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APPARATUSES AND MOBILE STATIONS FOR PROVIDING PACICBT DATA 
COMMUNICATIOB XN DIGITAL TDMA CELLULAR SYSTEMS 

c 
FIELD OF THE INVENTION 

This invention relates to digital TOMA (Time 

5 Division Multiple Access) cellular radio mobile telecom­

munications systems. More specifically, the present invention 

is directed towards apparatuses and mobile stations for 

providing packet data communications services in current TOMA 

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 pQrtable 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 11Pe~sonal 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. 

30 

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 

similar f~ncial 1f'~!ac~f~ ~P~'-c".l~i~"stJ 
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Possible new applications as a result of the convergence of 
the two enablinq technologies of new personal com­
puting/communicating devices and efficient and widely 
available mobile data communications. 

To support this variety of applications in a cost 
effective manner, a mobile data network should: 
- Provide packet mode data services based on shared packet 

data radio channels optimized for packet data (exploitinq 
the bursty nature of most data communications applications) 

10 to achieve spectrum efficiency and cost effectiveness. 
- Provide industry standard network services, includinq 

standard connectionless network (dataqram) seryi:ces and, 
dependinq on market requirements, standard connection­
oriented network (virtual call) services e.q. to provide 

15 transparent X.25 connectivity. 
- Provide performance (packet transfer delays) comparable to 

what is provided by current fixed networks, to allow 
existinq standard applications to be used without modifi-
cation. 

20 Provide broadcast and multicast services to support specia­
lized mobile applications. 

Providinq the packet data services on a cellular 
system platform offers potential advantaqes in terms of wide­
spread availability, possibility of combined voice/data 

25 services, and comparatively low additional investments by 
capitalizinq on the cellular infrastructure. Of particular 
interest are current TOMA cellular systems, throuqh their 
spectrum efficiency and world wide penetration. Examples of 
potential TOMA platforms include: 

30 GSM (Global System for Mobile communication) 
- Systems with a GSM type of architecture but operatinq in 

other frequency bands, such as the 1800 and 1900 MHz bands, 
includinq PCN (Personal Communications Network) in Europe 
and PCS (Personal Communications Services) in the U.S.A. 

35 - The North·~·American D-AMPS .(Oiq.ital Advanced Mobile Phone 
• 

Service) ·system. 
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- The Japanese PDC (Personal Digital Cellular) system. 
However, the data services provided by or proposed 

for cellular systems in general are with few exceptions based 
on circuit mode of operation, usinq a dedicated radio channel 

5 for each active mobile user. The exceptions include the packet 
data concepts described in the following documents: 
a)US-A-4,887,265 and Proc. 38th IEEE Vehicular Technology 

Conference, June 88, Philadelphia (U.S.), pages 414-418: 

10 

"Packet Switchinq in Diqital Cellular Systems". 
These documents describe a cellular system providing 

shared packet data radio channels, each one capable of 
accomodating multiple data calls. A mobile station ~eguesting 
packet data service is assiqned to a particular packet data 
channel using essentially reqular cellular signalling. The 

15 system may include Packet Access Points (PAPs) for interfacinq 
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 system 
~or voice calls. A·new type of handover is added for handling 
situations when the capacity of a packet channel is insuf­
ficient. 

25 

b)US-A-4 1 916,691. 

This document describes (for one of the embodiments) 
a new packet mode cellular radio system architecture, and a 
new procedure for routinq (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 
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control packets for the sole purpose of conveying cell 
location information. The cellular control unit is prima­
rily involved at call establishment, when it assigns to the 
call a call control number. It then notifies the mobile 

5 station of the call control number and the trunk interface 
unit of the call control number and the identifier of the 
initial 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 qroup of U.S. cellular 
operators. Items covered include external interfaces, air 
interfaces, services, network architecture, network 
manaqement, and administration. The CDPD system specified 

2 o is to a larqe 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 station sites (the base station 
itself, . used by CDPD, is new and CDPD specific), and 

25 employment of a siqnalling interface for coordinating 
channel assiqnments 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 transferrinq the packet from the 
servinq MD-IS via the current base station, based on the 

-mobile station reporting its cell location to its serving 
35 MD-rs. 
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d)ETSI (European Telecommunications Standards Institute) T 

Doc SMG 4 58/93, Feb. 12, 1993: "Packet Radio in GSM"; and 

"GSM in a future competitive environment", seminar, Hel­

sinki, Oct. 13, 1993: "A General Packet Radio Service 

5 Proposed for GSM". 

These documents outline a possible packet access 

protocol for voice and 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 siqnalling 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 TOMA 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 

usinq 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 simi1ar way as for regular voice calls. Applying these 

principles for providing general purpose packet data services 

in a TOMA 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 cal1 for signalling related to 
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monitorinq and controllinq siqnal quality (for a sinqle mobile 

station) in preparation for a possible handover. 

The systems described in documents b) and c) are not 
directly related to the specific problems of providinq packet 

s data services in TOMA cellular systems. 

10 

To summarize, there is a need for a system concept 
for providinq qeneral purpose packet data services in TDMA 

cellular systems, based on providinq shared packet data 
channels optimized for packet data. 

DISCLOSURE OF THE INVENTION 

The overall object of the present invention is to 

provide .system concepts for providing qeneral purpose packet 

data communication services in current diqital TDMA cellular 
systems, based on providinq 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 inteqrated way, utilizing 

the current 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 inteqrated 
system concept. 

30 Another object of the invention is to provide a 

"separated" system concept that provides the new packet data 
~ervices with minimum impact on the current TDMA cellular 
infrastructure, by primarily utilizinq the base station 

portion of the cellular system and for the remaining network 
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parts relying on a separate mobile packet data infrastructure. 
As the base station portion (including sites) constitutes a 
major part of a cellular system investment, the advantage of 
capitalizing on the cellular infrastructure applies also for 

5 this system concept. The remaining separate infrastructure 
may be based on available mobile packet data network tech­
noloqy. 

It is yet another object of the invention to provide 
a mobile station for packet data communication over TOMA 

10 cellular shared packet data.channels enabled by the separated 
system concept. 

15 

These objectives are attained by appar~~uses and 
mobile stations as defined in the characterizing clauses of 
claims 1, 30, 44 and 53 and associated subclaims. 

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 reqular 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 

d~ta channel (MPDCH) downlink multiframe, together with the 
multi frame cycle in FIG. 7 provided for coordinating listening 

THIS SHEET H.!\S BEEN 
Rf PLACED 
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to MPDCH with listeninq to reqular GSM broadcast channels 

(applicable both to Embodiment I and "Embodiment II" below). 

FIG. 7 shows an example o_f a multiframe cycle formed 

by 8 MPDCH downlink multiframes (illustrated in FIG. 6), and 

5 an example of scheduling adequate times for listeninq to 

reqular GSMbroadcast channels. 

10 

FIG. 8 shows a sequence diaqram illustratinq 

allocation of a packet data channel (PDCH) on demand, initia­

ted from an MS (applicable to Embodiment I). 

FIG. 9 shows a flow chart, illustratinq the process 

of dynamically allocating PDCHs based onthrouqhput measure­

ments (applicable both to Embodiment I and II). 

FIG. 10 shows a sequence diaqram illustratinq an 

example of a mobile oriqinated packet transfer in Embodiment 

15 I. 

FIG. 11 shows a sequence diaqram illustratinq an 

example of a mobile terminated packet transfer (usinq "i­

mmediate channel reservation") in Embodiment I. 

