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1. Introduction
In the last RAN3 meeting, several open issues on C-plane and U-plane of handover procedure for LTE_ACTIVE UEs were identified. In this contribution, we show our views on ”Involvement of MME/UPE in HO preparation phase”, “HO decision and interface between eNodeBs” and “Mechanism for data loss avoidance”.
2. Discussion
2.1. Involvement of MME/UPE in HO preparation phase
Figure 1 shows an example of network topology in LTE/SAE system. In this figure, T1 and T2 denote network resources utilization. Source eNodeB and Target eNodeB are connected with MME/UPE in a different path. In HO preparation phase under such a condition, if the transport network resources are prepared enough in advance, there is no need to involve MME/UPE for resource setup. However depending on the deployment of transport network if it has some limitation, Target eNodeB cannot know whether transport network resource connected to MME/UPE is enough for the UE because the value of T2 is the summation of the resource to all eNodeBs served via a Router2. Therefore, in case the transport network resource has some limitation due to network configuration, eNodeB should setup resources between MME/UPE and Target eNodeB for the service with guaranteed QoS in HO preparation phase.
In this case, considering harmonization with inter-RAT HO, it is preferable that Source eNodeB negotiates with MME/UPE. In addition, it is preferable that Source eNodeB sends Resource Setup to MME/UPE after receiving the indication from Target eNodeB that the handover is accepted. By doing so, Resource Setup to MME/UPE is not performed if admission control of PHY/MAC in Target eNodeB is failed.
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Figure 1. An example of network topology in LTE/SAE system
2.2. HO decision and interface between eNodeBs
As we already discussed in [1], allocating RRC functions to eNodeB and having a logical direct C-plane interface between adjacent eNodeBs have an advantage to overall HO latency reduction. Therefore, we believe that taking HO decision by Source eNodeB, i.e. locating CMC in eNodeB, and having a logical direct C-plane interface between adjacent eNodeBs are preferable to improve the radio performance and mobility.
The benefit of logical direct C-plane interface between adjacent eNodeB is also seen in one of possible architecture in SA2 discussion. In order to reduce the network and procedural complexity, it was proposed that Inter AS Anchor, MME and UPE are combined into one entity [2]. Figure 2 shows the difference between the case with a logical direct C-plane interface and without a logical direct C-plane interface between adjacent eNodeBs. In case of HO between eNodeBs at the edge of a service area, the case without direct C-plane interface between adjacent eNodeBs would cause large C-plane delay because C-plane signaling between eNodeBs is performed via MME.
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Figure 2. Interface between eNodeBs in “All in One” concept

2.3. Mechanism for data loss avoidance
We believe that lossless HO is necessary to avoid the degradation of throughput at the application layer. Then, data forwarding from Source eNodeB to Target eNodeB during HO is necessary for lossless HO. Following points need to be taken into account for lossless HO.

· Requirement of HO interruption time
· MME/UPE/IASA composition and U-plane latency between eNodeB and MME/UPE and between eNodeBs (see chapter 2.2)
We think the path switching should be carried out after the reception of HO complete notification from the UE. The early path switching before the reception of HO complete is inefficient for lossless and in-sequence delivery because of the necessity of the extra switch back mechanism for error cases.
2.4. Information flow
Based on the above discussion, the information flow of the intra MME/UPE mobility for LTE_ACTIVE UEs is shown in figure 3.
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Figure 3. Intra MME/UPE Mobility Procedure for LTE_ACTIVE UEs
The details of the signalling sequence in figure 3 are as follows.
1. Measurement Report
UE reports the quality of the candidate cells to Source RRC so that CMC can decide the appropriate target cell for the handover.
2. Handover Decision

Source RRC decides the appropriate target cell based on the quality of the candidate cells measured and reported by the UE and resource/processing load in each cell.
3. HO Request
Source RRC transfers UE Context, e.g. RB info etc., to Target RRC.
4. Admission Control
Target RRC performs the required admission control processes regarding the load and resource availability.
5. Resource Setup
Target RRC negotiates with the Target PHY/MAC to get the resources which the UE will be handed over to, including physical resources, HARQ resources etc.
6. Admission Control
Target PHY/MAC performs the required admission control processes regarding the radio L1/L2 resource availability.

7. Resource Setup Ack
Target PHY/MAC sends an indication that the handover is accepted to the Target RRC.

8. HO Command
If Target RRC succeeded in reserving necessary resources for the UE, it informs Source RRC that the preparation of the handover has been completed.
9. Resource Setup
Once the Source RRC receives an indication that the handover is accepted by the Target RRC, Source RRC negotiates with the MME/UPE to get the resources between MME/UPE and Target eNodeB.

10. Resource Setup
MME/UPE reserves and allocates resources for the UE based on the QoS information included in the Resource Setup transferred by Source RRC.
11. Resource Setup Ack
MME/UPE informs Source RRC that the reservation of the resources for the UE has been completed.

12. HO Command
Source RRC indicates the UE to move to the target cell and sends cell specific parameters that are obtained by target side. Source eNodeB shall forward U-plane data that the Source eNodeB has sent to the UE but has not received the ACK from the UE and also received from the UPE but has not sent to the UE to the Target eNodeB. Target eNodeB stores U-plane data according to required QoS until the UE completes HO.

13. L1/L2 Signalling
The UE synchronise with the target cell.

14. HO Complete
After the synchronisation with the target cell, the UE indicates to the Target RRC that the handover to the target cell has been completed. Target eNodeB can transmit/receive U-plane data to/from the UE after receiving HO Complete from the UE.
15. HO Complete
Target RRC sends HO Complete to the MME/UPE. This signalling is interpreted as the information that requests path switching of U-plane data from Source eNodeB to Target eNodeB. Then MME/UPE switches data path by changing the destination address from Source eNodeB to Target eNodeB.
16. HO Complete Ack
MME/UPE sends HO Complete Ack to the Target RRC.
17. Resource Release
MME/UPE initiates a resource release to Source RRC after receiving the HO Complete from the Target RRC.
18. Resource Release
Once the Source RRC receives an indication that the releasing of resource for the UE is accepted by the MME/UPE, Source RRC negotiates with the Source PHY/MAC to release the resources for the UE.
3. Conclusion

It is proposed to agree that

· Source eNodeB should setup resources between MME/UPE and Target eNodeB after the reception of the indication that the handover is accepted from Target eNodeB in HO preparation phase if needed.
· HO decision should be taken by Source eNodeB, i.e. locating CMC in eNodeB.
· There should be a logical direct C-plane interface between adjacent eNodeBs.
· Data forwarding from Source eNodeB to Target eNodeB is necessary for lossless HO. The path switching should be carried out after the reception of HO complete notification from the UE.
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