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1	Introduction
In RAN2#125bis, RAN2 agreed to further analyze the following 2 solution directions on RLC AM enhancements [1]:
1. How to avoid unnecessary retransmissions
	Agreement
· We focus on RLC AM.
· RAN2 will analyze how to avoid unnecessary retransmissions (e.g. to avoid reTx of out-dated packets).


2. To ensure timely retransmissions
	Agreement
· RAN2 will analyse solutions to ensure timely RLC retransmission(s) for XR


In this contribution, we discuss both of the solution directions.
[bookmark: _Toc147158671][bookmark: _Toc61387172][bookmark: _Toc499559238]2	Avoiding unnecessary retransmissions
There are two possible solutions to avoid unnecessary transmissions:
1) Rx controlled RLC AM retransmission enhancement: the Rx RLC entity does not send NACK (in other words, send fake ACK) to the Tx RLC entity for the outdated data even if the data has not been received successfully;
2) Tx controlled RLC AM retransmission enhancement: the Tx RLC entity stops retransmitting the outdated data and notifies the Rx RLC entity which RLC SDU will not be retransmitted.
[bookmark: _Toc147158672][bookmark: _Toc61387173][bookmark: _Toc499559239]2.1	Rx controlled RLC AM retransmission enhancement 
In this approach, the outdated RLC SDU will not trigger NACK in the Rx RLC entity even if it has not been received successfully. In consequence, the Rx RLC entity will not send NACK to the Tx RLC entity to ask for the retransmission, which can be regarded as a fake ACK in the Tx RLC entity when a status report is received. To define outdated RLC SDU, a Counter/Timer based approach can be introduced to the RLC Rx entity, which confines the maximum times of retransmissions for each RLC SDU or RLC SDU segment, or the maximum duration the RLC SDU can wait for a retransmission. In such case, when the maximum number of the Counter is reached, or when the timer is expired, the Rx RLC entity can consider the associated RLC SDU or the RLC SDU segment as expired, and hence stops waiting for the RLC retransmission and updates the reassembly window. Moreover, since associated NACK will not be reported in the RLC status report, the Tx RLC entity will consider the RLC SDU or the RLC SDU segment was successfully received at the Rx RLC entity, and updates the corresponding transmitting window. 
Figure 1 gives an example for the Rx controlled RLC AM retransmission enhancement solution. In Figure 1, the RLC SDUs labelled with SN = 1,2,3 are received incompletely at their initial transmission, and hence their introduced retransmission counters, e.g. feedback_Counts, are set up at the Rx RLC entity, respectively. After receiving the status report, the Tx RLC entity performs retransmission of RLC SDUs of SN = 1,2,3 together with initial transmission of RLC SDUs of SN = 5 and 6 to the Rx RLC entity. After this transmission, the RLC SDUs of SN = 2 and 6 are successfully received, the RLC SDUs of SN = 1 and 3 are still received incompletely, and the RLC SDU of SN = 5 is missing. Hence, the Rx RLC entity increases the associated feedback_Counts of SN = 1 and 3 by one, i.e., feedback_Count = 1. Assuming that the maximum retransmission times introduced in the Rx RLC entity are set to 1, that is, the maximum retransmission times of SN = 1 and 3 have been reached. Then the RLC SDUs with SN = 1 and 3 will neither trigger status report nor be reported as NACK in the status report at the Rx RLC entity. Thus, in the RLC status report, only SN = 5 is contained. Therefore, the Tx RLC entity can consider the RLC SDUs with SN 1 and 3 successfully received at the Rx RLC entity, and update the transmitting window and arrange retransmission of RLC SDU of SN = 5 only.
 [image: ] 
Figure 1 Rx controlled RLC AM retransmission enhancement
2.2	Tx controlled RLC AM retransmission enhancement 
As the Tx RLC entity has full knowledge of the remaining time of the data, a notification can be triggered and sent to the corresponding Rx RLC entity, when there is outdated and unsuccessfully transmitted RLC SDU or RLC SDU segment. This is relatively similar to Rel-18 PDCP enhancements aimed for solving the receiving window stall issue. To be more specific, a new RLC status report can be triggered in order to inform the Rx RLC entity that the RLC SDU with a certain SN will no longer be retransmitted, once the RLC SDU becomes outdated, e.g. an indication of SDUs discarding from the corresponding PDCP layer is received. The Rx RLC entity can stop triggering and reporting NACK for the RLC SDU or the RLC SDU segment indicated in the RLC notification, and updates the reassembly window if necessary.  
