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Abstract of the contribution: It discusses the SGs/Gs association removal problem and 4 solutions.
Discussion:

In the LS from CT4 about SGs association removal (S2-110234/C4-102846), CT4 considers it should be addressed for the problem that the MM context including the SGs association in the old MSC/VLR can not be released when the SGs association fails to be established in the target MME during inter-MME mobility (e.g. TAU).
After further inline/offline discussion in SA2/CT1, it assumes the scenario that the target MME fails to establish SGs association (e.g. due to “No CS resources available” or “CS congestion”) when CSFB or SMS over SGs is supported is a rare case. Even it happens, the UE or the MME is able to retry (e.g. selecting another one in case of MSC Pool, or retry later in case of congestion), or the MSC/VLR is able to release the CS resource depending on implementation methods.
But it is a common problem for Gs association removal when the UE moves from GERAN/UTRAN in NMO I to E-UTRAN network that doesn’t provide CS Fallback or SMS over SGs service for the specific UE (e.g. provide VoIMS for the specific UE), it is illustrated in figure 1 as follows:
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Figure 1: Gs association removal problem illustration
1) In NMO1, the UE performs combined GRPS/IMSI attach or combined RA/LA update procedure, Gs association is established between MSC/VLR and SGSN for the UE.

2) The UE moves to E-UTRAN network.
3) The UE registers to the MME by performing TAU procedure without CSFB or SMS over SGs service provision, e.g. the UE performs TA update for EPS only, or the MME doesn't support CSFB or SMS over SGs service for the specific UE. And the old SGSN will start a timer (T1) when it receives the Context Request message from the MME according to the principle as specified in the TS 23.401.
4) As specified in TS 23.401, the HLR/HSS does not send Cancel Location message to the old SGSN (only to the old MME) in this case. And when the timer (T1) expires, the SGSN removes the MM and bearer contexts, including removing Gs association context. But the SGSN will not notify the MSC/VLR about Gs association removal according to the current principle. And the MSC/VLR is also unaware that the UE moves out of the CS coverage due to the “implicit detach timer” stopped when Gs association is established. So it is no way for the MSC/VLR to remove any resource (in addition to Gs association) for the UE in this case.
The problem occurs due to that the MSC/VLR can not be informed that the UE has moved out of its coverage and the reachable timer is stopped due to the established Gs association.
The same problem also applies to the scenario that moves from an E-UTRAN with CSFB or SMSoSGs to another E-UTRAN network without CSFB or SMSoSGs (e.g. a roaming scenario). In this case, a SGs association has been established in the MSC/VLR, and the reachable timer also stops in the MSC/VLR.
Several solutions have been discussed for SGs association removal in CT1/CT4/SA2:

Solution 1: old MME sends SGs-EPS-Detach-Indication message to the MSC/VLR when it receives Cancel Location (C1-104646/ C1-104647)
According to the current principle, the old SGSN can not receive the Cancel Location message during Inter-RAT TAU procedure, so this solution can not solve the above problem for Gs association removal.
Solution 2: old MME sends a SGs message to the MSC/VLR indicating a “SGs removal timer” shall be started in the MSC/VLR when it receives Context Acknowledge message (S2-105456)
1) The “SGs removal timer” is useless, and the MSC/VLR could restart the “reachable timer” according to the specific indicator from the old MME if this solution could be used.
2) There are a lot of update requirements if it is introduced for Gs association removal scenario:

a) It can not be used for Gn/Gp SGSN as it requires updating the Gs interface and SGSN behaviour (i.e. the old SGSN sends Gs message to the MSC/VLR when it receives Context Acknowledge instead of releasing resource when the timer (T1) expires).
b) In case of inter-S4-SGSN RAU procedure, the new S4-SGSN will establish new Gs association, so it is not necessary for the old SGSN to indicate to the MSC/VLR.
c) In case of SGSN-MME inter RAT TAU procedure with supporting CSFB/SMSoSGs in LTE, it is also not necessary for the old SGSN to indicate to the MSC/VLR.
3) This solution requires updating on legacy Gs interface and also waste resource in most of cases (i.e. the old SGSN always indicates the MSC/VLR to remove the Gs association even the Gs/SGs association could be established successfully in the target side), so it is not a good solution.

Solution 3: old MME sends SGs-EPS-Detach-Indication message to the MSC/VLR according to the special cause from the new MME included in the Context Acknowledge message (C4-102631)

This solution can be used for this Gs association removal scenario, i.e. the new MME provides a special cause when CSFB or SMS over SGs is not supported in E-UTRAN for the specific UE, and then the old SGSN sends Gs-GRPS-Detach-Indication message to the MSC/VLR.
It is better than solution 2, but it has the similar problem as solution 1, e.g. it requires updating the legacy Gn/Gp SGSN.
All above 3 solutions are not suitable to solve this Gs association removal problem considering the impact on legacy system. This paper introduces to discuss a new solution (i.e. solution 4) that the new MME requires the HLR/HSS to send Cancel Location message to the MSC/VLR when CSFB or SMSoSGs is not supported for the specific UE.
The message flow for this solution is illustrated in Figure 2:
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Figure 2: message flow for sending cancel location to MSC/VLR
1. UE sends TAU Request message to the MME.
2. The MME sends Update Location Request message to the HLR/HSS, including a “CS Release Indicator”, when the UE requires TA update for PS only or the MME can not provide CSFB or SMS over SGs service for the specific UE, which can be decided based on operator policy, e.g. only when the UE comes from the GERAN/UTRAN which is in NMO I manner.
3. The HLR/HSS sends Cancel Location message to the old MSC/VLR according to the “CS Release Indicator” when old MSC/VLR number is available.

4. The old MSC/VLR removes the MM context and responses Cancel Location Ack message.

5. The HLR/HSS sends Update Location Ack message to the MME.

6. The MME sends TAU Accept message to the UE.

This solution requires updating the MME and the HSS, but no impact on the legacy network.
And it is not suitable that the HLR/HSS sends cancel location to the MSC/VLR based on local configuration, due to:

1) Whether providing CSFB or SMSoSGs service is UE specific, and sometimes it is dynamic, e.g. the UE may change its voice preference, so it can not to configure a static policy for all the UEs in the HLR/HSS. If the HLR/HSS always sends Cancel Location to the MSC/VLR regardless whether the SGs association will be established later or not, it will waste resource very heavily.
2) There is race condition problem considering the above problem, i.e. it is possible that the MSC/VLR receives Location Request message from MME before receiving the Cancel Location from HLR/HSS.

Comparing the above 4 solutions, the solution 4 is better due to less impact on the network.

Conclusion:

It discusses the Gs/SGs association removal problem when it fails to be established in the target side during inter-SGSN/MME update procedure. And it thinks the essential problem is that the MSC/VLR can not release the CS resource when the UE moves to a E-UTRAN access network, which can not provide CSFB or SMS over SGs service for the UE, once the Gs or SGs association is established in the MSC/VLR.
It is because that the MSC/VLR can not be informed that the UE has moved out of its coverage and the reachable timer is stopped due to the established Gs or SGs association.
It also discusses 4 solutions, and proposes to adopt the solution 4 as it has less impact on the network.
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