available in the PD controller, paging may
involve both types of channels in different cells. If the MS
indicates "accept" in its paging response, the call, after the
MS having changed to "GSM procedures" as required, is set up

20 and PD mode is kept "pending™ during the call in a similar way
as discribed above.for a mobile initiated call.

If a packet, addressed to an MS in GSM call-connected
mode, is received by a PD router (FIG. 1), the associated PD
controller, finding that the MS is not in PD mode, requests

25 the circuit mode MSC to initiate a PD mode establishment
procedure as described above. However, as the MS is in call-
connected mode, the request is rejected. This may result in
the PD router sending an upstream error report, indicating
that the MS is unreachable. In a similar situation when the MS

30 is instead in "PD pending mode", the result is almost the
same. The difference is that the circuit mode MSC does not
need to be involved, as the MS mode information is available
in the PD controller. For an MS subscribing to mail service,
the message delivery in these and similar situations may be

35 deferred until the MS becomes available.



address. In the nobile termnated direction, the |W is updated with new

routing information when the M5 noves to a 30 new MSC, as descri bed bel ow.

As.indicated in the figure, TE and FS may ggnmmuni cate end-to-end via a
transport protocol (such as ISO transport protocol Cass 1). The packet
data services subscribed to are available to an M5 after a procedure that
brings the Ms froman initial 35 GSMidle node to a new "PD node". This
procedure may be initi aksdrsideted pbbive ,NBDddenfor anMe iay be ponked-
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tion parameters. Termination of PD mode and return to idle
mode (transition (2) in FIG. 4) may be initiated by a ter-

10 mination request from the MS, or by a termination command from
the PD controller when a timeout occurs.

If a periodic registration is not received as
required from an MS in PD mode, the PD mode is terminated, by
first changing the MS mode to idle (transition (2)), and then

15 marking the MS as "detached" in VIR according to ordinary idle
mode procedures. An MS wishing to initiate an explicit
"detach", first initiates a change to idle mode (transition
(2)) and then sends an "IMSI detach" as an idle mode.

When PD mode is terminated, peer entities of any

20 routes established are informed and the routes are terminated.

Some additional mobility management aspects related
to mobile terminated packet transfer are described in section
I.D.

I.C Provision of Packet Data Channels (PDCHs)

25 The main function blocks involved in providing PDCHs
are (see FIG. 1):
- The transceivers in BTS which are enhanced with capability
to:
- Dynamically change the configuration of any physical
30 - channel (time slot) from reqular GSM traffic channel TCH
to PDCH, and back to TCH, on PDCH allocation/PDCH release
command respectively from the PD transfer controller.



| i shment, thus avoiding a tinme-consum ng authentication procedure for

normal packet transfers. - For nobile termnated traffic, nmechanisns for
est-abl i shing and mai ntaining routes fromenfdties on the backbone network
15 to the M8 s current MSC, limting the need for HLR inter- rogation to
the initial route establishnment. In PD node, an M5 perfornms cell selection
ant | ocati on updati ng based on GSMi dl e node procedures. (Hand- over, in

the GSM sense, is& Whenusffbquei®) hepping liel Vel oifed Cceddapt t PBCHPs) f ram
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10 I.B).

- As part of a dynamic channel allocation process, monitors
traffic load on PDCH(s) and generates PDCH allocation/
PDCH release requests to the PDCH allocation controller
in BSC, as required.

15 - The PDCH allocation controller in BSC which is processor-
based and comprises both software and hardware. Together
with the 'fcircuit mode BSC", which has the overall respon-
sibility for radio channel resources, it coordinates
allocation of PDCHs such that, from a common pool of

20 physical channels (time slots), a variable mix of TCHs and
PDCHs may be allocated determined by demand. In this
process, the PDCH allocation controller:

- Collects requests for PDCH allocation/PDCH release and
conveys the requests to the circuit mode BSC.

25 - .Receives commands for PDCH allocation/PDCH release from
the circuit mode BSC and conveys the commands to the PD
transfer controller in BTS.

- Supplies the information that on a per cell basis defines
the degree of PDCH support provided and the MPDCH al-

30 located (if any), and that is broadcasted on BCCH by the
respective BTS.

In addition, interface functions and some common
control functions in BTS are adapted to support the new PD
functions (FIG. 1).

35 The first PDCH in a cell (the "master PDCH" MPDCH),

that is capable of carrying the necessary control signalling




updated with routing information to the new MSC. 15 |.B Packet Data Mde
(PD Mobde) and Mobility Managenment PD Mbde in relation to regular GSMidle
node and cal |l -connected node is illustrate®@?in FIG 4. In this and 5 other
figures, the denomination "state" is used as a synonym for "node". Wen a
packet data M5 is turned on, standard GSM power-on and registration
procedures are used., After re- gistration, the M5 is in attached, idle node
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5. InitiationVdtkird hyoacPacketdatadsasternined by a system parameter, be
In a "PDCH on demand cell", an MPDCH may be allocated
when an actual need for packet transfer arises:
a)When PD mode is established for an MS (located in the

10 cell), an MPDCH is allocated (if a channel is available) as
the last part of the PD mode establishment procedure as
described in section I.B. The PDCH allocation is initiated
by a command from the circuit mode BSC to the PDCH al-
location controller.

15 b)When an MS in PD mode (located in the cell) has data to
send, it makes a "PDCH allocation request" using "GSM
procedures™ as illustrated in FIG. 8. The signalling
sequence (1)=-(4) is based on standard GSM signalling. with
the addition of a new type of service request (signal (3)).

20 The service request is received by the circuit mode BSC
which, if a channel is available, generates a PDCH al-
location command to the PDCH allocation controller. An MPDCH
is then allocated (block. (6)) and channel defining infor-
mation is broadcasted on BCCH (block (7)). An optional

25 channel defining signal (not shown in the figure) may also
be sent directly to the MS, in order to provide a faster
response. At decision block (8) the MS determines if a PDCH
is allocated. If this is the case, it may proceed with
initiating a packet transfer on the defined MPDCH. If no

30 PDCH is allocated, the MS may proceed with a predefined
procedure, such as periodically repeating the PDCH al-
location request.

c)When a packet addressed to an MS in PD mode (located in the
.cell), is received by the MS's currently serving MSC/VLR, an

35 MPDCH is allocated (if a channel is available) if the

following paginé, using GSM paging channel, results in a

-




allowed only in cells where a PDCH is allocated or is al- 20 |ocatable on
user demand. The signalling sequence (1)- (13) in the figure is based on
st.andard GSM si gnal ling and aut hen- ticatgen procedures used for setting up
regular GSMvoice/cir- cuit data calls. A new type of service request
(signal (3)) is used to request PD node establishnent. The optional
sequence 25 (8)-(13) is enployed to allocate the M5 a TMBI (Tenporary
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command to BTS fo activate. a and to _hroadcast channel definjing |nf or -
it may in tlate a "PDCH allocation request" for the new
cell, using the MPDCH in the currently serving cell. The
10 request is transferred to the PD controller in MSC/VLR, from
which it is forwarded to the PDCH allocation controller in
BSC, and from there to the circuit mode BSC. If the request
is granted, the MS may not need to change to "“GSM proce-
dures".
1s When a first PDCH (MPDCH) has been allocated,
additional "slave PDCHs" (SPDCHs) may be allocated depending
on traffic load: :
-~ Either semi-permanently (e.g. different mix of PDCHs and GSM
traffic channels TCHs at different times of the day).
20 - Or dynamically adapted to the current load situation. )
In case of multiple PDCHs allocated to a cell, the
PDCHs may be used as a set of "trunked" channels utilizing a
dynamic assignment protocol. MPDCH is then used for access
control signalling (including channel request, channel
25 reservation and paging) and, as far as capacity admits, data,
whereas SPDCH(s) are used for reserved data transfer.
Furthermore, in a situation when the MPDCH becomes
a bottleneck, it is possible to allocate one or more ad-
ditional MPDCH_s such that a group of (m) MPDCHs may be used
30 together with a group of (s) SPDCHs. Each MS is then assigned
to a particular MPDCH determined by an algorithm based on the
MS's identity (IMSI) and on control information broadcasted
on BCCH and/or one or more of the MPDCHs.
' The process of dynamically allocating/releasing
35 PDCH(s) in a cell is based on measuring throughput and
comparing with predetermined limits as illustrated in FIG. 9.



mati on on BCCH (bl ock (21)). An optional channel defining signal (not shown
in the figure) nay also be sent directly to 5 the M5, in order to provide
a.faster notification that a PDCH is all ogaed. At decision block (22), the
M5 determines if a PDCH is allocated. If this is the case, the M5 may
initiate a packet transfer on the defined PDCH |If no PDCH is all ocated,
thke M5 may proceed with a predefined procedure, such as 10 periodically
initiating a ¥PbeéHupperaicitied partacf dthep fdowmdthast( iidivstbaties mklbntatoion . C
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established for an M5, paraneters related to t
reached.

- If no, the monitoring process proceeds.

- If the upper limit is reached and if, as in this example,
no SPDCH is allocated (s=0), BTS sends an SPDCH allocation
request to BSC (block (17)). BSC determines if a channel is

is available (block (18)).

- If yes: Initiated from BSC, an SPDCH is allocated in BTS
{blocks (19) and (20)). The packet data protocol schedu-
ling in BTS is readjusted to the new PDCH configuration
(block (14)). The process then proceeds with throughput

20 measurements across MPDCH(s) (block (2)) and in a similar

way across SPDCH(s) (block (15)).

= If no: A check is made whether the frequency of rejected
channel allocation requests indicates a permanent over-
load condition (block (23)). In that case, a predeter-

25 mined procedure for reporting/resolving the problenm is

initiated (block (25)). Otherwise, the traffic load is
temporarily limited by (in BTS) readjusting flow control
parameters (block (24)). The cycle is then repeated,
starting at block (2).

30 - If the lower limit is reached (at block (3)), BTS sends an
MPDCH release request to BSC. After notifying MSs by means
of broadcast information (block (10)), an MPDCH is released
(blocks (11) and (12)). If, as in this example, it is found
(at block (13)) that this was the only MPDCH, the process

35 proceeds at point (A) with monitoring any request or command
for a new MPDCH allocation.



are also transferred to a data base portion of the PD control- ler. This
data base nmay be regarded as an extension of VLR for packet data Mss. An
exenpl e of functional division between VLR and this PD controller data base
is as follows (alternative 30 reali zati om®d are not precluded): - VLR (as
well as HLR) is enhanced with packet data subscrip- tion paraneters such as
| P-address, nulticast address, and tineout paraneters. For an Msin idle
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dynamlcally allocating/releas:mg PDCH(s) applies for any

given configuration of MPDCH(s) and SPDCH(s).
I.D Packet Transfer Within an MSC Service Area

i0 Packet transfer between the PD router in MSC/VLR
(FIG. 1) and MSs in the MSC service area is to a Iarge extent
determined by the radio link (layer 2) service provided by
PDCHs. Variable length packets up to some maximum size (such
as approximately 600 octets, depending on the PDCH protocol)

15 from layer 3 are accepted by the layer 2 entity in the PD
router and by the MT part of MSs respectively. Each packet,
normally after encryption, forms the information field of a
layer 2 frame. Across the radio link (between BTS and MT),
each frame is divided into fixed size blocks (of approximately

20 25 information octets, corresponding to 4 TDMA bursts). For
each block, BTS or MT respectively performs channel coding,
burst formatting, and interleaving (per block). A selective
repeat type of ARQ protocol between BTS and MT then provides
retransmission of blocks in error. -

25 - The TDMA structure and the need to allow for the same
degree of timing disalignment at first MS access as in
ordinary GSM have lead to the selection of a "reservation-
Aloha" type of protocol. To initiate a packet transfer in the
mobile originated direction, illustrated by the sequence

30 diagram in FIG. 10, an MS makes a random access request
(signal (1) in the figure) on the MPDCH uplink (using the same
type of access burst as in ordinary GSM), when allowed to do
so, as determined by "uplink state flags" (USFs) on the MPDCH
downlink. The access burst includes a random number providing



10 the interrogation |load of VLR storage also of a duplicate from

VLR of all relevant information stored for any M5 in PD node (including
subscription paranme- ters and | ocation areajni dentity). c) To facilitate
exchange of signalling information with 15 the circuit node MsC

(FIG 1), capability to, for any packet data MsS registered in the MSC/ VLR,
translate the M8's | P address to IMSI. d) As a support function to the PD
router (FIG lan driil aal V!idhéhc}fmﬂd'f 'mdmfaCMqa Onhstﬁaﬁ?émygthswli%ﬂlilﬁldeNS
route is 20 establi romt __W.th the address o e

as input, the FABFE %&ov?ﬁgﬁg?omeh&é]ﬁpgSW%ﬁnro the MS's currently
serving MSC. Location up¥&t inggradilyanrédpondds’witliicai shaaned meeﬂwlatmﬂe

| ocati on updat C n ' : ]{.’g)él i on
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the new MBC/ VLR js infornmed th the M5 is in PD nmode, and 30 1s provided
i nf ormat i on orBEkESh R KESHEY né%%ﬁ?k 2, dFaadan oPackeLf, &ims,d \Eeeychannel
Initiated by thes&pbvatibnolcdenmamd t incladesSAthe Rsanee bEndomopfinténals
parameters ar e tBgRvhbaANS ¥héYaccess burst, and timing alignment/power
10 control (TA/PC) commands. The timing alignment/power control
functions are performed in BTS, not only the measurements part
(as in ordinary GSM) but also, for performance reasons, the
processing and command generation parts (located in the PD
transfer controller).
15 The data frame (signal (3) in the figure) from the MS
is followed by a positive acknowledgement (signal (4)) from
BTS (as no retransmissions are assumed in this example), and
the frame is relayed to the PD router in MSC/VLR. Here, the
MS's cell location is determined by associating the frame
20 (which includes the MS's identity TMSI in the frame header)
with the (for each cell unique) physical connection on which
the frame is received. In an alternative realization, the MS's
cell location may be identified by providing in the PD
transfer controller in BTS the additional function of inser-
25 ting a cell identifier in the frame header, in a similar way
as described in the cited US.A-4,916,691. The cell location
identity and the associated time when the frame was received
are, together with MS parameters (such as mobile/stationary
indicator, class of service) that may be conveyed in the frame
30 header from BTS, stored in the PD controller data base, linked
to the MS's identity. The packet, normally after decryption,
is then available at the layer 3 entity of the PD router for
routing to the destination (in the example in FIG. 10 via an
IWF).
35 When a packet, addressed to an MS is received by the
PD router in the MSC/VIR where the MS is registered and it is
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MSC/ VLR, and the data bases of the two PD controllers 35 are updated. The
PD controller in the new MsC/ VLR al so praevi des updat ed routing
information to peer entities of any routes established to the M5 s current
MSC. A PD node establishnent procedure may al so be initiated when a PD
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- Moblle or stationary mode of operatlan
- Normal or PD sleep paging mode
10 - “"PDCH" or "GSM procedures" used (depending on system confi-
guration, as described in section I.B) '
Based on this information, the PD controller uses a
software algorithm to select method for initiating the packet
transfer:
15 a)Transferring the data frame directly to a specific BTS
(without previous paging).
This method is used if the MS is in stationary mode.
It may be used also when the MS is in mobile mode, provided
that the modified cell selection criteria employed in
20 stationary mode (described in section I.B) is employed also
for MSs in mobile mode, and provided that the cell location
information is sufficiently recently updated.
The frame header in the transfer to BTS includes
TMSI, an indicator of the MS's paging mode, IMSI (if the MS
25 is in PD sleep mode), and possible class of service infor-
mation. If the MS is in PD sleep mode, BTS then initiates
the data transfer across PDCH(s) using paging (in a single
cell). oOtherwise, the data transfer is initiated with
"immediate channel reservation", or data may be sent
30 directly as "immediate data" on MPDCH.
An "immediate channel reservation" transfer sequence
is exemplified in FIG.11. The channel reservation (signal
(5)) on the MPDCH downlink informs the MS of the channel on
which the data frame (signal (6)) is to be received. If the
35 data transfer takes place on an MPDCH, channel reservation
may not be needed. The data frame includes reservation of an



packet transfers are initiated, is here designated "Mster PDCH' (MPDCH).
In this normal situation, the MsS perforns what 20 is here referred to as
"RDCH procedures” (the upper smaller circlagin FIG 4). An M5, using "PDCH
procedures”: a) Perforns cell selection based on idle node procedures: -
Measures signal strength on current and surrounding cells (when not doing
anything else, e.g. 25 bet ween PDCH sl ots of consecutive TDMA franes),
and keeps an upaecess| siotobnt the MBRCH gptinBdnt the MF o respondandat i on
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selection. In tRE,NR R e (elritAnel b10BKE" t5%é FdBariknitted), and for
retransmission from BTS. This channel reservation also
includes TA/PC commands. The retransmission then includes

10 channel reservation for the MS to acknowledge and for a
possible further retransmission.

b) Paging over a group of cells ..
To economize on spectrum, paging is limited to the
smallest possible group of cells based on available cell

15 location information. Paging is initiated by a "high level
command" (including information on IMSI, TMSI, location
area, cell location and recentness of this information, and
paging mode) from the PD controller to the PD signalling
controller (FIG. 1) in affected BSC(s). (Alternative

20 divisions of paging functions between MSC and BSC are not
precluded.) As described in section I.B, depending on system
configuration, the paging may include paging on both MPDCH
and ordinary GSM paging channel and may thus involve also
the "circuit mode" portion of BSC(s).

25 In a situation when the probable cell location can be
limited to a small group of cells, a special type of paging
message may be employed which combines paging with reser-
vation of an access slot for the MS to respond. An example
of using this type of paging is shown in the sequence

30 diagram in FIG. 12. With the signal marked (5) in the
figure, the paging command initiated by MSC reaches BTS. The
PD transfer controller in BTS then generates a paging
message (signal (7)) on the MPDCH downlink which includes
reservation of an access slot on the MPDCH uplink for the MS

35 to send a response burst (signal (8)). The paging response
(signal (9) and (12)) transferred back to MSC includes
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and for possible retransmission may either be combined with
the data frame (signal (16)) or included in the initial
channel reservation (signal (10)). .

When this type of paging is used to convey an
ordinary GSM call, one bit in the response burst is al-
located to indicate “accept" or "reject" to the call, after
which the sequence is completed.

The advantage with this type of paging, that includes
reservation of an access slot for a paging response burst,
is that the response can be uniquely identified in spite of
the fact that it only comprises 8 bits of information. In
this way, the sequence can be considerably shortened
compared to ordinary GSM paging, which is of importance
considering packet transfer delays. However, this type of
paging is spectrum efficient only when used over a small
group of cells.

As minimization of the total usage of radio channel
resources for location updating/cell location reporting on
one hand, and paging on the other, is crucial for spectrum
efficiency, some complementary mechanisms may be needed for
MSs in PD mode. These may include the use of smaller location
areas than in regular GSM and/or, under certain conditions,
cell location reporting from MSs.

Concerning timing alignment/power control, the need
for renewal within a certain period of time imposes restric-
tions on maximum packet size. For example, the TA/PC commands
included in the channel reservation (signal (10)) in FIG. 12



25 Db)Listens to MPDCH and perforns packet transfers as required. On MPDCH,
an M5 listens for: - Paging, in "normal" paging node (during a period of
relsatively high packet transfer activity) gg "PD sleep" paging node. 30
The M5, explicitly or inmplicitly, infornms the PD controller in its current
M5C/ VLR of its pagi ng node, by sending a normal/PD sleep node indicator at
| east every tinme it changes paging node. " Imedi ate data"” (or "imedi ate
channel reservstiowdhd, Ipith a madimumreily gatkRetvin the qatayiforamepgsligaali n
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should provide suff:.clent margins. As required, additional

TA/PC commands (as well as channel reservation commands) may
be included in later parts of a sequence, combined with
negative acknowledgement(s) or retransmission(s).
The principles for the mentioned uplink state flags
10 (USFs) and for the type of paging that reserves an access slot
for the MS to respond are illustrated by the examples in FIG.
13. The series of slots that depict MPDCH downlink and uplink
respectively represent time slots in consecutive TDMA frames.
The figure shows two simple transfer examples, one mobile
15 originated (with index 1) and one mobile terminated (with
index 2) . All control messages (except access bursts) comprise
one block (i.e. 4 bursts). An USF on the MPDCH downlink marks
a corresponding access slot on the MPDCH uplink as either
"free" (for random access) or “"reserved". In this example,
20 USFs are coded individually per MPDCH downlink burst (by
allocating a group of redundant bits, carrying one bit of
information, for this purpose). An USF in TDMA frame n governs
access in TDMA frame n + m. In this example, m = 1.
The mobile originated data transfer starts with a
25 random access burst from mobile station MS 1 in an access slot
that is marked as "“free"™ by an USF. BTS responds with a
channel reservation command on the downlink and changes USF to
"reserved" for the duration of the subsequent uplink data
transfer. A downlink acknowledgement then completes the
30 transfer sequence.
~ The mobile terminated transfer is initiated by a
paging message to mobile station MS 2 providing the MS a
reserved slot for its response burst. The paging response is
followed by a channel reservation command and a subsequent
35 downlink data transfer. After an acknowledgement from the MS
in a reserved uplink block, the sequence is completed.



/corrpl I shed by enpl oying for the MPDCH downlink a nultiframe schene simlar
to and synchronized with the 51-frane nul- 10 tiframe schenes used for
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channel coding and interleaving, and thus be provided on a per
block basis. After receiving a block, an MS then knows the
USFs (which may still be associated with individual access
slots) for the 4 following access slots.