FIG. 12 shows a sequence diaqram illustratinq an 

20 exampie of a mobile terminated packet transfer (usinq paqinq) 

in Embodiment I. · 

FIG. 13 shows examples of a mobile oriqinated and a 

mobile terminated packet transfer on an MPDCH, thereby 

illustratinq the principles of using Uplink State Flaqs (USFs) 

25 and a type of paqinq 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 

interworkinq function (IWF) to an MS's currently servinq 

Mobile services Switching Centre (MSC) in Embodiment I, when 

30 the addressinq 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 routinq from an IWF 

to an MS's currently serving MSC in Embodiment I, when the 

35 addressinq scheme chosen is such that an MS's IP address 

identifies the MS as belonging to a particular MSC. 

!,'HIS SHEET HA.S BEEN 
REPLACED 
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FIG. 16 illustrates an embodiment of the "separated" 
system concept applied to a GSM system ("Embodiment II"), by 
showing a block diagram of a GSM system with a Base Station 
System (BSS) enhanced with PD functions, the major PD function 

5 blocks shown with bold contour lines. 

DESCRIPTION OF PREFERRED EMBODIMENTS 

Two different embodiments of the invention are 

described, both applied to a digital TOMA cellular system with 

a GSM type of architecture. Although this type of system may 
10 operate in another frequency band (such as the lSPQ 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 
15 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 o~the GSM system, for the remaining network 

20 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 
25 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 

30 b9ld contour lines. A plurality of Base Transceiver Stations 

(BTSs), each providing radio communication service to 

multiple Mobile Stations (MSs) in one cell, together provide 
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complete coverage of the GSM Public Land Mobile Network (PLMN) 
service area. Only one BTS and one MS are shown schematically 
in the figure. It comprises a Mobile Termination (MT) and a 
Terminal Equipment (TE) part. A group of BTSs is controlled by 

5 a Base Station Controller (BSC), and these together form a 
Base Station System (BSS). One or more BSSs are served by a 
Mobile services switchinq 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), ISON (Integrated Services Digital Network), or 
other PLMN networks. An MSC equipped for routing incoming 
calls is referred to as a Gateway MSC (GMSC) • One ?3: more MSC 
service areas together constitute the PLMN service area. 
Furthermore, the MSC/VLR(s) are via a CCIT'l' (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 HLR 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 b~ included for providing overall network support. 
The packet data functionality added in BTS in~ludes 

capability to provide one or more shared packet data channels 
(here referred to as "PDCHs"), depending on demand. J:n 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 deqree of PDCH support in a cell (continuous, on user demand, 
or no support at all) may be configurable. Information 
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def ininq the support level and any POCH, allocated for 
initiatinq packet transfer, is broadcasted on a reqular GSM 
Broadcast Control Channel (BCCH). A PDCH is a new type of 
1oqical channel on a physical TDMA channel (time slot) , 

5 optimized for shared packet transfer to and from multiple 
packet data capable MSs (supportinq packet data only, or 
packet data combined with ordinary voice/circuit data 
services in different modes of operation) • PDCHs are used for 
data transfer and associated control siqnallinq. 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 POCH uplink may carry data 
from one 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 POCH allocated, the PD transfer controller has a, 
normally unique, physical connection for packet transfer to 
and from MSC, utilizinq ordinary internode trunks. 

in MSC/VLR, a "PD router" is provided for routinq 
20 packets to and from the MSC service area. FUrthermore, a "PD 

controller" is provided for handlinq siqnallinq exchanqe with 
the "circuit mode MSC", and for handlinq control, monitoring 
and parameter storage functions related to packet data MSs. 
The PD controller comprises processor, memory, siqnallinq 

25 interface functions, and software. (Note: Although the PD 
router and PD controller are described as being provided !n 
MSC/VLR, it should be understood that they, wholly or partly, 
physically could be realized in the form of external equipment 
attached to MSC.) 

30 MSCs (PD routers) are interconnected via a backbone 
network to which also one or more interworkinq 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 interconnectinq Fixed Stations (FSs) with the MSs. 
An iWF may perform protocol conversion and address transla-
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tion, as required. It may also route packet data traffic 
between cooperatinq PLMNs. Packet data traffic between MSs in 
different MSC service areas in the same PLMN is normally 
routed directly between the respective MSCs, across the 

5 backbone network. For routinq purposes, HLR may, via a "HLR 
interrogation server", be interrogated from entities on the 
backbone network. The HLR interrogation server provides 
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 proyided 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/J:P protocol suite) or the ISO 
(International Standards Orqanisation) Internetwork protocol 
(ISO 8473). (Possibly both these protocols may be supported.) 
Value-added services, includinq multicast,· broadcast and 

20 electronic mail services, may be provided by Network Ap­
plication Server(s) (NAS (s)), attached to the backbone 
network and accessed by usinq higher layer protocols on top of 
IP. Thus, from a packet data communic:~tion point of view, the 
PLMN 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 
iJ) the fiqure) 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 
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dividing each frame in equal size blocks and retransmitting 

blocks in error. In contrast to ordinary GSM, encryption/ 

decryption_ is performed between MT and MSC. An MS is iden­

tified, on layer 3 with an IP address, and on layer 2 with 

s standard GSM identities, International Mobile Subscriber 

Identity (IMSI) or, normally, Temporary Mobile Subscriber 
Identity (TMSI) • 

Standardconnection-orientednetwork(X.25)services 

may also be provided by employing a connection- oriented 
10 transport protocol across the PI.MN, on top of the IP protocol. 

An example of transparent X.25 communication between an MS and 
an PS, attached to an external X.25 network, is show.n in PIG. 
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, usinq the intra-PLMN transport 

protocol (denoted L4) • IWP and MT 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 IWP, 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 IWP. MT then 
addresses all packets associated with this connection to this 
IWP. 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 fiqure, TE 
and PS 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 i~itial 
35 GSM idle mode to a new "PD mode". This procedure may be 

initiated either by the MS making a request for packet data 
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service or by the MSC, currently servinq the MS, receivinq a 
packet addressed to the MS. The procedure is based on standard 

GSM siqnallinq and utilizes standard GSM authentication. The 
PD mode establishment procedure also includes initiatinq 

5 parameters for packet encryption/ decryption in the MS and its 

current MSC/VLR. After completed procedure, the MS is registe­

red in its current MSC/VLR as beinq in PD mode. The system 
then provides access to PDCHs in any cell. It also provides 

other system mechanisms for fast packet transfer, includinq: 

10 - Maintaining the authentication granted at PD mode estab­
lishment, thus avoidinq a time-consuming authentication 
procedure for normal packet transfers. 

- For mobile terminated traffic, mechanisms for establishinq 

and maintaining routes from entities on the backbone network 

15 to the MS's current MSC, limitinq the need for HLR inter­
rogation to the initial route establishment. 

In PD mode, an MS performs cell selection and 
location updatinq based on GSM idle mode procedures. (Hand­

over, in the GSM sense, is not used.) When roaminq between 
20 cells, the MS, from information broadcasted on BCCH, iden­

tifies the POCH tha-t may be used for intiating packet transfer 

in a cell. Initiation of packet transfer to an MS from its 
currently servinq MSC is quided by monitorinq the MS's cell 

location based on any previous packet transfer. Dependinq on 

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

When an MS moves to a location area belonqing to a 
30 new MSC/VLR, the PD mode registration and any associated 

information stored at the MS's currently serving MSC/VLR is 

transferred from the old to the new MSC/VLR. Peer entities of 

any routes established to the MS• s current MSC are also 

u~ated with routinq information to the new MSC. 
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I.B Packet Data Mode (PD Mode) and Mobility 
Manaqement 

PD Mode in relation to reqular GSM idle mode and 
call-connected mode is illustrated in FIG. 4. In this and 

s other f iqures, 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 reqularly initiates 
periodic registration. 

