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1 Introduction

In this contribution, we present some experimental results on comparing H.263, H.263+ and H.264 on GERAN and UTRAN bearers in ptm and ptp usage. Random error masks [1] and link level simulation error masks are used to corrupt the video stream at various operating points and rate distortion curves are presented.
2 Generation of packet loss traces

Erroneous reception of data transmitted over a wireless link may lead to serious quality degradations. Although efficient channel coding is used on the physical layer along with powerful error protection mechanisms employed on the link layer, there will be still a non-zero likeliness of data loss and/or erroneous data reception. Since we are considering here IP based services, erroneous data will be detected by CRC in the UDP/IP packets and, accordingly, corrupted packets will be discarded. 

As a consequence, to simulate effect of erroneous transmission, it is required to segment the IP packets (the SDU frames) including header into RLC data blocks (PDU frames). Since there is no alignment between the PDUs and the SDUs, an erroneous or lost PDU frame will cause the loss of at least one SDU frame (i.e. complete RTP/UDP/IP packet) but may also cause the loss of two or more consecutive SDU frames. E.g. for a 64 kbps UTRAN bearer with 80 ms transmission time interval, we have PDUs of 640 bytes [1]. For a typical SDU size of 500 bytes it will sometimes happen, those 3 consecutive SDU losses are caused by a single erroneous PDU frame. For GERAN scenarios, PDU sizes are much smaller and are in the range between 20 and 74 bytes depending on the coding scheme [1]. 

For the investigation of the effect of lost IP packets it is very important to take this fact into account since the loss of several consecutive packets hampers the use of concealment methods.

There are three different sources of transmission errors in mobile scenarios:

· transmission errors or loss of data due to bad radio conditions,

· loss of data according to cell congestion,

· loss of data according during cell change.

In the latter two cases there may be an interruption of several seconds. For streaming services, such long interruptions cannot be bridged either by FEC or by packet retransmission according to restrictive delay requirements. Therefore, we investigate here only the effect of bad radio conditions.

For UTRAN scenarios and as well as for GERAN scenarios where frequency hopping is used one can assume that PDU errors are randomly distributed with a certain error probability. Accordingly, PDU error / loss traces are generated, where an error free PDU is represented by a 0 and where an erroneous or lost PDU is represented by a 1. In addition, PDU losses are also generated using link level simulations for case 2 channel model (see  25.101) as described in Appendix A. 
From the segmentation process where the sequence of IP packets, each with an individual length, is segmented into a sequence of PDUs all of the same length. If a PDU block is indicated to be lost in transmission according to the error mask, the complete SDU containing the said PDU block is discarded. This corrupted stream is then fed to the decoder to investigate the effect of packet losses and to evaluate error concealment methods.

Typical values for PDU error probabilities are included in the table below.

	UTRAN ptm bearer
	GERAN ptm bearer
	UTRAN ptp bearer
	GERAN ptp bearer

	1.0 %
	0.1 %
	0.1 %
	0.01%


Note, that for an individual user, these figures may vary significantly depending on the location in the cell and depending on his movement.

3 Video data rates

The video data rate must be somewhat lower than the bearer bit rate because there is some overhead for the packet headers and there has to be left some room for other media types (audio, text). In the following table bearer bit rates and corresponding video bit rates are listed.

	Scenario
	bearer bit rate [kbps]
	video bit rate [kbps]

	UTRAN 
	64
	48

	UTRAN
	128
	100

	GERAN ptm
	35.2
	24

	UTRAN ptm with FEC
	64
	43

	UTRAN ptm with FEC
	128
	90

	GERAN ptm with FEC
	35.2
	21.6


Notes: 

· For multicast services with FEC the video data rates are reduced by 10% according to the FEC overhead.