15 I.E Packet Routing To and From MSC Service Areas

Routing of packets from entities on the backbone
network (FIG. 1) to an MS in PD mode is, as mentioned, based
on establishing and maintaining routes to the MS's currently
serving MSC, by means of:

20 - From initiating entities, initially interrogating HLR, via
the HLR interrogation server.

= In the PD controller data base in the MS's current MSC/VLR,
storing a list of peer entities of any routes established,
linked to the MS'‘s PD mode registration.

25 -~ When the MS moves to a location area belonging to a new
MSC/VIR, transferring the list of peer entities (and other
parameters related to the MS) from the o0ld to the new
MSC/VLR, and updating the peer entities with routing
information to the new MSC.

30 To be able to provide the necessary routing infor-
mation, HLR is enhanced to provide, at the initial inter-
rogation when a route is being established, the IP address of
the MSC currently servihg the MS in question. HIR is informed
of this IP address by means of an extension, for packet data



In PD sleep node, an M5 |istens to one of the paging bl ocks (dependi ng on
its IMSI) in a subset of the mul- tifranes in the cycle, as determ ned by a
system paraneter (giving a sleep node periggd rangi ng between approxi mately
35 0.25 and 2 seconds). Multiframes 5 and 7 every Nth cycle are 21
excluded, as these (as illustrated in FIG 7) are scheduled for listening
to adjacent BCCH In normal node, an M5 may be paged in all paging bl ocks,
and at any tinssnobfan*aagbwbeédhwe wéédd whair AN NS registexscinadmwNsc/VIR. same
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i ndi cation wheGrfehtlgnservingntlie M5 .OWhen that r&ie¥e imsestablished, the
inactivity timer is initiated to count a predetermined period
of time (timeout period). The inactivity timer is reset and
reinitiated for any packet received from the route, addressed
10 to the MS. The timer is reset and reinitiated also for any
packet from the MS to the route, when the route is a bi-
directional route between the MS's current MSC and. another
MS's current MSC, linked to the two MSs' respective PD mode
registrations. The timeout period may be a subscription
15 parameter. When a timeout occurs, the peer entity is informed
and the route is terminated.

The method used for routing packets in the mobile
terminated direction to an MS's currently serving MSC depends
on the IP addressing scheme chosen for the packet data PLMN.

20 If the addressing scheme is such that the network identifying
portion of an MS's -IP address identifies the MS as belonging
to a particular PLMN, or subdomain of a PLMN including a group
of MSCs, the routing method illustrated by the example in FIG.
14 may be used. Referring to the sequential steps indicated in

25 the figure: :

1) IWF 1 receives a packet addressed to MS 1.

2) As required, IWF 1 performs protocol conversion and address
translation (from the external network to the intra-PLMN IP
network). The address translation data base may be available

30 1locally at the IWF or via remote access. When a route has been
established for an MS, the address translation is performed
locally.

IWF 1 determines, from an internal data base that

stores routing information for any MS for which a route is
35 established, if a route is established to MS 1's current
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address. The encapsulated packet is routed to MSC 2.

8) The packet is decapsulated and address information is
analysed by the PD router and PD controller in MSC/VLR 2
respectively (FIG. 1). The PD controller determines if MsS 1
is in PD mode. - .

- If no: A PD mode establishment procedure is initiated
(discribed in section 1.B).

- If yes: The PD controller determines if a route from IWF
1 (IWF 1 being identified by the source address in the
encapsulated packet) is established for MS 1 (i.e. if IWF
1 is included in the list of peer entities linked to
MS 1). | -

If yes: If the route is monitored by an inactivity
timer, the timer is reset and reinitiated. The sequence
then proceeds with transferring the packet to the MS (as
described in section I.D).

If no: The IP address of IWF 1 is stored (linked to
MS 1's identity), indicating that a route is being
established. If the route is to be monitored by an
inactivity timer, the timer is initiated. The sequence
then proceeds with 9).

9) MSC 2 notifies IWF 1 that a route segment is established.

10) IWF 1 acknowledges.

11) IWF 1 stores (linked to MS 1's identity) the IP address

of MSC 2 (MS 1's current MsSC).

When the PD router in an MSC/VLR (MSC/VLR 1) receives

a packet instead originated from an MS (MS 1) within the MSC

service area, the network identifying portion of the des-

tination IP address is first analysed. If the destination



22 The nore precise block/franme allocation in the respective nmultifrane is
defined in the colum at the right hand side. As indicated in FIG 7, for
listening to FCCH and SCH of adjacent cellgg opportunities are provided
twice per cycle 5 (i.e. approximately once per second). As the nultiframes
of adjacent cells may be unsynchronized with those of the current cell, 12
consecutive franmes need to be assigned. An M5 that needs to read
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t hese " GSM pr deddowigig steps:
1)The PD controller (in MSC/VLR 1) determines if a route is
-10 = established to MS 2's current MSC, linked to MS 1's PD mode
registration (and to MS 2's identity).
= If yes: If the route is monitored by an inact-ivi.ty timer,
the timer is reset and reinitiated. The packet is then
either transferred to MS 2, if MS 2 is registered in the
1s same MSC (MSC 1), or routed to MSC 2's current MSC using
the encapsulation technique described above.
- If no: The sequence proceeds with 2).
2)The PD controller checks if a route is established to
MS 2's current MSC, linked to any of the other MSs registe-
20 red in MSC/VIR 1.
- If yes: The packet is either transferred to MS 2, if MsS 2
is registered in the same MSC (MSC 1), or routed to
MS 2's current MSC using the encapsulation technique
described above. MS 2's current MSC then initiates
25 establishment of a (bidirectional) route between the two
MSs' current MSCs, linked to their respective PD mode
registrations. If the route is to be monitored by inac-
tivity timer(s) (at one or both ends of the route), the
timer(s) are initiated.
30 - If no: The sequence proceeds with 3).
3)The PD controller determines if MS 2 is registered in
MSC/VIR 1.
- If yes: As required, a procedure for establishing PD mode
for MS 2 is initiated. If or when PD mode is established,
35 a (bidirectional) route is established as a linkage
between the two MSs' respective PD mode registrations. In



(transition marked (3) in FIG 4) are: a) Wen the M5 noves to a new

| ocation area. It then perforns | ocation updating based on idle node
procedures. 25 Upon conpl etion, the M5 returns to "PDCH procedures”
(transition (4) in the figure). b) At redtfar intervals, when the M5
perforns periodic registration as in idle node. Upon conpletion, the M5
returns to "PDCH procedures” (transition (4)). 30 c) V\hen the M5 (on

PDCH) receives a ye ro t r

aut henti cation or Eg‘aw ;‘;rﬁéﬂ %é oS“l{:geateﬂ%}.iwe'ﬁetrheequ pr ocrfee%[ﬁge 1S‘"i't hen
performed in an ecudweng M§Csazan he maNntained ififany qﬁaheeuSarmchet ed
procedure, the I\/Bahgttﬁgg.sxgné‘",f}QCH procedures” 35 (transition (4)). If

t he aut hentication or 23 identification is r%ected t he
procedure ends with thd K?BCFéUétyl'iﬁn%F(*’baﬁﬁdéﬂi@ﬂPﬁhiF leoifitdated

returning $he M5 ag ifll %) rmdﬁe(transmlon (5)). d) Wien the M5 noves to a
ﬁglelr \ggﬁ;ﬁdno PDCE‘EI S aI ocaste%qlel%ce proceedes wiggql_s may be all ocated on
' 4)The PD controller initiates a procedure, including HLR
interrogation, for establishing a route to MS 2's current
MSC, in a similar way as in the above example of route

10 establishment from an IWF. If successful, the procedure ends
with a (bidirectional) route being established between the
two MSs' respective current MSCs, linked to their respective
PD mode registrations.

In another possible addressing scheme, the network

15 identifying portion of an MS's IP address identifies the MS as
belonging to a specific MSC/VLR. Routing of packets in the
mobile terminated direction may in this case be based on the
method exemplified in FIG. 15. The sequential steps indicated
in the figure are as follows:

20 1)IWF 1 receives a packet addressed to MS 1.
2)As required, IWF 1 performs protocol conversion and address

translation in a similar way as described for the example in
FIG. 14. (For an “"active" MS, the address translation is
performed locally.)

25 3)The packet is routed based on its destination address (as a
normal IP packet). In this example, MS 1 is assumed to have
an IP address belonging to the set of addresses assigned to
MSC 1. Thus, the packet is routed to this "predetermined
MsScn,

30 If the external network is an IP network, particular '
IWFs may not be needed with this addressing scheme. The
backbone network may then be a part of the "external network",
and packets may be routed directly to the respective MsSC,
based on destination address.

35 4)The PD controller in MSC 1 determines if a route is estab-
lished to MS 1's current MSC (even if, at the moment, the



the M5 may be paged via ordinary GSM pagi ng channel . Dependi ng on system
configuration (operator's choice), the M5 may be required to report to its
curnrent MSC/ VLR when it noves froma cell yyth PDCH allocated to 10

one wi thout, and vice versa. This information is stored in the PD
controller (FIG 1) which thus nonitors the procedures used by the M5. In
thits case, paging is made on either MPDCH or ordinary GSM pagi nhg channel .
In a system whenrereht MST should berthesammashthe tgredetdmminad MSC 198) .

pagi ng has to L0 par h ' i
ghgnngl , I f thféfpgggﬁghgr 2% ?gntgﬁlge%sﬁ%?él I%ﬂgg%ﬁ%% %@&%e%gﬁ?rgyggé

al | ocat ed wherPtherwisel iedroceedsamith B)ansfer arises as descri bed in
section |.C bedpu3901n thid "exaipiét pa8sms01 " POCELPFERLIYT Bagistepradl $hi on

(1) oren < OChSyth 85 e o SR TGS TG Rinel 8BRS
simlar to d) ahcegistéled im HSCYVLRTe IththepefbPeHinitiates @prbeedure
o ooeted WorCoHE PR pfiE PR LUkE0 A D U 0as R )
configuration. Fere sangiwar as\Besanihnd for thehepanpde dnt BIGadl4. The
procedure includes HLR interrogation (steps 5)-8) in the
10 figure), and routing of an encapsulated packet to MSC 2
(step 9)).

When, with this second addressing scheme, the PD
router in an MSC/VLR (MSC/VIR 1) receives a packet instead
originated from an MS (MS 1) within the MSC service area, and

15 the destination IP address is found to be within the range of
addresses assigned to MSs belonging to any of the MSC/VLRs in
the PIMN, the routing method may comprise the following steps:
1) The PD router determines if the destination address (the IP

address of a mobile station MS 2) "belongs to™ MSC/VIR 1.
20 . - If yes: Routing is then performed in the same way as
described for the examle in FIG. 15 (as required, inclu-
ding route establishment to MS 2's current MSC).
- If no: The sequence proceeds with 2).
2)The PD controller checks if MS 2 is currently registered in
25 MSC/VIR 1.
- If yes: After PD mode establishment, as required, the
packet is transferred to MS 2.
If no: The sequence proceeds with 3).
3)The packet is routed based on its destination address, to

30 the "predetermined MSC" to which MS 2 belongs from an

addressing point of view. Routing is then performed in the
same way as described for the example in FIG. 15.

Thus, with the second addressing scheme, all packets
to an MS, originating from entities outside the MS's current

35 MSC service area, are routed via the MS's "predetermined Msc".
It may therefore be advantageous to (optionally) initiate




ordinary GSM services (but not sinultaneously), a nunber of 30 m xed
traffic situations are possible. An M5 in PD node nay nmake or receive a
regul ar GSM (voice/circuit datal/point-to- gpint short nessage) call with

t he PD node mai ntai ned as "pending"” during the call and returned to
"active" when the call is conpleted. To make a call, the M5, if it was
using 35 "PDCH procedures”, first changes to "GSM procedures” (tra-
nsition (3) irestablishnetieofia ngutéSirondthelUtpedettemivied MSZA tai theat es

acall ina C khan

cal | -colnnect ;3&#0%‘; Etraé?; tion % %mi}'ﬁéﬁﬁg fcilllz‘{rq::ﬁ?t F?r’tlndﬂ‘(él\/g %FS%:?réﬁ?t

t he PD node |Q‘1Sr%)rm§9%"§’eﬁaén§ﬁﬁ§e i from fehen MSi-n TheB, ¢AF ol th dfe £ouRd; BRabf
the PD 5 contund | clé& Qs hot da¥rdszracald ahsmombatéa wibBihSthetmsos

to "active" PD node (transitio FI G . rked accor n
VLR andI Yhe” Pﬁ%?él?ﬁ?gl |1|"m§ %%‘Bu traey iofjed RPUkE (ke 70 5[?1?’6%’%&!
recei ved by aestabilishedye t¥sCPDt bentroller mayldnifGats rentélestablii sin-

fromVLRthat#ég&ﬁls in PD node, requests the PD controller to initiate

pagi ng of the ‘the PD controller
~ Determining the IP address of the MS's “predetermined Msc",

based on the network identifying portion of the (originating
10 MS*s) IP source address and stored routing information.
- Initiating signalling to the "predetermined MSC" to es-
tablish the route. .

In this way, HLR interrogation for any subsequent

response packet (e.g. in query/response type of applications)
15 can be avoided.

Another case, where it may be advantageous to
initiate establishment of a route to an MS's current MSC based
also on the MSC receiving a packet from the MS, applies to a
PIMN that provides connection-oriented (X.25) network

20 services between MSs and an external X.25 network, and that
employs an addressing scheme of the first type described
above. In this case, when the PD router, in an MS's current
MSC, from the MS receives a packet carrying a "transport
connection request" (e.g. identified by a "class of service

25 identifier" in the frame header), the X.25 IWF to which the
packet is to be routed is determined based on stored routing
information. If this IWF ié not already on the list of peer
entities from which routes are established, linked to the MS's
PD mode registration, the packet is "encapsulated" (with the

30 IWF's IP address as destination address and the MSC's IP
address as source address) and routed to the IWF. This
initiates establishment of a route from the IWF to the MS's
current MSC. HLR interrogation can thus be avoided for the
response packet from the IWF. (In case a route is already

35 established, the packet may be routed from the MSC to the IWF



has information on the procedures used by the M5, paging is initiated
accordingly using either MPDCH, for which special paging types are provided
to. convey GSM calls, or ordinary GSM 15 43agi ng channel (via the circuit
node MSC). Shoul d such information not be available in the PD controller,
pagi ng may involve both types of channels in different cells. If the M5

i Adi cates "accept” in its paging response, the call, after the M5 having
changed t o "ebthpntoencapsilatior by nexely insertipgithe IWNF 'BXPaddriesskept

" pendi ng" dg{,%@?%ggn%ggéni Qd&rdééni ar way as discribed above for a nobile

€ .
initiated c et, addressed to an M5 in GSM cal | -connect ed node,
Is received by a PD router (FIG 1), the associated PD controller, finding

that the M5 is not iniRP nmeBilé SRiRsSion AMs)t he circuit node MSC to
initiate a PD node establishment procedure as descri bed above. However, as

the MSis in call- connected node, the request is rejected. This may result
in the PD router sendirthe RD funsttiems @f arpackel idataMischavacts alarge VS

pendi ng rbaetent. FEEIVERY o fsdeety bl SbusPeq iy WY BEbyiBup 0
circuit nodesestidnes Fberefore;othds sectien, igsprimartlyodstendednkoi on
i s avail abl egbpuvbngs @'&%1@1&4& anB05uffladdp, Subscribing to mail service,
t he message delivery in these and simlar situations may_ he,
A packet data MS ("PD only", or combining PD with
ordinary GSM functions) comprises:

10 -~ Mobile Termination (MT) which is based on current GSM MT
technology, but adapted to provide the necessary PD functio-
nality.

- Terminal Equipment (TE), e.g. "laptop/palmtop* personal
computer, or "Personal Digital Assistant (PDA)"/"Personal

15 Communicator®.

- Subscriber Identity Module (SIM) of the same type as in
ordinary GSM (but with additional parameters).

A range of MT versions providing different standard
interfaces towards TE will be available, depending on market

20 requirements. Examples include:

- MT with asynchronous serial interface and PAD (Packet
Assembly/Disassembly) support (e.g. AT command set PAD,
X.28/X.29/X.3 PAD).

- "Integrated MT" with industry standard Application Program

25 Interfaces (APIs).

- MT with synchronous serial interface (e.g. IP, X.25)

The MT comprises two main function blocks:

- Terminal adapter, typically microprocessor and software
based, providing the TE interface as exemplified above.

30 - Transceiver, handling the radio interface. It is in the
transceiver that most of the MS-related PD functions
described in previous sections are performed, to a large
extent realized with microprocessor software.



35 deferred until the M5 becones avail abl e. 25 As indicated above, PD
node for an M5 nay be nonito- red by a tinmer and/or inactivity tiner,

handl ed by the PD controller in the MSC/ VR currently serving the M5, \Wen
PD node is established, each tiner provided is initiated to count 5 a
predeterm ned period of tinme (tinmeout period). The inac- tivity timer is
reset and reinitiated for any packet received fromor sent to the M5. The
time out periods nay bFheuksjior PD funct bonsthiadr the Taranswstiver perPbrasde
and return tq, gl I L Ln FIG 4) may be initiated by a
ter- 10 m nglfal1 ﬁ%%ﬂfzraéﬁn'a hggklg,&’gf by a term nation command fromthe

PD control | er~ iireom 8QCHinfiornatien, ident sothe degyes: e§(BDOH sypport

recei ved as reqidwidd Ofhal Me1inaRd e MED RD Y8ulcdd {£f "angj eforby
first chansgl ng the Ms pode tqQ idle (transition (2)), and then 15 ™ mar ki ng

the M5 as ¥ det adhetpating packed, transteT «or di nary i dl e node procedures. An
M5 wi shing te- iHdndBé® PD wodd iin relddiam to brdinary GEMt €¢d1e fbasyando

idle m)de (t ran(sji_é ia%rbl(izggbf‘ersdcta ‘irlcso%rﬁ%%t%ﬁ ;nl)ygl. detach" as an idle node.
- Handles the PDCH protocol.
- As required, requests allocation of an MPDCH on demand,
10 using regular GSM control channels in the cell in question,
or a PDCH of a currently serving adjacent cell, prior to
moving into the cell in question. ..

- Handles mobile/stationary mode of operation and sends a mode

indicator at least every time the MS changes its mode of
15 operation.

~ Handles normal/PD sleep paging mode and, explicitly or
implicitly, sends a mode indicator at least every time the
MS changes its paging mode.

- Performs cell selection in PD mode based on GSM idle mode

20 procedures but with cell selection criteria, in stationary
mode and (depending on chosen realization alternative)
possibly also in mobile mode, modified such that the
currently selected cell is retained as long as the signal
quality is above a predefined threshold value.

25 - Performs location updating in PD mode based on regular GSM
procedures.

- Handles the multi-TDMA frame scheme to coordinate listening
to MPDCH on one hand, and performing cell selection and
listening to cell broadcast short messages on the other.

30 - In the case of a combined MS, supporting also ordinary GSM
services:

- Responds to paging on MPDCH related to regular GSM calls.
- Provides support for making and receiving regular GSM
calls while the MS is in PD mode, maintaining PD mode as

3s "pending® during calls.



When PD node is term nated, peer entities of any 20 routes established are
i nformed and the routes are term nated. Sone additional nobility managenent
aspects related to nobile term nated packegg transfer are described in
section I. D. 1.C Provision of Packet Data Channels (PDCHs) 25

The main function blocks involved in providing PDCHs are (see FIG 1): -
The transceivers in BTS which are enhanced with capability to: -

Dynami cal | y change t heIdonf EMBORIMBNTO2 any physical 30 channel (tine
slot) fromregular GSMtraffic channel TCH to PDCH and back to TCH on
PDCH al I ocati on/ PDCH rel ease command respectively fromthe PD transfer

control | er. 26 - V\hénsFFGHé&FrG?IhEBBFﬁﬁeP}IaEhﬁF095dthhﬁjzﬁﬂbm% iso
conply with t5RoWAPD: FIGLA6GNGELHSte majbiePBEikctEdebloeke tha{e c@mBTS

e S BT or R e oY G2k RO SRS SR B ]
5 indicated in the figure, only the BSS portion of the GSM
infrastructure is utilized for packet data. The PD functions

in BTS are almost the same as in Embodiment 1, as are the PDCH
allocation functions in BSC. As illustrated in the figure, the
packet data transfer connection of a BTS is coupled to a

10 separate Mobile Packet Data Infrastructure (MPDI) (instead
of, as in Embodiment 1, to the PD router in MSC/VLR) . The MPDI
provides the necessary packet routing, mobility management,
authentication, and network management functions. Together,

the MPDI and the portions of BSS(s) utilized for packet data

15 constitute a mobile packet data system. With respect to GSM,
the system may be regarded as a separate system, and a GSM
operator may choose to lease radio channel capacity to a
separate packet data system operator. An MS requiring both
packet data and regular GSM services may then need a separate

20 subscription in each systen. The packet data services provided
by the system may (depending on the functionality of the MPDI)

be the same as described for Embodiment 1.

In this embodiment, the only radio channels avai-

lable for MSs are PDCHs and regular GSM broadcast channels.

