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1. Introduction
In this contribution we discuss RLC re-transmission related enhancements for operation of RLC Acknowledged Mode (AM) with small packet delay budget.  
2. [bookmark: Proposal_Beacon]Discussion

The Rel-19 Work Item on XR Phase 3 was agreed in RP-240791.
	The Rel-19 XR Phase 3 objectives are as follows:
Specify Enhancements for Scheduling, as follows: 
· Specify the following user plane enhancements [RAN2]
· RLC re-transmission related enhancements for operation of RLC Acknowledged Mode (AM) with small packet delay budget. 



In RAN2#125bis initial discussion on the RLC related enhancements for Rel-19 took place with the following agreements:
	· We focus on RLC AM
· RAN2 will analyse solutions to ensure timely RLC retransmission(s) for XR
· RAN2 will analyse how to avoid unnecessary retransmissions (e.g. to avoid reTx of out-dated packets



In R18 XR, RAN2 has agreed upon an  enhanced PDCP discard mechanism for even when the packets have been assigned with PDCP SN but have not been transmitted, e.g. submitted to lower layers (MAC layer) for transmission, i.e., To define a mechanism for PDCP Transmitter to report to PDCP Receiver about the gap on the PDCP SN (i.e., transmitting PDCP entity can inform the receiving PDCP entity about the discarded SDUs), and the UE should only report this if there are gaps. It is beneficial from capacity and transmission power point of view to also allow discarding of packets which have an already associated SN. Further, we think it is also beneficial from capacity and power saving point of view to allow discarding of packets which are pending for RLC retransmission and the discard timer of the corresponding PDCP SDU expires. If the RLC retransmission PDU at the transmitter RLC entity is discarded, the RLC transmission window stalling is caused if an ACK was not received for the discarded PDUs from the peer RLC entity. 
Therefore, as mentioned before this may require informing the corresponding receiving RLC entity about the discarded packets to avoid the transmission window stall which is caused by the discarded retransmission RLC PDU at the transmitter RLC entity. For example, the PDCP transmitter informs the RLC transmitter of the discarded packets and can send the discard information, e. g., PDCP SN gap report to the receiving PDCP entity. The receiving PDCP entity may further notify the RLC entity to update its receiving window respectively, i.e., update the corresponding state variables, reassemble and deliver RLC SDUs to upper layer and start/stop t-Reassembly as needed in RLC based on the provided information on discarded packets. 

Observation 1. It may be benefical to discard RLC packets due to the expiration of the PDCP discard timer even if they have already been submitted to lower layers (MAC layer) for transmission.
Observation 2. If the transmiting AM RLC side discards packets (i.e., RLC retransmission PDU) submitted to lower layers, it may cause RLC window stall issue.

Proposal 1. RAN2 to discuss AM RLC enhancements to the discarding mechanism, e.g. The transmitter PDCP entity notify the receiving PDCP entiy an SN gap, and the receiving PDCP may further notify receiving AM RLC entity about discarded packets at the transmitter side, which may impact AM RLC window operation.

Furthermore, when PDCP t-Reordering expires, the reordering window on the PDCP receiving side advances. While on the AM RLC receiving side, the reception window only advances as and when the lowest bound packet has been correctly received and ACKed. Since these two layers function independently, the AM RLC receiving entity may transmit packets to the higher layers that are already out of the reordering window which will eventually be discarded at the PDCP receiver. 
[bookmark: _Hlk162962246]It may be beneficial to allow the RLC receiving window to move in accordance with the PDCP reordering window to avoid additional (re)transmissions, delays and packet discard at higher layers. For example, the RLC receiver can maintain an additional timer that dictates how long the RLC AM receiver needs to try to receive/ recover a packet, or the RLC layer may also report SN gap information to its peer entity based on discard information received from PDCP. 

Observation 3. It may be benefical to allow the RLC receiving window to move in accordance with the PDCP reordering window to avoid additional (re)transmissions, delays and packet discard at higher layers.

Proposal 2. RAN2 to discuss AM RLC enhancements to the (re)transmission mechanism, e.g. maintaining a new timer in AM RLC receiver or reporting SN gap information in RLC based on the PDCP discard information.