· Data rates for GERAN cover a wide range depending on the coding schemes and on the number of time slots allocated to the service.
4 Simulations parameters

The parameters have been chosen to reflect “real world” parameters: for instance there is no point in testing a 30 kbits profile with a 25 fps sequence. The range of video bitrate will be from 20 kbits to 100 kbits. Input sequence frame rate and intra refresh rate will be set according to this range. For each error pattern files, an average PSNR over 1500 frames will be produced for each tested video codecs.
	video biterate kb/s
	20
	30
	40
	50
	60
	70
	80
	90
	100
	 

	frame rate fps
	7
	7
	7
	10
	10
	15
	15
	15
	15
	Error Pattern

	Intra refresh each x frames
	21
	21
	21
	30
	30
	45
	45
	45
	45
	 

	Target MTU (for video) in bytes
	500
	500
	500
	500
	500
	500
	500
	500
	500
	 

	PDU Size :
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	  PSC - UTRAN 64 kbps 
	640
	640
	640
	640
	-
	-
	-
	-
	-
	Tr_PDU640_SDU540_CCLO…

	  PSC - UTRAN 128 kbps
	-
	-
	-
	-
	-
	1280
	1280
	1280
	1280
	Tr_PDU1280_SDU540_CCLO…

	  PSC - GERAN (MCS-2)  44.8 kbps
	28
	28
	-
	-
	-
	-
	-
	-
	-
	Tr_PDU28_SDU550_CCLO…

	  PSC - GERAN (MCS-5)  89.6 kbps
	56
	56
	56
	56
	56
	-
	-
	-
	-
	Tr_PDU56_SDU550_CCLO…

	  DCH 16 kbps
	160
	-
	-
	-
	-
	-
	-
	-
	-
	Tr_PDU160_SDU540_DCH…

	  MBMS 16 kbps
	160
	-
	-
	-
	-
	-
	-
	-
	-
	Tr_PDU160_SDU540_MBMS…

	  DCH 32 kbps
	320
	320
	-
	-
	-
	-
	-
	-
	-
	Tr_PDU320_SDU540_DCH…

	  MBMS 32 kbps
	320
	320
	-
	-
	-
	-
	-
	-
	-
	Tr_PDU320_SDU540_MBMS…

	  DCH 48 kbps
	480
	480
	480
	480
	-
	-
	-
	-
	-
	Tr_PDU480_SDU540_DCH…

	  MBMS 48 kbps
	480
	480
	480
	480
	-
	-
	-
	-
	-
	Tr_PDU480_SDU540_MBMS…

	  DCH 64 kbps
	640
	640
	640
	640
	640
	-
	-
	-
	-
	Tr_PDU640_SDU540_DCH…

	  MBMS 64 kbps
	640
	640
	640
	640
	640
	-
	-
	-
	-
	Tr_PDU640_SDU540_MBMS…


4.1 Input sequence 

Input sequence of simulation is foreman in QCIF format. The sequence will be played in loop, to have a minimum of 1500 frame at the specified frame rate. 

4.2 Video codec
Five video codec profiles have been tested. These codecs, which are not based on test model software, are those used in France Telecom’s PC videoconference software eConf and are optimized for PSC services. 
· H263 profile 0, 

· H263 profile 3 with slice mode, modified quantization, deblocking filter and Advanced Intra Coding activated

· H.264 baseline profile (without fmo). In this profile, we do not use gradual intra refresh, and constraint intra mode is activated.

· H.264 baseline profile with fmo type 1. The dispersed mode is tested, with two slice groups. Gradual intra refresh procedure is not used and constraint intra mode is activated.

· H264 baseline profile with fmo type 2. The foreground mode is tested, with two slice groups.  The second slice group is a box inside the QCIF picture that protects the center of the picture. Gradual intra refresh procedure is not used and constraint intra mode is activated.