25 Registration, location updating (or cell location reporting),
authentication and similar signalling are thus performed via
PDCHs. Furthermore, allocation of the first MPDCH on user
demand, using ordinary GSM signalling as in Embodiment 1, is
thus not pdssib_le. with this exception, the functions for

30  providing PDCHs are the same as described for Embodiment 1.
The first MPDCH in a cell is normally allocated by system
configuration, although the method (outlined for Embodiment

1) of using a PDCH of an adjacent cell for requesting al-
location of an MPDCH in a "PDCH on demand cell®, prior to

35 moving into that cell, is theoretically feasible. In that




PDCH al | ocation controller in BSC. - Controls packet transfers and handl es
the radio link protocol for PDCH(s) allocated, in accordance with the

mul tiframe coordination schenme (described Jd’l section 10 l.B). - As
part of a dynam c channel -allocation process, nonitors traffic |oad on
PDCH(s) and generates PDCH al |l ocation/ PDCH rel ease requests to the PDCH
atl ocation controller in BSC, as required. 15 - The PDCH al | ocati on

| ﬁomd roll erTl nc§§6 V\hh?hfhlﬁoﬁ@.i‘&s é?ﬁdumacb@wnswm ’ﬂoSa?féy\Wéin and
ardware. Together w el node over al

respon- si bi |FP§ 8 if'a(ﬁtch %ﬁ%ﬁoﬁ)’ﬁ em ¢ P@M%MPHQF P SEREA AP of
PDCHs such t hal.lof:amiba requestpooi/the BIS of tihe IRDCH onademand (¢celkE” in
slots), a var X g%{;

demand. In th sgéﬁéﬁsgﬁiéw ocdtion contgyggﬁa{"ﬁg %&Wéﬁ@
requests f9r mgllgeation/mwu%sm &BS€-.conveys the requests to the
circuit mode BSC 25 pegyfp %et;sﬁsbfemagé EBﬁtP@P“&ﬁéﬁﬂéﬂ'aﬁﬂé Riddd in

rel ease fromthe CII‘CUIt m) BSC and conveys, the conmmands to the PD
transfer conttBe| same wayas J‘Smpﬂég‘epﬁelr n*o?rraﬁ‘?’b'n that on a per cell

basi s defines~- Defining PDCH support level and MPDCH allocated in the cell
(via information on BCCH).
10 - Performing cell selection as in Embodiment 1, with two
alternative criteria for cell selection.
Listening to cell broadcast short messages is also
(at least technically) possible in a similar way as in
Embodiment 1.
1s Packet transfer across PDCHs may be performed
according to the principles described for Embodiment 1,
including using a multiframe scheme for coordinating with
listening to broadcast channels, although adapted to the
specific requirements of this separated system concept. The
20 PD transfer controller and associated interface functions in
BTS are also adapted to the interconnection requirements of
the MPDI, e.g. to allow interconnection via a routing network.

The functions of the MS are basically the same as in
Embodiment 1, except for functions related to regular
25 GSM signalling and PD mode which are not applicable in
Embodiment 2.

III. Applicability to Other TDMA Cellular Systems

While specific embodiments of the present invention

applied to a GSM type of cellular system have been described,

30 it should be understood that the present invention may be
applied also to other TDMA cellular systems including D-AMPS

and PDC systems. Although in these systems, BSC is not
provided as a separate functional entity, corresponding base



t he degree of PDCH support provided and the MPDCH al - 30 | ocated (if
any), and that is broadcasted on BCCH by the respective BTS. In addition,
interface functions and some conmon controggfunctions in BTS are adapted to

support the new PD functions (FIG 1). 35 The first PDCH in a
cell (the "master PDCH' MPDCH), that is capable of carrying the necessary
control signalling 27 for initiating packet transfer as well as packet

dla][ a a{lddt ha’; statdiesn rasatihﬁtqufﬂ f&h&f[tlﬂ:h% aﬂaqmu%wm mlg Dglilﬁcefons
al l ocated el S I 1 on er de " on
demand” suppor ?&%&%§é é?ﬁb ?F ugﬁ ﬁPéﬁ%g 4: 5@185530|ty (e.qg.

single carrier) cell, only occasionally visited by a packet data user. In a
"PDCH on demand cell", an MPDCH nay be all ocated when an actual need for
packet transfer arises: a)Wwen PD node is established for an M5 (located in
the 10 cell), an MPDCH is allocated (if a channel is available) as the

| ast part of the PD node establishnment procedure as



described in section |.B. The PDCH allocation is initiated by a comuand
fromthe circuit node BSC to the PDCH al - location controller. 15 b)Wen an
Ms:in PD node (located in the cell) has data to send, it nakes a "PDCH

al l ocation request" using "GSM procedures"*as illustrated in FIG 8. The
signalling sequence (1)-(4) is based on standard GSM signalling with the
addition of a new type of service request (signal (3)). 20 The service

request is received by the circui f a channel is
avai | abl e, generates a PDCH al - Mq‘g’ ﬁggn%@ﬁ%ét he PDCH al | ocati on
controller. An MPDCH is then allocated (block (6)) and channel defining

i nfor- mationg #ﬁ?gggagﬁoqu 3 (bl ock (7)). An optional 25 channel

defini ng signa ure AéEal so be sent directly to the
M5, in order ta.provi d® BACKET DATA séND LATED| SFGRABEINGS) the MB

determines if a PDCH i s éfhegetadopt 'vdtvE/ DEDECKTEN PATA ANBERERASEBE Wi th
initiating a packet transfer_on the defined MPDCH [f no 30 PDCH is

al l ocated, the M5 may ﬁ G ¥ih a predefined procedure, such as
peri odi cal | y +epeat+ ng=t SEGRALHINE- | ocati on request. c)Wen a packet
addressed to an Ms in PD node (located in the cell), is received by the M5

s currently serving MSC/ VLR, an
Drawing 2/16 F:lguro 2

INTRANETWORK PROTOCOL AND INTERWORKING EXAMPLE (IP)
E.G. IP ROUTER, LAN AND TCP/IP HOST AT CUSTOMER PREMISES
Drawing 3/16 Figure 3

INTRANETWORK PROTOCOL AND INTERWORKING EXAMPLE (X.25)

Drawing 5/16 Figure 5

SEQUENCE DIAGRAM: MOBILE ORIGINATED PD STATE ESTABLISHMENT
NOTE: ACK (23) INCLUDES INFORMATION ON MS' CELL LOCATION AND
(OPTIONALLY) ON PDCH ALLOCATION (YES/NO) IN THE CELL

Drawing 6/16 Figure 6
DOWNLINK MULTIFRAMES

Drawing 7/16 Figure 7
MULTIFRAME CYCLE

(1) EXCEPT WHEN LISTENING TO CURRENT BCCH/EXTENDED BCCH
(2) APTER FLAG INDICATION ON PDCH BROADCAST

Drawing 8/16 Figure 8
SEQUENCE DIAGRAM: MOBILE ORIGINATED PDCH ON DEMAND ALLOCATION

Drawing 9/16 Figure 9
FLOW CHART: DYNAMIC ALLOCATION OF PDCHS



35 MPDCH is allocated (if a channel is available) if the follow ng

pagi ng, using GSM pagi ng channel, results in a 28 positive pagi ng
response. Wth the addition of an initial paging, the procedure is very
simlar to the one described above for the#9mwbile originated case. d) In a
situation when an M5, in PD node and |l ocated in an 5 adj acent cell where
PDCH is all ocated, has a data com nunication session in progress or has
data ready to_send i mmedj atel rior to nmoving into the "PDCH on denand

cel ", it nmayBGR%3Bg 40 l‘PBéé“%PI $ation request” for the new cell, using
the MPDCH i n SEQUENCE:IDIAGRM:vMOBILEl ORIGINATED PACKRETCIRANSFER MAMPLEd.

to the PD con P Jromwhich it is forwarded to the PDCH
et st i

al l ocation contro d fromthere to the circuit node BSC.
the request is YSaaNeBD SPATES nmay not need to change to "GSM proce-

dures”. 15 - ppcH(sY&f18chrkb! IX (MPDCH) has been all ocated,
addi tional "sl ave P[SCHS" &SPDCH§£ may be al |l ocated depending on-traffic
| oad: - NO RETRANSMISSIO,

Drawing 11/16 Figure 11

SEQUENCE DIAGRAM: MOBILE TERMINATED PACKET TRANSFER EXAMPLE
("IMMEDIATE CHANNEL RSERVATION")

NOTES (ASSUMPTIONS):

- MS IN PD STATE -

- PDCH(S) ALLOCATED IN BTS

= ROUTE FROM IWF TO CURRENT MSC ESTABLISHED

- MS'S CELL LOCATION KNOWN (E.G. MS MAY BE IN STATIONARY MODE)
= NO RETRANSMISSIONS

Drawing 12/16 Figure 12

SEQUENCE DIAGRAM: MOBILE TERMINATED PACKET TRANSFER EXAMPLE
(PAGING)

NOTES (ASSUMPTIONS):

- MS IN PD STATE

- PDCH(S) ALLOCATED IN BTS

ROUTE FROM IWF TO CURRENT MSC ESTABLSHED

PAGING OVER A SMALL NUMBER OF CELLS, USING A PAGING MESSAGE
TYPE RESERVING AN ACCESS SLOT FOR THE MS TO RESPOND

- NO RETRANSMISSIONS

Drawing 13/16 Figure 13

MPDCH - PACKET TRANSFER EXAMPLES
Rm = RANDOM ACCESS BURST

Rd acc = RESERVED ACCESS BURST
Index 1 =MS 1

Index 2 = MS 2

F = FREE

R = RESERVED



- Either sem -permanently (e.g. different mx of PDCHs and GSMtraffic
channels TCHs at different tines of the day). 20 - O dynam cally adapted
to-the current |load situation. In case of nmultiple PDCHs allocated to a
cell, the PDCHs may be used as a set of "tmgnked" channels utilizing a
dynam ¢ assi gnnent protocol. MPDCH is then used for access control

signal ling (including channel request, channel 25 reservation and pagi ng)

and, as far as, ca i A t r (s) are used for
reserved data *r’aﬁ@%&?‘% ggﬁi‘?ﬁ'ﬁegﬁcﬂg‘ ’Eﬁ?ﬁg}g n when the MPDCH becones
a bottl eneck, 2t= MOBIGESTERMINATED PACKETOTRAMSFEBRre ad- ditional MPDCHs
.such that a group of (m MPDCHs may be used 30 together with a group of
(s) SPDCHs. Each Ms is then assigned to a particular MPDCH determ ned by an
al gori t hm bas RF¥HAGI 436 Figane &4 (1 MVSI) and on control information

broadcast ed ord¥fidNGEAMPIHNS PTREY RDOREEBENYFEEHIME The process of

dynam cally allocating/releasing 35 PDCH(s) in a cell is based on neasuring
t hroughput and conparing with predetermined limts as illustrated in FIG
9. 29 Drawing 15/16 Figure 15

ROUTING EXAMPLE - SECOND ADDRESSING SCHEME

Drawing 16/16 Figure 16

- = PACKET DATA (PD) AND RELATED SIGNALLING

cvee = CIRCUIT MODE VOICE/DEDICATED DATA AND RELATED
SIGNALLING

-- - - = SIGNALLING



The upper dotted part of the flowhart illustrates allocation of a first
MPDCH either on denand or as a result of system conflgu_[_at ion—At" bl ock

(1), the counts of allocated MPDCHs (m and SPDCHs (s) are ‘r“m

At block (2), the average throughput acros$1MPDCHs |m\“@ !M\ S)
over predeterm ned period(s) of tine. At bI ock (3), rmned if an
upper limt (nmeasured over an associated "upper limt* per| od of tine") or a
lower |imt (nmeRAaMsd over an associated "lower limt period of tine") is

10 reached. - If no, the nonitoering process proceeds. - |If the upper limt
Is reached and if, as in this exanple, no SPDCH is allocated (s=0), BTS

sends an SPDCHLlal | AppaireftuscforprovidisE packet Aath) combandleationnss and a

SPooH i s al | ocr ol ebATe skRtIphs! ) 1n 4 AffTeal Rt BN Svsehl

SPDCH is all ocated |n
schedu- |ing iGompEi F&nﬂeadj usted to the new PDCH confi guration (bI ock

(14)). The ®roseaspligal Pt gcesdsast téedtionid yBes 2Gsc) p %ﬂxﬁf’?@bﬁlar

across MPDCH(s ck d.n a |mlar way acr oss SPDCH(s) bl"ock
(15)). - If (I’IO eﬁ?ﬂﬁéﬁk‘g?é * the frequency of rejected channel

al | ocati on regtiese ondnoneanolaimrsmﬁes)witching centres (MSC), each
being associated with a visitor location register (VLR) and
being coupled to a subordinated plurality of said base
10 stations (BTS, BSC), and
- home location register means (HLR), characterized by

- first channel providing means for providing, in at least
some of said base stations (BTS, BSC), on a per cell basis,
one or more shared packet data channels for packet transfer to
15 and from said mobile stations (MS), and first packet transfer
controlling means for controlling said packet transfer,

~ first channel defining means for defining, on a per cell
basis, the packet-data channel to be used for initiating
packet transfer,

20 - first packet data mode establishing means for establishing
packet data mode for any said mobile station (MS) to enable
said mobile station (MS) to send and receive packets over said
packet data channels,

- first packet transferring means for transferring packets
25 between said mobile stations (MS) and any said base station
(BTS, BsC),

=~ second packet transferring means for transferring packets
between said base stations (BTS, BSC) and their respective
superior mobile services switching centre (Msc),
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| oad condition (block (23)). In that case, a predeter- m ned :
procedure for reporting/resolving the problemis initi j;ﬁ}wﬂ ' ﬂu RM‘ :
O.herwi se, the traffic load is tenporarily.jé imted by (fd M ng
flow control paraneters (block (24)). The cycle is then repeated, starting
at block (2). 30 - If the lower Iimt is reached (at block (3)), BTS sends
an MPDCH rel ease request to BSC. After notifying Mss by neans of broadcast
i nformati on (bl pakketOxputingVibéhsi forereatdag( packets( to) aadd frbd) thel f,
e The 8P Gogl brkd WF Uyl o P Ofikioi1d) bekUabel "bhiahing® Uil
5 procee at” porn ) Wt

e
ny request

MPDCH, the process nonitoring
or command f ofM8Chew MPDCH al | ocati on. 30 If, in another case, it is .
determ ned at (block (13)) that at |east one MPDCH is still allocated, the

process, after readjustnent of the packet datag_protocal, scheduling at bl ock
(14), proceeds & réé"i feans fer per%omznm ipeteshian. (FoF ap¥nSaddnas

been descrs befiobilesstatiohein piktodata modehe flow chart that the
process of
- first means for performing location updating for any said

mobile station (MS) in packet data mode,

- first packet data mode maintaining means for maintaining
said packet data mode for any roaming mobile station (MS), and

10 -~ first packet data mode terminating means for terminating
said established packet data mode for any said mobile station

(MS) .

2. Apparatus according to claim 1, characteriged in that said
channel defining means comprises first information supplying

15 means for supplying, on a regular cellular broadcast control
channel, information defining the packet data channel to be
used for initiating packet transfer, if such a packet data
channel is provided in the cell in question.

3. Apparatus according to claim 1 or 2, characterized in that

20 said channel defining means comprises second information
supplying means for supplying, on a regular cellular broadcast
control channel, information indicating that a packet data
channel for initiating packet transfer may be provided by said
channel providing means on user demand.

25 4. Apparatus according to any of claims 1 - 3, characterized
in that said means for performing cell selection is adapted to
perform cell selection based on regular cellular idle mode
procedures.
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dynami cally all ocating/rel easing PDCH(s) applies for any given
configuration of MPDCH(s) and SPDCH(s). |.D Packet Tra Im“mm““ Ilmm
Service Area 10 Packet transfer between the $ﬂ

(FIG 1) and Mss in the MSC service area i’ to a | ar ge ext ént tdet erhi fed by

the radio link (layer 2) service provided by PDCHs. Variable |ength packets

up“to some naxi mum si ze (such as approxi mat el y 600 octets, depending on the
PDCH pr ot ocol )35 Appmt@gecqprm@gam@paeu 4y charachesrd 2adcin ithat saide

e e A SR SN SRR A

after encryption
the radio Iy}OnIFe(%’t °F-F§n§eﬂ-§ éFleéﬁ aatthe|signal ze

bl ocks (of appru=d ity eils/a%vezs pfé@éﬁﬁ&é@ftmmd valuesponding to 4 TDVA
bursts). For each block, BTS or M respectively perfornms channel coding,

burst formatting, and interleaving (per block). A selective repeat type of
ARQ protocd Ifet wppaBRE UM @ckibrding bo @nylef craimssi-s5| chafadtexiced N

25 T same
degree of ti il that BAIA KESt it diiberPO-RIGY 18-81 N Nibladiie H
lead to the s ﬁ%thP%FfQ@ épgatien-updatiisng bggedin pequbavlcemmlar

initiate a padledle modespebceButrB8.mobile originated direction, illustrated
by the sequence

7. Apparatus according to any of claims 1 - 6, characterized

10 in that said first packet data mode establishing means
comprises
- means for initiating said establishment of packet data mode
for a mobile station (MS), from an initial cellular idle mode,
either by the mobile station (MS) generating a packet data

15 service request, based on regular cellular control channel
signalling, or by the mobile services switching centre (Msc) ,
currently serving said mobile station (MS), receiving a packet
addressed to the mobile station (MS), followed by paging based
on regular cellular control channel signalling,

20 - means for performing, as a following step, a regular
cellular authentication procedure,
- means for initiating parameters for packet encry-
ption/decryption at the mobile station (MS) and its current
mobile services switching centre (MsCc), and

25 - means for registering the mobile station at its current
mobile services switching centre (MsC) with associated
visitor location register (VLR) as being in packet data mode.

8. Apparatus according to any of claims 1 - 7, characterized
in that said first channel providing means comprises

30 ~ means for allocating, from a common pbol of physical
channels [time slots], a variable mix of packet data channels
and regular cellular traffic channels determined by demand,
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30 diagramin FIG 10, an M5 nakes a random access request (stgnal--(1)-in

the figure) on the MPDCH uplink (using the sanme type of I n
ordinary GSM, when allowed to do so, as Eterm’ ned by”lmﬂﬂmmmmmlags
(USFs) on the MPDCH downlink. The access burst includes=*a eandOmnm.

provi di ng 31 an initial identification of the M5, and may al so incl ude
clkass of service type of information. BTS nornmally responds wth a channel

reservati on cemeads(sogressigningtheheiyBbPacket data channeli aylobatedl 5

capacity for, upli data ., tra a |si -
(ACK). (In cas® 84 ﬁéur'egsor%%éf'?%%n%, Qgﬁeq%gﬁl'r’r‘aa%ég @%ﬁwa ?%ﬁgg&{-,
random backof capiakd.e dfiecerzyivg rscessmt¢entrahmaidnabiindeas: ivelhnes

random nunber h¥ad LRgt he access burst, and timng alignnent/power
%&gg%cawa gfs’nd

10 control ( COM&an The timng alignnment/power control functions
are perforfedTi MEARS £OF AFFLIMNG R réﬁ‘%&e’i)a?il?ﬁ%‘tﬁﬁ Hagked ydaen)

but al so, forchanh@l(a)Cas’ ehanfel (shefor arasarvel patkemaathsFercr at i on
parts (located in the PD transfer controller).
9. Apparatus according to claim 8, characteriged in that said
first channel providing means is adapted to allocate said
first packet data channel in a cell on user demand, and
10 comprises
- means for allocating a packet data channel as a result of a
successful packet data mode establishment, and
- means for allocating a packet data channel, initiated by a
mobile station in packet data mode generating a packet data
15 channel allocation request, or initiated as a result of a
successful paging to a mobile station in packet data mode, in
either case based on regular cellular control channel signal-

ling.

10. Apparatus according to claim 8 or 9, characterigzed in

20 that said first channel providing means is adapted to allocate
said first packet data channel in a cell on user demand, and
comprises means for allocating a packet data channel, initia-
ted by a mobile station in packet data mode generating a
‘packet data channel allocation request for the cell in

25 question prior to moving into said cell, using a packet data
channel of a currently serving adjacent cell.

11. Apparatus according to any of claims 8 - 10, characterized

in that said first channel providing means comprises

- means for measuring the traffic load on any allocated packet
30 data channel, and
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15 The data frame (signal (3) in the figure)-fromthe -Ms.is

foll owed by a positive acknow edgenent (signal (4)) fr '
retransm ssions are assuned in this exanple), and the ’ ﬁ"lto
the PD router in MSC/ VLR Here, the M5 s |1 | ocations

associating the frame 20 (which includes the M5 s |dent|ty TMSI I n the_
frame header) with the (for each cell unique) physical connection on which

the frame is recpiewn@d fbp e%nainiaamyl é{né@ﬁiﬂ%td QarikbieMRutibe®! bf said

| ocation may be,i denti fied rovi D transfer contraller_in
BT the add t | GRAPTIAR. o5 TERBFHY, badkel {rRnafer basashon FEREFAC: bead
frane header, measurendrts amd avad2abilliieg of sdid phiyeddds ShdnhbdsR91.
The cell location identity and the associated tine when the frame was
received are, together with M5 paranmeters (such as nobile/stationary

i ndi cator, cla33.-oPAPParatas aaeerding ko claiaydd, charactenizal imctht
from BTS, ssorgdlanf&bgtPaasﬂﬁéio;%wh&fﬁéz&@éfs furthe? &6m gi}ﬁagge At the

identity. The packet nor nmal decryption, Is then av

| ayer 3 entity oReRRE Wr‘ﬁm Qﬂ‘ Y Aklogpting pevasiabie: numberrof teaid
exanpl e i n Fl CpaéReti Aata dhénnel3 for initlatﬂil@'ba%ld&cﬁ?hnsﬁ@' eﬁ&é@dtcﬁi an
g/ﬁ dl |S t r:agel VedtPXfthc Egacrioxlﬂggrsulrgmteggs andvé'\lsawﬁfllty ol\és ts!as:uir e ysé1eéa(al
channels, and
10 -~ means for directing any mobile station (MS) to a particular
one of said packet data channels for initiating packet
transfer, if more than one such channel is allocated, based on

mobile station identity and broadcasted control information.