In legacy, the RLC transmitter triggers polling request to the RLC receiver every several numbers of AMD PDUs sent, or data bytes sent. If the RLC transmitter gets a NACK or does not get any response from its peer for a certain period of time, the RLC PDU in the retransmission buffer gets transmitted again. If the RLC gets an ACK, the ACKed packets in the retransmission buffer would be discarded. However, RLC-AM feedback based on current polling parameters are not well adapted for short packet delay budgets applicable to XR traffic. The data volume of PDU set of XR traffic is variable, i.e., the number of PDUs or the size of the PDUs of a PDU set is variable. One possibility, the polling parameter and t-PollRetransmit is set to small value for triggering more frequent polling to the RLC receiver and the t-StatusProhibit is set to small value for timely transmission of status report(s) at the cost of higher overhead. Otherwise, the status report may not be timely received. 
In legacy, a polling can be triggered if both the transmission buffer and the retransmission buffer become empty (excluding transmitted RLC SDUs or RLC SDU segments awaiting acknowledgements) after the transmission of the AMD PDU, or if no new RLC SDU can be transmitted after the transmission of the AMD PDU (e.g. due to window stalling). However, if there are multiple PDU sets in transmission or retransmission buffer, the corresponding polling may not be triggered after the transmission of a PDU set.
[bookmark: _Hlk162963587]And the legacy receiving side of an AM RLC entity shall trigger a STATUS report when t-Reassembly expires upon
detection of reception failure of an AMD PDU. However, if the SN of lost RLC PDUs is continuous, the receiver RLC cannot detect the data loss till the correct reception of a RLC PDU with higher RLC SN, therefore the status report may not be triggered timely in this case. 
Hence, the RLC retransmission based on current RLC-AM feedback mechanism may not be timely triggered, which causes the packets to arrive too late at the receiver, thus impacting the user experience.

Observation 4. It is difficlut to set the polling related parameters and status prohibit timer for a timely status report, to adapt for XR traffic with short packet delay budgets and variable data volume of PDU set, without significantly increasing the overhead. 
Observation 5. If there are multiple PDU sets in transmission or retransmission buffer, the polling may not be triggered after the transmission of a PDU set.
Observation 6.The current RLC retransmission based on current RLC-AM feedback mechanism may not be timely triggered, causing packets to arrive too late at the receiver.

To avoid the late RLC retransmission, RLC transmitter may trigger the early RLC retransmission for data based on delay status provided the transmitting entity did not receive any response from its peer entity for a certain period of time, assuming polling has been transmitted to the peer RLC entity. For example, the PDCP entity delivers a delay critical indication to the corresponding AM RLC entity, and the delay critical data defined in R18 XR may be considered as a start for the early RLC retransmission.

Proposal 3. RAN2 to discuss the enhancement early RLC re-transmission operation for delay critial packets.

In addition, the enhancement of status report and polling mechanism may be further considered for the early RLC retransmission. For example, the transmitter RLC entity can trigger a new polling based on the end of PDU set, and if the remaining discard time of the data in the PDU set is below a threshold. Another condition could be that there’s more than one PDU set in transmission buffer after transmission of a PDU set, in which case, the AM RLC transmitter entity may poll its peer AM RLC receiver entity in order to trigger STATUS reporting at the peer AM RLC entity.. And if the receiver RLC entity receives the polling and a t-statusprohibit is running, it may ignore the running timer and send a status report to the peer AM RLC receiver entity at least when the status report is triggered by this new polling condition, and if  there’s a NACK status report to transmit.

Proposal 4. RAN2 to discuss the enhancement polling operation for delay critial packets after transmsion of PDU set(s).
3. Conclusion
In this contribution, we discuss the RLC AM enhancement for XR traffic with small delay budget. We have the following observation and proposals:
Observation 1. It may be benefical to discard RLC packets due to the expiration of the PDCP discard timer even if they have already been submitted to lower layers (MAC layer) for transmission.
Observation 2. If the transmiting AM RLC side discards packets (i.e., RLC retransmission PDU) submitted to lower layers, it may cause RLC window stall issue.
Observation 3. It may be benefical to allow the RLC receiving window to move in accordance with the PDCP reordering window to avoid additional (re)transmissions, delays and packet discard at higher layers.
Observation 4. It is difficlut to set the polling related parameters and status prohibit timer for a timely status report, to adapt for XR traffic with short packet delay budgets and variable data volume of PDU set, without significantly increasing the overhead. 
Observation 5. If there are multiple PDU sets in transmission or retransmission buffer, the polling may not be triggered after the transmission of a PDU set.
Observation 6.The current RLC retransmission based on current RLC-AM feedback mechanism may not be timely triggered, causing packets to arrive too late at the receiver.

Proposal 1. RAN2 to discuss AM RLC enhancements to the discarding mechanism, e.g. The transmitter PDCP entity notify the receiving PDCP entiy an SN gap, and the receiving PDCP may further notify receiving AM RLC entity about discarded packets at the transmitter side, which may impact AM RLC window operation.
Proposal 2. RAN2 to discuss AM RLC enhancements to the (re)transmission mechanism, e.g. maintaining a new timer in AM RLC receiver or reporting SN gap information in RLC based on the PDCP discard information.
Proposal 3. RAN2 to discuss the enhancement early RLC re-transmission operation for delay critial packets.
Proposal 4. RAN2 to discuss the enhancement polling operation for delay critial packets after transmsion of PDU set(s).
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