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1 Discussion
1.1 Possible Terminating IMS voice call failure, example scenarios

1.1.1 Failure-Scenario-1: UE once registered in 5GS (and AMF has valid context), moves to 2G/3G (i.e. GPRS Attach), and then move back to 5GS (i.e. Initial Registration)
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Figure 1 Example of possible failure scenario-1

Per clause 6.1.1.1 of TS 29.328 v15.6.0 (see Annex A.1), if the Gn/Gp-SGSN is registered in HLR/HSS, the HSS/UDM shall not contact the MME for T-ADS data retrieval, because the UE is considered camping on 2G/3G in this case. Such handling can avoid upgrade of HLR and SGSN due to T-ADS data retrieval.
[Observation-1] Per clause 6.5.3 of TS 23.060 (see annex A.2), during initial GPRS Attach, it’s not clear whether the HLR/HSS sends cancellation to the old AMF, resulting in [Failure-Scenario-1] when UE moves back to 5GS.
[Observation-2] Per clause 5.17.2.4 of TS 23.501 (see Annex A.3), upon mobility from GERAN/UTRAN to 5GS, the UE performs "initial registration", and includes a 5G GUTI if the UE has a stored valid native 5G-GUTI, and per clause 4.2.2.2.2 of TS 23.502 (see Annex A.4), if valid context exists in the AMF, the AMF does not perform Nudm_UECM_Registration to UDM.

1.1.2 Failure-Scenario-2: UE once registered in 5GS (and AMF has valid context) -> EPS Attach (e.g. UE powered off/on) ->RAU in 2G/3G ->then move back to 5GS (i.e. Initial Registration)
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Figure 2 Example of possible failure scenario-2

[Obervation-3] Per Annex D.3.5 of TS 23.401 (see Annex A.5), at RAU from MME->Gn/Gp SGSN, the HLR does not trigger cancellation towards the MME, resulting in [Failure-Scenario-2] when UE moves back to 5GS.
1.2 Proposals on how to avoid mobile terminating call failure when UE moves between GERAN/UTRAN and 5GS
Two main options are discussed below depending on whether upgrade is required on the legacy GPRS network (i.e. HLR and possibly SGSN) to address both Failure-Scenario-1 and Failure-Scenario-2.
1.2.1 [T-ADS-Option-1] Update only on 5GC (i.e. no upgrade is required on HLR and/or SGSN for T-ADS data retrieval)
In this option, during T-ADS Data Retrieval, 
if the HSS/UDM knows that one of the registered serving nodes is a Gn/Gp-SGSN, the HSS/UDM shall not contact the MME and shall not contact AMF.

The above implies that when UE in 5GS, 

· the 5GC must ensure that the SGSN is cancelled by the UDM via HSS/HLR, and

· the UDM must be contacted by the AMF during initial Registration in 5GS when UE moves from 2G/3G, regardless of valid context existing or not.
[Proposal-1] When the AMF registers in UDM indicating initial registration, the UDM shall cancel the previously registered serving node, regardless of the old side being an SGSN or MME. 
To ensure the AMF contact the UDM at initial Registration when UE moves from 2G/3G to 5G, two sub-options are discussed:

[T-ADS-Option-1-1] AMF always do registration to UDM at initial registration;

[T-ADS-Option-1-2] UE indicates the initial registration is from 2G/3G to 5G, based on the indication the AMF do (re-)registration in UDM.
Considering the UE impact is not possible for Rel-15, it’s proposed that at Initial Registration the AMF also do registration to UDM even if the AMF has valid UE context if 2G/3G is deployed in the network.

[Proposal-2] If no upgrade is expected on HLR/SGSN, it’s proposed to adopt [T-ADS-Option-1-1] (i.e. AMF always do registration to UDM at initial registration).

1.2.2 [T-ADS-Option-2] HLR/SGSN upgrade is required for T-ADS Data Retrieval
In this option, during mobile terminating call, the T-ADS data retrieval will be sent to the SGSN, MME and AMF to find out the last activity time of the UE to decide where UE is currently camping, 2G/3G, 4G or 5G.

There is no further spec update expected for this option.

1.2.3 Proposed way forward

Considering that it may be challenging to upgrade the legacy HLR and SGSN in the operator’s network, it’s proposed to go for [T-ADS-Option-1] Update only on 5GC (i.e.no upgrade is required on HLR/SGSN for T-ADS data retrieval).
[Proposal-3] It’s proposed to go for [T-ADS-Option-1] to avoid upgrade on HLR/SGSN.
2 Proposal

For [T-ADS-Option-1]
[Proposal-1] When the AMF registers in UDM indicating initial registration, the UDM shall cancel the previously registered serving node, regardless of the old side being an SGSN or MME. 
[Proposal-2] If no upgrade is expected on HLR/SGSN, it’s proposed to adopt [T-ADS-Option-1] Update only on 5GC (i.e.no upgrade is required on HLR/SGSN for T-ADS data retrieval).

[Proposal-3] It’s proposed to go for [T-ADS-Option-1] to avoid upgrade on HLR/SGSN.
See 23.502 CR1877 (S2-1911040) and CR1878 (S2-19110401) for the update.
Annex A
Annex A.1 T-ADS request handling in the HSS

TS 29.328 v15.6.0 states the following:

6.1
User data handling procedures

6.1.1
Data read (Sh-Pull)
6.1.1.1
Detailed behaviour

…

4a. If T-ADS Information is requested, the HSS/UDM shall take into account information possibly received from MME ,SGSN, and/or AMF during the registration, location update or notification procedure, in order to decide whether MME, SGSN and/or AMF need to be contacted before a response is sent to the AS.

