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1. Introduction
In MBMS service, in order to maintain media quality at UEs, it is necessary to provide reliable transport.  Some application layer FEC schemes have been discussed [1] and we have proposed the framework of the schemes which integrates various error resilient methods and applied to MBMS service [2].  We also proposed packet level repetition with those of encoded at lower rate [2], which is more efficient than the simple repetition of the same packets.

As other approaches,  both to improve the efficiency of network bandwidth more as well as to obtain data loss tolerance, there are some FEC schemes of parity check with XOR operations.  We propose LDPC (Low Density Parity Check), which requires very low complexity to achieve them.  This scheme is applicable to both download and streaming services, efficient for p-t-p and p-t-m bearers, and applicable to header compression (RoHC) with an appropriate payload format for it.  It can be applied to MBMS within the proposed framework [2].

This document describes features and evaluation results of LDPC code, which show strong robustness to data losses with small redundancy and low calculation cost.

2. Features of LDPC

LDPC scheme has features as described below:

· Tolerance
· LDPC can achieve high loss tolerance with a properly designed LDPC matrix which consists of media and redundant SDUs (packets).

· Efficiency

· Since LDPC matrix includes identity or triangular one, higher efficiency can be obtained by adopting larger LDPC block, which means to operate with blocks of larger number of SDUs (packets).

· Complexity

· LDPC needs very small calculation power at UE implementation (only parity XOR operations).

· LDPC decoder doesn’t have to operate if there is no loss of media data in the block.
· Length of media data doesn’t need to be fixed (doesn’t need to be padded).

· Comparison with Reed-Solomon code

· Both tolerance and efficiency are improved with a larger LDPC block, which doesn’t increase calculation cost like Reed-Solomon code.

· Backward Compatibility

· Backward compatibility is available (UE without LDPC function can decode media stream), because media SDUs (packets) aren’t processed. This is important feature.
3. LDPC evaluation results

We evaluated the performance of LDPC code in simulation with error patterns indicated by Tdoc S4-030802 [3].

LDPC matrices are provided for each bitrate, delay and SDU size but common for each error pattern and error ratio.  The matrices are designed by a lot of general error patterns.  If UEs implementation and service requirement allow longer delay, the ratio will be better, because it makes it possible to adopt larger LDPC blocks which provide more tolerance and efficiency.

LDPC is applied into streaming.

The values shown in the following tables are simulation results of LDPC at several SDU error rates for streaming.  The numbers of media SDUs in a LDPC block (n) are calculated from delay, bitrate and SDU size; n = bitrate * delay / (SDU size * 8).  ‘m’ represents a number of redundant SDUs and the LDPC block size becomes (n + m), which decides distribution rate at bearers; bitrate * (n + m) / n.  

If LDPC is applied into the download, higher performance can be estimated, because in the download, the delay requirement is looser and larger LDPC blocks can be applied for it.

3.1 24 kbps media @ 64 kbps bearer

Table 1.1: Post Recovery Error Rate of 24 kbps at 3 sec delay (SDU Size = 64 bytes)

	Delay [sec]
	3

	SDU Size [bytes]
	64

	Media SDUs in a LDPC Block (n)
	140 

	SDU Error Pattern
	　A
	B

	SDU Error Rate
	1.0E-02
	5.0E-02
	1.0E-01
	9.9E-03
	5.8E-02
	9.4E-02

	Post Recovery ER @28.8kbps (m=28)
	0.0E+00
	4.5E-06
	5.0E-03
	0.0E+00
	0.0E+00
	2.7E-04

	Post Recovery ER @33.6kbps (m=56)
	0.0E+00
	1.2E-05
	1.6E-04
	0.0E+00
	0.0E+00
	0.0E+00

	Post Recovery ER @38.4kbps (m=84)
	0.0E+00
	0.0E+00
	2.3E-04
	0.0E+00
	0.0E+00
	0.0E+00


Table 1.2: Post Recovery Error Rate of 24 kbps at 5 sec delay (SDU Size = 64 bytes)

	Delay [sec]
	5

	SDU Size [bytes]
	64

	Media SDUs in a LDPC Block (n)
	234 

	SDU Error Pattern
	A
	B

	SDU Error Rate
	1.0E-02
	5.0E-02
	1.0E-01
	9.9E-03
	5.8E-02
	9.4E-02

	Post Recovery ER @28.8kbps (m=46)
	0.0E+00
	0.0E+00
	7.5E-04
	0.0E+00
	0.0E+00
	0.0E+00

