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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK51][bookmark: OLE_LINK52]During RAN1#105-e and RAN1#106-e meetings, some remaining issues for traffic model and evaluation methodologies have been discussed, and the achieved agreements are summarized in Annex A and B respectively. 
[bookmark: _GoBack]In this contribution, some remaining issues on slice-based traffic model and mobility evaluation methodology will be further discussed.
2. Traffic model
[bookmark: OLE_LINK126][bookmark: _Hlk83578733][bookmark: OLE_LINK2]During previous RAN1 meeting, the modelling of I/P-frame multiple streams has been extensively discussed. However, for the slice-based traffic model, there is an issue about the modelling of P-slice that needs to be clarified further. As described in the slice-based traffic model, one video frame includes N slices, of which there are 1 I-slice and N-1 P-slices. Due to the presence of multiple P-slices, the association between P-slices and packets modelled in simulations was not stated clearly, which may lead to confusion. To address this issue, the following two approaches can be identified, as illustrated in Figure 1.
· [bookmark: OLE_LINK9][bookmark: OLE_LINK10][bookmark: OLE_LINK87][bookmark: OLE_LINK93][bookmark: OLE_LINK94][bookmark: _Hlk83219031][bookmark: OLE_LINK90][bookmark: OLE_LINK91]Approach 1: each P-slice is modelled as one packet in simulations, i.e. each P-slice of a video frame is mapped to a packet in simulations one to one. In particular, there will be N-1 packets each of which corresponds to a P-slice at a time corresponding to a video frame. The size of each P-slice/packet is generated separately based on the agreed distribution. The PER and PDB requirements are defined for packets each containing only one P-slice.
· [bookmark: _Hlk83219085]Approach 2: multiple P-slices at the same time are modelled as one packet in simulations, i.e. there is one packet containing the N-1 P-slices at a time corresponding to a video frame. The size of each packet is equal to the sum of the sizes of the N-1 P-slices contained in the packet. The PER and PDB requirements are defined for packets each containing N-1 P-slices.
[bookmark: OLE_LINK39][bookmark: OLE_LINK40][bookmark: OLE_LINK41][bookmark: OLE_LINK42][bookmark: OLE_LINK53][bookmark: OLE_LINK54]Taking the DL video stream with N=8 as an example, there will be 1 I-slice and 7 P-slices for each video frame. For Approach 1, for a given video frame, 1 packet representing the I-slice and 7 packets each representing 1 P-slice from the 7 P-slices will be generated at the same time corresponding to the video frame. For Approach 2, for a given video frame, 1 packet representing the I-slice and 1 packet representing the 7 P-slices as a whole will be generated at the same time corresponding to the video frame. The transmission performance for modelled packets during a simulation will be collected and compared with the given PER requirement to check if a UE is satisfied or not. Selection between these two approaches may have an impact on the determination if a UE is satisfied or not based on the given PER requirement.