…

If the HSS/UDM knows that one of the registered serving nodes is a Gn/Gp-SGSN, the HSS/UDM shall not contact the MME for T-ADS Data Retrieval, and shall provide the most recent IMS Voice over PS Sessions support indication as indicated by the Gn/Gp-SGSN and/or the AMF. If the Gn/Gp-SGSN needs to be contacted and it does not support T-ADS Data Retrieval, the HSS shall indicate IMS Voice over PS Sessions support is unknown.
Annex A.2 GPRS Attach when UE lost 5G coverage

TS 23.060 states the following:

6.5.3       Combined GPRS / IMSI Attach procedure

…

7)   If the SGSN number has changed since the GPRS detach, or if it is the very first attach, or if the Automatic Device Detection (ADD) function is supported and the IMEISV has changed (see TS 22.101 [82] for ADD functional requirement), or if the MS provides an IMSI or the MS provides an old P-TMSI/RAI which doesn't point to a valid context in the SGSN, or for some network sharing scenario (e.g. GWCN) if the PLMN-ID of the RAI supplied by the RNC is different from that of the RAI in the UE's context, then the SGSN informs the HLR:
a)   The SGSN sends an Update Location (SGSN Number, SGSN Address, IMSI, IMEISV, Update Type, Homogenous Support of IMS Voice over PS Sessions, UE SRVCC capability, equivalent PLMN list, Registration For SMS Request, SMS in SGSN offered) to the HLR. IMEISV is sent if the ADD function is supported. Update Type indicates an initial attach via initial attach indicator as this is an Attach procedure. The inclusion of the equivalent PLMN list indicates that the SGSN supports the inter-PLMN handover to a CSG cell in an equivalent PLMN using the subscription information of the target PLMN. If the S6d interface is used between S4-SGSN and HSS, a parameter "SMS in SGSN offered" is included in the Update Location message. When Gr is used, this parameter is included in the Insert Subscriber Data Ack (Step 7g). "SMS in SGSN offered" indicates that the SGSN supports SMS services via SGSN.
…

b)   The HLR sends Cancel Location (IMSI, Cancellation Type) to the old SGSN. Also, because the Update Type indicates an initial attach via initial attach indicator, if the HSS has the MME registration, the HSS sends Cancel Location (IMSI, Cancellation Type) to the old MME. The Cancellation Type indicates the old MME or SGSN to release the old Serving GW / PDN GW resource.
Annex A.3 Mobility between 5GS and GERAN/UTRAN
TS 23.501 v15.7.0 states the following:

5.17.2.4
Mobility between 5GS and GERAN/UTRAN

…

Upon mobility from GERAN/UTRAN to 5GS (e.g. upon selecting an NG-RAN cell) the UE shall perform the Registration procedure of "initial registration" type as described in TS 23.502 [3]. The UE shall indicate a 5G-GUTI as UE identity in the Registration procedure if it has a stored valid native 5G-GUTI (e.g. from an earlier registration in the 5G System). Otherwise the UE shall indicate a SUCI.

Annex A.4 Initial Registration in 5GS
TS 23.502 v15.7.0 states the following:

4.2.2.2.2         General Registration

…

14a-c. If the AMF has changed since the last Registration procedure, or if the UE provides a SUPI which doesn't refer to a valid context in the AMF, or if the UE registers to the same AMF it has already registered to a non-3GPP access (i.e. the UE is registered over a non-3GPP access and initiates this Registration procedure to add a 3GPP access), the new AMF registers with the UDM using Nudm_UECM_Registration for the access to be registered (and subscribes to be notified when the UDM deregisters this AMF).

…

14d.
When the UDM stores the associated Access Type (e.g. 3GPP) together with the serving AMF as indicated in step 14a, it will cause the UDM to initiate a Nudm_UECM_DeregistrationNotification (see clause 5.2.3.2.2) to the old AMF corresponding to the same (e.g. 3GPP) access, if one exists. If the timer started in step 5 is not running, the old AMF may remove the UE context. Otherwise, the AMF may remove UE context when the timer expires. If the serving NF removal reason indicated by the UDM is Initial Registration, then, as described in clause 4.2.2.3.2, the old AMF invokes the Nsmf_PDUSession_ReleaseSMContext (SUPI, PDU Session ID) service operation towards all the associated SMF(s) of the UE to notify that the UE is deregistered from old AMF. The SMF(s) shall release the PDU Session on getting this notification.

Annex A.4 Mobility from EPS to GERAN/UTRAN via Gn/Gp SGSN

TS 23.401 states the following:

D.3.5
Routing Area Update

…

7.
The new SGSN informs the HLR of the change of SGSN by sending Update Location (SGSN Number, SGSN Address, IMSI, IMEISV, Update Type, Homogenous Support of IMS Voice over PS Sessions) to the HLR. IMEISV is sent if the ADD function is supported. Update Type indicates "normal update". For "Homogenous Support of IMS Voice over PS Sessions", see clause 5.3.8A of TS 23.060 [7].

NOTE 10:
This step is unmodified compared to pre-Rel-8. Clarification about update type added to show that this is the trigger for the HSS to cancel only an old SGSN and not also an old MME.

8.
The HLR sends Cancel Location (IMSI, Cancellation Type) to any old SGSN with Cancellation Type set to Update Procedure. The old SGSN removes the MM and EPS bearer contexts. The old SGSN acknowledges with Cancel Location Ack (IMSI).

NOTE 11:
For the Gn/Gp SGSN the HSS interoperation is unmodified compared to earlier standards Releases.
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Step 3, after initial Registration using SUPI, HLR/HSS/UDM has both registered SGSN and AMF -> Possible MT call failure, if HLR/HSS is not upgraded for T-ADS retrieval 
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