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1 Introduction/Background 
At the May RAN2 meeting in Shanghai, it was agreed that downlink RLC SDUs are forwarded from the Source eNodeB to the Target eNode B at times of inter-eNodeB handover ‎[1]. Similarly for the uplink, it was agreed that the UE shall retransmit not fully acknowledged RLC SDU to the Target eNode B. 
However, it remained somewhat unclear if the Source eNode B shall forward all SDUs starting from the first not fully acknowledged SDU (here denoted Cumulative forwarding), or if the Source eNodeB should selectively forward only those SDUs that have not yet been fully acknowledged. 

A similar clarification for the uplink is needed:  Should the UE retransmit all SDUs to the Target eNodeB starting from the first un-acknowledged one, or should the UE selectively retransmit only those SDUs that have not yet been acknowledged?   
In the present contribution, we analyze these two options. We denote the options as Cumulative and Selective Forwarding/Retransmission, respectively.  

It could be argued that the Selective approach outperforms the Cumulative solution in terms of efficiency.  Our analysis reveals, however, that the efficiency difference between the Cumulative and Selective approaches is minimal. Thus, we propose to adopt the Cumulative solution as the working assumption in RAN2 due to its gains in terms of simplicity.  Selective forwarding (DL) and retransmissions (UL) should only be adopted if evidence can brought about that the added complexity justifies the potential gains.    
2 SDU forwarding options

In this section, we outline the forwarding options available. In the following, we assume that the protocol state in the transmitter (i.e. which SDUs are acknowledged and which are not) is based on HARQ feedback, c.f. ‎[3] .

2.1.1 DL options 
Example: 

- Suppose SDUs {0, 1, 2, 3, 4, 5} have been received in the Source eNode B. Of these SDUs, {0, 1, 2, 3, 4} have been transmitted to the UE, and {0,1,2} and {4} have been acknowledged.  
Cumulative Forwarding: 

In the Cumulative solution, SDUs {3, 4, 5} are forwarded from the Source to the Target eNodeB. 
Selective Forwarding: 

In the Selective solution, SDUs {3} and {5} are forwarded from the Source to the Target eNodeB. 
2.2 UL options: 

Example: 

- Suppose SDUs {0, 1, 2, 3, 4} have been transmitted from the UE to the Source eNodeB, and {0, 1, 2} and {4} have been acknowledged.
Cumulative Retransmissions
In the Cumulative solution, SDUs {3, 4} are re-transmitted to the Target. 
Selective  Retransmissions

In the Selective solution, SDU {3} is re-transmitted to the Target. 
3 Analysis 

3.1.1 Efficiency 

It can be argued that the Cumulative approach may result in somewhat lower air-interface efficiency since, in some cases, already received SDUs may be transmitted a second time over the air. In the examples above, this holds for SDU {4}. The likelihood of such redundant SDU re-transmissions determines the efficiency difference between the two approaches.  
The event that an RLC SDU has been transmitted but not yet fully acknowledged by HARQ
 (SDU {3} in the examples above) means that, unless the maximum number of HARQ transmissions has been used, the PDU is still being re-transmitted by HARQ. 
Observe, however, that the Source eNode B is in control of both the handover execution moment and the resource assignment in its scheduling. Any reasonable eNodeB scheduler implementation should not terminate ongoing HARQ processes pre-maturely by denying sufficient resources to complete the HARQ re-transmissions (provided such resources are available, of course). Such pre-mature termination would result in a waste of the already scheduled resources of ongoing HARQ processes. Thus, handover should normally be executed only after finishing ongoing HARQ processes. Considering the low HARQ RTT in LTE (3 ms for 6 processes and 0.5 ms TTI), the delay for terminating active HARQ processes is expected to be very low. Since the residual error after maximum number of HARQ transmissions is expected to be very low, we assume that the probability that the HARQ process can not be terminated successfully has a negligible probability. Given that HARQ is allowed to terminate, we therefore expect very few transmitted but unacknowledged SDUs. 
A very special case is constituted by NACK-to-ACK feedback errors, i.e. when the payload has not yet been successfully received, but the transmitter has erroneously interpreted the feedback as ACK. Such errors are typically corrected by the outer ARQ and the occurrences of such feedback errors should be fairly low, in the order of 10-3 and below. Complying with our present assumption that the forwarding/retransmission is based on HARQ feedback means that the affected SDUs will not be forwarded/retransmitted. Such rare errors, when occurring exactly at the time of the handover, would then result in residual losses. Our understanding is, however, that such coincident events (NACK-to-ACK errors at the time of handover) will be very rare and have no relevance for the overall performance. 
The case of a HARQ ACK-to-NACK error is not critical since another HARQ retransmission will be done in the old cell until the HARQ process is terminated.
Since the probability that an SDU is transmitted twice is rare in the Cumulative solution, we expect that the efficiency difference between the two approaches is minimal.
3.1.2 DL Interruption time

