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1 Introduction 
The current description in the draft technical specification ‎[1] suggests that an  eNB may deliver RLC SDUs out of sequence to upper layers during handover. In practice, this approach mandates the implementation and use of a re-ordering function in the aGW (UPE). The unconditional need of such UPE re-ordering can have effects on both user-plane delay and specification complexity. 

We therefore suggest that RAN2 adopts an uplink user-plane mobility solution that minimizes the risk of out-of-sequence delivery from RLC to upper layers.  The suggested approach will minimize need for any UL re-ordering in the UPE. A text proposal to the draft technical specification is provided.    
2 Discussion 
The current working assumption in the TS ‎[1] (Section 6.2.1 and Section 10.1.2.3) indicates that the Source eNB should deliver RLC SDUs out-of-sequence at times of mobility. Missing RLC SDUs (i.e. SDUs carried by negatively acknowledged RLC PDUs) are re-transmitted by the UE to the target eNB, see Figure 1.  
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Figure 1: Illustration of the current uplink user-plane mobility solution described in ‎[1]. At times of HO, RLC SDUs are released out-of-sequence from the Source eNB, and the UE re-transmits SDUs carried by negatively acknowledged RLC PDUs to the target eNB. (Observe that the packet numbers in the picture refer to RLC SDUs (PDCP  PDUs) and should not be confused with the sequence numbering of RLC PDUs). In the example, SDU #5 was not received in the Source eNB and it is therefore re-transmitted to the target eNB. Packet # 6 is delivered out-of-sequence to the UPE.
The aGW (UPE) may consequently receive RLC SDUs out of sequence from the Source eNB. Guaranteeing in-sequence delivery from the UPE to upper layers will therefore mandate the implementation and use of a re-ordering function in the UPE. We find that this is not desirable due to the following reasons: 
· A re-ordering entity in the UPE can introduce additional user-plane delay. This is particularly true if the UPE reordering function is continuously active, i.e. also at times when no handover occurs. Packet losses (e.g. on S1) will result in re-ordering delays that are unnecessary. 
· To avoid this, it could be desirable to activate the UPE re-ordering only at times of mobility. However, we note that the UPE may not be aware of the ongoing path switch at the time when the out-of-sequence SDUs arrive from the Source eNB (#6 in the figure). Activating the UPE re-ordering by indicating the reason for the out-of-sequence delivery on S1 from the Source eNB to the UPE is one possible solution. However, we think this would complicate the specification of the S1 user-plane specification unnecessarily. 
·  A UPE without re-ordering can be implemented as a protocol termination and conversion engine that deploys direct packet routing/forwarding and does not need to implement any excessive buffers. However, the current eNB and UE behavior defined in the TS hinders such a solution without scarifying the in-sequence delivery attribute over the uplink egress SAE bearer end-point. 
While our analysis in Error! Reference source not found. reveals that out-of-sequence reception in the Source eNB at HO can be minimized by clever eNB scheduling, we also think that the uplink user-plane mobility description in ‎[1] should minimize the risk of out-of-sequence delivery from RLC to upper layers over the S1 interface. 

This can be achieved by mandating the Source eNB (RLC) to deliver in-sequence also during mobility and by mandating the UE to re-transmit to the target eNB those SDUs not delivered over the S1 interface. Mobility related out-of-sequence reception in the UPE should then occur only in the rare case when the delays over the two S1 interfaces differ substantially. We therefore propose that RAN2 adopts the proposed solution in the conclusions below. 
3 Conclusion and proposal

The current working assumption for uplink user-plane mobility may result in unnecessary out-of-sequence delivery to the UPE. This may complicate both UPE implementation and specifications. In addition, it may increase the user-plane delay in case of unnecessary re-ordering in the UPE. 

We therefore suggest that RAN 2 agrees to adopt an approach where the out-of-sequence delivery from the RAN to the CN can be minimized. In the proposed approach, the RLC should deliver in-sequence also during mobility. To ensure data integrity, the UE should re-transmit starting from the first RLC SDU carried by RLC PDUs that where negatively acknowledged from the Source eNB. 

A text proposal to the TS ‎[1] is provided below: 

Text Proposal:  

Section 6.2.1 (RLC services functions):
“In-sequence delivery of upper layer PDUs .”
Section 10.1.2.3 (Data forwarding): 
“Upon handover, the source eNB discards uplink RLC PDUs received out-of-sequence. The UE re-transmits uplink RLC SDUs to the target eNB starting from the first SDU that has not been fully acknowledged by the source eNB.”
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