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This document aims to provide some element in order to compare LDPC-Copper codes with Reed-Solomon Codes. Reed-Solomon complexity and performance results for MBMS layer FEC have been presented in Nokia Tdoc [6]. NEC has already provided simulation results for LDPC codes in [2] and [3]. We are giving here additional results for further comparison of Reed Solomon and LDPC Copper codes in the cases of MBMS download and streaming.

1. LDPC-Copper codes

NEC proposed the use of LDPC-Copper FEC scheme for MBMS streaming/download data flows protection. Code construction as well as the coding/decoding process principles have been described in [1].

2. Reed-Solomon code overview

Reed-Solomon codes are well known code family (subclass of BCH codes). As their correction power is well known, we chose to emulate the decoding process in order to compare media error rate for both LDPC-Copper codes and RS codes.

A Reed-Solomon code is defined RS(n,k,d) where :

· n is the code length;

· k the number of data symbols;

· d the minimum distance of the code.

For a RS code, we have d = n-k+1. It can correct up to (n-k)/2 symbols that contain errors in a code word and up to (n-k) erasures. In the scope of our study for MBMS FEC schemes, erroneous blocks are not received at the application layer. So the decoder only has to deal with erased blocks (erasures). Thus, in the case of FEC codes for MBMS, we are emulating the erasure correction capability of RS schemes.

The well used Reed-Solomon code operating on 8-bit symbols has n=28−1 = 255 symbols per block are chosen for this study. Note that from a (n,k) Reed-Solomon code, it is possible to construct a (n*,k*) shorten code where n*<n. The erasure correction capability then becomes n*-k*.

3. Simulation Results

We are presenting in this section simulation results for both MBMS streaming and download cases (LDPC-Copper and Reed-Solomon codes).

3.1. Simulation assumptions

Patterns used to generate the above simulation results are the same than the one presented in Tdoc [3]. We are reminding here their properties  in term of SDU losses :

Pattern1: 2% SDU losses

Pattern2: 20% SDU losses

Pattern3: 10 isolated gaps of 15 SDU losses (1 second)

Pattern4: 10 isolated gaps of 40 SDU losses (3 seconds)

Pattern5: A combination of Pattern1 and Pattern4 (2% SDU losses + 3 seconds gap)

To choose our scenarios, we took as a reference simulation guidelines of Tdoc [5]. The SDU size is 500 bytes for both streaming and download simulations. Additional details about the choice of codes are given in the other sections.

3.2. Comparison of RS and Copper codes – streaming case

We are here focusing on the case of streaming. For a 5 seconds delay for decoding and a stream bit rate of 48 kpbs
 on a 64 kbps radio bearer, the longest code to be considered is (n,k)=(80,60)
. We are providing in the above table simulation results for RS and Copper codes for (n,k)=(80,60) but also (n,k)=(60,40). It corresponds to a coding rate of (respectively) 0.75 and 0.67. 

Copper codes are constructed using class I matrix (systematic) with (1-9-10) and (4-7-9) P-lists for (n,k)=(80,60) and (n,k)=(60,40) respectively (see [1]).

	SDU Pattern
	Copper

(80,60)
	Reed-Salomon 

(80,60)
	Copper

(60,40)
	Reed-Salomon

 (60,40)

	Pattern 1
	0.0e-0
	0.0e-0
	0.0e-0
	0.0e-0

	Pattern 2
	0.12
	0.1
	5.3e-2
	2.5e-2

	Pattern 3
	0.0e-0
	0.0e-0
	0.0e-0
	0.0e-0

	Pattern 4
	0.10
	0.10
	0.11
	0.11

	Pattern 5
	0.10
	0.10
	0.11
	0.11



Table 1 : simulation results – streaming case

Those results show that performances of Reed-Solomon codes and Copper codes are very similar. 

3.3. Comparison of RS and Copper codes – download case

In the case of download, longer code sizes can be used as we do not have the timing constraints of streaming. We choose to compare Reed-Solomon and Copper codes for n=255 (maximum length for 8-bits symbols). The following codes has been tested : (n,k)=(255,232); (255,212); (255,196). This corresponds to coding rates which are respectively : 0.91, 0.83 and 0.76.

Copper codes are using P-list = (2-5-17), (1-15-26), (1-17-47) for respectively k=232, 212 and 196. A class I matrix is used (see [1] for further details on those parameters).

