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Abstract of the contribution:

Proposes a consolidated presentation of the Alternative F-1, including call flows for LTE=>2G, LTE=>3G, 2G=>LTE and 3G=>LTE voice call continuity. The paper does not include call flows for calls that started in the CS domain, as the need for a solution for this case is much less clear.
NOTE: see also companion slide presentation in S2-075324.

1
Introduction

Alternative F-1, as currently described in TR 23.882, has three open points:

1) mechanisms for the discovery/retrieval of the CS security context at the PCHCF are FFS;

2) it is FFS how the MME can identify the VoIP bearer;
3) it is FFS how to support continuity of any non-voice IMS bearers.
This paper addresses the first and the third point.

Regarding the retrieval of CS security context, it is proposed to use two solutions described in the original Vodafone paper that introduced the inter-MSC HO option in TR 23.882 (refer to S2-063159).
Regarding continuity of non-voice IMS bearers (including the SIP signalling bearer), the consolidated Alternative F-1 described in this paper includes an SGSN and provides call flows to describe the continuity of PS bearers.
2
Discussion

Depicted in Figure 1 is a consolidated architecture of Alternative F-1, including the architecture for handovers of non-voice sessions.
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Figure 1: SR VCC architecture – Alternative F-1

The following is the same as original F-1 proposal:

· PCHCF contains MME function and anchor MSC server function. It also contains an adaptation function for the service control signalling between CS domain and IMS. This function converts the service control signalling information received from the UE over CS access signalling and uses this information for initiation and control of SIP sessions via a SIP User Agent function towards the ICCF function in the IMS.
The following is different from the original F-1 proposal:

· The PCHCF presents an Mw-like interface to the home IMS in a manner similar to the I6 reference point between the eMSC and the CSCF as defined in 23.892 eMSC approach for non ICS UE.

The following principles are used in defining the architecture for enablement of IMS-CS service continuity with support for IMS Centralised Services:
1. All services are centralised in IMS;

2. SIP session runs in the UE when using LTE access;
3. When using CS access, SIP session runs in the UE with PCHCF presenting it to IMS [SIP templates embedded in CS signalling for transport b/w UE and  PCHCF]; SDP is generated by PCHCF;
4. For Handovers to CS:
a. PCHCF performs a SIP REGISTER with a new IMPI. A new SIP session is created to initiate VCC Domain Transfer;

b. Downlink bi-cast is employed at a MRF associated with the DTF to prepare downlink bearer toward the target GERAN/UTRAN prior to instructing the UE to retune to the target radio. The first uplink packet from the UE after the radio switch results in switching at the MRF of the uplink bearer from the UE;
c. In case of HO to 2G: the voice session is relocated using a new CS-PS handover procedure which are a combination of PS-PS and Inter-MSC Handover procedures; any non-voice sessions including the SIP signalling bearer are suspended in the LTE access and are resumed upon subsequent handback to LTE. In case the voice call is terminated while in 2G CS, the non-voice sessions are resumed from the 2G access and are relocated to the 2G SGSN;

d. In case of HO to 3G: the voice session is relocated using a new CS-PS handover procedure which are a combination of PS-PS and Inter-MSC Handover procedures; any non-voice sessions including the SIP signalling bearer are relocated to the 3G SGSN using the standard PS-PS HO procedure.

5. For Handback to LTE:
a. In case of handback from 2G: the original SIP signalling bearer (as well as any other non-voice session) is resumed; UE sends a SIP INVITE from LTE access and NW-initiated bearer is used to establish the VoIP bearer;

b. In case of handback from 3G: the voice session is relocated using a new PS-CS handover procedure which are a combination of Subsequent Inter-MSC Handover and PS-PS Handover procedures; any non-voice sessions including the SIP signalling bearer are relocated to the MME/SGW using the standard PS-PS HO procedure.

3
Proposal

It is proposed to replace Section 7.19.1.8.1 in TR 23.882 with the proposed text in this paper.
It is proposed to compare the consolidated alternative F-1 with the consolidated alternative E and select one of them for technical specification, based on their relative merits.
Begin change: Modify 23.882, Replace Section 7.19.1.8.1 with the proposed text below
7.19.1.8.1
Alternative F-1

7.19.1.8.1.1
Description

Depicted in Figure 7.19.1.8.1.1-1 is a SR VCC architecture, including the architecture for handovers of non-voice sessions.
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Figure 7.19.1.8.1.1-1: SR VCC architecture – Alternative F-1

PCHCF contains MME function and anchor MSC server function. It also contains an adaptation function for the service control signalling between CS domain and IMS. This function converts the service control signalling information received from the UE over CS access signalling and uses this information for initiation and control of SIP sessions via a SIP User Agent function towards the ICCF function in the IMS.
The PCHCF presents an Mw-like interface to the home IMS in a manner similar to the I6 reference point between the eMSC and the CSCF as defined in 23.892 eMSC approach for non ICS UE.

