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1. Introduction

A use case for graceful degradation in MBMS services when entering bad reception conditions has been discusses in current IVS TR 26.9de[1](section 5.2.4.2). In this contribution, we discuss a graceful degradation through UEP to satisfy basic QoS in MBMS. 
 Reception quality of the receivers differs according to  distance from the base station and their condition. On the contrary to a PSS service, an MBMS is not able to be served according to individual receivers. For MBMS, UEP with respect to degrees of importance of SVC layers is needed so as to satisfy baseline QoS and to deal with sudden quality deterioration.

2. Background
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Figure 1: Unequal error protection with SVC either with temporal, spatial or fidelity scalability or combinations of those.[2]
Fig. 1 shows an example of UEP with SVC. It gives the system differentiated robustness via UEP on 2 layers which have different degrees of importance and quality. By considering such UEP policy, users of high reception quality receive all of the 2 layers and subsequently high quality of video, while those of low reception quality receive only lower layer whose robustness relatively high, which results in low quality of video. [2] 
Such a differentiation in robustness of the scalable layers can be applied by a MBMS server using: 

- different transmission powers
- different modulation schemes
- different code rates at the link or application layer forward error correction (FEC)
- or combination of these
The following simulation is an example of different code rates at the application layer forward error correction (FEC).
3. Simulation
Fig. 2 shows an example of Raptor FEC in 3GPP MBMS, which results in equal protection on every layer. Fig. 3 shows differentiated protection method according to the significance. With this coding method as in Fig. 3, the more significant packets are protected the more robustly so that higher probability of reception even in cell edge can be expected. 
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Fig 2. Raptor FEC in 3GPP MBMS(EEP)[3]
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Fig 3. Video(SVC)-aware Raptor FEC(UEP)[4]
As an example of utilizing differentiated robustness property according to the importance of layers, we simulated two cases of SVC protections, FEC with EEP and FEC with UEP, as in Fig. 2 and Fig. 3, respectively.
Soccer CIF and 4CIF sequences are encoded with the JSVM 13.1. The other detailed simulation environments are as follows:

-
GOP size : 16

-
Spatial base / enhancement layer PSNR : 29.4 dB / 38.7 dB
-
Video packet size(slice size) : 500 bytes ± α

-
Bitrate of base layer/ bitrate of enhancement layer: 994/2847(Kbps).
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Fig. 4 Expected PSNR  according to distance from BS.
PSNR of video according to distance from BS is depicted in Fig. 4. When the distance from BS is 1.6km, PSNR of SVC UEP, EEP and single layer EEP is 29dB, 28dB and 23dB respectively. For example, let target minimum PSNR be 27dB of received video quality. In this case, target minimum PSNR for user up to 1.6Km is expected to be provided when using SVC EEP, while 1.8Km can be expected by using SVC UEP. Therefore, more coverage of providing basic QoS can be expected by utilizing the UEP strategy. 

4. Conclusion
An analysis result of graceful degradation with UEP is presented. Equal robustness for every layer by EEP of employing conventional method will deteriorates service quality severely according to reception quality. However, If UEP method caring for importance of layers is considered, low quality of video will be served in case of low reception quality, on the other hand, high quality of video can be served for high reception quality user, so that differentiated service according to reception quality can be achieved. Therefore, more coverage of providing basic QoS can be expected by utilizing the UEP strategy.
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