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1 Discussion
This contribution proposes an additional use cases for video codecs. This use case focuses on the issues with bandwidth variations and is based on the discussion in [2].
The use case description has been updated based on the comments received in the MTSI teleconference on April 28, [3].

2 Proposal

Approve the text to be included in the TR Study on Improved end-to-end QoS negotiation, [1].

3 References

[1] S4-140454, “TR 26.924 Study on Improved end-to-end QoS handling” v0.0.7.
[2] S4-130706, “Effects of Token Bucket limitations on media transport”.

[3] S4-140499, “Report from SA4 MTSI SWG conf. call #5 on improved end-to-end QoS handling of E2EMTSI-S4 (April 28, 2014)”.
6.x
Use case X: Single video codec, symmetric usage, bitrate variations
6.x.1
General description
This use case is identical to Use case G but the discussion here focuses on bitrate variations that may occur in the session, even under normal operating conditions with good enough channel condition and low enough load so that there is no need for end-to-end bitrate adaptation. This use case therefore illustrates the bitrate variations that may be generated by a video codec if no restrictions are applied to the encoding process.
Alice and Bob are setting up a video telephony session including both speech and video. Both UEs support the minimum set of speech and video codecs defined in TS 26.114, i.e.:

· for speech: AMR (4.75-12.2 kbps); and:

· for video: H.264 Constrained Baseline Profile (CBP) level 1.2.

Alice sends the SDP offer and Bob sends the SDP answer as shown below. Since this analysis is targeting issues for bitrate variations for video then the SDPs do not include audio. The SDP examples shown below are also simplified versions without SDPCapNeg, AVPF feedback messages, image attribute and video orientation since these things make no difference for the current analysis.
Table 6.x.1-1. SDP offer-answer for use case X
	SDP offer

	m=video 49152 RTP/AVP 99

b=AS:315

b=RS:0

b=RR:2500

a=rtpmap:99 H264/90000

a=fmtp:99 packetization-mode=0; profile-level-id=42e00c; \

     sprop-parameter-sets=J0LgDJWgUH6Af1A=,KM46gA==

	SDP answer

	m=video 49152 RTP/AVP 99

b=AS:315

b=RS:0

b=RR:2500

a=rtpmap:99 H264/90000

a=fmtp:99 packetization-mode=0; profile-level-id=42e00c; \

     sprop-parameter-sets=J0LgDJWgUH6Af1A=,KM46gA==


This discussion focuses on video and speech is not considered any more in this use case.

For the media handling in the UEs, the SDP offer/answer negotiation means:
· UE-A (Alice) wants to receive max 315 kbps (on average).
· UE-B (Bob) wants to receive max 315 kbps (on average).

· UE-A will send max 315 kbps (on average).

· UE-B will send max 315 kbps (on average).

The Application Functions use the b=AS values from the SDP offer and the SDP answer sets the service information to:
· In IMS-A:

· UE-A max send rate is 315 kbps (on average).

· UE-A min send rate is unknown and is therefore left undefined.

· UE-A max receive rate is 315 kbps (on average).
· UE-A min receive rate is also unknown and is therefore left undefined.
· In IMS-B:

· UE-B max send rate is 315 kbps (on average).

· UE-B min send rate is unknown and is therefore left undefined.

· UE-B max receive rate is 315 kbps (on average).
· UE-B min receive rate is unknown and is therefore left undefined.
The AF sends these parameters together with the remaining media-related information to the PCRF.

In this case, it is assumed that the PCRFs suggest to set up a bearer with MBR=GBR. This gives the following bearer allocation.

Table 6.x.1-2. Bearer allocation for video
	Direction
	Parameter
	Rate
	Parameter
	Rate

	A->B
	Max_DR_ULA
	315 kbps
	Max_DR_DLB
	315 kbps

	
	Gua_DR_ULA
	315 kbps
	Gua_DR_DLB
	315 kbps

	B->A
	Max_DR_DLA
	315 kbps
	Max_DR_ULB 
	315 kbps

	
	Gua_DR_DLA
	315 kbps
	Gua_DR_ULB 
	315 kbps


In this discussion it is assumed that these parameters are also used in the PGW to monitor that the UEs do not exceed the negotiated bandwidths.
Two trace files of video frame sizes are used to facilitate the discussion on bitrate variations. The files are described in the Table 6.x.1-3 below and are shown in Figure 6.x.1-1 and 6.x.1-2.
Table 6.x.1-3. File information
	
