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Outer coding for MBMS

1 Introduction

In RAN WG1 a proposal to introduce outer coding for MBMS using Reed-Solomon codes has been presented in [2]. Simulation results performed using outer coding have also been presented [3] and demonstrate a benefit in terms of a reduced Ec/Ior required to achieve a target BLER. In [2], the outer coding is applied at the RLC layer. Apart from improvements in the SDU FER, an additional advantage of this approach is the possibility of reducing packet loss at cell-reselection as discussed in [4]. In this paper the possible benefits and drawbacks are examined, for GERAN, as an alternative approach to repetition redundancy (including IR) considered so far in [5]

 REF _Ref47416217 \r \h 
[6]. In particular, this document discusses the possibility of introducing outer coding in the BM-SC (i.e. at application level).

2 Reed-Solomon coding

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

(n, k) = (2m –1, 2m – 1 – 2t)

where m is the number of bits per symbols; the block size is n symbols, with k systematic symbols and n–k parity symbols. t is the symbol error correcting capability of the code. For example a code constructed using 8-bit symbols and capable of correcting 10 symbol errors will have n = 255, k = 235 and t = 10. Reed-Solomon codes are used in many applications because they have as large a minimum distance as any other code of the same rate and block length, namely

dmin = n – k + 1.

If symbol erasures (i.e. when the location of errors is known) are considered, then a Reed-Solomon code with 2t parity symbols is capable of correcting s erroneous symbols and r erased symbols provided that the following condition is met:

2s + r ≤ 2t
When only symbol errors are considered, the performance [1] of m-bit symbol Reed-Solomon code (n, k) is approximately given by 
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(1)

where PE is the symbol error probability after decoding and p is the symbol error probability before decoding.

On the other hand, if only symbol erasures are considered (i.e. the receiver knows the location of all errors and therefore up to 2t symbols can be recovered), PE is given by
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(the only difference with the previous equation is that the summation runs from 2t+1 rather than t+1).

Reed-Solomon codes can be shortened while still maintaining the error correcting properties of the code. For example a (255,230) code could be shortened to a (200,175) code. To achieve this, 55 dummy symbols (equal to zero) are inserted at the transmitter before encoding. Of the 255 symbols generated by the encoder, only the first 175 systematic symbols and 25 parity symbols are transmitted. The 55 dummy symbols are discarded. At the receiver the 55 dummy symbols are then reinserted into the received block before decoding. While the properties of the code remain unchanged, shortening the code allows the code size (n) to be independent of the number of bits per symbol m (for unshortened codes, the code size  is restricted to the value n = 2m – 1).

3 Outer coding for MBMS

There are two options for the introduction of outer coding for MBMS. The first is the introduction of outer coding in the RLC layer in the GERAN, the second is the introduction in the BM-SC. An analysis, together with simulation results, of outer coding in the RLC is presented in [7].

Outer coding could also be applied in the BM-SC at application level. Figure 1 shows one way in which outer coding could be applied at the BM-SC
. A buffer holds k SDU packets and the RS code is applied column-wise generating 2t parity packets. The parity packets are then transmitted in addition to the k systematic frames. It should be noted that each packet (systematic or parity) is only sent once.
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Figure 1: Outer coding applied at BM-SC

A SDU frame which fails a check sequence or checksum will probably contain a proportion of correct (i.e. with a correct CRC) RLC/MAC blocks and hence correct symbols and thus it is preferable to pass the complete frame to the decoder, rather than discarding all of the symbols
. With slow moving mobile stations and hence slow variations in the radio channel response, it is probable that RLC/MAC blocks which fail the CRC check contain a large portion of erroneous bits and hence most, if not all, of the symbols will be in error. This case can be considered as the worst and is an assumption made in this analysis. Since the location of errors is not known at the MS (at application level) the performance of the RS code, capable of correct t erroneous symbols is given in Equation (1), which is repeated here for convenience:
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Figure 2 shows the outer code BLER against the inner code BLER for values of t = 8, 16, 24, 32, 40, 48 and 56 for a RS(255, 255–2t) with symbol errors.
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Figure 2: Outer BLER vs Inner BLER for RS(255, 255-2t) for t = 8, 16, 24, 32, 40,48, 56 .

In this case the outer BLER determines the SDU FER and hence 
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It is assumed that RLC/MAC blocks are not discarded by the RLC when found to be in error due to a failed CRC check, but are passed to the higher layers. Depending upon the channel variations the block will contain both valid symbols and erroneous symbols. If we consider the worst case, then all of the symbols within one block will be in error and thus the probability of the symbol error before decoding is equal to the BLER.


