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Introduction
A Study Item on XR enhancements for NR has been approved [1] with the following objectives:  
The study is to be based on Release 17 TR 38.838, on corresponding Release 17 work from SA4 (as per SP-210043) and on Release 18 work from SA2 (as per SP-211166). 
Objectives on XR-awareness in RAN (RAN2):
· Study and identify the XR traffic (both UL and DL) characteristics, QoS metrics, and application layer attributes beneficial for the gNB to be aware of.
· Study how the above information aids XR-specific traffic handling.

Objectives on XR-specific Power Saving (RAN1, RAN2):
· Study XR specific power saving techniques to accommodate XR service characteristics (periodicity, multiple flows, jitter, latency, reliability, etc...). Focus is on the following techniques:
· C-DRX enhancement.
· PDCCH monitoring enhancement.

Objectives on XR-specific capacity improvements (RAN1, RAN2):
· Study mechanisms that provide more efficient resource allocation and scheduling for XR service characteristics (periodicity, multiple flows, jitter, latency, reliability, etc…). Focus is on the following mechanisms:
· SPS and CG enhancements;
· Dynamic scheduling/grant enhancements.
In this contribution, we discuss XR-specific scheduler enhancements and provide preliminary evaluation results.
XR Performance Results – Scheduler Comparison
Extended reality (XR) applications of interest can be broadly divided into three application categories: enterprise applications, consumer applications and mission critical applications. The Rel-17 study item evaluated different applications covering a range of categories including augmented reality (AR), virtual reality (VR), and cloud gaming (CG).
One key aspect which impacts the radio access network (RAN) performance for XR applications of interest, is the traffic file size distribution. XR applications including AR, VR, and CG have unique traffic characteristics which should be taken into account within the 5G RAN (e.g., gNB-CU and/or gNB-DU) for resource allocation, including scheduler metrics, and dynamic/semi-static resource allocation grants. Unlike standard mobile broadband (e.g., using a file transfer protocol) or video streaming traffic types, for interactive applications especially which are dependent on the user environment, the packets are not fixed in size, although they are dependent on the encoding rate.
Figure 1 plots the user perceived throughput (UPT) for a system simulation of an XR application with an encoding rate of 1080p@30Hz modelled as a Truncated Gaussian distributed and compares it with the respective typical file transfer protocol traffic model counterpart with identical offered load (e.g., 8Mbps per user with a fixed file size and random arrivals).
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Figure 1. Comparison of FTP and Truncated Gaussian traffic models for XR

The results depicted in Figure 1 show that the Truncated Gaussian and FTP models result in very different performance curves, which indicates that applying XR media characteristics to an existing FTP traffic model is not sufficient and that both variable file size and fixed inter-arrival times should be considered to characterize XR traffic within a 5G system.

This section presents results based on the Rel-17 baseline evaluation assumptions for the DL and UL XR traffic models as defined in [2], specifically focusing on the AR use case following deployment scenario: 
· Scenarios: FR1 Urban Macro
· Traffic Type: DL Video (30Mbps/60fps)
· Number of streams: 1
· BW: 100MHz
· Scheduler: Proportional Fair (PF) vs. Min Delay (MD)
The primary purpose of these evaluations is to compare the packet delay statistics for the different scenarios with different scheduler implementations. While system capacity is a primary metric of interest for cellular system performance, in this case the focus is on the per-user benefits for XR traffic of applying absolute delay prioritization in the scheduler, compared to a typical baseline PF approach as shown in Figure 2 below.
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Figure 2. PF vs. MD scheduling for DL XR Video traffic

From these results, it is clear that the min delay scheduler provides significant gains in the FR1 urban macro scenario. Since the Urban Macro scenario is outdoor and coverage limited, there is a need for inter-queue prioritization between users at the scheduler which is one of the primary challenges for resource allocation with the XR traffic model due to its strict periodic behavior. Also, while this result is based on a strict delay scheduler, it should be noted that this is only a lower performance bound. If the scheduler could be aware of the overall delay of correlated packets which are part of a PDU set (e.g., part of the same media frame) it could enable additional packet dropping in case of too-late delivery, or even higher prioritization of one or more packets within the PDU set to ensure successful delivery of the entire media frame and improved QoE. 
[bookmark: OLE_LINK23][bookmark: OLE_LINK24][bookmark: OLE_LINK29]Observation 1: For the XR video traffic, awareness of the delay characteristics of the packets in relation to a PDU set (e.g., part of the same media frame) results in improved scheduling performance and user QoE.

The XR-aware scheduler can benefit from accurate information about the XR traffic characteristics, including the historical or predicted packet size distribution and the inter-arrival time distribution between packets for a given user’s flow. These distributions can be characterized on a traffic flow basis directly in terms of their mean, variance, and/or {max, median, min} values along with a statistical model (e.g., Gaussian, Exponential, Fixed Arrival, Lognormal). Additionally, the characteristics could instead be inferred from machine-learning (ML) models which are trained within the RAN or outside the RAN by the network or service provider. Depending on whether the XR traffic is in a DL or UL direction (or both in case of interactive user sessions) influences whether the information necessary for determining the traffic characteristics should be provided to/from a UE or gNB. 
[bookmark: OLE_LINK4]Proposal 1: RAN2 should study how the gNB (specifically the scheduler) can be made aware of DL and UL XR traffic flow/packet characteristics or assisted in the development of predictive models used in resource allocation.

One approach for providing this information is to utilize the concept of a PDU Set introduced by SA2 which corresponds to one or more IP packets provided to the RAN (gNB or UE) that belong to the same application packet (e.g., media frame). Both semi-static and dynamic information should be conveyed to the scheduler with PDU set granularity. For example, the PDU set periodicity is expected to be constant across PDU sets sent at the same frame rate but the number of IP packets per PDU set and the specific delay budget may be impacted by transport delays, media content type, and jitter, etc. and can vary across PDU sets (even consecutive ones). 
[bookmark: OLE_LINK3]Proposal 2: RAN2 should consider the benefits and feasibility of providing the following DL and UL XR PDU Set characteristics for a given XR traffic flow:
· [bookmark: OLE_LINK5]PDU Set size distribution (e.g., max/min, mean, and variance)
· PDU Set inter-arrival time distribution
· Number of IP packets per PDU Set 
· PDU Set Delay Budget
· PDU Set Jitter distribution (e.g., max/min, mean, and variance)


Conclusion
In this contribution, we made the following observations and proposals related to support for XR-specific scheduler enhancements:
Observation 1: For the XR video traffic, awareness of the delay characteristics of the packets in relation to a PDU set (e.g., part of the same media frame) results in improved scheduling performance and user QoE.
Proposal 1: RAN2 should consider how the gNB (specifically the scheduler) can be made aware of DL and UL XR traffic flow/packet characteristics or assisted in the development of predictive models used in resource allocation.
Proposal 2: RAN2 should consider the benefits and feasibility of providing the following DL and UL XR PDU Set characteristics for a given XR traffic flow:
· PDU Set size distribution (e.g., max/min, mean, and variance)
· PDU Set inter-arrival time distribution
· Number of IP packets per PDU Set 
· PDU Set Delay Budget
· PDU Set Jitter distribution (e.g., max/min, mean, and variance)
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