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1.
Introduction

The RED work item was initiated as the result of issues with operating UMTS networks in Japan. It is assumed that these issues are not unique to Japan.

Unlike many other countries with UMTS, Japan does not have GSM networks. This document suggests that a “common UMTS plus GSM” solution should (if possible) be developed.

In S2-073525 and S2-073526 NTT DoCoMo described a solution based on “eXtended Areas”. This paper discusses some of the impact of XAs on GSM.
2.
Why develop a common solution for GSM and UMTS?
Many 2G handsets are still being sold, with many customers upgrading to new units. Concepts that lead to reduced operational costs and/or improved network capacity for operators of 2G networks should be encouraged.

In at least some 2G/3G networks, combined 2G/3G MSCs and/or SGSNs are deployed. One reason for this is to limit the idle mode signalling caused by mobiles toggling between 2G and 3G coverage areas. 

Enhancements to the “area” concept of 3G without corresponding enhancements to 2G are liable to mean that operators face increased 3G-2G signalling load if they “enhance” their 3G area concept. This is undesirable.
A)
It is proposed that it is documented in the RED TR 23.8xx that:

“It is highly desirable that the selected solution works well on 2G, 3G and combined 2G/3G networks”
3.
Documentation of stage 3 details during the TR phase
The RED concept needs to be added to both 2G and 3G networks, and in both PS and CS domains in a backward compatible manner.

This imposes some constraints on the solutions, and, in developing the concept, it is necessary to ensure that the solution can be retro-fitted onto the existing systems.
3G UMTS is probably more flexible in its capabilities than 2G-GPRS which, in turn, is somewhat more flexible than 2G-Circuit Switched.

B)
It is proposed that SA2’s assumptions/requirements on the “protocol details” are captured in the new RED TR 23.8xx, possibly in an annex. This is to permit other 3GPP WGs to check and if necessary, challenge the RED concept.
4
Items for a GSM annex to RED TR 23.8xx
4.1
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 establishes the layer 2 ‘acknowledged mode’ operation. As a consequence, the size of the message is limited to [20] bytes in A/Gb mode. See the value for N201 in 3GPP TS 44.006.
Currently, the A/Gb mode LU request message is either 18 octets long (when an IMSI is sent) 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 uses TMSIs, then there is room for one TLV encoded information element to be added, carrying 3 octets of useful information.

4.2
Indication of network/terminal support of new area concept.

By use of the Classmark Information, the mobile can indicate its support to the network in its “attach” message, and in its subsequent “area update” messages.

If the mobile indicates its support to the (Core) Network, and, the mobile still supports the legacy LA/RA concepts, then there does not seem to be any need for the network to broadcast its support for the new Area concept.

In 2G-CS, the mobile could indicate its support for this new feature by using either the last spare bit in Classmark 1, or, the spare bit in the “location updating type” field. The latter may be preferable as the GSM BSC does not need to know whether the mobile supports the new XA concept. 
 Note: Classmark 1 is used by both the BSC and the MSC.
4.3
Broadcast of XA information on GSM BCCH
With current GSM idle mode cell reselection, the mobile needs to know whether or not a candidate cell is in the same or different location/routeing area before applying an offset and then determining the best current cell. If XAs are added to GSM, then it is likely that they need to be broadcast by each cell. 
Currently System Information 3 and 4 (plus SI 7 and 8) are the messages that a mobile uses when performing cell reselection.

Unfortunately the current System Information 3 and 4 messages probably do not have room to transmit an XA area ID of, say, 1 octet. However, these ‘messages’ can be extended by the use of System Information 16, 17, 7 and 8 messages which are sent on the BCCH-ext channel.
Use of the BCCH-ext can slightly reduce the paging capacity of a GSM cell.

4.4
Movement into an “area that does not-support XAs”

When moving from an area supporting XAs to an MSC or SGSN that does not support XAs, then the mobile needs 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 uses the LAI/RAI to identify the source MSC/SGSN and passes the TMSI/P-TMSI to that node in order to retrieve context information about the mobile.

The addition of an XA concept does not seem to require any change to these definitions of “globally unique temporary IDs”, nor any change to the signalling between ‘old’ and ‘new’ MSCs/SGSNs at LA/RA update.
4.5
Allocation of XAs to the mobile

This can be done by the MSC adding the set of XAs to the existing Location Updating Accept message, because, in GSM, this message has room for expansion (up to a 251 octet limit).
The mobile would still be allocated a TMSI and LAI for use in (unmodified) subsequent 24.008 procedures, e.g. CM Service Request; Call Reestablishment; IMSI Detach.

4.6
How to assign an accurate XA list to the mobile?
In line with recent discussions on LTE in SA2, it seems beneficial to supply the network with at least the “last visited XA” when the mobile performs a Location Update. 

With the analysis in 4.1, above, this seems possible (assuming that the XA-ID is about 1 octet long) when the mobile is using a TMSI. So, provided TMSIs are in use, this should not be a problem (note that the use of A-flex requires the use of TMSIs).
In fact, within the 3 octets that are available, there is probably room to signal the last two visited XAs (or 3 XAs if the XA ID was only 6 bits) along with some approximate indication of the time spent in each XA (e.g. less than 2 minutes; between 2 and 10 minutes; between 10 and 60 minutes; more than one hour).
4.7
Storage of XA when the mobile is powered down?

When a mobile is switched on, in the circuit switched domain, the mobile reads the TMSI and old-LAI from the (U)SIM. If there is no TMSI available, the mobile accesses with its IMSI. 

Is it worth storing the current XA as the last visited XA when the mobile is powered down? Probably not, because:


If the mobile has not moved, then the current XA will be the same as the “last visited” XA;

If the mobile has 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. 
4.8
Treatment of ‘normal’ location updates by the MSC
Currently, at power on in a new LA, in the CS domain the mobile performs a ‘normal location update’ and not an “Attach”. Thus the MSC is unable to determine the difference between a “powered up movement across an LA boundary” and a “power down in LA=1, move a large physical distance, power up in LA=27” without a detailed knowledge of the LA boundaries. This inability to determine the mobile’s movement history is liable to present difficulties to the “XA list allocation” algorithm in the MSC.
To improve system performance when using the XA concept, it is suggested to change the Location Update rules so that a mobile always indicates “LU Type = Attach” to the MSC at power on. 
If this change was made, then, when the MSC receives a Location Updating Request (with LU type set to ‘normal’) from an XA capable mobile, the MSC would know that the ‘last visited XA(s)” was/were adjacent to the area 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).  Conversely, for a Location Updating Request with LU type set to ‘attach’, the MSC can implement a different strategy.
5
Proposals
It is proposed that:

     - points (A) and (B) above are discussed and agreed.
     - that the contents of section 4, above, are discussed and updates made to the RED TR 23.8xx
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