	Post Recovery ER @33.6kbps (m=93)
	0.0E+00
	5.7E-05
	1.1E-04
	0.0E+00
	0.0E+00
	0.0E+00

	Post Recovery ER @38.4kbps (m=140)
	0.0E+00
	1.3E-05
	8.9E-05
	0.0E+00
	0.0E+00
	0.0E+00


Table 1.3: Post Recovery Error Rate of 24 kbps at 3 sec delay (SDU Size = 500 bytes)

	Delay [sec]
	3

	SDU Size [bytes]
	500

	Media SDUs in a LDPC Block (n)
	18

	SDU Error Pattern
	A
	B

	SDU Error Rate
	1.0E-02
	5.0E-02
	1.0E-01
	9.9E-03
	5.8E-02
	9.4E-02

	Post Recovery ER @28.0kbps (m=3)
	6.2E-04
	1.1E-02
	4.3E-02
	0.0E+00
	4.8E-03
	5.3E-03

	Post Recovery ER @33.3kbps (m=7)
	0.0E+00
	2.4E-04
	2.3E-03
	0.0E+00
	0.0E+00
	0.0E+00

	Post Recovery ER @37.3kbps (m=10)
	0.0E+00
	1.0E-04
	1.9E-03
	0.0E+00
	0.0E+00
	0.0E+00


Table 1.4: Post Recovery Error Rate of 24 kbps at 5 sec delay (SDU Size = 500 bytes)

	Delay [sec]
	5

	SDU Size [bytes]
	500

	Media SDUs in a LDPC Block (n)
	30 

	SDU Error Pattern
	A
	B

	SDU Error Rate
	1.0E-02
	5.0E-02
	1.0E-01
	9.9E-03
	5.8E-02
	9.4E-02

	Post Recovery ER @28.8kbps (m=6)
	2.3E-04
	3.7E-03
	2.1E-02
	0.0E+00
	1.1E-04
	7.2E-03

	Post Recovery ER @33.3kbps (m=12)
	0.0E+00
	2.0E-04
	1.6E-03
	0.0E+00
	0.0E+00
	0.0E+00

	Post Recovery ER @38.4kbps (m=18)
	0.0E+00
	1.0E-04
	1.6E-03
	0.0E+00
	0.0E+00
	0.0E+00


Table 1.5: Post Recovery Error Rate of 24 kbps at 3 sec delay (SDU Size = 1400 bytes)

	Delay [sec]
	3

	SDU Size [bytes]
	1400

	Media SDUs in a LDPC Block (n)
	6 

	SDU Error Pattern
	A
	B

	SDU Error Rate
	1.0E-02
	5.0E-02
	1.0E-01
	9.9E-03
	5.8E-02
	9.4E-02

	Post Recovery ER @28.0kbps (m=1)
	1.0E-03
	1.3E-02
	4.1E-02
	9.2E-03
	5.4E-02
	8.8E-02

	Post Recovery ER @32.0kbps (m=2)
	3.8E-04
	4.9E-03
	1.8E-02
	5.8E-03
	3.3E-02
	5.6E-02

	Post Recovery ER @36.0kbps (m=3)
	1.0E-04
	2.9E-03
	1.1E-02
	0.0E+00
	2.7E-03
	1.1E-03


Table 1.6: Post Recovery Error Rate of 24 kbps at 5 sec delay (SDU Size = 1400 bytes)

	Delay [sec]
	5

	SDU Size [bytes]
	1400

	Media SDUs in a LDPC Block (n)
	10 

	SDU Error Pattern
	A
	B

	SDU Error Rate
	1.0E-02
	5.0E-02
	1.0E-01
	9.9E-03
	5.8E-02
	9.4E-02

	Post Recovery ER @28.8kbps (m=2)
	6.9E-04
	1.0E-02
	3.7E-02
	7.0E-03
	4.1E-02
	6.8E-02

	Post Recovery ER @36.3kbps (m=4)
	6.7E-05
	2.7E-03
	1.1E-02
	0.0E+00
	1.8E-03
	7.5E-04

	Post Recovery ER @38.4kbps (m=6)
	0.0E+00
	5.0E-05
	8.5E-04
	0.0E+00
	0.0E+00
	0.0E+00


3.2 48 kbps media @ 64 kbps bearer

Table 2.1: Post Recovery Error Rate of 48 kbps at 3 sec delay (SDU Size = 64 bytes)

