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Abstract of the contribution:

Proposes a consolidated presentation of the Alternative F-1 and Alternative D2-VDN+ to allow both ICS and non-ICS approach. The combined alternative is referred to as Alt D/F.

1
Introduction

After some analysis/discussions between F1/D2-VDN+ proponents, it was determined that both alternatives utilize the same mobility trigger and functions for the “HO” to/from 2G/3G. The differences are in the service capabilities. This proposal consolidates these two approaches into a single common architecture.

2
Discussion

Depicted in Figure 1 is a consolidated architecture of Alternative F-1/D2 VDN+, including the architecture for handovers of non-voice sessions. This alternative is shortly referred to as Alt D/F.
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Note1: HO interface with VMSC consists of MAP-E and speech circuit related interface such as ISUP, BICC, or SIP-I.

Note2: needed for VCC’s distributed model or ICS model without the use of Mw 
Note3: needed for VCC’s ICS model 
Figure 1: SR VCC architecture – Alternative D/F

The following is modified from the last F-1 proposal:

· The PCHCF has been renamed to S-IWF to aid in documentation of the combined solution.
· Provide more details on service control post handover to CS when using different variants of ICS.
The following is modified from the last D2-VDN+ proposal:

· CS-Proxy is also renamed to S-IWF
· Clarified the VDN number allocation scheme
· Clarified the interaction with the HSS/HLR on location update

The following principles are used in defining this Alt D/F architecture:
1. Common functions for handover triggers, presentation of Anchor MSC behaviour to target MSC, and presentation of Target MME/SGSN behaviour to Source MME.

2. Either ICS as being defined in TS 23.292 or Distributed Service model as defined in TS 23.206 is used for service control post handover to CS. 

3. When both ICS and Distributed Service model are supported in the network, either ICS or the Distributed Service model is provided on a per subscriber basis. The selection between the ICS and Distributed Service model is based on an ICS indication from the subscriber’s home network as being defined in TS 23.292. When ICS indication is received from the subscriber’s home network, ICS is used for service control; otherwise Distributed Service model is used.

3
Proposal

It is proposed to add a new Section to 7.19.1.x in TR 23.882 with the proposed text in this paper.

Begin change: Modify 23.882, add new Section 7.19.1.x with the proposed text below
7.19.1.x
Alternative D/F
7.19.1.x.1
Description

This alternative combines the concepts and principles from Alt F1 and Alt D2-VDN+ proposals as they share same mobility trigger and functions for the “HO” to/from 2G/3G. The differences are in the service capabilities (e.g., network ICS (F1) vs. non network ICS (D2-VDN+)). This combined proposal is referred to as Alt D/F.

Depicted in Figure 7.19.1.x.1-1 is a SR VCC Alt D/F architecture, including the architecture for handovers of non-voice sessions.
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Note1: HO interface with VMSC consists of MAP-E and speech circuit related interface such as ISUP, BICC, or SIP-I.

Note2: needed for VCC’s distributed model or or ICS model without the use of Mw

Note3: needed for VCC’s ICS model
Editor’s note: IWF interworking with SMS is FFS!
Figure 7.19.1.x.1-1: SR VCC architecture – Alternative D/F

The following principles are used in defining this Alt D/F architecture:
1. Common functions for handover triggers, presentation of Anchor MSC behaviour to target MSC, and presentation of Target SGSN behaviour to Source MME. 

2. Either ICS as being defined in TS 23.292 or Distributed Service model as defined in TS 23.206 is used for service control post handover to CS. 

3. When both ICS and Distributed Service model are supported in the network, either ICS or the Distributed Service model is provided on a per subscriber basis. The selection between the ICS and Distributed Service model is based on an ICS indication as being defined in TS 23.292. When the ICS indication is received from the subscriber’s home network, ICS is used for service control; otherwise Distributed Service model is used.

7.19.1.x.2
Service Model

The specific of the individual service models are provided below.

7.19.1.x.2.1 IMS Centralized Services (ICS) model 
The ICS can be supported with either Mw or an Mg interface from the S-IWF towards IMS. For the support of Mw interface, the S-IWF provides functions similar to the ICS Enhanced MSC Server defined in TS 23.292; the Mg interface is provided by an MGCF located in the serving or home network. 
The S-IWF provides 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 principles are used in defining the architecture for enablement of IMS-CS service continuity with support for IMS Centralised Services when Mw interface is used at the S-IWF:
1. Use of ICS for service control in IMS;

2. SIP session runs in the UE when using LTE access;
When using CS access, SIP session runs in the UE with S-IWF presenting it to IMS [either I1-cs or I1-ps is used for transport of session control signalling between the UE and the S-IWF]; SDP associated with a MGW controlled by the S-IWF is used.