H263 and H.263+ are working in a packetized way (i.e. with RFC2190 and RFC2429 payload), decoders uses sequence number, packet type (i.e. “Follow on” packet in H.263+) to proceed concealment and resynchronisation. H.264 is set in NAL-unit.
The target MTU (slice size for H.263+) is 500 bytes for each codecs. As it is a target MTU, RTP packet length can varied from this size. 
In order to maintain the right birate, video encoders are allowed to skip frames at the encoding side.  
4.3 Error concealment

Many error concealment techniques are available to improve the quality in the presence of channel errors. These are non-normative and enable Companies to differentiate their products. In order to compare results from different simulations, we’re using the simple “copy-from-previous-frame” approach. 
4.4 PSNR computation

The result of a simulation is the average PSNR luminance computation on the first 1500 decoded frames. The PSNR is computed between the reference YUV sequence and decoded sequence in presence of channel errors. Due to the possibility of discarding frame at the encoder side (in order to keep the set bit rate), and the possibly to loose a frame at the decoder side with channels errors, the PSNR is calculated on frames that have been received by the decoder and that have exactly the same temporal reference.

5 Simulations results

5.1 Error Free results

	bitrate
	framerate
	h263
	h263+
	h264
	h264 dispersed
	h264 foreground

	20
	7
	26.87
	27.21
	28.92
	28.71
	28.80

	30
	7
	27.99
	28.29
	29.71
	29.21
	29.60

	40
	7
	29.15
	29.49
	30.96
	30.23
	30.83
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	bitrate
	framerate
	h263
	h263+
	h264
	h264 dispersed
	h264 foreground

	50
	10
	30.21
	30.41
	32.00
	31.34
	31.90

	60
	10
	30.31
	30.48
	32.14
	31.41
	31.99
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	bitrate
	framerate
	h263
	h263+
	h264
	h264 dispersed
	h264 foreground

	70
	15
	30.13
	30.09
	31.89
	31.30
	31.81

	80
	15
	30.68
	30.77
	32.60
	31.92
	32.46

	90
	15
	31.26
	31.31
	33.19
	32.46
	33.06

	100
	15
	31.71
	31.77
	33.81
	33.03
	33.68
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5.2 Error pattern Tr_PDU640_SDU540_CCL0:
PDU Loss probability 0.5 %:
	bitrate
	h263
	h263+
	h264
	h264 dispersed
	h264 foreground

	20
	26.46
	26.84
	28.44
	27.16
	28.12

	30
	27.41
	27.47
	28.92
	28.45
	28.45

	40
	28.54
	28.60
	29.87
	29.44
	30.28

	50
	28.78
	28.89
	29.78
	29.77
	29.72
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PDU loss probability 1.0 % :
	bitrate
	h263
	h263+
	h264
	h264 dispersed
	h264 foreground

	20
	26.31
	26.51
	28.17
	27.05
	27.72

	30
	27.14
	27.18
	28.56
	28.28
	28.15

	40
	28.23
	28.34
	29.39
	29.15
	29.93

	50
	28.28
	28.32
	29.26
	29.01
	29.37
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PDU Loss probability 1.5 % :

	bitrate
	h263
	h263+
	h264
	h264 dispersed
	h264 foreground

	20
	25.95
	26.14
	26.50
	26.85
	27.53

	30
	26.52
	26.95
	28.05
	27.94
	27.72

	40
	27.62
	27.97
	28.82
	28.71
	29.23

	50
	27.83
	27.84
	28.40
	27.51
	28.52
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5.3 Error pattern Tr_PDU28_SDU550_CCL0
PDU loss probability 0.1 %:
	bitrate
	h263
	h263+
	h264
	h264 dispersed
	h264 foreground

	20
	26.78
	27.08
	28.91
	28.39
	28.62

	30
	27.96
	28.25
	29.85
	29.03
	29.57
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PDU loss probability 0.3 %:
	bitrate
	h263
	h263+
	h264
	h264 dispersed
	h264 foreground

	20
	26.56
	26.83
	28.83
	28.34
	28.54

	30
	27.86
	28.06
	29.72
	28.91
	29.37
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PDU loss probability 1 %:
	bitrate
	h263
	h263+
	h264
	h264 dispersed
	h264 foreground

