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1 Introduction
[bookmark: OLE_LINK59]In Revised WID on XR (eXtended Reality) for NR Phase 3 [1], the challenges of RLC AM in Justification section are as described below. “RLC-AM is useful to limit data loss, however RLC-AM feedback or retransmission triggering mechanisms are not well adapted for short packet delay budgets applicable to XR traffic. Also, for RLC AM, considerable amounts of data may be in-flight, i.e. in the window, and there is no current way to avoid retransmitting this data, even if the data is old.” Therefore, one of the Rel-19 XR Phase 3 objectives is “RLC re-transmission related enhancements for operation of RLC Acknowledged Mode (AM) with small packet delay budget.” 
In this document, we first identify the limitations of RLC AM for XR. Then possible enhancement directions of the retransmmission mechanisms are discussed and proposed. 
2 Discussion
2.1 Limitations of RLC AM for XR
Figure 1 is an example of ARQ (Automatic Repeat reQuest), which is the error correction proceeded in an AM RLC entity. For the UL transmission, a UE can poll the gNB to acquire the status report about the data it had transmitted. Then after receiving the STATUS PDU, the UE retransmits the data indicated as negative acknowledgement in the STATUS PDU. The ARQ procedure may take a much longer time compared to the HARQ proceeded in a MAC entity. The time needed for ARQ per RLC SDU may be up to several hundreds of milliseconds (e.g., 300ms). However, ARQ is able to provide a high reliability guarantee. Therefore, RLC AM is used to support TCP-based applications, such as FTP. 
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Figure 1 Example of ARQ (UL)
Observation 1: The time needed for ARQ per RLC SDU may be up to several hundreds of milliseconds (e.g., 300ms). 
When we consider the user experience of some emerging new services, e.g., immersive and interactive XR applications, how to support the latency and reliability requirement becomes a challenge for RLC AM. We illustrate the limitations by excerpting the following information in TS 23.501 [2]. In TABLE 1, a GBR service (e.g., Conversational Voice) can be supported by RLC UM, and a Non-GBR service (e.g., TCP-based services) can be supported by RLC AM. However, for delay-critical GBR service (e.g., visual content for cloud rendering), its packet delay budget is much smaller compared to Non-GBR service’s packet delay budget, and its packet error rate is much lower compared to GBR service’s packet error rate. That inspires the necessary that ARQ needs to be enhanced with delay considerations for supporting services with stringent latency and reliability requirements.
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TABLE 1 Information of Standardized 5QI to QoS characteristics mapping
Observation 2: For immersive and interactive XR applications, user experience is highly valued with latency and reliability requirements. 
Proposal 1: ARQ needs to be enhanced with delay considerations for supporting services with stringent latency and reliability requirements. 

2.2 Possible enhancement directions
There are three steps of ARQ. We thought that both proactive (i.e., prioritizing urgent data) and reactive (i.e., discarding old data) enhancements are worth for investigation. 
Proactive enhancements
In the following, we enumerate four options for discussion. 
· Option 1: Delay-based retransmission 
In addition to the current retransmission triggering, “receiving a negative acknowledgement for an RLC SDU or an RLC SDU segment by a STATUS PDU”, a transmitting side is able to retransmit urgent data automatically based on a delay criterion. The advantage is that the whole ARQ procedure can be shortened, and the cost is the risk of duplicated data. Therefore, in order to leverage the reliability and duplication, the new retransmission triggering may be only applicable to high-importance RLC SDU or RLC SDU segment. 
· Option 2: Delay-based polling 
In addition to the current polling triggering, “if PDU_WITHOUT_POLL >= pollPDU; or if BYTE_WITHOUT_POLL >= pollByte:”, a transmitting side is able to polling based on a delay criterion to shorten the ARQ procedure. So even the volume of transmitted data is not enough to trigger a polling, a delay-based polling can be triggered to meet the stringent latency requirement. 
· Option 3: Timer-based status reporting 
In addition to the current status reporting triggering, “polling from its peer AM RLC entity”, a receiving side is able to initiate STATUS reporting based on a timer. The timer can be configured with a small value to meet the stringent latency requirement. 
· Option 4: HARQ indication to ARQ
In the past, there had been a discussion of interaction between HARQ and ARQ for LTE; however, the concept was not accepted due to no obvious effectiveness. Nonetheless, the necessary of an interaction between HARQ and ARQ can be re-examined for XR applications. But we need to be cautious that the different designs in radio interface of NR and LTE. 
Reactive solution: for discard enhancement
· Delay-based discard of RLC AM
[bookmark: _GoBack]If the data in the transmitting window at the transmitting side is too old (e.g., the remaining value of the PDCP discardTimer becomes below a threshold), the AM RLC entity can refuse to consider the data for retransmission. For this delay-based discard of RLC AM, maybe it is only applicable to low-importance RLC SDU or RLC SDU segment. 
Based on the above discussion, we conclude the following proposals. 
Proposal 2: Proactive enhancements for ARQ, e.g., delay-based retransmission, delay-based polling, etc., need to be investigated for supporting services with stringent latency and reliability requirements. 
Proposal 3: Reactive enhancements for ARQ, e.g., delay-based discard, etc., need to be investigated for supporting services with stringent latency and reliability requirements. 
3 Conclusion
In this contribution, we conclude the following observations and proposals. 
Observation 1: The time needed for ARQ per RLC SDU may be up to several hundreds of milliseconds (e.g., 300ms).
Observation 2: For immersive and interactive XR applications, user experience is highly valued with latency and reliability requirements. 
Proposal 1: ARQ needs to be enhanced with delay considerations for supporting services with stringent latency and reliability requirements.
Proposal 2: Proactive enhancements for ARQ, e.g., delay-based retransmission, delay-based polling, etc., need to be investigated for supporting services with stringent latency and reliability requirements. 
Proposal 3: Reactive enhancements for ARQ, e.g., delay-based discard, etc., need to be investigated for supporting services with stringent latency and reliability requirements. 
4 References
[1]. [bookmark: _Ref131585338][bookmark: _Ref127194939][bookmark: _Ref101776278][bookmark: _Ref110845210][bookmark: _Ref92283062][bookmark: _Ref115376980]RP-240791 Revised WID on XR (eXtended Reality) for NR Phase 3, Nokia, 2024-03
[2]. TS 23.501 System architecture for the 5G System (5GS); Release 18

image3.png
UE

polling

NG-RAN

Status Report

Retransmission





image4.png
5Ql Resource Default Priority Packet Delay Packet | Default Maximum Default Example Services
Value Type Level Budget Error Data Burst Averaging
Rate Volume Window
1 GBR 20 100 ms 102 N/A 2000 ms Conversational Voice
6 Non-GBR N/A N/A Video (Buffered Streaming)

60 300 ms 10% TCP-based (e.g. www, e-mail,
chat, ftp, p2p file sharing,
progressive video, etc.)

84 24 30 ms 10 1354 bytes 2000 ms Intelligent transport systems (see
Delay-critical TS 22.261 [2])
GBR
90 25 20 ms 104 63000 bytes 2000 ms Visual content for cloud/edge/split

rendering (see TS 22.261 [2])





