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1	Introduction
[bookmark: _Ref178064866]In the RAN#102 plenary meeting, a new WID on XR for NR Phase 3 [1] was approved with the aim to enhance system capability, efficient and effective mechanisms to meet QoS requirements and lower device power consumption, in the context of the demanding scenarios and traffic characteristic requirements for XR. One of the objectives relating to the RLC AM enhancements was also agreed. RLC AM is useful to limit data loss however, the feedback or retransmission triggering mechanisms are not well adapted for short packet delay budgets applicable to XR traffic. Hence, the following objective was added to enhance the RLC re-transmissions for RLC AM mode of operation.
· Specify the following user plane enhancements [RAN2]
· RLC re-transmission related enhancements for operation of RLC Acknowledged Mode (AM) with small packet delay budget. 
This contribution discusses these possible enhancements and thus, provide our views. 
2	Discussion
2.1 Retransmission of Old Data
As explained in the justification section of the Rel-19 XR WID [1], the current RLC AM procedure is not suited for short packet delay budget (PDBs) applicable to XR traffic and considerable amounts of data maybe in-flight and there is no way to avoid retransmitting this data even if the data is old.
Based on t-Reordering, the PDCP receiver only waits limited time for missing PDCP SNs, the RLC AM transmitter on the other hand is obligated to continue ARQ retransmissions until receiver either acknowledges reception of RLC SN or transmitter declares RLF because it reached maxRetxThreshold ARQ retransmit attempts for same SN data.   
Thus, RLC AM continues to attempt delivery of the still missing SDU until either delivered or RLF declared by transmitter, potentially long past the SDUs being accepted by PDCP receiver and being useful to end application layer. This can waste precious resources (air interface radio resources, UE battery power, gNB/UE memory, scheduling resources) where MAC/RLC layer continues to try to deliver data that is no longer within the PDCP receive window and would be discarded when finally received.
Observation 1 [bookmark: _Ref163171125]Performing retransmissions of missing SDUs long past the SDUs being accepted by the PDCP receiver results in wastage of resources.
[image: ]
Figure 1: PDCP Rx window moving its lower edge, while RLC AM still performs retransmissions for that missing SN. 
The scenario is illustrated in Figure 1 and for the purposes of this illustration, the PDCP and RLC SNs are the same, but they need not be. The PDCP receiver is pending on sn2 as represented by RX_Deliv = 2 and the corresponding RLC SN for the PDCP SDU is pending at sn2 i.e., RX_Next = 2. As time passes and t-Reordering expires, we see that the PDCP receiver advances its window to the next undelivered SN i.e., sn5 in this case while the RLC receiver continues to pend on sn2. In addition, the RLC transmitter entity will also continue to perform RLC retransmissions for RLC sn2 and even if one of the retransmissions were successful and the RLC sn2 is delivered to the PDCP receiver, as this sn2 < Rx_Deliv, it would be discarded. 
For time critical services with PDBs or PSDBs in the order of 50-100 ms, although robustness is an important feature if such robustness cannot be provided within a certain time constrain then it is no longer beneficial to the end application. 
Observation 2 [bookmark: _Toc159094322][bookmark: _Toc159095424][bookmark: _Toc159098048][bookmark: _Toc159098192][bookmark: _Ref163171130][bookmark: _Ref163171133][bookmark: _Ref163171184]For time-critical applications, robustness if not provided within a certain time constrain is no longer beneficial to the end application.
As a result, we believe that RAN2 should address the case where the RLC AM transmitter entity performs unnecessary retransmissions. 
[bookmark: _Toc163171077]Address the issue in RLC AM performing unnecessary retransmissions independent of whether that packet is still relevant at the PDCP layer.
2.2 Potential Solutions
For the issue as described in Section 2.1, we believe there are two mechanisms:
· Receiver-based Mechanism
· Transmitter-based Mechanism
2.2.1 Receiver-based Mechanism
· [image: ]
· Figure 2: Receiver-based mechanism to advance the RLC receiver.
In the receiver-based mechanism as illustrated in Figure 2, in the receiver-based mechanism, a new timer is introduced (for e.g., a tWinAdvance), which runs at the RLC receiver, and the expiry of this timer would advance the lower edge of the RLC receiver window. 
If the RLC receiver has received and delivered an SDU with an RLC SN higher than than RX_Next to the PDCP receiver, then the RLC receiver is aware that the PDCP receiver will only wait a limited time for the missing SN before advancing the PDCP receiver window. Thus, the RLC receiver can start the tWinAdvance timer when a higher RLC SN has been delivered to the PDCP receiver and upon expiry, advance the lower edge of the RLC receiver window and triggering a report to the RLC transmitter to stop retransmissions. Thereby freeing up the resources to perform retransmission for more relevant data. 
Observation 3 [bookmark: _Ref163171141]Upon expiry of the tWinAdvance timer, the RLC receiving window will advance its lower edge of the RLC receiver window and trigger a status report. Thereby, freeing up resources to perform retransmission for more relevant data. 
