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1 Introduction

This paper proposes the mechanisms to put in place between source eNB and target eNB to operate the lossless, lessloss and lossy handovers and looks at the specification impacts for RAN3.
This paper focuses on the downlink only.

2 Analysis 
2.1 Definition

The following definitions apply to allow an easy understanding of the principles described thereafter in section 2.2.

SND: last DL processed packet in source eNB + 1

TeidDL: tunnel endpoint identifier for the forwarding of DL packets = DL GTP Tunnel endpoint
DL Forwarding mode: defines if the DL forwarding is DL lossless or DL lessloss

DL Lossless forwarding: no packet loss achieved by forwarding all packets unacknowledged at source eNB including the ones which have been processed by PDCP

DL Lessloss forwarding: source eNB forwards only non PDCP processed packets, some loss possible. E.g. for RLC UM mode but not precluded for RLC AM mode. 
Lossy handover: no forwarding is used
Radio selective retransmission: mechanisms whereby a status report of “already received packets” is sent by the receiver over the radio to instruct the sender not to send them again.

2.2 Principles
2.2.1 PDCP SN and forwarding tunnel establishment

PDCP SND: 
The PDCP SND must be included in the STATUS TRANSFER message when PDCP SN needs to be maintained and regardless of whether the forwarding tunnel is established or not. When it is established, the t-eNB uses the SND to mark the first unmarked packet from the tunnel, when it is not established, the t-eNB uses the SND to mark the first packet over the new target S1.

Besides, RAN2 has decided that the PDCP SN must always be maintained in RLC AM mode but is not maintained in RLC UM mode. Therefore the SND should be optional in the Status Transfer message. One should thus specify the presence in TS36.423 as follows:
“The SND shall be included in the Status Transfer message only for the  user data bearers of RLC mode AM.”

TeidDL: 

Both s-eNB and t-eNB must support forwarding to make it happen. The principle adopted is therefore that the s-eNB proposes and the t-eNB decides: s-eNB indicates its DL forwarding choice to the target eNB (no forwarding, forwarding) for the bearer; then based on s-eNB choice plus its own capabilities, the t-eNB decides to establish the tunnel or not.
Specification: for each bearer for which the s-eNB decides to do forwarding, it includes in the HO REQUEST message the DL Forwarding IE and if the t-eNB accepts the forwarding it includes its TeidDL in the HO REQUEST ACKNOWLEDGE. If the t-eNB doesn’t support/accept the forwarding it doesn’t include its TeidDL in the HO REQUEST ACKNOWLEDGE message. The two IEs must therefore be optional in their respective message.
The corresponding procedural text for TS36.423 is proposed in the associated tdoc R3-072231.
2.2.2 Forwarding mode signaled over X2 or not and in-order delivery
Option1: s-eNB indicates the forwarding mode to the t-eNB

Normally the t-eNB would need to learn from s-eNB if the forwarding mode applied by s-eNB is lossless or not for two main reasons:
· if lossless, the UE mustn’t pass to the upper layer the packets received out of sequence until it fills the holes by the received forwarded packets at target side whereas in the other modes (lossy or lessloss) it should deliver these packets to the upper layer right away. Therefore the t-eNB should instruct the UE about the lossless forwarding mode decided by the network via the HO Command message. 
· if lossless, the t-eNB may also decide the selective retransmission and ask the UE to send a status report whereas in the other modes (lessloss or lossy) no status report ever needs to be sent. The t-eNB can thus control the sending of the status report by the UE via HO Command. This seems to be RAN2 decision so far to have this status report optional.
This option is captured on the following figure:
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Option2: Alcatel-Lucent proposes to not indicate the forwarding mode over X2 to simplify.

The key principle proposed by Alcatel-Lucent is to let the UE agnostic of the forwarding mode decided by the network (see also RAN2 tdoc xx). To achieve that, it is necessary that RAN3 specifies the following:

“if a tunnel is established, the s-eNB forwards the PDCP numbered packets to the t-eNB over X2 in the correct sequence order.”

If this gets agreed the two scenarios in option 1 become much simpler:

· regardless of the forwarding mode, the UE can always start PDCP with the first SN received from the t-eNB and pass to the upper layer any packet previously received which has a lower SN number, (disorder over X2 is assumed very rare)
· regardless of the forwarding mode, the UE always sends a status report to the t-eNB (mandatory instead of optional) which ignores it when not needed or not desired.  

The overall solution proposed by Alcatel-Lucent is thus figured out below:
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This option is much simpler for the network (no need to have s-eNB indicate over X2 the forwarding mode) and for the UE behaviour (the same regardless of the forwarding mode decided by the network).

3 Solution
This paper has analysed the forwarding mechanisms from an overall network and radio perspective.

Alcatel-Lucent proposes to agree on the solution described as option 2 in section 2.2 where the UE remains independent of network forwarding choices. For RAN3 this means that:

· the forwarding mode is not signalled over X2 but only the TeidDL and the SND,

· it is specified in TS36423 that the s-eNB shall always forward the PDCP numbered packets over X2 in-the correct sequence order. 

It is also proposed to agree on the specification text proposal for TS36.423 available in tdoc R3-072231.
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