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1 Introduction
This document updates on the work for traffic modelling for split rendering. The permanent document provides and overview of the XR Traffic simulation for split rendering. The details for the simulations are provided in Figure 4.
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2 V-Trace Generation

A graphics-centric sequence of 8 seconds was generated using some pose information at 2K x 2K at 60fps from the output of a game engine. The sequence is attached to the contribution. Note that the sequence is only used initially in order to identify reasonable system parameter settings. 

The sequence was encoded in total with 24 different configurations.

· ./x265 --input input.yuv --input-res 2048x2048 --preset medium --fps [30,60] --crf [22, 28,34] --analysis-mode=save  --analysis-file /csv_analfiles/00001.dat --keyint [-1,1] --slice [1,8] --csv /csv_analfiles/[i,p]_[30,60]_[22,28,34]_[1,8].csv --csv-log-level 2 --log-level full  --rc-lookahead 0 --no-deblock  --bframes 0  --frames 480 --psnr --ssim  --output /output/xxxx.h265
Attached is also analysis file as output from x.265 with the results of all the different runs.

Analysis provided also in the excel.

A summary of the bitrates are provided

	Mode
	Framerate
	CRF
	Slice
	Data 
Rate 
in Mbit/s
	Average 
QP
	Average
Rate 
Factor
	 Y
 PSNR
	 U 
PSNR
	 V
 PSNR
	 YUV
 PSNR
	 SSIM
	 SSIM(dB)
	 Frames