	20
	25.96
	26.53
	28.13
	27.73
	28.06

	30
	27.30
	26.53
	28.54
	28.47
	28.29


[image: image9.emf]25.50

26.00

26.50

27.00

27.50

28.00

28.50

29.00

15 20 25 30 35

h263

h263+

h264

h264 dispersed

h264 foreground


PDU loss probability 3 %:
	bitrate
	h263
	h263+
	h264
	h264 dispersed
	h264 foreground

	20
	24.66
	24.67
	25.74
	25.36
	25.86

	30
	24.95
	25.16
	26.64
	25.52
	26.05
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5.4 Error Pattern Tr_PDU56_SDU550_CCL0:
PDU loss probability 0.1%:
	bitrate
	h263
	h263+
	h264
	h264 dispersed
	h264 foreground

	20
	26.80
	27.08
	28.93
	28.46
	28.72

	30
	28.00
	28.17
	29.92
	29.17
	29.62

	40
	29.28
	29.39
	31.16
	30.23
	30.89

	50
	29.45
	29.58
	31.31
	30.57
	31.08

	60
	30.27
	30.50
	32.29
	31.11
	31.99
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PDU loss probability 0.3%:
	bitrate
	h263
	h263+
	h264
	h264 dispersed
	h264 foreground

	20
	26.67
	27.08
	28.85
	28.42
	28.61

	30
	27.92
	28.12
	29.87
	29.13
	29.48

	40
	29.21
	29.30
	30.98
	30.17
	30.72

	50
	29.42
	29.38
	31.09
	30.45
	30.97

	60
	30.18
	30.35
	32.03
	31.31
	31.91
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PDU loss probability 1%:
	bitrate
	h263
	h263+
	h264
	h264 dispersed
	h264 foreground

	20
	26.25
	26.90
	28.44
	28.23
	28.19

	30
	27.54
	27.82
	29.37
	28.87
	29.17

	40
	28.70
	28.50
	30.19
	29.95
	30.24

	50
	28.62
	28.95
	30.43
	30.13
	29.80

	60
	29.76
	29.69
	31.28
	30.33
	31.07
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PDU loss probability 3%:
	bitrate
	h263
	h263+
	h264
	h264 dispersed
	h264 foreground

	20
	25.04
	26.14
	26.96
	27.09
	27.02

	30
	26.46
	26.65
	27.39
	27.42
	27.37

	40
	26.66
	26.99
	27.91
	28.06
	28.45

	50
	26.92
	27.36
	28.15
	27.79
	27.72

	60
	27.69
	27.49
	28.327
	28.65
	27.85
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5.5 Error Pattern Tr_PDU160_SDU540 for DCH and MBMS:

DCH PDU loss probability 1%:
	bit rate
	h263
	h263+
	h264
	h264 dispersed
	h264 foreground

	20
	25.24
	25.34
	26.02
	26.06
	26.60


MBMS PDU loss probability 1%:

	bit rate
	h263
	h263+
	h264
	h264 dispersed
	h264 foreground

	20
	25.12
	25.18
	27.44
	26.77
	27.04


5.6 Error Pattern Tr_PDU320_SDU540 for DCH and MBMS:
DCH PDU loss probability 1%:
	bit rate
	h263
	h263+
	h264
	h264 dispersed
	h264 foreground

	20
	25.72
	26.29
	27.91
	27.02
	27.31

	30
	26.80
	26.73
	27.44
	27.51
	28.27
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MBMS PDU loss probability 1%:
	bit rate
	h263
	h263+
	h264
	h264 dispersed
	h264 foreground

	20
	25.86
	26.31
	27.84
	27.09
	27.27

	30
	26.55
	26.84
	28.12
	27.29
	27.88
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5.7 Error Pattern Tr_PDU480_SDU540 for DCH and MBMS:

