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Abstract of the contribution: This contribution proposes a mechanism for handovers from LTE to GERAN/UMTS CS domain by introducing a new entity named “MSC-S” that acts as an Anchor VMSC for the handover to the CS network. It  prepares a new path with the remote UE-B, before requesting the UE  handover execution . 
1 Principles of the “LTE-VMSC Anchor” solution
A new MSC-Serving 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. There are some changes to existing MSC behaviour required for our proposed solution and introducing a new functional entity means that existing MSC’s do not need to be modified.
In the same way as in UMTS, the eNB can order measurements of neighbour cells to the UE and 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 MSC-S,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 a VDN (VCC Domain Transfer Number), as specified in 3GPP TS 23.206. The Setup message must be tunnelled through the LTE network to the MSC-S.
The MSC-S 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. Then the originating call is processed in the CS network according to CS origination procedures of VCC. The DTF (PSI) DN is in the process resolved using the VDN at the CS network. The MSC-S (acting as a VMSC) routes the call towards the user's home IMS network via an MGCF in the home network. 
The MCGF reserves connection resources in the attached MGW and forwards the new path to the UE-B via VCC AS. 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 towards the MGW. 
The MGCF connects the UE-B path to the MSC-S path and replies the MSC-S with ANM message. 

The MSC-S knows that the path with UE-B is established and can now request the UE-A to perform Handover Execution phase i.e. to switch its radio to the target cell. MSC-S 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 MSC-S in order to release serving network resources in SAE network and eNB. 

2 Handover from LTE to UMTS/GERAN CS
It is depicted in the following flow charts. 

Note: the flow charts represent UMTS entities and messages, but it also applies to GERAN entities and messages. 
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1- eNB requests UE-A to perform measurements on neighbour cells.

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

3- 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. 

4- The MME selects a MSC-S in the same PLMN and relays the Relocation/Handover Required to the MSC-S node. 

5- As the MSC-S 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.

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

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

8- MSC-B sends MAP Prepare HO Response back to MSC-S. Necessary CS domain resources are then established between MSC-S and MSC-B.
a. In parallel with steps 4 to 8, when the eNB determined that a handover to UMTS or GERAN CS domain should be performed, it sends a CS Handover Request to the UE-A to request the UE-A to initiate a call to VDN number to MSC-S.

b. UE-A sends the Setup (VDN) message to MME.

c. MME selects an appropriate MSC-S node and relays the Setup (VDN) message to MSC-S.

d. The MSC-S reserves resources at its MGW.

e. When MSC-S has received Setup (VDN) from UE-A and the completion of handover preparation phase from MSC-B via MAP Prepare HO Response, the originating call is processed in the CS network according to CS origination procedures described in clause 6.2.2.2 of TS 23.206 "UE origination from CS domain using CAMEL”. The DTF (PSI) DN is resolved using the VDN at the CS network. The VMSC routes the call towards the user's home IMS network via an MGCF in the home network by sending an IAM (DTF PSI) to the MGCF. 
f. The MGCF reserves resources at its MGW. 
Note: When the UE-A is in a roaming case, the MSC-S is in the VPLMN and the MGCF is in its HPLMN; so the MSC-S MGW and the MGCF MGW may be separate nodes. 

g. The MGCF forwards the requests via an INVITE message to the UE-A CSCF.

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

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

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

k. The VCC AS forwards the reply to the CSCF. 

l. The CSCF forwards the reply to the MGCF. 

m. The MGCF sends IAM back to the MSC-S.

n. The MGCF connects the user plane UE-B path to the MSC-S path. 
Note: these last two steps have no priority between them.

9- The MSC-S knows that the path with UE-B is established and can start the handover execution phase by sending Relocation/Handover Command to the MME.
10- In parallel, it requests its MGW to connect the user plane.
11- MME sends Relocation/Handover Command to eNB.

12- eNB sends Handover Command to UE-A.

13- 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 to MSC-S in order to release serving network resources in SAE network and eNB. MSC-S releases all resources in eNB via MME. 
16- MSC-B indicates the Handover Complete via MAP SEND END SIG REQ to MSC-S in order to release serving network resources in SAE network and eNB. MSC-S releases all resources in eNB via MME.
3 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 ANM 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, b and c are very short compared to the legacy handover preparation phase.; this means the handover preparation phase is similar to the R99 legacy one. 

· The MSC-S and the related MGW can be distributed, so it is a scalable solution;
· The MSC-S being in the VPLMN, the routing tables are the same as a legacy MSC. 