	Delay [sec]
	3

	SDU Size [bytes]
	64

	Media SDUs in a LDPC Block (n)
	281 

	SDU Error Pattern
	A
	B

	SDU Error Rate
	1.0E-02
	5.0E-02
	1.0E-01
	9.9E-03
	5.8E-02
	9.4E-02

	Post Recovery ER @52.8kbps (m=28)
	0.0E+00
	2.5E-03
	6.4E-02
	0.0E+00
	2.5E-03
	5.8E-02

	Post Recovery ER @55.2kbps (m=42)
	0.0E+00
	3.2E-05
	1.0E-02
	0.0E+00
	0.0E+00
	1.1E-03

	Post Recovery ER @57.6kbps (m=56)
	0.0E+00
	0.0E+00
	3.4E-04
	0.0E+00
	0.0E+00
	0.0E+00

	Post Recovery ER @60.0kbps (m=70)
	0.0E+00
	0.0E+00
	1.1E-04
	0.0E+00
	0.0E+00
	0.0E+00


Table 2.2: Post Recovery Error Rate of 48 kbps at 3 sec delay (SDU Size = 500 bytes)

	Delay [sec]
	3

	SDU Size [bytes]
	500

	Media SDUs in a LDPC Block (n)
	36 

	SDU Error Pattern
	A
	B

	SDU Error Rate
	1.0E-02
	5.0E-02
	1.0E-01
	9.9E-03
	5.8E-02
	9.4E-02

	Post Recovery ER @52.0kbps (m=3)
	1.2E-03
	2.2E-02
	6.9E-02
	4.6E-05
	1.2E-02
	5.7E-02

	Post Recovery ER @54.7kbps (m=5)
	4.2E-04
	1.2E-02
	4.3E-02
	1.9E-05
	3.5E-03
	2.8E-02

	Post Recovery ER @57.3kbps (m=7)
	2.4E-04
	4.2E-03
	2.2E-02
	0.0E+00
	9.3E-04
	1.6E-02

	Post Recovery ER @60.0kbps (m=9)
	6.3E-05
	1.8E-03
	1.0E-02
	0.0E+00
	2.0E-04
	3.7E-03


Table 2.3: Post Recovery Error Rate of 48 kbps at 5 sec delay (SDU Size = 500 bytes)

	Delay [sec]
	5

	SDU Size [bytes]
	500

	Media SDUs in a LDPC Block (n)
	60 

	SDU Error Pattern
	A
	B

	SDU Error Rate
	1.0E-02
	5.0E-02
	1.0E-01
	9.9E-03
	5.8E-02
	9.4E-02

	Post Recovery ER @52.8kbps (m=6)
	3.5E-04
	1.3E-02
	5.9E-02
	2.6E-04
	2.3E-02
	6.0E-02

	Post Recovery ER @55.2kbps (m=9)
	1.7E-04
	6.2E-03
	3.2E-02
	1.2E-05
	1.1E-03
	2.8E-02

	Post Recovery ER @57.6kbps (m=12)
	7.1E-05
	2.4E-03
	1.5E-02
	0.0E+00
	4.1E-04
	1.0E-02

	Post Recovery ER @60.0kbps (m=15)
	0.0E+00
	3.2E-04
	3.3E-03
	0.0E+00
	6.9E-05
	1.2E-03


Table 2.4: Post Recovery Error Rate of 48 kbps at 3 sec delay (SDU Size = 1400 bytes)

	Delay [sec]
	3

	SDU Size [bytes]
	1400

	Media SDUs in a LDPC Block (n)
	12 

	SDU Error Pattern
	A
	B

	SDU Error Rate
	1.0E-02
	5.0E-02
	1.0E-01
	9.9E-03
	5.8E-02
	9.4E-02

	Post Recovery ER @52.0kbps (m=1)
	1.5E-03
	2.3E-02
	6.8E-02
	9.6E-03
	5.6E-02
	9.2E-02

	Post Recovery ER @56.0kbps (m=2)
	8.2E-04
	1.2E-02
	4.5E-02
	7.3E-03
	4.3E-02
	7.0E-02

	Post Recovery ER @60.0kbps (m=3)
	2.7E-04
	7.5E-03
	2.9E-02
	0.0E+00
	4.4E-03
	1.9E-03


Table 2.5: Post Recovery Error Rate of 48 kbps at 5 sec delay (SDU Size = 1400 bytes)

