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1. 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
In RAN1#104-e meeting, RAN1 adopted a parameterized statistical traffic model for evaluation of XR and CG based on SA4 input. RAN1 made a progress in the statistical traffic model by almost completing the DL traffic modelling in its simplest form which is a single DL video stream for a single UE. SA4 acknowledged the RAN1 progress and agreed to consult with RAN1 on the details of inter packet arrival time, packet sizes, etc., and provide statistical models for the needed environments [4]. 
Through RAN1#104b-e and RAN1#105-e meetings, RAN1 further agreed on the UL traffic models, optional multi-streams DL traffic models, and the common parameters for calibration and comparison. In this paper, we discuss remaining details of XR traffic models for XR operation in NR.
On the two-stream modelling of I-frame and P-frame for DL video stream (Option 1), the following agreement was made in RAN1#105-e meeting.
	Agreement
For the optional evaluation scenario, two streams of I-frame and P-frame for DL video stream (option 1), the traffic models described in the below table are assumed. 
· FFS: Parameter values of , A, B, C, D, E, F, G, H 
· Including the possibility of using multiple set of parameter values
· For companies who are evaluating this option, it is recommended to evaluate at least the following scenario: AR/VR, 30Mbps, Dense Urban for FR1 and InH for FR2.  It is encouraged to evaluate additional baseline/optional scenarios/configurations. 

	Two data streams, i.e. M1 = 2
	Option 1A: slice-based
	Option 1B: GOP-based

	
	I-stream
	P-stream
	I-stream
	P-stream

	Packet modelling
	Slice-level
	Frame-level

	Traffic pattern
	Both streams are periodic at 60 fps with the same jitter model as for single stream. 
	Follow the GOP structure, where GOP size K = 8 with the same jitter model as for single stream.

	Number of packets per stream at a time
	1
	N-1
	I-frame: 1 or 0
P-frame: 0 or 1
At each time instant, there is either only one I-stream packet or only one P-stream packet

	
	N = 8: the number of slices per frame.
	

	Average data rate per stream
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	· R: average data rate of a single stream video
· : average size ratio between one I-frame/slice and one P-frame/slice, e.g.  = 1.5, 2, 3

	Packet size distribution
	Truncated Gaussian distribution

	
	Mean = [image: e5]
	Mean = [image: e6]
	Mean = [image: e7]
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	· [STD, Max, Min]: [10.5, 150, 50]% of Mean packet size
· FPS is the frame rate of the single stream video

	PER, PDB
	[PER_I, PER_P] = [A %, B %]
[PDB_I, PDB_P] = [C ms, D ms]
	[PER_I, PER_P] = [E %, F %]
[PDB_I, PDB_P] = [G ms, H ms]





For the FFS: Parameter values of α, A, B, C, D, E, F, G, H, they can be left for companies to report the parameter values of α, A, B, C, D, E, F, G, H, if they evaluate two streams of I-frame and P-frame for DL video stream (option 1). Separate evaluation of I-frame and P-frame involves cross-layer signaling issues which have to be initiated from other working groups but have not been active so far unfortunately. We think we are going too far in this evaluation work in RAN1, but okay to have that options for the companies that are interested from that aspect. But still we prefer not to spend much time on parameter details of the optional evaluation.
Proposal 1: Companies to report the parameter values of α, A, B, C, D, E, F, G, H, if they evaluate two streams of I-frame and P-frame for DL video stream (option 1).

In addition to the single-stream DL traffic model which is a baseline, optional two-stream DL traffic models were agreed in RAN1#104b-e meeting.
	Agreement:
In addition to single stream per UE in DL which is baseline, two streams can be optionally evaluated for DL
· Option 1: I-frame + P-frame
· Option 1A: slice-based traffic model
· Option 1B: Group-Of-Picture (GOP) based traffic model
· Option 2: video + audio/data 
· Option 3: FOV + omnidirectional stream
· Companies should report detailed assumptions in their simulations on packet size distribution for each stream, packet arrival interval (or fps) for each stream, PDB for each stream, PER requirement for each stream, criteria for being satisfied.
· Companies should strive to align the parameter values for the options chosen as much as possible
· FFS: Whether audio stream is separate or aggregated with the data stream in option 2 (Intention of option 2 is not to create a 3 stream option)



For Option 2, we are not supportive of Option 2 but our understanding on the intention of video + audio/data is to split the audio stream from the video based on the argument that the required latency (10 ms) of audio cannot be met if it has to be piggybacked on the video stream. For evaluation Option 2, details on the traffic model for the audio/data stream separate from the video should be clarified.
Proposal 2: For optional two-stream DL traffic models, audio stream is aggregated with the data stream in Option 2.

1. Summary
In this paper, we discussed remaining details of XR traffic models. Proposals in this paper are summarized below.
Proposal 1: Companies to report the parameter values of α, A, B, C, D, E, F, G, H, if they evaluate two streams of I-frame and P-frame for DL video stream (option 1).
[bookmark: _GoBack]Proposal 2: For optional two-stream DL traffic models, audio stream is aggregated with the data stream in Option 2.
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