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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
[bookmark: OLE_LINK2]In RAN1#105-e meeting, the following agreements were made regarding to the issues of dual-eye buffer, I/P-frame multiple stream and etc.
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: e1]
[image: e2]
[image: e3] 
[image: e4] 

· R: average data rate of a single stream video
· [bookmark: OLE_LINK4][bookmark: OLE_LINK5]: 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]
Mean =  [image: e8]

· [STD, Max, Min]: [10.5, 150, 50]% of Mean packet size
· FPS is the frame rate of the single stream video
PER, PDB
[bookmark: OLE_LINK23][bookmark: OLE_LINK24][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]



In this contribution, we provide our views on the remaining issues on the multiple streams of I/P-frame.
2. Remaining issues on multiple streams of I/P-frame
[bookmark: OLE_LINK28][bookmark: OLE_LINK29][bookmark: _Ref54280506][bookmark: OLE_LINK11][bookmark: OLE_LINK3][bookmark: OLE_LINK7]In the video and image coding field, the video streams are usually encoded into I-frame and P-frame (and or B-frame), where I-frame is the intra-frame coding frame without any reference to other frames, and P-frame (or B-frame) is the inter-frame coding frame with reference to other frames, e.g. I-frame. According to the agreements achieved in RAN1#105-e meeting [1], the I-frame and P-frame could be modelled as two streams. And there are two options for I/P-frame multiple stream traffic modelling, as shown in Figure 1, Group-Of-Picture (GOP) based traffic model and slice-based traffic model. 
[bookmark: _Hlk71631190][bookmark: _Hlk70260841]For GOP-based traffic model, the encoder encodes images and generates segment by segment GOP (Group of Pictures). GOP is a group of continuous pictures, consisting of one I-frame and several B/P-frames. In general, the I-frame is the beginning of the GOP, and the remaining frames in the GOP are B/P-frames. The interval between two I-frame is the length of GOP, and the FPS refers to the distance between two P-frame. For slice-based traffic model, each encoded video frame contains the slices of I-frame and P-frame, including one I-slice and N-1 P-slices. A slice refers to different areas of a frame in space and different areas are encoded separately. The loss of one slice does not affect the decoding of other slices in the same frame. The I-slice is derived from the I-frame which is intra-coded and is more important compared to P-slice. 


a) GOP-based traffic model


b) Slice-based traffic model
[bookmark: _Ref70417248]Figure 1. Schematic diagram of GOP based and Slice-based traffic models
For the two options of multiple stream modelling for I/P-frame, there are still a few issues that need to be considered as follows.
2.1. Traffic characteristics
· The average size ratio between I-frame/slice and P-frame/slice
[bookmark: OLE_LINK31][bookmark: OLE_LINK32][bookmark: OLE_LINK45][bookmark: OLE_LINK46][bookmark: _Hlk78374271]The first issue to consider is the average size ratio between one I-frame/slice and one P-frame/slice. For different frame/slice types, video frame sizes are varying due to different compression rates. Even for a fixed frame type, video frame sizes are also varying over time due to different compression rates based on the content of video frames. An example of online real video frame size varying over time is shown in Figure 2. 
[image: ]
[bookmark: _Ref78364603]Figure 2. An example of real video frame size varying over time
[bookmark: OLE_LINK35][bookmark: OLE_LINK42][bookmark: OLE_LINK36][bookmark: OLE_LINK33][bookmark: OLE_LINK34][bookmark: OLE_LINK37][bookmark: OLE_LINK38]By analyzing the S-trace data of VR provided by SA4, it can be seen that the packet size ratio varies greatly among different configurations or different applications. It may be difficult to find out a common value to reflect the size ratio between I-frame/slice and P-frame/slice for all configurations or applications. Based on the SA4 LS in R1-2102308 [2], it could be found that “intra-coded information typically requires 3 to 6 times the amount of data compared to inter-coded information”. In addition, as shown in Figure 3, for the GOP-based traffic model, by analyzing the S-trace data of VR2-5 provided by SA4, it could be found that the average size ratio between I-frame and P-frame is around 1.15, while the range of the ratio is from 0.86 to 7.95. Hence, the value of 1.5 might be a good choice. For the slice-based traffic model, it could be found that the size ratio between I-slice and P-slice is ranging from 0.7~12.5 and the average size ratio is about 1.99 by analyzing the S-trace data of VR2-1/2-2/2-3/2-4. Therefore, we believed that the average size ratio between I-slice and P-slice could be assumed roughly 3 for slice-based traffic model.
	