13. Apparatus according to any of claims 1 - 12, characterized

15 in that said packet transferring means, for initiating a
packet transfer to a mobile station (MS) in packet data mode,
comprise paging means and monitoring means for monitoring the
cell location of the mobile station (MS) based on any previous
packet transfer, and further characterized in that said packet

20 transferring means are adapted to enable the use of paging
guided by said monitoring means to initiate a packet transfer
to a mobile station (MS).

14. Apparatus according to claim 13, characterized in that
said monitoring means comprises
25 -~ means for identifying the cell location of a mobile station
(MS) originating a packet by, when the packet is received at
the mobile services switching centre (MSC) currently serving
the mobile station, associating the packet with the identity
of the, for each cell unique » connection on which the packet
30 is received,
- means for identifying the cell location of a mobile station
responding to a paging message, and
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32 found fromthe data base in the PD controller (FIG 1) that the M5is in

PD node, the packet is first fragnented, as requi rfﬂmlm, maxi mum

packet size across PDCHs. The way the packet trans 'm g'

initiated then depends on 5 the M opg.)rational par dnefers avaisl abl'e in the
n

PD control l er data base: - Cell locati and recentness of the information
- 'Mobil e or stationary node of operation - Nornmal or PD sl eep paging node

10 - "PDCH' ar mdanéd PESE etiletng lﬁﬁda( ﬂsss&él EGaeﬂoﬁyﬁﬁﬁﬂ‘eméd Yy gidgon,

as described in section_|.B) Based g his 1 nformatiqn PD controller
uses a sof t warRAGKeH Pede, FegistErt %t 8 keast the Jatest celladesation
transfer: 15 fd&maﬂsiearam dnasiididtietit ithe’ ¥héhythe ceFPaodatidnl was
(wi thout previ aglng This method is used if the M5 is in stationary
node. It may b’e?fé’g H-4P€1 when the MBS is in nobile node, provi ded that the

nodi fied cell selection criteria enployed in 20 stationary node
(described g n 52CtA Q0 tafhs' ScEIPAPNG %S SPaim 13 or 14, characterized in
that said packet transferring means, for initiating a packet
transfer to a mobile station (MS), further comprise means for
monitoring a mobile/stationary mode indicator sent by a mobile
station (MS), capable of operating in stationary mode, to its
10 currently serving mobile services switching centre (MSC) at
least every time it changes from mobile to stationary mode or

vice versa.

16. Apparatus according to claim 15, characterized in that
said packet transferring means are adapted to, to a mobile
15 station (MS) that is in stationary mode and performs cell
selection according to claim 5, initiate a packet transfer
without previous paging or with paging in a single cell.

17. Apparatus according to any of claims 13 -~ 16, charac-
terigzed in that said packet transferring means are adapted to,
20 also to a mobile station (MS) that is in mobile mode and
performs cell selection according to claim 5, initiate a
packet transfer without previous paging or with paging in a
single cell, provided that the cell location information from
said monitoring means meets predefined accuracy criteria.

25 18. Apparatus according to any of claims 1 - 17, characterized
in that said paéket transferring means, for initiating packet
transfers to' mobile stations (MS) in packet data mode,
comprise paging means adapted to include a paging message
type, combining paging request(s) with reservation(s) of

30 individual access slots for the mobile station(s) (MS) to
respond.

-
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for Mss in nobile node, and provided that the cell | ocation |nfor on S
sufficiently recently updated. The frame header in the \\

includes TMSI, an indicator of the MS's pagl ng m)de m“

is in PD sl e'ep node), and possible class ofy servi ce - \-rraf'l on. I|f th

M5 is in PD sleep node, BTS then |n|t|ates the dat a transfer across PDCH(s)
ust ng pagi ng (|n a single cell). herwise, the data transfer is initiated

with *inmedi af Cﬂﬁﬁ%g& ﬁésfc_;é’c?édﬁ{b tooanf@:acmmeet sery, 8ﬁaracdbtechhy as

" g rl
i mredi at e data I mredi at e i hannel reservation" t.ransf

sequence is ckrihatisald packet transferringonenns $IBRYIFE PAIINS m{ag?f on
t he MPDCH dov&uaﬁﬁear’é@b\asﬁvbbe %aobabketodmmdhmeml paging medtated toe

( | (6 hg .3
i NPDCH habrEPIRISE, CRLISTaRabaRY, EB. 8, Beklye" pkatiSh k] 35, BapkEeC"
reservati @ cdata mod&€3 access sl ot on the MPDCH upI ink for the MSto

respond. In the response burst (signal (7)), one bit is allocated for

acknow edging the data franme. If, as in the exanple, the
20. Apparatus according to any of claims’4 - 19, characterized

in that said first packet transferring means and said means
for performing cell selection, to coordinate initiating
packet transfers to mobile stations (MS) with performing cell
10 selection in said mobile stations (MS), comprise means for
scheduling paging and other messages, initiating packet
transfers to mobile stations (MS), according to a multi-TDMA
frame scheme, synchronized with the corresponding multiframe
schemes used for regular cellular control channel signalling,
15 allowing predefined times for mobile stations (MS) to perform
cell selection and to receive regular cellular broadcast

messages.

21. Apparatus according to any of claims 1 - 20, characterized
in that said first packet data mode maintaining means con-

20 prises means for allowing a mobile station (MS) in packet data
mode to make and receive regular cellular calls, means for
maintaining packet data mode as pending during a call, and
means for returning the mobile station to active packet data
mode when the call is completed.

25 22. Apparatus according to any of claims 1 - 21, characterized
in that said packet routing means comprises
- one or more interworking function means (IWF) for internet-
working with external network(s),
- interconnection means for interconnecting said interworking
30 function means (IWF) and mobile services switching centres

(MSC), and
- means for routing packets, addressed to a mobile station

(MS), from any said interworking function means (IWF) to the
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acknow edgenent is positive, the sequence is conpl eted.— of a

e

negati ve acknow edgenment, BTS sends a channel reservat m ‘m

speci fied negative acknow edgenment fromthe M5 (def “g\ ‘ be
retransnmtted), and for retransmn ssion fromgBTS. Th arnel® reservatlon
al so i ncludes TA/ PC commands. The retransmi ssion then includes 10

channel reservation for the M5 to acknow edge and for a possible further

retransni ssi ormobiFagienyines swigcbipgotentre (MEE)ccunsanEdY Herping sadd
paging is "mﬂ.&&i& %@&wﬁ' | £5810@58¢ P! ford 't idifids DaRtLRo said

avai |l abl e cell ocati-oh i nfornmtion. Pag | ng Is initiated by a "high
| evel commnd"m??%?lﬁﬁ‘%‘-??ﬁ cﬁ"ﬁé’t"r@d‘%ﬁ%ﬁ Vs location area, cell

| ocation and receaiddwesste¥ initidIlprimidvgatiichg agimlmaa:)iow regtistelrD

controller to D, si | I.ing cantro | G af .
(Al ternati \;Ié Zékfmp dFei gég'ﬁ’ epgt&f gk?gﬂ'&i?%n? fbtﬁé\brea %é%lg%dggg&iéﬁg
not precl uded.swmcumqménﬁrér(m,l on |.B, depending on system
configuration
pagi ng channel an

circult OI"[IOI’I (0]

-LIePoH0 TR BRI oA 6y BRI e

BSC(s). 25 stormg. | hinked i tRiths identiti of s9dd mobdle FGé&thBm EBg be

limted to a sigdntPEPWTY 8hidehdbiFe B ides! ¥REtehiAgtétre (MSC), and
10 -- at said mobile services switching centre (MsSC), means for
initiating, as required, establishment of packet data mode for
said mobile station, and means for determining and storing,
linked to the packet data mode registration of séid mobile
station, the identity of said interworking' function means

15 (IWF). o

23. Apparatus according to any of claims 1 - 22, charac-
terized in that said packet routing means comprises
- interconnection means for interconnecting mobile services
switching centres (MSC), and
20 -~ means for routing packets originated from a first mobile
station (MS1) and addressed to a second mobile station (MS2)
in the same or in a different mobile services switching centre
service area, including, for establishing a
route between the two mobile stations' current mobile services
25 switching centres linked to their respective packet data mode
registrations,
-~ at the mobile services switching centre currently serving
said first mobile station (MS1l), means for initially inter-
rogating location registers to determine the identity of the
30 mobile services switching centre currently serving said
second mobile station (MS2), and means for storing, linked to
the packet data mode registration of said first mobile station
(MS1), the identity of said second mobile station (MS2) and
its current mobile services switching centre, and
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nmessage nmay be enpl oyed which conbi nes paging with reser -
access slot for the M5 to respond. An exanple of usi ng m mg“\ng
i s_shown in the sequence 30 diagramin FIG 12. Wt h Na marked

(5) inthe figure, the paging command initiated by MSC reaches BTS. The PD

transfer controller in BTS then generates aSBagi ng nmessage (signal (7)) on
t he MPDCH downl i nk whi ch i ncl udes reservation of an access slot on the

bagi g Fesponse (il oL R e O ST rr e Y

r ferre ac 0
34 i nf or mat i onS844 ReHDd; mahile &'Q‘? D |"Pﬁ%ﬁ’raé‘?%n""(’v’vlri?#1trf£8 as
ass?CI Ialt ed Ej | {T'Q'e\cfﬁﬁ&dd)e em@bagsnmm paekeecéatadx)xode fonrsalid rsedondD
control |l er data base '
onervatton o dobide sEREIRRTBE ] LRI Sor altbinilifio AR Woring,
The channel Sr eie.nkaid &0 ahso pa@emabmwu@emam fitsald segand e
from NSC (i gnghpshd dstatid (B39O Mehberyows vasiDetrdewildrie

(signal (16)). annel reservatlon an acknow enent fromthe, l\/%
(signal (17)) station (Msl) and J.ts current mob;L services switching

centre.

24. Apparatus according to any of claims 1 - 21, characterized

10 in that said packet routing means comprises '
- interconnection means for interconnecting mobile services
switching centres (MsSC), and for connecting mobile services
switching centres to external network(s), directly or via
separate interworking function means (IWF),

15 - means for routing paékets addressed to a mobile station
(MS) , from external network(s) or other mobile station(s), to
a predetermined mobile services switching centre (MSC) to
which the mobile station belongs from an addressing point of
view, and

20 - means for routing packets, addressed to a mobile station,
from said predetermined mobile services switching centre to
the (same or different) mobile services switching centre
currently serving said mobile station, including, for
establishing a route to the current mobile services switching

25 centre,
-- at said predetermined mobile services switching centre,
means for initially interrogating location registers to
determine the identity of said current mobile services
switching centre, and means for storing, linked to the

30 identity of said mobile station, the identity of said current
mobile services switching centre, and
-- at said current mobile services switching centre, means for
initiating, as required, establishment of packet data mode for
said mobile station, and means for determining and storing,

35 linked to the packet data mode registration of said mobile
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10 and for possible retransm ssion may either be conbi ned w-th-the data
frame (signal (16)) or included in the initial channei reserva \&l\\ gnal

(1Q)). Wen this type of paging is used to convey an &m one
bit in the response burst is al- 15 Igcated to |nd|

"reject"” to the call, after which the se flence is conpl et é'd “The advant age
with this type of paging, that includes reservation of an access slot for a

pagi ng respmm,stthe ddentiitiynof eaiapeedatebRineaansbY160884ib68 i N

spite of 20 €. that it only conprises 8 bits of information. In
this way, tﬁglse u’tt;rﬁ%1 &tﬁede consi derably shortened conpared to ordinary
GSM pagi ng, which is of inportance consi dering packet transfer del ays.

Ho , thixg f aQn

smV\a/IeYGrZS gr Oiﬁfpaﬁtaﬂﬁlhegxgalﬁﬁl m za |§% éo 1 ?al’ usage oélt
channel resdlr that gaidEirsth pasket r@%@mocl@mimxmbm tHeAn®N fme
hand, ang pﬁﬁlﬂﬂ:ﬁhiﬂlf lsa&;eét dft# 1648/ fBQr aswi&ums%fa%igrpwese A8

corrpl enent ar MSS | n

eded_fo
i ncl ude t he™ é’?sof ckr"r'al P«?P%S’Ba??'ﬁﬁ QPéaggtiﬂgn Pna R mebike sewry ines under
certain conswtitehsing elentirec (MSC), regmpiifes eatisVBor transferring the

packet data mode registration and associated information,
stored at the mobile station's currently serving mobile

10 services switching centre (MSC) (with associated visitor
location register (VILR)), from the old to the new. mobile
services switching centre.

26. Apparatus according to any of claims 22 - 25, charac~-
terized in that said packet routing means, for maintaining

15 routes established to a mobile station's currently serving
mobile services switching centre (MSC) when the mobile station
moves to a location area belonging to a new mobile services
switching centre, comprisé_s means for updating peer entities -
interworking function means (IWF) and/or mobile services

20 switching centres (MSC) - of any routes established on the
change of mobile services switching centre, currently serving
the mobile station.

27. Apparatus according to any of claims 22 -~ 26, charac-
terized in that said packet routing means comprises
25 - at a mobile station's currently serving mobile services
switching centre (MSC), means for monitoring as to traffic
activity any route established to said mobile services
switching centre, linked to the identity of said mobile
station, and means for initiating termination of said route
30 when the traffic activity falls below a predetermined level,
and .
- at the peer entity - interworking function means or mobile
services switching centre - of any said route, means for
—_—
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Concerning timng alignnment/power control, the need for renewal  within a

certain period of tine inposes restric- 35 tions o | si ze.
For. exanpl e, the TA/ PC commands included in the ckﬂlmﬂ"@amﬁﬂgtynmg (signal
(10)) in FIG 12 35 should, with a maximum size packett TR e data frane
(signal (16)), allow adequate tim ng ali grﬁw‘ent and power control at |east
until the acknow edgenent (signal (17)) is received fromthe M5. A nmaxi num

packet size ofcappebkingt stelatedl oroutings infioxmatpenyi ditandd i @itensaid
margins. As re&&'tigg i Al aT:ﬁ/o?C_o%O ASou e i’&?'fi'ni%%a‘i:*é@l“e'
reservation conmandsy may be included n Tater parts of a sequence,
conbi ned with negative acknow edgenent (s) or retransm ssion(s). The

principles forag heappataie dcddrdihgstelahy bedsidihs AUSEY), endrasteriigedype
of paging that, reserves a gcce s_sl.ot f%iét-he

?a/s %o respond are

i 1l ustrated byi® HERR%FARILE1FSE Racket 2 SBPfes 8@5?8?%“?#&?333&’8?'

MPDCH downls nkppisies phéahs r fop asdnitdying pa cselbile i station sasntoobratfiicve

TDNA f . T ' ' I 5l 5

o1 g1 nat ed (W ISETHEk: A Mk e35 BrEnl hAELS  pSORUR difta BRAMRR Gy
associated routes established when the traffic activity falls
below a predetermined level.

29. Apparatus according to any of claims 1 - 28, characterized
10 in that said first packet data mode terminating means com-

prises means for monitoring the time elapsed since packet data

mode was established for a mobile station, and means for

terminating packet data mode and any associated routes

established when the time elapsed exceeds a predetermined
15 period of time.

30. Mobile station for packet data communication over digital

TDMA cellular shared packet data channels enabled by apparatus

according to any of claims 1 -~ 29, characterized by

- first channel identifying means for identifying, on a per
20 cell basis, the packet data channel to be used for initiating

packet transfer,

- second packet data mode establishing means for establishing
packet data mode for the mobile station (MS) to enable it to
send and receive packets over said packet data channels,

25 -~ first means for sending and receiving packets over said
packet data channels,

- second means for performing cell selection in packet data
mode,

—_—
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index 2). All control messages (except access bursts) conpii'se one bl ock

(i.e. 4 bursts). An USF on the MPDCH downlink marks a c L access
slat on the MPDCH uplink as either "free" (for random . ’i 'l[’@ 'I
“reserved". In this exanple, 20 USFs are coded individual IFy pery "
downl i nk burst (by allocating a group o62redundant bits, carrying one bit
of-information, for this purpose). An USF in TDVA frane n governs access in
TDMA frame n + secondieans farpperforming Itcation updatingnia pdcitetadata
transfer starfpqe th a 25 random access burst fromnobile station MS 1 in
an access slot thdat is marked as "free" by an USF. BTS responds with a
channel reservation command on the downlink and changes USF to "reserved"

fo'rk t\fllvle gurat FO&e@‘orId"@a&*k'é%l eauteatmagéiﬁkiﬂeaﬁniﬁ%ﬁﬁééﬁgsé ﬁrﬁgﬂfnﬂb%%iening
acknow edgenent .then conpl.efes e rans s : :
t er mi nat eg trgﬁéﬁgpaf:ge:gﬁ??f:ﬁt%#%f% H&Lﬁé%% tignn0ii) e ahtion MS 2
providing the M5 a reserved slot for its response bu(rjst. The pggl ng ¢ a5
response i g fal b a r ' and. a subseguend
Gounl 1 mik a3 "t Pa8BRa" Balxat aREL hEAE L EHLORRERRY et rdk Yetthaiting o
upl i nk bl ock, sajid sstabidshes pagkes alata mode for said mobile station
(Ms).

31. Mobile station according to claim 30, characterized in
that said first channel identifying means is adapted to read

10 from a regular cellular broadcast control channel, infor-
mation supplied for defining the packet data channel to be
used for initiating packet transfer, if such a packet data
channel is provided in the cell in question.

32. Mobile station according to claim 30 or 31, charac-

15 terized in that said first channel identifying means is
adapted to read from a regular cellular broadcast control
channel, information supplied for indicating that a packet
data channel for initiating packet transfer may be provided on
user damand.

20 33. Mobile station according to any of claims 30-32,
characterized in that said second means for performing cell
selection is adapted to perform cell selection based on
regular cellular idle mode procedures.

34. Mobile station according to claim 33, characterigzed in
25 that said second means for performing cell selection comprises

means for retaining the currently selected cell as long as the

signal quality is above a predefined threshold value.

35. Mobile station according to any of claims 30-34,
characterized in that said second means for performing

-
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36 A pagi ng nessage may include paging of nore than one M5 and-then . _
I ncl udes reservations of individual access slots for ?" spond.
The reservations may be explicit (in the form of poirl ﬂﬂgmgﬂ/@i”iﬂk in
whi ch case the next few 5 reserved slots are allocated to t he
order they appear in the paging nessage. T 2 descri bed principle for access

slot reservation may be used also in the "imedi ate channel reservation”
exanpl e above. 1bd@ation updatlitics isnyaddpeedatovpeyfbemi Nocatddn rnpdat igpck

Aror recei vi ngaas) BhpECGRYAR B A ndl Bk bEOCAREE R LT (i T e

associ ated with individual access slots) for the 4 follow ng access slots.

1gcket from L%Fi‘??ggg%iggﬁééeg%{%ﬁe@érﬁvvork Clglggra“ etogr an N%%;is%%de
s :
Ps, as nenti onﬁﬂf‘rﬁg§€5?‘5ﬁdesf%bft?’§ﬁi AL d SREPRA PRFKET 0 4B52 (BOdRc ofS S

currently ssrvtapliBhingymeaasscaiprdes Frominitiating entities,
initially inter rﬁ)ggﬁris r%r:'_“ilr?ri.t\iia%J'.g'xgesgl:lilg2 eisq;[&rlri%ein%no e;ragglrcét data mode
in the mobile station (MS), from an initial cellular idle
mode, either by the mobile station (MS) generating a packet
data service request, based on regular cellular control
10 channel signalling, or by the mobile station receiving a
paging message, based on regular cellular control channel
signalling, indicating that a packet, addressed to the mobile
station (MS), is received by the mobile services switching
centre (MSC), currently serving the mobile station (MS),
15 - means for performing, as a following step, a regular
cellular authentication procedure,
- means for initiating parameters for packet encry-
ption/decryption in the mobile station (MS), and
- means for storing, in the mobile station, information
20 indicating that packet data mode is established.

37. Mobile station according to any of claims 30-36, further
characterized by means for, when the mobile station is in
packet data mode and is located in a cell providing a packet
data channel on user demand, generating a packet data channel

25 allocation request, based on regqular cellular control channel
signalling.

