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Introduction

eXtended Reality (XR) and Cloud Gaming are becoming important applications for 5G in the industry. A SI was endorsed to identify XR applications, corresponding traffic models, KPIs, and identify/evaluate relevant performance metrics for the KPIs [1].

This contribution considers the above aspects for XR deployments.


XR Application and Evaluation Methodology 
SA WGs have made substantial progress in identifying applications, QoS, and enablers for XR. In [2], 7 general categories and 23 particular use cases for XR are defined and are included for easy reference in Table 1. In [1], the list is reduced to 5 use cases from [2] of VR1: “Viewport dependent streaming”, VR2: “Split Rendering: Viewport rendering with Time Warp in device”, AR1: “XR Distributed Computing”, AR2: “XR Conversational” and CG: Cloud Gaming. The last 3 applications, i.e. the AR use cases and cloud gaming, can be a starting point for the SI due to a corresponding larger market relevance. To reduce evaluation scenarios and expedite alignment, AR can be considered with priority.

Table 1: Core use case mapping [2]
	Core Use Cases and Scenarios
	Use Case from Annex A

	Offline Sharing of 3D Objects
	Use Case 1: 3D Image Messaging
Use Case 2: AR Sharing
Use Case 10: Online shopping from a catalogue – downloading

	Real-time XR Sharing
	Use Case 7: Real-time 3D Communication
Use Case 8: AR guided assistant at remote location (industrial services)
Use Case 11: Real-time communication with the shop assistant
Use Case 17: AR animated avatar calls
Use Case 23: 5G Shared Spatial Data

	XR Multimedia Streaming
	Use Case 3: Streaming of Immersive 6DoF
Use Case 4: Emotional Streaming
Use Case 20: AR Streaming with Localization Registry
Use Case 21: Immersive 6DoF Streaming with Social Interaction

	Online XR Gaming
	Use Case 5: Untethered Immersive Online Gaming
Use Case 6: Immersive Game Spectator Mode
Use Case 22: 5G Online Gaming party

	XR Mission Critical
	Use Case 9: Police Mission Critical with AR

	XR Conference
	Use Case 12: 360-degree conference meeting
Use Case 13: 3D shared experience
Use Case 14: 6DOF VR conferencing
Use Case 15: XR Meeting
Use Case 16: Convention / Poster Session

	Spatial Audio Multiparty Call
	Use Case 18: AR avatar multi-party calls
Use Case 19: Front-facing camera video multi-party calls



Proposal 1: Prioritize the AR applications/use cases from [1] for the XR SI. Also consider cloud gaming.

In general, a UE supporting XR will likely need to support multiple data flows and, at least from a RAN1 perspective, the overall operation substantially resembles a UE supporting eMBB and URLLC services. In [3], the traffic models considered for AR/VR traffic are listed in Table 2 (traffic models for other use cases from [3] are omitted).

Table 2: Representative use cases for Rel-16 NR URLLC evaluation
	Use case
	Reliability (%)
	Latency 
	Data packet size and traffic model

	Rel-15 enabled use case (e.g. AR/VR) 
	99.999 
	1 ms (air interface delay) for 32 bytes
1 ms and 4 ms (air interface delay) for 200 bytes 
	DL & UL:
32 and 200 bytes 
FTP model 3 or periodic with different arrival rates

	
	99.9
	7 ms (air interface delay)
	DL & UL:
4096 and 10 K bytes
FTP model 3 or periodic with different arrival rates



One limitation for the traffic models for AR/VR from [3] is that the data packet sizes are fixed while it is generally understood that video packets can have variable sizes. In [1], use of a Pareto distribution is suggested for the packet data size with periodic arrivals and an exemplary arrival time distribution of 1/60 second. Another distribution that can be considered and more accurately matches packet arrivals for could gaming is the Gaussian distribution with a jitter following a truncated Gaussian distribution. Additional aspects to be considered are the average and maximum packet sizes, the average and maximum jitter, and the standard deviation for the packet size and for the jitter of the corresponding Gaussian distributions. Considering various aspects related to evaluations, from the workload to the available time to the need for calibration and comparisons/analysis of the results, it is preferable to minimize evaluation setups by prioritizing one set of assumptions and considering additional ones for optional evaluations.

Proposal 2: Down-select between the Gaussian and Pareto distributions for modeling packet arrivals and jitter and select a small set of packet sizes, jitter values, and packet arrival rates for evaluation. 


The main KPI for XR can draw from URLLC and be defined as the percentage of UEs that satisfy target reliability and latency requirements. Spectral efficiency can be additionally considered. System level and link level simulation assumptions can follow the ones in [3] for URLLC. For the target latency and BLER values, RAN1 may wait for further progress/confirmation from SA4 for [5] and [6] or may make corresponding assumptions to start evaluations. 

Proposal 3: The main KPI for XR is the percentage of UEs that satisfy target reliability and latency requirements. Spectral efficiency can be additionally considered.


In addition to the reliability and latency targets, there are several other KPIs and deployment aspects that need to be considered for successful commercialization of XR.

One KPI is the PDCCH blocking probability, both for span-based PDCCH monitoring and for slot-based PDCCH monitoring. The PDCCH blocking probability was not a major concern for eMBB in Rel-15 because, for a relatively small number of scheduled UEs per slot, it is typically smaller than or equal to an order of magnitude as the PDCCH BLER and, when blocking occurred, it was not too detrimental because the UE could be scheduled in a next slot as eMBB latency can tolerate delay of several slots. None of those conditions hold for XR (or for URLLC). PDCCH blocking is currently several orders of magnitude larger than the target BLER, scheduling cannot be deferred in next slots, and additionally, required CCE aggregation levels need to be larger than for eMBB which further increases blocking, especially with respect to the number of non-overlapped CCEs. 

