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TELECOMMUNICATIONS NETWORK

The present invention rclates to a tcleccommunications network.  In particular, the
invention relates to implementation  of location rcgistration  within  ccllular

telecommunications nctworks.

Bearer technologics (c.g. GSM, UMTS) available in diffcrent territorics can vary
significantly. Thus, unlikc many other countrics with UMTS bearcr technologics (3G),
Japan docs not have associated GSM (2G) networks. This is of considcrable

inconvenience for uscrs of GSM handscts who wish to “roam” in Japan.

To receive a new call, a mobile terminal will need to be in registered in a paging arca
with the network. There arc a number of problems that arise at the boundarics of paging
areas in ccllular networks of a particular bearcr technology. In particular, customers
may cxperience difficultics cstablishing new calls duc to congestion in location
registration signalling (idlc statc signalling) at ccll boundarics — this sccnario can arise
when large numbers of terminals cross boundaries simultancously, as would be the casc
for commuters on trains or in densely populated areas where cells cover smaller areas.
Clearly, the route of a train can cross and rc-cross cell boundarics many times Icading,

on occasions, to protracted denial of new calls.

Under GSM (and UMTS) standards, location registration signalling at cell boundarics is
performed by storing a currcnt Location Arca (LA), or for UMTS Routcing Arca (RA),
valuc — this value 1s associated with a particular cell and thus a respective base station
(nodc B). In idlc statc, the terminal checks at cell change whether the new cell s still
associated with the storcd LA/RA - if therc has been a change of valuc the terminal is

forced to carry out a location/routing area update (LAU/RAU).

Dcnial of new call facility in onc bearer technology need not prevent the usc of a second
bearer technology for which there is no signalling congestion. In at least some 2G/3G
nctworks, combined 2G/3G MSCs and/or SGSNs, potentially with combined 2G/3G
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LAs and potentially with combined RAs arc deployed. One reason for this is to limit the

idle mode signalling caused by mobiles toggling between 2G and 3G coverage arcas.

To address this problem in territorics lacking an altcrnative bearer technology, a
common UMTS plus GSM arrangement solution has been suggested which is based on
a concept of “cXtended Arcas”. In place of the storage of a single RA, the terminal is
adapted to storc a list of associated RAs — referred to hercinafter as XAs: and rather than
comparing the detected RA to a single stored RA it is the detected XA is compared to
all thc members of the XA list. Only if the detected XA is not a match for any XA on

the XA list will there be a routcing arca updatc.

Enhancements to the “area” concept of 3G without corresponding cnhancements to 2G
arc liablc to mean that opcrators face incrcased 3G-2G signalling load if they “cnhance”

their 3G area concept. This is undesirable.

It is highly desirable that there is a solution that works cffectively on 2G (i.c. GSM), 3G
(i.c. UMTS) and combincd 2G/3G nctworks.

The GSMA have a work item specifically addressing such problems referred to as the
“registration in denscly populated arcas” (RED) concept. It is further desirable that the
RED concept is added to both 2G and 3G nctworks, and in both packet switched (PS)

and circuit switched (CS) domains in a backward compatible manner.

This imposcs some constraints on the solutions, and, in developing the concept, it is

necessary to cnsurc that the solution can be retro-fitted onto the existing systcms.

3G UMTS is probably morc flcxible in its capabilitics than 2G GPRS which, in turn, is
somcwhat more flexible than 2G-Circuit Switched (i.c. GSM).

In cach casc, the XA concept cannot be introduced without altering the opcration of the

location registration process.
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The present invention seeks to provide a location registration scheme that reduces MSC
and SGSN processing load, and UE signalling traffic (and battcry consumption) whilc

conforming to thc restrictions sct out above.

In accordance with the present invention there is provided a method for registering a
mobilc terminal with a ccllular telccommunications nctwork, the nctwork having a
plurality of location arcas and a plurality of cxtended arcas of coverage, cach cxtended
arca being represented by a list of a subsct of cells on onc or more the location arcas,
and thc mobilc terminal using information about a given onc of the location arcas to
conncct to the nctwork; the method comprising: transmitting a signal including a
temporary identificr, which is unique to thc mobilc terminal when combined with the
location arca identificr that identifics the cell in which the temporary identifier was
allocated; transmitting an indication of whether the mobile terminal supports location
registration based on cxtended arcas (also referred to as “soft location rcgistration”); and
if cxtended area registration is supported, performing location registration based on the

extendcd arca.

Prefcrably, cxtended arca identification data is broadcast over the BCCH-ext channel.

Advantagcously, the last visited cxtended arca is stored and transmitted to the network
during soft location registration. Furthcrmore a plurality of recently visited cxtended

arcas may be stored during soft location registration.

It is preferred that an indication of the time spent in the one, or cach, stored extended

area is storcd and transmitted to the network.

