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1. Introduction

The various contributions to the SA4 video adhoc group (e.g. [1]) so far only addresses how to measure the video quality for a specific receiver with a given channel condition.  We suggest considering, in addition, some multicast performance measures that will evaluate the overall system performance with many users having different channel conditions. An appropriate definition of the multicast performance measure is important especially when determining the appropriate FEC redundancy and encoder error resilience features for an MBMS session. For example, if we choose to measure the system performance by the achievable video quality at the receiver with the worst channel condition, the FEC redundancy would be very high, unnecessarily penalizing users with good channel conditions. Also, this may lead to the conclusion that any encoder error resilience tools would not be effective.   If we simply use the average of all users’ quality, the worst user may still adversely affect the overall system performance. 

In [2], we suggested a possible multicast performance metric. In this document, we describe this metric in slightly modified form, and show some simulation results comparing the values of this performance metric with different bit allocation between source coding and channel coding.

2. Proposed Multicast Performance Metric
Let 
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 denote one possible transport packet (PDU) loss rate among all the users of a video broadcast/multicast session. Denote
[image: image2.wmf])

.(

Pr

i

i

p

f

=

as the probability of 
[image: image3.wmf]i

p

(i.e. the percentage of users with loss rate
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be the achievable quality (in terms of a chosen quality measure, e.g. the average PSNR over all frames) at channel loss rate
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, for a chosen set A of source and channel coding parameters. The proposed multicast performance metric is a weighted average of the achievable quality levels by users with different channel conditions, i.e.,
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where 
[image: image8.wmf])

(

i

p

w

 is a weight depending on 
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Some possible forms of 
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· Metric 1:  
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  In this case, all users are considered equally when deriving the overall system performance.  The channel loss rate that is more typical is given a higher weight in the overall system design.

· Metric 2:  
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In this case, loss rates that have a probability less than 
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are not considered. Typically this corresponds to users with a very large loss rate.  This may be appropriate, e.g., when the service contract with the users is such that a user accepts low quality when he/she is occasionally in a bad channel condition, with the expectation that he/she will receive better quality when he/she is in a good channel condition.

· Metric 3:  
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. This is the special case when the system is designed based on the worst possible channel condition. 

3. Simulation Results

We have run simulations to determine the average PSNR of decoded video for users with different PDU loss rate, with different bit allocations between source encoder and channel encoder under the same total data rate. We show both the average PSNR for individual PDU loss rates, as well as the weighted average values with different weightings. The simulation set up is described below.
· Target channel:  UTRAN 64 kbps bearer, PDU size=640 bytes

· Channel error simulation: Using the PDU loss traces with loss rates of 0.5%, 1%, 1.5%, and 10% provided in [3]
· Packetization: no interleaving, assuming RTP header = 12 bytes, no header compression, total header overhead (including IP and link layer) =50 bytes. For a sequence encoded at 10 fps, this leads to 60 kbps for source coding and channel coding.
· Test sequence: foreman, QCIF, encoded at 10 fps (no frame skipping allowed), looped original sequence of 12 sec. (3 GOP)  40 times to create a sequence of  120 GOPs (480 sec.).
· FEC: RS code, with hybrid padding, one FEC block contains data from one video GOP.  We tested FEC redundancy of 10%, 20%, and 40%. 
· Video encoder: H.264 baseline profile, frame mode, fixed GOP structure with GOP length=4 s. Using a fixed QP chosen to reach a target source rate.

· Video decoder: uses motion copy for error concealment (for a lost frame, each MB is concealed using the motion vector of the co-located MB in the previously received frame).
· PSNR calculation: average of PSNRs of all reconstructed frames in the decoded sequence.

The examined weightings corresponding to the three special cases described in Sec. 2. The threshold in Metric 2 is chosen to be 
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The quality of each user is measured in terms of the average of PSNRs of all reconstructed frames.
The following table summarizes the simulation results.

	Target FEC overhead 
	10%
	20%
	40%

	Target Source rate
	54 k
	48k
	36k

	QP
	31
	32
	34

	Encoder PSNR
 (dB)
	33.67
	32.95
	31.77

	Actual source rate
	55.36 k
	47.55 k
	37.07 k

	Actual total rate
	68.07 k
	65.61 k
	63.24 k

	Users with loss rate p=0.5%

	Packet recovery rate
	99.60%
	100%
	100%

	PSNR 
	33.48
	32.95
	31.77

	Users with loss rate p=1%

	Packet recovery rate
	99.35%
	100%
	100%

	PSNR 
	33.00
	32.95
	31.77

	Users with loss rate p=1.5%

	Packet recovery rate
	98.50%
	99.46%
	100%

	PSNR
	31.85
	32.73
	31.77

	Users with loss rate p=10%

	Packet recovery rate
	82.92%
	85.71%
	95.00%

	PSNR
	22.05

(many very bad GOPs)
	23.66

(many very bad GOPs)
	29.74
(a few very bad GOPs)

	Multicast Metric, assuming Pr(0.5%)=0.25, Pr(1%)=0.45, Pr(1.5%)=0.25, Pr.(10%)=0.05

	Metric1: 
	32.28
	32.43
	31.67

	Metric 2: 
	32.82
	32.89
	31.77

	Metric 3
	22.05
	23.66
	29.74 

	Multicast Metric, assuming Pr(0.5%)=0.33, Pr(1%)=0.33, Pr(1.5%)=0.33, Pr.(10%)=0.01

	Metric1: 
	32.67
	32.79
	31.75

	Metric 2: 
	32.77
	32.88
	31.77

	Metric 3
	22.05
	23.66
	29.74 


Observations:

If the system were to target the worst channel conditions with 10% PDU loss, at least 40% FEC redundancy is needed, with Metric 2, this will give an average PSNR of 29.77dB (some GOPs with unrecoverable packet loss are very bad) for 10% PDU loss, and an average PSNR of 31.77 dB for loss rates between 0.5-1.5%.  On the other hand, if the system targets for the average loss rate of between 0.5-1.5%, 20% FEC redundancy seems to give the best result, with an average PSNR of  32.89 for these users (had we tested more FEC rates, possibly redundancy level between 10% and 20% will be best). But in this case, the users with 10% PDU loss have a PSNR of only 22-24 dB. (The visual quality is very bad).  Considering that majority of users (in our test distributions, 95% or 99%) having a gain of more than 1dB (what about visual quality), we think targeting the worst user may not be the appropriate criterion. 

Comparing Metric 1 vs. Metric 2, we think Metric 2 is more appropriate, as it excludes the case when the FEC fails to recover many packets and the resulting quality is very low. Including the quality in this case in the averaging calculation is not very meaningful. Also, the appropriate objective quality measure for this case may not be the same as in the other cases.
In this document, for lack of time, we did not evaluate the impact of more intelligent packetization schemes (e.g. interleaving) and encoder error resilience features (e.g. periodic intra blocks or frames).  It is likely that the achievable quality for the majority of users can be further improved had we used appropriate packet interleaving and appropriate encoder error resilience tools. 
4. Conclusion
The multicast performance metric is important if the SA4 video ad hoc group (VAG) is to recommend a certain level of FEC or encoder error resilience features to be mandatory or optional. In this case, we recommend the proposed general multicast performance metric or some more specific versions to be included as one of the quality metric. Specifically, we recommend that both Metric 2 (the average quality for all users except those with very bad channel condition that happens with very low probability) and the quality for the worst channel condition be reported together.  We further recommend that the VAG, through discussions with RAN, specify one or a few sets of likely channel condition distributions for MBMS services. 
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