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Abstract of the contribution: Paper identifies an issue with UEs that support 5G and EPS SRVCC and how SRVCC can fail if a UE moves from 5GS to EPC and vice versa and then performs SRVCC.
Background
SRVCC is a feature that allows a voice session to continue from IP domain to the CS domain.  The SIP registration signaling is handled in the SCC AS and the SIP session signaling is anchored in the SCC AS (see 3GPP TS 23.237).  In a subsequent release a function called ATCF/ATGW was introduced that anchored the SIP Session signaling and media.  It allowed for a better customer experience.
During registration, the ATCF can provide an STN-SR to the SCC AS. The SCC AS provides the STN-SR to the HSS, if the UE is SRVCC capable. Furthermore, if the SCC AS determine that UE is SRVCC capable (i.e. PS to CS SRVCC is usable for the UE) the ATCF receives the C-MSISDN from the SCC AS.
When to include the ATCF/ATGW in a MT or MO SIP session is described in 3GPP TS 23.237, extract below, which shows that the UE SRVCC capability is used to make a determination to anchor or not. TS 24.237 shows that the SCC AS by including the "g.3gpp.srvcc" feature capability indicator in the Feature-Caps header field of an initial SIP INVITE request and in a SIP 1xx response or SIP 2xx response to an initial SIP INVITE request towards the SC UE, indicating to the ATCF that the session is anchored in the SCC AS.
	[bookmark: _Toc19091957]4.3.1.2.1	General Access Transfer concepts
IMS sessions from and to a UE are anchored at the SCC AS in the home IMS and may also be anchored at the ATCF in the serving (visited if roaming) network to provide Service Continuity for the user during transition between two Access Networks. Sessions are anchored at the SCC AS in the home IMS, based on iFC. A 3pcc (3rd party call control) function is employed at the SCC AS to facilitate inter-Access Network mobility through the use of Access Transfers between the two Access Networks. IMS media sessions may be anchored by the ATCF during session establishment depending on operator policy. Access Transfers may be enabled in one or both directions as per network configuration requirements. The SCC AS has the capability to perform Access Transfers for a UE's sessions multiple times.

[bookmark: _Toc19091958]4.3.1.2.2	Access Transfer (PS – CS) concepts
IMS sessions established in CS or PS Access Networks are anchored at the SCC AS. Additionally, IMS media sessions subject to CS to PS or PS to CS SRVCC can be anchored by the ATCF. IMS sessions using CS bearer are established at session setup or upon Access Transfer using procedures specified in TS 23.292 [5].

[bookmark: _Toc19091999]6.1.2	Registration using ATCF enhancements
…
The ATCF shall allocate the STN-SR when the user performs initial registration in the IMS. The STN-SR shall be provided through IMS and via third-party registration to the SCC AS. Depending on operator policy, the SCC AS may interrogate the UDM/HSS to know if the user is subscribed for SRVCC (via STN-SR) and if the UE is SRVCC capable. If both conditions are met, or based on operator policy, the SCC AS shall further provide the STN-SR to the UDM/HSS if the received STN-SR is different from the existing one that has been set, which in turn shall update the MME/SGSN. In 5GS, the UDM updates the AMF with received STN-SR.

NOTE 3:	Service level agreements are used to understand whether the home network supports (5G-)SRVCC enhanced with ATCF. In addition, as fall back, the ATCF will as well understand whether (5G-)SRVCC enhanced with ATCF is activated in the SCC AS by the reception of C-MSISDN/ATU-STI.
5.	Depending on the operator policy, the SCC AS sends Sh-Pull message to the UDM/HSS in order to know whether the UE is SRVCC capable, and to retrieve the STN-SR stored in the UDM/HSS.
6.	The UDM/HSS replies to the SCC AS with a Sh-Pull Response message including the UE SRVCC capability if available, and the STN-SR if available.
7.	The SCC-AS determines, based on operator policy or based on the outcome of Sh-pull procedure, that the user is subscribed for SRVCC via the presence of STN-SR and that the UE is SRVCC capable. If the STN-SR from the UDM/HSS is different from the STN-SR received from the ATCF, the SCC AS sends a Sh-Update to provide the STN-SR received from the ATCF to the UDM/HSS from the ATCF in order to replace the STN-SR pointing to the SCC AS or the previously stored STN-SR pointing to other ATCF.
The SCC AS informs the UE SRVCC capability to ATCF during IMS registration by addressing the ATCF using the ATCF management URI. The SCC AS is able to retrieve the updated UE SRVCC capability status by sending Sh-Pull message to the UDM/HSS at any point. If SCC AS detects the UE SRVCC capability change, SCC AS then informs the ATCF about the updated SRVCC capability of the UE and the ATCF stores this information for deciding whether anchoring IMS voice originating sessions at the ATGW or not.
NOTE 7:	The trigger for SCC AS to poll the UDM/HSS for the updated UE SRVCC capability status is not specified in this release of the specification.
NOTE 8:	If the UE switches on/off its SRVCC capability during the lifetime of IMS registration, and the SCC AS has not polled the UDM/HSS in the meantime, the SCC AS and ATCF will not have the updated value of SRVCC capability.



