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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 anaylsed.
This paper focuses on the uplink only.

2 Analysis 
2.1 Definitions
The following definitions apply for the uplink to allow an easy understanding of the principles described thereafter in section 2.2.

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

TeidUL: tunnel endpoint identifier for the forwarding of UL packets = UL GTP Tunnel endpoint
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 Background: Principles for the UE according to RAN2
In all what follows which concern the network principles associated with the forwarding feature, it is implicitly recalled that the related UE behaviour according to RAN2 is as follows: 
“In RLC AM, the UE always starts in the uplink with the first unacknowledged packet unless instructed differently by a status report from t-eNB. 
In RLC UM it starts with the next to be sent packet”.
2.3 Principles proposed by Alcatel-Lucent for the network uplink lossless mode

PDCP SNU: 
RAN2 has decided that the PDCP SN must always be maintained in RLC AM mode i.e. regardless of the network forwarding choices but not in RLC UM. Therefore the SNU should be optional in the Status Transfer message. The presence should thus be specified in TS36.423 as follows:

“The SNU shall be included in the Status Transfer message only for the user data bearers of RLC AM mode.”
TeidUL: 
In RLC AM mode the handling of the forwarding of uplink packets is determined by the duplication avoidance choice i.e. whether retransmission of duplicates is allowed or not at target side. Therefore it is logically proposed that the t-eNB decides rather than the s-eBNB.

The t-eNB has three possible choices: no duplication avoidance, S1 duplication avoidance, full duplication avoidance (see definitions). It is first proposed to mandate that the t-eNB must implement at least S1 duplication avoidance when it receives the SNU (in RLC AM): “the t-eNB shall not send any uplink PDU with a number lower than the SNU when received”
Specification at t-eNB: Two possible behaviours then for the t-eNB:
· if it decides the S1 duplication avoidance only: either the t-eNB grants resources to the UE and makes the S1 duplication avoidance itself with the received SNU, or it sends the SNU first over the radio to the UE before granting radio resources. 
· if it decides the full duplication avoidance: the t-eNB must request the tunnel establishment to s-eNB by including its TeidUL in the HO REQUEST ACKNOWLEDGE message. 
If s-eNB is ok, the s-eNB must then include the list of SNU corresponding to uplink forwarded packets within the Status Transfer message. 

The t-eNB then sends a Status Report (based on the list of SNUs received) over the radio to the UE before granting radio resources. Full selective retransmission is achieved. 
Specification at s-eNB:

· it must be specified that the s-eNB shall discard the packets received out of sequence for RLC AM user data bearers but shall send them to the GTW for RLC UM user data bearers.
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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As can be seen, 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).
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 2.3 where the UE remains independent of network forwarding choices. 
It is then proposed to agree on the associated CR to TS36.423 containing the specification text corresponding to the section 2.3 here-above.
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