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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. 
This paper provides some of our views on this topic.

Discussions
Limitations of RLC-AM
RLC-AM was designed to provide lossless connectivity, which is crucial for many of the applications with high reliability targets. However, for use cases involving delay-sensitive traffics, such as URLLC and XR, it is questionable if RLC-AM is sustainable from latency perspective. In particular, a newly arrived packet cannot be transmitted immediately in some cases when the transmitter is waiting for positive acknowledgements for some previous packets. Here we provide a summarized list of some potential factors that may result in larger delay in RLC-AM operations:
· Window Stalling: With RLC-AM, the RLC entity needs to maintain a transmitting window. The transmitter should not submit new RLC SDUs whose SN falls outside this window.
· Prioritization Rule: When both AMD PDUs for retransmission and new transmission are available, the transmitter shall prioritize retransmission, which may jeopardize the latency performance of new packets.
· Trigger of Polling: The transmitter may trigger a polling bit in an AMD PDU, which asks the receiver to provide a STATUS PDU that includes ACK/NACK information. However, polling can only be triggered under certain conditions.
· Feedback of STATUS PDU: The STATUS PDU provides ACK/NACK information for the transmitter to move the transmitting window forward when it is possible, but the receiver may not be able to send STATUS PDU in a timely fashion due to mechanisms such as the prohibit timer.
We think RAN2 could take these aspects into account when considering RLC-AM enhancements.
Observation 1: The latency of current RLC-AM operation may be attributed to window stalling, prioritization rule, trigger of polling, and feedback of STATUS PDU. 

Classifications of RLC SDUs
In Rel-18 XR, discarding has been considered as a more common case. Moreover, for the sake of DSR, the transmitter needs to know which packets are approaching their delivery deadline (i.e. the remaining time is smaller than a threshold). With these in mind, we think the RLC SDUs in the queue can 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 considered 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 other more urgent packets pending in the buffer.
Observation 2: 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 is able to treat these types of RLC SDUs differently, we believe it is beneficial for both efficiency and latency performance of RLC-AM. Thus, in our view, a key direction of RLC enhancements in Rel-19 is to have differentiated handling on RLC SDUs with different discarding status and delay-criticality. We would like to point out that, since Rel-18, the RLC is already able to know which RLC SDUs are delay-critical, for the sake of data volume calculation for DSR. The following definition has been introduced in TS 38.322 [2]:
	Delay-critical RLC SDU: RLC SDU corresponding to a PDCP PDU indicated as delay-critical by PDCP (see TS 38.323 [4]).



On the other hand, when PDCP layer discards a packet that is already submitted to RLC, it may send an indication to the RLC layer, as specified in TS 38.323 [3]:
	[bookmark: _Toc37126954][bookmark: _Toc46492067][bookmark: _Toc46492175][bookmark: _Toc156000533]5.3	SDU discard
…(Text Omitted)…
If the corresponding PDCP Data PDU has already been submitted to lower layers, the discard is indicated to lower layers.



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.



To summarize, in Rel-18 the RLC layer can already know which RLC SDUs are considered as delay-critical, and which RLC SDUs are discarded by PDCP. In Rel-19, we should allow the RLC-AM to utilize the knowledge relating to the status of packets in the queue for enhancements.
Proposal 1: In Rel-19, RLC-AM enhancements can be based on differentiated handling for: 
· Normal RLC SDUs, 
· Delay-Critical RLC SDUs, and 
· Discarded RLC SDUs

Prioritization and Retransmission
According to TS 38.322 [2], in RLC-AM shall prioritize retransmission of RLC SDUs (or segments) that have been transmitted before, over initial transmission of RLC SDUs (or segments) that have not been transmitted before:
	[bookmark: _Toc5722462][bookmark: _Toc37462982][bookmark: _Toc46502526][bookmark: _Toc155999956]5.2.3	AM data transfer
[bookmark: _Toc5722463][bookmark: _Toc37462983][bookmark: _Toc46502527][bookmark: _Toc155999957]5.2.3.1	Transmit operations
[bookmark: _Toc5722464][bookmark: _Toc37462984][bookmark: _Toc46502528][bookmark: _Toc155999958]5.2.3.1.1	General
The transmitting side of an AM RLC entity shall prioritize transmission of RLC control PDUs over AMD PDUs. The transmitting side of an AM RLC entity shall prioritize transmission of AMD PDUs containing previously transmitted RLC SDUs or RLC SDU segments over transmission of AMD PDUs containing not previously transmitted RLC SDUs or RLC SDU segments.