38. Mobile station according to any of claims 30-37, further
characterized by means for, when the mobile station is in
packet data mode and is located in a cell with packet data
30 channel(s) allocated, generating a packet data channel
allocation request for an adjacent cell, providing packet
data channel on user demand, prior to moving into said
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- In the PD controller data base in the M5 s current MSC/ VLR, storing- a-:

l'ist of peer entities of any routes established, |ink : node
registration. 25 - \Wien the MS noves to a |ocation 'aq m”' iu ,a new
MSC/ VLR, transferring the list of peer entities (and ot*her par

related to the MS) fromthe old to the new ®#C/ VLR, and updating the peer

entities wth routing information to the new MsC. 30 To be able
to provide theaageRasd! ¥d1a4! UiEng a0backet AAtaltRahfef" “Glﬁé 159 e
at the initial igter- rogation V\hdg‘ln abroute IS belng estagfls_ecﬁ t’ﬁéeﬁyw
address of theSHE¥ING C&4tHey serving the M5 in question. HLR is inforned of

this I P address by neans of an extension, for packet data 37 Mss, of the

rocedure used en regisiers in an MSC/ VLR The inforpation sent

Prom Nea VLR 1 30R R MR SEEREERR | dbiidig, ER 1t o o PiALREn S AHS 5

| P address. Fushayacterizesdhinotthategabd rhivstor méahy aforS seadingi tand

timer, handged : I ' e VLR.C Y, Vsl e
5 rQ&e&%nggpgbﬁF&@%I t eg?ﬁpkgskg nlEHE VR CHEAGING Ya ST 10

M5. When the route is , . .
tionary mode indicator to the mobile services switching centre
(MSC) currently serving the mobile station, at least every
time the mobile station changes from mobile to stationary mode

or vice versa.

10 40. Mobile station according to any of claims 30-39,
characterized in that said first means for sending and
receiving packets comprises means for responding to a paging
message type, combining paging request with reservation of an
individual access slot for the mobile station (MS) to respond.

15 41. Mobile station according to any of claims 30-40,
characterized in that said first means for sending and
receiving packets comprises means for responding to paging,
on a packet data channel, related to a regular cellular call.

42, Mobile station according to any of claims 33-41,

20 characterized in that said first means for sending and
receiving packets and said second means for performing cell
selection, to coordinate listening to the packet data channel
on which packet transfers to the mobile station (MS) are
initiated with performing cell selection, comprise means for

25 scheduling listening for paging and other messages, initia-
ting packet transfers to the mobile station (MS), according to
a multi-TDMA frame scheme, synchronized with the correspon-
ding multiframe schemes used for regular cellular control
channel signalling, allowing predefined times for the mobile

30 station (MS) to perform cell selection and to receive regqular
cellular broadcast messages.
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Inactivity timer is initiated to count a predeterm ned period of-tine..

(timeout period). The inactivity tinmer is reset andm T any
packet received fromthe route, addressed 10 to the ”ﬂﬂ"ﬂ'ﬂjﬁ@ﬂlﬂﬂr eset
and reinitiated al so for any packet fromthe M5 to thé& rbéute, e

route is a bi- directional route between th€5M5' s current MSC and anot her

M&'s current MSC, |inked to the two MSs' respective PD node registrations.

The tinmeout pef3od Nybife astARIOH PhiceBraingP XS TRRG o' aAns MBOLL2
occurs, the peer entjt i,nf or ne nd route i s term nated ;I_:%gnr,ref hod

I S d t he
used for. rout iSRATARkerized inthatfald seFand Rackes Jats mode Balntagning
currk-ent lj—y ser\ﬁémé/ﬁﬁmiﬁ:ﬂf @aésh mganbhﬁot%ﬁmh sy ithe nebhile sﬂmh i ftormthe
packet data PL 20 11 the addressi sche s .such t.hat .t he_net
enti fying pdttd dreesive, Tegtl oo eah IMaE BT e FyRe Rt AN BaRERE B |
a particul & mode, meanshfionmaintfainirig/Nacket thtaymadgrasipendingGiuring
routing method, i tr, t C: ] slse I ng
to the sequen%l a%éls ,e_agh?ﬁglg%ﬁgt ggr%égﬁ“‘ﬁgaf:ﬂ—g%;mé %b@}éﬁgeiu?'eggi %%{éfgé
packet addr es&Rarket data mofewhepgthecgall \is coppdeges prot ocol
conversion and address translation (fromthe external network to the
e PLIN 1P DRt vor ) s Y Sr b E0EhS bt e a0 Soriin Pa Y80 81 ©
and from mobile stations (MS), utilizing a plurality of base
10 stations (BTS, BSC) of a digita_l TDMA cellular system ,

characterized by -

K

~ second channel providing means for providing, in at least
some of said base stations (BTS, BSC), one or more shared
packet data channels for packet transfer to and from said

15 mobile stations (MS)\, and second packet transfer controlling
means for controlling said packet transfer,

- second channel deflining means for defining, on a per cell
basis, the packet-data channel to be used for initiating
packet transfer,

20 - second packet trangferring means for transferring packets
. between said mobile gtations (MS) and any said base stations
(BTS, BSC),

- coupling means foxy coupling said second packet transfer
controlling means to § separate mobile packet data infrastruc-

25 ture comprising packgt routing means and mobility management
means, and

- third means for pl?rforming cell selection for any said
mobile station (MS). :{
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30 locally at the IW or via renpte access. Wien a route has been-

established for an M5, the addres§ translation is perf

determ nes, froman internal data base that stores ro mﬂ im “ or
any M5 for which a route is 35 _established, if aro ¢ SLeS ed to
M5 1's current 38 MBC. If a rolte is estéfblished, the sequence proceeds

wth 7). Gherwise, it proceeds with 3). 3) -4) IW 1 interrolgates HLR \:j:‘a
the HLR i nterraggat a We' aceb ad, YR et S ol
address of M 1'g 9Bai‘altrr r? ]@Z%C Z%i&% T ad*}aedtzls encapsulaaed
with MSC 2's Iﬁaiﬂdrs&?é’“i ‘Een%’ﬂ %ﬁia%m e@gaaﬁdcpmprisss FRrséd daforss
sour ce addr essmathenesuppiviingesleanskebri supply £hq} Oclnﬂ/& r%gtﬂ)at rfﬂé%[]jﬁﬂﬂ}&?:ter
i s decapsul at or % I S 318 r
and PD cont role? 8glgcg%gcﬁ§ﬁﬁ%§fl i’k‘f’ﬁvelefof’m ¥lS‘ﬁ%d"l%
deternm nes $f d&ta channelDtopbe. useds fiox mMatadq paickelti transtfer, if
procedure is ighthahCfacket data ?hannel is provided in the cell in ques-
tion.
L]
46. Apparatus according to claim 44 or 45, characterized in
that said third meané for performing cell selection is adapted
10 to perform cell seleé:tion based on regular cellular idle mode
procedures. - .

47. Apparatus according to claim 46, characterized in that

said third means for performing cell selection comprises means

for retaining the chrrently selected cell as long as the
15 signal quality is above a predefined threshold value.

48. Apparatus according to any of claims 44 - 47, charac-
terized in that said second channel providing means comprises
- means for allocating, from a common pool of physical
channels (time slots], a variable mix of packet data channels
20 and regular cellular traffic channels determined by demand,
- means for assigning the first packet data channel allocated
in a cell as the channel for initiating packet transfer,
capable of carrying access control signalling as well as
packet data, and
25 - means for assignihg any further allocated packet data
channel (s) as channel(s) for reserved packet transfer.

49. Apparatus according to claim 48, characterized in that

said second channel providing means comprises

= means for measuring ‘the traffic load on any allocated packet
30 data channel, and '

‘ii\‘\\\\\\\\\\\\\\\\\\
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(discribed in section |.B). 15 - If yes: The PD controll-er.deternines if

aroute fromIW 1 (IW 1 being identified by the sou ress in the
encapsul ated packet) is established for M5 1 (i.e. if I’mn Uw”'f,l”md in
the list of peer entities linked to M5 1). 20 I b : e
route is nonitored by an inactivity timer,6The timer is reset and® *

reinitiated. The sequence then proceeds with transferring the packet to the
IV:S (Esddesc r2 i bedm'eanaeibi-cuyﬁ_ r abjcally r&lloﬂaa:ti!xﬁ &?ﬁaeiabmé r{lﬂ%ér'&i Fadiged
i nked to 25 eS_ldentity), _i.ndicatin af _a _route is_bei

st abl i shed | PRRRESRS, 87 Erotied patieh SFanptar hasefon Fiseele T
“tinmer is initimneasgurémentsqandcavaibabipl bty al saidhphysiealMehaAnaebsifi es
IWF 1 that a route segnent is established. 30 10) IW 1 acknow edges. 11)
IWF 1 stores (linked to M5 1's identity) the IP address of MSC 2 (M5 1's
current MSC). $PenApparptusoaceprfingntoscleir ¢fzcohamacterized da ghat

packet instgadsaiaosasbhd chammel Providing meahsl FuttReMEomprissyi ce area,
e T e b o chipeatl 11y 15 s Phrk b ritier oo £l4
anal ysed. |f tTHd"eREP iprpam ) 4 g
packet data channels for initiating packet transfer, based on
traffic load measurements and availability of said physical
channels, and
10 - means for directing any mobile station (MS) to a particular
one of said packet data channels for initiating packet
transfer, if more than one such channel is allocated, based on

mobile station identity and broadcasted control information.

51. Apparatus accprding to any of claims 44-50, charac-
15 terigzed in that said second packet transferring means, for
initiating packet transfers to mobile stations (MS), com-
prises paging means adapted to include a paging message type,
combining paging request (s) with reservation(s) of individual
access slots for the mobile station(s) (MS) to respond.

20 52. Apparatus according to any of claims 44 -~ 51, charac~
terized in that said second packet transferring means and said
third means for performing cell selection, to coordinate
initiating packet transfers to mobile stations (MS) with
perfbrming cell selection in said mobile stations (MS),

25 comprise means for scheduling messages, initiating packet
transfers to mobile stations (MS), according to a multi-TDMA
frame scheme, synchronized with the corresponding multiframe
schemes used for regular cellular control channel signalling,
allowing predefined times for mobile stations (MS) to perform

30 cell selection and to receive regular cellular broadcast
messages. .

-
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39 address is not within the range of addresses assi gned t-o--Mss__bel ongi ng

to the PLMN, the packet is routed according to nornal |ng ruI es. -l f,
on .the other hand, the des- tination address is wthi n ﬂ

addresses and thus 5 belongs to an M5 (M5 2), the "exten J se"
in the PD controller is interrogated. Wt 8 he above nentione dres

schene, the routing nethod may then conprise the follow ng steps 1) The PD

control ler (i nsﬁ/slchélti%é)s%f‘éﬂﬁf@&?}:&&éét rdaeaecbﬁmaﬂmat&sha&&éﬁ tﬁ@&%ﬂvs

2's current MSC e registratjon

i dentity). - | FOMA celukarshared packaiatashannels ‘?59 Wﬁt%e

timer is resetagBérd€hgi to el ofl@2aiaekel + 53 hharddtarigemdyerred to M5
2, if M52 is registered in the 15 same MsC (MsC 1), or routed to MSC

2's current MSC using the encapsul ation techni que descri bed above. - If no:
The sequence p+seeoisd wHanridl idehtd fAngoneans| forcidentifying on @ per

establ i shedy t O {B) 3,55 FAT W3l pYBiet! REE TrlahndY o bbiGs8d Hir YRI tiGCIRES

packet transfer,

- second means for sending and receiving packets over said
packet data channels, and

- fourth means for performing cell selection. -

10 54. Mobile station according to claim 53, characterized in
that said second channel identifying means is adapted to read
from a regular cellular broadcast control channel, infor-
mation supplied for defining the packet data channel to be
used for initiating packet transfer, if such a packet data

15 channel is provided in the cell in question.

55. Mobile station according to claim 53 or 54, characteriged
in that said fourth means for performing cell selection is
adapted to perform cell selection based on regular cellular
idle mode procedures.

20 56. Mobile station according to claim 55, characterized in
that said fourth means for performing cell selection comprises
means for retaining the currently selected cell as long as the
signal quality is above a predefined threshold value.

57. Mobile station according to any of claims 53-56,
25 characterized in that said second means for sending and
receiving packets comprises means for sending a mobile/sta-
tionary mode indicator to said separate mobile packet data
infrastructure, at least every time the mobile station changes

from mobile to stationary mode or vice versa.
—
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20 red in MSC/ VLR 1. - If yes: The packet is either_transferred-to M5 2,

If M52 is registered in the same MSC (MsC 1), or routed to urrent
MSC using the encapsul ati on techni que descri bed ab Iﬂlﬁﬁuﬁ ilﬁ; VBC
then initiates 25 est abl i shment of a _(bidi rec en the
two MBs' current MBCs, linked to their refBective PD node registrations. If

the route is to be nonitored by inac- tivity tiner(s) (at one or both ends
of the route) SShGMdbmre(ﬁtaﬁienid&ééﬁdﬁdg tidany of dlaims Fhes53pauledrEc-

d i th t . | t t d i
UBoIviR 1 - 5enined 4B Baf0Raid 8o ReRoR ot ethifrd iand R ARY o,
M5 2 is initi gteszkeld compatisesPhemue for csespondingl t@8®R paging message

bi d t | t -
ospect fvéog?)%aéé”r‘g%‘*ﬁ’f’f%ﬁa badtify Peqgght kaeh BeLLGTACiBh o0 Miins
two Mss' r&pab msmtcﬁﬂrb@%‘?h%%éﬂ-aﬁﬂOEnﬂﬁi ‘t-%é'?ﬂ??‘?ﬁ}ves
to

59. Mobile station according to any of claims 55-58,
characterized in that said second means for sending and
receiving packets and said fourth means for performing cell
selection, to coordinate listening to the packet data channel

10 on which packet transfers to the mobile station (MS) are
initiated with performing cell selection, comprise means for
scheduling listening for messages, initiating packet trans-
fers to the mobile station (MS), according to a multi-TDMA
frame scheme, synchronized with the corresponding multiframe

15 schemes used for regular cellular control channel signalling,
allowing predefined times for the mobile station (MS) to
perform cell selection and to receive regular cellular
broédcast messages.
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‘This Sheet Has Beg;

I

REPLACED




anot her MSC/ VLR (Il nactivity timer(s) are, eglhen applicable, initiated 5
as in 2) above). - If no: The sequence proz eds with 4). 4)The PD
controller initiates a procedure, including HLR interrogation, for
establ i shing PBSERAE to MS 2's current MSC, in a simlar way as in the
above exanple of route 10 establishment froman IW. If successful, the

precedure ends, bjai o) | NS ' bet ween the
two MSs respﬁ#@%&%ré@nf‘%&%?ﬁ%@ﬁ%elr ?@ggf:?%e PD node

regi strations.cOMMUNIUATIION INOSEGIFAE FDNACRLLUDAR SysrEms, the network 15
identifying portion of an M5's I P address identifies the M5 as belonging to
a speci I Ih c MsC VLbR- ggphga&ughﬁp@ifhﬁ?dﬁﬂé heta®Dons aegrrgaa?&dbdar autidicmn
may in I s case ased, o e net hod exenp, ed.in < 15, .
sequential steBEV %cg?ﬁﬁegné?f\% FEOAEH AR Jgé%of?bﬂgzdlz‘blﬁﬁsﬂl\g@tlple
recei ves a pachetess(r eplddlar Eystems) hasedqoir piloviding sharednpacket
prot ocol copveksiQn r . | ' | m s o
for the exargrpl l’eiglil-'% #%%gg orﬁ%%&fggﬁ éé;q*%é%ﬁa? égfd]r'ié!;ﬁsl '??‘é:% a’lti:: on is

per f or med | ocapmpoflimgng) nid lizese tthes cusrend seldylax iinfrasyaueciuren, to

address (as a the extent possible consistent with functional and perfor-
mance requirements. Shared packet data channels (PDCHs) in
base stations (BTS, BSC) may be provided dynamically deter-

10 mined by demand. A packet data (PD) controller in each Mobile
services Switching Centre (MSC) controls access to the packet
data services. A packet data router in each MSC routes packets

to and from the MSC service area. A backbone network intercon-
nects packet data routers and Interworking Functions (IWF)

15 providing internetworking with external network(s). A second
"separated" embodiment, in order to minimize the impact on the
current cellular system, primarily utilizes the base station
portion of the cellular system, for the remaining network
parts relying on a separate mobile packet data infrastructure.

20 Fig. 1
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normal | P packet). In this exanple, M5 1 is assuned to have an | P address
bel onging to the set of addresses assigned to MSC 1. Thus, the packet is
routed to this "predeterm ned MsC'. 30 If the external network is
an | P network, particular IWs may not be n f d with this addressing
schenme. The backbone network may then be a'ﬁz of the "external network",
and packets may be routed directly to the respective MSC, based on
destination address. 35 4)The PD controller in MSC 1 determines if a route
is estab- lished to M5 1's current MSC (even if, at the nonent, the 41
current MSC should be the same as the "predetermned MSC 1"). If a route is
est abl i shed, the sequence proceeds with 9).~Qkherw It proceeds with 5).
5)-13) In this exanple (as M5 1 is Eyrrentlﬁfregist inb5 VMsC/ VLR 2),
the PD controller finds that M5 1 ignot regystered M5C/ VLR 1. It
therefore initiates a procedure for{establsh to M5 1's current
MSC (MSC 2), in the sane way as desgfibe in FIG 14. The

|—.
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procedure includes HLR interrogation (steps 5)-8) in the 10 figure), and
routing of an encapsul ated packet to MSC 2 (step 9)). Wien, with this
second addressing schenme, the PD router in an MSC/ VLR (MSC/ VLR 1) receives
a packet instead originated froman M5 (M5 ithin the MSC service area,
and 15 the destination |IP address is foun&/tiddbe within the range of
addresses assigned to Mss belonging to any of the MSC/VLRs in the PLMN, the
routi ng method nmay conprise the follow ng steps: 1) The PD router determ nes
if the destination address (the I P address of a nobile station M 2)
"belongs to" MSC/ VLR 1. 20 - If yes: Routing is then perfornmed in the
same way as described for the exame in FIG 15 (as required, inclu- ding

route establishmenf,t 2'ss _curriemt|] MSC). |- Iff rfo: The sequence proceeds
with 2). 2)The PDﬁZon 115 BreBidsOiff M8 2 i s fcurfrently registered in 25
i as|gequi red, the packet

M5C/ VLR 1. - |If yes:
is transferred to M5 2. equence proceedsj<ith 3). 3) The packet

I f no: The

is routed based on its destination & he " predet erm ned
M5C' to which M5 2 belongs froman & pf view. Routing is
then performed in the :
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same way as described for the exanple in FIG 15. Thus, with the second
addressi ng schene, all packets to an M5, originating fromentities outside
the-M5's current 35 MSC service area, are routed via the M5's
"predetermned MSC'. It may therefore be agfféggeous to (optionally)
initiate 42 establishment of a route fr "predeterm ned MSC' to the
M5"s current MSC al so when the PD router (in the M5's current MSC) receives
a packet fromthe Ms. Then, if it is found that the packet is not addressed
to an M5 located within the MSC 5 service area, and that the nmentioned
route is not already established, the PD controller may initiate route

establish- nent by: - JIE '_e tipe M5's "predeterm ned
0 PXOLIL | 0
tgnig%' - Initiating
480

MSC', based on t he@etvir 08 originating 10
M5's) | P source ad eds<dnd st or ed
to es- tablishfthe route. In this

way, HLR interrogation for any subseq ket (e.g. in
guery/ response type of applications) % A
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15 can be avoided. Another case, where it may be advantageous to initiate
establishment of a route to an M5's current MSC based al so on the MSC
receiving a packet fromthe MS, applies to a PLMN that provides
connection-oriented (X 25) network 20 serdy}féi bet ween MSs and an external
X. 25 network, and that enploys an addressi*fg henme of the first type
descri bed above. In this case, when the PD router, in an M5's current MSC
fromthe MS receives a packet carrying a "transport connection request"”
(e.g. identified by a "class of service 25 identifier"” in the frame
header), the X.25 W to which the packet is to be routed is determ ned
based on stored routing information. If _this IW is not already on the |i st
of peer entities fromwhich routse=are estabsfed, |linked to the M5's PD
nmode registration, the packetAs "enca@ul ated” (Wth the 30 IW's IP
address as destination addp#ss and the®BC s | P addi™ss as source address)
and routed to the IWF. Th¥s initiates @tablishment oN\a route fromthe | W
to the M8 s current MSC/ HLR interrogag;on can thus be Rvoided for the
response packet fromtpe IW. (In case a route is already 35 established,

t he packet may be rouyed fromthe MSC to the | W
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43 W t-"'hdhtss psu by nerely inserting the IWW s | P address as
dest inat'if B&ng | .F Mbile Station (Ms) The PD functions of a packet

data MS extent, directly or indirectly, been covered in
the previo .Therefore, this sec%on S prlmarlly |ntendedto
serve as a corrpl e and summary. A packe [18a VB ("PD only", or
cormbining PD with ordinary GSM functions) conprises: 10 - Mobi I e

Term nation (MI) which i's based on current GSM MI technol ogy, but adapted

to provide the necesMSry PD functio- nal iB§S - Terninal Equi MSG/VLRTE),

e.g. "laptop/pal ntop"f personal conputer, of "Personal Digital si st ant
(PDA) "/ " Personal 15 m:rgi!?&i?ﬁ.tﬂ)___ hscriber Identity Modyle (SIM of
the sane type as in OLQI ng@.‘ GSM addi tional paraneterg). A range
of MI versions provid 0, L(nda-r-d interfaces towards JE will be
avai | abl e, dependi ng pn mar qui gent s. Exanples includ¢: - MI with
asynchronous serial ipnterface B-( Ket -
PD state establ. req _____._Sgr_\i [99_(_‘_1)_.____’
——_ACK(B) __ __.
= = = — | . Authentication req (8)_ |
| _Authenticationresp(7) | _ __________ -
,__Q*ELP_".PEG_@Q 6 __{
¢ —Chipmodecmd (9) _ 1
. Chip mode com (10
- 2nemece @204 chipmadecom 1) | L oniona
 MSlreallocemd (12)_ | __ _ ?
TMS!I realloccom (13) | _”'
__________________________ ;

(14) | Register MS as being in PD state.