The following principles are used in defining the architecture for enablement of IMS-CS service continuity with support for IMS Centralised Services:
1. All services are centralised in IMS;
2. SIP session runs in the UE when using LTE access;
3. When using CS access, SIP session runs in the UE with PCHCF presenting it to IMS [SIP templates embedded in CS signalling for transport b/w UE and  PCHCF]; SDP is generated by PCHCF;
4. For Handovers to CS:
c. PCHCF performs a SIP REGISTER with a new IMPI. A new SIP session is created to initiate VCC Domain Transfer;
d. Downlink bi-cast is employed at a MRF associated with the DTF to prepare downlink bearer toward the target GERAN/UTRAN prior to instructing the UE to retune to the target radio. The first uplink packet from the UE after the radio switch results in switching at the MRF of the uplink bearer from the UE;
e. In case of HO to 2G: the voice session is relocated using a new CS-PS handover procedure which are a combination of PS-PS and Inter-MSC Handover procedures; any non-voice sessions including the SIP signalling bearer are suspended in the LTE access and are resumed upon subsequent handback to LTE. In case the voice call is terminated while in 2G CS, the non-voice sessions are resumed from the 2G access and are relocated to the 2G SGSN;
f. In case of HO to 3G: the voice session is relocated using a new CS-PS handover procedure which are a combination of PS-PS and Inter-MSC Handover procedures; any non-voice sessions including the SIP signalling bearer are relocated to the 3G SGSN using the standard PS-PS HO procedure.

5. For Handback to LTE:
g. In case of handback from 2G: the original SIP signalling bearer (as well as any other non-voice session) is resumed; UE sends a SIP INVITE from LTE access and NW-initiated bearer is used to establish the VoIP bearer;
h. In case of handback from 3G: the voice session is relocated using a new PS-CS handover procedure which are a combination of Subsequent Inter-MSC Handover and PS-PS Handover procedures; any non-voice sessions including the SIP signalling bearer are relocated to the MME/SGW using the standard PS-PS HO procedure.

7.19.1.8.1.2 Call flows for Handovers of calls initiated in LTE
7.19.1.8.1.2.1 LTE => 2G CS handover
Depicted in Figure 7.19.1.8.1.2.1-1 is a call flow for LTE => 2G CS handover of a call initiated in LTE. It is assumed that the 2G network has no support for DTM, 2G PS handover or VoIP optimisations.
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Figure 7.19.1.8.1.2.1-2: IMS/LTE to 2G Handover (voice bearers only)
1. Target measurements and handover trigger detection at the source eNB and the UE for initiation of handover to CS.

2. Relocation Required message sent by the source eNB to source MME containing required information such as source to target information.

3. Standard PS-PS handover procedure at the source MME for initiation of Forward Relocation Request toward PCHCF.

4. PS handover request interworked with CS inter-MSC handover request to the target MSC at PCHCF. The PCHCF initiates a Prepare Handover Request toward target MSC for the voice session only. It is assumed that the CS Security context (e.g. Cipher Key, CKSN, and if handing over to UMTS CS, also the Integrity Key) is available at the PCHCF. Mechanisms for the discovery/retrieval of the CS security context at the PCHCF may include the following:
A) generation of extra key at PS domain authentication

Currently, when the ME passes an Authentication Challenge into the UICC, several security keys are generated (which match the ones contained in the authentication vectors sent from the HSS to the MME). This could be extended so that other keys can be generated by the UICC – one of these could be a “VCC-only CS domain key”. The UE uses this key after handover and it would match the one sent from the HSS to the MME (and onto the relay MSC which in turn sends it to the GERAN) for this purpose.
This approach appears promising, but, this requires a new UICC. However the generation of LTE keys probably also requires a new UICC – and ‘backwards compatibility’ mechanisms to use old UICCs are likely to be specified.– see (B) below.

B) hash function in UE.

This is a complement to (A) above, wherein the ME uses a “hash function” on the PS domain key(s) generated by the USIM to generate a “VCC-only CS domain key”.

