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Introduction
CT4 has received an LS from SA2 (see [1]) asking CT4 to study a new MTRF procedure for MT non-call CS signalling (see [2]) when during CSFB the UE happens to reselect a different MSC than the MSC which initiates the SGs paging procedure. 

An alternative proposal (see [3]) trying to achieve the same goal was also submitted to the CT4#62bis meeting and postponed.

This contribution provides an analysis of the related issues and potential solutions.

Discussion

An MSC/VLR may receive the following terminating non-call CS requests to a UE attached to EPS and non EPS services and camping over LTE: 
· MT SMS from SMS-GMSC

· MT PSI (Provide Subscription Information) request from HLR 
· MT LR (Location Request) from GMLC

· MT USSD signalling from HLR
MO/MT SMS do not require the UE to fallback to GERAN/UTRAN. MO/MT SMS are transferred between the UE and the MSC/VLR via the SGs interface and the NAS interface between the UE and MME. 
MT PSI does not require either the UE to fallback to GERAN/UTRAN assuming the gsmscf supports EPS location information. See TS 23.018 subclause 7.2.3.5 (Procedure Active_Info_Retrieval_VLR). Cf the following 23.018 CRs agreed in Q4 2011.
	CT#54
	23.018
	0185r1
	Rel-8
	8.4.0
	8.5.0
	Provide Subscriber Information handling for UE under LTE


	Consequences if 
(

not approved:
	Handling of PSI request for UEs with an SGs association remains undefined, leading to potential undesirable and unnecessary fallbacks to 2G/3G, that can affect on-going PS sessions of the end user (e.g. suspended sessions if the UE fallbacks to 2G) and generate extra Update Locations when the UE switches between 2G/3G and LTE RATs.


MT LR and MT USSD requests trigger CSFB per existing specifications. 
· this is necessary for MT LR as per the existing LCS architecture and call flows for CS-MT-CR in TS 23.271: 

·  the (GERAN/UTRAN) access network is involved in the handling of various positioning procedures, e.g. the SMLC is located behind the BSC for GERAN

· a signalling connection between the UE and the RAN is necessary for certain positioning methods

· it cannot be expected that all operators will have deployed yet an E-SMLC in the EPC or GMLC supporting EPS location information, and even if they do so, the MME/E-SMLC only support EPC-MT-LR procedures.  

· but nothing in principle prevents to support MO/MT USSD  over the SGs interface (like SMS), i.e. w/o triggering CSFB. 

If as a result of an MT LR or an MT USSD request, the UE happens to reselect a different MSC/VLR during CS fallback to GERAN/UTRAN, no solution indeed exists in 3GPP standards to enable this request to succeed. 
The following solutions could then be considered: 
· solution 1: define a new MTRF procedure for CS signalling (see [2]), that would allow the old MSC/VLR to relay the MT CS signalling towards the new MSC/VLR, and in which the old MSC/VLR continues to serve as a signalling relay between the requesting entity (HLR or GMLC) and the new MSC/VLR until the end of the CS transactions (which may encompass multiple messages in either direction). 
· solution 2: request the HLR to repeat the request towards the new MSC/VLR(see [3])
· solution 3: 

· support MO/MT USSD over the SGs interface w/o triggering CSFB (like SMS)

· request the GMLC to retransmit its MT-LR to the new MSC/VLR

solution 1: 
This solution would have large impacts both for the old and the new MSC/VLRs:

· new MAP procedures will have to be defined and supported between the old and new MSC/VLR that will impact MAP stacks and the architecture to process the non-MT call events
· would require the new MSC/VLR to be capable to route all the signalling exchanges related to the transaction started via the old MSC/VLR via this old MSC/VLR

· would require the old MSC/VLR to remain a signalling relay between the new MSC/VLR and the requesting entity (HLR or GMLC), after receipt of the Cancel Location, until the end of the signalling transactions (which can encompass multiple messages in either direction).

· the existing MTRF design for CS calls cannot be reused for MT non-call CS requests when different software modules support USSD, MT LR, CS calls.

· new CS transaction could end up being rejected by the new MSC/VLR. So no gain in overall. Excerpts from [2]: 
NOTE 2: 
The indication by the old MSC/VLR that this is forwarded signalling is used by the new MSC/VLR to handle the forwarded signalling correctly, e.g. new originating CS services should not be send via the old MSC/VLR and new terminating CS services that reach the new MSC/VLR directly need to be handled in parallel if possible or have to be rejected if parallel handling is not possible.

The solution also assumes that the HLR supports continuing the USSD transaction via the old MSC/VLR even after receipt of an Update Location from the new MSC/VLR. This might not be supported by all HLR implementations. 

This solution is complex and costly to implement.
solution 2: 

As commented already by several companies during CT4#62bis, this solution would be extremely complex to implement in HLRs and in particular for a distributed HSS architecture: 

· independent transactions for MAP Update Location and other CS terminating procedures, 
· possibly running in different FE nodes within the HSS, so no easy correlation,
· HLRs do not support repetition of USSD messages today. USSD messages sent to the old VLR are not kept by the HLR so cannot be easily retransmitted towards the new MSC/VLR. 
This solution also assumes that the HLR would repeat the USSD transactions quickly after the new Location Update (the new  MSC/VLR cannot keep for ever the signalling connection established with the UE after CSFB).
solution 3: 

For MT-LR, upon receipt of the Cancel Location from the HLR, the old MSC/VLR could send an MT-LR response to the GMLC with a cause code notifying that the UE has just left the MSC. This would allow the GMLC to retry immediately its MT-LR request to the new MSC/VLR (after a new query to the HLR). This solution would have a minor impact on the MSC/VLR and GMLC.
MO/MT USSD could be transferred over the SGs interface w/o triggering CSFB, along principles similar to those used for MO/MT SMS. This would provide an optimal delivery of MO/MT USSD, w/o affecting PS services or causing extra location updates. 
The details of the solution need to be studied, but in principle the solution would rely on sending MO/MT USSD:

· over SGs re-using the SGs Uplink/Downlink Unitdata procedures with a new Protocol Discriminator 

· over the NAS interface using the Generic Uplink/Downlink NAS Transport procedures
· CSFB would still be used for non-supporting UEs.

This would require some changes in UEs, MME and MSC/VLR, this would not provide a solution for legacy UEs, but this is not deemed critical considering that MT USSD requests for UEs in idle mode with CSFB with a change of MSC are expected to remain unfrequent scenarios.
These impacts would be less complicated and risky than those of solutions 1 and 2.

Conclusion

MT-LR and MT USSD requests to UEs in idle mode may possibly fail due to CSFB with a change of MSC/VLR. 
A very simple solution for MT-LR could consist in requesting the old MSC/VLR to return an MT-LR response with a new cause instructing the GMLC to retry its query to the new MSC/VLR.

MT USSD requests to UEs not engaged in a CS call and with a change of MSC during CSFB should remain a rare scenario, so not critical to correct for legacy UEs. Solutions 1 and 2 are both complex to implement and with large impacts to MSC/VLR or HLR respectively, so are strongly discouraged. Solution 3 is less complicated and risky and would provide optimal support of MO/MT USSD w/o triggering CSFB. 
It is proposed to reply to SA2 with the conclusions above and let SA2 decide if they wish to introduce support of MO/MT USSD over SGs.
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