With the Cumulative approach in downlink, we foresee the possibility to engage forwarding prior to HARQ termination: 

Ex: 

Suppose {…5, 6, 7, 8, 9} have been received in the Source and {6, 7} are outstanding in HARQ. In the Cumulative solution, the Source can forward {8, 9} to the Target while still completing the transmission of {6, 7}, thereby ensuring that the forwarded SDUs are available in the Target once the handover is executed.  

This means that the user-plane handover can be made continuous also in cases when the X2 interface is equipped with substantial delays. This is not possible with the Selective approach, since the ARQ/HARQ state has to be perfectly known at the time of handover execution and forwarding. SDUs in the Selective approach can therefore not be forwarded pro-actively. 
Thus, we expect that the downlink interruption time for the Cumulative approach can be made smaller compared to the Selective approach. 
The solutions for timing of scheduling, forwarding and handover execution are vendor-specific aspects that should not be specified by 3GPP. 

3.1.3 Complexity 

The Cumulative approach can be regarded as the most simplistic way of realizing user-plane mobility.
The Selective approach means that mechanisms for facilitating re-ordering above RLC must be defined. In particular, we note that the Selective approach require an UE-based downlink re-ordering mechanism for DL traffic (above RLC) that need to be specified and also tested. With the Cumulative approach, downlink reordering due to path switching (from X2 to S1) can be performed in the Target eNodeB  without detailed functional descriptions in the specifications.  
The LTE requirements ‎[2] lists complexity as a relevant target, and added complexity should be justified through clear gains. Our present analysis suggests that the performance gains of the Selective approach are minimal compared to the Cumulative approach. 
We therefore propose that RAN2 selects the Cumulative approach as its working assumption, and further optimizations are accepted only if they are justified by clear gains. 
3.1.4 Uplink considerations

We anticipate that the efficiency difference between the Cumulative and Selective approaches is close to zero in both the uplink and downlink cases. Similarly, the Cumulative approach means that no aGW re-ordering (above RLC) due to Uu mobility is needed in the general case
. Following E-DCH principles, it could be considered to facilitate aGW uplink reordering based on specified protocol fields, such that infrastructure vendors may implement uplink re-ordering in the aGW if deemed needed. However, the actual behavior of the uplink re-ordering in aGW shall not be defined by 3GPP. 
Since we have not found evidence that the Selective approach should be favored due to performance gains, we propose that the Cumulative approach is adopted also in the UL. 
4 Conclusion and proposal

Our analysis reveals that the potential efficiency difference between the Selective and the Cumulative approaches is minimal. This is particularly true for a plausible implementation where the Source eNode B coordinates the resource allocation (scheduling) with its handover execution. Furthermore, the Selective approach requires a UE-based downlink re-ordering mechanism that needs to be specified and also tested.
With the Cumulative approach, reordering above RLC at times of mobility can be performed in the infrastructure nodes without detailed descriptions in the specifications. For the DL, re-ordering can be performed in the Target eNodeB. For the UL, re-ordering could be performed in the aGW if deemed needed.  
We also note that the Cumulative approach can be implemented to support lower interruption times in the downlink – which is particularly true for  high X2 interface delays.

The LTE requirements ‎[2] lists complexity as a relevant target, and added complexity should be justified through clear gains.  Selective forwarding (DL) and retransmissions (UL) should only be adopted if evidence can brought about that the added complexity justifies the potential gains.  
Since the Cumulative approach is simpler to define and specify, we propose that RAN2 adopts the Cumulative approach as its working assumption.
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� We discuss RLC SDUs here, even though we assume that HARQ operates Transport Blocks possibly including multiple RLC PDUs that may belong to several RLC SDUs. In any case, outstanding RLC PDUs in HARQ always translates into at least one outstanding RLC SDU. There is a performance difference between the two methods only when we have outstanding RLC SDUs followed by fully acknowledged ones – otherwise both methods result in a forwarding of exactly the same SDUs.   


� Out-of-sequence reception to the aGW could occur for very large delay differences over the involved S1 interfaces. 






