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1. [bookmark: _GoBack]Introduction
In RAN#86 meeting, RAN1 Rel-17 study item was approved for XR evaluation for NR [1]. The objective of the study item is as follows.
	The following applications are to be considered as starting points for this study: 
· VR1: “Viewport dependent streaming”
· VR2: “Split Rendering: Viewport rendering with Time Warp in device”
· AR1: “XR Distributed Computing”
· AR2: “XR Conversational”
· CG: Cloud Gaming
Note: Use cases in quotes are from TR26.928.

The following traffic parameters for the different applications are to be considered as starting point for the study:
Traffic characteristics:
· UL and DL File Size distribution (e.g., Pareto with given parameters)
· UL and DL File arrival time distribution (e.g., Periodic every 1/60 seconds)
Traffic requirements: 
· Round-trip-time or UL and DL one-way Packet delay budget (PDB)
· UL and DL Packet error rate (PER)

The objective of this study item are as follows:

1. Confirm XR and Cloud Gaming applications of interest
2. Identify the traffic model for each application of interest taking outcome of SA WG4 work as input, including considering different upper layer assumptions, e.g. rendering latency, codec compression capability etc.
3. Identify evaluation methodology to assess XR and CG performance along with identification of KPIs of interest for relevant deployment scenarios
4. Once traffic model and evaluation methodologies are agreed, carry out performance evaluations towards characterization of identified KPIs 
 
Note 1: eURLLC SI/WI work relevant to XR should be taken into consideration.
Note 2: Traffic model for the performance evaluation shall be based on the standardization in SA WG4 


As shown in the objective above, traffic model for the performance evaluation in the RAN1 study item should be based on the output of SA WG4, where XR system design model and the corresponding traffic model are under development in the study item ‘Feasibility Study on Typical Traffic Characteristics for XR Services and other Media’ [2]. In this study item, the information, such as content format, codecs and protocol, for XR service and traffic characteristics on IP uplink and downlink in terms of packet sizes, and temporal characteristics is in under study. The following XR services have been studied as initial services, but not limited to
· Viewport independent Streaming
· Viewport dependent Streaming 
· Raster-based Split Rendering 
· Cloud gaming
· MTSI-based XR conversational services
RAN1 has started the study item work from RAN1#103-e meeting [3], where the work is initially focused on the evaluation assumptions including XR applications, traffic model and evaluation methodology.

1. Discussion
The following agreement was made in RAN1#103-e meeting regarding prioritization of the combinations of deployment scenarios and applications.
	Agreement:
It is to be further discussed how to prioritize the combinations of deployment scenarios and applications after traffic models for each application are stable.



Even if the draft XR evaluation result template is flexible enough to capture almost all the combinations of deployment scenarios and applications, we still think prioritization among combinations of deployment scenarios and applications is needed to reduce the RAN1 workload and to draw conclusions based on the importance or relevance of the applications and the deployment scenarios of those applications in the TR. We suggest the following prioritizations.

Proposal 1: 
· For VR1 and VR2 applications, Indoor hotspot is prioritized
· For AR1 and AR2, Dense urban and Urban macro are prioritized
· For CG, Dense urban [and Indoor hotspot] is[/are] prioritized
· FR1 is prioritized for some of combinations of deployment scenarios and applications, e.g., AR1 and AR2

For details of TDD configurations for XR/CG evaluation, the following agreement was made in RAN1#104-e meeting.
	Agreement: adopt following update for TDD configuration for XR/CG evaluation
· FR1:
· Option 1: DDDSU
· Option 2: DDDUU
· FR2:
· Option 1: DDDSU
· Option 2: DDDUU
Detailed S slot format is 10D:2F:2U. Other S slot format(s) can also be optionally evaluated.
Further clarify that for option 2 for FR1/FR2, there is [2]-symbol gap at the end of third “D” slot of DDDUU.
FFS whether or not to differentiate the two options (e.g., mandatory vs. optional)



The required number of UL symbols in TDD configurations to support XR/CG depends on the target XR/CG applications. For example, AR requires more UL symbols than the others as video traffic needs to be transmitted in the uplink. Even if it was concluded in RAN1#104b-e meeting that it is up to companies to choose either Option 1 (DDDSU) or Option 2 (DDDUU) for TDD configuration (as per previous agreements) and do the evaluation, we still prefer to prioritize the following combinations of TDD configurations and the XR/CG applications to reduce the RAN1 workload and to draw conclusions based on the combinations of XR applications and the typical TDD configurations of them in the TR.

