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1 Introduction
In this contribution, we discuss on RLC AM enhancements for XR, based on the following agreements made in the last meeting.
	Agreements:
1. We focus on RLC AM
2. RAN2 will analyse solutions to ensure timely RLC retransmission(s) for XR
3. RAN2 will analyse how to avoid unnecessary retransmissions (e.g. to avoid reTx of out-dated packets)



2 Problem
At RLC AM transmitting side, an RLC SDU can be in three states: 
· State 1: waiting for initial transmission.
· State 2: waiting for ack after being (re)transmitted.
· State 3: waiting for retransmission (after being nacked). 


Fig. 1. Three states an RLC SDU can be in.
From RLC point of view, the latency pertaining to the retransmission (when needed) mainly consists of 
· waiting time in State 2: until receiving STATUS report covering its status from peer RLC entity, and
· waiting time in State 3: until being submitted to lower layer (MAC).
One operation that lengthens the waiting time in State 2 could be RLC polling latency. In legacy RLC AM, polling can be delayed until RLC SDUs or bytes thereof delivered to lower layer are accumulated up to a certain threshold configured by NW. Such mechnism provides NW with a way to manipulate how often the polling and the STATUS report that follows should be involved, but at the same time, entails an extra polling latency.
Observation 1: A delay-critical RLC SDU can suffer polling latency before requesting STATUS report from peer RLC entity, which delays its retransmission when needed.
Regarding the waiting time in State 3, a nacked RLC SDU in retransmission buffer may suffer queing delay until being submitted to lower layer, caused by the preemption from other nacked RLC SDUs previously stored in the retransmission buffer. Note that legacy RLC AM does not discard RLC SDUs that has been submitted to lowe layer as shown in Excerpt 1, to avoid the occurence of RLC SN gap. It means that the retransmission of a delay-critical RLC SDU can be preempted by that of other RLC SDU(s) previously stored in retransmission buffer but with expired discardTimer.
Excerpt 1:
	38.322
[bookmark: _Toc5722479][bookmark: _Toc37462999][bookmark: _Toc46502543][bookmark: _Toc108991119]5.4 SDU discard procedures
When indicated from upper layer (i.e. PDCP) to discard a particular RLC SDU, the transmitting side of an AM RLC entity or the transmitting UM RLC entity shall discard the indicated RLC SDU, if neither the RLC SDU nor a segment thereof has been submitted to the lower layers. The transmitting side of an AM RLC entity shall not introduce an RLC SN gap when discarding an RLC SDU.



Observation 2: The retransmission of a delay-critical RLC SDU can be unnecessarily delayed by that of other RLC SDU(s) with expired discardTimer. 
3 Possible Directions
Issue 1: RLC AM Polling Latency Reduction for Delay-Critical RLC SDU
As shown in Excerpt 2, there are three cases in legacy RLC AM to trigger a polling at transmitting side: 
· Case 1: the number of initially transmitted RLC SDUs or the bytes thereof, have been accumulated up to a certain thresholds (pollPDU or pollByte), respectively, whichever comes first
· Case 2: there is no data to (re)transmit
· Case 3: transmitting window stalling happens 
Excerpt 2:
	[bookmark: _Toc5722473][bookmark: _Toc37462993][bookmark: _Toc46502537][bookmark: _Toc155999967]38.322
5.3.3	Polling
...
Upon notification of a transmission opportunity by lower layer, for each AMD PDU submitted for transmission such that the AMD PDU contains either a not previously transmitted RLC SDU or an RLC SDU segment containing not previously transmitted byte segment, the transmitting side of an AM RLC entity shall:
-	increment PDU_WITHOUT_POLL by one;
-	increment BYTE_WITHOUT_POLL by every new byte of Data field element that it maps to the Data field of the AMD PDU;
-	if PDU_WITHOUT_POLL >= pollPDU; or
-	if BYTE_WITHOUT_POLL >= pollByte:
-	include a poll in the AMD PDU as described below.
Upon notification of a transmission opportunity by lower layer, for each AMD PDU submitted for transmission, the transmitting side of an AM RLC entity shall:
-	if both the transmission buffer and the retransmission buffer becomes 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);
-	include a poll in the AMD PDU as described below.
...


Among the three cases, a special care can be taken for Case 1, in reducing the polling latency, especially, when there are delay-critical RLC SDUs involved. For example, dedicated thresholds (i.e., pollPDU and pollByte) for delay-critical RLC SDUs and the associated counters can be introduced, in order to reduce the polling latency for delay-critical RLC SDUs. 
Proposal 1: Dedicated polling thresholds and the associated counters are introduced for delay-critical RLC SDUs.

Issue 2: Unnecessary RLC AM Retransmission Avoidance
Note that in Release 18 XR, RAN2 has introduced PDCP SN gap reporting to reduce the reordering latency caused by already discarded PDCP SDUs, encountered at receiving PDCP entity. 
In legacy RLC, an RLC SDU that has been discarded at PDCP, if it has been submitted to lower layer, will not be discarded at RLC. It seems unnecessary to retransmit such RLC SDUs, since there are no more values to deliver it. 
Such unnecessary RLC retransmission will delay the other RLC SDUs’ (re)transmissions, especially, for delay-critical RLC SDUs. Also, such operation will decrease the overall radio resource utilization from application point of view.
To avoid such unnecessary retransmissions, RAN2 should consider discarding RLC SDUs that have already been submitted to lower layer. 
Proposal 2: Upon PDCP discard indication, RLC AM can discard RLC SDUs already submitted to lower layer, even if RLC SN gap can occur.
[bookmark: OLE_LINK462][bookmark: OLE_LINK463]Since RLC AM is designed for loss-less delivery, legacy RLC AM will not work if discarding an RLC SDU already submitted to lower layer, which causes RLC SN gap, i.e., window stalling will occur at both transmitting and receiving sides of RLC AM.
To overcome window stalling issue caused by RLC SN gap, RAN2 can consider introducing an RLC SN gap reporting mechanism to inform receiving side of RLC AM of the RLC SN gap.
Proposal 3: RLC SN gap reporting mechanism can be considered for RLC AM to handle RLC SN gap.
Note that the RLC spec only confines the operation of UE, meaning that gNB can retransmit or send polling at any time for any purposes, based on its own implementation. Thus, in Release 19 XR, RAN2 should focus its efforts on improving uplink RLC performance.
Proposal 4-1: RLC AM enhancements in Release 19 XR focuses on enhancing uplink performance.
Proposal 4-2: RLC AM enhancements in Release 19 XR precludes the enhancements for downlink.
4 Conclusion
[bookmark: OLE_LINK3]Based on the discussion above, we have the following observations and proposals:
[bookmark: _GoBack]Observation 1: A delay-critical RLC SDU can suffer polling latency before requesting STATUS report from peer RLC entity, which delays its retransmission when needed.
Observation 2: The retransmission of a delay-critical RLC SDU can be unnecessarily delayed by that of other RLC SDU(s) with expired discardTimer.
Proposal 1: Dedicated polling thresholds and the associated counters are introduced for delay-critical RLC SDUs.
Proposal 2: Upon PDCP discard indication, RLC AM can discard RLC SDUs already submitted to lower layer, even if RLC SN gap can occur.
Proposal 3: RLC SN gap reporting mechanism can be considered for RLC AM to handle RLC SN gap.
Proposal 4-1: RLC AM enhancements in Release 19 XR focuses on enhancing uplink performance.
Proposal 4-2: RLC AM enhancements in Release 19 XR precludes the enhancements for downlink.
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