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Abstract of the contribution: This paper proposes a solution for SRVCC from 5G to 3G.
1. Discussion
Current 5G architecture is designed only to interwork with EPC and not with the legacy 3G networks. In order to provide SRVCC from 5G to 3G, there are a few assumption on the requirements to be made:
· Minimum impact to 5G procedures

· No impact to SRVCC procedures from 3G point of view

· Only the voice session is handed over to 3G
5G SRVCC Architecture
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Figure 1: 5G SRVCC Architecture
In order to minimize the input to 5G procedure it is recommended to make use of the 5G - 4G interworking procedures, also to achieve no impact to the legacy 3G network, i.e. the MSC-Server assumes it talks to a MME. A specialized MME could act as a SRVCC interworking function (SRVCC-IWF) between AMF and MSC-Server only to interwork the signalling between the two systems.

The tasks of the SRVCC interworking function would be limited to: 

· MSC-Server selection based on target cell Id, e.g. based on configuration/data base lookup

· Derives the CS security key from the E UTRAN/EPS domain key as defined in TS 33.401.

· Follows the MME procedure as described in TS 23.216 (sends the SRVCC PS to CS Request etc.) for SRVCC to UTRAN/GERAN

It does not need to perform any other functionalities of a normal MME, e.g. mobility management, keeping registration of the UE and context information, bearer splitting, or even connecting to EPC. 

Radio Capability Match Procedure
The AMF needs to perform the radio capability match procedure in order to know whether UE and network are compatible so that the AMF can set the SRVCC operation possible indication which is required by the RAN to assemble the NCL. The procedure can be mapped one to one to the 5G system.
2. Proposal
It is proposed to include the following solution into the TR 23.756:
***** Start of Changes *****

6.X
Solution #X: SRVCC without UTRAN impacts

6.X.1
Description

Current 5G architecture is designed only to interwork with EPC and not with the legacy 3G networks. In order to provide SRVCC from 5G to 3G, there are a few assumptions on the requirements to be made:

-
Minimum impact to 5G procedures; 
-
No impact to SRVCC procedures from 3G point of view; and 
-
Only the voice session is handed over to 3G.
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Figure 6.X.1-1: 5G SRVCC Architecture
In order to minimize the input to 5G procedure it is recommended to make use of the 5G - 4G interworking procedures, also to achieve no impact to the legacy 3G network, i.e. the MSC-Server assumes it talks to a MME. A specialized MME could act as a SRVCC interworking function (SRVCC-IWF) between AMF and MSC-Server only to interwork the signalling between the two systems.

The tasks of the SRVCC-IWF would be limited to: 

-
MSC-Server selection based on target cell Id, e.g. based on configuration/data base lookup;
-
Derives the CS security key from the E UTRAN/EPS domain key as defined in TS 33.401; and
-
Follows the MME procedure as described in TS 23.216 (sends the SRVCC PS to CS Request etc.) for SRVCC to UTRAN.
It does not need to perform any other functionalities of a normal MME, e.g. mobility management, keeping registration of the UE and context information, bearer splitting, or even connecting to EPC. 

6.X.2
Procedures

6.X.2.1
Radio Capability Match Procedure
The AMF needs to perform the radio capability match procedure in order to know whether the UE and the network are compatible so that the AMF can set the SRVCC operation possible indication which is required by the RAN to assemble the neighbour cell list (NCL). The procedure can be mapped one to one to the 5G system in the following way and is shown here applied to the Registration procedure.
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Figure 6.X.2.1-1: Radio Capability Match Procedure
The following steps are performed:
1.
The UE sends a Registration Request including its 5G SRVCC capability. Any of the Registration Requests are applicable.

2.
The RAN performs AMF selection as specified in 23.501. 

3.
The RAN forwards the Registration Request with the 5G SRVCC capability information.

4.
The AMF performs the steps according a normal registration procedure as specified in TS 23.502, clause 4.2.2.2.2.

5.
Since the UE provided the 5G SRVCC capability and if the network supports 5G SRVCC to 3G/2G, then the AMF performs a UE radio capability match procedure and indicates whether the AMF wants to receive Voice support match indicator. 

6.
Upon receiving a UE Radio Capability Match Request from the AMF, the RAN requests the UE to upload the UE radio capability information by sending the RRC UE Capability Enquiry.

7.
The UE provides the RAN with its UE radio capabilities sending the RRC UE Capability Information.

8.
The RAN checks whether the UE radio capabilities are compatible with the network configuration for ensuring voice service continuity of voice calls initiated in IMS.