	

	(a) VR 2-5
	(b) VR 2-1


[bookmark: _Ref78903336]Figure 3. The CDF of ratio between the sizes of I-frame/slice and P-frame/slice for S-trace
[bookmark: _Ref78824061]Proposal 1: For GOP-based traffic model, =1.5 could be used as a starting point for evaluation purpose.
[bookmark: _Ref78824063]Proposal 2: For slice-based traffic model, =3 could be used as a starting point for evaluation purpose.
· The PDB and PER value for I-frame and P-frame
[bookmark: OLE_LINK54][bookmark: OLE_LINK63][bookmark: OLE_LINK64][bookmark: OLE_LINK83][bookmark: OLE_LINK55][bookmark: OLE_LINK56]The traffic characteristics and QoS requirements of I/P-frame such as bitrates, reliability requirements, latency and etc. are different from each other, it is necessary to consider setting different PDB and PER requirements for I/P-stream to reflect the actual XR performance. The value of PER and PDB can be analyzed from following two perspectives.
[bookmark: OLE_LINK60][bookmark: OLE_LINK61][bookmark: OLE_LINK62][bookmark: OLE_LINK105][bookmark: OLE_LINK106][bookmark: OLE_LINK57][bookmark: OLE_LINK17]Firstly, from the perspective of frame-level modelling, according to the outcome in the SA4 contributions [3], the reliability of I/P-frame in terms of IP packet level is different, the PLR (packet loss ratio) for IP packets marked with type P is 0.1% and the PLR for IP packets marked with type I is 0.01%. The frame-level PER and PDB for I-frame or P-frame could be different due to the differences in PLR of IP packets corresponding to I-frame and P-frame. In addition, the frame size will affect the air-interface PDB value of frame, the larger size of the frame, the more time is needed for air-interface transmission. 
[bookmark: OLE_LINK79][bookmark: OLE_LINK80][bookmark: OLE_LINK67][bookmark: OLE_LINK68][bookmark: OLE_LINK84][bookmark: OLE_LINK85]Secondly, from the point of video frame codec, the importance of the video frame, the dependency of decoding, and the uncertainty of the order of IP packets arriving at the BS side will affect the PER and PDB in terms of frame-level. I-frame is the intra-frame coding frame and contains more information. While for P-frame, a small number of failed decoding has a negligible impact on performance. Besides, due to the decoding of P-frame will reference the previous I-frame or P-frame, the P-frame will spend more time decoding, which means less time left for air-interface transmission.
[bookmark: OLE_LINK65][bookmark: OLE_LINK66][bookmark: OLE_LINK86]For two options of multiple stream modelling for I/P-frame, the value of PER and PDB are taken into consideration as follows.
[bookmark: OLE_LINK73][bookmark: OLE_LINK74][bookmark: OLE_LINK75][bookmark: OLE_LINK76][bookmark: OLE_LINK71][bookmark: OLE_LINK72][bookmark: OLE_LINK69][bookmark: OLE_LINK70]For GOP-based traffic model, the average size of I-stream is larger than that of P-stream, with a greater number of IP segmentations. Regarding PER, since I-stream is more important and the corresponding PER value should be lower. Considering that I-stream contains more IP segmentations, then the PER of I-stream could be equal to or lower than that for P-stream. Regarding PDB, compared with P-frame, the transmission of I-frame may take more time/resources due to the larger frame size. Therefore, the air-interface PDB value of I-stream could be equal to and larger than that of P-stream. 
[bookmark: OLE_LINK104][bookmark: OLE_LINK77][bookmark: OLE_LINK78][bookmark: OLE_LINK82][bookmark: OLE_LINK58][bookmark: OLE_LINK59][bookmark: OLE_LINK81]For slice-based traffic model, P-frame contains N-1 packets at a time, the sum of the sizes of all packets for P-frame is larger than that of I-frame. Regarding PER, since I-stream is more important, then the PER of I-stream could be equal to and lower than that for P-stream. Regarding PDB, since the size of I-frame is smaller, but the decoding of P-frame will take more time due to the dependency of decoding, the PDB of I-stream could be equal to and smaller than that for P-stream.
[bookmark: OLE_LINK107][bookmark: OLE_LINK108][bookmark: OLE_LINK109][bookmark: OLE_LINK110]In our opinion, it is difficult to determine a common combination of PER and PDB due to the differences in the importance of video frame, the dependency of decoding, the frame size, etc., between I-frame and P-frame, as well as the differences in the traffic model of two options of multiple stream modelling for I/P-frame, and it should be up to companies to report the PER and PDB values. 
[bookmark: _Ref79168298][bookmark: OLE_LINK111][bookmark: OLE_LINK112]Proposal 3: Companies should report the PER and PDB values of I-frame and P-frame separately for two options of I/P-frame multiple stream modelling.
· The definition of satisfied UE in the multi-stream case
[bookmark: _Ref71567972][bookmark: OLE_LINK19][bookmark: OLE_LINK20]Besides, how to determine if a user with multiple streams is satisfied also should be discussed. Based on the agreement achieved in RAN1#104b-e meeting for UL AR, in the case of multiple streams 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. We believe that the same rule can also be applied to other application(s) and/or transmission direction when multiple streams are assumed, and the X value and the given air interface PDB for each stream can be set individually according to the requirements for the stream.
[bookmark: _Ref71638639]Proposal 4: A UE with multiple streams is declared as a satisfied UE if each stream from the multiple streams has been satisfied, i.e. for each stream more than X (%) of packets are successfully transmitted within a given air interface PDB, where the X value and the given air interface PDB can be set per stream.
2.2. Preliminary evaluation results
[bookmark: OLE_LINK15][bookmark: OLE_LINK16]The purpose of this section is to evaluate the capacity performance of I/P-stream traffic modelling at different PDB, PER, and  values, and recommend appropriate values. For the single DL video stream, the PDB value of 10ms and PER value of 99% which were agreed in the previous meeting. Moreover, the scenarios and traffic to be evaluated in this section include Dense Urban for FR1 and AR/VR, 30Mbps. Details on the traffic model are provided in Appendix B. The overall system-level simulation was performed based on the agreed simulation assumptions and parameters as shown in Appendix A.
· The results of GOP-based traffic model
[bookmark: OLE_LINK41][bookmark: OLE_LINK39][bookmark: OLE_LINK40]For the GOP-based I/P-stream traffic, the average frame size of I-stream is larger than that of the single stream, while the average frame size of P-stream is smaller than that of the single stream. Moreover, the average frame size of I-stream is larger than that of P-stream. Combined with the analysis from Section 2.1, the combinations of different PDB and PER values are configured as shown in Table 1.
[bookmark: _Ref79000540]Table 1. The combinations of different PDB and PER values for GOP-based traffic model
	Case
	PER and PDB value

