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1 Summary
This document shows the evaluation results for graceful degradation (GD)-FEC for MBMS streaming service, which is simple additional FEC sub-layer to existing FEC sub-layer in the transport layer. In more detail, the purpose of this document is described below.
The objective of the work item of EMM-EFEC is as follows.
· investigating and evaluating the proposed FEC technologies 

· adopting one which provides the most significant enhancement to the performance of the MBMS system over the Rel-6 application layer FEC in MBMS.  
The GD-FEC scheme proposed in this document does not fulfil the second work objective but the scheme enhances following all aspects of system performance in the work item especially in low speed of mobile (e.g. 3 Km/h) and high block error rate (e.g. >20%) Markov model channel where conventional FEC layer (henceforth called lower FEC layer or simply FEC layer) could result in high decoding failure rate although perfect FEC code (e.g., at code performance a code with always O ( 0) is assumed. 
· the bandwidth efficiency 

· the reliability (tolerable lost packets for a given FEC overhead)  

· computational and memory resources for decoding in UEs

· backward compatibility  ( pre-Rel-11 MBMS FEC)
In this document, we prove the required redundancies can be reduced greatly with GD-FEC scheme.
2 GD-FEC
In the transport layer, the FEC block must be located in a lower section in order to fully protect the packets and headers generated at each sub-layer. Therefore, as Figure 1 shows, the FEC block or layer located next to the transmission blocks, such as the real-time transport protocol (RTP) or secure RTP (SRTP), must receive output signals that are already interleaved, enciphered, or complicatedly packetized using RTP or SRTP. Therefore, the input signals of the FEC must be grouped blindly or symbolized blindly from the input signal data whose contents may not be discriminated. Instead, unlike the location of the FEC, that of the GD-FEC should be the first, or at least an early, step in the transmission function because it should be able to isolate the I and P frames in video or other multimedia data from the media equipment output signals before they become interleaved, enciphered, or complicatedly packetized signals for the FEC.

[image: image1.emf]Audio

Audio Video DIMS Text

RTP & RTCP

SRTP

Source block

FEC

Encoding

FEC Payload ID packetization

UDP

FEC Layer

MBMS transport

GD-FEC (Encoding)

Media

Equipment

(Application

Layer)

Transmission

Equipment

(Transport Layer)

Audio

Audio Video DIMS Text

RTP & RTCP

SRTP

Source block

FEC

Decoding

FEC Payload ID de-packetization

UDP

FEC Layer

GD-FEC (Decoding)

D

e

c

o

d

i

n

g

 

S

u

c

c

e

s

s

 

R

e

p

o

r

t

 

(

1

 

b

i

t

)


Figure 1. GD-FEC and FEC mechanisms for the streaming delivery method interaction diagram: the GD-FEC is located at the first step (or at least an earlier processing block) in the transmission equipment.
In addition, any kind of FEC code can be used for GD-FEC and required redundancies can be reduced greatly for its UEP characteristic.
3 Impact on TS26.346

GD-FEC could be additional feature for the improvement; hence no other changes in the specification are needed.
4 Test Vectors

In order to calculate the amount of increased redundancy for the GD-FEC, the following SVC data can be prepared. Undoubtedly, the following numeric data can be adapted to suit various needs, but this can be assumed as an example of a practical case. The test stream consists of four layers: a 320 x 240 base layer (L0), a 640 x 480 enhanced layer Q0 (L1), a 640 x 480 enhanced layer Q1 (L2), and a 640 x 480 enhanced layer Q2 (L3). The bitrates are 476 kbps for L0, 301 kbps for L1, 2600 kbps for L2, and 5559 kbps for L3; thus, the total rate is 8936 kbps. Given this numeric data, the portion of the base layer in the total stream is below five percent (i.e. 476/8936 = 5%). In addition, the I frame portion in the base layer is approximately 25%. Finally, the I frame portion of the base layer in the total stream is approximately 1.25 %. 
5 Verification

In order to verify the effects of the GD-FEC layer, it is assumed that the given system is used as a streaming delivery service. For equitable comparison between conventional and proposed schemes, the total amount of redundancies is the same with each other. In the simulation model, the burst loss bearer process is used with a two-state Markov model only. Furthermore, for the simulation of LTE RLC-PDU losses, the group recommends using the parameter values of the two-state Markov model and we followed those parameters.

Figure 2 presents the coded BLR or residual BLR results for the FEC layer and GD-FEC layer in an MBMS system for a Vm of 3 Km/h and set target loss recovery rate (TLRR) = 10%, 20%, and 30% for (a), (b), and (c), respectively. In the figure, (x, y, z) indicate the (BLR, TLRR for lower FEC [image: image3.png]


, TLRR for GD-FEC [image: image5.png]


), respectively and DLY, NDLY stand for delayed and non-delayed decoding versions. L=5 was used for DLY and NDLY GD-FEC layers both. In the figures, the middle curves indicated by the dotted lines with circles and those with hallowed triangles show the coded BLR results for the FEC layer using the conventional and proposed schemes, respectively. The bottom curves indicated by a solid line with inverted triangles and triangles indicate the coded BLR results for the delayed and non-delayed decoding version GD-FEC layers respectively. In the simulation results, the figure shows that the coded BLR results for the FEC layers using conventional and proposed schemes exhibit little difference with each other in all cases (see Figures 2 - (a), (b), and (c)). For the non-delayed decoding version GD-FEC layer, the coded BLR increases 0.025 more than that of the delayed version GD-FEC layer especially in high BLR of 0.2 and low TLRR of 10% case. However, in other cases, the coded BLR results of both versions show little difference.
6 Conclusion
As the simulation results demonstrate, even in the worst case of a high BLR, no data loss of the special section of the multimedia using the GD-FEC layer allows the system to continue to guarantee a minimum level of service; that is, a very short slideshow video with mono audio will be streamed instead of a noisy high quality video and stereo audio, or in the worst case no service, during consecutive long burst losses. Moreover, due to the unequal protection effect of the GD-FEC layer, the amount of redundancy bits required for the FEC layer (e.g. RS code or RaporQ code) can be decreased significantly, which was shown in the simulation results.


It shows little loss recovery performance difference between DD-GD-FEC and NDD-GD-FEC for most of the test cases except special case of severely impaired mobile environment. Therefore, NDD-FEC could be better choice especially for fast switching time requiring system.
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Fig. 2. Coded BLR results for the FEC layer and GD-FEC layer in an MBMS system: DLY, NDLY stand for delayed and non-delayed: Vm = 3 Km/h and TLRR = 10%, 20%, and 30% for (a), (b), and (c), respectively; (x, y, z) indicates (BLR, [image: image10.png]
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): L=5 was used for DLY and NDLY GD-FEC layers both. 
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Fig. 3. Coded BLR results for the FEC layer and GD-FEC layer in an MBMS system: DLY, NDLY stand for delayed and non-delayed: Vm = 120 Km/h and TLRR = 10%, 20%, and 30% for (a), (b), and (c), respectively; (x, y, z) indicates (BLR, [image: image17.png]
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