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Abstract of the contribution: This contribution provides corrections to 23.882 for alternative D-2. 
Alternative D-2 is corrected by introducing the Attach/Location Update procedure in the two directions (to CS-Proxy in LTE to CS direction in order to allow Setup VDN, and to MME in CS to LTE direction if not already registered), and by changing the Relocation Command message in step 10 by a Forward Relocation Response message which is more adapted to MAP-E interface. A summary of the solution main characteristics and details on the support of ICS are also added.

Proposed changes

Start first change in 23.882
7.19.1.6b
Alternative D-2 – LTE-VMSC Anchor Solution

7.19.1.6b.1
Description of LTE to UMTS/GERAN CS handover
This alternative is based on Alternative D where the Evolved Packet Core (EPC) emulates an "anchor MSC" functionality and exhibits the “E” interface towards the neighbouring MSCs. 

A new CS-Proxy entity is introduced as a VMSC interfaced to MME on one side and to CS core on the other side. It corresponds to the MSC entity that serves the LTE user and acts as a Anchor MSC function, forwarding the handover required by the LTE towards the CS target network. This new CS-Proxy entity has some specific behaviour compared to a legacy MSC in order that existing MSC’s do not need to be modified.

In the same way as in UMTS, the UE performs and reports measurements of neighbour cells to the eNB , which is able to decide a handover to a CS target cell. When the HO decision is taken, the eNB sends a Handover Request towards the CS-Proxy, which initiates a standard inter-MSC Hand-Over procedure. 

It also requests the UE to initiate a VCC Domain Transfer to CS by initiating a Setup towards the VDN (VCC Domain Transfer Number) the UE knows, as specified in 3GPP TS 23.206. The Setup message (new message) is tunnelled through the LTE network to the CS-Proxy. Unlike alternative F, the SIP session is not relocated from the UE to the network.
The CS-Proxy waits for completion of the handover preparation phase, i.e. network resources reserved towards the target network, and for the Setup (VDN) message sent by the UE.  The CS-Proxy (acting as a VMSC and a MGCF) routes the call signalling towards the user's VCC AS in the home network. 

Upon receiving Re-Invite message, the UE-B replies with 200 OK, disconnects its user plane from the previous path and connects it to the new path to the MGW associated with the CS-Proxy. 

As the path with UE-B is established, the CS-Proxy can now request the UE-A to perform Handover Execution phase i.e. to switch its radio to the target cell. CS-Proxy connects UE-B path to MSC-B. 

The target NodeB/BTS detects the UE-A and sends Handover Detect to the RNC that will relay it to MSC-B. MSC-B connects the UE-A path to the UE-B path. At this point, user plane is end-to-end connected. The UE-A sends Handover Complete message to the RNC/BSC that relays it to the MSC-B. MSC-B relays it to the CS-Proxy in order to release serving network resources in SAE network and eNB. 

A possible alternative, called “VDN-plus”, to avoid forcing the UE to participate in the Domain Transfer, is to have the VDN in the HSS subscriber profile. The VDN is provided at Attach to the MME, which passes it to the CS-Proxy at first relocation message. 

MME and CS-Proxy are functions located in the VPLMN and can be collocated. In a roaming scenario, the user plane path is optimized i.e. it does not need to go through the HPLMN.
In order to be able to further establish the call to the VCC application and as CS-Proxy acting as an anchor point needs to get the appropriate security material (ciphering, integrity), the UE-A performs Attach/Location Area Update procedures to the CS-Proxy (acting as anchor MSC) well before the handover preparation from VoIP to CS if required. This can be triggered e.g. when entering in a new LTE cell that would indicates it is at the edge of LTE coverage.

The main characteristics of this solution are:

· Attach/Location Update to the anchor CS-Proxy well in advance

· Call setup to VCC AS during the handover preparation phase; use of VCC Domain Transfer Rel7 procedure

· Parallel handover of all PS bearers including the Default bearer. They are maintained if CS and PS domains are accessible by the UE (3G and 2G DTM), and suspended in the SGSN if 2G non-DTM. 

· Supports ICS

The architectural principles can be summarized in the following figure, where:

· IWF acts as a source MSC+SGSN on the target MSC side, reusing MAP-E interface

· IWF acts as a target MME on the source MME side, reusing S10 interface

· IWF acts as a 24.008 signalling relay through S10* interface that corresponds to the S10 interface with additional tunnelling capability
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Figure 7.19.1.6b.1x: Alternative D-2 architectural principles

It should also be noted that this solution does not require the implementation of ICS even if it supports it. 