	Case 1
	[PER_I, PER_P] = [1%, 1%], [PDB_I, PDB_P] = [10ms, 10ms]

	Case 2
	[PER_I, PER_P] = [1%, 1%], [PDB_I, PDB_P] = [15ms, 10ms]

	Case 3
	[PER_I, PER_P] = [1%, 1%], [PDB_I, PDB_P] = [20ms, 10ms]

	Case 4
	[PER_I, PER_P] = [1%, 5%], [PDB_I, PDB_P] = [15ms, 10ms]

	Case 5
	[PER_I, PER_P] = [5%, 1%], [PDB_I, PDB_P] = [15ms, 10ms]

	Case 6
	[PER_I, PER_P] = [1%, 5%], [PDB_I, PDB_P] = [20ms, 10ms]

	Case 7
	[PER_I, PER_P] = [5%, 1%], [PDB_I, PDB_P] = [20ms, 10ms]


[bookmark: OLE_LINK43][bookmark: OLE_LINK44][bookmark: OLE_LINK51][bookmark: OLE_LINK52][bookmark: OLE_LINK47][bookmark: OLE_LINK48]The capacity evaluation results of GOP-based traffic models are presented as follows. 
[bookmark: OLE_LINK49][bookmark: OLE_LINK50][bookmark: OLE_LINK97][bookmark: OLE_LINK18][bookmark: OLE_LINK98][bookmark: OLE_LINK8][bookmark: OLE_LINK12]When  value is equal to 1.5, the capacity performances of Case 3/5/7 of multiple-stream are similar to that of single stream and the capacity performance of Case 6 is better than that of single-stream in FR1 Dense Urban scenario. Except Case 3/5/6/7, other cases in Table 1 show an obvious performance degradation compared to the single stream case. In the case of different PDBs for I-frame and P-frame, the capacity performance of the multiple-stream traffic model is very close to that of single-stream by relaxing the PDB of I-frame. In the case of different PER for I-frame and P-frame, compared to Case 2 without PER relaxation neither I-frame nor P-frame, multi-stream of Case 5 with relaxing the PER value of the I-frame achieves better capacity performance, while Case 4 with relaxing the PER value of the P-frame achieves nearly the same capacity performance. In contrast, when the PDB value of I-frame is relaxed to 20ms, multi-stream of Case 6 with relaxing the PER value of P-frame achieves an improvement in capacity performance, while Case 7 with relaxing the PER value of I-frame achieves almost the same capacity performance as Case 3. That is because when the PDB value of I-frame is relaxed to 20ms, the frame interval is only 16.67ms, which may reduce the air interface PDB of P-frame after I-frame and affect the transmission of this P-frame.
[bookmark: OLE_LINK53]When  is equal to 3, we observe that all cases with multiple-stream show a significant degradation compared to the single stream case. That is because the size of I-frame is so large when α is equal to 3, even if the PDB is relaxed to 20ms, the I-frame may not be transmitted within the PDB.
[bookmark: OLE_LINK88][bookmark: OLE_LINK89][bookmark: OLE_LINK92]Based on the above simulation results, for GOP-based traffic model, the candidate values of E and F could be 1%, 5%, the candidate values of G and H could be 10ms, 15ms, 20ms. Besides, the α value is equal to 1.5 may be a good option for the GOP-based traffic model.
[bookmark: _Ref79168324]Observation 1: For GOP-based traffic model with α=1.5, relaxing PDB of I-frame to 20ms can achieve similar capacity performance with single stream.
[bookmark: _Ref79168325]Observation 2: For GOP-based traffic model with α=3, it shows a significant performance degradation compared to single-stream traffic model.
[bookmark: _Ref79168327]Observation 3: Relaxing PDB of I-frame can improve capacity performance for GOP-based traffic model.
[bookmark: _Ref78824072]Proposal 5: For GOP-based traffic model, the candidate values of E and F could be 1%, 5%, the candidate values of G and H could be 10ms, 15ms, 20ms.
	
	

