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1 Introduction

This paper proposes the mechanisms to put in place between source eNB and target eNB to operate the data forwarding and the duplication avoidance in the uplink. The impact on RAN3 X2 specifications is looked at.
This paper focuses on the uplink only.

2 Analysis 
2.1 Definition

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

For the downlink
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 unacked 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. 
For the uplink

SNU: last UL packet received in-sequence by the source eNB + 1

TeidUL: tunnel endpoint identifier for the forwarding of UL packets

Full duplication avoidance: consists in not having the same packet sent two times
S1 duplication avoidance: consists in not having the same packet sent two times to the ASGW

Radio selective retransmission: mechanism 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. The radio selective retransmission corresponds to the sender making the full duplication avoidance.
2.2 Principles
In all what follows which concern the network principles associated with the forwarding feature, it is implicitly assumed that the related UE behaviour is as follows: the UE is ready to start in the uplink with the first unacknowledged packet unless instructed differently by a status report from t-eNB.
2.2.1 Principles for the UL lossless mode

Principle: the handling of the lossless mode in uplink is determined by the duplication avoidance. It is proposed that the t-eNB decides on this duplication avoidance between three possible choices: no duplication avoidance, S1 duplication avoidance, full duplication avoidance (see definitions). 
Specification: the SNU is assumed here to be mandatory in the X2 AP message for security reasons (i.e. needed to maintain security, see RAN2) whereas it would otherwise only be required when duplication avoidance is decided (full or S1 duplication avoidance). There are three cases:

· if no duplication avoidance: the t-eNB grants resources to the UE immediately: no additional signaling needed over X2 messages,

· if S1 duplication avoidance: either the t-eNB grants resources to the UE and makes the duplication avoidance itself with the received SNU, or it sends the SNU first over the radio to the UE and afterwards grants radio resources (if selective retransmission desired). In both cases no additional signaling is needed over X2,
·  if full duplication avoidance: the t-eNB must request the tunnel establishment to s-eNB by including its TeidUL in the HO Req Ack message and if the s-eNB accepts the tunnel it will include its own TeidUL in the X2 AP message. Then again, either the t-eNB grants resources to the UE and makes the duplication avoidance itself with the received SNU+ forwarded UL PDUs, or it sends a Status Report first over the radio to the UE and afterwards grants radio resources (if selective retransmission desired). In both cases only the TeidUL exchange is needed over X2 as additional signaling. HOHH
The specification of the UL lossless scenario on the network side over X2 interface can thus be summarized in the following picture:
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No specific network information needs to be sent to the UE via the HO Command message: this solution decouples network choices from the UE behaviour (see also Alcatel-Lucent proposal for the downlink forwarding).
2.2.2 Principles for an UL lossy mode

Principles: It is not clear if a lossy mode is to be allowed for the uplink. It could be argued that the lossy is enough for the uplink when lossy was decided for the downlink in which case the decision to behave lossless or lossy for the uplink could be determined by the decision made for the downlink. Or the decision between lossless and lossy UL could also be made upon other criteria (e.g. avoid to implement the duplication avoidance and UL tunnels). 
If a lossy mode is allowed it should be decided by the target eNB because the target eNB is the one that can send a dedicated status report to the UE to ask it to start at the next-to-be-sent UL packet instead of the first unacknowledged UL packet.
Specification: if lossy mode is decided by the t-eNB it must inform the s-eNB over X2 in the HO Req Ack message because the s-eNB must in this case send the UL packets received out of sequence to the GTW instead of discarding them. Conversely, another modification probably needed is to include the DL forwarding mode applied by s-eNB in the HO Req message so that the t-eNB can use this information to make up its decision between UL lossless or UL lossy. 
The modifications for the specification of the X2 interface on the network side if we want to allow lossy are therefore pictured out as follows:
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3 Conclusion
This paper has analysed the UL forwarding mechanisms from an overall network and radio perspective.

Alcatel-Lucent proposes to agree on the lossless solution described in section 2.2.1 where the UE remains independent of network forwarding choices. For RAN3 specification this means that:

· the SNU is always mandatory in the X2 AP message (also for other reason),

· the TeidUL are optional IEs to be exchanged only when the full duplication avoidance is decided by the t-eNB.  

It is then proposed to debate about the need of an additional UL lossy mode as per section 2.2.2.
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