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1. Introduction
At CT1#80 (Prague) and CT1#81 (New Orleans), CT1 agreed CRs to TS 24.301 (C1-123946, CR 1532r1) and TS 24.008 (C1‑124701, CR 2296r1) on "UE (MS) behaviour when receiving mobile identity during periodic TAU (RAU)".
The rationale for these CRs was an optional procedure on the network side which has been existing in TS 29.018 since Rel-99 and in TS 29.118 since Rel-8. This option allows the MME (SGSN) that under certain conditions upon reception of a periodic or combined tracking (routing) area update request from a UE the MME (SGSN) can initiate a location update for non-EPS (non-GPRS) services procedure instead of asking the UE to re-attach to non-EPS (non-GPRS) services.
I.e. the MME (SGSN) can actually convert the update type from "periodic" to "combined" and skip the network-initiated detach with detach type "IMSI detach". 
The conditions under which the MME (SGSN) can use this option are that
1) 
the VLR previously indicated to the MME (SGSN) that the VLR performed a Reset (and the MME (SGSN) correspondingly set the "VLR reliable" variable to "false");
2) 
the network uses MSC-pooling and for the specific VLR a load re-distribution has been initiated in the MME (SGSN) by O&M; or
3) 
the SGSN detects that the VLR serving the MS is no longer in service and the SGSN supports restoration for CS services via an alternative VLR.

Note that at the time when this option was added to TS 29.018, MSC-pooling did not yet exist and use case 1 was the only use case for this option. In this situation, paging an MS with IMSI was a possible and acceptable fallback if an MS was not prepared to get a new TMSI allocated during a periodic routing area update request procedure.

(Note: The conversion of a periodic TAU (RAU) to combined TAU(RAU) was described in TS 24.301and TS 24.008 Rel-11 only recently, with the two CRs mentioned in the title of this paper, so there may be legacy UE (MS) implementations which do not accept a new TMSI during a periodic TAU (RAU).)
With the introduction of MSC-pooling the allocation of a (new) TMSI became an essential part of the location update via the (S)Gs interface, as the new TMSI informs the UE about the NRI of the MSC/VLR to which it is registered as a result of the TAU(RAU). In a network without E-UTRAN, paging for CS services with IMSI is still working, as for a limited time the RNC keeps a correlation between the IMSI and the MSC/VLR which sent the Paging Request. Thus the RNC can route the Paging Response with IMSI received from the UE to the correct MSC/VLR. With the introduction of paging via E-UTRAN this correlation in the RNC is no longer possible, and therefore the conversion of the periodic TAU (RAU) into a combined TAU (RAU) becomes a problem for MSs not accepting the new TMSI, because after a paging for CS services with IMSI the RNC does not know to which MSC/VLR it has to route the Paging Response. 
In TS 24.008 and TS 24.301 the network option to convert the periodic into a combined TAU (RAU) "with IMSI attach" has not been described until recently; therefore it is unclear whether UE implementations before 3GPP Rel-11 are actually supporting this feature, i.e. 

-
whether the UE will replace any stored old TMSI with the new TMSI  received in the TAU ACCEPT (RAU ACCEPT) message, and 
- 
whether the UE will then confirm the receipt of the new TMSI by sending a TAU COMPLETE (RAU COMPLETE) message.
The two CRs agreed at CT1#80 and CT1#81 seem to address this gap for Rel-11, however, it is not clear how backwards compatibiltiy for legacy UEs has been taken into account; if it was considered at all.