Providing a suitable solution requires that certain assumptions arc made - in particular
that TMSI is used in idle statc signalling rather than IMSI. TMSI is the “temporary”
nctwork-assigned version of the IMSI (a number unique to cach SIM card and,
assuming that tcrminals incorporatc one and only onc SIM card, uniquc to that terminal

at least for the purposcs of the cstablishment of a new conncection).
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In an cmbodiment of the invention the following featurcs arc annexcd to the existing

GSM standard:

| Length of 2G-CS Location Updating Request message

In GSM CS, the Location Updating Request message is used for both “power up attach”
and “movement” and “periodic” location updates. The message is sent as the payload of
a layer 2 message that also cstablishes the layer 2 *acknowledged mode’ opcration. As a
conscquence, the size of the message contents arc limited to N201 bytes in A/Gb mode.
The reader is referred to 3GPP TS 44.006 for the value for N201 (typically it is 20
bytes).

Currently, thc A/Gb mode LU request message is cither 18 octets long (when an IMSI is

scnt) or 15 octets long (when a TMSI is sent).

Owing to the rules for adding new information to the Layer 3 messages in 24.008, this

gives very little room for additional information!

However, if it is ASSUMED that the network uscs TMSIs, then there is room for onc
type-length-value (TLV) encoded information clement to be added, carrying 3 octets of

useful information.

2 Indication of network/tcrminal support of ncw XA concept

By usc of the Classmark Information, the mobilc can indicate its support to the nctwork

in its “attach” message, and in its subsequent “arca updatc” messages.

If the mobile indicates its support to the (Corc) Network, and, the mobile still supports
the legacy LA/RA concepts, then there docs not seem to be any need for the nctwork to

broadcast its support for the new Arca concept.

In 2G-CS, the mobile could indicate its support for this new feature by using cither the
last sparc bit in Classmark 1, or, the sparc bit in the “location updating type” ficld. The
latter may be preferable as the GSM BSC docs not nced to know whether the mobile

supports the new XA concept.
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Notc: Classmark 1 is uscd by both the BSC and the MSC.

3 Broadcast of XA information on GSM BCCH

With current GSM idle mode cell resclection, the mobile needs to know whether or not
a candidatc ccll is in the samc or diffcrent location/routcing arca beforc applying an
offsct and then determining the best current cell. If XAs arc added to GSM, then it is

likely that they need to be broadcast by cach cell.

Currently System Information 3 and 4 (plus S1 7 and 8) arc the messages that a mobilc

uses when performing cell resclection.

Unfortunatcly the current System Information 3 and 4 messages probably do not have
room to transmit an XA arca ID of, say, 1 octet. Howcver, these ‘messages’ can be
extended by the usc of System Information 16, 17, 7 and 8 messages which are sent on
the BCCH-cxt channcl.

Usc of the BCCH-ext can slightly reduce the paging capacity of a GSM cell.

4 Movcement into an ““arca that docs not support XAs”

When moving from an arca supporting XAs to an MSC or SGSN that docs not support
XAs, then the mobile nceds to be able to supply the target MSC/SGSN with its
“globally unique temporary ID”.

Currently this “Globally unique temporary ID” is:
in the CS domain - TMSI+LAI;
in the PS domain — P-TMSI+RAI

The target MSC/SGSN uscs the LAI/RAL to identify the source MSC/SGSN and passcs
the TMSI/P-TMSI to that node in order to retrieve context information about the

mobilc.
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The addition of an XA concept docs not scem to require any change to these definitions
of “globally unique temporary 1Ds”, nor any change to the signalling between “old’ and

‘new’ MSCs/SGSNs at LA/RA update.

5 Allocation of XAs to the mobilc

This can be donc by the MSC adding the sct of XAs to the existing Location Updating
Accept message, because, in GSM, this message has room for expansion (up to a 251

octct limit).
The mobile would still be allocated a TMSI and LAl for use in (unmodified) subsequent
3GPP TS 24.008 procedures, ¢.g. CM Service Request; Call Reestablishment; IMSI

Dctach.

6 How to assign an accurate XA list to the mobilc?

In line with rccent discussions on LTE in SA2, it scems beneficial to supply the network

with at Icast the “last visited XA when the mobilc performs a Location Update.

With the assumption on the usc of a TMSI rather than an IMS] above, this scems
possible (furthcr assuming that the XA-ID is about | octet long) when the mobile is
using a TMSI. So, provided TMSIs arc in usc, this should not be a problem (note that

the usc of A-flex requires the use of TMSIs).

In fact, within the 3 octets that arc available, there is probably room to signal the last
two visitcd XAs (or 3 XAs if the XA ID was only 6 bits) along with some approximatc
indication of the time spent in each XA (c.g. less than 2 minutes; between 2 and 10

minutes; between 10 and 60 minutes; morc than onc hour).

7 Storage of XA when the mobile is powered down?

When a mobile is switched on, in the circuit switched domain, thc mobile reads the
TMSI and old-LAI from the (U)SIM. If there is no TMSI available, the mobilc accesses
with its IMSI.
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While it is possible to store the current XA as the last visited XA when the mobile is
powcred down, it is not considered worthwhile. This is becausc:

if the mobile has nor moved, then the current XA will be the same as the “last
visited” XA and

if the mobilc #as moved, then the core network will need geographic knowledge
to determine if the last visited XA is adjacent to the current XA. Ideally, the core

network would not have too much geographic knowledge.

o Trcatment of ‘normal’ location updates by the MSC

Currently, at “power on” in a new LA and in thc CS domain, the mobile performs a
‘normal location updatc’ and not an “Attach”. Thus the MSC is unable to determine the
difference between a “powered up movement across an LA boundary” and a “powecr
down in LA=1, move a large physical distance, power up in LA=27" without a dctailed
knowledge of the LA boundarics. This inability to determinc the mobile’s movement

history is liable to present difficultics to the “XA list allocation” algorithm in thc MSC.