	I
	60
	22
	1
	43.77
	27.29
	19.09
	42.58
	46.58
	46.12
	43.52
	0.979
	16.82
	480

	I
	60
	22
	8
	44.16
	27.29
	19.09
	42.57
	46.57
	46.11
	43.51
	0.979
	16.77
	480

	P
	60
	22
	1
	14.14
	23.82
	21.99
	43.46
	48.27
	47.83
	44.60
	0.983
	17.80
	480

	P
	60
	22
	8
	29.64
	23.71
	21.99
	43.37
	47.94
	47.49
	44.45
	0.983
	17.57
	480

	I
	60
	28
	1
	21.56
	33.30
	25.09
	39.07
	44.11
	43.64
	40.27
	0.960
	14.00
	480

	I
	60
	28
	8
	21.85
	33.30
	25.09
	39.06
	44.11
	43.64
	40.26
	0.960
	13.98
	480

	P
	60
	28
	1
	3.86
	30.17
	27.99
	40.36
	46.12
	45.57
	41.73
	0.972
	15.51
	480

	P
	60
	28
	8
	12.33
	29.91
	27.99
	40.13
	45.48
	44.96
	41.40
	0.969
	15.07
	480

	I
	60
	34
	1
	10.55
	39.35
	31.09
	35.68
	42.62
	42.16
	37.36
	0.928
	11.44
	480

	I
	60
	34
	8
	10.76
	39.34
	31.09
	35.65
	42.63
	42.17
	37.34
	0.928
	11.43
	480

	P
	60
	34
	1
	1.30
	36.75
	33.99
	37.16
	43.84
	43.32
	38.77
	0.949
	12.94
	480

	P
	60
	34
	8
	5.59
	36.20
	33.99
	36.85
	42.99
	42.47
	38.32
	0.942
	12.40
	480

	I
	30
	22
	1
	29.43
	24.88
	19.28
	44.08
	47.70
	47.27
	44.93
	0.984
	17.99
	250

	I
	30
	22
	8
	29.66
	24.87
	19.28
	44.07
	47.70
	47.26
	44.92
	0.984
	17.91
	250

	P
	30
	22
	1
	12.78
	21.87
	22.18
	44.43
	48.95
	48.51
	45.50
	0.986
	18.41
	250

	P
	30
	22
	8
	20.59
	21.82
	22.18
	44.42
	48.72
	48.29
	45.44
	0.985
	18.25
	250

	I
	30
	28
	1
	14.54
	30.88
	25.27
	39.07
	44.11
	43.64
	40.27
	0.960
	14.00
	250

	I
	30
	28
	8
	14.71
	30.88
	25.27
	39.06
	44.11
	43.64
	40.26
	0.960
	13.98
	250

	P
	30
	28
	8
	3.82
	28.07
	28.17
	41.23
	46.69
	46.19
	42.53
	0.976
	16.11
	250

	P
	30
	28
	8
	8.34
	27.94
	28.17
	41.09
	46.17
	45.67
	42.30
	0.974
	15.80
	250

	I
	30
	34
	1
	7.14
	36.91
	31.26
	37.07
	43.19
	42.73
	38.54
	0.943
	12.44
	250

	I
	30
	34
	8
	7.26
	36.91
	31.26
	37.05
	43.20
	42.74
	38.53
	0.943
	12.43
	250

	P
	30
	34
	1
	1.29
	34.38
	34.16
	38.09
	44.36
	43.83
	39.59
	0.957
	13.62
	250

	P
	30
	34
	8
	3.71
	34.11
	34.16
	37.86
	43.57
	43.12
	39.23
	0.952
	13.21
	250


An analysis of the rate increase per frame is shown. Details in excel, summary below.

	1 Slices

	I only
	
	P only

	22->28/60
	28->34/60
	22->28/30
	28->34/30
	22->28/60
	28->34/60
	22->28/30
	28->34/30

	2.03
	2.04
	2.02
	2.04
	
	3.85
	3.23
	3.46
	3.18


	8 Slices

	I only
	
	P only

	22->28/60
	28->34/60
	22->28/30
	28->34/30
	
	22->28/60
	28->34/60
	22->28/30
	28->34/30

	2.02
	2.03
	2.02
	2.03
	
	2.42
	2.21
	2.48
	2.25


The rate increase for I-frames to P-frames are shown. Details in excel, summary below.

	Frame
	I/P 22/60/1
	I/P 28/60/1
	I/P 34/60/1
	I/P 22/60/8
	I/P 28/60/8
	I/P 34/60/8

	Average
	3.17
	6.10
	10.03
	1.51
	1.81
	1.81


The rate increase for 30fps for each frame is shown. Details in excel, summary below.

	Frame
	 22-1
	28-1
	34-1
	22-8
	28-8
	34-8

	Average
	1.83
	2.13
	2.28
	1.39
	1.38
	1.36


From these results some initial conclusions:
· Data rates are quite different

· Slices are very costly if used without prediction across slice boundaries

· Prediction over 2 P-frames results roughly in factor 2

· Rate increase per CRF/QP for I is consistently 2 for QP increase 6
3 Updated simulation proposal

3.2 V-Trace Format:

· Needs some kind of encoding configuration

· Applied bitrate control

· Parameters of the command

· CRF encoding with CRFref = 28

· 1 slice, I and P encoding

· Reference frames

· Presentation Time Stamp

· POC Picture Order Count - The display order of the frames.

· I-Frame

· QP Quantization Parameter decided for the frame.

· Bits Number of bits consumed by the frame.
· PSNR Peak signal to noise ratio for Y, U and V planes.

· SSIM A quality metric that denotes the structural similarity between frames.

· Total frame time Total time spent to encode the frame.
· P-Frame

· POC Picture Order Count - The display order of the frames.
· QP Quantization Parameter decided for the frame.

· Bits Number of bits consumed by the frame.
· PSNR Peak signal to noise ratio for Y, U and V planes.

· SSIM A quality metric that denotes the structural similarity between frames.
· Latency Latency in terms of number of frames between when the frame was given in and when the frame is given out.

· Ref lists POC of references in lists 0 and 1 for the frame.

· Total frame time Total time spent to encode the frame.
· Percentage CU Intra

· Percentage CU Merge

· Percentage CU Skip
· Percentage CU Inter

In the example attached

· Yellow: Used for Encoding Modelling in CRF mode
3.3 Global Configuration (each of the following):

· Bitrate Control (one of the following): 
· Constant Bitrate – bitrate & buffer

· Feedback-based Variable Bitrate - dynamic 
· Constant Rate Factor – rate factor with CRF (default: CRFref is used)
· Slice Setting (one of the following)

· Default – no slices

· number of slices – number of slices (typical numbers are 4, 8, 16)
· maximum slice size – number in bytes

· Error Resilience (one of the following)

· Intra-refresh frame parameter would be the period (default is no intra refresh)
· Intra-refresh slice: period (1 ( 1 slice every 1 frame with the slice being picked as POC mod #slices ) 2 ( 1 slice every 2 frames)

· Feedback-based 
· Mode:

· intra refresh: add an intra for the lost slice

· ACK-mode: only use acknowledge slices in prediction

· NACK-mode: use an old reference frame or intra in case of loss

3.4 Dynamic status:

· Max number of bits for next frame (external rate control)

· frame Number, slice number ACK/NACK/unknown
3.5 Content Encoding Modelling

The content encoding is modelled as follows:

· Create a map of slices, CTU maps (64 x 64) and reference frames 

· Example: 2048 x 2048, 8 slices, 3 reference frames

· Addresses for 2048 / (8 * 64) = 4 rows with 32 CTUs for 8 slices in 3 frames maintained. 