_PDstate grant (15) _ |
« _PD state grant (16) _
_____ ACKON ___
(18) { PDCH allocated|in selected cell? )
Yes lNO (1 9)
S 4—(Channel available? )
LYes
(20)}jAllocate PDCH on demand:“
- ¥
 __BcoHino ____ | ®"IDefinoon BOGH]
No X "
—<  PDCH aliocated ) (22) | ACK (23)
------------ > (24)
Yes
l Store information on MS’s
. cell location and (optionally)
Proceed V\:lth packet transfer on PDCH on PDCH allocation (yes/no)
' .- in the cell. .
'l;redeﬁned procedure: E.g. periodic If PD state is monitored
DCH allocation request procedure by a timer andfor an inactivity

timer: initiate timer (s)

Fig. 5
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Assenbl y/ Di sassenbl y) support (e.g. AT conmand set PAD, X 28/ X 29/ X. 3 PAD).
"Integrated MI" with industry standard Application: Program 25

Interfaces (APIs). - MI with synchronous serial interface (e.g. IP, X 25)

The MI' conprises two nmain function bl ocks: - Erm nal adapter, typically

m croprocessor and software based, provi disé" e TE interface as

exeénplified above. 30 - Transceiver, handling the radio interface. It is in

the transceiver that nost of the Ms-related PD functions described in

previ ous sections are perfornmed, to a large extent realized with -

m cropr ocessor software. 44 The major PD fungtions that the transceiver
perforns may be sumuarized as follows: - From B information, identifies
the degree of PDCH support provided in a cgl af thg MPDCH al | ocated (if
any) for 5 initiating packet transfer. -8Han@ es @D node in relation to
ordinary GSMidle node and (if applicable) %al I:-ﬁconrigct ed node.
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- Handl es the PDCH protocol. - As required, requests allocation of an MPDCH

on demand, 10 using regular GSM control channels in the cell in
guestion, or a PDCH of a currently serving adjacent cell, prior to noving
into the cell in question. - Handl es nnbils&a&?tionarynnde of operation and
sends a node indicator at |east every tine M5 changes its node of 15
operation. - Handl es normal / PD sl eep pagi ng node and, explicitly or
inplicitly, sends a node indicator at |east every tinme the M5 changes its
pagi ng node. - Perfornms cell selection in PD node based on GSM i dl e node 20

procedures but wth cell selection criteria, in stationary node and
(dependi ng on chosen realization alternative) possibly also in nobil e node,

nodi fied such that the currently selected cell is retained as long as the
signal quality is above a predefined threshold value. 25 - Perforns
| ocation updating in PD node based on regul ar- GSM procedures. - Handl es the
mul ti-TDMA frame schene to coordinate listening to WP on one hand, and
perform ng cell selection and listening to cell broadcagt short nessages on
the other. 30 - In the case of a conbined M5, suppord, al so ordi nary GSM
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services: - Responds to paging on MPDCH related to regular GSM cal l's. -
Provi des support for naking and receiving regular GSMcalls while the M5 is
i n PD node, maintaining PD node as 35 "pendi ng" during calls. 45

1. EMBODI MENT 2 A schematical represent ag'gzgé)f this enbodi ment is shown
in FIG 16, with the major PD function bl n the GSM system (as in FIG
1) -depicted with bold contour lines. As 5 indicated in the figure, only
the BSS portion of the GSMinfrastructure is utilized for packet data. The
PD functions in BTS are al nobst the same as in Enbodinent 1, as are the PDCH

al l ocation functions in BSC. As 'sdustrated in the-fi e, the packet data
transfer connection of a BTSis pled to a 10 separgare Mbile Packet
Data Infrastructure (MPDI) (instepd of, nire odinept 1, to the PD
router in MSC VLR). The MPDI provides +fe-mecessary-ptket routing,
nobi ity managenent, authenticatipn, and network managpnent functions.
Together, the MPDI and the portiops of iMtdsl i zed] f or packet data
o O chanadsign'e) ' 28]
| ___Servreq®___,
PDCH alloc req
e ACK@#) ____|
" No
.(5) {Channel avallable?)——t
Yes| No action
(6) JAllocate MPDCH
v
(7) |Define on BCCH
info |
q_EQ.C.y _______ J
\ 4
{ PDCH allocated? ) (8)
No
Yes
v .
Proceed with packet transfer on PDCH
v
Predefined procedure:
E.g. above procedure
periodically repeated up
to predetermined maximum
number of times

Fig. 8



15 constitute a nobil e packet data system Wth respect--to GSM the system
may be regarded as a separate system and a GSM oper atgi; sheitias Beo “\

| ease radi o channel capacity to a separate packet data r. An
M5 requiring both packet data and regul ar (%M services Mﬁ‘“‘gm a
separate 20 subscription in each system Th /ﬂ ket dat vices provided
by the system may (depending on the functionality of the MPDI) be the sane
as described for Enbodinent 1. In th@ enbodi ment, the only radi o channels

oul

avai - lable for Mss are PDCHs and regul_ar .GSM br.oadcast_channel.s. 25
Regi stration, |ocation uppla.t.i- AQ— 0+ —clelH —l-o6at +en—Keporti ng), 1

authentication and simlay signallin 'lar-e-t-lms--peﬂflor med via PEFH& ———————
Furthernore, allocation of thes - =t on usen Idemand, using ordinary :
GSM signal ling as in Enbodmertedyest ,ﬁibg(t);@eé ible, _Wth tnis___
exception, the functions I‘oi\-B-O-geIBi P

_ Oar & MRECH:dNOcation commandD d i
for Enbodi nent 1. The first MPDCH T’?F_@_ce_l_l__i S norqg%m#ylstumaﬂbmm§ NG
configuration, although the ngTGRshnetavakabed) f or Erbodi nent 17 05T NY_ a
PDCH of an adjacent cell jor rEyO&STIOET " Locatign of apn MPDAH Th a. " PDCH
on demand cel|", prior to} 35 moyin e_jm_q_jj;nat cell l is theoretically
feasible. In that : jAllocate MPDCH| :

| ,..__3___., !

{ i Define on BCCH :

e ] F ig, 9

(1) } Initiate m and s: m=1, =07

»e—©)

i3 +*
Measure average throughput on Measure average throughput on
(2) | MPDCH(s) over predetermined (15) SPDCH(s) (its=1) over
period(s) of time? predetermined period(s) of time?
No @ —— — T A No
——Predetermined limit roached? >  (16)( Predetermined imit reached? >—
Upper limit Lower limit Upper limit . | Lower limit
s=1?
Yes] $_(10)
(5)| Request MPDCH|  |On MPDCH (s) and/or (17 Request SPOCH
allocation BCCH, notify MSs of | allocation
. MPDCH release !
(6)€ Channel available? ) (18){ Channel available? »
Yes| &No __Yes ¥No —(23)
On MPDCH (s) andfor Does
(7)| BCCH, notify MSs of : frequency
MPDCH allocation of rejected
3 a1 3 (19) ¢ @) 4 |alocation
(8)[Allocate MPDCH] [Release MPDCH]} [Allocate SPDCH] [Release SPDCH| [reduests
) indicated
1] (12) ¥ @0 3 @) 3 permanent
(9)]Increment m by 1] Decrement m by 1] |increment s by 1] {Decrement m by 1] loverioed
No confidation
(13 (m=17 Nol Yes
(14) < Yesy " [Tempority readjust
. o 4 emm
24)] TR0y read
Readijust PD protocol @ (@] flow
scheduﬁng ]
¢

(25) | Predefined procedure for reporting/resolving overioad condition }
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46 case, the allocation request would be transferred to a systementity in
the MPDI. This systementity would then send an all ocation request to the
BTS of the "PDCH on demand cell" in question which, inits turn, would
convey the request to the 5 PDCH allocatign . controller in BSC. Regular GSM
broadcast control channels are used in theQ{d way as in Enbodinent 1,

i.e. for: - Defining PDCH support |evel and MPDCH al |l ocated in the cel

(via information on BCCH). 10 - Performng cell selection as in Enbodi nent
1, with two alternative criteria for cell selection. Listening to cell
broadcast short nessages is also (at |east technically) possible in a

simlar way as in Enbodinent 1. _15 _ Packe fer acr PDCHs
may be perforned M&ordi ng t 8t8e pri nci rﬁ%g descrh@mﬁEmodﬂﬁgﬁt 1,
including using a youltiframe sgheme for coprdinating wyfth listening to

broadcast channel sh%mma(ﬁjapt ed to the specific requirements of this
separated system cpntept The PO PD transjer controll ¢r and assocfated
interface functionp in BTS ark al so adapte§l to the int¢rconnection

requi renents of
Chanres(2) _ _

k’

ACK (layer 2) (ﬂ _

ol %
ACK (layer 21(2)_, - Data (8)
\

-
-
k”

—p =Data
_____ -p = Signalling

Fig. 10



the MPDI, e.g. to allow interconnection via a routing network. The
functions of the M5 are basically the sane as in Enbodi nent 1, except for
functions related to regular 25 GSM signalling and PD node which are not
applicable in Enbodinent 2. 111. Applicabil'z to G her TDVA Cel | ul ar
Systens Wil e specific enbodi nents of the1|5‘ {th invention applied to a
GSM type of cellular system have been described, 30 it should be
understood that the present invention may be applied also to other TDVA
cellular systens including DDAWPS and PDC systens. Al though in these
systens,. BSC is not provided as a separate functional entity, corresponding

base 47 statio ontroller ctions sSsoci PD f ungiseons are
i nstead di vi ded en MSC aﬂi‘ ase st afgsrg. 3@%\@#0 THE W NGS

Data (3) /
—

ChanfGS(s)’,—~\ - -
-~ ~~~ < ] ACK (layer 2) (4)

e — s

Reserved acc
|_with ACK bit (7)

—
\\
\~
i

”

——Q——b = Data
— ————-p = Signalling

Fig. 11



Drawing 1/16 Figure 1 = PACKET DATA (PD) AND RELATED SIGNALLING .... - =
Cl RCU T MODE VO CE/ DEDI CATED DATA AND RELATED S| GNALLING ---- =

SI GNALLI NG Drawi ng 2/ 16 Figure 2 | NTRANETWORK PROTOCOL AND | NTERWORKI NG
EXAMPLE (1P) E.G |P ROUTER LAN AND TCP/ P HOST AT CUSTOMVER PREM SES

Drawi ng 3/16 Figure 3 | NTRANETWORK PROTOCHI | NTERWORKI NG EXAMPLE ( X.

25y Drawing 5/ 16 Figure 5 SEQUENCE DI AGRAM MOBI LE ORI G NATED PD STATE
ESTABLI SHVENT NOTE: ACK (23) | NCLUDES | NFORMVATI ON ON MS' CELL LOCATI ON AND
(OPTI ONALLY) ON PDCH ALLOCATI ON (YES/NO) IN THE CELL Drawing 6/16 Figure 6
DOWNLI NK MULTI FRAMES Drawi ng 7/ 16 Figure 7 MULTI FRAVE CYCLE (1) EXCEPT WHEN
LI STENI NG TO CURRENT BCCH EXTENDED BCCH (2) AFTER FLAG | NDI CATI PDCH

BROADCAST Dr awi ngM& 16 Fi gur 8 BSSEQUENCE BBGRAM - MBO/NVLER G NA DCH ON
DEMAND ALLOCATI ON prawi ng 9/ 164 Fi gure 9 ‘_Dap“‘
y
Paging cmd (3) _ |

-
”

“\\ﬁCK (4)
Pagng 1) _ 14~ >
*’

Reserved acc
~req (8)

Paging cmd (5l

”

-~ ~L _Paging resp (9)
Chan res (1 0) S~

—
~‘

& ACK (1), -~ Pagmg resp (12)
&~ b 2
Data (13) Ac/K(U,
/ &

T~ ACK(layerZ)(15)
| ACK (ayer 2) (17) TT=
‘s*

Data (16)

———p =Data
_____ -p = Signalling

Fig. 12
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FLOW CHART: DYNAM C ALLOCATI ON OF PDCHS 49 Drawi ng 10/ 16 Figure 10
SEQUENCE DI AGRAM MOBI LE ORI G NATED PACKET TRANSFER EXAMPLE NOTES
(ASSUMPTIONS): - M5 IN PD STATE - PDCH(S) ALLOCATED IN BTS - NO

RETRANSM SSI ONS Drawi ng 11/16 Figure 11 SEQUENCE DI AGRAM MBI LE TERM NATED
PACKET TRANSFER EXAMPLE ("I MVEDI ATE CHAN [RERVATI ON') NOTES '
(ASSUMPTIONS): - MS IN PD STATE - PDCH(S) ALLOCATED I N BTS - ROUTE FROM | WF
TO CURRENT MSC ESTABLI SHED - MS'S CELL LOCATI ON KNOWN (E. G MS MAY BE IN
STATI ONARY MODE) - NO RETRANSM SSI ONS Drawi ng 12/ 16 Figure 12 SEQUENCE

DI AGRAM MOBI LE TERM NATED PACKET TRANSFER EXAMPLE ( PAG NG
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NOTES (ASSUMPTIONS): - Ms IN PD STATE - PDCH(S) ALLOCATED IN BTS - ROUTE
FROM | W TO CURRENT MsSC ESTABLSHED - PAG NG OVER A SMALL NUMBER OF CELLS,
USI NG A PAG NG MESSAGE TYPE RESERVI NG AN ACCESS SLOT FOR THE MS TO RESPOND
- NO RETRANSM SSI ONS Drawi ng 13/16 Figure %3 %P&SH - PACKET TRANSFER
EXAMPLES Rm = RANDOM ACCESS BURST Rd acc =14# ED ACCESS BURST Index 1 =
MS 1 Index 2 = M8 2 F = FREE R = RESERVED 1 = M3BI LE ORI G NATED PACKET
TRANSFER 2 = MOBI LE TERM NATED PACKET TRANSFER Drawi ng 14/16 Figure 14
ROUTI NG EXAMPLE - FI RST ADDRESSI NG SCHEME Drawi ng 15/16 Figure 15
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ROUTI NG EXAMPLE - SECOND ADDRESSI NG
DATA (PD) AND RELATED SI GNALLI NG ..
DATA AND RELATED SI GNALLI NG - - - -
apparatus for providi ng packet data
stations in a digital TDVA cellul ar
stdtions providing regular cellular
dedi cated traffic channels; one or

each being associated with a visito

a subordinated plurality of the base stations;

means for storing informati on on no
conpri sing: channel providing neans
base stations, on a per cell basj
for packet transfer to and from
controlling nmeans for controllin
means for defining, on a per
for packet transfer;

SCHEME Drawi ng 16/ 16 Figure 16 PACKET
: Cl RCU T MODE VO CE/ DEDI CATED

SI GNALLI NG 51 CLAIMS 1. An
conmmuni cation to and from nobile

syste BAYBg a plurality of base
control channels and regul ar cellul ar
nore nobile services switching centers,

r location register and being coupled to
and hone, | ocati on register
bile station subscribers, the apparatus
for providing, in at |east some of the
one or nore ed packet data channel s
nobil e stati and packet transfer

e packet tra r; channel defining

| 2 channel to be used
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first packet data node establishing nmeans for establishing packet data node
for a nobile station to enable the nobile station to send and receive
packets over the packet data channels; first packet transferring neans for
transferring packets between the mobi | e stations and base stations; second
packet transferring means for transferrin@At@ets between the base
st&tions and their respective superior nobile services switching centers;
packet routing means for routing packets to and froma service area of a
nobi |l e services switching center; first neans for perform ng cell selection
for a nobile station in packet data node;.first nmeans for performng

| ocati on updating for the nobile station in packet data node; first packet
dat a node nuai ntai ni ng means for maintaining the packet data node for a
roam ng nobile station; and first packet data node terjnggpti nd gepns for

term nating the established packet data node for the i} e stjaid pn. 2.
The apparatus of claim1l, wherein the Zhannel defining ans cofprises
first i nformati on supplying neans flar supplying, fOn_a_regu —L c | ul ar
broadcast control channel, informatiorgdefining the]pa ?ﬁ B nel to
be used for initiating packet transfeEif such a pgckg 2d ag nn | is
provided in the cell. E{_’ 52 Eg).
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3. The apparatus of cIa|n12 wherein the channel defi pi-pg—nea

conpri ses second i nformation supplyrng means for supplyi ﬁﬁPEET
cel lul ar broadcast control channel, information indicatiphgfthat a packet
data channel for initiating packet transfer may be provi fef by MAR 958 nnel
provi di ng neans on user demand. 4. The apparatus of clajm 1, wherein de
nmeans for performng cell selectionis adgﬁted to perforin & '
based on regular cellular idle node procedures : The appar at us of
claim4, wherein the neans for performng cell selection Conpri ses neans
for retaining a currently selected cell as |ong as the signal quality IS

above a pred&‘”‘ﬁﬁans hehf ¥BbY%e BT nﬁme FRP BV e%ﬂéﬁrm 5 grein

the first pa erring nmeans an rst nmeans cel
sel ection, t&WIESMEGAREON rfrl! PEGTTAI ZOMA: CELEPLAR (EYSTEND b I e stations
wth. perform ng cell selection in the nobile stations, conprise nmeans for
schedul i ng pagi ng and other nessa es_initiating packet transfers to nobile
stations according to BIFLP INVENEIOBhene synchroni zed with
correspondi ng nul tifrane scherres used for regular cellular control channel

signalling, allow ng edefined tines for I to for ceII

sel ection and to recei eg’(ﬂvﬁn@e‘??ulzé?la?r)egéade%astamgggé TB& (

appar at us Sof Diivdisicdn Mh2tiphet Bedess)t eebhsldnr rpéﬂ-bomnbn@e oteleeam-

updating is %!ﬁl@ t&gs&é&eﬁh' WSté %geré%%hﬂqybaeﬁéi pRasent i Aveneiby! ar
ocedur es

i dl e node pr paratus of claim1, wherein the first

packet data Hﬁdedé§?§59§sm%1rﬁﬁan§PEBﬁ’ﬁFP§8§ apdhneoblle; statiang; for

establ i shrrenbr@‘vm%ebaé&b% dRES doamn TEdt donssserivboes rnﬂ‘calﬁ'rbhlttTnkA L

cel lul ar |dIe rﬂu are'sty?s r ,-nu‘_ ation_ge at | ;packet_data

10 4—4—&5&—5—3.

BACKGROUND OF THE INVENTION

Mobile data communication is rapidly becoming one of
the fastest growing segments of the mobile communications
market. Independent market studies predict several million

15 users in Europe by the year 2000. A strong driving force is
the fast growing portable personal ("laptop", "palmtop" and
"notebook") computer market and the need for flexible wireless
data communications it creates. This market force is further
emphasized by the emérging new communication-centered

20 devices, commonly referred to ‘as "Personal Digital Assis-
tants" or "Personal Communicators". Target applications
include:

- The wide range of standard business applications today
predominantly used across fixed data networks, such as

25 electronic mail and host computer/data base access.

- Specialized mobile data applications including vehicle
fleet control and road transport informatics.’

- Fixed wireless applications, including remote monitoring
and control applications, and credit card verification and

30  similar financial transaction applications.
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servi ce request based on regular cellular control channe
the nobil e services switching center currently servin
station receiving a packet addressed to the nobile statipn}jan 'ﬂggth
mobi | e station based on regul ar cellular cgntrol channel }|s{gna ﬂﬁﬁ%; neaps
for performng a regular cellular authentication procedu

data node has been initiated; neans for initiating parangters for packet
encryption/ decryption between the nobile station and thewebtte—ServiTES

swi tching cenfere SYdBPing offh deifaraite BPi1& palckdtodata 14 ffastyucture.

regi stering the nobi| e station at its, current ‘g?bile er Vi ces witq:hi ng

center with Asdehateaseistabiopceartion, (ERSIMing §i%eH SONSIRAHata
node. 9. H@j@?ppéﬁltluzﬁ(ﬁ _ddld\#]léﬂt; sytion ﬂanbsthhabnetl:h@radﬁaﬁta‘gMS
conprises: neans,for.allocati r.Qm.a _C QMmN _ ' ,
vari abl e, mi x ‘Eﬁpbﬁﬁiéflﬂﬁt gncﬂg%r@@% ?‘E‘E% gggggit%fz%yﬁg%i C cﬂé&?rél sa
det er mi neds bytisesgstemaconceptas Sheninegpad nfiings sepagiede dafxaskamedure
allocated in _a %‘?eLL B‘S‘Fgg @@lngl iaifl‘%&:l'en tlleng,amlgehaq:gaﬂgft%rkcm_e of

c
carrying acces¥Y contro i gnal'ling as we as packet data; and nmeans for
assigning a fnplod@y-all ocated packet data channel as a channel for reserved
packet transfer. 10. Thejiappsk anethelr 6bjett Df Wher thvehtion tanpaiovide

provi ding maaél Smlai'g.%apstt?gtign for packet data communication over TDMA

10 cellular shared packet data channels enabled by the separated

D

system concept.

These objectives are attained by apparatuses and mobile

stations as described below.

For example, Applicants'’ invention  provides an
15 apparatus for providing packet data communication to and
from mobile stations in a digital TDMA cellular system
having a plurality of base stations providing regular
cellular control channels; one or more mobile services
switching centers, each being associated with a visitor
20 location register and being coupled to a subordinated
plurality of the base stations; and home location register
means for storing information on subscribers. The apparatus
comprises a channel providing device for providing, in at
least some of the base stations, on a per cell basis, one or
25 more shared packet data channels for packet transfer to and
from the mobile stations, and a packet transfer controlling
device for controlling the packet transfer.