An MS in idle mode may change to PD mode (transition 
(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 POCH is allocated or is al-

20 locatable on user demand. The siqnalling sequence (1)-(13) in 
the f iqure is based on standard GSM siqnallinq and authen­
tication procedures used for setting up regular GSM voice/cir­
cuit data calls. A new type of service request ( siqnal ( 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/VLR 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 
t~e MS chanqe to PD mode. If a POCH is not already allocated 
in the cell in question, the POCH allocation controller in BSC 

35 (FIG. 1) attempts to allocate a POCH on demand (blocks (18)-
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(20)). If a channel is available, BSC sends a command to BTS 
to activate a POCH and to broadcast channel defining infor­
mation on BCCH (block (21)). An optional channel defining 
signal (not shown in the figure) may also be sent directly to 

s the MS, in order to provide a faster notification that a PDCH 
is allocated. At decision block (22), the MS determines if a 
PDCH is allocated. If this is the case, the MS may initiate a 
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 POCH on demand allocation procedure 
(described in section I.C below). MSC/VLR is then, via the 
siqnal denoted (23), informed that the PD mode ef!t~blishing 
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 primariiy 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 di vision between VLR 
and this PD controller data base is as follows (alternative 

30 realizations are not precluded) : 
VLR (as well as HLR) is enhahced with packet data subscrip­
tion parameters such as IP address, multicast addre·ss, 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-
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ditional subscription parameters). VLR is also extended 
with information on whether an MS is in PD mode. 

- The PD controller data base provides: 
a) Storaqe of operational parameters related to any MS in 

5 PD mode, includinq encryption parameters, timers, cell 
location, list of peer entities of any routes es­
tablished, and the MS's current submodes (e.g. mobile/­
stationary mode, normal/sleep paqinq mode: see below) • 

b) In order to facilitate fast packet routinq and limit 
10 the interrogation load of VLR, storaqe also of a 

d~plicate from VLR of all relevant information stored 
for any MS in PD mode (including subscripti_op parame­
ters and location area identity). 

c) To facilitate exchanqe of signallinq 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. 

20 

d) As a support function to the PD router (FIG. 1), a table 
with routinq information to any MS to which a route is 
established from the MSC. With the IP address of the MS 
as input, the table provides routinq information to the 
MS's currently servinq MSC. 

Location updatinq 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 belonqing to a new MSC/VLR, the new 
VLR automatically receives the related subscription parame­
ters (from HLR) , as part of reqular idle mode location 
updatinq. The location updating procedure is enhanced such 
that the new MSC/VLR is informed that the MS is in PD mode, and 

30 is provided information on the backbone network address of the 
previous MSC/VLR. 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 
p;revious MSC/VLR, and the data bases of the two PD controllers 

35 are updated. The PD controller in the new MSC/VLR also 
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provides updated routing information to peer entities of any 

routes established to the MS' s current MSC. 

A PD mode establishment procedure may also be 

initiated when a PD router in an MSC, currently serving an MS 
5 in idle mode, receives a packet addressed to the MS. The PD 

router then signals to the PD controller identifying the 
destination IP address. The PD controller finds that the MS is 
not in PD mode and, after translatinq 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 reqular GSM paginq, but with a special "PD i11d;i.cator". 
The procedure is then very similar to the one described above 

for the mobile oriqinated case. 

15 Returninq to FIG. 4, the normal situation for an MS 

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 desiqnated "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, usinq "PDCH procedures": 

a) Performs cell selection based on idle mode procedures: 

Measures siqnal strenqth on current and 

surrounding cells (when not doinq anythinq else, e.q. 
25 between PDCH slots of consecutive TDMA frames), and keeps 

an updated list of the 6 stronqest BCCH carriers. 
- In connection with measurements, in order to identify 

BCCH carriers and read Base Station Identity Code (and 
TOMA 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 reqular GSM 

broadcast control channels are utilized for performinq cell 
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selection. In the MS, the cell selection criteria may be 

somewhat modified compared to idle mode, if a user (e.q. 
with a keyboard command) ·selects to operate the MS in 

"stationary mode". In stationary mode, the MS retains the 
5 current cell as long as the signal quality is above a 

certain threshold value. The purpose is to reduce the 

probability of "unnecessarily" changing cell due to fluc­
tuations in the radio environment, e.g. caused by reflec­

tions from movinq objects. If the signal quality falls below 

10 the threshold value, the MS automatically returns to normal 

"mobile mode" of operation. The MS informs the PD controller 
in its currently servinq MSC/VLR of its mode of 9peration, 
by sendinq 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 "illDllediate 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. 

30 

On MPDCH, an MS listens for: 
- Paging, · in "normal" paging mode (during a period of 

relatively high packet transfer activity) or "PD sleep" 
paging mode. 

The MS, explicitly or implicitly, informs the PD 
controller in its current MSC/VLR 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. 
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- POCH broadcast messaqes (i.e. unacknowledqed·messaqes to 
all MSs in a cell), in normal or PD sleep mode. 

- Multicast messaqes (i.e. unacknowledqed messaqes ad­
dressed to a qroup of MSs) , in normal or PD sleep mode. 

5 c)Optionally, listens to GSM cell broadcast short messaqes 
(SMs). 

Coordination of the above procedures may be ac­
complished by employinq for the MPDCH downlink a multiframe 
scheme similar to and synchronized with the 51-frame mul-

10 tiframe schemes used for reqular GSM downlink control chan­
nels. compared to idle mode, when an MS may listen to broad­
cast channels at any time except durinq its assi~ec:t (sleep 
mode) paqinq block, more extensive coordination is required 
for an MS in PD mode, and specifically when the MS is in normal 

15 paqinq mode. In the latter case, the time an MS is available 
for downlink messaqes needs to be maximized, while allowinq 
sufficient time for the broadcast listeninq tasks. A mul­
tiframe coordination scheme with this purpose is exemplified 
in FIG. 6 and FI'G. 7. FIG. 6 shows an example of a 51-frame 

20 MPDCH multiframe, synchronized with the correspondinq 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 correspondinq BCH/CCCH and SDCCH 

25 multiframe cycles). FIG. 7 also illustrates an example of 
schedulinq adequate times for the tasks of listeninq to and 
readinq information from ordinary GSM broadcast channels. 

The MPDCH multiframe (FIG. 6) comprises: 
Paqinq blocks (similar to GSM), marked PO-P7, each 4 TDMA 

30 frames lonq. 
In PD sleep mode, an MS listens to one of the paqinq 

blocks (dependinq on its IMSI) in a subset of the mul­
tiframes in the cycle, as determined by a system parameter 
(qivinq a sleep mode period ranqinq between approximately 

35 0.25 and 2 seconds). Multiframes 5 and 7 every Nth cycle are 
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excluded, as these (as illustrated in FIG. 7) are scheduled 

for listening to adjacent BCCH. 

In normal mode, an MS may be paged in all paging 

blocks, and at any time not scheduled for other purposes 

5 (see below) • The same is true for "immediate data" /. 

"immediate channel reservation". 

- A block marked PDB, used for POCH broadcast (with 

the exceptions indicated in FIG. 7). 

POCH broadcast may, with a sleep mode parameter, be 

10 limited to a defined subset of the multiframes. The sleep 

mode parameter may be different frem that used for paging. 

POCH broadcast is used for providing syste.m infor­
mation, including POCH specific parameters, and a flag 

indication when relevant information on current BCCH has 

15 changed. MSs should then read BCCH and "extended BCCH11 (if 

any), starting with the next multiframe and until the 

relevant information contents of all 8 multi frames have been 

read (see FIG. 7). POCH broadcast may also be used for 

different kinds of user information services. 

20 - Frames marked FO-F14 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 mtiltiframes 

0-:-3 (as shown in FIG. 7). A possible way to schedule listening 

35 to these broadcast channels is shown in the diaqram of FIG. 7. 
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The more precise block/frame allocation in the respective 
multiframe is defined in the column at the right hand side. 

As indicated in FIG. 7,. for listening to FCCH and SCH 
of adjacent cells, opportunities are provided twice per cycle 

5 (i.e. approximately once per second). As the multiframes of 

adjacent cells may be unsynchronized with those of the current 
cell, 12 consecutive frames need to be assigned. 