	Delay [sec]
	5

	SDU Size [bytes]
	1400

	Media SDUs in a LDPC Block (n)
	21 

	SDU Error Pattern
	A
	B

	SDU Error Rate
	1.0E-02
	5.0E-02
	1.0E-01
	9.9E-03
	5.8E-02
	9.4E-02

	Post Recovery ER @52.6kbps (m=2)
	1.1E-03
	2.1E-02
	6.9E-02
	7.8E-03
	4.6E-02
	7.9E-02

	Post Recovery ER @54.9kbps (m=3)
	7.5E-04
	1.3E-02
	4.9E-02
	0.0E+00
	4.9E-03
	1.2E-02

	Post Recovery ER @57.1kbps (m=4)
	1.9E-04
	5.5E-03
	2.9E-02
	0.0E+00
	1.6E-04
	8.6E-03

	Post Recovery ER @59.4kbps (m=5)
	2.8E-04
	5.7E-03
	2.4E-02
	0.0E+00
	0.0E+00
	3.4E-03


3.3 100 kbps media @ 128 kbps bearer

Table 3.1: Post Recovery Error Rate of 100 kbps at 3 sec delay (SDU Size = 500 bytes)

	Delay [sec]
	3

	SDU Size [bytes]
	500

	Media SDUs in a LDPC Block (n)
	75 

	SDU Error Pattern
	A
	B

	SDU Error Rate
	1.0E-02
	5.0E-02
	1.0E-01
	9.9E-03
	5.8E-02
	9.4E-02

	Post Recovery ER @109.3kbps (m=7)
	1.4E-04
	1.5E-02
	6.1E-02
	1.3E-04
	2.3E-02
	5.7E-02

	Post Recovery ER @114.7kbps (m=11)
	3.1E-06
	4.4E-03
	3.0E-02
	6.3E-06
	7.5E-03
	2.9E-02

	Post Recovery ER @120.0kbps (m=15)
	1.3E-05
	5.7E-04
	8.4E-03
	1.7E-05
	6.0E-03
	3.2E-03

	Post Recovery ER @124.0kbps (m=18)
	0.0E+00
	3.7E-05
	2.8E-03
	0.0E+00
	1.2E-04
	2.6E-04


Table 3.2: Post Recovery Error Rate of 100 kbps at 5 sec delay (SDU Size = 500 bytes)

	Delay [sec]
	5

	SDU Size [bytes]
	500

	Media SDUs in a LDPC Block (n)
	125 

	SDU Error Pattern
	A
	B

	SDU Error Rate
	1.0E-02
	5.0E-02
	1.0E-01
	9.9E-03
	5.8E-02
	9.4E-02

	Post Recovery ER @109.6kbps (m=12)
	3.9E-04
	1.1E-02
	5.7E-02
	3.6E-04
	8.0E-03
	4.9E-02

	Post Recovery ER @114.4kbps (m=18)
	0.0E+00
	1.7E-03
	2.7E-02
	1.9E-06
	1.8E-03
	1.3E-02

	Post Recovery ER @120.0kbps (m=25)
	0.0E+00
	4.9E-05
	4.2E-03
	0.0E+00
	0.0E+00
	4.7E-04

	Post Recovery ER @124.8kbps (m=31)
	0.0E+00
	2.2E-06
	2.0E-04
	0.0E+00
	0.0E+00
	0.0E+00


Table 3.3: Post Recovery Error Rate of 100 kbps at 3 sec delay (SDU Size = 1400 bytes)

	Delay [sec]
	3

	SDU Size [bytes]
	1400

	Media SDUs in a LDPC Block (n)
	26 

	SDU Error Pattern
	A
	B

	SDU Error Rate
	1.0E-02
	5.0E-02
	1.0E-01
	9.9E-03
	5.8E-02
	9.4E-02

	Post Recovery ER @107.7kbps (m=2)
	1.2E-03
	2.4E-02
	7.7E-02
	7.9E-03
	4.6E-02
	8.2E-02

	Post Recovery ER @111.5kbps (m=3)
	8.8E-04
	1.6E-02
	5.7E-02
	2.9E-04
	6.3E-03
	2.4E-02

	Post Recovery ER @119.2kbps (m=5)
	3.5E-04
	7.4E-03
	3.1E-02
	0.0E+00
	0.0E+00
	9.3E-03

	Post Recovery ER @123.1kbps (m=6)
	2.1E-04
	2.9E-03
	1.6E-02
	1.7E-04
	9.7E-04
	5.3E-03


Table 3.4: Post Recovery Error Rate of 100 kbps at 5 sec delay (SDU Size = 1400 bytes)

