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Abstract of the contribution: This contribution presents a HSPA VoIP to CS voice SR-VCC solution based on the approved SA2 E-UTRAN to CS voice SR-VCC solution. It also compare it to the RAN2 proposed solutions described in R2-082474, and proposes a way forward.
1 Discussion
In SA plenary LS S2-084661 [1], SA2 is requested to try to align a HSPA VoIP to CS voice SR-VCC solution based on the approved SA2 E-UTRAN to CS voice SR-VCC solution, without impacting on the EPC architecture. 

In a first step, the EUTRAN to GERAN SR-VCC approved solution is adapted to HSPA UTRAN VoIP to GERAN CS voice SR-VCC where the SGSN replaces the MME and the UTRAN replaces the E-UTRAN.
For simplifications, the target system described in the flow charts is the GERAN. In case of UTRAN target system, it is assumed that the procedure will apply at a cell handover. Revision bars are shown to indicate the changes compared to existing 23.216 flow charts. 
In a second step, the alternatives proposed in the RAN2 R2-082474 contribution are reminded, then the best alternative is selected.
In a third step, this selected RAN2-based solution is compared with the SA2-based SR-VCC adapted solution.

2 HSPA VoIP to GERAN solution based on the approved SA2 E-UTRAN to CS voice SR-VCC solution
2.1 SRVCC from UTRAN to GERAN without DTM/PSHO support

Depicted in figure 6.2.2.1-1 is a call flow for SRVCC from UTRAN to GERAN without DTM/PSHO support.
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Figure 6.2.2.1-1: SRVCC from E-UTRAN to GERAN without DTM/PSHO support

0.
The UE signals to the SGSN which bearer carries VoIP, and whether it is also used for other media.
1.
Based on UE measurement reports the source UTRAN decides to trigger a handover to GERAN.

2.
Source UTRAN sends Relocation Required (Source to Target Transparent Container) message to the source SGSN. UTRAN also indicates to SGSN that this is SRVCC handover operation or a PS handover only [NEW UTRAN FUNCTION to decide whether it is a SR-VCC or a PS handover, NEW PARAMETER on Iu].

3.
Based on the indication provided in step 0, the source SGSN splits the voice bearer from the non‑voice bearers [NEW FUNCTION] and initiates the SR-VCC handover procedure for the voice bearer by sending a Forward Relocation Request (VDN, MSISDN, Source to Target Transparent Container, MM Context) message [NEW INTERFACE, NEW MESSAGE]  to the MSC Server. It is assumed that SGSN has previously received VDN and MSISDN from the HSS as part of the subscription profile downloaded during the UTRAN attach procedure. MM Context contains security related information. If the bearer has mixed voice and other media components, within a SR-VCC context the SRVCC HO indication shall point out that only the voice component of the packets carried on the bearer shall be subject to VCC, and the other components shall still be handled using mechanism outside the scope of this specification (e.g. Handover in the PS domain).
4.
The MSC Server interworks the PS-CS handover request with a CS inter‑MSC handover request by sending a Prepare Handover Request message to the target MSC. The CS Security key is derived from the UTRAN/PS domain key contained in the MM Context.

5.
Target MSC performs resource allocation with the target BSS by exchanging Handover Request/ Acknowledge messages.

6.
Target MSC sends a Prepare Handover Response message to the MSC Server.

7.
Establishment of circuit connection between the target MSC and the MGW associated with the MSC Server e.g. using ISUP IAM and ACM messages.

8.
The MSC Server initiates the Session Transfer by using the VDN e.g. by sending an ISUP IAM (VDN) message towards the IMS [NEW FUNCTION, but to be implemented for LTE solution also]. Standard IMS Service Continuity procedures are applied for execution of the Session Transfer, see TS 23.292 [xx] and TS 23.237 [xx]. 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.

NOTE 2:
If the MSC Server is using an ISUP interface, then the initiation of the session transfer may fail if the subscriber profile including CAMEL triggers is not available prior handover (see clause 7.3.2.1 in TS 23.292 [xx]).

9.
MSC Server sends a Forward Relocation Response (Target to Source Transparent Container) message to the source SGSN[NEW INTERFACE, NEW MESSAGE, but to be implemented for LTE solution also]. Source SGSN knows that at the end of the PS-CS handover the non-GBR bearers should be preserved [NEW FUNCTION].

10a.
Source SGSN sends a Relocation Command (Target to Source Transparent Container) message to the source UTRAN. The message includes information about the voice component only [NEW PARAMETER].

10b.
In parallel to the previous step the Source SGSN exchanges Update Bearer Request/Response  [resp. Update PDP Context Request/Response] messages with the Serving GW [resp. GGSN]. The S1-U bearers [resp. PDP Contexts] are released for all EPS bearers [resp. PDP Contexts] and the voice bearer [resp. voice PDP Context] is deactivated. The non-GBR bearers [resp. non-GBR PDP Contexts] are preserved [NEW FUNCTION]. The SGSN is aware that a PS-CS handover has occurred, so upon receipt of downlink data notification from the S-GW [resp. upon receipt of packet data from the GGSN], the SGSN shall not page the UE.