The MME implements the same “hash function” on the authentication vector received from the HSS to generate the “VCC-only CS domain key”. The MME sends this “VCC-only CS domain key” via PCHCF onto the relay MSC which in turn sends it to the GERAN.
5. Target GERAN preparation via the target MSC.

6. Handover Number returned in Prepare Handover Response by the target MSC for establishment of circuit connection between the target MSC and the MGW associated with the PCHCF. 

7. Establishment of circuit connection between the target MSC and the MGW associated with the PCHCF initiated by the PCHCF using ISUP IAM and ACM. Completion of this step leads to the following subsequent steps:

a. The SIP User Agent function associated with the PCHCF performs a SIP REGISTER with a new IMPI/IMPU pair using Early IMS procedures for trusted node
b. Subsequently PCHCF initiates an enhanced VCC Domain Transfer procedure to perform bearer preparation. This establishes a downlink bi-cast from the MRF associated with the DTF toward the bearer termination at the MGW associated with the PCHCF. The first uplink packet from the MGW associated with the PCHCF results in switch of the uplink media at the MRF.
Note: a new interface similar to the I6 reference point being defined for ICS is assumed between the PCHCF and the CSCF. Please refer to TR 23.892 for details on CSCF discovery for establishment of this interface between VPLMN and home IMS.
8. Forward Relocation Response generated toward source MME with the required information such as target to source BSS information as indication of network bearer preparation and to instruct the UE to retune. The Forward Relocation Response message indicates to the MME that only the voice bearer is being relocated. The MME knows that at the end of the CS-PS handover the non-voice bearers should be preserved.
9. Relocation Required Ack toward the source eNB to instruct the UE to retune to the target radio.

10. Relocation Command sent by the source eNB for the UE to retune to the target radio.

11. Handover Detection at the target GERAN.

12. Handover Complete sent by the target GERAN to the MSC. Completion of this step leads to the following subsequent steps:

a. SES Handover Complete sent to the PCHCF.

b. ISUP Answer message sent to the PCHCF to complete the bearer path between the MSC and the MGW associated with the PCHCF.
7.19.1.8.1.2.2 Subsequent 2G CS => LTE handover
Depicted in Figure 7.19.1.8.1.2.2-1 is a call flow for subsequent 2G CS => LTE handover of a call initiated in LTE. It is assumed that the 2G network has no support for DTM, 2G PS handover or VoIP optimisations.
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Figure 7.19.1.8.1.2.2-1: Handback from 2G to IMS/LTE (voice bearers only)
At the beginning of the call flow the UE is IMS registered over a suspended PS bearer (the latter was suspended during the LTE => CS handover).
1. Target measurements and handover trigger detection at the source GERAN and the UE for initiation of handover to LTE.

2. Handover Required message sent by the source GERAN to source MSC containing required information such as source to target information.

3. Standard inter-MSC CS-CS handover procedure between the MSC and the PCHCF with exchange of Prepare Subsequent HO Request/ Response messages. The PCHCF signal successful Subsequent CS handover without allocating any LTE resources.
4. Handover Require Ack sent by source MSC to source GERAN

5. Handover Command sent by the source GERAN for the UE to retune to the target radio.

6. UE re-tunes to LTE radio and performs a TAU procedure (if required)
7. UE performs a Service Request (or similar) in order to resume the suspended SIP signalling bearer and any other suspended non-voice bearers
8. Subsequently UE initiates the enhanced VCC domain transfer procedure. Note that the SIP INVITE goes only as far as the DTF.

9. The IMS triggers a network-initiated bearer for the voice bearer (IMS access leg)
10. Relocation Required Ack toward the source eNB to instruct the UE to retune to the target radio.

11. SIP ack
12. The resource release in the CS domain and the PCHCF is triggered from the DTF.
7.19.1.8.1.2.3 LTE => 3G CS handover
Depicted in Figure 7.19.1.8.1.2.3-1 is a call flow for LTE => 3G CS handover of a call initiated in LTE. Both voice and non-voice bearers are relocated.
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Figure 7.19.1.8.1.2.3-1: IMS/LTE to 3G Handover (both voice and non-voice bearers)
1. Target measurements and handover trigger detection at the source eNB and the UE for initiation of handover to CS.

2. Relocation Required message sent by the source eNB to source MME containing required information such as source to target information.