[bookmark: OLE_LINK96][bookmark: OLE_LINK113]Figure 1. Two approaches for the modelling of P-slice (N = 8)
[bookmark: _Ref83646878]Observation 1: For the modelling of P-slice in slice-based traffic model, there are two approaches: 
· Approach 1: each P-slice is modelled as one packet in simulations, i.e. each P-slice of a video frame is mapped to a packet in simulations one to one, and the PER and PDB requirements are defined for packets each containing only one P-slice. 
· Approach 2: multiple P-slices at the same time are modelled as one packet in simulations, i.e. there is one packet containing the N-1 P-slices at a time corresponding to a video frame, and the PER and PDB requirements are defined for packets each containing N-1 P-slices.
[bookmark: _Ref83646659]Proposal 1: Align the understanding of packet modelling for P-slices, as well as PER and PDB requirements for P-stream in slice-based traffic model. If there is no common understanding, companies are encouraged to report the adopted approach when submitting the evaluation results of slice-based traffic model.
3. [bookmark: _Ref54385236]Evaluation methodologies
3.1. Mobility
Mobility is one of the important factors that influence the user experience, especially for the user moving with high velocity. The performance degradation due to mobility may be related to channel condition change due to UE location update, connection interruption due to handover events, etc. For mobility evaluation for XR, we can mainly focus on the impact of connection interruption due to handovers, considering that XR devices typically consume XR services in connected mode. 
For XR mobility evaluation, it is too complicated to evaluate the performance impact by modelling the detailed handover procedure in the system-level simulation for XR. Therefore, performance impact due to handover procedures can be evaluated by numerical analysis, based on the given assumptions of traffic characteristics and requirements, deployment scenarios, and interruption times, etc.
[bookmark: _Ref83894780]Proposal 2: XR/Cloud Gaming mobility evaluation can be performed by numerical analysis, based on the given assumptions of traffic characteristics and requirements, deployment scenarios, and interruption times, etc.
Besides, a numerical analysis method is provided in the following, where a concept of handover probability is introduced to describe the frequency of handovers for a given UE. This method can be described in two steps.
· Step 1: Determine the typical interruption time for a given handover procedure
For the given handover procedure, traditional HO, CHO, and DAPS (FR1 only) can be taken into account. The definition of interruption time, as well as the typical value of interruption time (i.e. the typical interruption time) for a given handover procedure, can refer to TS38.133 [1].
· Step 2: Analyze the performance gap in terms of interruption time based on handover probability
The performance gap can be determined as the difference between the typical interruption time T_typical and a target interruption time T_target, which is a threshold of interruption time to check if service requirements can be satisfied or not due to handovers, and can be obtained by assuming that the number of discarded or severely delayed packets due to handovers exactly meets the PER requirement.
[bookmark: OLE_LINK3]Supposing (T_target / p) * Z = FPS * PER, indicating that the PER requirement is exactly met during a second, the target interruption time T_target can be determined as T_target = PER / Z in second, or T_target = 1000 * PER / Z  in millisecond (ms), where 
· Z is the handover probability, in the unit of the number of handover events per second per UE;
· FPS and PER are the FPS attribute and PER requirement respectively for a traffic stream, especially a video traffic stream;
· p is the periodicity of the traffic stream in second, and can be calculated as p = 1 / FPS.
The handover probability can be obtained by numerical calculation or real system simulation. Taking numerical calculation as an example, when Dense Urban scenario is assumed (ISD=200m), the handover probability can be calculated assuming that the UE starts at the point P and moves along the 120-degree line to the point Q with a given speed, as illustrated in Figure 2. Assuming X = 30m and UE speed = 60 km/h, the distance between the point P and Q is about 496.52m, hence the UE will experience 7 times of cell switching, and the handover probability can be calculated as 7/(496.52/(60*1000/3600))≈0.23.
[bookmark: _Ref54383826]Assuming FPS = 60 for XR traffic and PER = 1%, the target interruption time T_target can be calculated as T_target = 1000 * 0.01 / 0.23 = 43.5 ms. Supposing the typical interruption delay for traditional HO is 50 ms, which is greater than T_target, i.e. the threshold of interruption time, it can be inferred that the traffic PER requirement can’t be satisfied due to mobility, thus mobility enhancement is desirable to ensure continuity of XR traffic. 
[image: ]
[bookmark: _Ref83646460]Figure 2 Dense Urban deployment for calculating handover probability