11.
Source UTRAN sends a Handover from UTRAN Command message to the UE.

12.
Handover Detection at the target BSS.

13.
Target BSS sends a Handover Complete message to the target MSC.

14.
Target MSC sends an SES (Handover Complete) message to the MSC Server.

15.
Completion of the establishment of the circuit connection between the MSC and the MGW associated with the MSC Server is completed e.g. with the target MSC sending ISUP Answer message to the MSC Server.

16.
MSC Server sends a Forward Relocation Complete message to the source SGSN [NEW INTERFACE, NEW MESSAGE, but to be implemented for LTE solution also], informing it that the UE has arrived on the target side. Source SGSN acknowledges the information by sending a Forward Relocation Complete Acknowledge message to the MSC Server.

17.
MSC Server may perform a MAP Update Location to the HSS/HLR if needed. This may be needed for MSC Server to receive GSM SS information and routing of mobile terminating calls properly in certain configuration.

NOTE 3:
this Update Location is not initiated by the UE.

2.2 SRVCC from UTRAN to GERAN with DTM/PSHO support

Depicted in figure 6.2.1.2-1 is a call flow for SRVCC from UTRAN to GERAN with DTM/PSHO support, including the handling of the non‑voice component.
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Figure 6.2.2.2-1: SRVCC from UTRAN to UTRAN or GERAN with DTM/PSHO support

0.
The UE signals to the SGSN which bearer carries VoIP, and whether it is also used for other media.

1.
Based on UE measurement reports the source UTRAN decides to trigger a handover to GERAN.

2.
Source UTRAN sends a Handover Required (Source to Target Transparent Container) message to the source SGSN. UTRAN also indicates to SGSN that this is SRVCC handover operation [NEW UTRAN FUNCTION to decide whether it is a SR-VCC or a PS handover, NEW PARAMETER on Iu].

3.
Based on an indication provided in step 0, the source SGSN splits the voice bearer from all other PS bearers [NEW FUNCTION]. If the bearer has mixed voice and other media components, within a SR-VCC context the SRVCC HO indication shall point out that only the voice component of the packets carried on the bearer shall be subject to VCC, and the other components shall still be handled using mechanism outside the scope of this specification (e.g. Handover in the PS domain).The following steps are performed:

a)
Source SGSN initiates the PS-CS handover procedure for the voice bearer by sending a Forward Relocation Request (VDN, MSISDN, Source to Target Transparent Container, MM Context) message to the MSC Server [NEW INTERFACE, NEW MESSAGE, but to be implemented for LTE solution also]. The message includes information for the voice component only. SGSN received VDN and MSISDN from the HSS as part of the subscription profile downloaded during the UTRAN attach procedure. MM Context contains security related information.

b)
MSC Server interworks the PS-CS handover request with a CS inter‑MSC handover request by sending a Prepare Handover Request message to the target MSC. The CS Security key is derived from the UTRAN/EPS domain key contained in the MM Context.

c)
Target MSC requests resource allocation for the CS handover by sending the Handover Request (Source to Target Transparent Container) message to the target BSS.

4.
In parallel to the previous step the source SGSN initiates relocation of the remaining non‑voice PS bearers. If the bearer with Voice media component has mixed voice and other media components, within a SR-VCC context the SRVCC Handover indication shall point out that only the voice component of the packets carried on the bearer shall be subject to SR-VCC, and the other components shall still be handled using e.g. handover in the PS domain. [NEW FUNCTION]. The following steps are performed:

a)
Source SGSN sends a Forward Relocation Request (Source to Target Transparent Container, MM Context) message to the target SGSN. The message includes information for the non‑voice component only.

b)
Target SGSN requests resource allocation for the PS relocation by sending the Handover Request (Source to Target Transparent Container) message to the target BSS.

5.
Target BSS coordinates the CS handover request with the PS handover request and assigns resources. The following steps are performed:

a)
Target BSS acknowledges the prepared PS handover by sending the Handover Request Acknowledge (Target to Source Transparent Container) message to the target SGSN.

b)
Target SGSN sends a Forward Relocation Response (Target to Source Transparent Container) message to the source SGSN.

6.
In parallel to the previous step the following steps are performed:

a)
Target BSS acknowledges the prepared CS handover by sending the Handover Request Acknowledge (Target to Source Transparent Container) message to the target MSC.

b)
Target MSC sends a Prepare Handover Response message to the MSC Server.

c)
Establishment of circuit connection between the target MSC and the MGW associated with the MSC Server e.g. using ISUP IAM and ACM messages.

7.
The MSC Server initiates the Session Transfer by using the VDN e.g. by sending an ISUP IAM (VDN) message towards the IMS [NEW FUNCTION, but to be implemented for LTE solution also]. Standard IMS Service Continuity procedures are applied for execution of the Session Transfer, see TS 23.292 [xx] and TS 23.237 [xx]. 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.

NOTE 2:
If the MSC Server is using an ISUP interface, then the initiation of the session transfer may fail if the subscriber profile including CAMEL triggers is not available prior handover (see clause 7.3.2.1 of TS 23.292 [xx]).

