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Introduction
In RAN2#125bis meeting, following was agreed regarding RLC retransmission enhancements:
	⇒ We focus on RLC AM.
⇒ 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) 



In this contribution, we discus RLC AM retransmission enhancements.
Discussion
Timely RLC retransmission
There are mainly three solution directions for timely RLC retransmission: 
· Proactive retransmission without waiting for status report (e.g. in [1])
· Enhancements to RLC status reporting (e.g. in [2])
· Enhancements to polling (e.g. in [3])
Proactive retransmission without waiting for status report
Firstly, there are no specification impacts to support proactive retransmission for DL data since it can be handled by gNB implementation. Therefore analysis for proactive retransmission is for UL only.
[bookmark: Pro_Proactive_UL]Proposal 1: Solution direction of proactive retransmission without waiting for status report, if supported, is for UL data transmission only.
RLC AM achieves high reliability as well as high spectrum efficiency based on status report. In existing RLC AM, UE only retransmits the RLC SDUs which are explicitly NACKed in status report. For proactive retransmission without waiting for status report, it is possible that the retransmitted RLC SDUs have already been successfully received by gNB before the proactive retransmission, therefore such proactive retransmission wastes radio resource. Considering that XR traffic can be of large data rate, such proactive retransmission might impact overall system capacity. Therefore careful study is needed to minimize the impact of proactive retransmission to radio resource usage.
[bookmark: Pro_Proactive_Res]Proposal 2: Analysis is needed on the potential radio resource waste issue cause by solution direction of proactive retransmission without waiting for status report.
Enhancements to RLC status reporting
[bookmark: _Hlk163031635]Current framework of RLC status report and RLC retransmission is show in Figure 1 below. 


[bookmark: Figure_RLC_ARQ]Figure 1: RLC status report and RLC retransmission
Triggers for RLC status report is either from poll or by expiry of t-Reassembly, as from TS 38.322 clause 5.3.4, copied below: 
Triggers to initiate STATUS reporting include:
-	Polling from its peer AM RLC entity:
-	When an AMD PDU with SN = x and the P field set to "1" is received from lower layer, the receiving side of an AM RLC entity shall:
-	if the AMD PDU is to be discarded as specified in clause 5.2.3.2.2; or
-	if x < RX_Highest_Status or x >= RX_Next + AM_Window_Size:
-	trigger a STATUS report.
-	else:
-	delay triggering the STATUS report until x < RX_Highest_Status or x >= RX_Next + AM_Window_Size.
NOTE 1:	This ensures that the RLC Status report is transmitted after HARQ reordering.
-	Detection of reception failure of an AMD PDU
-	The receiving side of an AM RLC entity shall trigger a STATUS report when t-Reassembly expires.
Potential enhancements for RLC status report can be the introduction of new triggers, e.g. status report based on bytes / number of PDUs received, as well as periodical status report. Another aspect is that currently after receiving polling from gNB, UE delays triggering of status report until certain condition is satisfied (SN x < RX_Highest_Status or x >= RX_Next + AM_Window_Size). Considering the short PDB of XR traffic, it might be helpful to also consider to allow UE to send status report immediately after receiving polling.
[bookmark: Pro_Sta]Proposal 3: RAN2 to analyze solution direction of new triggers for RLC status report as well as fast status report after receiving polling.
Enhancements to polling
Regarding polling enhancements, it should be noted that the purpose of polling is to inform the peer to transmit status report. In case of polling sent by gNB, polling enhancement can be handled by gNB implementation. In case of polling sent by the UE, the goal is to get status report from gNB in a fast manner. However, gNB should be aware of the PDB requirements of XR traffic, and can send RLC status report in time by implementation. Therefore, evaluation is needed on the benefits of polling enhancements over gNB implementation on the timely handling of polling and RLC status report. 
[bookmark: Pro_Poll]Proposal 4: Justification is needed for polling enhancement since gNB implementation can handle timely polling and RLC status report taking into account the PDB requirements of XR traffic.
Avoid unnecessary RLC retransmissions
RLC AM works in lossless mode, where retransmission is always performed on RLC PDUs which have not been completely received by the peer receiver. However the corresponding PDCP entity may already update its state variables (e.g. after expiry of t-Reordering), and will not wait for the “old” PDCP PDUs. Therefore there is an issue that RLC AM may retransmit RLC PDUs which are not useful to the peer PDCP entity, which causes resource waste. Details are as follows.