[bookmark: _Ref83804000]Proposal 3: For XR/Cloud Gaming mobility evaluation, the metric is defined to be the difference between the typical interruption time T_typical and a target interruption time T_target, where T_target = 1000 * PER / handover probability in ms and is regarded as the threshold of interruption time, and the handover probability can be obtained by numerical calculation. Companies are encouraged to report both T_typical and T_target when submitting mobility evaluation results.
4. Conclusion
In this contribution, some remaining issues on traffic model and mobility evaluation methodology for XR and Cloud Gaming are discussed, with the following observations and proposals:
Observation 1: For the modelling of P-slice in slice-based traffic model, there are two approaches: 
· Approach 1: each P-slice is modelled as one packet in simulations, i.e. each P-slice of a video frame is mapped to a packet in simulations one to one, and the PER and PDB requirements are defined for packets each containing only one P-slice. 
· Approach 2: multiple P-slices at the same time are modelled as one packet in simulations, i.e. there is one packet containing the N-1 P-slices at a time corresponding to a video frame, and the PER and PDB requirements are defined for packets each containing N-1 P-slices.
Proposal 1: Align the understanding of packet modelling for P-slices, as well as PER and PDB requirements for P-stream in slice-based traffic model. If there is no common understanding, companies are encouraged to report the adopted approach when submitting the evaluation results of slice-based traffic model.
Proposal 2: XR/Cloud Gaming mobility evaluation can be performed by numerical analysis, based on the given assumptions of traffic characteristics and requirements, deployment scenarios, and interruption times, etc.
Proposal 3: For XR/Cloud Gaming mobility evaluation, the metric is defined to be the difference between the typical interruption time T_typical and a target interruption time T_target, where T_target = 1000 * PER / handover probability in ms and is regarded as the threshold of interruption time, and the handover probability can be obtained by numerical calculation. Companies are encouraged to report both T_typical and T_target when submitting mobility evaluation results.
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Annex
A. Agreements achieved during RAN1#105-e
Agreement
In addition to the response LS from RAN1#104-bis-e in April 2021 to SA2 and SA4 (cc: RAN2) in R1-2104117, RAN1 would like to provide the following information in response to the LS from SA4, based on additional evaluation results: even though RAN1 hasn’t performed evaluations with the exact parameters (e.g. in RAN1 evaluations, data rate higher than 45Mbps was not considered and simulation was frame based) presented by SA4 (5QIs), it is RAN1 understanding that these values can be supported by NG-RAN.

Agreement 
PDB value of the stream in UL AR aggregating streams of scene, video, data, and audio, i.e., Option 2, Stream 2 in Option 1, and Stream 2 in Option 3. 
· 30ms (baseline), 10/15/60ms (optional)

Agreement
For DL video stream, separate packet arrivals in time for dual-eye buffer can be optionally evaluated, based on the single stream model by doubling the packet arrival rate and halving the packet size compared to the single stream, while all other parameters (e.g., jitter, PDB) are the same as for single stream.  
· For companies who are evaluating separate packet arrivals in time for dual-eye buffer in addition to single stream (baseline), it is recommended to evaluate at least the following scenarios in the table.  It is encouraged to evaluate additional baseline/optional scenarios/configurations.
	Application
	AR/VR 30Mbps
	

	Traffic model
	Single stream for dual-eye buffer
	Separate packet arrival for dual-eye buffer
	

	Data rate (Mbps)
	30
	30
	

	Packet size distribution
	Truncated Gaussian distribution
	

	Mean packet size (Bytes)
	62500
	31250
	Data rate / FPS / 8 [bytes]

	STD of packet size (Bytes)
	6563
	3281
	10.5% x mean packet size

	Max packet size (Bytes)
	93750
	46875
	150% x mean packet size

	Min packet size (Bytes)
	31250
	15625
	50% x mean packet size

	Packet arrival interval (ms)
	1000/60
	1000/120
	

	PDB (ms)
	10
	



Agreement
When companies are submitting evaluation results to RAN1, it is recommended to submit results at least the following parameters in the below table.
· Note 1: This is only intended to have more results from more companies at least for the corresponding configuration. RAN1 agreements regarding baseline vs. optional for simulation scenarios, configurations, parameters, remain the same.  
· Note 2: Companies are encouraged to submit results for other baseline/optional configurations as much as they can. 
	
