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Introduction
For Rel-19 XR Phase 3, we have the following objective [1]:
-	Specify the following user plane enhancements [RAN2]
-	RLC re-transmission related enhancements for operation of RLC Acknowledged Mode (AM) with small packet delay budget. 
During RAN2#125 bis, we have started the discussions on this topic and reached some preliminary agreements:
	RAN2 #125bis Agreements:
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)



This paper aims to provide some of our views on the directions that RAN2 has identified for RLC-AM enhancements.

Discussions
Classifications of RLC SDUs
We think the RLC SDUs in the queue be classified into three types based on their buffer delay status:
· Normal RLC SDU: This is referred to the RLC SDUs corresponding to PDCP SDUs with remaining time (till discard timer expiry) still larger than a threshold (such as remainingTimeThreshold defined in Rel-18).
· Delay-Critical RLC SDU: This is referred to the RLC SDUs corresponding to PDCP SDUs with remaining time (till discard timer expiry) smaller than a threshold, or the RLC SDUs corresponding to PDCP SDUs that belong to a same PDU Set as a PDCP PDU with remaining time smaller than a threshold (if pdu-SetDiscard is configured), as defined in [2] and [3].
· Discarded RLC SDU: This is referred to the RLC SDUs corresponding to PDCP SDUs that are already discarded by the upper layer (e.g. the discard timer of the PDCP SDU is already expired).
Apparently, these types of RLC SDUs have different urgency levels. To be specific, it is desirable to transmit the delay-critical RLC SDUs immediately, while transmission of discarded RLC SDUs may not be necessary. However, the current RLC-AM operation has a unified treatment to all RLC SDUs without considering their delay and/or discarding status, and this is indeed inefficient if e.g. the transmitter continues to make effort for transmission of packets that already discarded, while keep the other more urgent packets pending in the buffer.
Observation 1: Currently RLC has a unified treatment to all packets without considering their delay and/or discarding status, which results in degradation of both resource efficiency and latency performance. 

If RLC layer can treat these types of RLC SDUs differently, we believe it is beneficial for both efficiency and latency performance. Thus, in our view, a key direction of RLC enhancements in Rel-19 is to have differentiated handling on RLC SDUs with different discard timer status. 
Proposal 1: As a general principle, RLC-AM enhancements can be based on differentiated handling for: 
· Normal RLC SDUs, 
· Delay-Critical RLC SDUs, and 
· Discarded RLC SDUs

Poll Triggering based on Delay-Criticality
Polling is a mechanism used by the transmitter side to trigger status feedback from the receiver side. The transmitter side of AM RLC entity can only move the transmitting window forward when the packets with SNs within the window are positively acknowledged. Otherwise, the new packets with SN outside the window cannot be transmitted. Thus, polling is a proactive method for the transmitter to solicitate the receiver about the status of transmitted packets, as an attempt to push the window forward.
However, currently the triggering of polling is only allowed under certain conditions, such as when no new RLC SDU can be transmitted (e.g. due to window stalling), when PDU_WITHOUT_POLL is greater than or equal to pollPDU, or when BYTE_WITHOUT_POLL is greater than or equal to pollByte. 
To speed up RLC-AM operation to accommodate the traffics with small delay budget, especially for the packets that are already considered as delay-critical, we think the triggering conditions of polling can be extended by taking delay-criticality of RLC SDUs into account. The transmitter may be able to trigger a poll when there is a critical need. In particular, the conditions may include:
· When a delay-critical RLC SDU is present in the queue,
· When the number of RLC PDUs corresponding to delay-critical RLC SDUs sent since the last status report is received satisfies a threshold,
· When the number of bytes RLC PDUs corresponding to delay-critical RLC SDUs sent since the last status report is received satisfies a threshold.
Proposal 2: RAN2 can consider poll triggering based on conditions relating to delay-critical RLC SDUs.

Proactive Feedback of Status Report
The receiver side of AM RLC entity can provide a STATUS PDU to indicate positive and/or negative acknowledgements of RLC SDUs. However, the receiver side of AM RLC entity would only initiate the STATUS PDU when a poll is received, or when a reception failure is detected (and t-Reassembly is expired). Furthermore, even if the STATUS report is triggered, the receiver side of AM RLC entity must wait until the expiration of t-StatusProhibit (if running) before it can send the STATUS PDU, according to TS 38.322:
	When STATUS reporting has been triggered, the receiving side of an AM RLC entity shall:
-	if t-StatusProhibit is not running:
-	at the first transmission opportunity indicated by lower layer, construct a STATUS PDU and submit it to lower layer.
-	else:
-	at the first transmission opportunity indicated by lower layer after t-StatusProhibit expires, construct a single STATUS PDU even if status reporting was triggered several times while t-StatusProhibit was running and submit it to lower layer.