	File 1
	File 2

	Codec
	H.264
	H.264

	Resolution
	QCIF
	QCIF

	Frame rate
	30 fps
	30 fps

	Bitrate (incl. IP, UDP and RTP overhead)
	315 kbps
	315 kbps

	Number of frames
	2692
	2204

	Average frame size
	1312.5 bytes
	1312.5 bytes

	Min frame size
	595 bytes
	1006 bytes

	Max frame size
	2147 bytes
	1771 bytes


These files do not include any I frames.
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Figure 6.x.1-1. Video frame sizes for file 1
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Figure 6.x.1-2. Video frame sizes for file 2
When measuring the used bitrate, e.g. in a policing function, then one need to average the instantaneous bitrates over some time to create a short-term average. In this analysis, an averaging window has been used and different lengths of the averaging window have been tested. The figure below shows a few examples of how the variations in the short-term bitrate average are reduced as the length of the averaging window increases.
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a) No averaging window
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b) 0.5 s averaging window
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c) 1 s averaging window
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d) 2 s averaging window


Figure 6.x.1-3. Bitrates for file 1 with different averaging windows
As can be seen in the figure above the variations in the short-term average are significantly reduced when applying an averaging window, even if the window is as short as 0.5 seconds. This is however excluding I frames. Statistics when applying different averaging window lengths are shown in Table 6.x.1-4.
I frames may be generated by the encoder for several reasons, for example generated at a regular interval to stop error propagation or generated when the receiver requests a Full Intra Refresh. I frames are usually much larger than the average frame size, often as large as 5 to 10 times larger. The effects of I frames on the short-term bitrate average have been analyzed by manually inserting I frames every 15 second in the video trace files. Both I frames of 5 times and 10 times the average video frame size have been used. The video trace files were then re-scaled to maintain the 315 kbps average bitrate (measured over the whole trace file). The averaging windows were then applied in the same was as above. Table 6.x.1-4 shows the statistics for the two files when I frames have been added.
Table 6.x.1-4. Bitrate variations after applying averaging window
	File
	Averaging window length
[s]
	Average bitrate
[bps]
	Maximum bitrate
[bps]
	Minimum bitrate
[bps]
	Max/Avg bitrate
	Number of frames
	Number of times short-term average is >25% over long-term average
	Number of times short-term average is >10% over long-term average