[image: image7.wmf]innercode

BLER

p

=


For an SDU FER of 10-2 (PE =10-2), Table 1 summaries the required inner code BLER, the C/I required and the achievable throughput when using MCS-1 for different values of t. (Annex A contains the BLER performance curve for MCS-1).

	t
	k=n-2t
	k/n
	Inner code BLER
	C/I required (dB)
	Throughput (kbps)

	8
	239
	0.94
	0.028
	10.4
	8.15

	16
	223
	0.87
	0.051
	8.8
	7.60

	24
	207
	0.81
	0.077
	8.4
	7.06

	32
	191
	0.75
	0.103
	7.6
	6.51

	40
	175
	0.69
	0.129
	7.4
	5.97

	46
	163
	0.64
	0.15
	7.0
	5.56

	48
	159
	0.62
	0.158
	6.8
	5.42

	56
	143
	0.56
	0.187
	6.4
	4.88


Table 1: Outer coding performance at the BM-SC for SDU FER target of 10-2.

At 7dB and with a RS(255,163) code, a throughput of 5.56 kbps is achievable with an SDU FER of 10-2. The C/I required and achievable throughput for an SDU FER of 10-3 and corresponding (PE) of 10-3 is summarised in Table 2.

	t
	k=n-2t
	k/n
	Inner code BLER
	C/I required (MCS-1)
	Throughput (kbps)

	8
	239
	0.94
	0.0175
	11.1
	8.15

	16
	223
	0.87
	0.0378
	9.6
	7.60

	24
	207
	0.81
	0.061
	8.6
	7.06

	32
	191
	0.75
	0.085
	8.4
	6.51

	40
	175
	0.69
	0.11
	7.5
	5.97

	48
	159
	0.62
	0.135
	7.2
	5.42

	52
	151
	0.59
	0.15
	7.0
	5.15

	56
	143
	0.56
	0.165
	6.7
	4.88


Table 2: Outer coding performance at the BM-SC for SDU FER target of 10-3.

With RS(255,151) and C/I of 7dB is required to meet an SDU FER target of 10-3 with a throughput of 5.15 kbps.

4 Comparison of outer and inner coding for MBMS

In [6] the performance of repetition coding for MBMS is discussed and examined. The following table summaries the result of the investigation, together with the performance of MCS-3 with IR and results taken from [7].

	SDU FER
	Outer coding in the BM-SC with MCS-1
	Outer coding at the RLC layer with CS-1
	Incremental redundancy retransmissions using MCS-3 (algorithm 2)
	Incremental redundancy retransmissions with 46/33 octet payload (algorithm2)

	10-2
	7.0 dB, 5.56 kbps
	7.0 dB, 5.0kbps

	6.8 dB, 4.93 kbps
	7.0 dB, 6.13 kbps

	10-3
	7.0 dB, 5.15 kbps
	7.0 dB, 4.4kbps3
	8.2 dB, 4.93 kbps
	7.6dB, 4.4 kbps


With MCS-1, outer coding in the RLC layer or BM-SC has a benefit over repetition redundancy using MCS-3 with IR, providing an extra 0.1- 0.6 kbps per timeslot. However, if new coding schemes are introduced, a performance improvement is observed. For example with a 46 octet payload, up to 6.1 kbps at 7dB is achievable for an SDU FER of 10-2. At an SDU FER of 10-3, 7dB is required for outer coding compared to 8.2 and 7.6 dB for MCS-3 and the 33-octet format respectively.  

5 Further considerations

If outer coding is applied at the BM-SC, buffering is required at the application level in the MS. As the first MBMS services are likely to be of a ‘download and play’ nature, then buffering of the complete clip will be required before it can be played; RS coding will have the effect to increase the buffer size required because of the need to accommodate the parity packets. Additional delay in receiving the content will be introduced by the encoding and decoding operations of the RS codes, but this is not thought to be excessive.

One situation where it would be useful to have outer coding at the BM-SC is to reduce packet loss at cell reselection (this proposal has been presented in [4] for the UTRAN).  

Assuming that SDUs are 500 octets longs, their transmission will require 23 RLC/MAC blocks if MCS-1 is used, which correspond to 460 ms. Assuming that the interruption time during cell reselection is of the order of 1 second, two to three SDUs will be lost during cell reselection (assuming “loose” synchronisation of MBMS data transmission in neighbouring cells). These lost SDUs will result in erasures in the RS codewords. Depending on the number of errors and  erasures contained in each codeword, the RS code may be able to reconstruct the lost SDUs. If we consider RS(255,143) (see last row of Table 2), 143 SDUs corresponds to approximately 65 seconds worth of content, requiring 117 seconds to be transmitted to the MS. For longer clips, the content could be broken into a number of small segments and each processed and coded separately, as already proposed in previous GERAN meetings. With the RS(255,143) up to 56 errors or 112 erasures could be compensated for, which means that it may be possible to lose up to 112 SDUs (in the case of error-free transmission) and still be able to recover the data. The extent to which erasures together with errors can be tolerated at cell-reselection is for further study. 

