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[bookmark: OLE_LINK39][bookmark: OLE_LINK38][bookmark: OLE_LINK37]1	Introduction
[bookmark: OLE_LINK28]This document discusses the enhancement directions of fourth objective in R19 XR WID [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.
[bookmark: OLE_LINK29]In last RAN2 meeting (RAN2 #125bis), we reach following agreements:
· [bookmark: OLE_LINK32]We focus on RLC AM
· RAN2 will analyse solutions to ensure timely RLC retransmission(s) for XR
· [bookmark: OLE_LINK26][bookmark: OLE_LINK19][bookmark: OLE_LINK33]RAN2 will analyse how to avoid unnecessary retransmissions (e.g. to avoid reTx of out-dated packets)
In this document, we first analyse the solutions proposed from last meeting and provide analysis (pros and cons) of each solution and propose the direction of enhancements.
[bookmark: OLE_LINK41][bookmark: OLE_LINK24][bookmark: OLE_LINK17][bookmark: OLE_LINK16]2	Discussion
2.1	Limitations of RLC AM to serve XR traffic
[bookmark: OLE_LINK30]RLC re-transmission (aka ARQ) as specified in [2] is based on STATUS reporting (section 5.3.4) from the receiver side. There are two triggers for STATUS reporting as illustrated in Figure 1: 
1) polling from the transmitter, and 
2) [bookmark: OLE_LINK31]t-Reassembly timer expiry at the receiver following the detection of a reception failure. 
[image: ]
[bookmark: _Ref163138570]Figure 1: Current RLC re-transmission procedures
In case of data loss below RLC, the STATUS report triggered by t-Reassembly expiry ensures that this data can be recovered. The purpose of t-Reassembly is to ensure that RLC does not trigger a retransmission while HARQ recovery is being attempted. The timer length needs to be set to a value that is long enough to cover the maximum delays possible with HARQ recovery. Typical values seen in NR deployments range between 25 and 45ms. While such delays are reasonable for legacy traffic, it is unsuitable for traffic with small packet delay budget (PDB) such as XR. 
[bookmark: OLE_LINK43]Observation 1: RLC AM based retransmission in its current form is too slow to cope with XR traffic with small PDB.
[bookmark: OLE_LINK46]Another feature of RLC AM is that it is lossless in nature. If the receiver detects a reception failure, retransmissions are triggered until the data is successfully recovered. In case maximum number of RLC retransmission attempts are reached, radio link failure is declared and the link is torn down. While such behaviour is suitable for regular TCP-like traffic (which does not react well to data losses), it is unsuitable for XR traffic which have small PDBs. Repeated attempts to retransmit data that has exceeded its PDB leads to head of line blocking at the transmitter and increases the queueing delays experienced by other data that is pending transmission. There is currently no way to gracefully give up on retransmissions and discard late data in RLC AM mode of operation.
[bookmark: OLE_LINK47]Observation 2: The inability of RLC AM to gracefully give up on the retransmission of data that has exceeded its PDB, leads to head-of-line blocking at the transmitter.
Consequentially, RLC UM is better suited to deal with XR traffic compared to RLC AM. Of course, the downside with the usage of RLC UM is that data reliability is limited to HARQ performance.
Observation 3: Only RLC UM can be used to serve XR traffic today, which limits the reliability that can be achieved for XR traffic.

2.2	Enhancement directions for RLC AM to serve XR traffic

[bookmark: OLE_LINK2][bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK20]The reason for RLC AM retransmissions being slow (as in Observation 1) is that retransmissions are triggered by a timer that models worst-case lower layer delays. Therefore, we see two camps of enhanced directions from last meeting, one camp is to directly ignore the STATUS report and do autonomous retransmission when some conditions meet (e.g., remaining time is below a threshold), the other camp is to speed up the whole ARQ procedures via new trigger condition or small value of timer, etc. We summarize them in the below Table.
	
	Enhanced details
	Reference

	[bookmark: OLE_LINK5]Camp 1: autonomous retransmission when some conditions meet
	1. Retransmission when remaining time is below a threshold.
2. Timer-based retransmission
	[bookmark: OLE_LINK13][bookmark: OLE_LINK14][4][5][7][8][9][11][12][17][18]

	Camp 2: speed up whole ARQ procedure via small value timer, new trigger conditions, etc
	1. New trigger condition to send polling.
2. New trigger condition/timer to send feedback information
	[bookmark: OLE_LINK11][bookmark: OLE_LINK10][bookmark: OLE_LINK12][3][4][6][7][10][12][13][14][15][16][17][18][19]