For determining the appropriate UE Radio Capability Match Response, the RAN is configured by the operator to check whether the UE supports certain capabilities required for Voice continuity of voice calls using IMS PS. In a shared network, the RAN keeps a configuration separately per PLMN.

NOTE 1:
What checks to perform depends on network configuration, i.e. following are some examples of UE capabilities to be taken into account:

-
the SRVCC, 5G SRVCC and 5G, UTRAN/E-UTRAN Voice over PS capabilities;

-
the Radio capabilities for 5G, UTRAN/E-UTRAN FDD and/or TDD; and/or

-
the support of 5G, UTRAN/E-UTRAN frequency bands.

NOTE 2:
The network configuration considered in the decision for the Voice Support Match Indicator is homogenous within a certain area (e.g. AMF Serving Area) in order to guarantee that the Voice Support Match Indicator from the RAN is valid within such area.

The RAN provides a Voice Support Match Indicator to the AMF to indicate whether the UE capabilities and networks configuration are compatible for ensuring voice service continuity of voice calls initiated in IMS.

9.
The AMF stores the received Voice support match indicator in the MM Context and uses it as an input for setting the IMS voice over PS Session Supported Indication. The setting of the IMS voice over PS Session Supported Indication and of the Homogeneous support for IMS voice over PS Session supported indication is described in TS 23.501.

10.
The AMF sends the Registration Accept with the IMS Voice over PS session supported Indication and includes a "SRVCC operation possible" indication (could be also included in the NG AP Initial Context Setup Request), meaning that both UE and AMF are 5G SRVCC-capable and that STN-SR and C-MSISDN are included in the subscription data.

11.
The RAN forwards the Registration Accept with the IMS Voice over PS session supported Indication to the UE

12.
When the UE is in CM-CONNECTED state, then the RAN configures the Neighbour Cell List for the UE to include also VoIP-incapable cells (e.g. 2G/3G).

6.X.2.2
5G SRVCC Procedure
The 5G SRVCC does not impact the legacy CS network, the steps related to UTRAN are the same as specified in TS 23.216, i.e. step 7.-12., 15., 17., 25., 26.
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Figure 6.X.2.2-1: Radio Capability Match Procedure
The following steps are performed:
1.
The UE is IMS registered and has an IMS voice session ongoing. The capability exchange was performed before so that UE, RAN, Network are aware of the 5G SRVCC capabilities. UE sends measurement reports to the RAN.

2.
Based on UE measurement reports the source RAN decides to trigger an 5G SRVCC handover to UTRAN. The NG-RAN sends a Handover Required (Target ID, Source to Target Transparent Container, 5G SRVCC Indication) message to the AMF. The 5G SRVCC HO indication indicates to the AMF that target is only CS capable, hence this is a 5G SRVCC handover operation only towards the CS domain. The message includes an indication that the UE is not available for the PS service in the target cell.

3.
The AMF determines from the 'Target Identifier' IE that the type of handover is Handover to GERAN/UTRAN. The AMF selects an SRVCC-IWF.

4.
The AMF may use Nsmf_PDUSession_ContextRequest to request the PGW-C+SMF for each PDU Session associated with 3GPP access to provide SM Context that also includes the mapped EPS Bearer Contexts.

5.
The AMF sends a Forward Relocation Request (Target ID, Source to Target Transparent Container, mapped MM context (including EPS security context mapped from 5G security context), UE Usage Type, IMSI, STN-SR and C MSISDN) message.

6.
The SRVCC-IWF performs MSC-Server selection based on the Target ID and maps the EPS security context to a UMTS or GPRS security context. 

7.
The SRVCC-IWF sends a SRVCC PS to CS Request (IMSI, Target ID, STN-SR, C MSISDN, generic Source to Target Transparent Container, MM Context, Emergency Indication) message to the MSC Server. The Emergency Indication and the equipment identifier are included if the ongoing session is emergency session. Authenticated IMSI and C MSISDN shall also be included, if available. The MM Context contains security related information. CS security key is derived by the SRVCC-IWF from the E UTRAN/EPS domain key as defined in TS 33.401. The CS Security key is sent in the MM Context.

8.
Target MSC performs resource allocation with the target UTRAN by exchanging Handover Request/ Acknowledge messages. If the MSC Server indicated priority, the target BSS allocates the radio resource based on the existing procedures with priority indication.

