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Introduction
[bookmark: _Ref178064866]According to the current NR RLC specification, when the AM RLC sender needs to send polling after the timer t-PollRetransmit expires, if the sender is in a condition where no data can be sent in the transmission-buffer/retransmission-buffer and no new message can be sent due to no vacancy in the transmission window (hereinafter referred to as "double-no condition"), the current standard specification may choose the SDU with the highest SN among the sent packets, but in receiver the SN may be higher than the highest_status, preventing it from properly triggering the status report, resulting in delayed resending of related messages that have not been positively acknowledged and, in extreme cases, may result in the AM sending behavior becoming stuck.

The further details will be discussed below and we present the proposal with the TP in the Annex.

[bookmark: _Toc465023135][bookmark: _Toc465023136][bookmark: _Toc465346829][bookmark: _Toc462951621][bookmark: _Toc462951630]Discussion
when the AM RLC sender needs to send polling after the timer t-PollRetransmit expires, if the sender is in a condition where no data can be sent in the transmission-buffer/retransmission-buffer and no new message can be sent due to no vacancy in the transmission window (hereinafter referred to as "double-no condition"), the SDU with the highest SN among the sent packets, or the SDU that has not been positively acknowledged , is chosen in section 5.3.3.4 of the current standard specification ts38.322:
-	choice1: consider the RLC SDU with the highest SN among the RLC SDUs submitted to lower layer for retransmission; or
-	choice2: consider any RLC SDU which has not been positively acknowledged for retransmission.

Among them, choice1 is simply repeating the practice of "set POLL_SN to the highest SN of the AMD PDU among the AMD PDUs submitted to lower layer" in section 5.3.3.2. However, what the practice in Section 5.3.3.2 follows is the feature of the SN of SDU that carries polling in the normal RLC SDU stream (i.e. the SDU carrying polling is the SDU with the highest SN), and now the considering case is retransmitting with polling under double-no condition, for which it is unable to carry polling in the normal RLC SDU data stream, and therefore that practice cannot be copied.
If the SDU with the largest SN among transmitted SDUs is chosen for retransmission, in receiver the probability that the SN of SDU is higher than the highest_status is relatively high, and the status report cannot be triggered immediately (delaying triggering the status report until receiveing a resent SDU with polling and SN ≤highest_status), resulting in delayed retransmission of the SDUs that have not been positively acknowledged.

Observation 1. If the SDU with the largest SN among transmitted SDUs is chosen for retransmission, in receiver the probability that the SN of SDU is higher than the highest_status is relatively high, and the status report cannot be triggered immediately, resulting in delayed retransmission of the SDUs that have not been positively acknowledged.

When the SN of the above retransmitted SDU is greater than highest_status in the receiver, resulting in delayed triggering the status report, and no other events occuring in the receiver can trigger the status report, the sender t-PollRetransmit will expire again under double-no condition. Then if the SDU with the largest SN is chosen for retransmission again, the status report still cannot be triggered immediately. If this situation continues to loop, it will cause the SDU to retransmit to maxRetxThreshold times, triggering a link failure report to the RRC and causing the RRC to re-establishing the connection (and thus resetting the rlc reset).

Observation 2: When the status report is not triggered due to the sender choosing the SDU with the largest SN among transmitted SDUs for retransmission after the t-PollRetransmit expiration under double-no condition, the t-PollRetransmit will expire again. Then if the SDU with the largest SN is chosen for retransmission repeatly, the receiver will still not be triggered to send the status report, and lastly the SDU will reach the maximum number of retransmissions maxRetxThreshold, causing the RRC to re-establishing the connection (and thus resetting the rlc ) unnecessarily.

In fact, when the sender window is stuck, it means that there are a lot of SDUs waiting for the ack for too long, during this time the receiver has either sent the status reports which are lost due to link error, or delay triggering status due to t-StatusProhibit running. The sender only needs to send a SDU carrying polling that ensures the status report is triggered.
As long as the poll can trigger the status report on the receiver, the values of ack and nack fields in triggered status report are mainly determined by the RX_Highest_Status, and there is no direct relationship with the SN of the SDU carrying the polling.

As for whether the SDU with the largest SN is lost and needs to be retransmitted, it should also be determined by the status report, rather than blindly retransmitting it according to t-PollRetransmit expiration. In fact, upon expiry of the t-PollRetransmit under non-double-no condition, the current standard default method is to set polling in the AM PDU that is sending to the lower layer as described in 5.3.3.2, instead of having the SDU with the largest SN retransmit for polling.

On the other hand, if the SDU with the smallest SN (necessarily TX_Next_Ack) is chosen for retransmission among all SDUs that have not been positively acknowledged, the probability that the SDU SN is below highest_status in the receiver is the greatest, and the probability of triggering the status report is the greatest; Even if the receiver delays triggering status report due to the t-StatusProhibit running, as long as the timeout value of t-PollRetransmit is reasonably set to slightly greater than the t-StatusProhibit, the sender can receive the delayed status report before the t-PollRetransmit expires, thus having the opportunity to avoid expiry of the t-PollRetransmit again.