3. For Handovers to CS:
a. S-IWF performs a SIP REGISTER with a new IMPI. A new SIP session is created to initiate VCC Domain Transfer;

b. 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;

c. 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.

4. For Handback to LTE:
d. 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;

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

ICS may also be enabled with use of the Mg interface toward IMS  if the use of Mw is not feasible, for example due to lack of support of procedures required for the Mw in the home IMS network, e.g. registration over the Mw.

7.19.1.x.2.2 Distributed Services model 

The S-IWF utilizes the concept of R7 VCC architecture. Prior to HO procedure, S-IWF initiates a CS call to VCC AS with VDN on behalf of the user. When HO is completed, S-IWF initiates a MAP UpdateLocation. This allows execution of GSM Supplementary Service (SS) by the S-IWF as it has the GSM subscriber data from the HSS, and also update the location information in the HSS so that CS mobile terminating call routing can be done. Handling of PS/non-voice component follows the same approach as described above for the ICS model. Handback to LTE also follows the same approach as described above.
7.19.1.x.3
Service execution

7.19.1.x.3.1
Service execution with ICS 

The service control post handover to 2G/3G CS with different variants of ICS is described below.

LTE => 3G handover with I1-ps
The LTE to 3G handover with use of I1-ps in 3G for ICS is the same as described in the respective flow in clause 7.19.1.x.9 Call flows for Handovers of calls initiated in LTE with the following additions:

1. The PS bearer used in LTE for the SIP session control of the voice stream is moved to the SGSN using PS-PS handover. 

2. When requesting the enhanced VCC Domain Transfer, the S-IWF identifies use of I1-ps to the ICCF. This may be achieved with use of a PSI specific to SR-VCC handover to I1-ps or some other means.

3. Upon completion of handover of the PS bearer to 3G, the UE initiates a Re-Invite deleting the media stream corresponding to the voice media which was established via LTE. This establishes the I1-ps between the UE and the ICCF.

4. The Re-Invite terminates at the ICCF establishing the I1-ps between the UE and the ICCF.

LTE => 2G/3G handover with I1-cs
The LTE to 2G/3G handover with use of I1-cs in 2G/3G for ICS is the same as described in the respective flow in clause 7.19.1.x.9 Call flows for Handovers of calls initiated in LTE with the following additions:

1. The PS bearer used in LTE for SIP session control of the voice stream is released if it is not being used for control of non voice media. 

2. When requesting the enhanced VCC Domain Transfer, the S-IWF identifies use of I1-cs to the ICCF. This may be achieved with use of a PSI specific to SR-VCC handover to I1-cs or some other means.

3. Two possibilities exist for establishing the I1-cs upon handover:

a. The S-IWF terminates the I1-cs: The USSD signalling is relayed through the target MSC to the S-IWF. The S-IWF processes the USSD and interworks the ICP with Mw for presentation to IMS over Mw interface.

b. The S-IWFICCF terminates the I1-cs: The USSD signalling is relayed through the target MSC to the S-IWF. The S-IWF forwards the USSD to the ICCF. The S-IWF may either send USSD directly to the ICCF or via the HSS contingent on the related work in the ICS working group.

Note: When I1-cs terminates at the ICCF, the S-IWF performs Update Location with the HSS as part of the handover to CS (similar to the Distributed Service model).

LTE => 2G/3G handover without the use of I1-ps or I1-cs 
The LTE to 2G/3G handover without use of I1-cs in 2G/3G for ICS is that same as described in the respective flow in clause 7.19.1.x.9 Call flows for Handovers of calls initiated in LTE with the following additions:

1. The PS bearer used in LTE for SIP session control of the voice stream is released if it is not being used for control of non voice media. 

2. When requesting the enhanced VCC Domain Transfer, the S-IWF identifies to the ICCF that ICCC is not used. This may be achieved with use of a PSI specific to SR-VCC handover without the use of ICCC or some other means.

