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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#104b-e [1], some agreements of KPI and evaluation methodology on capacity for XR and CG have been made. However, there are still some detailed parameters for the KPI of DL/UL multiple stream remained as FFS. 
In this contribution, we provide our views on the detailed parameters for the KPI and evaluation methodology for XR and CG. 
KPI and evaluation methodology for capacity
Per UE KPI for DL
[bookmark: OLE_LINK106]In RAN1#104b-e, the following agreements of baseline per UE KPI on capacity for DL video stream were achieved, where the packet success rate (PSR) X% and the air interface PDB are jointly used to determine whether a UE is satisfied or not. And some combinations of (X, PDB) have been agreed for capacity evaluation, e.g., (99, 10), (99, 7) and (95, 13) for VR/AR and (99, 15), (99, 12) and (95, 18) for CG. However, the values of (X, PDB) for I-stream and P-stream are remained as FFS. In the following, we discuss the values of (X, PDB) for I-stream and P-stream.
	Agreement:
In case of single stream per UE in DL, a UE is declared a satisfied UE if more than X (%) of packets are successfully delivered within a given air interface PDB. 
· The baseline X value is 99. 
· Other values of X can be optionally evaluated, e.g., X < = 95, X=99.9. 
· Additional combinations of (X, PDB) values can be optionally evaluated, e.g., 
· (99, 7), (95, 13) for VR/AR
· (99, 12), (95, 18) for CG
· FFS: Different values for I-frame and P-frame if evaluation of them is agreed. 



As discussed in our companion paper on traffic model [2], I-stream (I-frame or I slice) is encoded or decoded without any reference to other frames or slices. While P-stream (P-frame or P slice) is inter-coded or inter-decoded with reference to other frames or slices, e.g. I-frame or I-slice. It is commonly known that I-frame is more important than P-frame. So I-stream should have higher reliability, i.e. higher packet success rate (PSR) X%, than P-stream. In addition, considering I-stream (I-frame or I slice) can be encoded or decoded without any reference to other frames or slices while P-stream (P-frame or P slice) is inter-coded or inter-decoded with reference to other frames or slices, e.g. I-frame or I-slice, the encoding and decoding time of I-stream can be shorter than that of P-stream. Thus, the PDB requirement for I-stream can be relaxed compared with P-stream considering the end to end delay constraint. Therefore, the exact value of PDB for I/P frame/slice could also be different.
Based on the discussion above, it is meaningful for RAN1 to evaluate different PSR and PDB values since those evaluation results can help RAN1 identify the impact of different network transmission quality on capacity performance. RAN1 does not need to spend too much time discussing which PSR and PDB value is more reasonable. For PSR, the results for different PSR values can be obtained after one simulation, i.e. there is no additional simulation workload to evaluate different PSR values. For PDB, both same and different PDB values for I-stream and P-stream can be evaluated considering the difference of the encoding and decoding time for I-stream and P-stream.
Proposal 1: For per UE KPI of DL multiple streams, RAN1 should evaluate multiple PSR and PDB values.
In summary, we propose that the following multiple combinations of (X, PDB) for VR/AR and CG in Table 1 should be evaluated for DL multiple streams, and other combinations of (X, PDB) can be optionally evaluated. The only difference between CG and VR/AR is that the PDB requirement of CG is relaxed with 5ms. As Table 1 shows, to reflect the different importance of I-stream and P-stream, (PSR, PDB) combinations corresponding to Index 4, 3, and 1 should be evaluated. For these combinations, different PSR values for I-stream and P-stream are considered, in which I-stream is 0.5% higher than that of single-stream, and the PSR of P-stream is 4% or 5% lower than that of single-stream, while the PDB of I-stream and P-stream is assumed the same for simplicity. In addition, to reflect the difference of the encoding and decoding time for I-stream and P-stream, (PSR, PDB) combinations corresponding to Index 2 should be evaluated. For this combination, different PDB values for I-stream and P-stream are considered, in which the PDB of I-stream is 5ms longer than that of single-stream, and the PDB of P-stream is 1ms shorter than that of single-stream, while the PSR of I-stream and P-stream is assumed the same for simplicity.
Proposal 2: For per UE KPI of DL multiple streams, RAN1 agrees on the following multiple combinations of (PSR, PDB) for evaluation, other combinations of (PSR, PDB) can be optionally evaluated;
Table 1. (PSR, PDB) values for DL multiple streams
	

Index
	
(Packet success rate X%, PDB (ms)) of {I-stream, P-stream}

	
	VR/AR
	CG

	4
	{ (99.5, 7), (95, 7) }
	{ (99.5, 12), (95, 12) }

	3
	{ (99.5, 10), (95, 10) }
	{ (99.5, 15), (95, 15) }

	2
	{ (99, 15), (99, 9) }
	{ (99, 20), (99, 14) }

	1
	{ (95.5, 13), (90, 13) }
	{ (95.5, 18), (90, 18) }



In addition, based on the per UE KPI agreed in RAN1#104b-e for UL multiple stream, a UE is declared as satisfied only when each stream meets the requirement that X (%) of packets are successfully delivered within a given air interface PDB. Similarly, for the evaluation of DL multiple streams/flows, a UE is declared a satisfied UE if each stream meets the requirement that X (%) of packets are successfully delivered within a given air interface PDB.
	Agreement:
· In case multiple steams are evaluated for UL AR, a UE is declared as satisfied only when each stream meets the requirement that X (%) of packets are successfully delivered within a given air interface PDB. 
· X value for pose/control: follow X values for pose/control for CG/VR
· X value for other stream: follow X values for DL video stream.