	SDU Pattern
	Copper code

(255,232)
	Reed-Solomon 

(255,232)
	Copper code

(255,212)
	Reed-Solomon

(255,212)
	Copper code

(255,196)
	Reed-Solomon

(255,196)

	Pattern 1
	2.1e-3
	0.0e-0
	6e-5
	0.0e-0
	3.9e-5
	0.0e0

	Pattern 2
	0.22
	0.22
	0.19
	0.22
	0.14
	0.12

	Pattern 3
	0.0e-0
	0.0e0
	0.0e-0
	0.0e0
	0.0e-0
	0.0e0

	Pattern 4
	7.3e-2
	7.2e-2
	1e-3
	0.0e0
	1.4e-3
	0.0e0

	Pattern 5
	8.7e-2
	8.7e-2
	3.7e-2
	4.3e-2
	5.2e-3
	0.0e0


Table 2 : simulation results – download case
Simulation results provided in the above table are providing the media SDU error rate. For the cases simulated, with the same block sizes, LDPC copper codes and RS codes are equivalent in performances for high SDU loss rates.  The RS codes are slightly better at low SDU loss rates.
[image: image1.wmf]0.04

0.06

0.08

0.1

0.12

0.14

0.16

0.18

0.2

0.22

0.24

10

-3

10

-2

10

-1

Redundancy overhead

Media SDU error rate

Copper codes       

Reed Solomon codes 


Figure 1 : Error rate vs. Redundancy overhead – RS / Copper comparison
Figure 1 presents results for both RS and Copper codes for different overhead values. For Reed Solomon  curve, the code length is constant (n=255) and k is varying depending of the redundancy overhead. In the case of Copper codes, k=1122 is chosen as a constant and for each redundancy overload value, an appropriate P-list was selected with parity check matrix of class I. Error pattern used is pattern 5 (see section 3.1).

When removing the constraint of block size on the LDPC Copper code, the LDPC copper performances improve. Figure 1 shows that Copper improves on RS for overheads below 18% and RS improve on LDPC copper for overhead above 18%. The point at which the curves cross is a function of the LDPC block size. 

4. Complexity

It was pointed out previously that one of the advantages of Copper codes is that the encoding and decoding processes can directly use the parity check matrix H. This makes the processing complexity falling down compared to the general LDPC case.

In the streaming case:

· The decoding complexity of LDPC Copper codes is O(n). It is linked to the number of column of H matrix. The number of ‘1’ per column is around 3 or 4 for the matrix examples presented in [1]. For the streaming case (see section 3.2). The matrix used for the (80,60) code has 3 ‘1’ per column which gives a complexity of 3(n = 240 XoR operations.

· In the case of RS codes, the decoding complexity is above O(n2). RS decoding capabilities are slightly better than LDPC codes in general, but at the price of higher complexity. For the streaming case, it gives a complexity of 6400 XoR operations. When comparing with LDPC-Copper complexity, the decoding process is ~30 times more complex.

In the download case, the choice of using Copper codes will lead also to a lower calculation complexity. For the same reasons. Note that since the LDPC Copper decoder complexity increase linearly with block size, the choice of block size doesn't affect the complexity for a given total file size.

5. Conclusions

In this document, we have provided elements to compare Reed-Solomon codes and LDPC-Copper codes. 

For streaming, SDU error rates performances of Reed-Solomon codes and Copper codes are very similar even with the same block size. Since the decoding complexity is around 30 times higher for RS than for LDPC Copper, it makes LDPC a good choice for MBMS streaming FEC.

For download, with the same block sizes, LDPC copper codes and RS codes are equivalent in performances for high SDU loss rates.  When removing the constraint of block size on the LDPC code, the LDPC performances improve with no complexity increase (because the complexity increase linearly with the block size). It makes LDPC a good choice for MBMS download FEC.

NEC kindly requests SA4 PSM to consider the inclusion of LDPC Copper codes within MBMS FEC.
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� The 48 kbps value includes the header overhead. For a 44 bytes header, the media stream rate is in reality 43.6 kbps


� For a 5s. decoding delay, the maximum code word length is : (5(64000)/(500(8)=80 SDU’s (500 bytes  SDU size and 64 kbps radio bearer). The coding rate related to the simulation guidelines document [5] where a 48 kbps stream is proposed leads to a 0.75 coding rate (i.e. (n,k)=(80,60))





