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Discussion

Handover optimization was discussed in last meeting, but the discussion was based on single radio assumption. But it is possible that the evolved UE will support dual radio, and in LS RP-070512 RAN groups has requested SA2 to study both single radio and dual radio scenarios. This paper discusses the special properties of dual radio……
1. Handover Scenarios

As it is discussed in our paper S2-07 to SA2#57, there are typically 2 different scenarios between the coverage of EPS and non 3GPP IP access: one scenario is the neighbouring scenario, where the coverage of EPS neighbours to that of non 3GPP, UE loses connection to one system when it moves to the other; The other scenario is the overlapping scenario, where the coverage of non 3GPP IP access is inside the coverage of EPS, or vice versa. The 2 scenarios are shown in figure 1:
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Figure 1: Coverage scenarios of EPS and non 3GPP IP access
In coverage scenario 2 (Overlapping scenario), it is possible that only part of the IP connections are changed from EUTRAN to non 3GPP IP access, e.g. when the non 3GPP IP access has lower service price or higher speed than EPS. This is different from the scenario when the UE only has the single radio capability, or decides not to enable dual radio capability, where all the IP connections have to be handed off. According to the new character, there are 3 different actions when moving from one system to another:
1) All IP connections are changed from one system to another, e.g. like in scenario 1 or UE moves out of the overlapped area like in scenario 2 of figure 1.

2) Only part of IP connections are handed over from one system to another, like in scenario 2 of figure 1
3) All existing IP connections are kept in the original system, but a series of new IP connections are established in the new system, like in scenario 2 of figure 1.
2. Handover Principles for Dual Radio UE
There are some basic questions we need to answer when we design the handover procedure for dual radio UE: 
1) The granularity of handover? IP-CAN SESSION or bearer?

2) Who will initiate the handover and decides which bearers to be handed over?

3) How to identify which to be handed over?
The granularity of handover

We propose that the handover granularity should be on an IP-CAN SESSION level, that is one or more IP-CAN sessions will be handed over during the handover procedure. This is recommended because bearers of a whole service should be moved together during handover, and it is less complicated to move whole IP-CAN session instead of several bearers. And also non 3GPP has different concepts of bearers. If an IP-CAN session supports more than one service, then all the services will be handed over.
Who will initiate the handover and decides which bearers to be handed over?
We recommend that the UE initiates the handover and decides which IP-CAN session is going to be handed off. This is for the following reasons:
Some non 3GPP access system doesn’t support Network initiated handover, e.g. WiMax Forum Stage 3 1.0.0, so for the conformity of handover procedures, it is better to initiate the handover by UE;

If network initiates the handover procedure, for handover from EPS to non 3GPP access system, new procedure has to be designed to collect nearby cell information from the dual radio UE to help MME to make handover decision, and the MME has to support this new handover decision function;
The network can authorize the handover decision made by the UE during the handover procedure, if one or more IP-CAN sessions could not be handed over by authorization, then the handover of the unauthorized IP-CAN session will be failed.
How to identify which to be handed over?
It is proposed that the APN of the PDN is used to identify the IP-CAN session to be handed over. The APN is used to identify a PDN, which is the destination of an IP-CAN session. An APN is also used to identify different services in one PDN. One or more APNs of the same PDN can be mapped to one IP-CAN session. Any of the APN of the PDN can uniquely identify an IP-CAN session. 
So in conclusion, we have the following principles:
1) The handover granularity for the UE with the dual radio capability should be on an IP-CAN session level;

2) The UE initiates all or partial IP-CAN session handover from the original system to the target system;

3) The UE decides which IP-CAN sessions to be handed over to the target system.

4) The APN of the PDN shall be used to identify the IP-CAN session to be handed over.

3. Handover Procedures for Dual Radio UE

3.1 handover from EPS to non 3GPP access system
Based on principles discussed above, the handover procedure from EPS to non 3GPP access system is shown in figure 2: 
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Figure 2: handover from EPS to non 3GPP access system
Step 1) UE searches cells of non 3GPP access system while it’s camped in EUTRAN of EPS. UE does it by enabling its dual radio capability.