When ICS is supported, ICS continuity is ensured as follows: when the UE arrives at the CS domain, the ICCC channel is established either through USSD if the UE is not DTM capable, or through I1-ps otherwise; furthermore, the downlink SIP signalling messages that were sent during the handover are repeated by the proxy-CSCF.
7.19.1.6b.2
Information flows

Handover from LTE to UMTS/GERAN CS is depicted in the following flow charts. The flow charts represent UMTS entities and messages, but it also applies to GERAN entities and messages. 
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Figure 7.19.1.6b-2: Handover from LTE to UMTS/GERAN CS (1st part)
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Figure 7.19.1.6b-3: Handover from LTE to UMTS/GERAN CS (2nd part)

0- If required because not already registered in the CS-Proxy LA, the UE-A performs Attach/Location Area Update procedures in the VPLMN well before the handover from VoIP to CS. At this point, the UE is attached to both EPC and legacy CS as per ISR (Idle Mode Signalling Reduction) if required. The can be triggered e.g. when entering in a new LTE cell that would indicates it is at the edge of LTE coverage, and is FFS. 

1- UE-A performs measurements and sends measurement reports to the eNB. 

2- eNB determines that a handover to UMTS or GERAN CS domain should be performed. It sends a Relocation/Handover Required message to the MME indicating the target cell and that it is a handover to CS domain. 

3- The MME selects a CS-Proxy in the same PLMN and sends Forward Relocation/Handover Request to that CS-Proxy node. In the “VDN-plus” alternative, the MME gets the VDN from the HSS and forwards this information to the CS-Proxy in the Relocation/Handover Required message. In parallel (not shown), and if the SGSN supports PS handovers, the CS-Proxy sends Forward Relocation Request to SGSN to transfer non-voice PS RAB and remove PS voice RAB. 

Note: CS-Proxy acting as an anchor point in the handover preparation phase, it is assumed to have the necessary security material (ciphering, integrity protection) to pass them to the target RAN. This security material may have been determined through a CS Attach procedure or through inter-working from security material used in LTE.
4- As the CS-Proxy node is in the same PLMN, it is configured with necessary tables enabling to determine MSC-B and forward the handover request via MAP Prepare HO Request to MSC-B.

5-  MSC-B sends Relocation/Handover Request to the target RNC.

6- The target UTRAN reserves the RAN resources and replies with Relocation/Handover Request Ack to MSC-B.

7- MSC-B sends MAP Prepare HO Response back to CS-Proxy. Necessary CS domain resources are then established between CS-Proxy and MSC-B.

8- CS-Proxy establishes the path between MGW and MSC-B using ISUP IAM and ACM. In the “VDN-plus” alternative, the steps a) to c) do not exist. 

a. In parallel with steps 2 to 8, as soon as the eNB determined that a handover to UMTS or GERAN CS domain should be performed, it sends a new “CS Handover Request” to the UE-A requesting the UE-A to initiate a domain transfer.

b. UE-A sends the Setup (VDN) message to MME. When ICS applies, the preservation call sent by the UE is actually routed to the RUA. This means that after the call to the RUA is established, the commands issued by the UE on this call (Hold, Resume, etc) are conveyed through the ICCC (I1-cs or I1-ps).
c. MME tunnels the Setup (VDN) message to CS-Proxy over S10*.

d. The CS-Proxy reserves resources at its MGW.

e. When CS-Proxy has received Setup (VDN) from UE-A, the ACM message (or in alternative “VDN-plus”, only MAP Prepare HO Response) and Forward Relocation Response from the SGSN (if target SGSN supports PS handovers), the Domain Transfer is processed as described in clause 6.4.2.1 of TS 23.206 "Domain Transfer: IMS to CS”. The DTF (PSI) DN is resolved using the VDN at the CS-Proxy. The CS-Proxy routes the call by sending an INVITE (PSI) towards the user's VCC via the CSCF. 

f. The UE-A CSCF forwards the requests to the VCC AS.

g. The VCC AS sends a RE-INVITE towards UE-B through its CSCF, that includes the user plane MGW address.

h. UE-B replies with a 200 OK towards the CSCF, and connects its user plane to the indicated MGW user plane address.

i. The VCC AS forwards the reply to the CS-Proxy. 

9- The CS-Proxy requests the MGW to connect the user plane.

10- As the path with UE-B is established up to the MSC-B, the CS-Proxy can start the handover execution phase by sending Forward Relocation/Handover Response to the MME.

11- MME sends Relocation/Handover Command to eNB.

12- eNB sends Handover Command to UE-A.