· This is a VCC procedure triggered from the network

4 Proposal

It is proposed to include the above text (Principles, Flow Charts and Advantages) in the Technical Report as a candidate solution. 

**** Start of changes ****

7.19.1.8
Alternative F – LTE-VMSC Anchor Solution

7.19.1.8.1
Description

A new MSC-Serving 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.  There are some changes to existing MSC behaviour required by this solution :introducing a new MSC-S functional entity means that existing MSC’s do not need to be modified.

In the same way as in UMTS, the eNB can order measurements of neighbour cells to the UE and 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 MSC-S, 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 a VDN (VCC Domain Transfer Number), as specified in 3GPP TS 23.206. The Setup message must be tunnelled through the LTE network to the MSC-S.
The MSC-S 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. Then the originating call is processed in the CS network according to CS origination procedures of VCC. The DTF (PSI) DN is resolved using the VDN at the CS network. The MSC-S (acting as a VMSC) routes the call towards the user's home IMS network via an MGCF in the home network. 

The MCGF reserves connection resources in the attached MGW and forwards the new path to the UE-B via VCC AS. 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 towards the MGW. 

The MGCF connects the UE-B path to the MSC-S path and replies the MSC-S with ANM message. 

The MSC-S knows that the path with UE-B is established and can now request the UE-A to perform Handover Execution phase i.e. to switch its radio to the target cell. MSC-S 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 MSC-S in order to release serving network resources in SAE network and eNB. 

7.19.1.8.1.1
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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1
eNB requests UE-A to perform measurements on neighbour cells.

2
UE-A performs measurements and sends measurement reports to the eNB. 

3
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. 

4
The MME selects a MSC-S in the same PLMN and relays the Relocation/Handover Required to the MSC-S node. 

5
As the MSC-S 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.
6
MSC-B sends Relocation/Handover Request to the target RNC.

7
The target UTRAN reserves the RAN resources and replies with Relocation/Handover Request Ack to MSC-B.

8
MSC-B sends MAP Prepare HO Response back to MSC-S. Necessary CS domain resources are then established between MSC-S and MSC-B.
a
In parallel with steps 4 to 8, when the eNB determined that a handover to UMTS or GERAN CS domain should be performed, it sends a CS Handover Request to the UE-A to request the UE-A to initiate a call to VDN number to MSC-S.

b
UE-A sends the Setup (VDN) message to MME.

c
MME selects an appropriate MSC-S node and relays the Setup (VDN) message to MSC-S.

d
The MSC-S reserves resources at its MGW.

e
When MSC-S has received Setup (VDN) from UE-A and the completion of handover preparation phase from MSC-B via MAP Prepare HO Response, the originating call is processed in the CS network according to CS origination procedures described in clause 6.2.2.2 of TS 23.206 "UE origination from CS domain using CAMEL”. The DTF (PSI) DN is resolved using the VDN at the CS network. The VMSC routes the call towards the user's home IMS network via an MGCF in the home network by sending an IAM (DTF PSI) to the MGCF. 

f
The MGCF reserves resources at its MGW. 
Note: When the UE-A is in a roaming case, the MSC-S is in the VPLMN and the MGCF is in its HPLMN; so the MSC-S MGW and the MGCF MGW may be separate nodes. 

g
The MGCF forwards the requests via an INVITE message to the UE-A CSCF.

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

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

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

k
The VCC AS forwards the reply to the CSCF. 

l
The CSCF forwards the reply to the MGCF. 

m
The MGCF sends IAM back to the MSC-S.

n
The MGCF connects the user plane UE-B path to the MSC-S path. 
Note: these last two steps have no priority between them.

9
The MSC-S knows that the path with UE-B is established and can start the handover execution phase by sending Relocation/Handover Command to the MME.

10
In parallel, it requests its MGW to connect the user plane.

11
MME sends Relocation/Handover Command to eNB.

12
eNB sends Handover Command to UE-A.

13
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 to MSC-S in order to release serving network resources in SAE network and eNB. MSC-S releases all resources in eNB via MME. 

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

7.19.1.8.1.2
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 ANM 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, b and c are very short compared to the legacy handover preparation phase.; this means the handover preparation phase is similar to the R99 legacy one. 

· The MSC-S and the related GW can be distributed, so it is a scalable solution;

· The MSC-S being in the VPLMN, the routing tables are the same as a legacy MSC. 

· This is a VCC procedure triggered from the network

**** End of changes ****
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