[bookmark: _Ref28079446]Table 1 – Extract from 3GPP TS 23.237
Stage 3 provides more insight that ATCF procedures will only be triggered if the UE indicates it is SRVCC capable.
	[bookmark: _Toc20149882]6.3.2	Triggers for the SCC AS providing information to ATCF
This subclause applies for a contact address (or a registration flow, if multiple registration mechanism is used) in the registration state information obtained by SCC AS:
…..
The SCC AS shall determine that PS to CS SRVCC is usable for the UE if the UE PS to CS SRVCC Capability (see 3GPP TS 29.328 [6]) of the UE has value UE-SRVCC-CAPABILITY-SUPPORTED and if the private user identity of the UE has associated STN-SR (see 3GPP TS 29.328 [6]).
...
When the SCC AS becomes aware of a new contact address (or new registration flow, if multiple registration mechanism is used) that fulfils the above criteria and:
-	PS to CS SRVCC is usable for the UE; or
-	…;
the SCC AS shall perform actions as described in subclause 6.3.3 with the related ATCF.

[bookmark: _Toc20150363][bookmark: _Toc27493653]D.3.3	Semantic
...
Each <SRVCC-info> element contains SRVCC-related information related to one registration path (or registration flow, if multiple registration mechanism is used) of a UE with IM CN subsystem. The SRVCC-related information in the <SRVCC-info> element consists of:
1)	if the UE PS to CS SRVCC Capability (see 3GPP TS 29.328 [6]) has value UE-SRVCC-CAPABILITY-SUPPORTED and if the private user identity of the UE has associated STN-SR (see 3GPP TS 29.328 [6]):
a)	<ATU-STI> element containing the ATU-STI for PS to CS SRVCC of the SCC AS; and
b)	<C-MSISDN> element containing the Correlation MSISDN of the UE.

[bookmark: _Toc20150446][bookmark: _Toc27493736]G.3	Network indications of support of access transfer features towards the SC UE
Table G.3-1: Network indications of support of access transfer features to the SC UE
	Access Transfer Feature
 
	 SCC AS, ATCF and EATF indication of support to the SC UE

	PS to CS SRVCC (Single Active Call)
	The SCC AS indicates to the SC UE that a session is anchored in the SCC AS by including the "g.3gpp.srvcc" feature capability indicator in the Feature-Caps header field of an initial SIP INVITE request and in a SIP 1xx response or SIP 2xx response to an initial SIP INVITE request towards the SC UE. 

….


	…
	…






[bookmark: _Ref28080539]Table 2 – extract 3GPP TS 24.237

The HSS/UDM obtains the UE’s SRVCC capability when the UE REGISTERS with the system (see extracts from 3GPP TS 23.401, 3GPP TS 23.502 below)
	[bookmark: _Toc4422128]5.3.2.1	E-UTRAN Initial Attach
……
During the Initial Attach procedure, if the MME supports SRVCC and if any of the conditions described in step 8 in Figure 5.3.2.1-1 are satisfied, the MME informs the HSS with the UE SRVCC capability e.g. for further IMS registration.
…..
8.	….., the MME sends an Update Location Request (MME Identity, IMSI, ME Identity (IMEISV), MME Capabilities, ULR-Flags, Homogeneous Support of IMS Voice over PS Sessions, UE SRVCC capability, equivalent PLMN list) message to the HSS. ….
….
	If the MME determines that only the UE SRVCC capability has changed, the MME sends a Notify Request to the HSS to inform about the changed UE SRVCC capability.
…..



Table 3 – Extract from 3GPP TS 23.401
	[bookmark: _Toc5029098]4.2.2.2.1	General
…
14a-c……
	Durng initial Registration, if the AMF and UE supports SRVCC from NG-RAN to UTRAN the AMF provides UDM with the UE SRVCC capability.
	If the AMF determines that only the UE SRVCC capability has changed, the AMF sends UE SRVCC capability to the UDM.



[bookmark: _Ref28082127]Table 4 – Extract from 3GPP TS 23.502
Problem 1
A UE that does not support SRVCC from NG-RAN to UTRAN but does supports SRVCC from E-UTRAN/UTRAN (HSPA) to UTRAN/GERAN can NAS register with 5GS, then perform an IMS registration. Per Table 1 the SCC AS will obtain relevant information from the HSS/UDM and the ATCF will be configured with relevant information from the SCC AS.  
However, given the 5GS REGISTRATION indicated the UE did not support SRVCC NG-RAN to UTRAN (see Table 4 that provides no provision that the UE supports any other form of SRVCC) the SCC AS does not perform the necessary procedures to include the ATCF/ATGW (see Table 2).  An MT call can arrive over and is delivered over NG-RAN and subsequently the UE can be transferred to EPC as NR coverage is limited.  EPC then determines that SRVCC needs to be performed, however the ATCF/ATGW was not configured per Table 2.  The call will fail.
Another problem is that the "g.3gpp.srvcc" feature capability indicator is not included in the MT SIP INVITE over NG-RAN, in some cases causing the ATCF not to perform the procedures needed to prepare for SRVCC from E-UTRAN to CS.
Problem 2
A similar set of problems occurs when the UE that does not support SRVCC from E-UTRAN/UTRAN (HSPA) to UTRAN/GERAN but does support SRVCC from NG-RAN to UTRAN performs NAS attach with EPS, then perform an IMS registration. Similarly, the SCC AS will not obtain relevant information from the HSS/UDM and the ATCF will not be configured with relevant information from the SCC AS.  
Proposal
In 5GS the UE includes indication if it supports SRVCC from E-UTRAN/UTRAN (HSPA) to UTRAN/GERAN.
In EPS the UE includes indication if it supports SRVCC from NG-RAN to UTRAN.