An MS that needs 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 ever'Y N:th cycle, where N is a system 

15 parameter. 

In some situations, an MS in PD mode temporarily has 
to be "off PDCB" 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 "POCH procedures" (transition (4)). 

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

identif !cation. The requested procedure is then performed 

in an essentially reqular GSM manner. After granted and 

completed procedure, the MS returns to "POCH procedures" 
35 (transition ( 4) ) • If the authentication or equipment 
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identification is rejected, the procedure ends with the 
MS receiving a "PD mode termination command", returning 
the MS to idle mode (transition (5)). 

d) When the MS moves to a cell where no PDCH is allocated but 
s where a POCH may be allocated on user demand. In such a cell, 

the MS may be paged via ordinary GSM paginq channel. 
Depending on system confiquration (operator's 

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_!~ made on 
either MPDCH m.: 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 12.Qth 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 "POCH procedures" (transistion (4)) 
when a PDCH is- allocated, or when the MS moves to a cell 
with POCH allocated. 

e) When the MS moves to a cell not supportinq PDCH. This case 
is similar to d) above with the difference that no POCH 

25 may be allocated. Moreover, packet data paging (using 
ordinary GSM paqinq channel) may or may not be made in 
this type of cell, depending on system confiquration. 
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 reqular GSM (voice/circuit data/point-to­
point short message) call with the PD mode maintained as 
"pending" durinq the call and returned to "active" when the 
c~ll is completed. To make a call, the MS, if it was usinq 

35 "PDCH procedures", first changes to "GSM procedures" (tra­
nsition (3) in FIG. 4). When using "GSM procedures", the MS 
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initiates a call in a regular GSM manner and, when the call is 
set up, changes to call-connected mode (transition (6)). Via 

the circuit mode MSC (FIG. 1), the PD mode is marked as 
"pendinq" in VLR and in the data base portion of the PD 

5 controller (FIG. 1). When the call is completed, the MS 

returns to "active" PD mode (transition (7) in FIG. 4) and is 

marked accordinqly in VLR and the PD controller. 
If an ordinary GSM call to an MS in PD mode is 

received by a circuit mode MSC, the circuit mode MSC, after 

10 f indinq from VLR that the MS is in PD mode, requests the PD 

controller to initiate paqinq of the MS. If the PD controller 

has information on the procedures used by the MS, paqinq is 
initiated accordinqly using either MPDCH, for which 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 "pendinq" 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, 

t??-e message delivery in these and similar situations may be 

35 deferred until the MS becomes available • 

..... 
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As indicated above, PD mode for an MS may be moni to­

red by a timer and/or inactivity timer, handled by the PD 
controller in the MSC/VLR currently servinq the MS. When PD 

mode is established, each timer provided is initiated to count 

5 a predetermined period of time (timeout period). The inac­

tivity timer is reset and reini tiated for any packet received 

from or sent to the MS. The time out periods may be subscrip­
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 reqistration is not rep~ived as 

required from an MS in PD mode, the PD mode is terminated, by 

first chanqinq the MS mode to idle (transition (2)), and then 

15 markinq the MS as "detached" in VLR accordinq to ordinary idle 

mode procedures. An MS wishinq to initiate an explicit 
"detach", first initiates a chanqe to idle mode (transition 

(2)) and then sends an 11 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 manaqement 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 chanqe the conf iquration of any physical 

30 channel (time slot) from regular GSM traffic channel TCH 
to POCH, and back to TCH, on POCH allocation/POCH release 
command respectively from the PD transfer controller. 
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- When frequency hoppinq is employed, adapt POCH(s) to 
comply with the hoppinq sequence used. 

- The PD transfer controller in BTS which is processor-based 
and comprises both software and hardware. It: 

5 - Controls allocation/release of PDCHs on command from the 
POCH allocation controller in BSC. 

- Controls packet transfers and handles the radio link 
protocol for PDCB(s) allocated, in accordance with the 
multiframe coordination scheme (described in section 

10 I.B). 
- As part of a dynamic channel allocation process, monitors 

traffic load on PocH(s) and qenerates POCH a~~ocation/ 
POCH release requests to the PDCH allocation controller 
in BSC, as required. 

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

20 physical channels (time slots), a variable mix of TCHs and 
PDCHs may be a'llocated determined by demand. In this 
process, the PDCH allocation controller: 
- Collects requests for POCH allocation/POCH release and 

conveys the requests to the circuit mode BSC. 
25 - .Receives commands for POCH allocation/POCH 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 deqree of POCH support provided and the MPDCH al-

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

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

35 The first POCH in a cell (the "master POCH" MPDCH) , 
that is capable of carryinq the necessary control signallinq 
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for initiating packet transfer as well as packet data and that 
is defined by cell specific information on BCCH, may be 
allocated either by system configuration or on user demand. 
"POCH on demand" support may be of particular interest in a 

5 low capacity (e.g. single carrier) cell, only occasionally 
visited by a packet data user. 

In a "POCH 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 POCH allocation is initiated 
by a command from the circuit mode BSC to the POCH al­
location controller. 

15 b)When an MS in PD mode (located in the cell) has data to 
send, it makes a "POCH allocation request" using 11GSM 
procedures" as illustrated in FIG. 8. The signalling 
sequence (1)-(4) is based on standard GSM signallinq.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 POCH allocation controller. An MPDCH 
is then allocated (block (6)) and channel defininq infor­
mation is broadcasted on BCCH (block (7)). An optional 

25 channel defininq siqnal (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 POCH 
is allocated. If this is the case, it may proceed with 
initiatinq a packet transfer on the defined MPDCH. If no 

30 POCH is allocated, the MS may proceed with a predefined 
procedure, such as periodically repeatinq the POCH 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 servinq MSC/VLR, an 

35 MPDCH is allocated (if a channel is available) if the 
followinq paqinq, using GSM paging channel, results in a 
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positive paging response. With the addition of an initial 

paqinq, the procedure is very similar to the one described 

above for the mobile originated case. 
d)In a situation when an MS, in PD mode and located in an 

5 adjacent cell where POCH is allocated, has a data com­
munication session in progress or has data ready to send 

immediately prior to moving into the "POCH on demand cell", 

it may initiate a "POCH 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 POCH allocation controller in 

BSC, and from there to the circuit mode BSC. If tl,?.e: request 
is granted, the MS may not need to change to 11GSM proce­

dures". 
15 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 paqinq) 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 MPDCHs such that a group of (m) MPDCHs may be used 

30 together with a qroup 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. 
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The upper dotted part of the flowchart illustrates allocation 

of a first MPDCH either on demand or as a result of system 

confiquration. At block (1), the counts of allocated MPDCHs 

(m) and SPDCHs (s) are initiated. 

At block (2), the averaqe throuqhput across MPDCHs 

is measured (in BTS) over predetermined period(s) of time. At 

block (3), it is determined if an upper limit (measured over 

an associated "upper limit period of time") or a lower limit 

(measured over an associated "lower limit period of time") is 

10 reached. 

- If no, the monitorinq process proceeds. 

- If the upper limit is reached and if, as in thi~ ~xample, 

no SPDCH is allocated (s=O), BTS sends an SPDCH allocation 

request to .BSC (block ( 17) ) • BSC determines if a channel is 

15 available (block (18)). 

- If yes: Initiated from BSC, an SPDCH is allocated in BTS 

(blocks (19) and (20)). The packet data protocol schedu­

linq in BTS is readjusted to the new PDCH conf iquration 

(block (14)). The process then proceeds with throuqhput 

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 reportinq/resolvinq the problem is 
initiated (block (25)). Otherwise, the traffic load is 

temporarily limited by (in BTS) readjustinq flow control 

parameters (block (24)). The cycle is then repeated, 

startinq at block (2). 