Owing to such limitations, we think RAN2 can consider some more proactive mechanisms for the receiver side of AM RLC entity to trigger/send the STATUS PDU more timely. For examples, the new triggering events for status report can be introduced, such as:
· Whenever a RLC SDU is completely received, or
· Whenever the state variable RX_Next is updated.
Additionally, under specific triggering events of status reports, the receiver side of AM RLC entity may ignore or stop the t-StatusProhibit if it is running, in order to ensure the STATUS PDU can be included in the very next transmission opportunity.
Proposal 3: RAN2 can consider introducing conditions for the receiver side of the AM-RLC to trigger status report more proactively. The t-StatusProhibit (if running) could be stopped early to ensure more rapid transmission of STATUS PDU. 

Autonomous Retransmission
In RAN2 #125bis, a few companies have suggested autonomous retransmission, which allows the transmitter side of AM RLC entity to perform retransmission even without a status report. In our views, such mechanisms should be conducted in a more cautious manner because:
· Too many unnecessary retransmissions can lead to further congestion.
· PDCP duplication can already achieve the similar goal.
· Repetition is also available in MAC/PHY.
With these in mind, we are not sure how much additional gains can be achieved by autonomous retransmission, given that several similar features are already available in the specifications. On the other hand, we have noted that the transmitter side of AM RLC entity can already proactively consider some RLC SDUs for retransmission. In particular, when t-PollRetransmit is expired and if no new RLC SDU can be transmitted, some RLC SDUs that have been submitted to the lower layer could be considered for retransmission:
	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):
-	consider the RLC SDU with the highest SN among the RLC SDUs submitted to lower layer for retransmission; or
-	consider any 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.



Thus, we think RAN2 should continue to consider autonomous retransmission under such framework. Specifically, instead of considering any RLC SDU for retransmission, it is more beneficial if the consideration for retransmission is focused on the RLC SDUs that are already delay-critical, since it is more urgent to retransmit these RLC SDUs as soon as possible. It is also worth noting that, the value of t-PollRetransmit can be configured to be as small as 5ms. If RAN2 thinks this is not short enough to achieve the desired goal of faster retransmission, we believe even smaller values can be introduced in TS 38.331 for such purposes.
Proposal 4: When t-PollRetransmit is expired and if no new RLC SDU (or segments) can be transmitted, the transmitting side of an AM-RLC entity can autonomously consider delay-critical RLC SDU for retransmission.

Avoidance of Retransmission for Discarded RLC SDUs
In Rel-18 XR, discarding has been considered as a more common case. Even though RLC is able to know which packets have been discarded by PDCP based on the indication from the upper layer, currently it is unable to do anything about it if the discarded RLC SDU (or its segment) has already been submitted to the lower layers (i.e. in-flight packets), as specified in TS 38.322 [2]:
	[bookmark: _Toc5722479][bookmark: _Toc37462999][bookmark: _Toc46502543][bookmark: _Toc155999973]5.4	SDU discard procedures
When indicated from upper layer (e.g. 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.



Some RLC SDUs may be discarded after their initial transmission, and the transmitter may further consider these RLC SDUs for retransmission when e.g. negative acknowledgement for the RLC SDU is received, or when the t-PollRetransmit is expired. Apparently, the retransmission of these discarded RLC SDUs may jeopardize the latency performance of other delay-critical RLC SDUs and normal RLC SDUs in the queue. To prevent such situations, the transmitting side can refrain from considering the discarded RLC SDUs for retransmission under all conditions. 
Proposal 5: The transmitter side of AM-RLC should not consider discarded RLC SDUs (or segments) for retransmission.

Conclusions
In this paper, we provided some of our views on the Rel-19 XR objective of RLC-AM enhancements to cope with traffics with small delay budgets. We have made the following observation:
Observation 1: Currently RLC has a unified treatment to all packets without considering their delay and/or discarding status, which results in degradation of both resource efficiency and latency performance. 

Furthermore, we have the following proposals:
Proposal 1: As a general principle, RLC-AM enhancements can be based on differentiated handling for: 
· Normal RLC SDUs, 
· Delay-Critical RLC SDUs, and 
· Discarded RLC SDUs
Proposal 2: RAN2 can consider poll triggering based on conditions relating to delay-critical RLC SDUs.
Proposal 3: RAN2 can consider introducing conditions for the receiver side of the AM-RLC to trigger status report more proactively. The t-StatusProhibit (if running) could be stopped early to ensure more rapid transmission of STATUS PDU. 
Proposal 4: When t-PollRetransmit is expired and if no new RLC SDU (or segments) can be transmitted, the transmitting side of an AM-RLC entity can autonomously consider delay-critical RLC SDU for retransmission.
Proposal 5: The transmitter side of AM-RLC should not consider discarded RLC SDUs (or segments) for retransmission.
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