DCH PDU loss probability:

	bit rate
	h263
	h263+
	h264
	h264 dispersed
	h264 foreground

	20
	26.30
	26.36
	28.15
	27.75
	27.81

	30
	27.22
	27.24
	28.65
	28.14
	28.63

	40
	28.01
	28.33
	29.46
	28.76
	29.76

	50
	28.43
	27.99
	29.50
	28.82
	29.71
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MBMS PDU loss probability:

	bit rate
	h263
	h263+
	h264
	h264 dispersed
	h264 foreground

	20
	26.10
	26.09
	28.16
	28.03
	27.76

	30
	26.91
	27.15
	28.88
	27.71
	28.28

	40
	28.03
	28.17
	28.88
	29.29
	29.27

	50
	28.39
	28.47
	28.95
	28.44
	29.46
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5.8 Error Pattern Tr_PDU640_SDU540 for DCH and MBMS:

DCH PDU loss probability:

	bit rate
	h263
	h263+
	h264
	h264 dispersed
	h264 foreground

	20
	26.15
	26.46
	28.64
	27.68
	27.90

	30
	27.06
	27.33
	28.70
	28.05
	28.51

	40
	28.35
	28.00
	29.31
	28.78
	29.49

	50
	28.03
	28.20
	29.69
	28.90
	29.41

	60
	28.97
	28.90
	29.37
	30.28
	30.21
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MBMS PDU loss probability:

	bit rate
	h263
	h263+
	h264
	h264 dispersed
	h264 foreground

	20
	25.88
	26.60
	27.44
	27.45
	27.94

	30
	27.14
	27.60
	28.73
	28.06
	28.61

	40
	28.30
	28.47
	29.65
	29.10
	29.70

	50
	28.11
	28.03
	29.21
	29.11
	29.30

	60
	28.51
	29.25
	30.53
	29.93
	30.61
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5.9 Error pattern Tr_PDU1280_SDU540_CCL0:

PDU loss probability 0.5 % :
	bitrate
	h263
	h263+
	h264
	h264 dispersed
	h264 foreground

	70
	29.03
	29.84
	30.56
	30.29
	30.66

	80
	30.21
	30.56
	31.72
	31.00
	30.52

	90
	30.64
	30.82
	32.14
	31.53
	31.48

	100
	31.36
	30.93
	31.67
	31.86
	31.89
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PDU loss probability 1.0 % :

	bitrate
	h263
	h263+
	h264
	h264 dispersed
	h264 foreground

	70
	28.83
	29.36
	30.19
	30.04
	30.22

	80
	29.79
	30.24
	31.28
	30.57
	30.19

	90
	30.34
	30.44
	31.73
	30.92
	30.93

	100
	31.07
	30.60
	31.15
	31.19
	31.27


[image: image22.emf]28.50

29.00

29.50

30.00

30.50

31.00

31.50

32.00

60 70 80 90 100 110

h263

h263+

h264

h264 dispersed

h264 foreground


PDU loss probability 1.5 % :

	bitrate
	h263
	h263+
	h264
	h264 dispersed
	h264 foreground

	70
	28.47
	28.82
	29.39
	29.47
	29.42

	80
	29.14
	29.73
	30.40
	29.57
	29.41

	90
	30.00
	29.76
	30.61
	29.55
	30.27

	100
	30.57
	30.07
	30.04
	29.66
	30.84
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6 Conclusions

The aim of this simulation was to compare the performance of H.263, H.263+ and H.264 under typical packet loss conditions for 3GPP services. It is shown that H.264 is at least as robust as the other codecs.  The previous error robustness mechanisms of H.263 and H.263+ (slice mode, intra refresh etc) are present in H.264. More over, H.264 has some new mechanisms (like constraint intra mode, FMO tools). 

