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Outer coding in the RLC: Simulation results

1 Introduction

So far the evaluation of the performance of outer coding for MBMS has been entirely analytical [2]

 REF _Ref67108187 \r \h 
[3]. The present paper presents further analysis of the technique and simulation results, which confirm the performance estimates. Reed-Solomon codes with systematic block lengths of 11 and 23 have been simulated for MCS-1, MCS-3 and MCS-5. With the confirmation of the performance of outer coding, a detailed proposal for Outer coding for MBMS in presented in [1].

2 Reed-Solomon coding

Reed Solomon codes are non-binary cyclic codes and are particularly useful in correcting burst errors. The codes are defined by the following parameters

(N, K) = (2m – 1, 2m – dmin)

where m is the number of bits per symbols; the block size is N symbols, with K systematic information symbols and N–K parity symbols. dmin = 0,…,2m-1 is the minimum distance of the Reed-Solomon code.

With a single mother code defined by (N=2m–1, K), any code (n, k) with k≤n≤N and 1≤k≤min(K,n) can be generated by using a single encoder (fixed to RS(N,K) ), a single decoder, and applying the simple operations of puncturing and shortening. The single encoder and the single decoder operate on the mother code (N, K), where N is selected as 255 and K has to be specified appropriately. The minimum distance for this modified code results in

dmin = n – k + 1,

the residual codeword erasure probability PW is given as
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and the residual symbol error probability can be estimated as
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3 Outer coding for MBMS

In this section outer coding at the RLC layer is considered. In the analysis the outer Reed-Solomon coding is applied to a sequence of RLC/MAC blocks, column-wise as shown in Figure 1.
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Figure 1: Outer coding applied at the RLC layer

Each symbol of the code consists of 8 bits, i.e. m = 8. Thus, for MCS-1 RLC/MAC blocks, 22 RS coding operations are applied to the sequence. The outer coding generates n-k parity symbol frames from k systematic blocks, which are transmitted separately and reduce the throughput by a factor of k/n, where n is the length of the code block. At the receiver, the RLC checks whether each block is in error using the CRC information provided by Layer 1. If a block is found in error, the block is discarded, and in each of the 22 RS codewords the symbol corresponding to that RLC/MAC block is erased.

With MCS-1 carrying a payload of 22 octets, 23 RLC/MAC blocks are required to transport an SDU of 510 octets (which includes 10 bytes
 required for the LLC and SNDCP headers). Using the following relationship:
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the required probability of symbol error, after RS decoding, for target SDU error rates of 10-2 and 10-3, are 4.3688·10-4 and 4.3688·10-5, respectively with MCS-1. PE, in this context, can also be referred to as the “outer code BLER” i.e. the BLER after RS decoding. The BLER before the decoding of the outer code is the “inner code BLER” or the BLER at the RLC layer. The target outer code BLER for MCS-1, MCS-3 and MCS-5 are summarised in Table 1.

	
	MCS-1
	MCS-3
	MCS-5

	Target outer code BLER for SDU FER of 1%
	4.3688·10-4
	7.1762·10-4
	1·10-3

	Target outer code BLER for SDU FER of 0.1%
	4.3688·10-5
	7.1762·10-5
	1·10-4


Table 1:  Target ‘inner code BLER’ for MCS-1, MCS-3  and MCS-5 for target SDU FER of 1% and 0.1%.

For an SDU FER of 10-2 with MCS-1, MCS-3 and MCS-5, Table 2, Table 3 and Table 4 summarize the required ‘inner code BLER’, C/I required (for TU3iFH with co-channel interference), throughput achievable and required C/I from simulation.

	Reed-Solomon code
	dmin-1
	k
	k/n
	Inner BLER (MCS-1)
	C/I required (TU3iFH) 

(dB)
	Simulated C/I required (dB)
	Throughput (kbps)

	RS(27,23)
	4
	27
	0.85
	0.035
	9.5
	9.3
	7.5

	RS(31,23)
	8
	31
	0.74
	0.092
	7.9
	8.2
	6.5

	RS(35,23)
	12
	35
	0.66
	0.151
	6.5
	7.4
	5.78

	RS(13,11)
	2
	13
	0.85
	0.0197
	10.7
	11.5
	7.45

	RS(15,11)
	4
	15
	0.73
	0.0589
	8.6
	8.2
	6.45

	RS(19,11)
	8
	19
	0.58
	0.1515
	6.5
	6.7
	5.09


Table 2: Outer coding performance at the RLC layer for SDU FER target of 10-2 for MCS-1.

