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Introduction

At the last RAN2 meeting in Korea, ‘Out of sequence delivery of RLC PDUs’ was identified and some solutions were presented. [1,2] The solutions can be classified into two groups such as reordering in MAC-hs layer and reordering in RLC layer.

Roughly speaking, reordering in MAC-hs layer introduces additional buffer and kind of sequence number for reordering in MAC-hs layer, and reordering in RLC layer causes modification of R’99 RLC layer in order to resolve out of sequence delivery of RLC PDU.

In this contribution, we summarize ‘Out of sequence delivery of RLC PDUs’ briefly and then propose the way how current R’99 RLC layer can be modified to overcome the ‘Out of sequence delivery of RLC PDUs’.

Out of Sequence Delivery

As indicated in [1], R’99 RLC assumes that the packets are received in order, but the assumption is no longer correct with HARQ operating in the lower layer (i.e. FHARQ). Current FHARQ at lower layer (MAC-hs) holds erroneous packets in FHARQ buffer while deliver successfully received packets to RLC. Consequently RLC with FHARQ would experience PDUs received out of sequence. 

Reaction of RLC UM entity to the ‘out of sequence RLC PDUs’ is simply discarding all the PDUs which are supposed to be reassembled to a SDU with those missing PDUs. It should be noted that missing PDUs could be caused by error occurrence on Iub interface as well as storing the PDUs for FHARQ. If RLC PDUs missed on the Iub interface, discarding interrelated PDUs makes sense, but if RLC PDUs are stored in HARQ buffer, those PDUs could be unnecessarily discarded, causing so called ‘out of sequence PDU problem’.

Reaction of RLC AM entity to the missing PDUs is somewhat complicated. RLC AM entity would send STATUS PDU immediately to request retransmission or wait until predefined time before sending STATUS PDU depending on its configuration. In both cases RLC AM entity requests retransmission sooner or later upon detecting missing PDUs. Once again if RLC PDUs are stored in FHARQ buffer, retransmission request in RLC layer could be unnecessarily triggered. 

The malfunctioning of RLC UM entity and AM entity are clearly originated from the out of dated assumption that lower layer always deliver packets sequentially. Thus we have 2 options, one of which is keeping the assumption as it is and introducing reordering mechanism in MAC-hs for in-sequence delivery. The other one is modifying RLC function as needed. 

Reordering In RLC Layer

It has been a general consensus that RLC can support the out of sequence delivery of RLC PDUs somehow, because RLC has all the stuff, e.g. sequence number and buffer, which are necessary for reordering. The problem is that R’99 RLC has acting rules conflicting with reordering as follows. 

1. R’99 RLC UM entity shall discard SDUs as soon as missing PDUs interrelated to them are detected. Therefore R’99 RLC UM entity cannot wait delayed PDUs for performing reordering.

2. R’99 RLC AM entity could be configured to issue STATUS PDU as soon as or after predefined time missing PDUs are detected. Actually this does not conflict with RLC’s performing reordering, but it would degrade throughput by requesting unnecessary retransmission.

If above rules are modified properly, RLC can overcome out of sequence delivery of RLC PDUs. Followings are example of possible modified rules for reordering in RLC layer.

1. R’99 RLC UM entity shall discard SDUs as soon as missing PDUs interrelated to them are detected.

2. However above rule shall not be applied if lower layer holds RLC PDUs for combining with retransmitted data later.

3. R’99 RLC AM entity shall issue STATUS PDU as soon as missing PDUs are detected or periodically.

4. However immediately above rule shall not be applied if lower layer holds RLC PDUs for combining with retransmitted data later.

How RLC get to know whether lower layer keeps RLC PDUs or not is another issue and FFS. 
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Fig 1. Reordering in RLC layer with retransmission of RLC PDU #4 #5, #6

Fig 1 is an example of reordering in RLC layer. It shows that discarding interrelated PDUs in the case of UM and issuing STATUS PDUs in the case of AM could be controlled properly if RLC can get information on status of FHARQ Buffer (i.e. whether or not lower layer holds a data blocks for combining) from lower layer.

Conclusion

This document does not fully propose any specific solution to resolve the out of sequence delivery of RLC PDUs in RLC layer. The aim of this document is just to propose the possibility of using the information of status of FHARQ Buffer, which indicates whether or not the lower layer currently holds data blocks for combining.

It is FFS how lower layer can inform RLC layer of current status of FHARQ Buffer (i.e. whether it holds data blocks for combing with the retransmitted).
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