	(a) [bookmark: _Hlk78624207] = 1.5
	(b)  = 3


[bookmark: OLE_LINK6]Figure 4. Capacity results of GOP-based traffic model for FR1 Dense Urban
· The results of slice-based traffic model
For the slice-based I/P-stream traffic, the average frame size of I-stream or P-stream is smaller than that of the single-stream, and the sum of average frame size of I-stream and P-stream is equal to that of the single stream. Moreover, P-stream contains N-1 packets at a time, the sum of the sizes of all packets for P-stream is larger than that of I-stream. Combined with the analysis in Section 2.1, the combinations of different PDB and PER values are configured as shown in Table 2.
[bookmark: _Ref79000582]Table 2. The combinations of different PDB and PER values for slice-based traffic model
	Case
	PER and PDB value

	Case 1
	[PER_I, PER_P] = [1%, 1%], [PDB_I, PDB_P] = [10ms, 10ms]

	Case 2
	[PER_I, PER_P] = [1%, 1%], [PDB_I, PDB_P] = [5ms, 10ms]

	Case 3
	[PER_I, PER_P] = [1%, 5%], [PDB_I, PDB_P] = [10ms, 10ms]

	Case 4
	[PER_I, PER_P] = [5%, 5%], [PDB_I, PDB_P] = [10ms, 10ms]


[bookmark: OLE_LINK100][bookmark: OLE_LINK101][bookmark: OLE_LINK99]The capacity evaluation results of slice-based traffic models are shown in Figure 5. 
For the slice-based traffic model, a similar capacity performance can be observed when the α value is equal to 1.5 or 3 in FR1 Dense Urban. Compared to single stream case, the capacity performances of Case 3/4 for multi-stream are higher, but it will simultaneously degrade the user experience because of the relaxation of PER and PDB. And Case 1 for multiple-stream achieves similar capacity performance with single stream, while the capacity performance of Case 2 for multiple-stream is worse than that of single stream due to the stricter PDB of I-frame. Specifically, when the same PER=10-1 and PDB=10ms values as single-stream are applied to both I-frame and P-frame for multi-stream, the capacity performance of the multiple-stream is the same as that of the single-stream. Besides, Case 3 with relaxing PER of P-frame could significantly improve capacity performance, compared to single stream case. But Case 4 further relaxes the PER of I-frame, which does not further improve the capacity performance.
[bookmark: OLE_LINK102][bookmark: OLE_LINK103]In general, Case 1 have similar capacity performance as single stream, Case 2 has worse capacity performance, while Case 3 and Case 4 have better capacity performance than single stream by relaxing PER, which has the potential to degrade the user experience. Based on the above simulation results, for the slice-based traffic model, the candidate values of A and B could be 1%, 5%, the candidate values of C and D could be 5ms, 10ms.
[bookmark: _Ref79168328]Observation 4: When I-frame and P-frame adopt the same PER and PDB values as single-stream traffic model, the capacity performance of slice-based traffic model is the same as that of single-stream traffic model, regardless of α=1.5 or α=3.
[bookmark: _Ref79168329]Observation 5: Relaxing PER of P-frame can improve capacity performance for slice-based traffic model.
[bookmark: _Ref78824073][bookmark: OLE_LINK27][bookmark: OLE_LINK30][bookmark: OLE_LINK115]Proposal 6: For slice-based traffic model, the candidate values of A and B could be 1%, 5%, the candidate values of C and D could be 5ms, 10ms. 
	
