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Service Quality Evaluation for a MBMS Candidate 
over GERAN 

1. Introduction

At GERAN#17 different strategies for MBMS delivery over a p-t-m connection have been investigated. Among other strategies repetition schemes and outer coding schemes based on existing GPRS and EGPRS coding schemes without p-t-m feedback are considered [1].  In order to get an impression of the MBMS service quality over GERAN applying both types of Forward Error Correction, an evaluation of the service quality for a MBMS candidate, namely the MPEG-4 multimedia service, was performed by simulation enabling the demonstration of the service quality for that particular service.

This contribution depicts the MPEG-4 evaluation campaign accompanied by a demonstration of the service quality at the receiver. 
2. Service Quality Evaluation
2.1 Overview

The service quality evaluation campaign is shown in Fig.1 .
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Fig.1: Service quality evaluation campaign for MPEG-4 transport over GERAN.

First a high quality video consisting of a video sequence and an audio sequence (see table 1) are encoded into one MPEG-4 video and one MPEG-4 audio stream (see Tab. 1). 
	Sequence    
	Audio – 16 kbits/s
	Video – 54 kbits/s

	Original sequence
	44,1 kHz

16 bit, Stereo


	Size: 176 x 144 (QCIF)

Video Frame Rate: 10 frames per second



	Encoded sequence
	Format: AAC 

16 kHz

16 bit, mono

Rate: 15,2 kbps
	Format: MPEG4 Video Simple Profile (QuickTime Codec).
Rate: 48 kbps

PSNR: 31.7 
Variable bit rate (VBR) mode. 48 kbit/s. Total bit rate required including all header: 54kbps
Maximum RTP packet size: 1400 bytes.

I-VOP every 1s. Medium video quality, poor rate control.


Tab. 1: Characterisation of video and audio streams.

Then both streams are  separately conveyed over the GERAN air interface utilising either a repetition scheme (configuration 1) or outer coding scheme (configuration 2) at  RLC layer as depicted in Tab. 2. 

	                            Sequence

RLC Configuration    
	Audio – 16 kbits/s
	Video – 54 kbits/s

	Repetition scheme
	1 timeslot. 3 repetitions. MCS-8 with IR.@ C/I=15.5dB. 
	3 timeslots. 3 repetitions. MCS-8 with IR.@ C/I = 16dB.

	Outer coding scheme
	1 timeslot. MCS-5. RS(72,64). MCS-5 @ C/I = 16dB.
	2 timeslots. MCS-8 @ C/I=16dB. RS(128,64)


Tab. 2: Configuration of the GERAN RLC layer utilising repetition or outer coding scheme.

The GERAN RLC layer simulation is depicted in more detail in section 2.2.

The receiver, i.e. the MS, decodes both MPEG-4 streams erasing all RTP packets with corrupted UDP checksum and determines the PSNR (pseudo-SNR) ratio. Note, a PSNR ratio of 30 or more usually leads to sufficient service quality.
The demonstration shows the service quality of following stages in Fig. 1:

1) Original video and audio sequence 
2) Video and audio sequence after MPEG-4 encoder

3) Video and audio sequence after MPEG-4 decoder (repetition scheme at RLC)

4) Video and audio sequence after MPEG-4 decoder (outer coding at RLC)

2.2 GERAN RLC Layer Simulation 

This section depicts the modelling of the RLC layer used for the MPEG-4 transport over GERAN. As decided during GERAN#17 the coding schemes are based on EGPRS, MCS-5 and MCS-8 being used. The C/I ratio of  around 15 dB for a channel with good radio conditions has been assumed. A block diagram of the GERAN RLC layer simulation is shown in Fig. 2.


[image: image2]Fig. 2: GERAN RLC layer simulation block diagram.
A two-stage approach was selected to evaluate the service quality of MPEG-4 multimedia traffic. The lower stage, the RLC layer simulation, creates LLC error patterns separately for audio and video stream, which are used at the upper stage, including MPEG-4 encoder and decoder, before the MPEG-4 decoder. The simulation parameters of the RLC layer and the LLC layer can be found in Tab.3.

	No. of RLC/MAC blocks simulated
	100000.

	Logical channels
	Pseudo-dedicated. No Feedback

	QoS
	Target SDU FER of 10-2 for both audio and video.

	Video/Audio multiplexing
	Video and audio are transported on separate timeslots. Multiplexing and synchronisation is achieved at the application (RTP) layer.

	Radio Channel Profile
	TU 3 with ideal frequency hopping. Log-Normal Fading, correlation distance: 20m, standard deviation: 7 dB. Interference, Rx power, fast and slow fading on each timeslot are assumed to be highly correlated.