Proposal 4: PDCCH blocking is included in the evaluation of the latency KPI.


Another KPI is power consumption particularly for head-mounted devices (e.g. AR glasses) especially if they do not rely on a smartphone (e.g. through USB or Bluetooth) to provide 5G connectivity. However, power savings for XR represent new challenges due to the short latency requirements and due to the PDCCH blocking probability that is already too large to allow reduction in the PDCCH monitoring capability of the UE. The power consumption models developed in TR 38.840 [4] and Rel-16 and Rel-17 mechanisms for power savings can be a starting point subject to considerations for minimal/no additional scheduling latency and minimal/no increase in PDCCH blocking probability. Enhancements to UE Rel-16 power saving mechanisms for adaptation to XR traffic characteristics should also be considered.

Proposal 5: Rel-16/17 UE power savings mechanisms and potential enhancements are considered subject to minimal/no additional scheduling latency and minimal/no increase in PDCCH blocking probability.


Another KPI is the support of relatively large packet sizes with CG-PUSCH transmissions in order to meet latency requirements. For small data packets, such as ones considered in Rel-16 URLLC, and few UEs per BWP, relying on CG-PUSCH transmissions is generally feasible as a percentage of resources that need to be reserved can be relatively small and the underlying assumption was also that the data packet size was invariable. Those assumptions do not hold for XR applications as neither the data packets/data rates are typically small nor is the data packet size constant (e.g. as video traffic for gaming or interactive applications) and a CG-PUSCH based approach can lead to small capacity and a significantly reduced throughput for eMBB UEs. 

Proposal 6: Consider enhancements for CG-PUSCH transmissions to accommodate large data packets with variable size for XR.


A deployment consideration is for meeting latency targets in TDD. For example, for cloud gaming and assuming a latency target of ~10 msec from the UE to/from the server, the latency budget at the physical layer may not exceed 2 msec. For typical TDD configurations, such as 4/1 for DL/UL, such latency budget cannot be met. Rel-16 provides, and Rel-17 is expected to provide, a set of tools to address such latency issues including CA with complementary UL-DL configurations, cross-carrier scheduling on the PCell by DSS, HARQ-ACK disabling, and so on. RAN1 should further consider designs and associated tradeoffs for meeting XR latency targets in TDD.

Proposal 7: Identify solutions to achieve XR latency targets in TDD.


Capacity enhancements and support of medium/high data rates require use of MIMO and CA for load balancing. For example, MU-MIMO can in theory provide capacity enhancements although in practice the expected gains are not typically realizable and that is expected to be even more challenging for small target BLERs. Nevertheless, for low UE speeds and the channel reciprocity offered in TDD, MU-MIMO functionality can be considered in conjunction with the SRS transmission enhancements pursued in Rel-17 MIMO. 

Rel-16 supports M-TRP transmissions for URLLC and further enhancements are considered in Rel-17. Those designs can be reference ones for XR but it is the UL that typically limits reliability and coverage. M-TRP receptions are considered in Rel-17 MIMO and the XR study item needs to consider whether there are any additional XR-specific design considerations.

For mobility support, DAPS and HST designs provide a starting point for XR and, as for other designs, the SI needs to consider whether any XR-specific enhancements are necessary.   

Proposal 8: Consider Rel-16/Rel-17 designs as starting point for capacity, mobility, and reliability support for XR.


The main KPI for satisfying latency and reliability requirements will be limited by the ~5% of the UEs with the smallest geometries. LTE support inter-cell interference coordination (ICIC) to enhance the geometry of cell edge UEs at the expense of average spectral efficiency. A robust and future-proof design for XR should enable a network to apply ICIC, for example depending on the relative XR traffic requirements or the UE distribution. In general, for URLLC applications, ICIC can be a key enabler in meeting reliability and latency KPIs.

Proposal 9: Study support of ICIC in achieving the latency and reliability requirements for XR.


Conclusions
This contribution considered XR application scenarios, corresponding traffic models, KPIs, and next steps for the SI. The following is proposed.

Proposal 1: Prioritize the AR applications/use cases from [1] for the XR SI. Also consider cloud gaming.

Proposal 2: Down-select between the Gaussian and Pareto distributions for modeling packet arrivals and jitter and select a small set of packet sizes, jitter values, and packet arrival rates for evaluation. 

Proposal 3: The main KPI for XR is the percentage of UEs that satisfy target reliability and latency requirements. Spectral efficiency can be additionally considered.

Proposal 4: PDCCH blocking is included in the evaluation of the latency KPI.

Proposal 5: Rel-16/17 UE power savings mechanisms and potential enhancements are considered subject to minimal/no additional scheduling latency and minimal/no increase in PDCCH blocking probability.

Proposal 6: Consider enhancements for CG-PUSCH transmissions to accommodate large data packets with variable size for XR.

Proposal 7: Identify solutions to achieve XR latency targets in TDD.

Proposal 8: Consider Rel-16/Rel-17 designs as starting point for capacity, mobility, and reliability support for XR.

Proposal 9: Study support of ICIC in achieving the latency and reliability requirements for XR.
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