	

	(c)  = 1.5
	(d)  = 3


[bookmark: _Ref78823558]Figure 5. Capacity results of slice-based traffic model for FR1 Dense Urban
3. Conclusion
In this contribution, we provide our views on XR traffic models with the following observations and proposals:
Observation 1: For GOP-based traffic model with α=1.5, relaxing PDB of I-frame to 20ms can achieve similar capacity performance with single stream.
Observation 2: For GOP-based traffic model with α=3, it shows a significant performance degradation compared to single-stream traffic model.
Observation 3: Relaxing PDB of I-frame can improve capacity performance for GOP-based traffic model.
Observation 4: When I-frame and P-frame adopt the same PER and PDB values as single-stream traffic model, the capacity performance of slice-based traffic model is the same as that of single-stream traffic model, regardless of α=1.5 or α=3.
Observation 5: Relaxing PER of P-frame can improve capacity performance for slice-based traffic model.
Proposal 1: For GOP-based traffic model, =1.5 could be used as a starting point for evaluation purpose.
Proposal 2: For slice-based traffic model, =3 could be used as a starting point for evaluation purpose.
Proposal 3: Companies should report the PER and PDB values of I-frame and P-frame separately for two options of I/P-frame multiple stream modelling.
Proposal 4: A UE with multiple streams is declared as a satisfied UE if each stream from the multiple streams has been satisfied, i.e. for each stream more than X (%) of packets are successfully transmitted within a given air interface PDB, where the X value and the given air interface PDB can be set per stream. 
Proposal 5: For GOP-based traffic model, the candidate values of E and F could be 1%, 5%, the candidate values of G and H could be 10ms, 15ms, 20ms.
Proposal 6: For slice-based traffic model, the candidate values of A and B could be 1%, 5%, the candidate values of C and D could be 5ms, 10ms. 
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[bookmark: _GoBack]Appendix A – Simulation assumptions	
[bookmark: _Ref1208685]Table I. System-level simulation assumption
	Parameter
	value

	Frequency band
	FR1
	FR2

	Scenarios
	Dense Urban
hexagonal layout with 7, 3 Sectors
	Indoor Hotspot
12 nodes in 50 m x 120 m

	Channel model
	Uma
	InH

	Carrier frequency
	4GHz
	30GHz

	Bandwidth 
	100MHz, 1.72% Guard Band 
	100MHz, 4.96% Guard Band

	Subcarrier spacing
	30KHz 
	120KHz

	Frame structure
	DDDSU (S: 10D:2G:2U) 

	BS Antennas 
(M,N,P,Mg,Ng;Mp,Np)
	For 64T: (8,8,2,1,1;4,8)
(dH, dV) = (0.5, 0.5)λ
	For 2T: (16,8,2,1,1;1,1)
(dH, dV) = (0.5, 0.5)λ

	UE Antennas 
(M,N,P,Mg,Ng;Mp,Np)
	For 4R: (1,2,2,1,1;1,2), 
(dH, dV) = (0.5, N/A)λ
	For 4R/panel: (1,4,2,1,3;1,2)
(dH,dV) = (0.5, 0.5)λ, (dg,V,dg,H) = (0, 0)λ