8.
The MSC Server sends a Forward Relocation Response (Target to Source Transparent Container) message to the source SGSN [NEW INTERFACE, NEW MESSAGE, but to be implemented for LTE solution also].

9.
Source SGSN synchronises the two prepared relocations and sends a Handover Command (Target to Source Transparent Container) message to the source E‑UTRAN [NEW INTERFACE, NEW MESSAGE].

10.
UTRAN sends a Handover from E‑UTRAN Command message to the UE.

11.
Handover Detection at the target BSS.

12.
The CS handover is complete. The following steps are performed:

a)
Target BSS sends Handover Complete message to the target MSC.

b)
Target MSC sends an SES (Handover Complete) message to the MSC Server.

c)
Completion of the establishment of the circuit connection between the MSC and the MGW associated with the MSC Server is completed e.g. with target MSC sending ISUP Answer message to the MSC Server.

d)
MSC Server sends a Forward Relocation Complete message to the source SGSN [NEW INTERFACE, NEW MESSAGE, but to be implemented for LTE solution also]. Source SGSN acknowledges the information by sending a Forward Relocation Complete Acknowledge message to the MSC Server  [NEW INTERFACE, NEW MESSAGE, but to be implemented for LTE solution also].

e)
MSC Server may perform an MAP Update Location to the HSS/HLR if needed. This may be needed for the MSC Server to receive GSM SS information and routing of mobile terminating calls properly in certain configuration.

NOTE 3:
This Update Location is not initiated by the UE.

13.
In parallel to the previous step, the PS handover is complete. The following steps are performed:

a)
Target BSS sends Handover Complete message to target SGSN.

b)
Target SGSN sends a Forward Relocation Complete message to the source SGSN. Source SGSN acknowledges the information by sending a Forward Relocation Complete Acknowledge message to the target SGSN.

c)
Target SGSN updates the bearer with Serving GW or PDN GW [resp. updates the PDP Context with GGSN].

3 RAN2 proposed solutions
The alternatives proposed in [2] are the following:

- Alternative 1: it is a combinational VCC solution where the UE UTRAN VoIP is transferred to UTRAN CS voice, followed by a UTRAN CS to GERAN CS handover. 

- Alternative 2: it is similar to the LTE SR-VCC "alternative E with tunnelling option" from TR 23.882 [3] section 7.19.1.7.1. 

- Alternative 3: it is similar to the LTE SR-VCC "alternative E without tunnelling option" with Call Setup buffering from TR 23.882  [3] section 7.19.1.7.2. 

As described in S2-08xxxx [4], alternative 1 is questionable with regards to both increase of radio resources due to parallel CS and PS bearers, and to outdoor-indoor demanding fast handover preparation. Alternative 3 has impacts to the MSC and may lead to important signalling load on both radio and network including MSC and HLR.
It is therefore proposed to select alternative 2 as the best alternative among the three.
4 Comparison
4.1 Impacts to Core Network

As shown in the "SA2-aligned" solution flow charts, this solution has many impacts on the Core Network, both MSC and SGSN:
- The MSC impacts are quite similar as in the E-UTRAN to GERAN/UMTS case, but that means MSC additional changes for an operator that is not deploying LTE. The changes are : 

· Handling the Relocation Preparation procedure requested for the voice component from MME via SV;

· Invoking the session transfer procedure from IMS to CS as according to TS 23.237 [14];

· Coordinating the CS Handover and session transfer procedures;

· Handling the MAP_Update_Location procedure without it being triggered from the UE.
- The SGSN impacts are: 
· CS-PS split, 
· new interface with the MSC, 
· Initiating the SRVCC handover procedure for handover of the voice component to the target cell,
· Coordinating PS handover and SRVCC handover procedures when both procedures are performed.

The alternative 2 of the RAN2 contribution [2] does not impact the MSC nor the SGSN. 

4.2 Performances

The alternative 2 of the RAN2 contribution [2] has a longer preparation delay than the "SA2-aligned" SR-VCC solution. The additional delay is due to INITIAL DIRECT TRANSFER, SECURITY MODE COMMAND and UPLINK DIRECT TRANSFER plus the RAB ASSIGNMENT procedure with UTRAN.
It should be noted that the authentication phase shown in the RAN contribution [2] flow chart in figure 3 can be prevented as it can be performed before via PS domain. 

This is a RAN matter to evaluate the additional delay, but this is estimated to less than one second as all the procedures are processed by the MSC without invoking other nodes such as the HLR, and especially taking into account the fact that the UE is in HSPA, which speeds up the signalling on the radio. 

Assuming that the compressed mode measurements delays are between 2 seconds and 4 or 5 seconds depending on the compressed mode frame, this additional delay should be assessed by operators as to whether it is acceptable. 

5 Proposal

It is proposed to discuss the pros and cons of the two ways forward (harmonizing HSPA solution with the LTE solution or keeping the 2 solutions distinct), taking into account the opinion of the operators about their migration roadmap to VoIP over HSPA and LTE and the necessary and acceptable upgrades to their networks.  
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