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1. Introduction 
This contribution is an update of Tdoc C4-080040 presented at CT4#38 which addresses enhancements proposed during the discussion on how to encode the paging area on the MAP interface.
2. Problem description 
Normally, after the mobile successfully registered on an MSC/VLR, the VLR stores the Location Area (LA) where the mobile is located. For a mobile termination (MT) call, the network pages the mobile in the LA.

When a VLR restarts after a failure, there will be no location information stored in the VLR for an affected mobile. As part of the recovery procedure, for an MT call, the network must search the entire MSC area for the mobile. The location information, LA, is updated in VLR once the mobile responds.

If the MSC/VLR covers a (relatively) small area (say, of a city) the MSC-wide paging would not cause serious radio traffic problem in that MSC area.

If the MSC/VLR cover a large geographical area (say, of the multiples of cities), which may be the case in a Iu/A Flex configuration network (pool area), it is not reasonable to search the entire geographical area for the mobile when the mobile remains most likely in the LA (or the city) from which it was registered on the MSC/VLR.
The present document proposes a solution to avoid the search procedure after a VLR restart (no LA known). 
3. Proposed solution
3.1 Principles

In a Iu/A-Flex network configuration, an MSC/VLR will together with other MSCs/VLRs serve a large geographical area (= pool area). 

After a MSC/VLR restart, the mobile remains most likely in the LA from which it was registered on that MSC/VLR.
If the pool area is divided into several “paging areas” (PAI) (say, of cities) it is more reasonable to page the mobile first in the “paging area”, prior to initiate a search if needed. A “paging area” is a collection of Location Areas.
The proposed solution is to backup the PAI in the HLR, which should then send it to the VLR in the MAP Provide Roaming Number. The VLR should page in the PAI if the LA is not known.
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During the location update (or each time the mobile roams to a new paging area), the HLR should be updated with the PAI for the paging area where the mobile is currently located.
A new “pagingAreaIdentity” parameter is needed in the MAP Update Location message.

To reduce the MAP VLR-HLR traffic (when only PAI update is needed), VLR and HLR should support the "skipSubscriberDataUpdate" parameter.

Currently, the "skipSubscriberDataUpdate" parameter is tied to the sending of the IMEISV (introduced in the scope of the Automatic Device Detection (ADD) feature, HLR update in case of IMEISV change):
ADD-Info ::= SEQUENCE {


imeisv

[0] IMEI,


skipSubscriberDataUpdate
[1] NULL

OPTIONAL,


...}

The "skipSubscriberDataUpdate" parameter is sent when only the IMEISV is changed to reduce the MAP traffic (no need to download all the subscriber data). 
It is proposed to handle the "skipSubscriberDataUpdate" and “pagingAreaIdentity” parameters separately (not tied as in ADD-Info). This will make the "skipSubscriberDataUpdate" mechanism generic and available to any applications that require HLR update without need of downloading all the subscriber data.
For the MT call, the HLR should send the PAI (if stored) in the MAP Provided Roaming Number message to the VLR. If the VLR has lost the location information LA due to a restart, the VLR should use the PAI to page the mobile.
In the case of paging timer expiry, the search (in the whole pool area) may be performed as a network option. If the mobile responds from a new paging area, the HLR shall be updated with the new PAI.

After the HLR reset, the HLR may send the outdated PAI to the (wrong) VLR, the search of the paging area may fail and the global paging (the pool area) may be required. But the concurrence of both the HLR reset and the VLR restart should be the rare case.
Note: A “paging area” might be seen as a “MSC/VLR area” in a pre-Iu/A Flex network configuration (see below)
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The Paging Area concept may also apply to the following network configuration where a MSC/VLR controls RAN nodes in separate geographical areas.
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In that context, if the LA is not known, or if the first paging on LA fails, it would be more reasonable to page the mobile at the geographical area level (= “paging area”), prior to initiate a search on all the geographical areas. So the PAI update in HLR (with skip indicator to avoid transfer of data (ISD)) would be helpful.

The proposed optimization is requested for the CS domain only, and for MT calls only (not requested for SMS MT to limit the impacts on MAP signalling).