	BS antenna pattern
	3-TRxP pattern, 8 dBi
	Ceiling-mount pattern, 5 dBi

	UE antenna pattern
	Omnidirectional, 0 dBi
	Directional antenna panel, 5 dBi

	BS Power
	44 dBm per 20MHz
	23dBm per 80MHz, EIRP should not exceed 58 dBm

	ISD
	200 m
	20m

	BS height
	25 m
	3m

	UE height
	Outdoor UEs: 1.5m
Indoor UTs: 3(nfl – 1) + 1.5; 
nfl ~ uniform(1,Nfl) where 
Nfl ~ uniform(4,8)
	1.5m

	Noise Figure
	BS:5 dB, UE:9 dB
	BS:7 dB, UE:13 dB

	Scheduler
	MU-MIMO Proportional Fair
	SU-MIMO Proportional Fair

	Device deployment
	20% outdoor, 80% indoor
	100% indoor

	Max MCS
	256QAM

	UE receiver
	MMSE-IRC

	Channel estimation
	Realistic

	Target BLER
	10%

	UE speed
	3 km/h


Appendix B – Traffic models
[bookmark: _Ref54385012][bookmark: _Ref61363290][bookmark: OLE_LINK25][bookmark: OLE_LINK26]Table Ⅱ. DL traffic models for single DL video stream
	Traffic model
	Parameters
	Note

	Data rate (Mbps)
	30
	

	Frame per second
	60
	

	Packet size distribution
	Truncated Gaussian distribution
	

	Mean packet size (Bytes)
	62500
	Average data rate / FPS / 8 [Bytes]

	STD of packet sizes (Bytes)
	6562
	10.5%% of Mean packet size

	Maximum packet size (Bytes)
	93750
	150% * Mean packet size

	Minimum packet size (Bytes)
	31250
	50% * Mean packet size

	Packet arrival interval (ms)
	16.67
	


Table Ⅲ. GOP-based traffic model ( =1.5)
	[bookmark: _Hlk71569594]Traffic model
	I-stream
	P-stream
	Note

	Date rate (Mbps)
	
	
	GOP length = 8

	Packet size distribution
	Truncated Gaussian distribution
	

	Mean packet size (Bytes)
	88235
	58824
	The average size ratio between I-frame and P-frame is around 1.5:1

	STD of packet sizes (Bytes)
	9265
	6176
	10.5% * Mean packet size

	Maximum packet size (Bytes)
	132353
	88236
	150% * Mean packet size

	Minimum packet size (Bytes)
	44118
	29412
	50% * Mean packet size

	Packet arrival interval (ms)
	
	
	1 I-frame and 7 P-frames in one GOP


[bookmark: _Ref68114877]Table Ⅳ. GOP-based traffic model ( =3)
	Traffic model
	I-stream
	P-stream
	Note

	Date rate (Mbps)
	
	
	GOP length = 8

	Packet size distribution
	Truncated Gaussian distribution
	

	Mean packet size (Bytes)
	150000
	50000
	[bookmark: OLE_LINK21][bookmark: OLE_LINK22]The average size ratio between I-frame and P-frame is around 3:1

	STD of packet sizes (Bytes)
	15750
	5250
	10.5% * Mean packet size

	Maximum packet size (Bytes)
	225000
	75000
	150% * Mean packet size

	Minimum packet size (Bytes)
	75000
	25000
	50% * Mean packet size

	Packet arrival interval (ms)
	
	
	1 I-frame and 7 P-frames in one GOP


Table Ⅴ. Slice-based traffic model ( =1.5)
	Traffic model
	I-stream
	P-stream
	Note

	Date rate (Mbps)
	
	
	

	Packet size distribution
	Truncated Gaussian distribution
	

	Mean packet size (Bytes)
	11029 
	51470
	The average size ratio between I-slice and P-slice is around 1.5:1, each P-stream contains 7 P-slices at a time  

	STD of packet sizes (Bytes)
	1158 
	5404
	10.5% * Mean packet size

	Maximum packet size (Bytes)
	16544
	77205 
	150% * Mean packet size

	Minimum packet size (Bytes)
	5515 
	25735 
	50% * Mean packet size

	Packet arrival interval (ms)
	
	
	each encoded video frame contains 1 I-slice and 7 P-slices 


Table Ⅵ. Slice-based traffic model ( =3)
	Traffic model
	I-stream
	P-stream
	Note

	Date rate (Mbps)
	
	
	

	Packet size distribution
	Truncated Gaussian distribution
	

	Mean packet size (Bytes)
	18750 
	43750
	The average size ratio between I-slice and P-slice is around 3:1, each P-stream contains 7 P-slices at a time  