The apparatus further comprises a channel defining

device for defining, on a per cell basis, the packet data

30 channel to be used for initiating packet transfer; a first
packet data mode establishing device for establishing packet
data mode for a mobile station to enable the mobile station
to send and receive packets over the packet data channels;
and a first packet transferring device for transferring
35 packets between the mobile stations and a base station; a
second packet transferring device for transferring packets
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al l ocate the first packet data channel in a cell on user demand _and
conprises: neans for allocating a packet data channel as ;R_Eng@EMENTeSHEET
successful packet data node establishment; and neans for quatl &
packet data channel based on regular cellular control chcnr &21
initiated by one of a nobile station in packet data node|g ner t'l
packet data channel allocation request, or a successful pading to a nopbile
station in packet data node. 11. The apparatus of claimp9, wherein t he
channel providing means is adapted to alfocate the first "packet—data
channel in a cell on user demand, and conprises neans for allocating a
packet |dat a Paitkets  betwedmt Ehebynoépld:ebls#tsatsnms oand napdsiest siedeiomgleat hat
gener ayes a gaReief ﬂ@éxee@hea}aﬁgfékwﬁgt RYRIEH EOLnbBE £8h BECRELED
the mobile station's moving 1 nto the cell, using a pac t annel
of a clir r enFWESNyj Beadﬁ’%%%nts%@llonslzand Thbe hpparegnestdivec| supegior
wher ei n t he moibdneelsepvdvedi Byiehnsgt dehbefFsconpri ses: means for

dynam ¢ally allocating a variabl e nunber of the packet data channels for
initiafjing packet transfer such that a group of these channels can be used

t oget her5 wi t h a d@lmmppymsoﬁmmbﬁ cdapriskanaepacket reseingddpadicet
transfer, FHOBELA o ! Ba TEDBIC 2STALIAR QL PAUE ! £ULAD,9C O

t he pa‘ket data chann I nitrating packet trans an-one
such channeFer¥igegocavitch b%Sed’eéﬁ%bl ae At ofevieat ifigr apeérifoymdogst
contro| infeentigledtion fidie aPRBbaLES sRhtebal Mnl padkiteidutdenbaé st gand

second pack%t rtsq:a efv?.rcEaI r%%r per%ormlng location updating for the mobile

10 station in packet data mode; a first packet data mode
maintaining device for maintaining the packet data mode for
a roaming mobile station; and a first packet data mode
terminating device for terminating the established packet
data mode for the mobile station.

15 Applicants' invention also provides a mobile station
for packet data communication over digital TDMA cellular
shared packet data channels provided by the apparatus
described above. The wmobile station comprises a channel
identifying device for identifying, on a per cell basis, the
20 packet data channel to be used for initiating packet
transfer; a second packet data mode establishing device for
establishing packet data mode for the mobile station to
enable it to send and receive packets over the packet data
channels; a device for sending and receiving packets over
25 the packet data channels; a second device for performing
cell selection in packet data mode; a second device for
performing location updating in packet data mode; a second
packet data mode maintaining device for maintaining the
packet data mode for the mobile station; and a second packet
30 data mode terminating device for terminating the established

packet data mode for the mobile station.
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for initiating a packet transfer to a nobile station in packet data node,
conpri se pagi ng neans and nonitoring nmeans for nonitoring '

of the nobile station based on a previous packet transfer, gﬂg ACEBE%H?SHEET
and second packet transferring nmeans are adapted for pagin uidgﬂae{ t he
nmonitoring nmeans to initiate a packet transfer to a nobil ejsfatT

The apparatus of claim 13, wherein the nonitoring neans co | ses: _neans
for identifying a cell location of a nobile station origin tlng a packet
by, when the packet is received at the nobile services sw
currently serving the nobile station, assogpating the packet with the

I dentity of a connection on which the packet—ts received, the connection

bei ng uni que for each cell; nmeans for identifying a cell location of a
nobi |l e station respondi ng to a pagi ng nessage; and neans for storing for a
nmobil e station, linked to the nobile station's packet node registration, at
| east a latest cell | oG grdRpiproN ofdraR BesPaIesed tine when the
cell location was identified. 15. The apparatus of claim 13, wherein the

first and second packet transferring neans, for initiating a packet
transfer to a nobil e stFaig.on, :I.Ilus*.tliﬁté@mﬁéﬁbo@ﬁﬂéﬁtfcﬂfthﬁmiwﬂié@gaﬁed"

operating 1 n Svebel SonrReir 3bBs 3 koot ol PysEel FAaRled BRARL 0T L oy
swi t chi ng censbeowingl aablockedijagram ofiaa GSM systeat ephanteddgeithrpackebi | e
mode to gtatigueny (BBYee@Rltions, the major PD function blocks shown with
bold contour lines.
FIG. 2 illustrates an intranetwork protocol and
interworking example (Internet Protocol IP) for Embodiment I.
FIG. 3 illustrates an intranetwork protocol and
10 interworking example (X.25) for Embodiment I.
FIG. 4 illustrates a new PD state (PD mode), introdu-
ced in Embodiment I, in relation to regular GSM idle state
(mode) and call-connected state (mode).

FIGS. 5, 5A & 5B show a sequence diagram illustrating
15 establishment of PD state (PD mode), initiated from a mobile
station (MS). '

FIG. 6 shows an example of a 51-frame Master packet
data channel (MPDCH) downlink multiframe, together with the
multiframe cycle in FIG. 7 provided for coordinating listening

20




55 vice versa. 16. The apparatus of claim 15, wherein MMGF@&E%CS}EET nd
packet transferring neans are adapted to, to a nobile sftatron that 3
stationary node and perforns cell selection based on reg Iar.écﬁ)_\kqbgg |d| e
node procedures, initiate packet transfers w thout previ qus paging or W fh
paging in a single cell. 17. The apparatus of claim 1§, ' t
and second packet transferring nmeans are gdapted to inijti ate packet
transfers to a nobile station that is in nobile node and pertorns cetrt—
sel ection basedMBRCHegtitEr téFrembRgi &Pe TRAMLGN ceMupPEsadrarsutchannalsus
pagi ng or W {dppeltdlgled bt ity Enked iment! qvaaad-vgmgbdméhtlpsatb@now)

I nformation fromthe ngf(létor% ng, means meet s Eﬁedef ned ac % cri terlla
18. The apparatus of t m7, ShREF eI t REFPLEL % daSe‘cn,ld g’é Ret cyele
transf erri ngomesd, byoB MPDCHatdowgpliakkeulttidmamess (tid lwsbirbEedt dini FEGJ n
packet data gipde, f8PLLSC RARLIE BENS RARRITnGO. HAelidR.A RAYAD EHSa0e
type conbi ning’ a pagi ng request th reservation~of an IVI access

siot for thel RTINS 1ER i XRTHAY &Sybmoaﬂgastméaaas&?at us of cI aimi,
wherein the first and p@@ondg pask&bs t rans %mrlmmm

o regul ar CEHOTArwn) (o1 & 2 BAHTe GPAR oﬁﬂé‘ﬁﬁslﬁiﬁéé&)d”‘éf%?%ﬁa% =
The appar at usnifiattexd nixiom vdre™M8 n(agdpd ifcdabde pac EebodamentodE. mai nt ai ni ng
nmeans g@nmprises: nmeanspié aléowlﬁg agg)blérﬁistgaélcghdvp %pcktelt Wata, Jjde to

make and receive regular cellula al ning packet data-
node as pendikigishrating rtémmm@essulcaﬁ Symjamically allocatlng PDCHS .

based on throughput wmeasurements (applicable both to
Embodiment I and II).
FIG. 10 shows a sequence diagram illustrating an

-

15 example of a mobile originated packet transfer in Embodiment
I.

FIG. 11 shows a sequence diagram illustrating an
example of a mobile terminated packet transfer (using
"immediate channel reservation") in Embodiment I.

20 FIGS. 12, 12A and 12B show a sequence diagram

illustrating an example of a mobile terminated packet
transfer (using paging) in Embodiment I.
FIG. 13 shows examples of a mobile originated and
a mobile terminated packet transfer on an MPDCH, thereby
25 illustrating the principles of wusing Uplink State Flags
(USFs) and a type of paging that reserves an access slot for
the MS to respond (applicable both to Embodiment I and II).
FIG. 14 illustrates an example of routing from an
interworking function (IWF) to an MS's currently serving
30 Mobile services Switching Centre (MSC) in Embodiment I, when
the addressing scheme chosen is such that an MS's IP address
identifies the MS as belonging to a particular public land
mobile network (or group of MSCs).
FIG. 5 illustrates an example of routing from an
35 IWF to an MS's currently serving MSC in Embodiment I, when
the addressing scheme chosen is such that an MS's IP address
identifies the MS as belonging to a particular MSC.




and means for returning the mobile station to active pa

the regular cellular call is conpleted. 21. The appara:@q"‘g:CEE;N}E"IP

wherein the packet routing nmeans conprises: one or nore 1tervvork|
A

[ 1g t he

[
function neans for internetworking with at | east one -

external network; interconnection neans f9 interconnecti

I nt ernetwor ki ng function neans and nobil e services switghing centers; an
means for routing packets;addressed to a nobile statiob from-any ot

i nt er wor klgﬁf ction nmeans ices switching center currently
serving th | e station,“lmﬂ“mw”ﬂ ﬁl“utl ng packets including: at the
I nt erwor ki ng functi on neans, * neans eterm ning fromstored routing

i nformati on whether a route to_the nobile station's currently

servin
mobi | e ser Vi cesAé‘vﬂpPéTﬁ“l'r"gf%@Fﬂ‘%‘?mg Backet 4@t Wﬂ“"'%‘tmé& ang frgm mphije isgiﬁ%‘ﬁ
t he nobi | enrﬁﬁadnguiﬁ? Tmﬂnéelﬁ:fbrr sfy@féfnr& @r@vnﬁé%%ﬁﬁal&@ Jfﬁ?as@%téﬁéﬂs' Mro%ﬁﬁﬁﬁ Fégular
nobi | e services swtching center when a route i s established; means,
when a routelulas captrolehannels and segulas cellyian degicaled traféie chgansis; @npwe mn;mmoblle
ocat] on 1 ERbEwWREARY cbefl BEbARY bl Witha ALidr15cdR ibdist2Pbid Béifg

swi tching center curre y serving t station
coupled to a subordinated plurality of the base stations; and home locatlon register means

Lant e n

for storing information on mobile station subscribers, the apparatus comprising:

channel providing means for providing, in at least some of the base stations, on a
per cell basis, one or more shared packet data channels for packet transfer to and from"
the mobile stations, and packet transfer controlling means for controlling the packet

" <transfer;

channel defining means for defining, on a per cell basis, the packet data channel to
be used for packet transfer; .

first packet data mode establishing means for establishing packet data mode for a
mobile station to enable the mobile station to send and receive packets over the packet
dat'a channels;

first packet transferring means for transferring packets between the mobile
stations and base stations;

second packet transferring means for transferring packets between the base
stations and their respective superior mobile services switching centers;

packet routing means for routing packets to and from a service area of a mobile
services switching center;

first means for performing cell selection for a mobile station in packet data mode;

first means for performing location updating for the mobile station in packet data
mode;

first packet data mode maintaining means for maintaining the packet data mode for
a roaming mobile station; and

first packet data mode terminating means for terminating the established packet

data mode for the mobile station.

2. The apparatus of claim 1, wherein the channel defining means comprises first




. REP ]
storing, linked to the identity of the nobile station, the %E%C@@TS
currently serving nobilé servites switching center; and at{the Céjhl’ ﬁn‘%
serving nobile ' i ic@ing center, neans for initiatihg™ A g
est abl i shment: H"] wﬂmlﬁwﬂ[ﬂgde for the nobile station wheh packet data
node is not already estaolisshed, and meat® for initially deternning and
storing, linked to a packet data node registration of the ' 0

an i dent i tnfodhationsupBlyRigVEkis @r Eupiihgrom® estfular 28llularTireaduastcarited chanmglai m
21, wherein the packet routing neans, forlgaént ai
I

] . et ILng routes established to
2 obi | itemisncdelinng. A Racker drRchBPl © e ard L8 oliRHbs Patte T amte
the mobi | g,&} #laOket/BAYS Ehdrihefis| pR&AIddON 1A 8al.bel onging to a new nobile
services swtching center, conprises nmeans for updating at |east one of
i nterworking function neans and nobile services switching centers of any
routes establi %@dapz}aﬂﬂﬁs ro}f'%laﬁﬂaﬂgﬁhérélﬂ%h héhahiel 'ddRhing HE4nNs REtheP kbimprises
services switching 'center to the new nobile services swtching center,
i ni tiat ed sbeand infemation subblyingJeeansdes sunglying ofya cegwar cellylas bpadpast control
i nformatign_provi t. j b ihRiaBihé DadRét ranster
The apparacf ﬁ'gneo’f 'ncfrg}a%'gﬂll?&\?\%%ﬁrg;{hr?l? taﬂiég%(gggg?a Fﬁﬂﬁeﬂ?rmar?s éc]g)r?pri segr:‘ at
the nobi | enat lbd pravideddyrthe whayned providing medis en usangdepwddswi t chi ng center,
means for monitoring, as to traffic activity, a route established to the
currently serving nobile 57 services switching center, linked to the
packet dat@ nDdmher egpHatust dfoolaivh 1,hehameln tiee means for performing cell selection is

adapted to perform cell selection based on regular cellular idie mode procedures.

FET

" B, The apparatus of claim 4, wherein the means for performing cell selection
comprises means for retaining a currently selected cell as long as the signal quality is

above a predefined threshold value.

6. The apparatus of claim 4, wherein the first packet transferring means and the first
means for performing cell selection, to coordinate initiating packet transfers to mobile
stations with performing cell selection in the mobile stations, comprise means for
scheduling paging and other messages initiating packet transfers to mobile stations
according to a multi-TDMA frame scheme synchronized with corresponding multiframe
schemes used for regular cellular control channel signalling, allowing predefined times for
mobile stations to perform cell selection and to receive regular cellular broadcast

messages.

7. The apparatus of claim 1, wherein the first means for performing location updating

is adapted to perform location updating based on regular cellular idle mode procedures.

8. The apparatus of claim 1, wherein the first packet data mode establishing means
comprises: ‘

"means for initiating the establishment of packet data mode for a mobile station
from an initial cellular idle mode, either by the mobile station generating a packet data

service request based on regular cellular control channel signalling, or by the mobile
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station, and neans—far.initiating termnation of the royt qweT et
activity falls ow a predetermned |evel; and at | east ne_%fM%g?1 8
i nt er wor ki ng fﬁ m:ﬂmﬂmlaa nmobi | e services sw tchirng centel %? t e
route, neans f _ ted routing informtion wieh--term-pation
the route is initiated. 24.° *The apparatlis of claim 1,
routing nmeans conprises: interconnection neans for inter
servi ces sewlcehi switclking ecanterarvtirmeniyn Ssekving rthet imudilpaststions receigingatae patkeam a
first nobile statjop and addressed to a second nobjl.e statjon, includjng:
at " the noBtdresisd o TheleRfi shtRg o aeines ey Dbl Siatipo brged AR repYiEt SR o
station, semes channgleignalhgli Nng from stored routing i nformati on whether a
route to the nobil e _services switching center currentl erving the second
mobi | e st at | onMEENESPPATTIRRg = Feghias Folldarsythentication PIoGedte 71Leli Racket S99 of
the firstyakiHag bebRididted;"eans for routing packets to the second nobile
station's currently serving nobile services switching center when a route
i s establ i shedMegRg fepdnidiating namneeters) Jori packet RNSTYPtignidesrvREAR hedwaen dhe
register HRAfS dstichaRl "thBSmabiid 9601cks Yovitthinde cmBl lcBrreiMly is6Rings thd FhduAE
center currently serving the second nobile station when a route i s not
est abl i shetioanahd or storing, as routing information, the identity of the
second mobil e L QR SadtdilL ' L tcN] e b
dent ity of ¢ nioans 36 edbiA el BBV Lol Us 1D biork A, kel Biiching
r egi st r at cenenywithragsédiated vinitor losatiorategister agrigingtin ppaeketlotd moder vi ces
switching center currently serving the second nobile station, neans for
initiating establishnent of packet data node for the second

9. The apparatus of claim 1, wherein the channel providing means comprises:

Q

wherein the packe

means for allocating, from a common pool of physical channels, a variable mix of
packet data channels and regular cellular traffic channels determined by demand;

means for assigning a first packet data channel allocated in a cell as a channel for
initiating packet transfer, capable of carrying access control signaliing as well as packet
data; and

means for assigning a further allocated packet data channel as a channel for

reserved packet transfer.

10. The apparatus of claim 9, wherein the channel providing means is adapted to
allocate the first packet data channel in a cell on user demand, and comprises:

means for allocating a packet data channel as a result of a successful packet data
mode establishment; and

means for allocating a packet data channel based on regular cellular control
channel signalling, initiated by one of a mobile station in packet data mode generating a
packet data channel allocation request, or a successful paging to a mobile station in

packet data mode.

11. The apparatus of claim 9, wherein the channel providing means is adapted to
allocate the first packet data channel in a cell on user demand, and comprises means for
allocating a packet data channel, initiated by a mobile station in packet data mode that

generates a packet data channel allocation request for the cell prior to the mobile station’s
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nobi | e station-when—packet data npde is not already egt

for initially 1 nJ storing, linked to the pa¢ket

registration o FHEH[M ﬂﬂui ﬂle station, an identit f

station and an LUy NOIg nobi | e services sw tchin ntly
n

serving the first nobile station. 25. e apparatus|of claim1l1, where
t he packet routing nmeans conprises: interconnection neams—fot

i nt er conneevingdntedbe cell,susing a packetidat@hihagne ofl aeugentdy derving adiaeeertdling one
or nore nobile services switching centers to at |east one external 58
networ k; neans for routing packets addressed to a nobile station from an
ext er nal h2t woThe appaatss of iclain (8, vhesdia theochdnaelgprovididy eseand fomberl conipeises:ces
switching center to.,whjch th bi l.e stat.ign belon for cket s, addr essed
To the mobi | e GEaRT i ChERmAY Alocepa Ayaripflg nIRERbSC e AP RECARe ShaIIA N | o
station finfisting paokistresses stibhith® Sgroup ©F ShedéichGhndlgcatbé Bked togethgpilitiea
services swtching center currently serving the nobile _station, including:

at the adBRBROBSroNmPl Racket datachanngls tor rergrved Rasket tRNsfRE #08 det er i ni ng

from stored ropfehRd foniaReéMid o Whe Station’ 88/t phiticliBe oMBbéf EheS hatke? Ndata
currently servi 2‘% nmobi | e services sw tchi ng‘ center is established, |inked

to an i defftannpisder infdatingpackes transfem if Mok thangener siehi shgnpeldr @liacated. based

curr ent | Yos fiopiid StatioRiiddhtitg aNd s&%afy&bsmragnﬁﬁnéﬁan.wmn aroute is
establ i shed; and neans for initially interrogating

13.  The apparatus of claim 1, wherein the first and second packet transferring means,’
for initiating a packet transfer to a mobile station in packet data mode, comprise paging
" *means and monitoring means for monitoring a cell location of the mobile station based on
a previous packet transfer, and the first and second packet transferring means are
adapted for paging guided by the monitoring means to initiate a packet transfer to a

mobile station.

14, The apparatus of claim 13, wherein the monitoring means comprises:

means for identifying a cell location of a mobile station originating a packet by,
when the packet is received at the mobile services switching center currently serving the
mobile station, associating the packet with the identity of a connection on which the
packet is received, the connection being unique for each cell;

means for identifying a cell location of a mobile station responding to a paging
message; and

means for storing for a mobile station, linked to the mobile station’s packet mode
registration, at least a latest cell location identified and an associated time when the cell

location was identified.

15. The apparatus of claim 13, wherein the first and second packet transferring
means, for initiating a packet transfer to a mobile station, further comprise means for
monitoring a mobile/stationary mode indicator sent by a mobile station capable of
operating in a stationary mode to its currently serving mobile services switching center at

least every time the mobile station changes from mobile mode to stationary mode and
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t he home Iocatlon |ster means;- when a route is not |REPBACEMENT SHEET

determ ne an |de ntly serving nobile|sdrViCTeS SWLChln
center, and for: ’In]’ g i nformation, the |dent4_5 AR 1 @:%e
currently servi ng ITDbI| s'ervq ceS switching center linked to the Identity
of the nobile station; and at the curre3y serving ngbile—serriees

swtching center, neans for initiating establishnment d
for the rmbblvargat ati on when packet data node is not al
and neans for initially determning and storing, linked to the packet data
node registration of the nobile station, an identity of the addressed

mobi | e sengl ceg hé%f)&latd%gofmheﬂi viterein thé firstRpasaE oy Pcket ﬁfbﬁ@f&mnﬁ‘?ﬁé

the first packet a node nai ntai ning neans, for malntaini ng packet a
mode for arenesisipred ta, doiomobiireatatine thashs fie statignang mods, erd perfermsoeell $emtenea
bel ongi ng v n

Cranafer 1P oo AP X ohifar R o8 prilelich iRy bakes HORplor BnBe Bl
st ored at paging pobiithepaginga in@single gel.ent | y servi ng nobil e services switching
center, fromthe currently serving nobile services switching center to the
new nobil e services switching center, initiated fromthe new nobile

servi ces 3$Wit cfhagppaatusrof diaisetb, ormhérdhaherﬁtsit(and [secandisatkbt/ tratefennng msednsr

Tt paciie SRS o duoeis, Mokt FAGEARIG SAOME: Satondates it Fbe Ao,

mobi | e st pérférmsasell eeleétidr’ basedCon vagular o%ﬂdammmoﬂerprocemmwmgr@&mket

data node and a route established to the on's, curr
gs}ng or wil%h pagﬁ'lgaljrjt a spnge cell, prc:mcqD <P that cel ocatpon in ormatlon f¥om the

f packet data nod

monitoring means meets predefined accuracy criteria.

