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1. Introduction

During intra-LTE inter-eNB handover (HO), downlink data is forwarded from the source eNB to the target eNB. The optimization to only retransmit the downlink RLC SDUs not successfully received by the UE was agreed on in Sorrento [1]. In order to make this optimization work, the UE has to send a status report specifying which PDUs it still expects. In this context, there are three different approaches for the UE to send the status report [2]:

1) Regular status report before synchronization

2) Explicit polling before synchronization
3) Regular status report after synchronization
In another tdoc we suggest the need for a HO_command_ack RRC message, thereby introducing a new aspect to this issue. As a matter of fact, this message can also be used as a container for the status report.

2. Discussion

2.1. Regular status report before synchronization

As shown in Fig.1 the status report can be sent before HO synchronization on a regular basis. While originally this approach entailed an extra message from the UE to the source eNB, the status report can be conveniently inserted into the HO_command_ack message. Consequently, a major disadvantage in comparison to the after-synchronization case, namely the use of additional radio resources due to an extra message, disappears.

2.2. Explicit polling before synchronization
An obvious advantage of explicit polling is that the source eNB has the freedom to choose whether it wants to ask for a status report or not. For many bearers HARQ feedback may be sufficient to know the status of the UE, while for others HARQ misdetections can be problematic. 

Explicit polling is very similar to the approach in section 2.1 if the polling procedure is started at the time of HO initiation by the source eNB as proposed in [4], i.e. when the HO_command message is sent to the UE. This message represents an ideal point of time, because otherwise the source eNB would be bound to stall the downlink transmission earlier than necessary and would therefore introduce an interruption delay. 

In order to avoid an extra message and the resulting timing problems thereof, the status report can be inserted into the HO_command_ack RRC message as follows (Fig.1): At first, the eNB generates the HO_command message at the RRC layer and attaches a poll bit to it, which indicates the request for a status report. Upon interpretation of this message, the RRC layer of the UE generates the HO_command_ack message and instructs the RLC layer to attach a status report to this message, thereby reducing the complexity of the protocol. Another advantage of including the status report within an RRC message is that the source eNB is able to identify the status report as the one it asked for. Otherwise, if the status report was sent on the RLC layer, the source eNB could not distinguish it from other status reports, which are sent periodically and do not contain a “cause” field.

It is of course possible that the status report gets lost, and the question is when the source eNB would start forwarding the user data to the target eNB in this case. As it is the source eNB that requests the status report by explicit polling, it expects the message at a certain latest point of time (depending on the eNB implementation it may not be necessary to wait for all possible retransmissions). If the report has not arrived, the fallback solution would be to forward all those SDUs that have been unacknowledged so far.
[image: image1.emf]Source  eNB Target  eNB UE

Sync to target  eNB

Measurement

Context data

Context confirm

HO command

HO Command ACK

HO Confirm

Forward  SDUs

+ Status Report

Source  eNB Target  eNB UE

Sync to target  eNB

Measurement

Context data

Context confirm

HO command

HO Command ACK

HO Confirm

Forward  SDUs

+ Status Report


Fig.1  Status report within RRC message before synchronization, sent either on a regular basis or irregularly based on explicit polling. Figure adapted from [2].
2.3. Regular status report after synchronization

One of the main arguments of sending the status report after synchronization is that it can be combined with the HO_confirm RRC message, as there were originally no RRC messages that could serve as a container before synchronization (Fig.2). The situation is different if a HO_command_ack RRC message is present though. 

Another important issue is that in the before-synchronization case the status report is sent to the source eNB, while in the after-synchronization case it is sent to the target eNB with the obvious advantage of having better radio channel conditions. However, the quality of the radio channel immediately after the HO_command message can be regarded as still reasonably good, otherwise the transmission of the HO_command message itself would also be jeopardized.

The main argument against sending the status report to the target eNB is the fact that the RLC status report does not contain RLC sequence numbers on the SDU level, but only on the PDU level, which the target cannot read in the absence of the RLC context. According to the technical specification the target does not get this context, though [1]. This means that the handover procedure would be significantly delayed as compared to the before-synchronization case (Fig.2).
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Fig.2  Sending the status report after synchronization delays the forwarding of SDUs. The target eNB does not get the RLC context from the source eNB and is therefore unable to interpret the RLC PDU sequence numbers in the status report. Consequently, the status report would have to be passed on to the source eNB so the forwarding of user data could only commence at this late stage. Figure adapted from [2].

3. Conclusion

Given the advantages of requesting a status report via explicit polling before synchronization (Fig.1), namely its high flexibility combined with minimal delay and the possibility to gain information from the HARQ processes, we regard this proposal as the best option. In this case, the forwarding of user data starts early and is presumably already completed before the HO_Confirm message reaches the target eNB [5].
At the same time, we think that it would be favourable to attach the poll bit to the HO_Command RRC message instead of having it on the RLC layer, so that on the UE side the RRC layer can instruct the RLC layer to attach a status report to the HO_Command_ack RRC message. Like this, the eNB can unambiguously recognize the status report as the one it actually asked for.
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