	Delay [sec]
	5

	SDU Size [bytes]
	1400

	Media SDUs in a LDPC Block (n)
	44 

	SDU Error Pattern
	A
	B

	SDU Error Rate
	1.0E-02
	5.0E-02
	1.0E-01
	9.9E-03
	5.8E-02
	9.4E-02

	Post Recovery ER @109.1kbps (m=4)
	7.5E-04
	2.1E-02
	6.4E-02
	1.5E-04
	1.6E-02
	5.2E-02

	Post Recovery ER @113.6kbps (m=6)
	2.9E-04
	7.6E-03
	4.0E-02
	7.7E-05
	8.2E-03
	3.1E-02

	Post Recovery ER @118.2kbps (m=8)
	2.0E-05
	4.3E-03
	2.2E-02
	8.4E-06
	7.4E-03
	2.4E-02

	Post Recovery ER @125.0kbps (m=11)
	0.0E+00
	5.3E-04
	6.0E-03
	0.0E+00
	4.7E-05
	3.6E-03


Figure 1 shows comparison of post recovery rates in the function of SDU size and bitrate. The delay is  5 seconds in this Figure.  SDU size of 500 bytes, which provides larger LDPC matrix size, brings higher tolerance in comparison with SDU size of 1400 byte.
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Figure 1: Post Recovery Error Rate of 100 kbps at 5 sec delay

3.4 Required Memory

Required memories for the LDPC decoder are shown in the tables bellow.  They are small enough to be applied in UEs. We can further reduce memory requirement by exploiting special features of the LDPC matrix.

Note: these values don’t include memory for decoder program itself nor receiver (jitter) buffer.

Table 4.1: Required memory of 24 kbps (SDU Size = 64 bytes)

	Media Bitrate [kbps]
	24

	SDU Size [bytes]
	64

	Delay [sec]
	3
	5

	Media SDUs
	140
	234

	Redundant SDUs
	28
	56
	84
	46
	93
	140

	Total Bitrate [kbps]
	28.8 
	33.6 
	38.4 
	28.7 
	33.5 
	38.4 

	Required Memory [kbytes]
	11.2
	13.5 
	15.8
	19.3 
	23.6 
	28.0


Table 4.2: Required memory of 24 kbps (SDU Size = 500 bytes)

	Media Bitrate [kbps]
	24

	SDU Size [bytes]
	500

	Delay [sec]
	3
	5

	Media SDUs
	18
	30

	Redundant SDUs
	3
	7
	10
	6
	12
	18

	Total Bitrate [kbps]
	28.0 
	33.3 
	37.3 
	28.8 
	33.6 
	38.4 

	Required Memory [kbytes]
	10.5 
	12.5 
	14.0 
	18.0 
	21.0 
	24.1 


Table 4.3: Required memory of 24 kbps (SDU Size = 1400 bytes)

	Media Bitrate [kbps]
	24

	SDU Size [bytes]
	1400

	Delay [sec]
	3
	5

	Media SDUs
	6
	10

	Redundant SDUs
	1
	2
	3
	2
	4
	6

	Total Bitrate [kbps]
	28.0 
	32.0 
	36.0 
	28.8 
	33.6 
	38.4 

	Required Memory [kbytes]
	9.8 
	11.2 
	12.6 
	16.8 
	19.6 
	22.4 


Table 4.4: Required memory of 48 kbps (SDU Size = 64 bytes)

	Media Bitrate [kbps]
	48

	SDU Size [bytes]
	64

	Delay [sec]
	3
	5

	Media SDUs
	264
	468

	Redundant SDUs
	26
	39
	52
	66
	46
	70
	93
	117

	Total Bitrate [kbps]
	52.7 
	55.1 
	57.5 
	60.0 
	52.7 
	55.2 
	57.5 
	60.0 

	Required Memory [kbytes]
	19.4 
	20.7 
	21.9 
	23.3 
	35.6 
	38.5 
	41.3 
	44.3 


Table 4.5: Required memory of 48 kbps (SDU Size = 500 bytes)

	Media Bitrate [kbps]
	48

	SDU Size [bytes]
	500

	Delay [sec]
	3
	5

	Media SDUs
	36
	60

	Redundant SDUs
	3
	5
	7
	9
	6
	9
	12
	15

	Total Bitrate [kbps]
	52.0 
	54.7 
	57.3 
	60.0 
	52.8 
	55.2 
	57.6 
	60.0 

	Required Memory [kbytes]
	19.5 
	20.5 
	21.5 
	22.5 
	33.0 
	34.6 
	36.1 
	37.6 


Table 4.6: Required memory of 48 kbps (SDU Size = 1400 bytes)

