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1. Introduction
It was agreed in the RAN3#52 meeting, that the handover procedure is performed without MME/UPE involvement (preparation message are directly exchanged between the ENBs). The release of the resources at the source ENB during the handover completion phase is triggered by the target ENB. The details of the message follow needs further elaboration.
2. The time to trigger
The time to trigger the source ENB to release resources (by target ENB) is a key factor, which has great impact on the details of the message flow during the handover completion phase. It also decides the response of source ENB at receiving the trigger message.

In this contribution, we divided the time to trigger into three classes:

1) Before target ENB received Path Switch Request ACK from MME/UPE

2) When target ENB received Path Switch Request ACK from MME/UPE

3) After target ENB received Path Switch Request ACK from MME/UPE

In this contribution, different methods to release resources at the source ENB triggered by target ENB were discussed. They were different in the time for target ENB to trigger the release of resources.
3. Methods to release resources
The method to release resources at the source ENB during the handover completion phase should satisfy the following two requirements:

1) The resources should not be released before the completion of data forwarding.

2) The resources should be released in time after data forwarding.

All the methods to release resources at the source ENB discussed here are triggered by target ENB. The difference is the time for ENB to trigger the release of resources.

3.1 Trigger upon the reception of Handover Complete from UE

In this method, the target ENB triggered the release of resources at source ENB upon the reception of Handover Complete from UE (before target ENB received the Path Switch Request ACK from MME/UPE). It is depicted in figure 1.
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Fig 1. Target ENB trigger the release of resources upon the reception of the Handover Complete from UE
1）UE sends the result of measurement to the source ENB according to the configuration of source ENB.

2) Based on measurement results from the UE and the source ENB, the source ENB decides to handover the UE to a cell controlled by the target ENB.
3) The source ENB issues a Handover Request to the target ENB passing necessary information to prepare the HO at the target side.
4) Admission control is performed at the target ENB to check if some resources can be allocated for the required handover.

5) Handover preparation phase is finished at the target side. Information for the UE to reconfigure the radio path to the target side is passed to the source ENB.

6) Source ENB commands UE to perform handover. Information of the radio resources at the target side is included.

A) From step 6 until 13, data forwarding are performed to avoid data loss during handover.

7) The UE synchronizes to the target ENB.

8) UE indicates the target ENB that the handover is completed.

9) Upon the reception of the Handover Complete from the UE, the target ENB triggers the source ENB to release resources.

10) Target ENB requests the MME/UPE to switch the data path to it.

11) After successful data path switch, MME/UPE confirms the Path Switch Request with Path Switch Request ACK message.

12) A timer at source ENB is started upon the reception of Release Resources from target ENB. The resources can only be released after data forwarding and the expiration of the timer. 

Since the target ENB triggers the release of resources at the source ENB before the completion of data path switch. Upon the reception of Resources Release, the source ENB is not sure if there will be more data sent from MME/UPE before the data path switch. If the source ENB release resources before data path switch, data loss may be incurred.

13) After data forwarding and expiration of the timer, source ENB confirms the Resource Release with Release Resource ACK. Only upon the reception of Release Resource ACK, the target ENB can release related resources on X2 interface.

3.2 Trigger upon the reception of Path Switch Request ACK from MME/UPE
In this method, the target ENB triggered the release of resources at source ENB upon the reception of Path Switch Request ACK from MME/UPE. It is depicted in figure 2.
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Fig 2. Target ENB trigger the release of resources upon the reception of the Path Switch Request ACK from MME/UPE
1）UE sends the result of measurement to the source ENB according to the configuration of source ENB.

2) Based on measurement results from the UE and the source ENB, the source ENB decides to handover the UE to a cell controlled by the target ENB.
3) The source ENB issues a Handover Request to the target ENB passing necessary information to prepare the HO at the target side.
4) Admission control is performed at the target ENB to check if some resources can be allocated for the required handover.

5) Handover preparation phase is finished at the target side. Information for the UE to reconfigure the radio path to the target side is passed to the source ENB.

6) Source ENB commands UE to perform handover. Information of the radio resources at the target side is included.

A) From step 6 until 12, data forwarding are performed to avoid data loss during handover.

7) The UE synchronizes to the target ENB.

8) UE indicates the target ENB that the handover is completed.

9) Target ENB requests the MME/UPE to switch the data path to it.

10) After successful data path switch, MME/UPE confirms the Path Switch Request with Path Switch Request ACK message.

11) Upon reception of the Path Switch Request ACK from the MME/UPE, the target ENB triggers the source ENB to release resource.

12) After data forwarding, the source ENB confirms the Release Resource with Release Resource ACK. 

When received the Release Resource from the target ENB, the source ENB knows the data path has been switched to the target ENB. And no more data will be received from the MME/UPE. After data forwarding, the resources at source side can be released immediately. Only upon the reception of Release Resource ACK, the target ENB can release related resources on X2 interface.

3.3 Trigger upon the reception of Data End Mark from MME/UPE

In this method, the target ENB triggered the release of resources at source ENB upon the reception of data end mark from MME/UPE (after target ENB received the Path Switch Request ACK from MME/UPE). It is depicted in figure 3.
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Fig 3. Target ENB trigger the release of resources upon the reception of the Data End Mark from MME/UPE
1）UE sends the result of measurement to the source ENB according to the configuration of source ENB.

2) Based on measurement results from the UE and the source ENB, the source ENB decides to handover the UE to a cell controlled by the target ENB.
3) The source ENB issues a Handover Request to the target ENB passing necessary information to prepare the HO at the target side.
4) Admission control is performed at the target ENB to check if some resources can be allocated for the required handover.

5) Handover preparation phase is finished at the target side. Information for the UE to reconfigure the radio path to the target side is passed to the source ENB.

6) Source ENB commands UE to perform handover. Information of the radio resources at the target side is included.

A) From step 6 until 12, data forwarding are performed to avoid data loss during handover.

7) The UE synchronizes to the target ENB.

8) UE indicates the target ENB that the handover is completed.

9) Target ENB requests the MME/UPE to switch the data path to it.

10) Upon the reception of Path Switch Request and before the data path switch to the target ENB, MME/UPE sends Data End Mark to source ENB through user plane. The data end mark can be a PDU with specific header.

11) After successful data path switch, MME/UPE confirms the Path Switch Request with Path Switch Request ACK message.

12) After data forwarding, the source ENB forwards the Data End Mark to the target ENB. The forwarding of the Data End Mark is similar to that of the data.

13) Upon the reception of the Data End Mark, the target ENB triggers the release of resource at source ENB immediately. After that, the target ENB releases related resources on X2 interface. The source ENB release resources upon the reception of Release Resource, 

4. Conclusion

If target ENB triggers the release of resource at the source side before the completion of data path switch, The confirmation of Release Resource from the source ENB is needed to trigger the release of resources at target ENB. At the mean time, a timer is needed at source ENB to avoid data loss. If the time of the timer is too short, data loss may be incurred. If it is too long, delay will be introduced.

If target ENB triggers the release of resource at the source side upon the completion of data path switch, the confirmation of Release Resource from the source ENB is needed to trigger the release of resources at target ENB.

If target ENB triggers the release of resource upon the reception of Data End Mark which is sent by MME/UPE and forwarded by source ENB, the source ENB and target ENB can release resources immediately after data forwarding. Confirmation of Release Resource from the source ENB and timer are not needed.

Based on the above analysis, the target ENB triggers the release of resource at the source side upon or after the completion of data path switch is more preferable.

It is proposed that section 3.2 and 3.3 are included in 25.912.
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