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SA WG2 would like to thank RAN WG3 for their study on the issues related to TR 23.236 and the ‘Iu Flex’ work item. With regard to the potential problems identified by RAN WG3 following answers are the result of the discussion in SA WG2:

Question from RAN WG3: Has SA WG2 investigated the possibility that the failure of more than one MSC/VLR is a realistic scenario and should this be considered?

Answer: The mechanisms described in TR 23.236 are applicable for the rare cases when more than one MSC/VLR of a pool-area are out of service. All UEs which perform a periodic LU to a not available MSC/VLR are routed by the BSC/RNC to another MSC/VLR. This LU traffic is spread over a period of the location updating timer. Therefore, as long as there is at least one MSC/VLR in operation for the pool-area with sufficient capacity, all UEs of non-operational MSC/VLR will be allocated to an MSC/VLR in operation.

If the failed MSC/VLR is back in operation before all of its attached UEs are redistributed to other MSC/VLR (which happens within one period of the periodic LU timer) this MSC/VLR may page UEs by the IMSI. Mobile terminating calls arrive at the restarted MSC/VLR for all UEs which have not yet performed a periodic LU and thereby an attachment to another MSC/VLR. These UEs have still a valid TMSI which is then used for the NRI together with the paging response. The RNC routes the message to the correct MSC/VLR according to the NRI from the TMSI.

A failure of all MSC/VLR of a pool-area at the same time should be a very seldom case. In this situation all UEs invalidate the stored TMSI within one period of the periodic LU timer. When one or more of the MSC/VLR come back into operation then within one period of the periodic LU timer all UEs are attached to an MSC/VLR and have a valid TMSI. Within this period UEs may be paged by the IMSI if mobile terminated calls arrive and the UE has not yet performed the periodic LU. The RNC may store the IMSI and the related global-CN-ID to route paging responses to the correct MSC/VLR.
Question from RAN WG3: Is it necessary for the RNC to memorise the IMSI/MSC-VLR ID in the case where the RNC discovers that just the one MSC performs a VLR recovery?

Answer: As indicated in the answer above only if all MSC/VLR of a pool-area fail the UE has to indicate the IMSI in the NRI as after an unsuccessful periodic LU the TMSI is invalid. Therefore, only when multiple MSC/VLR of a pool-area restart the RNC would need to store the IMSI and the related global-CN-ID to route paging responses to the correct MSC/VLR.

But, networks may use IMSI paging if the initial TMSI paging fails to overcome temporary situations of an invalid TMSI in a UE (e.g. when a “normal” LU attempt fails). In this situation the RNC has no knowledge about a failed MSC/VLR and the UE derives the NRI from the IMSI. For such cases the RNC may store the IMSI and the related global-CN-ID to route paging responses to the correct MSC/VLR.

GSM BSCs do not get sent the IDNNS parameter. GSM BSCs have to store the IMSI and the related global-CN-ID in the same cases.

Question from RAN WG3: Is it probable that NRIs derived from IMSIs of several subscribers could contain an identical value?
Answer: As the NRI is a part out of the IMSI such ambiguity may happen. But, as indicated above the UE derives the NRI from the IMSI only in single temporary error situation where such ambiguity is not very likely or in situations when all MSC/VLR restart where such ambiguity is more likely but the situation itself is rather unlikely.

Question from RAN WG3: Are either of the two solutions outlined [below] feasible or, are there any other alternative solutions ?
1. Include the entire IMSI within the [RRC] Initial Direct Transfer message (where Paging was IMSI based) so the RNC can route the UEs Paging response to the correct MSC/VLR (which has sent the Paging)

2. The RNC could send an NRI corresponding to the received MSC/VLR-ID to the UE. The UE when paged with IMSI shall include the NRI into the [RRC] INITIAL DIRECT TRANSFER message so that the RNC could route onwards upon analysing that NRI.  However an additional IE may be required to be inserted into the [RRC] PAGING message to allow this to occur.

Answer: The RNC may store IMSIs with the related global-CN-ID to route responses to IMSI pagings towards the correct MSC/VLR. This mechanism may also be used to overcome some error conditions which occur without an MSC/VLR restart. The BSC in A/Gb mode has to store the IMSIs with the related global-CN-ID as these UEs provide no IDNNS.

In the situation when multiple MSC/VLR of a pool-area restart many parallel IMSI pagings may happen which may result in multiple stored IMSIs matching the same NRI. This should be a very seldom situation and it lasts in mean for a period of half of the periodic LU timer. This period reduces further because of mobile originated activities and because of movements between LAs. Afterwards all UEs are updated in the CN nodes and will be paged by the TMSI.

For this seldom event of multiple parallel MSC/VLR restarts and the related period in time same ambiguity for the routing of paging responses is acceptable. It results in some lost mobile terminated calls. For these calls there is already a lower success rate compared to normal network operation. There is no strong need to provide further Iu mode optimisation for this very seldom event. For the A/Gb mode the number of legacy UEs in the field makes it very difficult to provide UE based optimisations for this case.

The overall number of LU traffic does not increase in recovery situations regardless of correct or incorrect NRI routing as one LU per UE has to be performed with one MSC/VLR. When an MSC/VLR restarts and it pages with IMSI it has also no valid VLR data and has to update the HLR at the next communication with the UE.

Summary

SA2 agreed, that the storage of IMSI pages with the related global-CN-ID to route paging responses to the appropriate CN node is optional in the RNC and BSC in Iu mode as the UE responds to IMSI paging with an IDNNS derived from the TMSI if a valid TMSI is available. This mechanism is not available in A/Gb mode. Therefore, the BSC in A/Gb mode shall store IMSI pages with the related global-CN-ID to overcome situations like an invalid TMSI because of an unsuccessful LA update.

SA2 acknowledge, that there might be situations where multiple MSC/VLR restart and then for a certain period a number of IMSI pagings may result in the same IDNNS value for different stored IMSI which results in ambiguous routing information for the paging response. As this situation should be very rare SA2 do not see a need to introduce further optimisations. When MSC/VLRs are back in operation after one period of the periodic updating timer all UE can be paged by the TMSI.

In addition, SA2 is currently investigating the reuse of the Gs interface mechanism for allocating UEs to MSCs (which uses an algorithm based on the IMSI) in the RNC (and Iu mode BSC). This would allow the RNC NAS node selection function to route the responses to IMSI pagings to the proper MSC without storing the paged IMSI with the related global-CN-ID. This works for PS and CS attached UEs when combined procedures are used in the network.