	STD of packet sizes (Bytes)
	1969 
	4594
	10.5% * Mean packet size

	Maximum packet size (Bytes)
	28125 
	65625 
	150% * Mean packet size

	Minimum packet size (Bytes)
	9375 
	21875 
	50% * Mean packet size

	Packet arrival interval (ms)
	
	
	each encoded video frame contains 1 I-slice and 7 P-slices 



CDF of the I/P-frame size ratio
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CDF of the I/P-slice size ratio
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System capacity for FR1 DL in Dense Urban
Single_stream	2	4	6	8	10	12	14	16	18	1	1	1	0.99801587301587302	0.98888888888888893	0.95370370370370372	0.89306122448979597	0.81944444444444442	0.72619999999999996	Multi_stream_Case 1	2	4	6	8	10	12	14	16	18	0.98619047619047595	0.97619047619047616	0.93121693121693117	0.85322222222222199	0.76190476190476186	0.60582010582010581	0.49773242630385489	0.44047619047619047	0.3835978835978836	Multi_stream_Case 2	2	4	6	8	10	12	14	16	18	1	1	0.99206349206349209	0.99801587301587302	0.96984126984126984	0.91534391534391535	0.83673469387755106	0.73115079365079361	0.61552028218694887	Multi_stream_Case 3	2	4	6	8	10	12	14	16	18	1	1	0.98941798941798942	0.99206349206349209	0.99047619047619051	0.96693121693121697	0.92403628117913827	0.8482142857142857	0.73368606701940031	Multi_stream_Case 4	2	4	6	8	10	12	14	16	18	1	1	0.99206349206349209	0.99801587301587302	0.97460317460317458	0.92063492063492058	0.84240362811791381	0.74206349206349209	0.62610229276895946	Multi_stream_Case 5	2	4	6	8	10	12	14	16	18	1	1	1	1	0.98888888888888893	0.9642857142857143	0.91836734693877553	0.83242063492063501	0.722804232804233	Multi_stream_Case 6	2	4	6	8	10	12	14	16	18	1	1	0.98941798941798942	0.99206349206349209	0.99841269841269842	0.98809523809523814	0.96598639455782309	0.90674603174603174	0.82627865961199298	Multi_stream_Case 7	2	4	6	8	10	12	14	16	18	0.99206349206349209	1	1	1	0.99047619047619051	0.97354497354497349	0.92743764172335597	0.85218253968253965	0.74691358024691357	Baseline_95	2	4	6	8	10	12	14	16	18	1	1	1	1	0.99682539682539684	0.98809523809523814	0.96371882086167804	0.90674603174603174	0.83520000000000005	10_10_99_95	2	4	6	8	10	12	14	16	18	0.98412698412698407	0.97619047619047616	0.93121693121693117	0.84722222222222221	0.76190476190476186	0.60582010582010581	0.49773242630385489	0.44047619047619047	0.3835978835978836	10_10_95_95	2	4	6	8	10	12	14	16	18	1	0.99603174603174605	0.99470899470899465	0.95634920634920639	0.89206349206349211	0.77910052910052907	0.68140589569161003	0.57043650793650791	0.4982363315696649	95_99_10_10	2	4	6	8	10	12	14	16	18	0.99906349206349199	0.99603174603174605	0.99470899470899465	0.95634920634920639	0.89206349206349211	0.78910052910052897	0.68140589569161003	0.56944444444444442	0.4982363315696649	15_10_95_95	2	4	6	8	10	12	14	16	18	1	1	1	1	0.99682539682539684	0.97354497354497349	0.9399092970521542	0.84623015873015872	0.76455026455026454	20_10_95_95	2	4	6	8	10	12	14	16	18	1	1	1	1	0.99841269841269842	0.99603174603174605	0.9773242630385488	0.92559523809523814	0.86067019400352729	#UE/cell