	File 1
	-
	314999.6
	515280
	142800
	1.64
	2692
	160
	584

	File 1
	0.17
	315003.3
	352272
	280944
	1.12
	2687
	0
	7

	File 1
	0.33
	314987.7
	333648
	294816
	1.06
	2682
	0
	0

	File 1
	0.50
	314980.8
	327392
	302080
	1.04
	2677
	0
	0

	File 1
	0.67
	314980.9
	323400
	306300
	1.03
	2672
	0
	0

	File 1
	1.00
	314986.6
	321208
	308784
	1.02
	2662
	0
	0

	File 1
	2.00
	314990.1
	317848
	311728
	1.01
	2632
	0
	0

	File 1, 5x I
	-
	314998.5
	1560960
	141360
	4.96
	2692
	152
	546

	File 1, 5x I
	0.17
	314630.5
	597120
	278400
	1.90
	2687
	26
	27

	File 1, 5x I
	0.33
	314572.4
	454608
	292248
	1.45
	2682
	51
	51

	File 1, 5x I
	0.50
	314554.2
	408672
	299424
	1.30
	2677
	52
	76

	File 1, 5x I
	0.67
	314550.9
	382284
	303612
	1.22
	2672
	0
	101

	File 1, 5x I
	1.00
	314557.6
	359416
	306016
	1.14
	2662
	0
	151

	File 1, 5x I
	2.00
	314580.0
	335960
	308956
	1.07
	2632
	0
	0

	File 1, 10x I
	-
	314998.1
	3087840
	139920
	9.80
	2692
	134
	490

	File 1, 10x I
	0.17
	314180.8
	899376
	275328
	2.86
	2687
	26
	26

	File 1, 10x I
	0.33
	314071.4
	604056
	289032
	1.92
	2682
	51
	51

	File 1, 10x I
	0.50
	314039.7
	507152
	296144
	1.61
	2677
	76
	76

	File 1, 10x I
	0.67
	314032.2
	455340
	300288
	1.45
	2672
	101
	101

	File 1, 10x I
	1.00
	314040.1
	406968
	302696
	1.30
	2662
	151
	151

	File 1, 10x I
	2.00
	314085.6
	358032
	305584
	1.14
	2632
	0
	301

	File 2
	-
	315001.4
	425040
	241440
	1.35
	2204
	5
	167

	File 2
	0.17
	315007.9
	336240
	297888
	1.07
	2199
	0
	0

	File 2
	0.33
	315001.6
	332328
	306528
	1.06
	2194
	0
	0

	File 2
	0.50
	315003.6
	329104
	308784
	1.04
	2189
	0
	0

	File 2
	0.67
	315005.7
	328092
	310044
	1.04
	2184
	0
	0

	File 2
	1.00
	315002.1
	326824
	311672
	1.04
	2174
	0
	0

	File 2
	2.00
	314952.8
	325616
	313084
	1.03
	2144
	0
	0

	File 2, 5x I
	-
	315001.5
	1561200
	239040
	4.96
	2204
	8
	137

	File 2, 5x I
	0.17
	314554.7
	576768
	295104
	1.83
	2199
	21
	21

	File 2, 5x I
	0.33
	314496.3
	450408
	303696
	1.43
	2194
	41
	41

	File 2, 5x I
	0.50
	314484.4
	402384
	305984
	1.28
	2189
	57
	61

	File 2, 5x I
	0.67
	314482.3
	378408
	307536
	1.20
	2184
	0
	81

	File 2, 5x I
	1.00
	314479.8
	356728
	308840
	1.13
	2174
	0
	121

	File 2, 5x I
	2.00
	314454.1
	334512
	310232
	1.06
	2144
	0
	0

	File 2, 10x I
	-
	315001.3
	3087600
	236400
	9.80
	2204
	7
	105

	File 2, 10x I
	0.17
	314005.8
	879024
	291792
	2.80
	2199
	21
	21

	File 2, 10x I
	0.33
	313884.3
	599688
	300360
	1.91
	2194
	41
	41

	File 2, 10x I
	0.50
	313855.6
	500752
	302576
	1.60
	2189
	61
	61

	File 2, 10x I
	0.67
	313848.3
	451356
	304092
	1.44
	2184
	81
	81

	File 2, 10x I
	1.00
	313847.2
	404216
	305384
	1.29
	2174
	121
	121

	File 2, 10x I
	2.00
	313849.9
	356512
	306780
	1.14
	2144
	0
	241


As can be seen in the table, adding I frames has a large impact on how the averaged bitrate varies. To get a maximum short-term average (measured over the averaging window) that is reasonably close to the long-term average (measured over the whole file) then one need to have a long averaging window, at least a few seconds long.

Looking at the columns showing how many times the average exceeds 25% and 10% over the average one can see that this occurs quite frequently when 5x and 10x I frames are added, even for long averaging windows. If the network would drop a packet every time this happens then this would increase the packet loss rate with a few percent, in the worst cases with as much as 10%.
Another observation is that the frequency of large short-term average actually seems to increase with increasing window length when large I frames are added.

6.x.2
Gap analysis

There is no information in the SDPs (offer or answer) and in the functions and protocols used in PCC and RAN for resource reservation (GDP, Rx, scheduler, etc…) about how large bitrate variations the clients want to use. There is also no information in the SDPs or in the QoS parameters for the bearers that informs the clients about how large bitrate variations the networks will allow. 
Editor’s note: SA4 understands that adding such signaling would impact many network nodes and interfaces, see also Reply LS from CT3 in S4-130647/C3-130837, and that defining such modifications would be outside the scope of SA4. A simpler solution would therefore be desirable.
In addition, for EPC, the MBR and GBR bitrates are defined with only the bitrates, [11], but there is no definition for how these (average) bitrates should be calculated. 
Editor’s note: Specifying how the (average) bitrates should be calculated may solve the same problem as defining new signaling for the bitrate variations, and it should be a simpler solution. Another possibility would be to define requirements and/or recommendations for how terminals may send large frames. These things should be considered when discussing potential solutions.
This means that the policing functions in the networks will need to be configured without knowing what will work for the clients. The clients should also implement some form of rate smoothing but a problem here is that client developers do not know how much smoothing that is required by the networks. In addition, the policing functions in different networks could very well be configured differently so a rate smoothing that works in one network is not guaranteed to work in other networks.
*** Additional changes needed to the TR ***
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