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1. Introduction

One advantage with introducing the MSC Pool feature is the avoidance of inter-MSC mobility when a UE changes Location Area within the Pool Area, as the same MSC Server keeps the registration for the UE.

The MSC Selection algorithm is consistent between UEs accessing the network via GERAN and RAN, where RAN or CN nodes can make a selection of an MSC Server in the Server Pool that is controlled by system configuration. The MSC Selection algorithm is also consistent between SGSNs and MMEs for combined registrations over Gs and SGs interfaces.

However, when an SGSN or MME makes an MSC selection there is no consistency with a previous selection made for a UE that was registered via GERAN or RAN access.

The inconsistency leads to signalling traffic that could be avoided if the same MSC Server for a UE would be selected by the MME or SGSN as was selected previously when GERAN or RAN was used.

2. Problem Discussion

The root cause of the mismatch is that the selection that is performed via RAN and GERAN uses TMSI, specifically the NRI within the TMSI is the basis for the MSC Server Selection (in case of RAN, the UE masks the relevant bits in the TMSI to construct the IDNNS, and in the case of GERAN the BSC uses the TMSI itself), but for combined attach the “IMSI hash” is the basis for MSC Server selection.
LTE radio coverage is often limited which causes the CSFB User Equipment to register to a PLMN via GERAN. Consider a typical case where location registration will be performed using Location Updating, an MSC Server will be selected, and the MSC Server will allocate a TMSI with an NRI identifying the selected MSC Server. The NRI is subsequently reused to identify the MSC Server, and the same NRI is used at TMSI re-allocation, as long as the UE stays in the MSC Pool area. As long TMSI based Location Updating is used the same MSC Server is kept. 
Considering that TMSI are allocated by different PLMNs and that some in some cases the NRIs will match Core Network nodes between networks and sometimes will be subject to reassignment due to load balancing between the Core nodes, the UEs in the Core Network will be distributed over the MSC Servers in the pool not based on IMSI but on TMSI, even as historically there has to have been an MSC selection performed using IMSI of the USIM.
In the case where the UE is CSFB capable and detects LTE radio coverage it will perform combined EPS/IMSI attach or combined tracking area updating procedures, and the MME will select a MSC Server for the UE. The same will apply if the UE changes Radio Access Technology where the new RAT offers NMO = 1, and the old RAT offers a different NMO.
It would be beneficial if the same MSC Server was used, as opposed to selecting a new MSC Server in these cases.
Subsequent to the MME or SGSN selecting a new MSC Server for the User Equipment, the MSC Server does not change again as long as the UE doesn’t change pool areas or re-selects PLMN, as the TMSI and NRI is allocated by the new MSC Server (barring load rebalancing). 

Roaming CSFB subscribers will cause MSC re-selection in the VPLMN to be performed more frequently as those UEs are subject to performing PLMN re-selection. Previously roaming subscribers returning to the HPLMN will be allocated to the same MSC Server as previously only if the NRI within the TMSI has not been changed by the remote network, but to a new MSC Server in other cases. For those UEs, an additional change of MSC Server will occur when the CSFB User Equipment enters LTE coverage.
The change of MSC Server in the combined registration case is sub-optimal, and in case of network disturbances or overload, it may delay the recovery of the network. The case where the complete PS domain or EPS is unavailable for a period of time, may lead to further instability in the CS domain when the PS domain or EPS recovers, due to extra signalling load for inter-MSC mobility.
3. Possible Solution and Analysis

By introducing the TMSI parameter in the relevant EPS attach and tracking area updating procedures, the NRI could be used in the SGSN and MME to perform a selection of MSC Server that is consistent with the previous selection.

Such a change could be introduced in Rel 11 of the specification and would impact TS 23.236, TS 23.272, TS 24.008, and TS 24.301.

4. Conclusion and proposed way forward
If this proposal is well received, TeliaSonera would like to contribute Change Requests to the above mentioned Specifications for the next CT1, and SA2 meetings. It is also proposed that SA2 would be informed by a Liaison Statement from CT1 from this meeting.