In PDCP, state variable RX_DELIV indicates the COUNT value of the first PDCP SDU not delivered to the upper layers, but still waited for. RX_DELIV defines the lower edge of PDCP reception window: any PDUs whose COUNT is less than RX_DELIV will be discarded, according to TS 38.323 clause 5.2.2.1:
-	if RCVD_COUNT < RX_DELIV; or
-	if the PDCP Data PDU with COUNT = RCVD_COUNT has been received before:
-	discard the PDCP Data PDU;
When timer t-Reordering expires, RX_DELIV is updated, according to TS 38.323 clause 5.2.2.2:
When t-Reordering expires, the receiving PDCP entity shall:
-	deliver to upper layers in ascending order of the associated COUNT value after performing header decompression, if not decompressed before:
-	all stored PDCP SDU(s) with associated COUNT value(s) < RX_REORD;
-	all stored PDCP SDU(s) with consecutively associated COUNT value(s) starting from RX_REORD;
-	update RX_DELIV to the COUNT value of the first PDCP SDU which has not been delivered to upper layers, with COUNT value >= RX_REORD;
After update of RX_DELIV, any PDUs with COUNT less than RX_DELIV will be discarded, which imply that there can be unnecessary RLC AM retransmissions. An example is shown in Figure 2 below. At first, both PDCP and RLC are waiting for the PDCP PDU (COUNT = 1, corresponding RLC SN = 2), therefore RX_DELIV = 1, and RX_Next = 2. After expiry of timer t-Reordering, RX_DELIV is updated to 6. Meanwhile, RLC layer is still transmitting RLC PDUs with SN = 2 and 3 (with corresponding PDCP COUNT of 1 and 2), which will be discarded by PDCP layer after RX_DELIV is updated to 6. 
[image: ]
[bookmark: Figure_Example_NonSplit]Figure 2: Example of unnecessary RLC AM retransmission
From above discussion, it can be seen that there are unnecessary RLC retransmissions after receiving PDCP entity updated RX_DELIV upon the expiry of t-Reordering timer.
To solve the issue of unnecessary RLC retransmissions, there are mainly two solution directions.
Transmitter-based solution
In Rel-18 XR, PDCP SN gap reporting is introduced. Transmitter uses PDCP control PDU to inform the receiver the PDCP COUNT of the discarded PDCP SDUs so that receiver can update the state variables (e.g. RX_DELIV) accordingly. One restriction in Rel-18 XR PDCP SN gap reporting is that if RLC entity has already submitted the RLC PDUs to MAC layer, the corresponding RLC PDUs cannot be discarded. 
For Rel-19, there are proposals to remove above restriction. Basically, the transmitting side of RLC entity stops transmitting outdated packets (which have already been submitted to MAC layer) and informs the receiving side of peer RLC entity, which updates its state variables (e.g. RX_Next) accordingly.  
Receiver-based solution
In receiver-based solution, the receiving side of RLC entity updates its state variables (e.g. RX_Next) and informs the peer RLC entity with RLC status report so that transmitting side of peer RLC entity stops transmitting outdated packets.
The triggering of receiving side of RLC entity to update its state variable can be a timer similar to t-Reordering in PDCP layer. Upon the expiry of such timer, receiving side of RLC entity can move the lower edge of reception window (i.e. RX_Next). Another option of triggering can be inter-layer interaction. For example, PDCP entity can inform RLC entity when RX_DELIV changes upon the expiry of t-Reordering timer, so that RLC entity can update RX_Next accordingly.
Comparison
Both transmitter-based solution and receiver-based solution can avoid unnecessary RLC retransmissions. From specification impact point of view, transmitter-based solution requires more changes as can be seen based on the experience of Rel-18 PDCP SN gap reporting. Both the transmitter side operation (triggering, control PDU format) and receiver side operation need to be specified. Receiver-based solution, on the other hand, mainly requires the change on receiver side operation while there is almost no change to transmitter side operation which can be based on existing behavior on handling RLC status report.
As we are in the initial stage of WI, it is proposed to further analyze both solution directions.
[bookmark: Pro_Unn][bookmark: Pro_Sol]Proposal 5: RAN2 to analyze transmitter-based solution and receiver-based solution to solve the unnecessary RLC retransmission issue.
Conclusion
In this contribution, we discuss RLC AM retransmission enhancements, and propose the following:
Proposal 1: Solution direction of proactive retransmission without waiting for status report, if supported, is for UL data transmission only.
Proposal 2: Analysis is needed on the potential radio resource waste issue cause by solution direction of proactive retransmission without waiting for status report.
Proposal 3: RAN2 to analyze solution direction of new triggers for RLC status report as well as fast status report after receiving polling.
Proposal 4: Justification is needed for polling enhancement since gNB implementation can handle timely polling and RLC status report taking into account the PDB requirements of XR traffic.
Proposal 5: RAN2 to analyze transmitter-based solution and receiver-based solution to solve the unnecessary RLC retransmission issue.
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