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1 Introduction

In SP-110555 (also available as S4-110792) a new work item on "Enhancement to FEC for MBMS" has been approved during SA#53. One of its objectives is to improve the bandwidth efficiency of streaming and download services delivery over MBMS.
For error resilience streaming and file delivery service, FEC scheme based on block (N, K) code is applied. For given loss rate, bandwidth efficiency is mainly dependent on FEC code length N.

For given loss rate, the greater N it is, the lower overhead is required for target FEC recovery performance while the smaller N it is, the higher FEC overhead is required. However, the greater N it is, the longer delay it brings and the more buffer memory it requires while the smaller N it is, the shorter delay (fast start-up) it is achievable and the less buffer memory it requires. 

Therefore, when we say bandwidth efficiency it should be considered with delay and buffer memory. Especially, long delay will give end-users to bad experience of MBMS streaming delivery service.

This document proposes FEC coding structure to provide different QoSs regarding bandwidth efficiency and delay for MBMS streaming delivery service and proposes evaluation criteria for its feasibility.

· Use case is described in clause 2.
· The proposed FEC coding structure is described in clause 3.
· The simulation results (by using ideal code) are depicted in clause 4.
· The proposed evaluation criteria for FEC coding structure is described in clause 5.
· Conclusion is described in clause 5.
2 Use Case

2.1 Introduction

When streaming delivery service is multicasted (or broadcasted) to one multicast group (or broadcast group), some end-users (User Group A) of the multicast (or broadcast) group can be under relatively good channel condition (e.g. 1% packet loss) and the others (User Group B) can be under relatively bad channel condition (e.g. 10% packet loss). In case of unicast, User Group A can get fast start-up of service due to short FEC protection period and User Group B will get usually relatively long delayed service for bandwidth efficiency. 

However, the current FEC coding structure for (e)MBMS streaming delivery service provides the same one for both User Group A and B. Due to this reason, if we want to provide low delayed (fast start-up) streaming service for User Group A, we need relatively high overhead for the User Group B and if we want to get low FEC overhead for User Group B, it brings long delay for User Group A.  

Therefore, we need to consider how to efficiently provide a variety of QoSs for MBMS streaming delivery to end-users who are under different channel conditions.
· HD video streaming service is delivered for multicast (or broadcast) to end-users who are under different channel conditions (e.g. low/high packet losses or random/burst packet losses). All of them watch the video with graceful recovery due to applied AL-FEC even though some of them are on relatively good channel condition (e.g. low or random packet losses) and the others are under relatively bad channel condition (e.g. high or burst packet losses). 
3 Proposed FEC coding structure
· Two Stages FEC coding structure: A Source Block consists of M number of Sub-Blocks which Sub-Block consists of K number of source symbols. Each Sub-Block is encoded to generate P1 number of parity (repair) symbols by using FEC 1 code and the Source Block is encoded to generate P2 number of parity (repair) symbols by using FEC 2 code as shown in Figure 1. (K and P1 can be variable in Sub-Block by Sub-Block and M and P2 can be variable in Source Block by Source Block).
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Figure 1 Two Stages FEC coding structure
· Two Stages FEC coding structure supports four cases of FEC coding as follows:
· Case 0: No coding
· Case 1: One Stage FEC coding (skipped FEC 2 encoding)
· Case 2: One Stage FEC coding (skipped FEC 1 encoding)
· Case 3: Two Stages FEC coding
NOTE: FEC 1 code could be the same as FEC 2 code.
4 Simulation Results by using Ideal Code

Figure 2 shows One Stage FEC coding and Two Stages FEC coding for this simulation.
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Figure 2 One Stage vs. Two Stages FEC coding
FEC performances of Two Stages FEC coding are compared to that of One Stage FEC coding (Case 1) on random erasure channel and burst erasure channel (8 consecutive packet losses).
· One Stage_P/K=20%: Sub_Block Error Rate after Sub-Block decoding in case of One Stage FEC coding.

· Two Stage_P1/K=15%: Sub-Block Error Rate after Sub-Block decoding in case of Two Stages FEC coding.

· Two Stage_P1/K=15%_P2/K=5%: Sub-Block Error Rate after both Sub-Block and Source Block decoding in case of Two Stages FEC coding.
Figure 3 shows simulation results for One Stage and Two Stages FEC coding on Random Erasure Channel.

Figure 4 shows simulation results for One Stage and Two Stages FEC coding on Burst Erasure Channel. Packet Loss Rate (PLR) of X axis means PLR by random packet losses + PLR by burst packet losses.
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Figure 3 Simulation Result on Random Erasure Channel

[image: image4.png]One Stage vs. Two Stage on Burst Erasure Channel
(K=200, M=32, P1/K=15%, P2/K=5%, burst length = 8 packets)

1.0E+00
+ === £= ik
a=
=
1.0E-01 —
f%/ﬁ 'x
- z
1.0E-02
-
-
E/E -,
1.0E-03 +
/ a”
i -7
w1.0E-04 7777/ ¥
z s
x® 7 —=—Two Stage_P1/K=15%, P_burst=10%-2
1.08-05 ¢ Two Stage_P1/K=15%, P_burst=10"-3
~ ’ ——Two Stage_P1/K=15%, P_burst=107-4
1.0E-06 4 1 — B One Stage_P/K=20%, P_burst=10"-2
}( = i~ One Stage_P/K=20%, P_burst=10"-3
=« One Stage_P/K=20%, P_burst=10-4
1.0E-07 —0— Two Stage_P1/K=15%_P2/K=5%, P_burst=10"-2
= Two Stage_P1/K=15%_P2/K=5%, P_burst=10"-3
Two Stage_P1/K=15%_P2/K=5%, P_burst=10"-4
1.0E-08
0.000 0.020 0.040 0.060 0.080 0.120 0.140 0.160 0.180 0.200

0.;80





Figure 4 Simulation Result on Burst Erasure Channel

5 Proposed Evaluation Criteria for FEC coding structure

EMM-EFEC has discussed two of loss models which are so called as iid (Independent and Identical Distributed) and Markov loss model.
In S4-AHI246 (PD v0.2), iid loss model has been agreed for UTRAN and loss model for LTE is on discussion.