UE%



System capacity for FR1 DL in Dense Urban
Single_stream	2	4	6	8	10	12	14	16	18	1	1	1	0.99801587301587302	0.98888888888888893	0.95370370370370372	0.89306122448979597	0.81944444444444442	0.72619999999999996	Multi_stream_Case 1	2	4	6	8	10	12	14	16	18	0.9285714285714286	0.65873015873015872	0.46031746031746029	0.33730158730158732	0.23174603174603176	0.173862433862434	0.13038548752834467	0.103095238095238	8.2892416225749554E-2	Multi_stream_Case 2	2	4	6	8	10	12	14	16	18	0.99919047619047596	0.98015873015873012	0.87126984126984097	0.71230158730158732	0.55238095238095242	0.41666666666666669	0.31859410430839002	0.26587301587301587	0.21252204585537918	Multi_stream_Case 3	2	4	6	8	10	12	14	16	18	0.99412698412698397	0.98809523809523814	0.96883597883597905	0.91674603174603198	0.83920634920634896	0.717089947089947	0.58093915343915303	0.47619047619047616	0.40160000000000001	Multi_stream_Case 4	2	4	6	8	10	12	14	16	18	0.97619047619047616	0.98015873015873012	0.84126984126984128	0.71230158730158732	0.553968253968254	0.4193121693121693	0.31859410430839002	0.26587301587301587	0.21340388007054673	Multi_stream_Case 5	2	4	6	8	10	12	14	16	18	1	0.99206349206349209	0.94973544973544977	0.83555555555555605	0.7	0.57407407407407407	0.48133786848072602	0.40972222222222221	0.3439153439153439	Multi_stream_Case 6	2	4	6	8	10	12	14	16	18	0.98412698412698407	0.98809523809523814	0.97883597883597884	0.90674603174603174	0.84920634920634919	0.69973544973544977	0.59093915343915349	0.48214285714285715	0.41160000000000002	Multi_stream_Case 7	2	4	6	8	10	12	14	16	18	1	1	0.99470899470899465	0.96230158730158732	0.91428571428571426	0.794973544973545	0.703474867724868	0.62797619047619047	0.56962999999999997	Baseline_95	2	4	6	8	10	12	14	16	18	1	1	1	1	0.99682539682539684	0.98809523809523814	0.96371882086167804	0.90674603174603174	0.83520000000000005	10_10_99_95	2	4	6	8	10	12	14	16	18	0.9285714285714286	0.65873015873015872	0.46031746031746029	0.33730158730158732	0.23174603174603176	0.18386243386243387	0.13038548752834467	0.1130952380952381	8.2892416225749554E-2	10_10_95_95	2	4	6	8	10	12	14	16	18	0.98412698412698407	0.8571428571428571	0.64550264550264547	0.52182539682539686	0.37301587301587302	0.29365079365079366	0.23582766439909297	0.19742063492063491	0.16666666666666666	95_99_10_10	2	4	6	8	10	12	14	16	18	0.98412698412698407	0.8571428571428571	0.67550264550264505	0.51182539682539696	0.37301587301587302	0.29365079365079366	0.23582766439909297	0.19742063492063491	0.16666666666666666	15_10_95_95	2	4	6	8	10	12	14	16	18	1	0.99206349206349209	0.94973544973544977	0.80555555555555558	0.70158730158730154	0.58201058201058198	0.51247165532879824	0.41170634920634919	0.34656084656084657	20_10_95_95	2	4	6	8	10	12	14	16	18	1	1	0.99470899470899465	0.96626984126984128	0.919047619047619	0.81349206349206349	0.72612698412698395	0.65476190476190477	0.59321000000000002	#UE/cell

UE%



System capacity for FR1 DL in Dense Urban

Single_stream	10	12	14	16	0.98888900000000002	0.953704	0.88306099999999998	0.81944430000000001	Multi_stream_Case 1	10	12	14	16	0.98809523809523814	0.95436507936507942	0.893163265306122	0.82440476190476186	Multi_stream_Case 2	10	12	14	16	0.959380952380952	0.93253968253968256	0.87585034013605445	0.80910714285714302	Multi_stream_Case 3	10	12	14	16	0.99761904761904763	0.98611111111111116	0.95748299319727892	0.9151785714285714	Multi_stream_Case 4	10	12	14	16	0.99761904761904763	0.98611111111111116	0.95748299319727892	0.9151785714285714	#UE/cell


UE%




System capacity for FR1 DL in Dense Urban

Single_stream	10	12	14	16	0.98888900000000002	0.953704	0.88306099999999998	0.81944430000000001	Multi_stream_Case 1	10	12	14	16	0.98809523809523814	0.95634920634920639	0.89276190476190498	0.82738095238095233	Multi_stream_Case 2	10	12	14	16	0.95	0.91468253968253965	0.86394557823129248	0.7991071428571429	Multi_stream_Case 3	10	12	14	16	0.99761904761904763	0.98809523809523814	0.95408163265306123	0.91666666666666663	Multi_stream_Case 4	10	12	14	16	0.99761904761904763	0.98809523809523814	0.95408163265306123	0.91666666666666663	#UE/cell


UE%
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