9.
For non-emergency session, the MSC Server initiates the Session Transfer by using the STN-SR e.g. by sending an ISUP IAM (STN-SR) message towards the IMS. If the MSC-Server supports IMS Centralized Services, it can send a SIP INVITE to the IMS instead. For emergency session, the MSC Server initiates the Session Transfer by using the locally configured E-STN-SR and by including the equipment identifier. IMS Service Continuity or Emergency IMS Service Continuity procedures are applied for execution of the Session Transfer, see TS 23.237.

10.
During the execution of the Session Transfer procedure the remote end is updated with the SDP of the CS access leg. The downlink flow of VoIP packets is switched towards the CS access leg at this point.

11.
Source IMS access leg is released as per TS 23.237.

12.
MSC Server sends a SRVCC PS to CS Response (Target to Source Transparent Container) message to the SRVCC-IWF.

13.
SRVCC-IWF sends a Handover Command (Target to Source Transparent Container) message to the source RAN. The message includes information about the voice component only.

14.
The AMF sends a Handover from 5G RAN Command message with 5G SRVCC indication to the UE via the source RAN.

15.
UE tunes to UTRAN. Handover Detection at the target UTRAN occurs, then the target UTRAN sends Handover Detection message to the target MSC. At this stage, the target MSC can send/receive voice data. The UE sends a Handover Complete message via the target UTRAN to the target MSC.

16.
The UE detects the SRVCC handover to UTRAN based on the 5G SRVCC indication in the Handover Command and suspends the non-GBR QoS flows, all other QoS flows, i.e. GBR and voice, are released. This step may be performed in parallel or before step 15.

17.
MSC Server sends a SRVCC PS to CS Complete Notification message to the SRVCC-IWF. SRVCC-IWF acknowledges the information by sending a SRVCC PS to CS Complete Acknowledge message to the MSC Server.

18.
SRVCC-IWF sends a Forward Relocation Complete Notification message to the AMF.

19.
The AMF acknowledges MME with Relocation Complete Ack message. A timer in AMF is started to supervise when resources in the in NG-RAN and PGW-C+SMF shall be released.

20.
The AMF sends a Nsmf_PDUSession_UpdateRequest (or any other suitable message on the SBI) to the PGW-C+SMF for each PDU Session associated with 3GPP access with a 5G SRVCC indication. 

21.
The SMF(s) detects the SRVCC handover based on the 5G SRVCC indication and seperates the QoS flows related to IMS voice, GBR and non-GBR QoS flows. The non GBR QoS flows are suspended and the SMF stores the non-GBR QoS flow contexts. The IMS voice Qos flow and the GBR QoS flows are released.

22.
The SMF sends a N4 Session Modification Request (N4 Session ID) message to the UPF in order to release the IMS voice and GBR QoS flows. If all flows of the SMF are released, the SMF sends a N4 Session Release message to the UPF instead. 

23.
The UPF performs the requested action and acknowledges the N4 request.

24.
The SMF sends a Nsms_PDUSession_UpdateResponse to the AMF to indicate that the QoS flow update due to 5G SRVCC handover is complete.

25.
For non-emergency sessions and if the HLR is to be updated, i.e. if the IMSI is authenticated but unknown in the VLR, the MSC Server performs a TMSI reallocation towards the UE using its own non-broadcast LAI and, if the MSC Server and other MSC/VLRs serve the same (target) LAI, with its own Network Resource Identifier (NRI).

NOTE:
The TMSI reallocation is performed by the MSC Server towards the UE via target MSC.

NOTE:
For emergency services sessions the HLR will not be updated. TMSI reallocation may be performed based on IMSI presence.

26.
For non-emergency sessions, if the MSC Server performed a TMSI reallocation in step 21, and if this TMSI reallocation was completed successfully, the MSC Server performs a MAP Update Location to the HSS/HLR.
6.X.3
Impacts on existing nodes and functionality
AMF:

-
The AMF needs to support SRVCC indication in NAS and the Radio Capability Match procedure, similar to the MME in EPC and needs to determine whether SRVCC operation is possible or not.

SMF:
-
The SMF needs to perform the “bearer splitting” similar to the MME in EPC, i.e. determining the voice, GBR and non-GBR QoS flows for release or suspension.
SRVCC-IWF:
-
Needs to support Sv and N26 interface for SRVCC interworking, provides MME functionality for SRVCC, e.g. mapping of the security context, initiating the CS to PS request etc as specified in TS 23.216.
RAN:
-
Based on SRVCC operation possible indication and presence of a voice QoS flow, the RAN assembles the NCL accordingly and triggers SRVCC to UTRAN if necessary.

***** End of Changes *****
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