13- UE-A already knows that the handover is directed to CS domain via the message CS HO Request send in step a), therefore it knows it has to switch from VoIMS to VoCS. UE-A switches its radio to UMTS/GERAN target cell. It may be detected by the NodeB/BTS. The NodeB/BTS sends Handover Detect to the RNC/BSC. The RNC/BSC relays Handover Detect to MSC-B. MSC-B connects the UE-A path to the UE-B path. At this point, user plane is end-to-end connected. 

14- UE-A sends Handover Complete message to the RNC/BSC that relays it to the MSC-B. 

15- MSC-B indicates Handover Detect via MAP PROC ACCESS SIG REQ (HO Detect) to CS-Proxy in order to release serving network resources in SAE network and eNB. CS-Proxy releases all resources in eNB via MME. 

16- MSC-B indicates the Handover Complete via MAP SEND END SIG REQ (HO Complete) to CS-Proxy in order to release serving network resources in SAE network and eNB. CS-Proxy releases all resources in eNB via MME.

17- If ICS is used, when the UE arrives at the CS domain, the ICCC channel is established either through USSD if in 2G and if the UE is not DTM capable, or through I1-ps otherwise (2G and 3G).
7.19.1.6b.3
Handovers from 2G/3G back to IMS/LTE (subsequent handovers and calls initiated in CS domain)
Handover from UMTS/GERAN CS to LTE is depicted in the following flow charts. The flow charts represent UMTS entities and messages, but it also applies to GERAN entities and messages. 
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Figure 7.19.1.6b-4: Subsequent handovers from 2G/3G back to IMS/LTE

1- UE-A performs measurements and sends measurement reports to the NodeB. 

2- NodeB and RNC determine that a handover to IMS/LTE should be performed. It sends a Relocation/Handover Required message to the MSC-B indicating the target cell. 

3- As it is a inter-MSC handover, MSC-B sends MAP-Prep-Sub-Handover Request back to the anchor MSC per TS 23.009. There is no need for circuit connection. 

4- CS-Proxy selects an MME that serves the eNB and sends Forward Prepare Relocation Request to that MME.

5- MME sends S1_Relocation_Request to the eNB.

6- eNB reserve appropriate resources and replies MME with S1_Relocation_Request_Ack.

7- MME sends Forward Prepare Relocation Response to CS-Proxy.

8- CS-Proxy sends MAP-Prep-Sub-Handover Response to MSC-B.

9- MSC-B sends RANAP Relocation Command to the source RNC.

10- The source RNC sends RRC Relocation Command to the UE.

11- The UE switches its radio to the E-UTRAN cell. Radio synchronization is detected by the eNB that sends Relocation Detect to the MME, which forwards it to the CS-Proxy. 

12- CS-Proxy sends MAP proc access sig req (HO Detect) to MSC-B. MSC-B may connect the user plane. 

13- The UE sends RRC Handover Complete to the eNB, which transfers it as Relocation Complete to up to the CS-Proxy, relayed by the MME.
14- CS-Proxy sends MAP send end sig req (HO Complete) to MSC-B. TA Update procedure is performed if required i.e. if the UE is not already attached to that TA with the Default bearer. 
15- The UE-A sends an Invite (VDI) to the VCC-AS to establish the new SIP session and operates the Domain Transfer. The speech bearer is established from the VCC through PCRF.
7.19.1.6b.4
Advantages of the solution

There are several significant advantages to the above described solution:

· There is no impact to the existing Core Network nodes as existing HO procedures are used and changes in existing MSC behaviour is separated out in a new functional entity which can be a shared resource strategically located in the network;

· There is no impact to the existing RAN nodes as existing HO procedures are used (UMTS, GERAN);

· There is no impact to IMS network;

· There is no impact to VCC Application as standard VCC procedures are used;

· The user plane interruption is minimized: it corresponds to the addition of the processing and transmission of the 200 OK between UE-B and CS-Proxy via CSCF and Relocation Command messages, estimated between  5 and 10 ms, to the inevitable handover execution time that is defined as the interruption time on Layer 1 and estimated between 50 and 100 ms. 

· The handover preparation phase is minimized as the steps a, b and c are in parallel with the legacy handover preparation phase (from Relocation/Handover Required to MAP Prepare HO Response). Moreover, the steps a) to g) are very short compared to the legacy handover preparation phase; this means the handover preparation phase is similar to the R99 legacy one; 

· The CS-Proxy and the related MGW can be distributed, so it is a scalable solution;

· The CS-Proxy being in the VPLMN, the routing tables are the same as a legacy MSC; 
· This is a VCC procedure triggered from the network;

· It supports ICS without any impact.
End first change in 23.882
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