Figure 2 gives an example for the Tx controlled RLC AM enhancement solution. First of all, the transmitting side starts to record the delay budget for the obtained RLC SDUs, i.e. RLC SDU of SN = 1,2,3,4, by starting discardTimers at Tx PDCP entity. Then these RLC SDUs will be transmitted to the Rx RLC entity. Suppose the RLC SDUs with SN = 1,2,3 are received incompletely during the initial transmission, then the Rx RLC entity will trigger and transmit a status report. After receiving the status report, the Tx RLC entity retransmits the RLC SDUs of SN = 1,2,3 together with the initial transmission of RLC SDUs of SN = 5 and 6. Assuming that RLC SDUs of SN = 1,3,5 are not completely received at this transmission, Rx RLC entity will trigger and transmit a status report carrying the SN=1,3,5 to the Tx RLC entity. As the delay budget of RLC SDU of SN = 1 and 3 has been used up, although the status report carrying the SN=1,3,5, the Tx RLC will retransmit only the RLC SDU of SN=5. Meanwhile, an RLC notification will be triggered at the Tx RLC entity for indicating that the RLC SDU of SN=1 and 3 will no longer be retransmitted. When such notification is received, the Rx RLC entity can stop triggering and sending NACK for the RLC SDUs of indicated SN, and update the reassembly window accordingly. 
[image: ]
Figure 2 Tx controlled RLC AM retransmission enhancement
2.3	Analysis of Two RLC AM retransmission enhancement solutions
As can be seen above, the Rx controlled option mainly modifies the behaviour of the Rx RLC entity, where a retransmission threshold/timer determined based on the PDB/PSDB from the QoS parameters is used to limit the maximum number of awaiting ARQ retransmissions/maximum number of NACK reporting for a specific RLC SDU. 
By contrast, the Tx controlled option is quite similar to the newly introduced Rel-18 PDCP solution specified for mitigating delivery latency by updating the reordering window of the Rx PDCP entity. Specifically, a notification can be triggered and sent in the Tx RLC entity to the corresponding Rx RLC entity, to prevent the Rx RLC entity from triggering and sending unnecessary RLC status report of the delay budget expired RLC SDU. 
We believe that both options can achieve the same goal, e.g. stopping the RLC retransmission in time to avoid the resource waste and updating the window for the RLC entity to prevent window stall. Moreover, in both options, there may be a slight enhancement in the Tx RLC entity, to prevent the RLF once a certain number of transmissions is reached.
Proposal 1:	RAN2 to enhance the RLC AM by adopting enhancements from one of the following perspectives:
· The Rx RLC entity does not send NACK to the Tx RLC entity for the outdated data even if the data has not been received successfully;
· The Tx RLC entity stops unnecessary RLC retransmission and notifies the Rx RLC entity which RLC SDU will not be retransmitted.
3. Timely RLC retransmissions enhancement
The major motivation on timely RLC retransmission is to reduce RLC ARQ retransmission latency, based on the facts that the Tx RLC entity considers retransmission for an RLC SDU or an RLC SDU segment only when the associated NACK is received, and that the latency imposed by waiting for the feedback is unpredictable due to indeterministic factors such as HARQ failure, network congestion and other factors. From our analysis, the solutions for timely retransmission can be categorized into three alternatives:
· Alt1 Autonomous retransmission is to offer the Tx RLC entity to be able to autonomously retransmit an RLC SDU or an RLC SDU segment to reduce retransmission latency introduced by waiting for the status report in the existing feedback based retransmission. To be more specific, to enable autonomous RLC retransmission, an RLC SDU or an RLC SDU segment can be considered for retransmission when the corresponding remaining time becomes below a threshold before the associated feedback is received, as shown in Figure 3 (a). Alternatively, autonomous RLC retransmission can be triggered when the associated feedback is not received at Tx RLC entity within a duration since its last transmission, as illustrated in Figure 3 (b). 