Step 2) When the coverage of non 3GPP access system is available, the UE decides whether to handover, and which IP-CAN session to be handed over. The UE decides this based on knowledge of the coverage range of both EUTRAN and non 3GPP access system. The UE has to combine the information collected by both radio ports, and the end user’s preference. 
Step 3) UE initiates the establishment of the corresponding IP-CAN session in the target non 3GPP access system, UE indicates the IP-CAN session by APN. If the UE has not registered in the non 3GPP access system, it does this first. In this step, the PDN GW for the IP-CAN session should not be changed after handover. Note that not all non 3gpp access system supports bearer establishment after registration.
Step 4) The PDN GW for the IP-CAN session initiates the bearer release procedure in EPS. All bearers in an IP-CAN session will be released during this step. 
3.2 handover from non 3GPP access system to EPS

Based on principles discussed above, the handover procedure from EPS to non 3GPP access system is shown in figure 3: 
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Figure 3: handover from non 3GPP access system to EPS
Step 1) UE searches cells of EUTRAN while it’s camped in non 3GPP access system. UE does it by enabling its dual radio capability.

Step 2) When the coverage of EPS is available, the UE decides whether to handover, and which IP-CAN session to be handed over to EPS. The UE decides this based on knowledge of the coverage range of both EUTRAN and non 3GPP access system. The UE has to combine the information collected by both radio ports, and the end user’s preference.

Note: some non 3GPP access system does not support partial IP-CAN session handover.

Step 3) UE initiates the establishment of the corresponding IP-CAN session in the target EPS, UE indicates the IP-CAN session by APN. If the UE has not registered in the EPS, it does it first. In this step, the PDN GW for the IP-CAN session should not be changed after handover.

Step 4) The PDN GW for the IP-CAN session initiates the bearer release procedure in the non 3GPP access system.  

Proposal
5.6.3 Handovers for UE with dual radio capability

5.6.3.1
Handover scenarios

For UE with dual radio capability, 2 scenarios should be supported:

1. Neighbouring scenario: the coverage of EPS neighbours to that of non 3GPP access system. UE loses connection to one system when it moves to the other; 
2. Overlapping scenario: the coverage of non 3GPP IP access is inside the coverage of EPS, or vice versa. 
For the above 2 scenarios, the following actions should be supported:
1. Full IP-CAN session Handover: all IP-CAN sessions are changed from one system to another;
2. Partial IP-CAN session Handover: only part of IP-CAN sessions are handed over from one system to another
3. New establishment of IP-CAN sessions: All existing IP-CAN sessions are kept in the original system, but a series of new IP-CAN sessions are established in the new system.
5.6.3.1 Handover procedures
5.6.3.1.1 Handover from EPS to non 3GPP access system
The handover procedure from EPS to non 3GPP access system is shown in figure 5.6.3.1-1: 
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Figure 5.6.3.1-1: handover from EPS to non 3GPP access system
Step 1) UE searches cells of non 3GPP access system while it’s camped in EUTRAN of EPS. UE does it by enabling its dual radio capability.

Step 2) When the coverage of non 3GPP access system is available, the UE decides whether to handover, and which IP-CAN session to be handed over. The UE decides this based on knowledge of the coverage range of both EUTRAN and non 3GPP access system. The UE has to combine the information collected by both radio ports, and the end user’s preference.

Step 3) UE initiates the establishment of the corresponding IP-CAN session in the target non 3GPP access system, UE indicates the IP-CAN session by APN. If the UE has not registered in the non 3GPP access system, it does this first. In this step, the PDN GW for the IP-CAN session should not be changed after handover. Note that not all non 3gpp access system supports bearer establishment after registration.

Step 4) The PDN GW for the IP-CAN session initiates the bearer release procedure in EPS. All bearers in an IP-CAN session will be released during this step.
5.6.3.1.2 Handover from EPS to non 3GPP access system

the handover procedure from EPS to non 3GPP access system is shown in figure 5.6.3.2-1: 
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Figure 5.6.3.2-1: handover from non 3GPP access system to EPS
Step 1) UE searches cells of EUTRAN while it’s camped in non 3GPP access system. UE does it by enabling its dual radio capability.

Step 2) When the coverage of EPS is available, the UE decides whether to handover, and which IP-CAN session to be handed over to EPS. The UE decides this based on knowledge of the coverage range of both EUTRAN and non 3GPP access system. The UE has to combine the information collected by both radio ports, and the end user’s preference.

Note: some non 3GPP access system does not support partial IP-CAN session handover.

Step 3) UE initiates the establishment of the corresponding IP-CAN session in the target EPS, UE indicates the IP-CAN session by APN. If the UE has not registered in the EPS, it does it first. In this step, the PDN GW for the IP-CAN session should not be changed after handover.

Step 4) The PDN GW for the IP-CAN session initiates the bearer release procedure in the non 3GPP access system.
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