Proposal 3: For the evaluation of DL multiple streams/flows, a UE is declared a satisfied UE if each stream meets the requirement that X (%) of packets are successfully delivered within a given air interface PDB.

Per UE KPI for UL
In RAN1#104-e, the following agreements of baseline per UE KPI on capacity for UL were achieved, where a UE is declared as satisfied only when each stream meets the requirement that X (%) of packets are successfully delivered within a given air interface PDB. However, the values of PDB for AR single stream (Option 2) and aggregated stream of multiple streams for AR in Option 1/3 are remained as FFS. In the following, we discuss the detail values of PDB for AR UL stream.
	Agreement:
· Option 1 (Baseline for power and capacity evaluations): Two streams as defined below 
· Stream 1: pose/control
· Traffic model and QoS parameters are same as for pose/control for UL CG/VR.
· Stream 2: A stream aggregating streams of scene, video, data, and audio. 
· Packet size: Truncated Gaussian distribution with the parameter values same as for DL
· Periodicity: 60 fps
· Jitter (optional): same model as for DL
· Data rate: 10 Mbps (baseline), 20 Mbps (optional)
· PDB: [60] ms (baseline), [10/15] ms (optional)
· Option 2 (Optional for power evaluation and baseline for capacity evaluation): Single stream as defined below 
· Packet size: Truncated Gaussian distribution with the parameter values same as for DL
· Periodicity: 60 fps
· Jitter (optional): same model as for DL
· Data rate: 10 Mbps (baseline), 20 Mbps (optional)
· PDB: [60] ms (baseline), [10/15] ms (optional)
· Option 3 (Optional): Three streams as defined below 
· Stream 1: pose/control
· Traffic model and QoS parameters are same as for pose/control for UL CG/VR.
· Stream 2: A stream aggregating streams of scene and video 
· Packet size: Truncated Gaussian distribution with the parameter values same as for DL
· Periodicity: 60 fps
· Jitter (optional): same model as for DL
· Data rate: 10 Mbps (baseline), 20 Mbps (optional)
· PDB: [60] ms (baseline), [10/15] ms (optional)
· Stream 3: 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: 30 ms 
· Option 4 (Optional): Three streams as defined below 
· Stream 1: pose/control
· Traffic model and QoS parameters are same as for pose/control for UL CG/VR.
· Stream 2: I-stream for video 
· Stream 3: P-stream for video
· Note: For stream 2 and stream 3, the I/P-stream model for DL video can be reused for UL video.  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 to be satisfied UE.
· Companies should strive to align the parameter values for the options chosen as much as possible
· Note: Above PDB values in [ ] for Stream 2 in Option 1 and 3, and Option 2 are to be further discussed and potentially confirmed in RAN1#105-e, where other values can be also discussed if needed.
· In case multiple steams are evaluated for UL AR, a UE is declared as satisfied only when each stream meets the requirement that X (%) of packets are successfully delivered within a given air interface PDB. 
· X value for pose/control: follow X values for pose/control for CG/VR
· X value for other stream: follow X values for DL video stream.


As discussed in RAN1#104b-e, RAN1 needs to consider different PSR and PDB values when evaluating DL, this is already captured in the agreement as follows.
	Agreement:
In case of single stream per UE in DL, a UE is declared a satisfied UE if more than X (%) of packets are successfully delivered within a given air interface PDB. 
· The baseline X value is 99. 
· Other values of X can be optionally evaluated, e.g., X < = 95, X=99.9. 
· Additional combinations of (X, PDB) values can be optionally evaluated, e.g., 
· (99, 7), (95, 13) for VR/AR
· (99, 12), (95, 18) for CG
· FFS: Different values for I-frame and P-frame if evaluation of them is agreed. 



[bookmark: OLE_LINK39]Similarly, for UL video PDB/PSR, RAN1 also needs to consider multiple pairs. For the exact value of PDB for AR UL stream, different applications and use cases have different delay requirements. According to TR 26.928 [3], four categories are considered with respect to roundtrip interaction delay:  
· Ultra-Low-Latency applications: roundtrip interaction delay threshold of at most 50ms latency.
· Low-Latency applications: roundtrip interaction delay threshold of at most 100ms latency.
· Moderate latency applications: roundtrip interaction delay threshold of at most 200ms latency.
· Non- critical latency applications: roundtrip interaction delay threshold higher than 200ms latency.
In addition, according to the study in SA4 [4], there are different E2E latency requirement which refers to the roundtrip interaction delay requirement for AR application, e.g., 60ms, 100ms and 200ms as shown in the table.
[bookmark: _Ref68029403]Table 2. E2E latency requirement of different services for AR application
	Media
	Format and Model
	E2E Latency requirement

