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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In this contribution, we provide our views on the remaining issues of study cases of PER/PDB for I/P-stream, and the evaluation methodology for mobility. 
[bookmark: OLE_LINK1]Study cases of PER/PDB for I/P-stream
DL video
In RAN1#105-e, the detailed traffic model for two streams of I-frame and P-frame for DL video was agreed [1]. The PER/PDB for each of the I-stream and P-stream are discussed in RAN1#106-e with the following agreements [2]. 
	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, 
· 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]


RAN1 agreed that the main objective of evaluating separate streams of I-frame and P-frame is to study the impacts on capacity from different PDB and PER values for I-frame and P-frame. Furthermore, RAN1 agreed upon the above reference case, while leaving other study cases up to companies. In this section, we propose some study cases on PER/PDB for I/P-stream along with justifications. The corresponding evaluation results are provided in our companion paper on performance evaluation [3].
[bookmark: OLE_LINK28][bookmark: OLE_LINK29]Generally, for Option 1B: GOP-based model, a P-frame is inter-coded or inter-decoded with reference to other frames, e.g. I-frame. While an I-frame is encoded or decoded without any reference to other frames. In this sense, I-frame is more important than P-frame since it is the reference for other frames. Therefore, I-stream should have higher reliability, i.e. lower packet error rate (PER), than P-stream. On the other hand, due to same reason, the encoding and decoding time of I-stream may be shorter than that of P-stream. Thus, the PDB requirement for I-stream may be relaxed compared with P-stream given the end-to-end delay constraint.  
[bookmark: OLE_LINK18][bookmark: OLE_LINK19]According to the above analysis, it is meaningful for RAN1 to evaluate different PER 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 PER and PDB value is more reasonable. For PER, the results for different PER values can be obtained after one simulation, i.e. there is no additional simulation workload to evaluate different PER 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. 
In summary, we propose that the following multiple combinations of [PER_I, PER_P, PDB_I, PDB_P] for VR/AR and CG in Table 1 are evaluated for DL multiple streams, and other combinations can be additionally evaluated if time allows. The only difference between CG and VR/AR is that the PDB requirement of CG is relaxed with 5ms, i.e., similar as single stream.
[bookmark: OLE_LINK10][bookmark: OLE_LINK11][bookmark: OLE_LINK56][bookmark: OLE_LINK65][bookmark: OLE_LINK66][bookmark: OLE_LINK63][bookmark: OLE_LINK64][bookmark: OLE_LINK70]As shown in Table 1, to reflect the different importance of I-stream and P-stream, [PER_I, PER_P, PDB_I, PDB_P] combinations corresponding to Case 1 and 3 are proposed to be evaluated, where the PDB of I-stream and P-stream is assumed the same for simplicity. For these combinations, different PER values for I-stream and P-stream are considered. For Case 1, the PER of I-stream is stricter than that of single-stream, i.e. 0.5%, and the PER of P-stream is relaxed to 5%. For Case 3, the PER of I-stream is the same as that of single-stream, and the PER of P-stream is relaxed to 5%. 
[bookmark: OLE_LINK68][bookmark: OLE_LINK69][bookmark: OLE_LINK67][bookmark: OLE_LINK71]In addition, to reflect the difference of the encoding and decoding time for I-stream and P-stream, [PER_I, PER_P, PDB_I, PDB_P] combinations corresponding to Case 2 and 4 are proposed to be evaluated, where the PER of I-stream and P-stream is assumed the same for simplicity. For Case 2, 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. For Case 4, the PDB of I-stream is 5ms longer than that of single-stream, and the PDB of P-stream is the same as that of single-stream. 
Finally, both the frame importance difference and encoding/decoding time difference are considered in Case 5, where the PDB of I-stream is 5ms longer than that of single-stream and the PER of P-stream is relaxed to 5%.
Similar to I-frame and P-frame in Option 1B: GOP-based model, a P-slice in one frame is inter-coded or inter-decoded with reference to its corresponding slice in previous frames. While an I-slice is encoded or decoded without any reference to other frames or slices. Therefore, the PER and PDB for I-slice/P-slice can be the same as I-frame/P-frame for simplicity. Thus, in this contribution, we propose that the value of [PER_I, PER_P, PDB_I, PDB_P] for I-slice/P-slice in Option 1A: slice-based model can be the same as I-frame/P-frame in Option 1B: GOP-based model for evaluation.
It is worth noting that for both single-stream and multi-stream traffic model, the user experience under different PER/PDB values might be different. However, RAN1 does not need to discuss this issue since it’s out of RAN1’s expertise. RAN1 is just going to evaluate and report the corresponding capacity for each case. Interested people, e.g., application layer colleagues, can have their own understanding on such results.
[bookmark: _Ref83541961][bookmark: OLE_LINK42][bookmark: _Ref78188208][bookmark: OLE_LINK8]Observation 1: For I-stream and P-stream for DL video, the following cases on PER/PDB can be considered for evaluation.
[bookmark: _Ref83396953]Table 1. [PER_I, PER_P, PDB_I, PDB_P] for I-stream and P-stream for DL video
	Index
	(PER, PDB) of {I-stream, P-stream} for DL video, i.e.
[PER_I, PER_P, PDB_I, PDB_P]

	
	VR/AR
	CG

	Reference case (already agreed)
	[1 %, 1 %, 10ms, 10ms]
	[1 %, 1 %, 15ms, 15ms]