As shown in Figure 2, the PDCP receiver and RLC receiver are pending on sn2 i.e., Rx_Deliv = 2, RX_Next = 2. The t-Reordering timer is started for PDCP sn2, and the RLC receiver would start the new timer i.e., tWinAdvance when sn3 and sn4 are delivered to the PDCP receiver. As time passes, t-Reordering expires, advancing the PDCP receiver window to the next missing PDCP SN i.e., sn5. Similarly, tWinAdvance expires, advancing the RLC receiver window to the next missing RLC SN i.e., sn5 and triggers a report to the RLC transmitter entity to stop retransmissions for sn2. 
It is to be noted that RLF is triggered at the RLC transmitter when the maxReTxThreshold is reached, this mechanism stays the same. As explained above, the RLC receiver may start the new timer i.e., tWinAdvance only when a higher RLC SN has been passed to the PDCP receiver i.e., there is a gap in the RLC receiver but the link is still good enough or has improved to receive packets.
Observation 4 [bookmark: _Ref163171145]In the receiver-based timer solution, the RLF detection mechanism stays the same i.e., declared by the RLC Tx entity when maxReTxThreshold is reached. 
2.2.2 Transmitter-based Mechanism 
The transmitter is solely aware of the data buffered and the remaining PDB for any of the PDUs. Therefore, the transmitter can assess how many retransmissions can be performed for a certain RLC PDU. This depends on the PSDB and the buffered time for each of the PDU Sets.
Observation 5 [bookmark: _Ref163171149]The RLC transmitter is solely aware of the buffered data and their remaining PDB thereby can assess the number of retransmissions possible for a certain RLC PDU. 
As a result, in the transmitter-based mechanism, the RLC transmitter could indicate the RLC SNs for which the RLC receiver need not wait and consider them to be successfully received. A a new RLC Control PDU, similar as the RLC Control PDU Status Report can be used to indicate these RLC SNs. 
The RLC transmitter can at any time transmit indicate that certain RLC SDU(s) is/are out of the time bounds. This indication could also carry a poll bit to get confirmation that the RLC receiver has successfully received the control PDU and moved the lower edge of the receiving window as these RLC SDU(s) and its segments would be acknowledged. Otherwise, the RLC would eventually transmit an RLC status report when requested by the RLC transmitter as in legacy.
Observation 6 [bookmark: _Ref163171154]RLC transmitter can indicate that certain RLC SDU(s) is/are out of time bounds via a control PDU, thereby enabling the receiver to advance the lower edge of the receiving window. 
The advantage of the transmitter-based mechanism is that the RLC transmitter knows how long the packet has been buffered in the queue and can estimate how much of the PDB is remaining.
Summary
Both the transmitter-based and receiver-based solutions result in the RLC receiver to advance the lower edge of the receiving window thereby preventing unnecessary RLC retransmissions for packets already discarded/irrelevant in the PDCP. In the receiver-based solution, the relevance of the packet in the PDCP is based on the expiry of the t-Reordering timer and in the transmitter-based mechanism, the PDB/PSDB of the packet is estimated based on the configured discardtimer. As both solutions have their advantages/disadvantages, we believe RAN2 should investigate both solutions.   
[bookmark: _Toc163171078]Study solutions to avoid unnecessary RLC retransmissions for packets which are already obsolete at the PDCP layer based on (a) transmitter-based mechanism and (b) receiver-based mechanism. 
[bookmark: _Toc70424553][bookmark: _Toc134612747][bookmark: _Ref189046994]3 Conclusion
Based on the discussion in the previous sections we have the following observations:
Observation 1	Performing retransmissions of missing SDUs long past the SDUs being accepted by the PDCP receiver results in wastage of resources.
Observation 2	For time-critical applications, robustness if not provided within a certain time constrain is no longer beneficial to the end application.
Observation 3	Upon expiry of the tWinAdvance timer, the RLC receiving window will advance its lower edge of the RLC receiver window and trigger a status report. Thereby, freeing up resources to perform retransmission for more relevant data.
Observation 4	In the receiver-based timer solution, the RLF detection mechanism stays the same i.e., declared by the RLC Tx entity when maxReTxThreshold is reached.
Observation 5	The RLC transmitter is solely aware of the buffered data and their remaining PDB thereby can assess the number of retransmissions possible for a certain RLC PDU.
Observation 6	RLC transmitter can indicate that certain RLC SDU(s) is/are out of time bounds via a control PDU, thereby enabling the receiver to advance the lower edge of the receiving window.
Based on the discussion in the previous sections we propose the following:
Proposal 1	Address the issue in RLC AM performing unnecessary retransmissions independent of whether that packet is still relevant at the PDCP layer.
Proposal 2	Study solutions to avoid unnecessary RLC retransmissions for packets which are already obsolete at the PDCP layer based on (a) transmitter-based mechanism and (b) receiver-based mechanism.
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