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1 Introduction
At the RAN2 #58 meeting in Kobe, it was decided that selective re-transmissions at handover shall be supported. The main driver for accepting selective re-transmissions was the desire to avoid unnecessary re-transmissions of payload over the air-interface. However, to avoid duplicated transmissions in the target cell, it means that the transmitter must have updated information of the receiver ARQ state. 

In this contribution, we therefore propose that the Stage 2 decision on user-plane handling at handover is amended with the following details: 
Downlink support: After handover, it shall be possible for the UE to report its receiver status to target eNB.

Uplink support: After handover, it shall be possible to report the receiver state in the Source eNB to the Target eNB. It shall be possible for the Target eNB to report this receiver state to the UE. 
In the following, we motivate our amendment proposals in detail.  
2 Discussion 
2.1 Downlink: Forwarding and re-transmissions in the Target eNB. 

At the RAN2 #58 meeting in Kobe, it was agreed that the Source eNB shall forward PDCP SDUs together with their PDCP Sequence Number to the Target eNB. The forwarding shall be “selective”, such that only those SDUs not yet acknowledged are forwarded. The Target eNB re-transmits these SDUs to the UE and the UE performs re-ordering of SDUs received from Source and Target, respectively.  This re-ordering is using the PDCP SN. 

The purpose of this selective forwarding approach was to avoid duplicate transmission over the air-interface. However, with the current agreements, duplicate transmissions can be avoided only if Source eNB has updated information of the receiver status, see also [1]. 
This is illustrated in Figure 1. In the example, it is assumed that SDUs 4 and 5 have been correctly received by the UE, but the Source has not yet received any acknowledgement of those. Consequently, also 4 and 5 are forwarded for re-transmission from Target eNB.  
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Figure 1: Illustration of the DL user-plane solution for inter eNB mobility support. PDCP SDUs are indicated with a number. Unacknowledged or missing RLC PDUs are marked with red colour. Duplicate transmissions from the Target eNB can be avoided only if a.) The status in the Source eNB is updated before the forwarding starts, or b.) A status report is sent from the UE to the Target. In the example, SDUs 4 & 5 have already been received and delivered to upper layers, but the transmitter is not yet aware of that. 
One solution to avoid duplicate transmission is to halt the DL transmission prior to handover execution and request for an updated status report from the UE. However, this will introduce an additional and undesired handover interruption. 
Alternatively, the UE could report its updated Status to the Target eNB after handover, for example in association with the Handover Complete message. This is illustrated with a dotted line in the figure. 

Thus, to support selective re-transmissions without introducing unnecessary HO interruption, we propose that RAN2 agrees on the following amendment to the user-plane handling at handover: 
Proposal 1: After handover, it shall be possible for the UE to report its receiver status to the Target eNB.   
The syntax of the proposed status report is still pending Stage 3 details.  
2.2 Uplink: Retransmissions to the Target eNB 
At the RAN2 #58 meeting in Kobe, it was agreed that the Source eNB shall deliver PDCP SDUs received in-sequence to the EPC. PDCP SDUs received out-of-sequence shall be forwarded, together with their associated SN, to the Target eNB for re-ordering. 

However, duplicates can be avoided only if the UE has updated status information of the Source eNB state. Note that for the UL case, these duplicates may also be visible to the EPC over S1. This is illustrated in Figure 2. In the example, SDUs 3, 4, and 5 have been received by the Source eNB and delivered over S1 to the EPC. However, the status information in the UE is slightly outdated (PDCP SDU 3 has been ACK:ed). With current agreements, the UE would re-transmit SDUs 4 and 5. With current agreements, these duplicates are delivered to the EPC. 
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Figure 2: Illustration of the UL user-plane solution for inter eNB mobility. PDCP SDUs are indicated with a number. Unacknowledged RLC PDUs are marked with red colour. Duplicates can be avoided only if a.) The uplink status in the UE is updated before the handover, b.) A receiver report is sent from the Source eNB  to the Target eNB. In the example, SDUs 3, 4 & 5 have already been received and delivered to EPC, but the transmitter is not yet aware of that.

Thus, to avoid unnecessary UP interruption for Status exchange in the Source, to avoid delivery of duplicates to EPC, and to support selective re-transmissions to the Target, we propose that the UL user-plane handing at handover shall be amended with a receiver status exchange from Source eNB to Target eNB. Further, based on this report, it should be possible to relay this status information to the UE. 

In the example below, Source eNB would report its reception and delivery of PDCP SDUs up to and including #5. Already without relaying of this information to the UE, it is then possible for the Target eNB to detect and discard duplicates. However, by forwarding this information further to the UE, it is possible to prevent excessive duplicate transmissions over the air.   
We propose that the status message from Source to Target is defined as optional, as the Source eNB could achieve duplicate free transmission also by ensuring that no data is sent in the uplink after the latest Status interchange with UE. If the UL is idle at the handover event, the proposed status report would also be obsolete. 

Proposal 2: At handover, it shall be possible for the Source eNB to report its receiver status to the Target eNB. The Target eNB can use this report for duplicate detection. Target eNB may relay this report to UE to avoid duplicate transmission over the Uu interface. 
3 Conclusion

To support selective re-transmissions over the air interface, and to avoid packet duplication in the uplink, we suggest that the user-plane handling at handover is amended with the following proposals:  

Proposal 1: After handover, it shall be possible for the UE to report its receiver status to the Target eNB.
Proposal 2: At handover, it shall be possible for the Source eNB to report its receiver status to the Target eNB. The Target eNB can use this report for duplicate detection. Target eNB may relay this report to UE to avoid duplicate transmission over the Uu interface. 
We suggest that the proposals are captured in the Stage 2 description. 
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