· Concerning H.264, in the majority of profiles, video quality was better by at least 1 db, in presence of errors. In few cases, H.264 is under H.263+/H.263 and these cases need to be investigated. We think that H.264 is at least as robust as the other codecs concerning packet error, and in error-free environment, bring a gap of quality over the other codecs.
· Concerning FMO, we’ve tested two configuration types. In some cases, the foreground configuration provided better robustness. For the dispersed case (checkerboard pattern for macroblocks), the impact on compression efficiency due to FMO was too high, especially for the range of bit rate tested. In addition, most results showed that H.264 without FMO performed better than with FMO, even under packet loss. We think this is because typical packet loss conditions studied here did not degrade H.264 (without FMO) to such an extent as to bring out the benefits of FMO.

· We think that as FMO is a very flexible tool, one can imagine new error concealment techniques (more efficient than “copy from previous frame”) and we must learn how to use it. If compatibility with the main profile is an important issue, we recommended the use of H.264 in a “baseline-compatible main profile” (baseline profile without FMO). 
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8 Appendix A: 

This section describes the generation of link level error traces and recommends how to use them to simulate the effect of errors from the air interface on video quality.

Modelling Methodology

Frame decoding error events are generated in a link-level simulation. A link-level simulation is run and the decoding successes of each 80ms block are recorded in the form of ‘0’ and ‘1’ for each 80ms, thereby producing an “error mask”. The error mask is then fed into the video simulation to model air interface errors. In those simulations all the bits carried in an application layer packet containing the 80ms block are discarded when the error mask indicated that the block is in error. This is typically one RTP/UDP/IP packet containing the 80ms block that was in error. 

The error masks are generated with 16kbps, 32kbps, 48kbps, 64kbps and 128kbps.  The MBMS services can be transmitted on physical channel S-CCPCH or DPDCH. The difference between S-CCPCH and DPDCH is given as follows:

· S-CCPCH: No power control is assumed and the Node-B is sending with constant power. Single transport channel mapping is assumed, i.e., all bits on S-CCPCH are used for MBMS. Spreading factor and number of symbols per slot are given in Table 1.

Table 1 S-CCPCH channel parameters

	Rate
	Spreading Factor
	Slot Format
	S-CCPCH Bits/80ms TTI

	16kbps
	128
	6
	4560

	32kbps
	64
	8
	8640

	48kbps
	32
	10
	18240

	64kbps
	32
	10
	18240

	128kbps
	16
	12
	37440


· DPDCH: Both inner loop and outer loop power control are enabled.  MBMS services are mapped to DTCH, while signalling messages are sent on DCCH. DTCH and DCCH are physically transmitted on DPDCH. In this simulation it is assumed that DCCH is always present and DCCH rate is 3.4kbps as given in 34.108[1]. Rate matching attributes for DTCH and DCCH are assumed to be the same, in other words, the code rate of DTCH and DCCH are the same.

Table 1 DPDCH channel parameters

	Rate
	Spreading Factor
	DTCH Bits/80ms TTI

	16kbps
	64
	5693

	32kbps
	64
	6353

	48kbps
	32
	15425

	64kbps
	32
	15746

	128kbps
	16
	33439


The channel model is case 2 channel from 25.101[2]. The channel profile is given as:

In Table 3.

Table 3 Propagation Channel Models

	Case 2, speed 3 km/h

	Relative delay [ns]
	Relative mean power [dB]

	0
	0

	976
	0

	20000
	0


Geometry: -3 dB.

· The geometry is the ratio of the average total received power from the cells in the active set to the average of all other received power. The geometry is therefore some measure of the location of the user, in term of C/I.

· -3dB geometry corresponds to a greater than 90% cell coverage.

Active set size: 1

· In the case if the user does see more than 1 cell in the active set, selection combining or soft combining can be used to achieve better performance.

· S-CCPCH: the operating Tx power yields 1% BLER

· DPDCH: Outer-loop target BLER: 1%

Bit rates from 20kbps  to 40 kbps – 7 fps





Bit rates from 50 kbps  to 60 kbps – 10 fps





Bit rates from 70kbps  to 100 kbps – 15 fps