30 - If the lower limit is reached (at block (3)), BTS sends an 

MPDCH release request to BSC. After notifyinq 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 newMPDCH allocation. 
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If, in another case, it is determined at (block (13)) that 
at least one MPOCH is still allocated, the process, after 
readjustment of the packet data protocol schedulinq at block 
(14), proceeds at point (C). 

Althouqh a particular example has been described, it 
should be understood from the flow chart that the process of 
dynamically allocatinq/releasinq POCH(s) applies for any 
qiven confiquration of MPOCH(s) and SPOCH(s). 

I.D Packet Transfer Within an MSC· Service Area 

Packet transfer between the PD router ~n.MSC/VLR 
(FIG. 1) and MSs in the MSC service area is to a larqe extent 
determined by the radio link (layer 2) service provided by 
PDCHs. Variable lenqth packets up to some maximum size (such 
as approximately 600 octets, dependinq 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, correspondinq to 4 TDMA bursts). For 
each block, BTS or MT respectively performs channel codinq, 
burst formatting, and interleavinq (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 timinq disaliqnment 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 flaqs" (USFs) on the MPDCH ,. 
downlink •. The access burst includes a random number providinq 
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an initial identification of the MS, and may also include 
class of service type of information. 

BTS normally responds with a channel reservation 
command (signal (2)) on the MPDCH downlink, reserving channel 

5 capacity for uplink data transfer and downlink ack­
nowledgement (ACK). (In case of no response from BTS, the MS 
makes a retry after a random backoff time. ) The channel 
reservation command includes the same random number as 
received in the access 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 re~$ons, 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 
cel.l 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 
routinq 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/VLR where the MS is reqistered and it is 
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found from the data base in the PD controller (FIG. 1) that 
the MS is in PD mode, the packet is first fragmented, as 

required, to match the maximum packet size across POCHs. The 

way the packet transfer to the MS is initiated then depends on 

5 the MS operational parameters available in the PO controller 
data base: 

- Cell location and recentness of the information 
- Mobile or stationary mode of operation 

- Normal or PD sleep paqinq mode 

10 - "PDCH" or "GSM procedures" used (dependinq on system confi­
quration, as described in section I.B) 

Based on this information, the PO control_l~r 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). Otherwise, the data transfer is initiated with 

"immediate channel reservation", or data may be sent 

30 directly as "immediate data" on MPOCH. 

An "immediate channel reservation" transfer sequence 
is exemplified in FIG.11. The channel reservation (signal 
( 5) ) on the MPOCH downlink informs the MS of the channel on 

~hich the data frame (signal (6)) is to be received. If the 
35 data transfer takes place on an MPOCH, channel reservation 

may not be needed. The data frame includes reservation of an 
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access slot on the MPDCH uplink for the MS to respond. In 

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

acknowledging the data frame. If, as in the example, the 

acknowledgement is positive, the sequence is completed. In 

5 case of a negative acknowledgement, BTS sends a channel 

reservation for a more specified negative acknowledgement 

from the MS (defining blocks to be retransmitted), 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 

~eservation of an access slot on the MPDCH uplink for the MS 
35 to send a response burst (signal (8)). The paging response 

(siqnal (9) and (12)) transferred back to MSC includes 
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information on the MS's cell location, which information 
(with the associated time when the paqinq response was 

received) is stored in the PD ~ontroller data base. The 
paqing response also results in a channel reservation 

5 (siqnal 10)) on the MPDCH downlink for the data transfer. 
The channel reservation also includes TA/PC commands. When 
data is received from MSC (signal (13)), it is transferred 
on the reserved POCH downlink (siqnal (16)). Channel 
reservation for an acknowledqement from the MS (signal (17)) 

10 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-
15 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 paqinq response burst, 
is that the response can be uniquely identified in spite of 

20 the fact that it.only comprises 8 bits of information. In 

this way, the sequence can be considerably shortened 
compared to ordinary GSK paging, which is of importance 
considering packet transfer delays. However, this type of 
paging is spectrum efficient only when used over a small 

25 qroup 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 

30 MSs in PD mode. These may include the use of smaller location 
areas than in regular GSM and/or, under certain conditions, 
ce11 location reporting from MSs. 

Concerning timing alignment/power control, the need 
f~r renewal within a certain period of time imposes restric-

35 tions on maximum packet size. For.example, the TA/PC commands 
included in the channel reservation (signal (10)) in FIG. 12 
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should, with a maximum size packet in the data frame (signal 

(16)), allow adequate timing alignment and power control at 

least until the acknowledgement (signal ( 17) ) is received from 
the MS. A maximum packet size of approximately 600 octets, 

5 should provide sufficient 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 ~~d uplink 
respect! vely 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 
11 free 11 (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 

f qllowed 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. 
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A paging message may include paging of more than one 

MS and then includes reservations of individual access slots 
for the MSs to respond. The reservations may be explicit (in 
the form of pointers) or implicit, in which case the next few 

5 reserved slots are allocated to the MSs in the order they 

appear in the paqing messaqe. 

The described principle for access slot reservation 

may be used also in the u immediate channel reservation" 
example above. 

10 USFs may alternatively be included in the block 

15 

channel codinq and interleavinq, and thus be provided on a per 
block basis. After receivinq a block, an MS then_~ows the 
USFs (which may still be associated with individual access 

slots) for the 4 followinq access slots. 

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 andmaintaininq routes to theMS's currently 
servinq 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/VLR, transferrinq the list of peer entities (and other 
parameters related to the MS) from the old to the new 
MSC/VLR, and updating the peer entities with routinq 
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

r~qation when a route is beinq established, the IP address of 
the MSC currently serving the MS in question. HLR is informed 
of this IP address by means of an extension, for packet data 
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MSs, of the procedure used when an MS reqisters in an MSC/VLR. 
The information sent from MSC/VLR to HLR at registration is 
then extended to include the MSC' s IP address. 

Furthermore, each route may be monitored by an 

5 inactivity timer, handled by the PD controller in the MSC/VLR 

currently servinq the MS. When the route is established, the 

inactivity timer is initiated to count a predetermined period 

of time (timeout period). The inactivity timer is reset and 
reini tiated for any packet received from the route, addressed 

10 to the MS. The timer is reset and reinitiated also for any 
packet .fl:2m the MS to the route, when the route is a bi­

directional route between the MS's current MSC an.d.another 

MS' s current MSC, linked to the two MSs 1 respect! ve 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 routinq packets in the mobile 
terminated direction to an MS' s currently servinq MSC depends 

on the IP addressinq scheme chosen for the packet data PLMN. 
20 If the addressing scheme is such that the network identifyinq 

portion of an MS's-IP address identifies the MS as belonging 
to a particular PLMN, or subdomain of a PLMN includinq a qroup 

of MSCs, the routinq method illustrated by the example in FIG. 

14 may be used. Referrinq to the sequential steps indicated in 
25 the figure: 

1) IWF 1 receives a packet addressed to MS 1. 
2) As required, IWF l 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 locally 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 
~tores routing information for any MS for which a route is 

35 established, if a route is established to MS l's current 
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MSC. If a route is established, the sequence proceeds with 
7) • Otherwise, it proceeds with 3) • 

. 3) -4) IWF 1 interrogates HLR via the HLR interrogation server. 
5) -6) The response from HLR includes the IP address of MS l .' s 

5 current MSC (MSC 2) • 
7) The packet is encapsulated wi:th MSC 2's IP address as 

destination address and IWF 1 1 s IP address as source 
address. The encapsulated packet is routed to MSC 2. 

8) The packet is decapsulated and address information is 
10 analysed by the PD router and PD controller in MSC/VLR 2 

respectively (FIG. 1). The PD controller determines if MS 1 

is in PD mode. 
- If no: A PD mode establishment procedure is ini~iated 

(discribed in section I.B). 
15 - If yes: The PD controller determines if a route from IWF 

20 

1 (IWF 1 beinq 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 transferrinq the packet to the MS (as 
described in section I.D). 