	
	Data rate 
[Mbps]
	Packet arrival rate
[fps]
	PDB
[ms]

	DL
	AR/VR
	30
	60
	10

	
	CG
	30
	60
	15

	UL
	VR/CG: Pose/control
	0.2
	250
	10

	
	AR: Option 1 (single stream model)
	10
	60
	30



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
	[image: ]
	[image: ]
	[image: ] 
	[image: ] 

	
	· 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: ]
	Mean = [image: ]
	Mean = [image: ]
	Mean =  [image: ]

	
	· [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]



Agreement
Confirm the 2-symbol gap at the end to third “D” slot of DDDUU for FR1/FR2.
· Applies only for Option 2

Agreement
UE with transmit power less than 0 dBm is considered for power consumption evaluation, adopt option 2 as baseline, i.e. the power model of 0 dBm for UE with transmit power less than 0 dBm.
· Option 1 can be optionally evaluated
· Note: Above is not intended to introduce new power class

Agreement
For FR2, it is up to company to report the UE UL power consumption model.

B. [bookmark: _Ref83821559]Agreements achieved during RAN1#106-e
Agreement
· For DL multi-stream evaluations, a UE is declared as a satisfied UE if each stream meets the PER and PDB requirements of that stream, i.e., more than a certain percentage of packets are successfully transmitted within a given air interface PDB.

Agreement
For Option 2 (video + audio/data) of evaluation of DL two streams that is an optional evaluation scenario, the audio/data flow is modelled as follows:
· A stream aggregating streams of audio and data 
· Periodicity: 10ms
· Data rate: 0.756 Mbps/s or 1.12 Mbps 
· Packet size: determined by periodicity and data rate
· PDB: 30ms (baseline).  Other values can be optionally evaluated. 
· PER: 1% (baseline). Other values, e.g., 0.1%, can be optionally evaluated.

Agreement
For evaluation of separate streams of I-frame and P-frame that is an optional evaluation scenario, 
· The main objective of evaluating this option is to study the impact on capacity from different PDB and PER values for I-frame and P-frame.  
· FFS: Whether to directly compare capacity results (i.e., capacity numbers) for cases with two-stream modelling and those for cases with single-stream modelling. 

Agreement
For evaluation of separate streams of I-frame and P-frame that is an optional evaluation scenario, 
· Alpha value: 2.0 and 1.5, Other values, e.g., 3.0 can be optionally evaluated
· This alpha value assumption applies to both Option 1A (slice-based) and Option 1B (GOP-based) evaluations

Agreement 
For evaluation of separate streams of I-frame and P-frame that is an optional evaluation scenario, 
· RAN1 agree upon the below reference case, while leaving other study cases up to companies. 
· Reference case
· For DL
· [PER_I, PER_P, PDB_I, PDB_P] = [1 %, 1 %, 10ms, 10ms] for AR/VR 
· [PER_I, PER_P, PDB_I, PDB_P] = [1 %, 1 %, 15ms, 15ms] for CG
· For UL AR video streams
· [PER_I, PER_P, PDB_I, PDB_P] = [1 %, 1 %, 30ms, 30ms]

Agreement
Optional methodology 1 for XR coverage evaluation
· For XR/CG in DL or UL, coverage is defined to be the A-percentile point in CDF of coupling gain for the “satisfied” UEs, with #UEs per cell = B, for a given XR application (AR/VR/CG) in a given deployment scenario (DU/InH/UMa)
· A = 5
· B = 1 and/or capacity
· Coupling gain for coverage evaluation is defined as the ratio of received and transmitted power measured in dB, and includes antenna gains, path loss, shadowing, indoor- or body loss, etc. Example of coupling gain can refer to TR 37.910.
· Note: The evaluation of coupling gain will be impacted by e.g., interference and scheduler mechanism, etc.
Optional methodology 2 for XR coverage evaluation 
· For each drop, 
· Randomly drop only one UE in the entire network (or in all the cells) that is associated with one of the 3 center cells (or gNBs), i.e., only one of the center gNBs is activated.  
· Coupling gain for coverage evaluation is defined as the ratio of received and transmitted power measured in dB, and includes antenna gains, path loss, shadowing, indoor- or body loss, etc. Example of coupling gain can refer to TR 37.910.
· Run SLS according to capacity evaluation methodology and determine whether the UE is satisfied or not. 
· Definition of the XR coverage
· X %-tile point in the CDF curve of coupling gain for all the satisfied UEs, where X = 5.
Note: It will be further discussed how to capture the result in the TR.
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