	Multislot traffic channel
	High fading correlation between slots. The same interference is assumed for both timeslots.

	Error Protection
	Equal Error Protection (EEP).

	Link Adaptation
	None.

	Header Compression
	No header compression. 40 byte RTP/IP/UDP header.

	SNDCP functionality
	SNDCP header: 2 bytes

	LLC functionality
	LLC is operated in unacknowledged mode. LLC header size: 2 bytes. FCS: 3 bytes. 

LLC frame concatenation. Frames discarded after an LLC discard time of 3 seconds. Frames which are in the process of being transmitted are not discarded even if their lifetime exceeds the LLC discard time. Buffer size = 4 LLC frames.


Tab.3:  Simulation parameters for RLC and LLC layer.
2.3  Service Quality Measurements 

The service quality was measured in terms of PSNR as well as in terms of audio and video frame losses for the demonstration video described in section 2.4 . These are depicted in Tab. 4a for the repetition scheme at RLC and in Tab. 4b for the outer coding scheme.

	Sequence
	Audio – 16 kbits/s
	Video – 54 kbits/s

	Audio packet loss / 
	4.6 %  (35 of 760)
	-

	Video frame loss
	-
	3.2%  (16 of 487)

	PSNR
	-
	26.4


Tab. 4a: Service quality for MPEG-4 video and audio at receiver (repetition scheme at RLC layer).


	Sequence
	Audio – 16 kbits/s
	Video – 54 kbits/s

	Audio packet loss / 
	0 %  (0 of 760)
	-

	Video frame loss
	-
	1.6%  (8 of 487)

	PSNR
	-
	29.1


Tab. 4b: Service quality for MPEG-4 video and audio at receiver (outer coding scheme at RLC layer).

2.4  Subjective Results 

A company internal video containing fast moving sequences with different animals such as orca-whale and seals, slow moving sequences with an artificial human body and again fast moving sequences with an orchestra and a piano player accompanied by classical music was selected. The video has a length of 48 seconds. 

The difference in PSNR as well as that one in video and audio frame rate loss for both investigated RLC configurations depicted in section 2.3 consequently leads to different observed video and audio quality. 
For audio, configuration 1 utilising the repetition scheme leads to one instant disruption after the start of the video, whilst configuration 2 has no disruptions. 
For video, configuration 1 has some severe degradations at the beginning of the video and nearto the end, where the decoder is not able to track the changes and thus creates artifacts. Thereagainst configuration 2 leads to rather good received video quality without major disruptions keeping the sequence smooth. Hence utilisation of outer coding leads to a noticeable improvement of both the video and audio quality in the examined scenario. Tab. 5 contains a summary of the experienced degradation of the service quality for both investigated configurations.
It has to be noted that the MPEG-4 encoded video stream shows quantisation structures (squares) for a duration of  about 22 sec out of the entire video length of 48 sec.
	Sequence
	Configuration 1
	Configuration 2

	Duration of audio packet loss  
	1 sec 

(T=7s)
	0 sec 



	Duration of video frame loss
	4 sec 

(T=0..2, 20s)
	5 sec 

(T=17,25..27,33s)

	Duration of video artefacts
	14 sec

(T=3..10,37..39,43..45s)
	2 sec

(T=5..6s)

	Duration of bad service quality
	19 sec
	6 sec


Tab. 5: Experienced degradation of the service quality for both investigated configurations.
In this case the outer coding reduces the periods of bad service quality. Longer video artefacts, which have the most disturbing effect as observed for the repetition scheme are not experienced here. The video is smoother and the audio quality is fine because not degraded at all, whilst for the repetition scheme one clear audio disruption is noticed. In addition it must be taken into account that the video stream in the case of outer coding is transported over 2 timeslots compared to 3 timeslots in the case of the repetition scheme.
3. Conclusions
This contribution accompanied by a demonstration of a MBMS candidate service, the MPEG-4 multimedia stream, has shown benefits related to service quality due to the utilisation of outer coding. Whilst a repetition scheme does not yield sufficient service quality, causing disruptions for both audio and video sequence, outer coding at the RLC layer is likely to improve the service quality also for other services envisaged for MBMS. It has to be noted, that the presented evaluation campaign does not consider the impact of the proposed Common Feedback Channel (CFCH) for MBMS ptm delivery [2]. It is assumed that additional gains can be achieved, regardless whether Incremental Redundancy or Outer Coding is utilised based on the feedback mechanism, which is for further study.
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