	Reed-Solomon code
	dmin-1
	k
	k/n
	Inner BLER (MCS-3)
	C/I required (TU3iFH)

(dB)
	Simulated C/I required (dB)
	Throughput   (kbps)

	RS(27,23)
	4
	27
	0.85
	0.04
	16.9
	17.2
	12.61

	RS(31,23)
	8
	31
	0.74
	0.10
	14.5
	14.2
	10.98

	RS(35,23)
	12
	35
	0.66
	0.16
	13.1
	12.9
	9.73

	RS(13,11)
	2
	13
	0.85
	0.023
	18.1
	18.4
	12.5

	RS(15,11)
	4
	15
	0.73
	0.066
	15.7
	15.9
	10.9

	RS(19,11)
	8
	19
	0.58
	0.162
	13.0
	12.7
	8.57


Table 3: Outer coding performance at the RLC layer for SDU FER target of 10-2 for MCS-3.

	Reed-Solomon code
	dmin-1
	k
	k/n
	Inner BLER (MCS-5)
	C/I required (TU3iFH)

(dB)
	Simulated C/I required (dB)
	Throughput  (kbps)

	RS(27,23)
	4
	27
	0.85
	0.04
	13.90
	13.8
	19.08

	RS(31,23)
	8
	31
	0.74
	0.11
	12.10
	12.4
	16.62

	RS(35,23)
	12
	35
	0.66
	0.17
	11.00
	11.0
	14.72

	RS(13,11)
	2
	13
	0.85
	0.027
	15.0
	15.0
	18.95

	RS(15,11)
	4
	15
	0.73
	0.072
	13.1
	13.1
	16.43

	RS(19,11)
	8
	19
	0.58
	0.172
	10.9
	11.4
	12.97


Table 4: Outer coding performance at the RLC layer for SDU FER target of 10-2 for MCS-5.

At 6.6dB and with a RS(35,23) code, a throughput of 5.73 kbps using MCS-1 is achievable with an SDU FER of 10-2. If higher values of C/I are planned for, other MCSs could be used. For example, MCS-3 with RS(35,23) can provide 9.63 kbps at 13.1dB.

The C/I required and achievable throughput for an SDU FER of 10-3 is summarised in Table 5, Table 6 and Table 7 (Note that the results in these tables were produced by linear extrapolation of the curves presented in section 4).

	Reed-Solomon code
	dmin-1
	k
	k/n
	Inner BLER (MCS-1)
	C/I required (TU3iFH) 

(dB)
	Simulated C/I required (dB)
	Throughput  (kbps)

	RS(27,23)
	4
	27
	0.85
	0.021
	10.6
	10.1
	7.5

	RS(31,23)
	8
	31
	0.74
	0.067
	8.4
	8.2
	6.5

	RS(35,23)
	12
	35
	0.66
	0.120
	7.3
	7.4
	5.8

	RS(13,11)
	2
	13
	0.85
	0.009
	12.0
	12.2
	7.45

	RS(15,11)
	4
	15
	0.73
	0.036
	9.5
	9.1
	6.45

	RS(19,11)
	8
	19
	0.58
	0.112
	7.4
	7.6
	5.09


Table 5: Outer coding performance at the RLC layer for SDU FER target of 10-3 for MCS-1.

	Reed-Solomon code
	dmin-1
	k
	k/n
	Inner BLER (MCS-3)
	C/I required (TU3iFH)

(dB)
	Simulated C/I required (dB)
	Throughput   (kbps)

	RS(27,23)
	4
	27
	0.85
	0.02
	18.0
	18.5
	12.61

	RS(31,23)
	8
	31
	0.74
	0.07
	15.4
	15.1
	10.98

	RS(35,23)
	12
	35
	0.66
	0.13
	13.9
	13.9
	9.73

	RS(13,11)
	2
	13
	0.85
	0.011
	19.8
	20.3
	12.52

	RS(15,11)
	4
	15
	0.73
	0.040
	16.9
	17.2
	10.85

	RS(19,11)
	8
	19
	0.58
	0.120
	14.0
	13.6
	8.57


Table 6: Outer coding performance at the RLC layer for SDU FER target of 10-3 for MCS-3.