2. Backwards compatibilty

Legacy UE implementations could react in various ways if the network includes a new TMSI in the TAU ACCEPT (RAU ACCEPT) message for a periodic TAU(RAU):
a)
The UE could store the TMSI and respond with a TAU COMPLETE (RAU COMPLETE) message.
b)
The UE could store the TMSI, but not respond with a TAU COMPLETE (RAU COMPLETE) message.
c)
The UE could ignore the TMSI and not respond with a TAU COMPLETE (RAU COMPLETE) message.
a) would be the "best possible" case, as it is the behaviour expected according to the agreed CR
b) will result in some additional signalling as the MME (SGSN) will retransmit the TAU ACCEPT (RAU ACCEPT) message 4 times if the UE does not respond. After the 5th timer expiry, the MME (SGSN) and VLR will terminate the procedure, consider the combined TAU (RAU) procedure as successfully completed and the (S)Gs association as established, and the VLR will consider the TMSI as 'occupied'. According to TS 24.008, 4.3.1.4, the VLR may use the IMSI for paging, but other implementations are possible, so if MSC-pooling applies, the VLR could first use the TMSI for paging (assuming that the UE received and stored the new TMSI), and only if the UE does not respond to this, the VLR would send a second paging request with IMSI. 
c) would be the "worst" case, as in this case the UE will not react to paging with the new TMSI. If the UE receives the paging for CS with IMSI in E-UTRAN and responds to it, the MME will trigger a network-initiated detach with update type 'IMSI detach' – the same procedure the MME could already have triggered when receiving the intial periodic TAU.
Overall, taking into account the additional signalling that may be required for the retransmissions of TAU ACCEPT (RAU ACCEPT) messages for case b, and the additional paging and the network-initiated detach with update type 'IMSI detach' for case c, it is at least questionable whether in a network deployment with MSC-pools the implementation option for the use cases 1 to 3 above provides any advantages compared to an implementation which always triggers a network-initiated detach with update type 'IMSI detach'. 

3. Further issues
A closer look at the specifications TS 24.008 and TS 24.301 shows that there are further issues which have not yet been taken into account by the two CRs.

3.1 ISR 

As the RAU request is now treated as a combined RAU with IMSI attach, for a UE that indicates that it is supporting EMM combined procedures the SGSN needs to indicate in the the RAU ACCEPT message that ISR is deactivated. – This is not covered by 24.008‑2296r1 (C1-124701).
3.2 Unsuccessful cases and abnormal cases
1) The combined routing area update procedure could be "successful for EPS (GPRS) services only". E.g. in the use case 2, "VLR load redistribution", it is possible that as a consequence of the unsuccessful location update attempt via (S)Gs the subscriber context at the old VLR has already been cancelled, but the new (S)Gs association is not yet established. In this case the UE can only be paged via A/Iu-cs interface which means that it can miss some paging via the A interface while being in packet transfer mode.
In this case the UE would first of all need to detect that there is a problem with the (S)Gs association. I.e. the UE would need to detect that the TAU ACCEPT (RAU ACCEPT) includes not only an update result = "TA (RA) updated" – which is the usual result for a successful periodic update –, but also an optional EMM(GMM) cause IE indicating e.g. cause #16 "MSC temporarily not reachable". Upon receipt of this combination the UE would need to initate combined TAU (RAU) (re-)attempts in order to re-establish the (S)Gs association.
2) It is also possible that the periodic TAU (RAU) procedure is aborted due to some abnormal case (e.g. expiry of the timer T3430 (T3330) supervising the receipt of the TAU ACCEPT (RAU ACCEPT) message): 
In this case, as the UE is not aware that the MME (SGSN) converted the update type to "combined update" and the (S)Gs association has been affected, the UE does not even know that it needs to change to EMM(GMM)-REGISTERED.ATTEMPTING-TO-UPDATE-MM instead of EMM(GMM)-REGISTERED.ATTEMPTING-TO-UPDATE. (Note that in the first case the UE will use update type "combined update with IMSI attach" for subsequent TAU (RAU) requests.)
Overall, it seems quite unlikely that all legacy UE implementations will treat these unsuccessful cases and abnormal cases in the desired way.  Besides, even if CT1 agreed on further CRs adding the missing UE requirements to TS 24.008 and TS 24.301 for Rel-11, we expect that e.g. for the case of timer T3430 (T3330) expiry a solution on the network side will be needed  - which could be e.g. that if a problem occurs the MME (SGSN) resorts to initiating a network-initiated detach procedure with detach type 'IMSI detach'.

4. Discussion & Conclusion
This brings us in full circle back to beginning of the paper: The purpose of the optional feature was to optimize the signalling by avoiding the network-initiated detach procedure with detach type 'IMSI attach'. 

However, taking into account 
-
that the use cases of the optimization are related to some non-standard situations (VLR reset, VLR load re-distribution, long term VLR outage), so the benefits are limited, 
-
that the support of the mechanism by legacy UE implementations is unclear, and 
-
a full solution would require additional efforts both in standardization and (network) implementation for the unsuccessful/abnormal cases,

we would like to propose that the option to convert a periodic TAU (RAU) to a combined procedure is removed from the standard completely, preferably from Rel-8 onwards. With that we would also include a removal of CRs 24.301-1532r1 (C1-123946) and 24.008‑2296r1 (C1-124701). 

If CT1 agrees with this proposal, Intel volunteers to bring related CRs to the next meeting.
