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Discussion 
1
Summary

This contribution puts on the table the idea that PDCP-level data reordering at the UE for lossless data bearers (guaranteeing in-sequence delivery) could  be implemented even outside handover, in order to make it possible for eNBs to avoid the need for dropping or reordering DL packets that may be  arriving to the eNB out-of-sequence. The advantages of this idea are:
- increased flexibility for eNb to handle DL traffic

- simplification of the specs: 
· no more need to treat DL PDCP PDUs in two ways: one way for during HO, another way for outside HO 

· have only one window instead of  the 2 in-sequence windows running simultaneously (one in RLC and one in PDCP) for little benefit, reduce PDCP interactions with RLC and the number of race conditions.

As a submitted contribution at the current meeting shows the changes to the PDCP text are minimal, simple and fairly obvious, if the text “restructuring” approach with reordering based on R2-081341 are adopted as baseline.
2
Discussion
It is possible that the in-sequence arrival of DL packets to a terminating eNb cannot be guaranteed, even outside handover, when those packets arrive on S1-U link. Although the protocol for S1-U will likely support sequence numbers, performance issues may make it preferable that in-order delivery on S1-U be optional, and some implementation may choose not to enforce in order delivery. Same is true for the X2 interface. 
Under the current functionality, the eNb cannot transmit out-of-sequence packets because the PDCP algorithm at the UE would interpret those as in-sequence packets of higher HFN, arriving after a transmission gap. (RLC AM effectively guarantees the delivery of packets in the sequence that they were transmitted by eNodeB, not in the IP sequence). Therefore, the eNodeB has two (less than desirable) options:

· drop the arrived DL out-of-sequence packets, although the connection is supposed to be “lossless” or

· run a reordering function for arriving DL packets at the eNb, which requires buffering,  and then transmit to the UE only in-sequence.

Under the first option (eNb drops DL packets) true data gaps will likely be detected by the TCP protocol, which may strengthen flow control and generate TCP-level ARQ , essentially slowing down the data flow end-to-end and providing slower than necessary service to the users.  The second option (eNb reorders) adds functional requirements on the eNb, namely to run a reordering procedure, which requires buffering, before transmitting to the UE. 
A way to avoid either behaviour is to assure that the UE can handle properly PDCP PDUs arriving out of sequence. Currently, this UE capability is missing, in general. Only at handover does the UE run a duplicate elimination window, which could be extended to also perform re-ordering. 
A way to avoid this situation is to extend the processing of  PDUs in a receiving window to also include non-handover, in effect getting  the UE to be capable of running a PDCP-level reordering window at any time (not just immediately after handover) for lossless bearers.  Outside handover, the procedure will be triggered only when a gap is detected in the PDCP sequence number of arriving DL packets. There are no changes versus the current version to the triggering or procedure in case of handover, nor does it matter which particular way of handling the PDCP sequence number is used, as long as the reordering occurs properly.

The only difference is that a different value (normally smaller) for the Flush_Timer will likely be used.

Impacts on the eNB:

· If the eNb always drops arriving out-of-sequence DL packets, there is no impact to the eNb  other than it will probably want to set a small value for the Flush_Timer (e.g. 0 = meaning not to wait for previous undelivered packets, but deliver immediately; the default initial value for the new Flush_timer can be 0).

· If the eNb does reordering of  arriving out-of-sequence DL packets, it can choose between continuing to do that or availing itself of this proposed capability of the UE and actually save buffer space and the processing time relating to reordering. 
· Overall the eNb will benefit by having more flexibility in choosing implementation and evolving, if there are changes and optimizations in the network down the raod.
Impacts on the UE:

·  On complexity: beneficial. The UE has to implement the out-of-sequence window anyway for handover. This proposal just triggers the use of the window outside handover. By getting the DL RLC AM entitiy to always deliver immediately once a RLC SDU is assembled, the RLC layer is simplified.On buffer space: none. The UE has to be able to buffer out-of-sequence PDCP PDUs anyway, which will be probably more numerous after HO than outside HO.

· On execution time outside HO, when there are no gaps (most of the time) in the arrival of DL packets: none. The window algorithm is not activated/running.

· On execution time outside HO, when the gaps in the arrival of DL packets are detected: positive overall. Although the delivery of some out-of-sequence PDCP PDU may be delayed slightly, if they arrive eventually, the expensive TCP ARQ and flow control will not be triggered, saving on number of transmissions and ultimately, on latency.
· On signalling: negligible. The UE may need to process the Flush_Timer IE in the RRC messages at bearer setup time rather than at HO.

Thus both the eNb and the UE benefit , with eNB gaining flexibility and UE becoming simplerOverall the system will gain in reliability, flexibility, reduction of resource consumption and increased service to user.

Summary:
Suggestion 1. Unify the treatment of DL PDUs for HO and non-HO cases, by having the UE capable of running a PDCP-level reordering window at all times. The Flush_Timer associated with the window will be activated only if a gap is detected in the DL PDCP SNs of PDCP PDUs delivered by the receiving RLC AM entity to the PDCP layer.

Suggestion 2. To avoid complex interaction and side effects of 2 in-sequence delivery windows running simultaneously, the RLC AM entity for DRB will always deliver to PDCP one RLC SDU at a time, as soon as it is reassembled and regardless of any order – the RLC window will deal only with fragments. This does not affect RLC UM or RLC AM for SRB.
Text in a companion contribution shows that the changes to the PDCP text are minimal, simple and fairly obvious, if the text “restructuring” approach with reordering based on R2-081341 is adopted as baseline.
Should these ideas be accepted, a CR with complete Stage 3 text is available now in another companion contribution.
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