To further improve system performance when using the XA concept, it is advantageous
to change the Location Update rules so that a mobilc always indicates “LU Typc =
Attach” to the MSC at power on.

With this change, then, when the MSC reccives a Location Updating Request (with LU
type sct to ‘normal’) from an XA capable mobile, thc MSC would know that the ‘last
visited XA(s)” was/were adjacent to the arca served by the current cell. (It is assumed
that the BSS continues to attach the current cell ID to the message sent to the MSC).
Converscly, for a Location Updating Request with LU type sct to “attach’, the MSC can

implement a different strategy.

It is apprcciated that an alternative mcchanism for extracting the “movement
information” would be for the GSM MSC (or SGSN) to send an cnquiry message to the
mobile, and, for the mobile to respond with a standalonc GMM mcssage that contains a

list of “visited XAs’ and timcstamps.

There now follow a scrics of illustrative encodings of the Location Updating request

mcssage.



This message is sent by the mobile station to the network cither to request update of its
location filc (normal updating or periodic updating) or to request IMSI attach. Sece

Tablc 1 overleaf (adapted from Table 9.2.17/3GPP TS 24.008).



Message type:
Significance:

Dircction:

LOCATION UPDATING REQUEST
dual

mobilc station to nctwork

IEI'  |Information clement Typc/Reference Prcsence  |[Format |Length
Mobility management Protocol discriminator M \% 172
protocol discriminator 10.2
Skip Indicator Skip Indicator M \ 172

10.3.1
Location Updating Mcssage type M A% 1
Request message type 10.4
Location updating typc Location updating typc M \Y% 1/2
10.5.3.5
Ciphering key scquence Ciphering kecy scquence M Vv 172
number number
10.5.1.2
Location arca Location area M \Y 5
identification identification
10.5.1.3
Mobilc station Mobile station M \ 1
classmark classmark 1
10.5.1.5
Movbilc identity Mobile identity M LV 2-9
10.5.1.4

33 Mobile station Mobilc station O TLV 5

classmark for UMTS classmark 2
10.5.1.6

34 Last visited XA information O TLV 3-5
information duration

10.5.3.X

Table |
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The location arca identification stored in the SIM/USIM is used.

Mobile Station Classmark: This Information Elcment (1E) shall include for multiband

MS the Classmark 1 corresponding to the frequency band in usc.

Mobile Station Classmark for lu mode (i.c. UMTS): This IE shall be included when the

mobile station is in lu modc network. The TE shall not be included when the mobilc

station is in A/Gb mode network.

Last Visited XA information: This 1E shall be included when the mobilc station

supports the XA fcature.

XA information and duration

8 7 6 5 4 3 2 !
XA Identificr 1El octet 1
Length of XA Identificr contents
octet 2
Last visited XA ID
octet 3
XA visited before last visited XA
octct 4
Duration in last visited XA  |Duration in XA bcfore
last XA octet 5

If the Length = 1, then only onc XA ID is included.
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CLAIMS

1. A mcthod for registering a mobilc terminal with a cellular telecommunications
network, the network having a plurality of location arcas and a plurality of cxtended
arcas of coverage, cach cxtended arca being represented by a list of a subsct of cells on
onc or morc the location arcas, and the mobilc tcrminal using information about a given
onc of the location arcas to connect to the network: the method comprising:

transmitting a signal including a tcmporary identificr, which is uniquc to the
mobile terminal when combined with the location arca identificr that identifies the cell
in which the temporary identificr was allocated:;

transmitting an indication of whether the mobile terminal supports location
registration based on cxtended arcas; and

if extended arca registration is supported, performing location registration based

on the extended arca.

2. The mcthod of claim 1, wherein cxtended arca identification data is broadcast

over the BCCH-cxt channcl.

3. The mcthod of claim 1 or 2, wherein the last visited cxtended area is stored and

transmitted to the network during extended area-based location registration.

4. The method of claim 1, 2 or 3, wherein a plurality of recently visited extended

arcas arc stored during extended arca-bascd location registration.

5. The method of claims 3 or 4, wherein an indication of the time spent in the one

or cach stored extended arca is stored and transmitted to the network.

6. A mobile terminal arranged to operate in accordance with the method in any of

the preceding claims.

I
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7. A ccllular tcleccommunications nctwork arranged to opcrate in accordance with

the method in any of claims | to 5.

8. A mcthod for registering a mobile terminal with a ccllular tcleccommunications

nctwork as hereinbefore described.

9. A mobilc tcrminal arranged to opcrate as hercinbefore described.

10. A cellular tclecommunications nctwork arranged to opcratc as hercinbefore

described.

12
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