[bookmark: OLE_LINK36]For camp 1 solution, we see a severe drawback is the redundant/unnecessary retransmission if the lower layer transmission is still ongoing, then, this autonomous retransmission will downgrade capacity performance, which also violate the agreement (RAN2 will analyse how to avoid unnecessary retransmissions) we made from last meeting. For camp 2, although the overall procedures/steps are not changed, the overall latency can be reduced via new trigger condition and smaller value of timer to meet UL latency requirement without sacrifice radio resource for unnecessary retransmission. And the most important thing is, we still follow the spirit of RLC AM, which is also one agreement (We focus on RLC AM) from last meeting.
[bookmark: OLE_LINK44]Proposal 1: In order to avoid unnecessary retransmissions (to downgrade capacity performance), retransmission should base on feedback information from receiver side.
The overall retransmission procedure can be sped up if the feedback information be triggered as soon as possible. As illustrated in Figure 2, if the lower layers inform RLC of HARQ recovery failures when it occurs (in place of modelling worst case HARQ recovery delays), RLC AM based retransmissions can take place much faster than today. 
[image: ]
[bookmark: _Ref163141087]Figure 2: Enhanced RLC re-transmission procedures
For DL data transmissions, the receiver MAC entity (UE) always informs the transmitter MAC entity (gNB) whether data has been successfully received or not. When the gNB gives up on HARQ retransmissions, it is possible by gNB implementation to inform the RLC entity in the gNB to trigger retransmissions of the corresponding lost data. 
However, for UL data transmissions, the receiver MAC entity (gNB) does not always inform the transmitter MAC entity (UE) whether data has been successfully received or not. When the gNB gives up on HARQ retransmissions, the UE has no idea that this has happened. UE only sees that the NDI has toggled for the HARQ process. Therefore, there is no way for the UE to be able to trigger early RLC retransmissions in case of HARQ recovery failure. In order to speed up RLC AM retransmissions to serve XR traffic, we propose to introduce such an indication from the gNB to the UE.
[bookmark: OLE_LINK48]Proposal 2: On UL HARQ recovery failure, introduce an indication from the gNB to the UE to trigger early RLC re-transmission.
    Given that such a lower-layer indication (acknowledgement) involves RAN1 procedures and will involve RAN1 discussion, we need to inform RAN1 as early as possible, to allow enough time for RAN1 to work on feasibility and means to provide such an indication.
[bookmark: OLE_LINK42][bookmark: OLE_LINK21]Proposal 3: Inform RAN1 that an indication from the gNB to the UE is needed on UL HARQ recovery failure to trigger early RLC re-transmission.
[bookmark: OLE_LINK40]    Another alternative is gNB send RLC STATUS report as soon as possible, it is up to gNB implementation. However, the overhead of RLC STATUS report is much larger than the lower layer indication.
[bookmark: OLE_LINK49]Proposal 4: If proposal 2 is not agreed, it is up to gNB implementation to send RLC STATUS report as soon as possible.

    In the current RLC spec [2], only RLC SDU discard behavior is specified as shown in Excerpt 1 below. RLC PDU (RLC SDU or RLC SDU segment) discard behavior is not specified. As explained in Section 2.1, repeated attempts to retransmit lost RLC PDUs that have exceeded their PDB leads to head-of-line blocking and queuing delays at the transmitter. Therefore, we propose to define a mechanism to discard RLC PDUs that have exceeded their PDB.[bookmark: _Ref163143164]Excerpt 1: Discard procedure in RLC
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.

[bookmark: OLE_LINK45]Proposal 5: Introduce a mechanism to discard RLC PDUs that have exceeded their delay budget.
3	Conclusion
This document makes the following observations:
Observation 1: RLC AM based retransmission in its current form is too slow to cope with XR traffic with small packet delay budgets.
Observation 2: The inability of RLC AM to gracefully give up on the retransmission of data that has exceeded its PDB, leads to head-of-line blocking at the transmitter.
Observation 3: Only RLC UM can be used to serve XR traffic today, which limits the reliability that can be achieved for XR traffic.

Based on the observations above, the following proposals are made:
[bookmark: OLE_LINK1]Proposal 1: In order to avoid unnecessary retransmissions (to downgrade capacity performance), retransmission should base on feedback information from receiver side.
Proposal 2: On UL HARQ recovery failure, introduce an indication from the gNB to the UE to trigger early RLC re-transmission.
Proposal 3: Inform RAN1 that an indication from the gNB to the UE is needed on UL HARQ recovery failure to trigger early RLC re-transmission.
Proposal 4: If proposal 2 is not agreed, it is up to gNB implementation to send RLC STATUS report as soon as possible.
Proposal 5: Introduce a mechanism to discard RLC PDUs that have exceeded their delay budget.
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