	Media Bitrate [kbps]
	48

	SDU Size [bytes]
	1400

	Delay [sec]
	3
	5

	Media SDUs
	12
	21

	Redundant SDUs
	1
	2
	3
	2
	3
	4
	5

	Total Bitrate [kbps]
	52.0 
	56.0 
	60.0 
	52.6 
	54.9 
	57.1 
	59.4 

	Required Memory [kbytes]
	18.2 
	19.6 
	21.0 
	32.2 
	33.6 
	35.0 
	36.4 


Table 4.7: Required memory of 100 kbps (SDU Size = 64 bytes)

	Media Bitrate [kbps]
	100

	SDU Size [bytes]
	64

	Delay [sec]
	3
	5

	Media SDUs
	585
	976

	Redundant SDUs
	58
	87
	117
	146
	97
	146
	195
	244

	Total Bitrate [kbps]
	109.9 
	114.9 
	120.0 
	125.0 
	109.9 
	115.0 
	120.0 
	125.0 

	Required Memory [kbytes]
	45.4 
	49.4 
	53.5 
	57.5 
	80.5 
	89.6 
	98.7 
	107.8 


Table 4.8: Required memory of 100 kbps (SDU Size = 500 bytes)

	Media Bitrate [kbps]
	100

	SDU Size [bytes]
	500

	Delay [sec]
	3
	5

	Media SDUs
	75
	125

	Redundant SDUs
	7
	11
	15
	18
	12
	18
	25
	31

	Total Bitrate [kbps]
	109.3 
	114.7 
	120.0 
	124.0 
	109.6 
	114.4 
	120.0 
	124.8 

	Required Memory [kbytes]
	41.1 
	43.1 
	45.1 
	46.7 
	68.7 
	71.8 
	75.4 
	78.5 


Table 4.9: Required memory of 100 kbps (SDU Size = 1400 bytes)

	Media Bitrate [kbps]
	100

	SDU Size [bytes]
	1400

	Delay [sec]
	3
	5

	Media SDUs
	26
	44

	Redundant SDUs
	2
	3
	5
	6
	4
	6
	8
	11

	Total Bitrate [kbps]
	107.7 
	111.5 
	119.2 
	123.1 
	109.1 
	113.6 
	118.2 
	125.0 

	Required Memory [kbytes]
	39.2 
	40.6 
	43.4 
	44.8 
	67.2 
	70.0 
	72.8 
	77.1 


3.5 Processing Requirement at the decoder

The following table shows processing requirement for 100 kbps, 5 sec delay and SDU size of 500 bytes at error rate of 1.0e-1 of pattern B.  These values are measured at intel Pentium III 1.2 MHz processor.

Note: LDPC decoder doesn’t need to operate if there is no loss of media data in LDPC blocks.

Table 5.1: Required Processing Amount of 100 kbps at Error Rate of 1.0e-1

	Bitrate
	clock [kHz]

	110 kbps
	56.4 

	115 kbps
	64.4 

	120 kbps
	72.5 

	125 kbps
	76.5 


The required processing amount of LDPC can be small enough for UEs to apply the scheme.

4. Payload Format for XOR codes

In MBMS streaming services with header compression (RoHC), it is necessary to apply a proper payload format for XOR parity code including LDPC.  There has been RFC 2733 [5] for XOR parity codes, but it only supports for the maximum block size of 24.  Larger block size is required for LDPC to provide the high tolerance to data losses.  Therefore, it seems to be necessary for 3GPP to draw up more general payload format for LDPC or XOR codes, which can accept larger block size of LDPC and realize reliable transport for MBMS.

5. Discussion

This document showed performance of LDPC code, as one of the XOR type application layer FEC schemes for MBMS.  LDPC can provide high tolerance to data losses with low redundancy.  It requires low complexity and small memory enough to be implemented in UEs.  It is also be able to maintain backward compatibility for UEs which don’t support the scheme.  This scheme is applicable to both streaming and download, and to header compression (RoHC) with appropriate payload format.  

Proper SDU size should be selected to provide best combination among delay, computation amount and header overhead.

NEC recommends XOR codes, especially LDPC,  for reliable transport for MBMS due to  high efficiency, low complexity and in addition, backward compatibility.  If SA4 recommends some kinds of FEC schemes, it is important to consider whether the scheme has backward compatibility or not.
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