3. The 24.008 call control signalling is relayed through the target MSC to the S-IWF. The S-IWF processes the 24.008 and interworks it with Mw for presentation to IMS over Mw interface.
7.19.1.x.3.2
Service execution with Distributed Services

Supplementary Services execution and behaviour follow the principles as defined in R7 VCC TS 23.206, section 6.5. With respect to SRVCC, if UE is engaged in an active call/session and a held/waiting call/session prior to SRVCC, then only the active call/session is maintained after the SRVCC to CS domain. If the UE is engaged in an active CONF or MPTY service that it is in control of prior to SRVCC, then after SRVCC to CS domain, the UE is no longer capable to control the CONF or MPTY service except to end CONF or MPTY services by releasing the call.
7.19.1.x.4
UE and S-IWF CS state synchronization

7.19.1.x.4.1  
Distributed Service model

TS 24.008 (chapter 5) describes call control states for the MS (UE) and for the Network side. During the SRVCC process, the UE receives the HO Command with the target circuit-switched bearer radio information. The UE CS call control state can be moved to U10 (Active state) during processing of the HO Relocation Command message.

On the network side, the S-IWF initiated the DT with a CS call setup to VDN. When this call is answered by the IMS/VCC-AS, the S-IWF moves the call control states to N10 (Active state). 

At this point, both the circuit-switched call control state in UE and in S-IWF is synchronized to Active state (U10 and N10). Both S-IWF/UE continue their call state transition from this point, as defined in TS 24.008.

7.19.1.x.4.2 
ICS

With ICS, the session control is provided using SIP. The SIP sessions state is maintained in the ICS UE as well as the ICCF or in the S-IWF and the ICCF for non ICS UE. 

The circuit bearer is established in the CS system using handover procedures; this results in the following behaviour for call control post handover to CS:

· When using the I1-ps, SIP over GPRS is used for session control and 24.008 Call Control is not required.

· When using I1-cs, the stimulus required to generate SIP in the network is transported as ICS Control Protocol over USSD which uses 24.008 SS, hence 24.008 Call Control is not required. 

· When using the non ICS UE, mechanisms similar to the Distributed model are employed to sync up the 24.008 state machine.

7.19.1.x.5
VDN allocation for S-IWF

In order to follow the R7 VCC DT procedure, the S-IWF needs MSISDN and VDN of that user in order to generate the DT request. Both the MSISDN and VDN may be stored in the HSS as part of the subscription profile for E-UTRAN access and is downloaded to the MME during initial attach process as described in TS 23.401. 

MME passes both MSISDN and VDN if available to S-IWF via S3’.

Note: the absent of VDN is used to indicate to the S-IWF that the home IMS does not support VCC procedure.

7.19.1.x.6
Interworking with non VCC capable IMS network

If the home IMS does not support VCC procedure, the S-IWF shall not perform DT and shall become an S3 relay function.

S-IWF is made aware of whether home IMS support VCC or not by the VDN indication from S3’.

7.19.1.x.7
Interworking with non VCC capable UE

It is proposed the SRVCC capability is indicated as part of the “UE Network Capability”. This information is sent to the MME during attach procedure. This information is then passed to S-IWF via S3’.

S-IWF will act as S3 relay function when UE is not capable to do SRVCC.
7.19.1.x.8
ICS and Distributed Service model selection

Note: it is TBD whether both options are needed in this architecture in R8. This section only applies if both options are needed to be specified.

If the serving network supports both ICS and Distributed Service model, then if the ICS subscription indication is received from the home network, then ICS is used, otherwise, Distributed Services model is used. 

7.19.1.x.9 Call flows for Handovers of calls initiated in LTE
Editor’s note: The following call flows are focusing on the voice component. General handling of “split function” with MMSC for others PS components is FFS.  
7.19.1.x.9.1 LTE => 2G CS handover using ICS
Depicted in Figure 7.19.1.x.9.1-1 is a call flow for LTE => 2G CS handover of a call initiated in LTE when ICS is used for service control. 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.x.9.1-1: IMS/LTE to 2G Handover with ICS (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 S-IWF.

4. PS handover request interworked with CS inter-MSC handover request to the target MSC at S-IWF. The S-IWF initiates a Prepare Handover Request toward target MSC for the voice session only. It is assumed that the CS Security context key can be derived from the LTE’s PS domain key context (e.g. similar for security key mapping for PS-PS HO to 2G/3G SGSN) 
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 S-IWF. 

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

a. The S-IWF obtains the ICS subscription information for this user (e.g. over S3’). Since here the user is ICS user, it begins to perform the ICS procedures.

b. The SIP User Agent function associated with the S-IWF performs a SIP REGISTER with a new IMPI/IMPU pair using procedures similar to Early IMS procedures for trusted node.
c. Subsequently S-IWF initiates an enhanced VCC Domain Transfer procedure to perform bearer preparation. 