· For each CTU store encoding mode:

· intra/inter+merge/skip

· largest reference frame (only previous one is used in simple config)

· For frame i from V-Trace (based on sample time) 

· Read frame i from V-Trace (timestamp) 

· Read latest dynamic information from dynamic status info, if applicable 

· Do a model encoding

· Input parameters: V-Trace, global configuration, dynamic status (if applicable)

· Output: s slices with parameters

· Based on the map of intra and inter for each slice/MB

· Constant CRF

· Re-use the CRFref for which the Trace was generated.

· For every CTU

· Take P-frame intra/inter/merge/skip percentage and decide intra/inter/merge/skip randomly (two options: 

· Draw each CTU mode according to percentage independently.

· Take the amount of CTUs according to the distribution

· For every slice, 

· apply intra/(inter + reference) decision (reference frame included)

· Periodic: slice mode follows pattern, other inter + reference 1

· Feedback intra: slice was lost => intra, else inter + reference 1

· Feedback ack: only ACK slices => reference inter + reference [tbd]
· Feedback nack: slice nack => reference inter + reference [tbd] prior to NACK or intra.

· For intra slices, overwrite the above CTU decision and make it an intra

· (For reference slices, overwrite new decisions on reference frames)
· create a number of bits for the slice that takes into account

· the type of the CTU
· the total amount of the bits for this slice by the following modelling

· intra size: 

· take total intra size and divide by number of CTUs as medium value

· apply Gaussian drawing with 10% variance of the total number of bits

· Use the CRF and apply adjustment as follows

· FinalBits = Bits * pow(2, (CRFref – CRF)/6)

· QPnew = QPref - (CRF – CRFref)

· skip:

· 1 byte

· merge + inter

· compute medium value as total inter size (total P-size - intra-percentage*intra-size – skip-percentage) and divide by number of inter CTUs (total CTUs*(1 – intra_percentage – skip_percentage))
· reference frame 1

· apply Gaussian drawing with 20% variance of the total number of bits with medium value
· Use the CRF and apply adjustment as follows

· FinalBits = Bits * pow(2, (CRFref – CRF)/6)

· QPnew = QPref - (CRF – CRFref)

· reference frame more than 1, it is X

· take total inter size and divide by number of CTUs as medium value

· multiply the medium value with X

· apply Gaussian drawing with 20% variance of the total number of bits

· do also intra test as above, if intra is lower, apply intra, else this inter mode.

· Use the CRF and apply adjustment as follows

· FinalBits = Bits * pow(2, (CRFref – CRF)/6)

· QPnew = QPref - (CRF – CRFref)

· sum up the slice size
· Dump the following information:

· Slice Timing/frame count

· Slice availability (after the slice timing). For now it is the same.

· Quality/QPnew

· Slice size

· Slice type

· CTU types

· Bitrate constrained – a total max of bits available max_bits

· Do the same as for constant CRF

· Iterate to the smallest CRF that fulfill max_bits
Lacking issues:

· Modelling of encoding times

· We also need to address the two independent buffers for left and right eye.
· Can we derive a new PSNR for the updated QP?

· What about slice modelling and all the issues that we saw
· We need to also address ACK/NACK based feedback
3.6 Slice to RTP/IP Packets
Configuration

· Maximum MTU size, e.g. 1500 bytes

For each slice, create fragmentation units

· Separate slice into several same size max packets except for the last.

3.7 Decoding and Quality Modelling

Decoding emulation is based on the delay and loss of slices. Late and lost slices are considered unavailable and cause errors.
4 Software Package

All software packages are available here https://github.com/haudiobe/XR-Traffic-Model/tree/strace-encoder
5 Proposal

It is proposed to take this information into account. We need some more time to consolidate the traffic modelling and check all details. Feedback and comments are welcome.
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