3GPP TSG-RAN WG2 Meeting #125bis	R2-2403690
Changsha, China, 15th – 19th April 2024

Agenda item:	8.7.4
Source:		Rakuten Mobile Inc
[bookmark: _Hlk158812177]Title:			UL related Scheduling Enhancements for XR
Document for:	Discussion 

1. Introduction

In this contribution we discuss enhancements related to the uplink scheduling for XR traffic

2. [bookmark: Proposal_Beacon]Discussion

The Rel-19 Work Item on XR Phase 3 was agreed in RP-240791.
	The Rel-19 XR Phase 3 objectives are as follows:
Specify Enhancements for Scheduling, as follows: 
-	For the UL, Study and if justified, Specify enhancements using delay/deadline information, for support of UL scheduling to enable high XR capacity while meeting delay requirements/avoiding too late PDUs. [RAN2].




Deadline-Aware LCP

Discussion: Deadline-Aware Logical Channel Prioritization (DA-LCP) presents a targeted approach to UL scheduling, especially crucial for XR applications with strict latency requirements. While existing Delay Status Report (DSR) mechanisms, as established in Rel-18, offer insights into the delay status of buffered data, they don't inherently prioritize data transmission based on specific deadlines. DA-LCP aims to fill this gap by incorporating deadline information directly into the LCP process. The key to DA-LCP’s effectiveness lies in its ability to dynamically prioritize packets closer to their deadlines, thus ensuring the most time-sensitive traffic is addressed first. This requires an intricate balance to be maintained within the network scheduler, ensuring XR traffic is prioritized without unduly affecting other services. Moreover, DA-LCP's functionality extends beyond the general scope of DSR, offering a more granular control level over packet scheduling, which is pivotal in high-density XR scenarios where milliseconds can impact the overall user experience.
To operationalize DA-LCP in a 5G network, specific enhancements need to be standardized, particularly in the context of existing DSR mechanisms. Firstly, the protocol needs to define how deadline information for each packet is communicated to the MAC scheduler, potentially as an extension of the current DSR format or through additional signaling from higher layers like PDCP or RRC. This could involve standardizing new fields within DSR messages that convey deadline-specific data or establishing new control messages for this purpose. Secondly, the scheduler's logic within the MAC layer requires enhancement to interpret and act on this deadline information. This involves defining new algorithms or rules that prioritize packets based on their proximity to the deadline, integrated seamlessly with existing LCP mechanisms. Finally, there must be provisions for dynamically adjusting the 'deadline threshold'—the parameter that determines how close to the deadline a packet must be to receive prioritized scheduling. This threshold adjustment would be based on real-time network conditions, XR application requirements, and overall system capacity, ensuring an adaptive and responsive scheduling system.

Proposal 1: Introduce Deadline-Aware Logical Channel Prioritization (DA-LCP) to enhance uplink scheduling by prioritizing XR traffic based on packet deadlines, integrated with existing DSR mechanisms and adaptable to real-time network conditions and application requirements.


Further enhancements to Delay Status Report. 
Discussion: The current DSR mechanism (Rel-18), while effective in providing an overview of delay status, does not provide low level information on packet scheduling requirements.
For the reason additional attributes within DSR can be introduced that specifically target XR application requirements. These could include finer-grained delay metrics, such as the expected time to service (ETS) for queued packets and differentiated handling of packets based on their impending delay deadlines.
Define protocols for how MAC layer schedulers should use this detailed delay information. This could involve instructions for prioritizing traffic based on ETS based on PDB and efficiently managing queues to reduce the risk of packet deadlines being missed.
This data can be used for informed scheduling decisions, especially during network congestion or poor radio conditions.

Proposal 2: Enhance DSR to include attributes like Expected time to service for queued XR packets, ensuring prioritized handling based on real-time delay sensitivity with the MAC layer.


3. Conclusion
In this contribution, we discuss two enhancements for XR uplink and proposed following Proposals. 
Proposal 1: Introduce Deadline-Aware Logical Channel Prioritization (DA-LCP) to enhance uplink scheduling by prioritizing XR traffic based on packet deadlines, integrated with existing DSR mechanisms and adaptable to real-time network conditions and application requirements.
Proposal 2: Enhance DSR to include attributes like Expected time to service for queued XR packets, ensuring prioritized handling based on real-time delay sensitivity with the MAC layer.
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