	Case 1
	 [0.5%, 5%, 10ms, 10ms]
	 [0.5%, 5%, 15ms, 15ms]

	Case 2
	[1 %, 1%, 15ms, 9ms]
	[1 %, 1%, 20ms, 14ms]

	Case 3
	 [1 %, 5%, 10ms, 10ms]
	 [1 %, 5%, 15ms, 15ms]

	Case 4
	 [1 %, 1%, 15ms, 10ms]
	 [1 %, 1%, 20ms, 15ms]

	Case 5
	 [1 %, 5%, 15ms, 10ms]
	 [1 %, 5%, 20ms, 15ms]



UL video
Similar to DL video, we propose that the following multiple combinations of [PER_I, PER_P, PDB_I, PDB_P] for AR UL in Table 2 are evaluated, and other combinations can be additionally evaluated if time allows. 
[bookmark: OLE_LINK57][bookmark: OLE_LINK58]As shown in Table 2, to reflect the different importance of I-stream and P-stream, [PER_I, PER_P, PDB_I, PDB_P] combinations corresponding to Case 1 and 3 are proposed to be evaluated, where the PDB of I-stream and P-stream is assumed as 30ms. In these combinations, different PER values for I-stream and P-stream are considered. For Case 1, the PER of I-stream is stricter than that of single-stream, i.e. 0.5%, and the PER of P-stream is relaxed to 5%. For Case 3, the PER of I-stream is the same as that of single-stream, and the PER of P-stream is relaxed to 5%. 
In addition, to reflect the difference of the encoding and decoding time for I-stream and P-stream, [PER_I, PER_P, PDB_I, PDB_P] combinations corresponding to Case 2, 4, 5 can be evaluated.
[bookmark: _Ref83541966]Observation 2: For I-stream and P-stream for UL video, the following cases on PER/PDB can be considered for evaluation.
[bookmark: _Ref83396968]Table 2. [PER_I, PER_P, PDB_I, PDB_P] for I-stream and P-stream for AR UL video
	Index
	(PER, PDB) of {I-stream, P-stream} for AR UL video, i.e.
[PER_I, PER_P, PDB_I, PDB_P]

	Reference case (already agreed)
	[1 %, 1 %, 30ms, 30ms]

	Case 1
	 [0.5%, 5%, 30ms, 30ms] 

	Case 2
	 [1 %, 1%, 40ms, 27ms]

	Case 3
	 [1 %, 5%, 30ms, 30ms]

	Case 4
	[1 %, 1%, 40ms, 30ms]

	Case 5
	 [1 %, 5%, 40ms, 30ms]



Evaluation methodology for mobility
For mobility evaluation, two evaluation methodologies have been proposed and discussed via email in RAN1#106-e. However, both methodologies seem not mature enough to provide accurate and meaningful results for XR. For example, both methodologies use HO interruption time to calculate the affected frames. However, it’s unclear how PDB/PER requirement, which is essential for XR capacity/power evaluations, is considered in this methodology. In addition, the value of HO interruption time may need further discussion, which is possibly different in different scenarios and even beyond RAN1’s expertise. Furthermore, for capacity/power evaluation, RAN1 agrees the UE speed is just 3 km/h, so it seems mobility is not an issue in such low speed scenarios.
Conclusions
In this contribution, the remaining issues of study cases of PER/PDB for I/P-stream and the evaluation methodology for mobility are discussed. The following observations are given:
Observation 1: For I-stream and P-stream for DL video, the following cases on PER/PDB can be considered for evaluation.
Table 1. [PER_I, PER_P, PDB_I, PDB_P] for I-stream and P-stream for DL video
	Index
	(PER, PDB) of {I-stream, P-stream} for DL video, i.e.
[PER_I, PER_P, PDB_I, PDB_P]

	
	VR/AR
	CG

	Reference case (already agreed)
	[1 %, 1 %, 10ms, 10ms]
	[1 %, 1 %, 15ms, 15ms]

	Case 1
	 [0.5%, 5%, 10ms, 10ms]
	 [0.5%, 5%, 15ms, 15ms]

	Case 2
	[1 %, 1%, 15ms, 9ms]
	[1 %, 1%, 20ms, 14ms]

	Case 3
	 [1 %, 5%, 10ms, 10ms]
	 [1 %, 5%, 15ms, 15ms]

	Case 4
	 [1 %, 1%, 15ms, 10ms]
	 [1 %, 1%, 20ms, 15ms]

	Case 5
	 [1 %, 5%, 15ms, 10ms]
	 [1 %, 5%, 20ms, 15ms]



Observation 2: For I-stream and P-stream for UL video, the following cases on PER/PDB can be considered for evaluation.
Table 2. [PER_I, PER_P, PDB_I, PDB_P] for I-stream and P-stream for AR UL video
	Index
	(PER, PDB) of {I-stream, P-stream} for AR UL video, i.e.
[PER_I, PER_P, PDB_I, PDB_P]

	Reference case (already agreed)
	[1 %, 1 %, 30ms, 30ms]

	Case 1
	 [0.5%, 5%, 30ms, 30ms] 

	Case 2
	 [1 %, 1%, 40ms, 27ms]

	Case 3
	 [1 %, 5%, 30ms, 30ms]

	Case 4
	[1 %, 1%, 40ms, 30ms]

	Case 5
	 [1 %, 5%, 40ms, 30ms]
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