	Reed-Solomon code
	dmin-1
	k
	k/n
	Inner BLER (MCS-5)
	C/I required  (TU3iFH)

(dB)
	Simulated C/I required (dB)
	Throughput   (kbps)

	RS(27,23)
	4
	27
	0.85
	0.03
	15.1
	14.6
	19.08

	RS(31,23)
	8
	31
	0.74
	0.08
	13.0
	13.5
	16.62

	RS(35,23)
	12
	35
	0.66
	0.13
	11.4
	12
	14.72

	RS(13,11)
	2
	13
	0.85
	0.012
	16.2
	15.6
	18.95

	RS(15,11)
	4
	15
	0.73
	0.044
	13.9
	13
	16.43

	RS(19,11)
	8
	19
	0.58
	0.126
	11.5
	11.3
	12.97


Table 7: Outer coding performance at the RLC layer for SDU FER target of 10-3 for MCS-5.

With RS(35,23) and MCS-1, a C/I of 7.3dB is required to meet an SDU FER target of 10-3 with a throughput of 5.73 kbps.
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Figure 2: Performance of RS(n,11) codes with MCS-1, MCS-3 and MCS-5 at 1% SDU FER.
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Figure 3: Performance of RS(n,11) codes with MCS-1, MCS-3 and MCS-5 at 0.1% SDU FER.

[image: image7.emf]1% SDU FER

0.00

5.00

10.00

15.00

20.00

25.00

0.00 5.00 10.00 15.00 20.00

CIR (dB)

Throughput (kbps)

MCS-1analysis (k=23)

MCS-1 simulated (k=23)

MCS-3 analysis (k=23)

MCS-3 simulated (k=23)

MCS-5 analysis (k=23)

MCS-5 simulated (k=23)


Figure 4: Performance of RS(n,23) codes with MCS-1, MCS-3 and MCS-5 at 1% SDU FER.
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Figure 5: Performance of RS(n,23) with MCS-1, MCS-3 and MCS-5 at 0.1% SDU FER.

4 Simulations

This section contains the link level BLER performance of Reed-Solomon outer coding for MCS-1, MCS-3 and MCS-5. Results are presented for RS(27,23), RS(31,23), RS(35,23), RS(13,11) RS(15,11) and RS(19,11). All of the simulation used 100,000 RLC/MAC blocks and TU3iFH. Figure 6, Figure 7 and Figure 8 show the results for MCS-1, MCS-3 and MCS-5 respectively. Using the target BLER and the results presented below, the CIR required for each of the codes can be found, and are presented in the tables in section 3.
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Figure 6: Performance of Reed-Solomon codes using MCS-1 for TU3iFH  (co-channel interference).
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Figure 7: Performance of Reed-Solomon codes using MCS-3 for TU3iFH (co-channel interference).
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Figure 8: Performance of Reed-Solomon codes using MCS-5 for TU3iFH (co-channel interference).

5 Conclusions

The present document provides further analysis of Outer coding and presents simulation results that confirm the performance obtained from analysis. In general there is good agreement between the simulated and the analytical results, with only a few small discrepancies. Owing to the existence of correlation between errors in real mobile radio channels, it is thought that Outer codes may in fact perform slightly better than has been demonstrated analytically.

A proposal to introduce outer coding in the GERAN in presented in a companion document [1].
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� SNDCP header	= 4 octets (*). LLC address field = 1 octet. LLC control field = 2 octets (**). LLC FCS = 3 octet.


(*) This is the header size for SN-UNITDATA PDUs (see TS 44.065, subclause 7.2, Figure 19). This means that if we assume N-PDUs of up to 500 octets, then in the LLC layer N201 should be set to 504.


(**) In the LLC, for unacknowledged mode, Layer-3 information is transmitted in numbered Unconfirmed Information (UI) frames; see TS 44.064, subclause 6.3, Figure 8.
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