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1. Introduction
In last RAN3 meetings, the issues about optimizing intra-DeNB handover and smart forwarding were discussed and identified as open issues. In this paper, we will give some analyses in details on these problems and propose that Un end marker solution is mandatory when PATH SWITCH procedure concerning EPC is omitted and also an optimized option for other handover scenarios.

2. Discussion
2.1. Transparent Intra-DeNB handover for EPC 
In the traditional handover procedure, when the Serving Gateway switches the downlink data path to the target side, the Serving Gateway sends one or more “end marker” packets on the old path to the source eNB to indicate the end of downlink data as shown in Figure 1. The “end marker” packet is also considered as the end of forwarded data from the source eNB to the target eNB.

In relay architecture Alt2, RN maintains only one X2 interface, which is to the DeNB. All of the handover requests will be sent firstly to the DeNB, irrespective of the target cell ID. Upon the DeNB receiving the X2 messages from RN, it reads the target cell ID from the messages，finds the target eNB corresponding to the target cell ID and forwards the X2 messages toward the target eNB. From the target eNB point of view the handover from RN looks like as if the UE would be making the handover from a cell of the DeNB.

In this paper, the following three UE handover scenarios are also called Intra-DeNB handover:

· Handover from RN to DeNB;

· Handover from DeNB to RN;

· Handover from RN to other RN under the same DeNB.

From EPC point of view, the above three handover scenarios may be the same as the legacy intra-eNB handover. The EPC can have no idea of this “handover” procedure, which means the intra-DeNB handover scenarios only require procedures that can be terminated within the EUTRAN and there is neither need to send Path Switch Request to the EPC nor need to send “end marker” packets from the EPC to the source node. As the control plane analysis for Intra-DeNB handover cases is elaborated in [1], here in this contribution user plane handling will get more elaborated.
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Figure 1 Handover Procedure
Proposal 1: In case of Intra-DeNB handover, there is no need to send “end marker” packets from the EPC.
2.2. How to terminate the old path during Intra-DeNB handover
If no need for the path switch procedure over S1 interface during Intra-DeNB handover can be agreed, then the “end marker” packets can not be sent from the CN nodes. Neither the end of downlink data nor the end of forwarded data can be awared by the source node and the target node.
Based on the normal handover procedure, it is necessary to inform the source node the end of the downlink data. Here we give an “Un end marker" solution. In this solution, DeNB generates one or more “Un end marker” packets, which have the same formats as the “end marker” packets from the Serving Gateway, and sends them to the source node. The source node receives these “end marker” packets, which looks like from its point of view as if these packets are from the Serving Gateway. 
The demonstrative Intra-DeNB handover flow is shown in Figure 2, where RN1 and RN2 are connected to the same DeNB. When the DeNB detects that a UE under RN1 is going to hand over to RN2, the DeNB starts to buffer the UE’s downlink data and sends one or more “Un end marker” packets on the old path to the source eNB (RN1) to indicate the end of downlink data. RN1 performs the traditional data forwarding via the DeNB to RN2. After the DeNB receives the “Un end marker” packets, the DeNB starts to forward its buffered DL data of that UE. When all of the UE’s downlink data has been sent to RN2, DeNB sends the “Un end marker” packets to RN2. Data forwarding procedure completes. 
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Figure 2 Intra-DeNB Handover procedure with the Un end markers

There are two options about the timing of DeNB sending “Un end marker” packets to the source nodes:

· Option1: when DeNB as the target node receives the RRC Connection Reconfiguration Complete from UE or DeNB receives Path Switch Request from the target node when target node is RN, which is the same as the legacy procedure ;

· Option2: the DeNB sends the “Un end marker” packets after sending Handover Request ACK message to the RN, which is shown in the Figure2;

We prefer option2. As soon as “Un end marker” packets are sent out, the DeNB stops transmitting UE DL data to the RN. There are advantages in having least data to be forwarded and avoiding unnecessary back and forth forwarding over the Un interface.

Proposal 2: In the case of intra-DeNB handover, DeNB generates “end marker” packets to indicate the end of downlink data on the old path and the timing of sending “Un end marker” packets is as soon as DeNB detects the Handover Request ACK message.
2.3. Un end marker for other handover scenarios
We think the “Un end marker” solution may also be used to reduce unnecessary back and forth forwarding over the Un interface during outbound handover from RN. 
DeNB generates one or more “Un end marker” packets to terminate the UE’s DL data over Un when DeNB detects the Handover Request Ack message. Compared to the real “end marker” packets from EPC, the “Un end marker” packets make the Un path to be closed ahead of time and reduce the amount of handover data forwarded by RN. RN performs the normal procedure. When DeNB receives the “Un end marker” packets forwarded by RN, DeNB deletes them and starts to forward data buffered in DeNB. The real “end marker” packets from EPC will be terminated by DeNB and be forwarded to the target node directly by DeNB as the end of handover forwarding data.

In this procedure, there is no change in RN and CN nodes. The only change is focused on DeNB. From DeNB point of view, there will be little additional efforts, just to maintain the consistency of DeNB’s behaviour with Intra-DeNB handover.

Proposal 3: “Un end marker” can be used as an optimized data forwarding solution during outbound handovers from RN with low cost.
3. Conclusion
In this document we discussed handover procedure and gave the following proposals:

Proposal 1: In case of Intra-DeNB handover, there is no need to send “end marker” packets from the EPC. 
Proposal 2: In the case of intra-DeNB handover, DeNB generates “end marker” packets to indicate the end of downlink data on the old path and the timing of sending “Un end marker” packets is as soon as DeNB detects the Handover Request ACK message. 
Proposal 3: “Un end marker” can be used as an optimized data forwarding solution during outbound handovers from RN with low cost.
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