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1. Introduction
During RAN2 NR AH#1801 meeting, a potential scenario of UE L2 buffer overflow was discussed based on [1], which proposes to enhance RLC status reporting. 

In this contribution, we consider further this problem and propose a way to perform faster RLC status reporting, in order to help mitigating UE L2 buffer overflow issue.
2. Discussion
2.1. Background on RLC status reporting
In LTE and NR, RLC status report can be triggered by missing PDU detection or by polling.

When a SR is received by the transmitting RLC entity, the transmitting RLC entity prioritizes retransmissions (if any) over new transmissions.

Missing PDU detection means a hole is detected in the RLC PDU sequence – this is triggered upon expiry of a reordering (or reassembly) timer corresponding to the maximum HARQ delay. 
Polling is indicated by a bit in the RLC PDU header. The RLC transmitter set the polling bit according to various triggers. Some triggers are particular events such as empty buffer (last PDU being sent) / stall window. Others are “periodic” triggers such as polling every X bytes transmitted or every Y PDUs sent. The “periodic” triggers can for instance be configured to ensure that only a given maximum amount of bytes will be outstanding before a SR is sent and retransmission are triggered, in order to limit the need L2 buffer size (both at the transmitter side and the received side).

On the RLC receiver entity side, a RLC status reporting prohibit timer can be configured to limit the sending of RLC SRs. The main goal of this timer is to ensure that the RLC receiver does not send a new SR without having let the opportunity to the RLC transmitter to perform retransmission from a previous SR. This is important to avoid sending useless retransmissions several times. 

However, this timer delays the sending of the SR. This is illustrated in Figure 1.
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Figure 1 -  T-SrProhibit delaying SR
2.2. Faster RLC status reporting
In case of HARQ failure, a gap happens in the received RLC SDU sequence. The gap typically corresponds to contiguous RLC SDU and/or RLC SDU segments. It is detected by a RLC PDU loss detection function, which uses a reordering timer to wait for possible HARQ retransmission before considering a RLC PDU lost. 
In order to limit additional buffering in the UE, once a gap has been detected, it is important to signal this gap as soon as possible to the RLC transmitter. Hence, in order to ensure that the SR is sent a soon as possible, the SR prohibit timer has to be configured to 0. This is illustrated in Figure 2.
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Figure 2 - T-SrProhibit = 0
However, as it can be seen, this may lead to some drawbacks:

· additional overhead in control signaling, as additional SR reports are sent, reporting duplicate information (Gap 1 is signaled twice)
· additional retransmission overhead, as the corresponding retransmissions may be sent several times (Gap1 retransmissions are sent twice).

· sending of back to back SRs means the SRs might be received out-of-order due to HARQ
In order to limit these drawbacks, we present several approaches.

2.2.1. Immediate RLC SR upon missing PDU detection trigger
We can consider immediate transmission of RLC SR upon missing PDU detection trigger (even if prohibit timer is running). The described drawbacks still exist, but are limited since transmission of RLC SR upon polling would still be prevented by a running prohibit timer.

In other words, the SR prohibit timer would only prevent transmission of poll triggered RLC SR (but would still be started upon any transmission of SR). Missing PDU (HARQ failure) is not supposed to be frequent, contrary to RLC SR upon polling. This could be further conditional to detection of L2 buffer congestion. 

Proposal 1: Allow immediate RLC SR transmission upon missing PDU detection trigger
2.2.2. Partial SR

To further reduce the above drawbacks, a partial SR could be introduced. The partial SR could be similar to a full SR (e.g., same format), but only sent upon missing PDU detection trigger, and would only signal new gaps. The existing “full” SR would be sent upon polling. In a partial SR, no ACK/NACK information is given previously to the first signaled gap in the report (contrary to existing SR which signals that all PDUs earlier than the first signaled gaps are ACKed).
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Figure 3 - Partial SR
As it can be seen, the partial SR avoids additional overhead in control signalling and in retransmissions. A partial SR would not restart the prohibit timer since this might prevent to send any “full” SR (this is required since partial SRs might be lost).

Proposal 2: To limit the overhead, consider introducing a partial SR to be sent upon missing PDU detection trigger  

2.2.3. Limit retransmissions due to out-of-order SRs
In the existing RLC protocol, in case a received SR indicates a NACK status for RLC PDUs previously indicated as ACK, the corresponding RLC PDUS might be considered for retransmission.
With the proposed approaches, SRs might be more frequent and out-of-order SRs also (due to HARQ). Hence, RLC PDUs might be indicated as NACK whereas they were indicated ACK just before. The RLC protocol could be updated so that in case a SR indicates a NACK status for RLC PDUs previously indicated as ACK, the corresponding RLC PDUS are not be considered for retransmission.
Proposal 3: To limit useless retransmissions, do not consider for retransmission RLC PDUs already ACKed 
3. Conclusion 

In this contribution, we discussed some aspects of RLC status report, and made the following proposals (both for NR and LTE, which share same mechanisms):

Proposal 1: Allow transmission of RLC SR upon missing PDU detection trigger
Proposal 2: To limit the overhead, consider introducing a partial SR to be sent upon missing PDU detection trigger
Proposal 3: To limit useless retransmissions, do not consider for retransmission RLC PDUs already ACKed
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