If no: The IP address of IWF 1 is stored (linked to 
25 MS l's identity), indicatinq that a route is beinq 

established. :tf 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. 
30 10) IWF 1 acknowledqes. 

11) IWF 1 stores (linked to MS l's identity) the IP address 
of MSC 2 (MS 1 1 s current MSC) • 

When the PD router in an MSC/VLR (MSC/VLR l) receives 
a packet instead oriqinated from an MS (MS 1) within the MSC 

35 service area, the network identifyinq portion of the des­
tination IP address is first analysed. If the destination 
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address is not within the ranqe of addresses ass.iqned to MSs 
belonqinq to the PlllN, the packet is routed accordinq to 
normal IP routinq rules. If; on the oth~r hand, the des­
tination address is within this ranqe· of addresses and thus 

5 belonqs to an MS (MS 2), the "extended VLR data base" in the 
PD controller is interroqated. With the above mentioned 
addressing scheme, the routing method may then comprise the 
followinq 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 1 s PD mode 
registration (and to MS 2 's identity) • 
- If yes: If the route is monitored by an inactiv,ity timer, 

the timer is reset and reinitiated. The packet is then 
either transferred to MS 2, if MS 2 is reqistered in the 

15 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 :c:eqiste-

20 red in MSC/VLR 1. 

- If yes: The packet is either transferred to MS 2, if MS 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/VLR 1. 
- If yes: As required, a procedure for establishinq PD mode 

for MS 2 is initiated. If or when PD mode is established, 
35 a (bidirectional) route is established as a linkaqe 

between the two MSs' respect! ve PD mode reqistrations. In 
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this way, the route between the two MSs' respective 
current MSCs can be maintained if any of the MSs moves to 

another MSC/VLR. 
(Inactivity timer(s) are, when applicable, initiated 

5 as in 2) above). 

- If no: The sequence proceeds with 4). 

4)The PD controller initiates a procedure, includinq HLR 
interroqation, for establishinq 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' respect! ve current MSCs, linked to their re-spective 

PD mode reqistrations. 

In another possible addressinq 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 

~IG. 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 assiqned to 
MSC 1. Thus, the packet is routed to this "predetermined 
MSC". 

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 MSC, 

based on destination address. 
35 4) The PD controller in MSC 1 determines if a route is estab­

lished to MS l's current MSC (even if, at the moment, the 

..... ·.·, •'' 
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current MSC should be the same as the "predetermined MSC 1") • 
If a route ··is established, the sequence proceeds with 9). 

Otherwise, it proceeds with 5). 

5)-13) In this example (as MS 1 is currently reqi~tered in 

5 MSC/VLR 2) , the PD controller finds that MS 1 is not 

reqistered in MSC/VLR 1. It therefore initiates a procedure 

for establishinq a route to MS 1 's current MSC (MSC 2), in 

the same way as described for the example in FIG. 14. The 

procedure includes HLR interroqation (steps 5)-8) in the 

10 fiqure), and routinq of an encapsulated packet to MSC 2 
(step 9)). 

When, with this second addressinq sch~e, the PD 

router in an MSC/VLR (MSC/VLR 1) receives a packet instead 

oriqinated from an MS (MS 1) within the MSC service area, and 

15 the destination IP address is found to be within the ranqe of 

addresses assiqned to MSs belonqinq to any of the MSCfVLRs in 

the PLMN, the routinq method may comprise the followinq steps: 

1)The PD router determines if the destination address (the IP 

address of a mobile station MS 2) "belonqs to" MSC/VLR 1. 
20 - If yes: Routinq is then performed in· the same way as 

described for the examle in FIG. 15 (as required, inclu­

dinq 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 reqistered in 

25 MSC/VLR 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 belonqs from an 

addressinq point of view. Routinq is then performed in the 

same way as described for the example in FIG. 15. 

Thus, with the second addressinq scheme, all packets 

t9 an MS, oriqinatinq from entities outside the MS's current 
35 MSC service area, are routed via the MS' s "predetermined MSC". 

It may therefore be advantaqeous to (optionally) initiate 
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establishment of a route from the "predetermined MSC" to the 
MS• s current MSC also when the .. PD router (in the MS' s current 

MSC) receives a packet~ the MS. Then, if it is found that 
the packet is not addressed to an MS located within the MSC 

5 service area, and that the mentioned route is not already 
established, the PD controller may initiate route establish­

ment by: 

- 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 

PLMN 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 is not already on the list of peer 
entities from which routes are established, linked to the MS 1 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 
r~sponse packet from the IWF. (In case a route is already 

35 established, the packet may be routed from the MSC to the IWF 
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without encapsulation by merely inserting the IWF 1 s IP address 
as destination address.) 

I.F Mobile Station (MS) 

The PD functions of a packet data MS have to a larqe 
5 extent, directly or indirectly, been covered in the previous 

sections. Therefore, this section is primarily intended to 
serve as a complement and summary. 

A packet data. MS ('.'PD only", or combining PD with 
ordinary GSM functions) comprises: 

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

- Terminal Equipment (TE), e.q. "laptop/palmtop" personal 
computer, or "Personal Diqital Assistant (PDA) "/"Personal 

15 communicator". 
- Subscriber Identity Module (SIM) of the same type as in 

ordinary GSM (but with additional parameters). 
A ranqe of MT versions providinq different standard 

interfaces towards TE will be available, dependinq 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). 

- "Inteqrated MT" with industry standard Application Program 
25 Interfaces· (APis). 

- MT with synchronous serial interface (e.q. IP, X.25) 
The MT comprises two main function blocks: 

- Terminal adapter, typically microprocessor and software 
based, providinq 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 larqe 
extent realized with microprocessor software. 
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The major PD functions that· the transceiver performs 
may be summarized as follows: 
- From BCCH information, identifies the deqree of POCH support 

provided in a cell and the MPDCH allocated (if any) for 
5 initiatinq packet transfer. 

- Handles PD mode in relation to ordinary GSM idle mode and 
(if applicable) call-connected mode. 

- Handles the POCH protocol. 
- As required, requests allocation of an MPDCH on demand, 

10 usinq reqular GSM control channels in the cell in question, 
or a POCH of a currently servinq adjacent cell, prior to 
movinq 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 paqinq mode and, explicitly or 

implicitly, sends a mode indicator at least every time the 
MS chanqes its paqinq mode. 

- Performs cell selection in PD mode based on GSM idle mode 
20 procedures but with cell selection criteria, in stationary 

mode and (dependinq 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 updatinq 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 
listeninq to cell broadcast short messages on the other. 

30 - In the case of a combined MS, supporting also ordinary GSM 
services: 
- Responds to paqinq on MPOCH related to regular GSM calls. 
- Provides support for makinq and receivinq reqular GSM 

calls while the MS is in PD mode, maintaininq PD mode as 
35 "pending" durinq calls. 
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II. EMBODIMENT 2 

A schematical representation of this embodiment is 

shown in FIG. 16, with the major PD function blocks in the GSM 
system (as in FIG. 1) depicted with bold contour lines. As 

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 POCH 

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. Toqether, 

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 system. The packet data services provided 

by the system may (dependinq 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 Reqistration, location updatinq (or cell location reporting), 

authentication and similar siqnallinq are thus performed via 

PDCHs. Furthermore, allocation of the first MPDCH on user 
demand, usinq ordinary GSM siqnalling as in Embodiment 1, is 
thus not possible. 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 

confiquration, although the method (outlined for Embodiment 
ll of using a POCH of an adjacent cell for requestinq al­
location of an MPDCH in a "POCH on demand cell", prior to 