Observation 3. If the SDU with the smallest SN (Definitely TX_Next_Ack) is chosen for retransmission among all SDUs that have not been positively acknowledged, the probability of triggering the status report is the greatest, thus having the opportunity to move the sender window forward and out of the stuttering state.

After retransmitting some SDUs with smaller SN such as TX_Next_Ack, when the sender receives the status report, it must contain a positive or negative acknowledgment to the SDU with the TX_Next_Ack SN, which can reduce the probability that the retransmission reaches the maximum number of retransmissions (maxRetxThreshold) due to expiry of the t-PollRetransmit. Because: 1) if the status report contains a positive or negative acknowledgment to the SDU with the TX_Next_Ack SN, transmitting window of the sender slides forward, and the retransmission is not the original PDU with the TX_Next_Ack SN due to expiry of the t-PollRetransmit again; 2) If the status report contains a negative acknowledgment to the SDU with the TX_Next_Ack SN, the sender will retransmit several PDUs including the TX_Next_Ack SN. When the last of these PDUs is sent to the lower layer, a "double-no condition" occurs again. Therefore, a polling is set on the last PDU, and restart the t-PollRetransmit (thus delaying its original timeout).

However, the status report triggered by retransmitting the SDU with a smaller SN will not include any acknowledgment of the SDU with the highest SN, and it will not directly solve the problem of the loss of the SDU with the highest SN.

Observation 4. In the case of losing SDU with the highest SN, the status report triggered by retransmitting the SDU with a smaller SN will not include any acknowledgment of the highest SN, and cannot solve the problem of loss of SDU with the highest SN.

Based on the explanation so far, we think that the simple solution to repeatly expiry of t-PollRetransmit is to retransmit at least once the SDU with the smallest SN among all SDUs that have not been positively acknowledged.
Proposal 1:	When the t-PollRetransmit expires again due to no status report triggered by the sender choosing the SDU with the largest SN after the t-PollRetransmit expiration under double-no condition, the SDU with the smallest SN (i.e. tx_next_ack) is preferentially for retransmission among SDUs all SDUs that have not been positively acknowledged.
Proposal 2:	When t-PollRetransmit expires continuously under double-no condition, it is a better choice to retransmit the SDUs with the largest SN and the TX_Next_Ack SN in turn.
Proposal
Based on the above discussions, we recommend RAN2 to discuss and decide on the following proposal and the TP in the Annex:
Observation 1. If the SDU with the largest SN among transmitted SDUs is chosen for retransmission, in receiver the probability that the SN of SDU is higher than the highest_status is relatively high, and the status report cannot be triggered immediately, resulting in delayed retransmission of the SDUs that have not been positively acknowledged.
Observation 2. When the status report is not triggered due to the sender choosing the SDU with the largest SN among transmitted SDUs for retransmission after the t-PollRetransmit expiration under double-no condition, the t-PollRetransmit will expire again. Then if the SDU with the largest SN is chosen for retransmission repeatly, the receiver will still not be triggered to send the status report, and lastly the SDU will reach the maximum number of retransmissions maxRetxThreshold, causing the RRC to re-establishing the connection (and thus resetting the rlc ) unnecessarily.
Observation 3. If the SDU with the smallest SN (Definitely TX_Next_Ack) is chosen for retransmission among all SDUs that have not been positively acknowledged, the probability of triggering the status report is the greatest, thus having the opportunity to move the sender window forward and out of the stuttering state.
Observation 4. In the case of losing SDU with the highest SN, the status report triggered by retransmitting the SDU with a smaller SN will not include any acknowledgment of the highest SN, and cannot solve the problem of loss of SDU with the highest SN.

Proposal 1:	When the t-PollRetransmit expires again due to no status report triggered by the sender choosing the SDU with the largest SN after the t-PollRetransmit expiration under double-no condition, the SDU with the smallest SN (i.e. tx_next_ack) is preferentially for retransmission among SDUs all SDUs that have not been positively acknowledged.
Proposal 2:	When t-PollRetransmit expires continuously under double-no condition, it is a better choice to retransmit the SDUs with the largest SN and the TX_Next_Ack SN in turn.
Annex
5.3.3.4	Expiry of t-PollRetransmit
Upon expiry of t-PollRetransmit, the transmitting side of an AM RLC entity shall:
-	if both the transmission buffer and the retransmission buffer are empty (excluding transmitted RLC SDU or RLC SDU segment awaiting acknowledgements); or
-	if no new RLC SDU or RLC SDU segment can be transmitted (e.g. due to window stalling):
-	for odd expiry of t-PollRetransmit, consider the RLC SDU with the highest SN among the RLC SDUs submitted to lower layer for retransmission; or
-	for even expiry of t-PollRetransmit, consider tx_next_ack or any other RLC SDU which has not been positively acknowledged for retransmission. 
-	include a poll in an AMD PDU as described in clause 5.3.3.2.