[image: ]
(a) Consider retransmission for SDU#1 when the remaining time becomes below a threshold and no associated feedback is received
[image: ]
(b) Consider retransmission for SDU#1 when no associated feedback is received since SDU#1 is transmitted 
Figure 3 two potential methods for autonomous RLC retransmission 
· Alt2 HARQ based retransmission is to introduce a mechanism to perform retransmission for an RLC SDU or an RLC SDU segment only when the corresponding HARQ procedure fails, e.g. the maximum number of HARQ retransmission being reached. Again, the retransmission latency can be reduced as the Tx RLC entity does not have to wait for the status feedback from the RLC Rx entity. In the downlink, since the gNB knows the event of HARQ failure and the association between the HARQ process and the RLC SDU or the RLC SDU segment, it can consider RLC retransmission for the RLC SDU or the RLC SDU segment once the corresponding HARQ procedure fails. In the uplink, however, since there is currently no HARQ ACK/NACK from the network, estimating whether the HARQ procedure succeeds basically depends on whether the NDI of a HARQ process is toggled. To allow for timely retransmission, there is a need of additional L1 signalling to explicitly signal the HARQ ACK/NACK to the UE which will have RAN1 impact.
· Alt3 Status report based retransmission tends to reuse the existing status report based RLC retransmission triggering mechanism. Moreover, for reducing the latency imposed by waiting for the status report, the status report is expected to be sent more frequently, e.g. by setting a shorter t-reassembly timer or setting a lower polling threshold, e.g. smaller pollByte/pollPDU. Alternatively, additional status report triggering condition, e.g. periodical status report, may also be a potential solution. In this way, Tx RLC entity can arrange the retransmission and update the transmission window as per legacy according to the feedback provided by the status report.
From our perspective, the motivation of Alt1 and Alt3 is somewhat similar, to enable a fast retransmission for securing the transmission in time, with different retransmission triggering mechanisms. However, since it is likely that the RLC SDU or the RLC SDU segment may still be performing HARQ retransmission (i.e. depending on how the timer is set in Alt1 and how frequent the RLC status report is sent in Alt3) when it is considering for fast RLC retransmission, this may come at the expense of the system capacity. Furthermore, Alt3 also requires the sending of more frequent RLC status reports.. 
Observation 1: For Alt1 and 3, depending of the timing setting for triggering the retransmission, it may result in resource waste and hence the capacity loss, if the RLC entity performs RLC retransmission before RLC NACK feedback is confirmed.
Alt2 provides an alternative to avoid retransmission redundancy, where the RLC retransmission will be performed only when the HARQ procedure fails. However, in the uplink, Alt2 may require the gNB to explicit signal the HARQ ACK/NACK to the UE for RLC retransmission triggering. Such HARQ feedback based solution will have significant specification impact on both RAN1 and RAN2.
Observation 2: Alt2 using HARQ based retransmission mechanism may require explicit HARQ ACK/NACK L1 signalling for the uplink transmission which will have significant impact to RAN1 and RAN2 specifications.
Proposal 2:	RAN2 should consider the capacity loss and the specification modification impact when evaluating solutions for timely RLC retransmission.
4. Conclusion
This contribution makes the following observations and proposals:
Avoiding unnecessary retransmission
Proposal 1:	RAN2 to enhance the RLC AM by adopting enhancements from one of the following perspectives:
· The Rx RLC entity does not send NACK to the Tx RLC entity for the outdated data even if the data has not been received successfully;
· The Tx RLC entity stops unnecessary RLC retransmission and notifies the Rx RLC entity which RLC SDU will not be retransmitted.
Timely RLC retransmission
Observation 1: For Alt1 and 3, depending of the timing setting for triggering the retransmission, it may result in resource waste and hence the capacity loss, if the RLC entity performs RLC retransmission before RLC NACK feedback is confirmed.
Observation 2: Alt2 using HARQ based retransmission mechanism may require explicit HARQ ACK/NACK L1 signalling for the uplink transmission which will have significant impact to RAN1 and RAN2 specifications.
Proposal 2:	RAN2 should consider the capacity loss and the specification modification impact when evaluating solutions for timely RLC retransmission.
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