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



case, the allocation request would be transferred to a system 
entity in the MPDI. This system entity would then send an 

allocation request to the BTS of the "POCH on demand cell" in 

question which, in its turn, would convey the request to the 

5 PDCH allocation controller in BSC. 

Regular GSM broadcast control channels are used in 
the same way as in Embodiment 1, i.e. for: 

- Defining POCH 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. 
15 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 TOMA 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. Al though in these systems, BSC is not 

provided as a separate functional entity, corresponding base 
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station controller functions and associated new PD functions 
are instead divided between MSC and base stations. 
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CLAIMS 

1. Apparatus for providing packet data communication to and 
from mobile stations {MS) in a digital TOMA cellular system 
comprising 

5 - a plurality of base stations (BTS, BSC) providing regular 
cellular control channels, 
- one or more mobile services switching 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), oharaoteriz,4_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 
b~tween said base stations (BTS, BSC) and their respective 
superior mobile services switching centre (MSC), 

--------·------------
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- packet routinq means for routinq packets to and from the 
service area of-~ny said mobile services switchinq centre 

(MSC), 

- first means for performinq cell selection for any said 

5 mobile station in packet data mode, 

- first means for performinq location updatinq for any said 
mobile station (MS) in packet data mode, 

- first packet data mode maintaininq 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, cbaracterize4 in that said 

channel defining means comprises first information supplying 

15 means for supplyinq, on· a regular cellular broadcast control 

channel, information defininq 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 accordinq to claim 1 or 2, characterized in that 
20 said channel defininq means comprises second information 

supplying means for supplying, on a regular cellular broadcast 
control channel, information indicatinq that a packet data 

channel for ini tiatinq 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 
p~rform cell selection based on regular cellular idle mode 
procedures. 
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s. Apparatus according to claim 4, characterized in that said 
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. 

5 6. Apparatus according to any of claims 1 - 5, characterized 
in that said first means for performing location updating is 
adapted to perform location updating based on reqular cellular 
idle mode procedures. 

7. Apparatus according to any of claims 1 - 6, characterized 
10 in that said first packet data mode establish!~g 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 reqular 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 reqular cellular control channel signalling, 

20 - means for performing, as a following step, a reqular 
cellular authentication procedure, 

means for initiating parameters for packet encry­
ption/decryption at the mobile station (MS) and its current 
mobile services switching centre (MSC), 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 pool of physical 
channels [time slots], a variable mix of packet data channels 
and reqular cellular traffic channels determined by demand, 

--------·· ----···-· 
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- 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 

5 - means for assigning any further allocated packet data 
channel(s) as channel(s) for reserved packet transfer. 

9. Apparatus according to claim 8, cbaracterize4 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 r.§!sult of a 

successful packet data mode establishment, and 

- means for allocating a packet data channel, initiated by a 
mobile station in packet data mode qeneratinq a packet data 

15 channel allocation request, or initiated as a result of a 

successful paqinq 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, cbaracterise4 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, ini tia­

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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- means for dynamically allocatinq a variable number of said 
channels for reserved packet transfer, based on traffic load 
measurements and availability of said physical channels. 

12. Apparatus accordinq to claim 11, characterized in that 
s said first channel providinq means further comprises 

- means for dynamically allocatinq a variable number of said 
packet data channels for ini tiatinq packet transfer, based on 
traffic load measurements and availability of said physical 
channels, and 

10 - means for directinq any mobile station (MS) to a particular 
one of said packet data channels for initiatlng packet 
transfer, if more than one such channel is allocated, based on 
mobile station identity and broadcasted control information. 

13. Apparatus accordinq to any of claims 1 - 12, characterizecl 
15 in that said packet transferrinq means, for ini tiatinq a 

packet transfer to a mobile station (MS) in packet data mode, 
comprise paqing means and monitorinq means for monitorinq 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 paginq 
guided by said monitoring means to initiate a packet transfer 
to a mobile station (MS) • 

14. Apparatus accordinq to claim 13, characterized in that 
said monitoring means comprises 

25 - means for identifying the cell location of a mobile station 
(MS) originatinq a packet by, when the packet is received at 
the mobile services switching centre (MSC) currently servinq 
the mobile station, associatinq the packet with the identity 
of the, for each cell unique, connection on which the packet 

30 is received, 
- 1,11eans for· identifyinq the cell location of a mobile station 
responding to a paqing messaqe, and 
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- means for storing for a mobile station (MS), liriked to its 
packet mode registration, at least the latest cell location 
identified and an associated time when the cell location was 
identified. 

5 15. Apparatus according to claim 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 station~ry 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
terized 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 packet 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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19. Apparatus according to any of claims 1 - 18, characterized 

in that said packet transferring means comprise paging means 

adapted to convey, on a packet data channel, paging related to 

a reqular cellular call to a mobile station (MS) in packet 

5 data mode. 

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, initiati11g. packet 

transfers to mobile stations (MS), according to a multi-TOMA 

frame scheme, synchronized with the corresponding mul tiframe 

schemes used for regular cellular control channel siqnalling, 

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 firs~packet data mode maintaining means com-

20 prises means for allowing a mobile station (MS) in packet data 

mode to make and receive reqular 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 

, iil1if 1i1UT THIS SHEET HAS BEEN 
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mobile services switching centre (MSC) currently serving said 

mobile station, including, for establishing a route to said 

mobile services switching centre (MSC), 

--·means for initially interrogating home location register 

5 (HLR) to determine the identity of said mobile services 

switching centre (MSC) , 

-- at said interworking function means ( IWF) , means for 

storing, linked to the identity of said mobile station, the 

identity of said mobile services switching centre (MSC) , and 

10 -- at said mobile services switching centre (MSC), means for 

initiating, as required, establishment of packet data mode for 

said mobile station, and means for determininq and storing, 

linked to the packet data mode reqistration of said mobile 

station, the identity of said interworkinq function means 

15 (IWF). 

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 routinq packets oriqinated from a first mobile 

station (MSl) and addressed to a second mobile station (MS2) 

in the same or in a different mobile services switching centre 

service area, including, for establishinq 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 (MSl}, means for initially inter­

roqating location registers to determine the identity of the 

30 mobile services switching centre currently servinq said 

second mobile station (MS2}, and means for storing, linked to 

the packet data mode registration of said first mobile station 

(~l), the identity of said second mobile station (MS2) and 

its current mobile services switching centre, and 
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-- at the mobile services switchinq centre currently servinq 

said second mobile station (MS2), means for initiatinq, as 

required, establishment of packet data mode for said second 

mobile station (MS2) , and means for determininq and storinq, 

5 linked to the packet data mode reqistration of said second 

mobile station (MS2), the identity of said first mobile 

station (MSl) and its current mobile services switchinq 

centre. 

24. Apparatus accordinq to any of claims 1 - 21, characterised 

10 in that said packet routinqmeans comprises 

- interconnection means for interconnecting mobile.services 

switchinq centres (MSC), and for connectinq mobile services 

switchinq centres to external network(s), directly or via 

separate interworking function means (IWF), 

15 - means for routing packets addressed to a mobile station 

(MS), from external network(s) or other mobile station(s), to 

a predetermined mobile services switchinq centre (MSC) to 

which the mobile station belonqs from an addressinq point of 

view, and 

20 - means for routinq packets, addressed to a mobile station, 

from said predetermined mobile services switchinq centre to 

the (same or different) mobile services switchinq centre 

currently serving said mobile station, includinq, for 

establishinq a route to the current mobile services switchinq 

25 centre, 

-- at said predetermined mobile services switching centre, 

means for initially interroqatinq location reqisters to 

determine the identity of said current mobile services 

switchinq centre, and means for storinq, linked to the 

30 identity of said mobile station, the identity of said current 

mobile services switchinq centre, and 

-- at said current mobile services swi tchinq centre, means for 

initiating, as required, establishment of packet data mode for 

said mobile station, and means for determininq and storing, 

35 linked to the packet data mode reqistration of said mobile 
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station, the identity of said predetermined mobile services 
switchinq centre. 

