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1 Introduction

In RAN2 #99 meeting, several contributions discussed the too early RLC AM status reporting issue, but there was no consensus in the meeting. In this contribution, we will address this issue, propose our solutions and suggest a text proposal.

2 Discussion

The actions on the RLC AMD PDU in the reception buffer in LTE seem no problem, but in our view this operation may have potential issues in NR RLC AM receiving operation. In NR, the segments of a RLC PDU share one RLC SN and the segments are resembled by SO and SI information. But in LTE, each RLC PDU has one SN, and the segmented SDU may have different SNs. So, the problem scenario is in NR when a segment of RLC PDU is received and the rest segment of this RLC PDU might not be transmitted yet, the RLC AM receiving side should decide whether to trigger the t-reordering timer and whether to update the parameter RX_Next_Highest_Rcvd in [1] (similar variables VR(H) in LTE).
In LTE, the basic procedure for updating VR(H) and triggering the t-reordering timer is when receiving RLC data PDU with SN=x, update VR(H) to x+1, and t-reordering timer may start according to VR(H) > VR(R). So, if a first segmented RLC SDU has been received as a RLC PDU with SN=x, since VR(R) holds the value of the SN following the last in-sequence completely received AMD PDU, the VR(R) and VR(H) will be both updated to x+1. In this case, the t-reordering timer will not be triggered to detect the last segmented RLC SDU. It is a correct procedure in LTE. 
In NR, the same procedure of LTE may cause some issues in above case. If the segmented RLC SDU has been received as a RLC PDU segment with SN=x and SO=a, since segments of RLC PDU shares one RLC SN, the RX_Next_Highest_Rcvd will be updated to x+1 to trigger the t-reordering timer, and RX_Next (i.e. VR(R) in LTE) is still x. So, the receiver will consider there is a hole in SN=x and start t-reordering timer. After t-reordering timer expiry, the rest segments of RLC PDU may be asked for retransmission in the RLC status report. However, the rest segments of RLC PDU with the same SN may not be transmitted yet or may be still in the transmission due to delayed scheduler reason or sudden lower air data rate. Since NR may have segmented PDUs due to resource limitation, this may be a common reception case in NR which may result in the bad behaviour. 
According to the above analysis, the fundamental issue is the timing of triggering t-reordering timer and updating the RX_Next_Highest_Rcvd in NR RLC AM receiving operation. To resolve this issue, at least two cases should be addressed.

1. If the received RLC AMD PDU contains a complete RLC SDU, the RX_Next_Highest_Rcvd shall be updated to x+1. This is the same as LTE.

2. RX_Next_Highest_Rcvd shall be updated if a real segment gap can be detected after a new RLC AMD PDU is received. If the received segments of RLC AMD PDU is in-sequence segments of RLC PDU, the RX_Next_Highest_Rcvd shall be only updated to the SN of current newest RLC SDU.
Proposal 1: Only when a new whole SDU is received or the missing segment gap is detected, RX_Next_Highest_Rcvd shall be updated to x+1, otherwise it will be updated to x for the SN of the newest SDU.

The missing segment gap may be the first, middle or last segment of a RLC SDU. If the segments are detected to store in-sequence in the RLC receive buffer, this is not the real segment gap. The segment gaps may be detected by only last segment of SDU received or only middle segment of SDU received or together with middle and last segments of SDU. To better express the missing segment gap detection, we propose to use the segments of these received RLC PDUs not in sequence to define the missing segment gap. 

Proposal 2: The missing segment gap is detected based on that the segments of these received RLC PDUs in receive buffer are not in sequence.
With above analysis and proposals in mind, we made an attempt to capture the update on the action when an AMD PDU is placed in the reception buffer, as shown in the Annex. 
Proposal 3: RAN2 adopt the text proposal in Annex.
3 Summary

In this contribution, the following were proposed.

Proposal 1: Only when a new whole SDU is received or the missing segment gap is detected, RX_Next_Highest_Rcvd shall be updated to x+1, otherwise it will be updated to x for the SN of the newest SDU.
Proposal 2: The missing segment gap is detected based on that the segments of these received RLC PDUs in receive buffer are not in sequence.

Proposal 3: RAN2 adopt the text proposal in Annex.
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5 Annex

5.1.3.2.3
Actions when an AMD PDU is placed in the reception buffer

When an AMD PDU with SN = x is placed in the reception buffer, the receiving side of an AM RLC entity shall:
-  if x >= RX_Next_Highest_Rcvd
    -  If the AMD PDU contains a complete SDU; or

       -  If the AMD PDU contains a segment of SN x and the segments of SDU with SN x in reception buffer are not in sequence; 
     -
update RX_Next_Highest_Rcvd to x+ 1;
 -  else

     -  update RX_Next_Highest_Rcvd to x;