3. Standard PS-PS handover procedure at the source MME for initiation of Forward Relocation Request toward PCHCF.

4. The PCHCF splits the voice bearers from all other PS bearers and initiates a Prepare Handover Request toward target MSC. It is assumed that the CS Security context is available at the PCHCF; possible mechanisms for the discovery/retrieval of the CS security context at the PCHCF are described in the previous subclauses. The relocation of remaining PS bearers is initiated towards the target SGSN with a Forward Relocation Request message.
5. Target UTRAN preparation via the target MSC (CS relocation) and the target SGSN (PS relocation).

6. Successful CS relocation indicated by target MSC with a Handover Number returned in Prepare Handover Response. Successful PS relocation indicated by target SGSN with a Forward Relocation Response.
7. Establishment of circuit connection between the target MSC and the MGW associated with the PCHCF initiated by the PCHCF using ISUP IAM and ACM. Completion of this step leads to the following subsequent steps:

c. The SIP User Agent function associated with the PCHCF performs a SIP REGISTER with a new IMPI/IMPU pair using Early IMS procedures for trusted node
d. Subsequently PCHCF initiates the enhanced VCC Domain Transfer procedure.

8. Forward Relocation Response generated toward source MME with the required information such as target to source BSS information as indication of network bearer preparation and to instruct the UE to retune.

9. Relocation Required Ack toward the source eNB to instruct the UE to retune to the target radio.

10. Relocation Command sent by the source eNB for the UE to retune to the target radio.

11. Handover Detection at the target UTRAN.

12. Relocation Complete sent by the target UTRAN to the MSC and to the SGSN
13. Target SGSN updates the bearer with SGW or PGW
7.19.1.8.1.2.4 Subsequent 3G CS => LTE handover
Depicted in Figure 7.19.1.8.1.2.4-1 is a call flow for subsequent 3G CS => LTE handover of a call initiated in LTE. Both voice and non-voice bearers are relocated.
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Figure 7.19.1.8.1.2.4-1: Handback from 3G to IMS/LTE (both voice and non-voice bearers)
1. Target measurements and handover trigger detection at the source UTRAN and the UE for initiation of handover to LTE.

2. Relocation Required message sent by the source UTRAN to source MSC and source SGSN containing required information such as source to target information.

3. Source MSC sends a Prepare Subsequent HO Request to PCHCF. Source SGSN sends a Forward Relocation Request. / Response messages.
4. The PCHCF sends a Forward Relocation Request to the target MME including information about the non-voice bearers only.
5. Target MME sends a Relocation Request to target eNB.

6. Target eNB replies with Relocation Request Ack.
7. Target MME sends a Forward Relocation Response to the PCHCF.

8. The PCHCF signals successful Subsequent CS handover to the source MSC without allocating any LTE resources. The PCHCF also signals a Forward Relocation Response to the source SGSN.

9. Relocation Required Ack sent by source MSC and SGSN to source UTRAN.
10. Relocation Command sent by the source UTRAN for the UE to retune to the target radio.

11. UE re-tunes to LTE radio

12. to 15. Relocation Detect, Relocation Complete
16. At the end of the relocation procedure the UE performs a TAU (if required)

17. Subsequently UE initiates the enhanced VCC domain transfer procedure over the relocated SIP signalling bearer. Note that the SIP INVITE goes only as far as the DTF.

18. The IMS triggers a network-initiated bearer for the voice bearer (IMS access leg)
19. Relocation Required Ack toward the source eNB to instruct the UE to retune to the target radio.
7.19.1.8.1.3
Advantages of the solution

There are several significant advantages to the above described solution:

1. There is no impact to the existing Core Network nodes;

2. There is no impact to the existing GERAN and UTRAN nodes as existing HO procedures are used;

3. There is no impact to the IMS network;

4. The solution is compatible with IMS Centralised Services;

5. Changes to the REL-7 VCC Application are minimised and are limited to the use of associated MRF;

6. The handover preparation phase should be comparable to the handover preparation phase in 2G/3G networks;

7. The handover interruption is expected to meet the 300 ms target in all cases except for the 2G => LTE case due to lack of physical layer information exchange between the source and target RANs. However, even in this case the service interruption time is expected to be ~750 ms;
8. The PCHCF is a control plane functionality and can be scaled separately from the user plane functionality in the MGW;

9. The overall SR VCC procedure is triggered from the network.
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11. Release Resources in PCHCF after Release from VCC  AS

7. EPS Signalling Bearer Resume

3: Prepare Sub HO Req/Resp

4: HO Required Ack
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