Following Proposal 1, instead of solely relying on whether the corresponding RLC SDUs has been transmitted previously, we think the prioritization among AMD PDUs can further take the type of RLC SDUs (or segments) into account. As aforementioned, it may not be necessary to transmit a RLC SDU that is already discarded by upper layer (because it may be useless for the Application layer anyway). Also, a delay-critical RLC SDU should be transmitted as soon as possible before its delay budget runs out and the SDU is being discarded. One could argue that, in practice the RLC SDUs for retransmission are anyway likely to be more delay-critical than RLC SDUs for initial transmissions, as typically they arrive in the buffer earlier (i.e. their discard timer start earlier). Nevertheless, we must note that a RLC SDU can become delay-critical based on the delay status of another RLC SDU that belongs to the same PDU Set (see definitions in [3]), so a new packet may be delay-critical even if it has just arrived. Thus, it is not valid to always assume that retransmission is more delay-critical than initial transmission. With these in mind, we think some new principles for AMD PDU prioritization can be introduced in Rel-19, wherein:
· The AMD PDUs containing discarded RLC SDUs (or segments) should not be prioritized over other AMD PDUs, regardless of whether it has been transmitted previously or not.
· The AMD PDUs containing delay-critical RLC SDUs (or segments) can be prioritized over other AMD PDUs, regardless of whether it has been transmitted previously or not.
We think RAN2 can consider these principles as some of the starting points for RLC enhancements in Rel-19, and the details can be further discussed.
Proposal 2: In Rel-19, RAN2 can consider the following as new principles for AMD PDU prioritization rules:
· The AMD PDUs containing discarded RLC SDUs (or segments) should not be prioritized over other AMD PDUs, regardless of whether it has been transmitted previously or not.
· The AMD PDUs containing delay-critical RLC SDUs (or segments) can be prioritized over other AMD PDUs, regardless of whether it has been transmitted previously or not.

It is worth highlighting that, 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 unnecessarily 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 3: The transmitter side of AM-RLC should not consider discarded RLC SDUs (or segments) for retransmission.

Polling with Delay-Critical and Discarded RLC SDUs
Polling is a mechanism used by the transmitter side to trigger status feedback from the receiver side. The 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, 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 in order 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 new conditions for poll triggering 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 4: RAN2 can consider poll triggering based on conditions relating to delay-critical RLC SDUs.

On the other hand, when polling is triggered and transmitted, according to [2] the transmitter should set the state variable POLL_SN as the value of the highest SN of the AMD PDU among the AMD PDUs submitted to lower layer. This is used by the transmitter to decide if t-PollRetransmit should be stopped and reset when the STATUS report is received [2]:
	[bookmark: _Toc5722476][bookmark: _Toc37462996][bookmark: _Toc46502540][bookmark: _Toc155999970]5.3.3.3	Reception of a STATUS report
Upon reception of a STATUS report from the receiving RLC AM entity the transmitting side of an AM RLC entity shall:
-	if the STATUS report comprises a positive or negative acknowledgement for the RLC SDU with sequence number equal to POLL_SN:
-	if t-PollRetransmit is running:
-	stop and reset t-PollRetransmit.



If the AMD PDU with the highest SN among the AMD PDUs submitted to lower layer corresponds to a discarded SDU, it is questionable whether the transmitter should stop and reset t-PollRetransmit when the STATUS report comprising positive or negative acknowledgement for POLL_SN is received. In light of this, how the transmitter sets the value of POLL_SN (or other state variables) may also take the discarding status of the packets into considerations.
Proposal 5: RAN2 can consider if setting of certain RLC state variables (e.g. POLL_SN) should also depend on the discarding status of the packets.

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 observations:
Observation 1: The latency of current RLC-AM operation may be attributed to window stalling, prioritization rule, trigger of polling, and feedback of STATUS PDU. 
Observation 2: 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: In Rel-19, RLC-AM enhancements can be based on differentiated handling for: 
· Normal RLC SDUs, 
· Delay-Critical RLC SDUs, and 
· Discarded RLC SDUs
Proposal 2: In Rel-19, RAN2 can consider the following as new principles for AMD PDU prioritization rules:
· The AMD PDUs containing discarded RLC SDUs (or segments) should not be prioritized over other AMD PDUs, regardless of whether it has been transmitted previously or not.
· The AMD PDUs containing delay-critical RLC SDUs (or segments) can be prioritized over other AMD PDUs, regardless of whether it has been transmitted previously or not.
Proposal 3: The transmitter side of AM-RLC should not consider discarded RLC SDUs (or segments) for retransmission.
Proposal 4: RAN2 can consider poll triggering based on conditions relating to delay-critical RLC SDUs.
Proposal 5: RAN2 can consider if setting of certain RLC state variables (e.g. POLL_SN) should also depend on the discarding status of the packets.
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