18. The apparatus of claim 1, wherein the first and second packet transferring means,
for initiating packet transfers to mobile stations in packet data mode, comprise paging
means adapted to include a paging message type combining a paging request with

reservation of an individual access slot for the mobile station to respond.

19. The apparatus of claim 1, wherein the first and second packet transferring means
comprise paging means adapted to convey, on a packet data channel, paging messages

related to regular cellular calls to a mobile station in a packet data mode.

20. The apparatus of claim 1, wherein the first packet data mode maintaining means
comprises:

means for allowing a mobile station in packet data mode to make and receive
regular cellular calls;

means for maintaining packet data mode as pending during a regular cellular call;
and

means for returning the mobile station to active packet data mode when the

regular cellular call is completed.

21. The apparatus of claim 1, wherein the packet routing means comprises:

one or more interworking function means for internetworking with at least one
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initially interrogating the home location register means to determine the identity of

bile service's

the mobile services switching center currently serving the mobile station, and for
storing, linked to the identity of the mobile station, the identity of the currently
serving mobile services switching center; and

at the currently serving mobile services switching center, means for
initiating establishment of packet data mode for the mobile station when packet
data mode is not already established, and means for initially determining and
storing, linked to a packet data mode registration of the mobile station, an identity

of the interworking function means.

22. The apparatus of claim 21, wherein the packet routing means, for maintaining
routes established to a mobile station’s currently serving mobile services switching center
when the mobile station moves to a location area belonging to a new mobile services
switching center, comprises means for updating at least one of interworking function
means and mobile services switching centers of any routes established about the change
from the currently serving mobile services switching center to the new mobile services
switching center, initiated from the new mobile services switching center, based on

information provided by the first packet data mode maintaining means.

23. The apparatus of claim 21, wherein the packet routing means comprises:
at the mobile station’s currently serving mobile services switching center, means

for monitoring, as to traffic activity, a route established to the currently serving mobile
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means for routing packets originated from a first mobile station and addressed to a

The

second mobile station, including:

at the mobile services switching center currently serving the first mobile
T station, means for determining from stored routing information whether a route to
the mobile services switching center currently serving the second mobile station is
established, linked to a packet data mode registration of the first mobile station;
means for. routing packets to the second mobile station’s currently serving mobile
services switching center when a route is established; and means for initially
interrogating the home location register means to determine an identity of the
mobile services switching center currently serving the second mobile station when
a route is not established, and for storing, as routing information, the identity of
the second mobile station’s currently serving switching center with the identity of
the second mobile station, linked to the packet data mode registration of the first

mobile station; and
at the mobile services switching center currently serving the second mobile
station, means for initiating establishment of packet data mode for the second
mobile station when packet data mode is not already established, and means for
initially determining and storing, linked to the packet data mode registration of the
second mobile station, an identity of the first mobile station and an identity of the

mobile services switching center currently serving the first mobile station.

25. The apparatus of claim 1, wherein the packet routing means comprises:
interconnection means for interconnecting mobile services switching centers, and

for connecting one or more mobile services switching centers to at least one external
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serving mobile services switching center is established, linked to an identity of the
mobile station; means for routing packets to the currently serving mobile services '
switching center when a route is established; and means for initially interrogating
T the home location register means, when a route is not established, to determine an
identity of the currently serving mobile services switching center, and for storing,
as routing information, the identity of the currently serving mobile services
switching center linked to the identity of the mobile station; and
at the currently serving mobile services switching center, means for
initiating establishment of packet data mode for the mobile station when packet
data mode is not already established, and means for initially determining and
storing, linked to the packet data mode registration of the mébile station, an

identity of the addressed mobile services switching center.

26. The apparatus of claim 1, wherein the first packet data mode maintaining means,
for maintaining packet data mode for a mobile station when the mobile station moves to a
location area belonging to a new mobile services switching center, comprises means for
transferring a packet data mode registration and associated information, stored at the
mobile station’s currently serving mobile services switching center, from the currently
serving mobile services switching center to the new mobile services switching center,
initiated from the new mobile services switching center, based on information provided by

the means for performing location updating.

27. The apparatus of claim 1, wherein the first packet data mode terminating means

comprises means for monitoring a mobile station as to traffic activity, and means for
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29. A mobile station for packet data communication over digital TDMA cellular shared )
packet data channels provided by the apparatus according to claim 1, comprising:
. channel identifying means for identifying, on a per cell basis, the packet data

channel to be used for initiating packet transfer;

second packet data mode establishing means for establishing packet data mode for
the mobile station to enable the mobile station to send and receive packets over the
packet data channels;

means for sending and receiving packets over the packet data channels;

second means for performing cell selection in packet data mode;

second means for performing location updating in packet data mode;

second packet data mode maintaining means for maintaining the packet data mode
for the mobile station; and

second packet data mode terminating means for terminating the established packet

data mode for the mobile station.

30. The mobile station of claim 29, wherein the channel identifying means is adapted
to read, from a regular cellular broadcast control channel, information supplied for defining

a packet data channel to be used for initiating packet tran__sfer.

31.  The mobile station of claim 30, wherein the channel identifying means is adapted
to read, from a regular cellular broadcast control channel, information supplied for
indicating that the packet data channel for initiating packet transfer may be provided on

user demand.
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packet data channel on which packet transfers to the mobile station are initiated with
" performing cell selection, comprise means for scheduling listening for paging and other
messages initiating packet transfers to the mobile station according to a multi-TDMA
frame scheme synchronized with corresponding multiframe schemes used for regular
cellular control channel signalling allowing predefined times for the mobile station to

perform cell selection and to receive regular cellular broadcast messages.

35. The mobile station of claim 29, wherein the second means for performing location
updating is adapted to perform location updating based on regular cellular idle mode

procedures.

36. The mobile station of claim 29, wherein the second packet data mode establishing
means comprises:

means for initiating establishment of packet data mode in the mobile station, from
an initial cellular idle mode, by one of the mobile station’s generating a packet data service
request based on regular cellular control channel signalling, or the mobile stations
receiving a paging message based on regular cellular control channel signalling, indicating
that a packet, addressed to the mobilg station, has been received by a mobile services
switching center currently serving the mobile station;

means for performing a regular cellular authentication procedure after packet data
mode establishment has been initiated;

means for initiating parameters for packet encryption/decryption in the mobile
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provi di ng gpean nﬂ@ﬁg
nunber of ?ﬁe 32%3@%“"8}?51“ ann FJQS? ﬂ)‘(n élhg;%r!s}r{? L%ngﬁgwﬁgucﬁ
a group ofs inhpacket ldatenelode cnd lbéoqws@dlrt eg:ct! lpeoviding h packehrata ¢havnpl o user
packet da A% ; S Lr L ng
a nmobile é? g}%ﬁ‘gz&? (9%"&%{'“% %c”ﬁﬁ ar ERQ%K? 'I"feh aﬁ‘&%fu {”e gt a gnonﬂ;fegug (!5r° Sfiier”
initiati ngomcllotiannelalgﬂamng I f nmore than one such channel I's allocated,
based on an identity of the nobile station and on broadcast control
i nformati on.

38. The mobile station of claim 29, further comprising means, when the mobile station

is in packet data mode and is located in a currently serving cell with a packet data channel
allocated, for generating a packet data channel allocation request for an adjacent cell
‘providing packet data channel on user demand, prior to moving into the adjacent cell,

using a packet data channel of the currently serving cell.

39. The mobile station of claim 29, wherein the means for sending and receiving
packets comprises means for sending a mobile/stationary mode indicator to a mobile
services switching center currently serving the mobile station at least every time the

mobile station changes from mobile mode to stationary mode and vice versa.

40. The mobile station of claim 29, wherein the means for sending and receiving
packets comprises means for responding to a paging message type combining a paging

request with reservation of an individual access slot for the mobile station to respond.

41. The mobile station of claim 29, wherein the means for sending and receiving
packets comprises means for responding to a paging message received on a packet data

channel and related to a regular celiular call.

42, The mobile station of claim 29, wherein the second packet data mode maintaining
means comprises means for allowing the mobile station to make and receive regular
cellular calls when being in packet data mode;

means for maintaining packet data mode as pending during a regular cellular call;

and
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49. The apparatus—oef——ctai-n 43, wherein the packet trans ring neans,
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initiating packet transfer: means for sending and recei Vi ng packets over

the pac ketmeratshared nasketsdata ghannelsior packsh Franefante anst freyarthe mabile stations, and
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i denti fyi ng means 1S apted to rea rona regular ce ful ar broadcast
control channelchahml@ieﬁamgma@a don defihinge on @eter et fasis, the packet data channel to

be used for packet transfer;
packet transferring means for transferring packets between mobile stations and
" sbase stations;
coupling means for coupling the packet transfer controlling means to a separate
mobile packet data infrastructure comprising packet routing means, for routing packets to
and from a service area of a mobile switching center, and mobility management means,
for managing location and routing information for the mobile stations; and

first means for performing cell selection for the mobile stations.

44, The apparatus of claim 43, wherein the channel defining means comprises
information supplying means for supplying, on a regular cellular broadcast control channel,
information defining the packet data channel to be used for initiating packet transfer, if

such a packet data channel is provided in the cell.

45, The apparatus of claim 43, wherein the first means for performing cell selection is

adapted to perform cell selection based on regular cellular idie mode procedures.

46. The apparatus of claim 45, wherein the first means for performing cell selection
comprises means for retaining a currently selected cell as long as the signal quality is

above a predefined threshold value.

47. The apparatus of claim 43, wherein the channel providing means comprises:

means for allocating, from a common pool of physical channels, a variable mix of




a packet dat aw"c'"'ﬁ%i'h'n-e-l----..t_Q______‘l;_)e used for initiating packet tran ;RE?LAQ&MEI\H%SHEET
nobi | e stati c;)nl [ i m51, wherein the nmeans for sendi ng apd{receiving
packets conpri ” WJI/’WdI ng a nobile/stationary nodg | neéié MAR 199

t he separate nohi infrastructure at |east evefy|{tinme the
nobi | e station changes %rom #tbil e node stationary node pnd ViTeE verse:
54. The nobile station of claim51, wherein the neans for jsendi ng and
r ecei vi ngppeket data cdempels sed regpdarsefidar wraféip channels datermiperdybndenmesdiage T ype

conbi ni ng a pagi request .Wih a reservation of an individyal ess. sl ot
For the vobi | oMesfp FEReEH p i PERS 4 Alnd 0l i h R o hlpfe
wher ei n t for initiatingl paeien Srdnsfer peadablensincpriild acoebe contoel signatdamd packed data;
performcell selection based on regular cellular idle node procedures. 56.
The mobi | 8%t ation of claim 55, wherein the second neans for perform ng

cel | sel ecti onnwanPriop aRsighiagSa ffoithérebiicatedgpacket! Idath ichiinmet | 8Ch echapAéll fors

| ong as the si%nal uality is above a predefined threshold value. 57. The
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|istening to the packet data _channel on which packet transfers to the .
nobi | e st 4B8i on The arpaptusafclpimi 4/ wherein the shpangel Rroviding meaps coppiE®s'se neans
for schedul N0 mdadt ¢6)l dfhalritallPBASCHIRG ol VHbbIR nufbeP BF 3! pdck 8 ts chateid R
nobil e station according to a multi-TDVA frane schene synchroni zed wth

cor r esponHitigiing nacket; tiansfercviehdbat s gigup of thesgahannele can beused ngether withhael

si gnal | i nomldhWbiPoPHEASE BARLhIES i Boc i SRR Farid bl L0 perform

cell selection a ecel ve regular ce roadcast nessages.
: means for directing a mobile station to a particular one of the packet data channels

- «or initiating packet transfer, if more than one such channel is allocated, based on an

identity of the mobile station and on broadcast control information.

49. The apparatus of claim 43, wherein the packet transferring means, for initiating
packet transfers to mobile stations, comprises paging means adapted to include a paging
message type combining a paging request with reservation of an individual access slot for

the mobile station to respond.

50. The apparatus of claim 43, wherein the packet transferring means and the first
means for performing cell selection, to coordinate initiating packet transfers to mobile
stations with performing cell selection in the mobile stations, comprise means for
scheduling messages initiating packet transfers to mobile stations according to a multi-
TDMA frame scheme synchronized with corresponding muitiframe schemes used for
regular cellular control channel signalling, allowing predefined times for mobile stations to

perform cell selection and to receive regular cellular broadcast messages.

51. A mobile station for packet data communication over digital TDMA cellular shared
packet data channels provided by the apparatus of claim 43, comprising:

channel identifying means for identifying, en a per cell basis, the packet data
channel to be used for initiating packet transfer;

means for sending and receiving packets over the packet data channels; and
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t ransf er, a pasies @ath ekEpnBElD ﬁéaisealf&ginﬁﬁﬁngpéacretdeﬁsfet.ng, on a per cell
basis, the packet - d ta channel to be used for initiating packet transfer,

20 - second packet transferring nmeans for transferring packets
53. The mobile station of claim 51, wherein the means for sending and receiving

U

packets comprises means for sending a mobile/stationary mode indicator to the separate
mobile packet data infrastructure at least every time the mobile station changes from

mobile mode to stationary mode and vice versa.

54. The mobile station of claim 51, wherein the means for sending and receiving
packets comprises means for responding to a paging message type combining a paging

request with a reservation of an individual access slot for the mobile station to respond.

bb. The mobile station of claim 51, wherein the second means for performing cell -
selection is adapted to perform cell selection based on regular cellular idie mode

procedures.

56. The mobile station of claim 55, wherein the second means for performing cell
selection comprises means for retaining a currently selected cell as long as the signal

quality is above a predefined threshold value.

57. The mobile station of claim 55, wherein the means for sending and receiving
packets and the second means for performing cell selection, to coordinate listening to the
packet data channel on which packet transfers to the mobile station are initiated with
performing cell selection, comprise means for scheduling listening for messages initiating
packet transfers to the mobile station according to a multi-TDMA frame scheme
synchronized with corresponding multiframe schemes used for regular cellular control
channel signalling, allowing predefined times for the mobile station to perform ceil

selection and to receive regular cellular broadcast messages.




between said nobile tations (M5) and any said base statijns-tBES—BSS
coupling neans for coupling said second packet transfer ?«]MH&WM
to separatenobile packet data infrastruc- 25 ture congrifsi ng pack
routing means and nobility managenent neans, and - third neang MAR 1998
performng cell - selection for any said nobile station (NB). REPLA 6¢
45. Apparatus according to claima44, chara®erized in tHatsart-second
channel defining nmeans conprises first infé6- mation sugplying nmeans for

suppl yi ng, onagstr@gwl ar cel lul ar broadcast control channel, Tnfornation
defining the packet 5 data channel to be used for initiating packet
transfer, if such a packet data channel is provided in the cell in ques-

tion. 46. AppAPRARAIUSES ANBIiMOBILE STARIONSHOR, PRAVGIDING RASKERDAZRC in that said
third neans f n e i | 10 to performcell
sel ection base%ﬁﬂr:ﬁel%fgpa?" %Fh'ﬂi a{fﬁﬁ?‘%Fgﬂ%@éW

Apparatuses and mobile stations are described which
provide packet data services in TDMA (Time Division Multiple
Access) cellular systems, based on providing shared packet

5 data channels optimized for packet data. A first "integrated®
embodiment utilizes the current cellular infrastructure to
the extent possible consistent with functional and perfor-
mance requirements. Shared packet data channels (PDCHs) in
base stations (BTS, BSC) may be provided dynamically deter-

10 mined by demand. A packet data (PD) controller in each Mobile
services Switching Centre (MSC) controls access to the packet

data sexrvices. A packet data router in each MSC routes packets

to and from the MSC service area. A backbone network intercon-
nects packet data routers and Interworking Functions (IWF)

15 providing internetworking with external network(s). A second
"separated" embodiment, in order to minimize the impact on the
current cellular system, primarily utilizes the base station
portion of the cellular system:?%%%A%he remaining network
parts re;,yfﬁg on a separate mobile packet data infrastructure.

20 Fig. 1
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procedures. 47. Apparatus according to claim46, charact . =i d
third means for performng cell selection conprises neaﬁgﬁgjﬁ%ﬂ@ T iR the
currently selected cell as long as the 15 signal qualify}lis above a
predefined threshol d. val ue. 48. Apparatus according to pny of6 MARI 199844 -
47, charac- terized in that said second channel providihgl mnreans conpri gey -
means for allocating, froma comon pool of physical chanmetrs—ftTmeESt0t 4],
a variable m x of packet data channels 20 and regular gellular traffic
channel s determnined by denmand, - neans,4for assigning the first packet data
channel allocated in a cell as the channel for initiating packet transfer,
capabl e of carrying access control Zlgggiggﬂgeas wel | as packet data, and
25 - means for assigning any furth . d packet data channel (s) as
channel (s) for rSEQUBNCE DINGRAM:IMOBISE ORIGIMATEDPD STATEESTABLISHMENY to cl aim
48, characterized in that said second channel providing neans conprises -
means for neasuring the traffic |oad on any allocated packet 30 data
channel , andMgHIS SHEET HAS BEEN REEgéCED

MSCNVLR
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- means for dynamically allocating a variable nunber ofRERIACKMENTeSKER

reserved packet transfer, based on traffic | oad neasur gngrts—amd
avai lability of said physical channels. 50. Apparatus hc,or_cg E@%ﬁ, g '
49, characterized in that 5 said second channel providfjng nea P h
conprises - neans for dynam cally allocating a variab
packet data channels for initiating packet transfer, bhsed on traffic
measurenents and availability of said physical channelo,
directing any nobile station (MsS) tod3&/3#érticular one of said packet dat a
channels for initiati packet transfer, if nore than jore—steh—ehannel is
al l ocated, based on &%gile station identity and broaddasted contro

i nformation. 51. A@rat us according to any of cl ai rs244- SOECha'aC- 15
terized in that said cond packet transferring neans, % i nigiat]ng
packet transfers to dbbile stations (MS), com prises adapt ed
to include a pagi ng nessage type, conbining pagi ng red
reservation(s) of individual access slots for the nob
respond. 20 52. Apparatus according to any of clains
terized in that ;said second packet transferring neans

1%

or
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third means for performng cell selection, to coordin g ”f( g,jet-
transfers-to nobile stations (M5) with perform ng cel |}fd wHER]
nobil e stations (MS), 25 conprise neans for scheduli nessages,

clor digMARC998

initiating packet transfers to nobile stations (M),
mul ti-TDVA frame scheme, synchronized with the corresponding nultifrarne

schenes used for regular cellular control channel signal 0
o perform 30 cell selection and

predefined times for nobile stations (N§)1§

to receive regular cellular _broadcast medd ges. 68 53. Mobile station
for packet data communicatipn over,@ligital TDVA cellul ar shared packet data
channel s enabl ed by apparat s accdﬁﬁing to any of clains 44 - 52,
characterized by - second channe Sdentifying neans for identifying, on a
per 5 cell basis, the packel dat hannel to be usedQor initiating pacHet
- second nmeans for sen ¢ and receiving p ets over said paaket

transfer,
data channels, and - fourth mear:ag or performng cel el ection. —]
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10 54.

‘Mobi | e station according to cléin153, char a

second channel identifying neans is adapted to read f
broadcast control channel, infor- mation supplied for

data channel to be used for initiating packet transfe

data 15 channel is provided in the cell in question.
according to claim53 or 54,

perform ng cell selection is adapted

characterized in that sdi

t% rformcell
regul ar cellular idle node procedureéﬁlég

| SCRMERE SHEERT i o

efining the packet

|+ &R 19980 atk et
5. Mobile stati n

f or
sel ecti on based o£

claimb5b5, characterized in that said

56. Mbbile station according to

depyrth means for performng ¢
sel ection co[prises nmeans for retainggg
ef

the currenfTy selected cell s long
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58:-Mobit-e-stati on accor di ng to any of clains 53-57, cH -
that said second neans for sending and receiving packetm ] WSHEEQ‘

reservation of an in- 5 dividual access slot for the b
respond. 59. Mobi | e station according to any of clai 55- 58,

for responding to a pagi ng nessage type, conbining pagi n? request with

i[ | e-étMRms( MB)[to

characterized in that said second neans for sending anfl recei ving
and said fourth nmeans for performng cel bpyggection, tb-—coordinate

packet

listening to the packet data channel 10 —ormwhi ch packet transfers
nobile statign (MS) are initiated with perforugnggety sel ection,

to the

cogpf i se

means for scheéduling Trstening for nmeskdad < packe ansCE) fers
to the nobild stat i¥n (M5), according fo s ane scheng, A&
synchroni zed i t b correspondi ng muj ti ff enes used fp égul ar
cel lul ar contyol {cRanfpel signalling, 1173 ed {irey fo a
nobi | e statign (Msﬁt performcell seject -@2 ece| & rlegu a;g
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