Based on the above two loss models and channel condition of each end-user, we can categorize end-users as following table.

Table 1 Categorized end-users based on channel condition and loss model
	
	IID loss model only

(Loss Model 1)
	Markov loss model only

(Loss Model 2)
	IID and Markov

(Loss Model 3)

	End-user A
	Low PLR
	Low PLR
	Low PLR under IID random loss

	End-user B
	High PLR
	High PLR
	High PLR under Markov loss model


5.1 Test Cases and Performance Metrics for UTRAN

For MBMS streaming delivery service over UTRAN, following performance metrics shall be reported based on test cases and assumptions.
Table 2 FEC Overhead (1 – Code Rate) for Mean Time Between FEC Block Loss of 1 hour for UTRAN streaming test cases

	Test Case
	Error rates
(UG A – B)
	Bearer rate
	Protection Period

(FEC1 – FEC2)
	FEC Overhead for LM1

	US1
	1% - 20% (PLR)
	128kbit/s
	5 sec: One stage
	

	US2
	
	
	20 sec: One stage
	

	US3
	
	
	5 - 20 sec: Two stages
	

	US4
	
	256kbit/s
	5 sec: One stage
	

	US5
	
	
	20 sec: One stage
	

	US6
	
	
	5 - 20 sec: Two stages
	

	US7
	5% - 20% (PLR)
	128kbit/s
	5 sec: One stage
	

	US8
	
	
	20 sec: One stage
	

	US9
	
	
	5 - 20 sec: Two stages
	

	US10
	
	256kbit/s
	5 sec: One stage
	

	US11
	
	
	20 sec: One stage
	

	US12
	
	
	5 - 20 sec: Two stages
	

	· Simulation is done by using ideal code.

· Total simulation time is 24 hours

· Source symbol size is assumed as 1000bytes.

· For bearer rate 128kbit/s, encoding symbols length N, which is the number of source and parity(repair) symbols, is 80 in case of 5 sec protection period and for bearer rate 256kbit/s K is 160 in case of 5 sec protection period.

· For simplicity, PLR is used instead of BLER.
· PLR means loss rate of encoding symbols.

· FEC overhead = (total number of parity(repair) symbols)/(total number of encoding symbols) x 100, where parity symbol size = source symbols size.
· In case of Two stages FEC coding, protection period of FEC1 is regarded as protection period of FEC2 / M


5.2 Test Cases and Performance Metrics for LTE
For MBMS streaming delivery service over LTE, following performance metrics shall be reported based on test cases and assumptions.
Table 3 FEC Overhead (1 – Code Rate) for Mean Time Between FEC Block Loss of 1 hour for LTE streaming test cases

	Test Case
	Error rates
(UG A – B)
	Bearer rate
	Protection Period
(FEC1 – FEC2)
	FEC Overhead for LM1
	FEC Overhead for LM2 or LM3

	LS1
	1% - 20% (PLR)
	256kbit/s
	1 sec: One stage
	
	

	LS2
	
	
	4 sec: One stage
	
	

	LS3
	
	
	1 - 4 sec: Two stages
	
	

	LS4
	
	1Mbit/s
	1 sec: One stage
	
	

	LS5
	
	
	4 sec: One stage
	
	

	LS6
	
	
	1 - 4 sec: Two stages
	
	

	LS7
	5% - 20% (PLR)
	256kbit/s
	1 sec: One stage
	
	

	LS8
	
	
	4 sec: One stage
	
	

	LS9
	
	
	1 - 4 sec: Two stages
	
	

	LS10
	
	1Mbit/s
	1 sec: One stage
	
	

	LS11
	
	
	4 sec: One stage
	
	

	LS12
	
	
	1 - 4 sec: Two stages
	
	

	· Simulation is done by using ideal code.

· Total simulation time is 24 hours

· Source symbol size is assumed as 1000bytes.

· For bearer rate 256kbit/s, encoding symbols length N, which is the number of source and parity(repair) symbols, is 32 in case of 1 sec protection period and for bearer rate 1Mbit/s K is 128 in case of 1 sec protection period.

· For simplicity, PLR is used instead of BLER.
· PLR means loss rate of encoding symbols.

· FEC overhead = (total number of parity(repair) symbols)/(total number of encoding symbols) x 100, where parity symbol size = source symbols size.
· Simulation for “FEC overhead for LM2 or LM3” depends on the discussion result on LTE loss model to be decided.
· In case of Two stages FEC coding, protection period of FEC1 is regarded as protection period of FEC2 / M


6 Conclusion

It is proposed to add evaluation criteria for FEC coding structure of MBMS streaming delivery service.
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