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1	Introduction
In the Rel-19 XR WID approved in RAN#103 [1], one of the objectives is about the RLC re-transmission enhancements for RLC AM. In this contribution, we will firstly analyze the motivation of the RLC AM enhancement. Based on analysis, we will give our understanding of the goal of the RLC AM enhancement. And finally, two possible solutions will be discussed.
	The Rel-19 XR Phase 3 objectives are as follows:
……
-	Specify the following user plane enhancements [RAN2]
-	RLC re-transmission related enhancements for operation of RLC Acknowledged Mode (AM) with small packet delay budget. 


[bookmark: _Toc147158671][bookmark: _Toc61387172][bookmark: _Toc499559238][bookmark: _GoBack]2	Discussion
XR and the forthcoming immersive Metaverse applications require strict transmission reliability imposed by stringent delay budget. TR 22.856 [2] gives several uses cases as well as their KPI requirements as the following Table shows. Taking the Collaborative and concurrent engineering as an example, it requires 99.999% reliability with 1~50ms end-to-end latency.
	Use Cases
	Characteristic parameter (KPI)

	
	Max allowed end-to-end latency
	Service bit rate: user-experienced data rate
	Reliability
	Area Traffic capacity

	Collaborative and concurrent engineering
	[≤10] ms
	[1-100] Mbit/s
	[> 99.9%]
	[1.55] Tbit/s/km2

	
	[5] ms UL 

[1-50] ms DL
	[<1] Mbit/s
	[> 99.9%] (without compression)

[> 99.999%] (with compression)
	[2.25] Tbit/s/km2 

	Metaverse-based Tele-Operated Driving
	[100] ms
	[10~50] Mbit/s 
	99%
	[~360] Mbit/s/km2

	
	[20] ms 
	[0.1~0.4] Mbit/s 
	99,999%
	[~4] Mbit/s/km2

	
	1-20 ms
	16 kbit/s -2 Mbit/s
(without haptic compression encoding);

0.8 - 200 kbit/s 
(with haptic compression encoding)
	99.999%
	[~20] Mbit/s/km2



RLC AM can be used to achieve such strict transmission reliability requirement thanks to the built-in retransmission mechanism. More specifically, the transmitting RLC entity (Tx RLC entity) keeps retransmitting an RLC SDU or an RLC SDU segment, until the receiving RLC entity (Rx RLC entity) confirms it has received the RLC PDU successfully or the maximal retransmission times has been reached. 
It is well acknowledged that RLC AM retransmission is only triggered when the data is still not received successfully after the lower layer retransmission (i.e., HARQ retransmission) is completed. To elaborate more, the Tx RLC entity can retransmit SDUs once a status report is received. Based on legacy mechanism, two methods, including reassembly timer expiration and polling indication reception are offered, to trigger the status report at the Rx RLC entity. The former is controlled by the Rx RLC entity, where a status report is triggered when the reassembly timer is expired, which can be considered as the associated SDUs transmission failed at HARQ procedure. By contrast, the polling-based triggering is controlled by the Tx RLC entity. To be more specific, polling is triggered at the Tx RLC entity when the number of bytes sent reaches pollByte, or the number of RLC PDUs sent reaches pollPDU.
Assuming that typical duration of one HARQ transmission is 5~8ms and there are four HARQ retransmissions before the RLC AM retransmission, each RLC AM retransmission will take 20~32ms. However, XR application normally has a demanding PDB/PSDB requirement (e.g., 30 ms for UL XR video) and data received after the PDB/PSDB had expired is useless to the XR application. In an example of maxRetxThreshold set to 4, Tx RLC entity will arrange the 2nd retransmission for the RLC SDU with SN = x when the 2nd NACK is received, regardless of the expired PDB/PSDB, as shown in Figure 1. However, the RLC retransmission(s) beyond the PDB/PSDB brings limited benefits to the users’ experience.
Observation 1:	RLC retransmission beyond the PDB/PSDB brings limited benefits.
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Figure 1 Illustration of RLC AM retransmission
Rel-18 has also discussed this issue, some companies proposed to let the transmission side actively discard the lower layers (i.e., RLC and/or MAC) packets even if it is under (re)transmission. The proposal was not agreed as the packet discarding in lower layers will impact the specification a lot, especially for RLC AM. So we believe in Rel-19 XR, the goal of the RLC retransmission enhancement is to develop a solution which has very limited specification impact, and can stop the unnecessary RLC retransmission once the associated packet delay budget expires without causing the UE to declare an RLF.
Proposal 1:	The solution of RLC retransmission enhancement should be able to avoid the unnecessary RLC retransmission after the associated packet delay budget has expired without causing RLF, and the solution should have very limited specification impact. 
We have observed two possible solutions:
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 2 gives an example for the Rx controlled RLC AM retransmission enhancement solution. In Figure 2, 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 2 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 SN gap. To be more specific, a new RLC status report can be triggered in order to notify the Rx RLC entity of the SN for the RLC SDU to be no longer 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 3 illustrates an instance of Tx controlled RLC AM enhancement solution. First of all, the transmitting side starts recording the delay budget for each RLC SDUs, e.g. RLC SDU of SN = 1,2,3,4, as long as they are obtained, such as starting discardTimer at reception at the PDCP layer. When the RLC SDUs with SN = 1,2,3 are received incompletely at the Rx RLC entity at their initial transmission, an associated status report is triggered and transmitted. The Tx RLC entity then arranges the 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. Assuming that RLC SDUs of SN = 1,3,5 are not completely received at this transmission, a status report is sent from the Rx RLC entity in order to ask for retransmission. However, at the reception of RLC status report, the delay budget of RLC SDU of SN = 1 and 3 has been used up. As a consequence, an RLC notification can be triggered at the Tx RLC entity for indicating the SNs of the RLC SDUs no longer retransmitted, which can then be transmitted together with the valid data, e.g. retransmission of RLC SDU of SN = 5. 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. 
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Figure 3 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 2:	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	Conclusion
This contribution makes the following proposals:
Observation 1:	RLC retransmission beyond the PDB/PSDB brings limited benefits.
Proposal 1:	The solution of RLC retransmission enhancement should be able to avoid the unnecessary RLC retransmission after the associated packet delay budget is expired without causing RLF, and the solution should have very limited specification impact.
Proposal 2:	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.
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