Note: use of a downlink bi-cast from the MRF associated with the DTF is FFS.
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 S-IWF.

b. ISUP Answer message sent to the S-IWF to complete the bearer path between the MSC and the MGW associated with the S-IWF.
Depicted in Figure 7.19.1.x.9.1-2 is a call flow for LTE => 2G CS handover of a call initiated in LTE. This depicts the usage of Distributed Service model. 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.x.9.1-2: IMS/LTE to 2G Handover with Distributed Services (voice bearers)
Step 1-7: 
same as in Figure 7.19.1.x.9.1-1

7a:  The S-IWF obtains the ICS subscription information for this user (e.g. over S3’). Since here the user is not ICS user, it begins to perform the S-IWF procedures.
The S-IWF, upon response of the handover request, establishes a CS call to the VDN (including bearer reservation at CS-MGW). VDN and MSISDN is received from the HSS via MME as part of the subscription profile download to MME during LTE attach procedure. 

Step 8-12:
same as in Figure 7.19.1.x.9.1-1.
13:
S-IWF performs an MAP Update Location to the HSS/HLR. This allows S-IWF to receive GSM SS information and also allows HSS/HLR to route the mobile terminating call properly. 

Note: this Update_location is not initiated by UE.
7.19.1.x.9.2 Subsequent 2G CS => LTE handover
Depicted in Figure 7.19.1.x.9.2-1 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. This flow applies to both ICS and Distributed Services model.
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Figure 7.19.1.x.9.2-1: 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 S-IWF with exchange of Prepare Subsequent HO Request/ Response messages. The S-IWF 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 S-IWF is triggered from the DTF.

7.19.1.x.9.3 LTE => 3G CS handover
Depicted in Figure 7.19.1.x.9.3-1 is a call flow for LTE => 3G CS handover of a call initiated in LTE. Both voice and non-voice bearers are relocated. This depicts the usage of ICS.
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Figure 7.19.1.x.9.3-1: IMS/LTE to 3G Handover with ICS (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 S-IWF.

4. The S-IWF splits the VoIP component 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 S-IWF; possible mechanisms for the discovery/retrieval of the CS security context at the S-IWF 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 S-IWF initiated by the S-IWF using ISUP IAM and ACM. Completion of this step leads to the following subsequent steps:

a. The SIP User Agent function associated with the S-IWF performs a SIP REGISTER with a new IMPI/IMPU pair using Early IMS procedures for trusted node

b. Subsequently S-IWF 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
Depicted in Figure 7.19.1.x.9.3-2 is a call flow for LTE => 3G CS handover of a call initiated in LTE. Both voice and non-voice bearers are relocated. This depicts the usage of Distributed Services model.
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Figure 7.19.1.x.9.3-2: IMS/LTE to 3G Handover with Distributed Services (both voice and non-voice bearers)
Step 1-7: 
same as in Figure 7.19.1.x.9.3-1. 

7a: 
The S-IWF, upon response of the handover request, establishes a CS call to the VDN (including bearer reservation at CS-MGW). VDN and MSISDN is received from the HSS via MME as part of the subscription profile download to MME during LTE attach procedure. 

Step 8-13:
same as in Figure 7.19.1.x.9.3-1.

13.c: S-IWF performs an Update Location to the HSS/HLR. This allows S-IWF to receive GSM SS information and also allows HSS/HLR to route the mobile terminating call properly.
7.19.1.x.9.4 Subsequent 3G CS => LTE handover
Depicted in Figure 7.19.1.x.9.4-1 is a call flow for subsequent 3G CS => LTE handover of a call initiated in LTE. Both voice and non-voice bearers are relocated. This flow applies to both ICS and Distributed Services model.
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Figure 7.19.1.x.9.4-1: 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 S-IWF S-IWF. Source SGSN sends a Forward Relocation Request. / Response messages.
4. The S-IWF S-IWF 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 S-IWF.

8. The S-IWF signals successful Subsequent CS handover to the source MSC without allocating any LTE resources. The S-IWF S-IWF 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.x.10
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 and MMSC;

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

6. 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;

7. The S-IWF is a control plane functionality and can be scaled separately from the user plane functionality in the MGW;

8. The overall SR VCC procedure is triggered from the network.
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