25. Apparatus accordinq to any of claims 1 - 24, characterized 
in that said first packet data mode maintaininq means, for 

5 maintaininq packet data mode for a mobile station when it 
moves to a location area belonqinq to a new mobile services 
swi tchinq centre (MSC) , comprises means for transferrinq 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 (VLR)), from the old to the new~ ~obile 
services switching centre. 

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

15 routes established to a mobile station's currently servinq 
mobile services swi tchinq centre (MSC) when the mobile station 
moves to a location area belonqing to a new mobile services 
swi tchinq centre, comprises means for updatinq peer entities -
interworking function means (IWF) and/or mobile services 

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

27. Apparatus accordinq to any of claims 22 - 26, charac­
terized in that said packet routinq means comprises 

25 - at a mobile -s~ation•s currently serving mobile services 
switchinq centre (MSC), means for monitoring as to traffic 
activity any route established to said mobile services 
switchinq centre, linked to the identity of said mobile 
station, and means for initiatinq 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 switchinq centre - of any said route, means for 
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cancelling related routing information, stored at said 

entity, when termination of said route is initiated. 

28. Apparatus according to any of claims 1 - 27, characterized 

in that said first packet data mode terminating means com-

5 prises means for monitoring a mobile station as to traffic 

activity, and means for terminating packet data mode and any 

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 ~e~ns 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. 

JO. 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 

m<?de, 
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- second means for performing location updating in packet data 
mode, 

- second packet data mode maintaining means for maintaining 
said packet data mode for the mobile station (MS) , and 

5 - second packet data mode terminating means for terminating 
said established packet data mode for said mobile station 
(MS)• 

31. Mobile station according to claim 30, characterized in 
that said first channel identifying means is adapt~d_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, informatien 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, characterized 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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location updatinq is adapted to perform location updatinq 
based on reqular cellular idle mode procedures. 

36. Mobile station accordinq to any of claims 30-35, 
characterized in that said second packet data mode es-

5 tablishinq means comprises 
- means for ini tiatinq said establishment of packet data mode 
in the mobile station (MS), from an initial cellular idle 
mode, either by the mobile station (MS) qeneratinq a packet 
data service request, based on reqular cellular control 

10 channel siqnallinq, or by the mobile station receivinq a 
paqinq messaqe, based on reqular cellular contr~l. channel 
siqnallinq, indicatinq that a packet, addressed to the mobile 
station (MS), is received by the mobile services switchinq 
centre (MSC), currently servinq the mobile station (MS), 

15 - means for performinq, as a followinq step, a reqular 
cellular authentication procedure, 

means for initiatinq parameters for packet encry­
ption/decryption in the mobile station (MS), and 
- means for storinq, in the mobile station, information 

20 indicatinq that packet data mode is established. 

37. Mobile station accordinq 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 providinq a packet 
data channel on user demand, qeneratinq a packet data channel 

25 allocation request, based on reqular cellular control channel 
siqnallinq. 

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, qeneratinq a packet data channel 
allocation request for an adjacent cell, providinq packet 
data channel on user demand, prior to moving into said 
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adjacent cell, usinq a packet data channel of the currently 
servinq cell. 

39. Mobile station accordinq to any of claims 30-38, 
cbaracterize4 in that said first means for sendinq and 

5 receivinq packets comprises means for sendinq a mobile/sta­
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, 
cbaracterize4 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, 
cbaracterize4 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-TOMA 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 regular 
cellular broadcast messages. 
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43. Mobile station accordinq to any of claims 30-42, 

characterized in that said second packet data mode maintaininq 

means comprises means for allowinq the mobile station to make 

and receive reqular cellular calls when beinq in packet data 

5 mode, means for maintaininq packet data mode as pendinq durinq 

a call, and means for returninq the mobile station to active 

packet data mode when the call is completed. 

44. Apparatus for providinq packet data communication to 

and from mobile stations (MS), utilizinq a plurality of base 
10 stations .{BTS, asci, of a diqital TOMA cellular system , 

characterised by 

second channel prpviding 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 de ninq means for defining, on a per cell 

basis, the packet·d ta channel to be used for initiatinq 

packet transfer, 

20 - second packet tran ferrinq means for transferrinq packets 

between said mobile tations (Ms) and any said base stations 
(BTS, BSC), 

- couplinq means·fo couplinq said second packet transfer 
controllinq means to separate mobile packet data infrastruc-

25 ture comprising pack t routing means and mobility manaqement 
means, and 

- third means for ptrf orminq cell selection for any said 
Ii 

mQbile station (MS) • :I 
1\ 
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45. Apparatus acco~ding to claim 44, characterized in that I 

said second channe~ def ininq means comprises first infor-
mation supplyinq means for supplyinq, on a regular cellular . . 
broadcast control channel, information defining the packet 

I s data channel to betused for initiating packet transfer, if 
such a packet data ~annel is provided in the cell in ques­
tion. 

46. Apparatus accorfing to claim 44 or 45, characterized in 
that said third mean~ for performinq cell selection is adapted 

10 to perform cell selecl:tion based on regular cellular idle mode 
~ 

procedures. · 

47. Apparatus accordinq to claim 46, characterized in that 
said third means for performing cell selection comprises means 
for retaininq the currently 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 reqular 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 siqnallinq as well as 
packet data, and 

25 - means for assiqni q any further allocated packet data 
channel (s) as channe ( s) for reserved packet transfer. 

49. Apparatus accord ng to claim 48, characterized in that 
said second channel 1oviding means comprises 
- means for measurinq the traffic load on any allocated packet 

30 d~ta channel, and 
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- means for dynamically allocating a variable number of said 
channels for reserved packet transfer, based on traffic load 
measurements and availability of said physical channels. 

50. Apparatus according to claim 49, characterised in that 
5 said second channel providing means further comprises 

- means for dynamically allocating a variable number of said 
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 ini tiatJ.,nq packet 
transfer, if more than one such channel is allocated, based on 
mobile station identity and broadcasted control information. 

51. Apparatus according to any of claims 44-50, charac-
15 terize4 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 
performing cell selection in said mobile stations (MS), 

25 comprise means for scheduling messages, initiating packet 
transfers to mobile stations (MS), according to a multi-TOMA 
frame scheme, synchronized with the corresponding mul tiframe 
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 
m~ssages. 
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53. Mobile station for packet data communication over diqital 

TD~ cellular shared packet data channels enabled by apparatus 

accordinq to any of claims 44 - 52, cbaracterize4 by 

- second channel identifyinq means for identifyinq, on a per 

s cell basis, the packet data channel to be used for ini tiatinq 

packet transfer, 

- second means for sendinq and receiving packets over said 

packet data channels, and 

- fourth means for performinq cell selection. 

10 54. Mobile station according to claim 53, cbaracterize4 in 

that said second channel identifyinq means is adapted to read 

from a regular cellular broadcast control channel, infor­

mation supplied for defininq 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 accordinq to claim 53 or 54, cbaracterize4 

in that said fourth means for perf orminq cell selection is 

adapted to perform cell selection based on regular cellular 

idle mode procedures. 

20 56. Mobile station accordinq to claim 55, characterize4 in 

that said fourth means for performinq cell selection comprises 

means for retaining the currently selected cell as long as the 

siqnal quality is above a predefined threshold value. 

57. Mobile station according to any of claims 53-56, 

25 characterize4 in that said second means for sendinq and 
receivinq packets comprises means for sendinq 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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58. Mobile station according to any of claims 53-57, charac­
terized in that said second means for sending and receiving 
packets comprises means for responding to a paging message 
type, combining paging request with reservation of an in-

s dividual access slot for the mobile station (MS) to respond. 

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, compris~ \Deans 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 multi frame 

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 
broadcast messages. 

lii1ifii THIS SHEET HAS BEEN 
REPLACED 