Proposal 2: Prioritize the following combinations of TDD configurations and XR/CG applications.
· DDDUU for AR applications for both FR1 and FR2
· DDDSU for VR/CG applications for both FR1 and FR2

For power consumption evaluation, whether to include the unsatisfied UEs for obtaining the power saving gain was discussed in RAN1#104b-e meeting and as a result the following agreement was made.
	Agreement: 
For XR power evaluation (including baseline and power saving schemes), companies report both Option 1 and Option 2 results for evaluating the power saving gain.
· Option 1: all UEs are considered
· Option 2: satisfied UEs only are considered



Power saving is meaningful not only for the satisfied UEs but also for the unsatisfied UEs. Assuming a hypothetical case that there is a power saving technique that saves some power for the satisfied UEs but consumes the battery power pretty bad for the unsatisfied case, then ideally it should be captured in our study. We think evaluation results based on Option 1 (all UEs are considered) is more realistic while not requiring additional simulation work.

Observation 1: XR power evaluation based on Option 1 (all UEs are considered) is more realistic while not requiring additional simulation work.

AR requires and benefits most from the power saving techniques among XR applications due to its compact form factor. As shown in the Table below copied from [4], according to the study in SA4, XR device types XR5G-A1, XR5G-A2, and XR5G-A5 have smaller maximum available powers compared to phone type devices. All of these are AR glasses that have some issues in thermal dissipation due to its device geometry. As the AR is the application in which the power consumption is the most critical and the usage scenarios of these AR glasses are not limited to the indoors, we suggest to prioritize AR in Dense urban and Urban macro deployment scenarios. If further reduction in simulation runs is desired, prioritizing FR1 over FR2 can also be considered.
	XR Type 
Number
	XR Device Type
Name
	Tethering
Examples
	5G Uu Modem
	XR Engine Localization
	Power Supply
	Typical Max Avail Power

	XR5G-P1
	Phone
	n/a
	XR device
	XR device or split
	Internal
	3-5 W

	XR5G-V1
	Simple VR Viewer wired tethering 
	USB-C
	External
	External
	External
	2-5 W

	XR5G-V2
	Simple VR Viewer wireless tethering
	802.11ad/y, 5G sidelink, etc.
	External
	External
	Internal
	2-3 W

	XR5G-V3
	Smart VR Viewer wireless tethering
	802.11ad/y, 5G sidelink, etc.
	External
	XR device or Split
	Internal
	2-3 W

	XR5G-V4
	VR HMD Standalone
	n/a
	XR device
	XR device or Split
	Internal
	3-7 W

	XR5G-A1
	Simple AR Wearable Glass wired tethering
	USB-C
	External
	External
	External
	1-3 W

	XR5G-A2
	Simple AR Wearable Glass wireless tethering
	802.11ad/y, 5G sidelink. etc.
	External
	External
	Internal
	0.5 – 2 W

	XR5G-A3
	Smart AR HMD see-through standalone
	n/a 
	XR device
	XR device or Split
	Internal
	3-7 W

	XR5G-A4
	AR Wearable Glass standalone
	n/a
	XR device
	XR device or Split
	Internal
	2 - 4 W 

	XR5G-A5
	Smart AR Wearable Glass wireless tethering
	802.11ad/y, 5G sidelink. etc.
	External
	XR device or Split
	Internal
	0.5 – 2 W



Proposal 3: For power consumption evaluation, prioritize AR in Dense urban and Urban macro deployment scenarios
· FR1 is prioritized over FR2

1. Summary
In this paper, we discussed further aspects on evaluation methodologies for RAN1 study on XR operation in NR. Proposals and observations in this paper are summarized below.

Proposal 1: 
· For VR1 and VR2 applications, Indoor hotspot is prioritized
· For AR1 and AR2, Dense urban and Urban macro are prioritized
· For CG, Dense urban [and Indoor hotspot] is[/are] prioritized
· FR1 is prioritized for some of combinations of deployment scenarios and applications, e.g., AR1 and AR2

Proposal 2: Prioritize the following combinations of TDD configurations and XR/CG applications.
· DDDUU for AR applications for both FR1 and FR2
· DDDSU for VR/CG applications for both FR1 and FR2

Observation 1: XR power evaluation based on Option 1 (all UEs are considered) is more realistic while not requiring additional simulation work.

Proposal 3: For power consumption evaluation, prioritize AR in Dense urban and Urban macro deployment scenarios
· FR1 is prioritized over FR2
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