The paging optimization is proposed as an optional feature in MSC/VLR and in HLR. 
3.2 PS domain aspects
It does not affect the PS domain. On the PS domain, paging is initiated by the SGSN in the following cases:

· On receipt of a paging request from the MSC/VLR via Gs interface. The MSC/VLR indicates the LA where to page if it is known. 


After a VLR failure (LA not known, no VLR-SGSN association) the VLR performs a search procedure as specified in 3GPP TS 23.018, which may lead to send a paging request to all the SGSNs it is connected to. SGSNs which do not know the IMSI will not propagate the paging request to RANs (except a SGSN having experienced a reset itself). Radio paging channels will therefore not be affected. It is therefore not needed to handle a mapping in the MSC between paging area and SGSNs.


Besides, the SGSN which knows the IMSI will page the subscriber in the routing area stored for the subscriber in the SGSN. So it is not worth for the MSC/VLR to retrieve LAs from the PA when paging is done through the Gs interface. Note also that only one LAI can be sent in a single BSSAP+ paging request, so the MSC/VLR would also need to send several paging requests to all SGSNs if the PA would cover several LAs).

Paging through the Gs interface could lead to propagate paging requests over a large geographical area only following a VLR reset AND a SGSN reset. In that case, a BSSAP+ Paging Request sent w/o a LAI to the SGSN could lead the SGSN to send the paging request towards all the RANs it is connected to. This is a case of double fault, so occurring very rarely. It is not needed to optimize this special case.

Paging area information does not need to be handled in the SGSN and should not be sent by the MSC/VLR in the paging request via Gs interface (as would optimize only the case of concurrent VLR reset + SGSN reset).
· On receipt of SMS MT through the PS domain. As the paging area information is not used for SMS MT in CS domain, it should not be used for SMS MT in the PS domain as well.
· For packet sending initiated by the Core Network. In that case, the SGSN does not receive message from the HLR (contrarily to MT call case in CS domain) and, so no paging area information would be received.

In the case of a combined LA/RA update initiated on the PS domain, the Location Area information is sent by the SGSN within the Location Updating Request on Gs interface. Based on that LA, the VLR should deduce the corresponding paging area information, which it should send to the HLR in the Update Location message. This is transparent to the SGSN and to the Gs interface.
3.3 Paging Area definition on MAP
It is proposed to define the Paging Area on the MAP interface as a list of up to 5 LAIs, with each LAI encoded on 2 (LAC) or 5 (MCC/MNC/LAC) bytes. This allows to : 
· increase the MSC-Server flexibility in the handling paging area; 
· configure overlapping paging areas to minimize Location Update towards HLR when subscriber is moving back and forth between two paging areas.
In the network topology example illustrated below, MAP Update Location towards the HLR could be avoided when the UE moves from a residential area (LA1, LA2, LA3)  to the city center (LA0). 
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· uniquely & unambiguously identify the paging area within the PLMN;
· send LAIs pertaining to different MCC/MNCs.
4. Conclusion
This contribution proposes a new optional feature that has very limited impacts on the MAP protocol, on the MSC/VLR and HLR. It has also very limited impacts on the MSC/VLR administration:
· New parameter “Paging Area”, defined as a set of up to 5 LAIs, possibly sent by the VLR to the HLR in MAP Update Location, and by the HLR to the VLR in MAP Provide Roaming Number.
· "skipSubscriberDataUpdate" parameter to be made available as a separate parameter (not to be tied to the sending of IMEI, nor to Paging Area). This should make the “skip subscriber data update” mechanism more generic and re-usable by any other applications that require HLR update without need of downloading all the subscriber data.
· Administration of the mapping between a paging area and a collection of Location Areas in the MSC/VLR.
· The PS domain is not impacted.
This feature affects very slightly the signaling load between the MSC and HLR. The alternative solution of decreasing the periodic Location Updating timer value to decrease the occurrence of unknown LAI cases would lead to increase the signaling between UE and MSC, and would require more signaling capacity on radio network and CN, while still not avoiding the need to broadcast a paging request on all the RANs connected to the MSC till subscribers have performed a periodic LAU.
It is proposed to standardize the solution in Rel-8. CRs are provided against :

· 3GPP TS 23.012

· 3GPP TS 23.018

· 3GPP TS 29.002

· 3GPP TS 23.008
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