	3/6DOF Pose
	Same as for split rendering
	UL: 5-10 ms

	Video + Depth
	1080p, Capped VBR 10/20 Mbit/s for UL
	Conversational 100ms, 200ms

	2D Video is split rendering
	1080p or 4K (2 eyes)
	60ms, 100ms 

	Front Facing Camera*
	720p, CBR 3 Mbit/s for UL
	Conversational 100ms, 200ms

	Audio (MPEG-H)
	256/512 kbps for both UL/DL
	Conversational 100ms, 200ms

	Data Stream
	0.5 Mbps for both UL/DL
	Conversational 100ms, 200ms



As shown in Figure 1, the roundtrip interaction delay can be further divided into three parts: the time of cloud processing at the server side, downlink/uplink transmission delay via air interface, and the time of video frames decoding and display at the device side. The processing time at the cloud side and the device side depends on the capabilities of the cloud and the device, which may vary from cloud/device to cloud/device. Therefore, the delay budget left for NR transmission is uncertain. For example, if the roundtrip interaction delay requirement is 60ms and the total processing time at both the cloud side and the device side is 40ms, then the roundtrip delay left for NR transmission is 20ms and roundtrip delay might be divided into the DL PDB 10ms and UL PDB 10ms. If the total processing time at the cloud side and the device side is 30ms, then the roundtrip delay left for NR transmission is 30ms and roundtrip delay might be divided into the DL PDB 15ms and UL PDB 15ms or the DL PDB 10ms and UL PDB 20ms. If the roundtrip interaction delay requirement is 100ms and the total processing time at both the cloud side and the device side is 30ms, then the roundtrip delay left for NR transmission is 70ms and roundtrip delay might be divided into the DL PDB 10ms and UL PDB 60ms.
[image: ]
Figure 1. Roundtrip interaction delay for XR

Based on the discussion above, multiple values of PDB for AR UL stream should be considered for the evaluation. However, too many combinations will result in large simulation workload and companies’ results not comparable. Therefore, for simplicity, we propose the following multiple combinations of (X, PDB) for AR UL should be evaluated and other combinations of (X, PDB) can be optionally evaluated.
Proposal 4: For per UE KPI of AR UL, multiple combinations of (PSR, PDB) should be evaluated.

Proposal 5: For per UE KPI of AR UL, RAN1 agrees on the following multiple combinations of (PSR, PDB):
· For Option 2, and Stream 2 in Option 1/3
·  (PSR, PDB) pairs: (99, 10), (99, 15), (95, 60)
· For Stream 2 and 3 in Option 4
	Index
	(Packet success rate X%, PDB (ms)) of {I-stream, P-stream}

	3
	{ (99.5, 10), (95, 10) }

	2
	{ (99.5, 15), (95, 15) }

	1
	{ (95.5, 60), (90, 60) }


· Additional combinations of (PSR, PDB) values can be optionally evaluated

Conclusions
In this contribution, traffic models for XR and CG are discussed with the following observations and proposals:
Proposal 1: For per UE KPI of DL multiple streams, RAN1 should evaluate multiple PSR and PDB values.

Proposal 2: For per UE KPI of DL multiple streams, RAN1 agrees on the following multiple combinations of (PSR, PDB) for evaluation, other combinations of (PSR, PDB) can be optionally evaluated;
Table 1. (PSR, PDB) values for DL multiple streams
	

Index
	
(Packet success rate X%, PDB (ms)) of {I-stream, P-stream}

	
	VR/AR
	CG

	4
	{ (99.5, 7), (95, 7) }
	{ (99.5, 12), (95, 12) }

	3
	{ (99.5, 10), (95, 10) }
	{ (99.5, 15), (95, 15) }

	2
	{ (99, 15), (99, 9) }
	{ (99, 20), (99, 14) }

	1
	{ (95.5, 13), (90, 13) }
	{ (95.5, 18), (90, 18) }



Proposal 3: For the evaluation of DL multiple streams/flows, a UE is declared a satisfied UE if each stream meets the requirement that X (%) of packets are successfully delivered within a given air interface PDB.

Proposal 4: For per UE KPI of AR UL, multiple combinations of (PSR, PDB) should be evaluated.

Proposal 5: For per UE KPI of AR UL, RAN1 agrees on the following multiple combinations of (PSR, PDB):
· For Option 2, and Stream 2 in Option 1/3
·  (PSR, PDB) pairs: (99, 10), (99, 15), (95, 60)
· For Stream 2 and 3 in Option 4
	Index
	(Packet success rate X%, PDB (ms)) of {I-stream, P-stream}

	3
	{ (99.5, 10), (95, 10) }

	2
	{ (99.5, 15), (95, 15) }

	1
	{ (95.5, 60), (90, 60) }


· Additional combinations of (PSR, PDB) values can be optionally evaluated
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