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1 Introduction
There seems little doubt about the need to support bearers with a low loss tolerance in LTE
.  Already in UMTS Rel99 lossless RB’s were defined in relation to SRNS relocation handling, where packets were retransmitted from the target RNC.  Since inter-eNB handovers will be much more frequent then Rel99 SRNS relocations, the need for support of bearers with low loss tolerance (hereafter referred to as lossless radio bearers) with a special careful handling at handovers seems increased. 
In this document we describe how lossless radio bearers could be handled at handover in LTE.

2 RLC mode
For bearers with low loss tolerance, retransmissions of missing PDCP SDU’s between the UE and the target eNB must be supported. 

We assume that there is common understanding in RAN2 not to make the PDCP layer into a full ARQ layer, but just as an optimisation layer for avoiding duplication and maintain in-sequence delivery. I.e. the PDCP Status reporting and SN maintenance in the target cell is only considered an optimisation for avoiding unnecessary duplication. 
It has been agreed that the UE and Target eNB may interchange optional PDCP Status reports to avoid duplicate transmissions over the air. So then the question is what PDCP SDU’s the UE should retransmit if no such optional PDCP Status information is received in the target cell? This should probably be related to some lower layer feedback, either ARQ or HARQ.

If a bearer can tolerate the delay caused by PDCP retransmissions in the target cell, then it can probably also tolerate the delay caused by RLC-AM retransmissions. Thus in order to avoid to have to specify how the PDCP layer would interact with HARQ feedback, the following proposals:

Proposal 1: 
The PDCP layer is not a full ARQ layer, but only realising an optimisation for avoiding unnecessary duplicate transmissions at handover. 
Proposal 2: 
PDCP can only operate in “PDCP lossless mode” when configured on top of RLC-AM. In other words, lossless radio bearers require RLC-AM.
3 Uplink

W.r.t. what PDCP SDU’s the UE retransmits in the target cell if it does not receive any PDCP SN information, two options seem to exist:

· Option A: Only all PDCP SDU’s for which not all corresponding RLC PDU’s were acknowledged (selective retransmissions).

· Option B: All PDCP SDU’s starting from the first PDCP SDU for which not all corresponding RLC PDU’s were acknowledged (accumulative retransmissions).

Option A seems most logical if we consider the decision from RAN2 to support selective forwarding. However option B is also quite attractive given that currently it is not clear yet whether RAN3 will decide to support selective forwarding also for the S1 handover, and also considering recent simulation results showing that selective forwarding does not bring that much gains compared to no inter-eNB forwarding [1].

Choosing option B has the benefit that it is left to network implementation what efficiency it wants to achieve:
· No UL PDCP SN info to target eNB/UE: even consecutive PDCP SDU’s already received in source eNB will be retransmitted unnecessarily.

· Only latest in-sequence received UL PDCP SN info to target eNB/UE (i.e. no data forwarding): only PDCP SDU’s selectively received  in the source cell are retransmitted unnecessarily.
· Complete PDCP SN info to target eNB and data forwarding: no unnecessary duplicate transmissions in target eNB.

Therefore we think it looks attractive to use option B:
Proposal 3: 
The UL transmitting PDCP entity only removes PDCP SDU’s from its transmit buffer when all corresponding RLC PDU’s for this and earlier PDCP SDU’s have moved out of the RLC transmitter window.
Proposal 4: 
At handover, the UL transmitting PDCP will retransmit PDCP SDU’s that are still in the PDCP transmit buffer. 
Proposal 5: 
Retransmissions are avoided for PDCP SDU’s for which PDCP SN information received in the target cell indicates that the receiving PDCP entity has already received the PDCP SDU. 
4 Downlink

Proposals 1,2 and 5 are also applicable for the downlink. 
For proposals 3 and 4 the situation is a bit different: contrary to the uplink, where only the relative infrequent successfully received PDCP SDU’s after a gap have to be forwarded in the network, in the downlink the source eNB will have to forward all unsuccessfully transmitted PDCP SDU’s to the target eNB. In addition, the source-eNB will have to forward any new arriving DL packets.  As a result, for the downlink there will be frequent forwarding and there seems to be no strong reason not to perform selective forwarding. 
Proposal 6: 
The DL transmitting PDCP entity removes PDCP SDU’s from its transmit buffer when all corresponding RLC PDU’s for this PDCP SDU have been acknowledged by RLC.
Proposal 7: 
At handover, the source eNB will forward all PDCP SDU’s still in the PDCP transmit buffer, and the target eNB will transmit these PDCP SDU’s. 
Proposal 5: 
Retransmissions are avoided for PDCP SDU’s for which PDCP SN information received in the target cell indicates that the receiving PDCP entity has already received the PDCP SDU.
5 Conclusion
It is requested that RAN2 discusses and as far as possible agrees on the proposals above. 

A corresponding text proposal, also including the required changes for the proposed “seamless radio bearers”, is included in ref [2].
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� In this document we will use “bearers with low loss tolerance” for indicating RB’s with an intended low (< 10E-2) to zero loss.