When outer coding is applied at the RLC layer, the possibility to reduce packet loss at cell change may not be possible, since an interruption may lead to the loss of several blocks of systematic and parity frames, which are then irrecoverable. Additionally, if outer coding is applied at the RLC layer, during  cell-reselection there is also the problem that the BSNs will not be synchronised between different BSCs. By placing the MBMS outer coding at the BM-SC, maintaining synchronisation at cell-reselection could be done at the application level using RTP or IP sequence numbers or timestamps. Furthermore, the choice of coding would be flexible depending upon the type of traffic being distributed and not restricted by standardised schemes.

6 Conclusions

In this paper an alternative coding method for MBMS bearers, as opposed to the repetition schemes studied so far, is investigated. Outer coding using Reed-Solomon codes has been analysed when applied at the BM-SC in this paper.  An analysis, with simulation results, for outer coding in the RLC layer is presented in [7]. From the results of the two contributions, the following conclusions can be drawn:

· Outer coding provides similar performance to that attainable for repetition schemes with incremental redundancy [6].

· The error correcting properties of Reed-Solomon codes allows similar throughput to be obtained at both SDU FER of 10-2 and 10-3 QoS targets at the same C/I.

· outer coding at the BM-SC could be a useful method to reduce data loss due to interruption during cell reselection (assuming “loose” synchronisation between cells).

The results presented in this paper have been derived by analytical means and they will need to be verified through simulation 
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Figure A: MCS-1 BLER, RBER, co-channel interference performance, TU50iFH.

� This approach is similar to the one used for ‘outer coding in the RLC’ presented in � REF _Ref47326745 \r \h ��[2]�.


� With the EPGRS protocol, blocks that fail the CRC check are still passed to the upper layers. In GPRS, the erroneous blocks are replaced with filling bits (zeros) as specified in 44.060.


� Results taken from simulation curves presented in Figure 5 of � REF _Ref48640666 \r \h ��[7]�.





7

_1121859855.unknown

_1121859856.unknown

_1122990036.xls
Chart1

		5		5

		7		7

		9		9

		11		11

		13		13



BLER

RBER

C/Ic (dB)

BLER

0.2930893245

0.0728953793

0.1415989393

0.0289734359

0.0557660649

0.0092682982

0.0174333159

0.0023659197

0.0039667059

0.0004304275
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						m		8				Max TP		8.8

						n		255

						With PSDU = 10^-2																With PSDU = 10^-3

														With MCS-1																With MCS-1

						t		k=n-2t		k/n		RBER		C/I required (dB)		BLER		Throughput				t		k=n-2t		k/n		RBER		C/I required (dB)		BLER		Throughput

						32		191		0.75		0.02405		8.80		0.130		5.73				32		191		0.75		0.02205		9.10		0.12		5.80

						36		183		0.72		0.02204		8.60		0.120		5.56				36		183		0.72		0.0205		8.80		0.11		5.65
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								IP packet size		500				SDU FER

														10^-2
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								MCS-2		28

								MCS-3		37

						With SDU FER = 10^-2

																Required C/I						BLER						Throughput

								t		2t		Required RBER		MCS-1		MCS-2		MCS-3		MCS-1		MCS-2		MCS-3		MCS-1		MCS-2		MCS-3

								8		16		0.000130012		13.310427974						0.0018764996						8.2323660625

								16		32		0.0006526273		12.7703944795						0.0055127099						7.6532621887

								32		64		0.0071595173		9.6110302213						0.0440548309						6.3009907462
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								8		16		0.0001255505		13.3150382482						0.0018454573						8.2326220952

								16		32		0.000177812		13.2610348987						0.0022090783						7.678685901
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								64		128		0.0196831524		7.4230360839						0.137921747						3.7782692373

								1		2

								1		2

								1		2

								MCS-1								MCS-2								MCS-3

								C/I		BLER		RBER				C/I		BLER		RBER				C/I		BLER		RBER

								5		0.2930893245		0.0728953793				5		0.4226686143		0.1402813705				5		0.4571934502		0.0728953793

								7		0.1415989393		0.0289734359				7		0.2344228815		0.0696626514				7		0.3447466066		0.0289734359

								9		0.0557660649		0.0092682982				9		0.1084675923		0.0285759054				9		0.2475996349		0.0092682982

								11		0.0174333159		0.0023659197				11		0.0401337739		0.0097306085				11		0.167532859		0.0023659197

								13		0.0039667059		0.0004304275				13		0.0121338885		0.0025317452				13		0.1077000736		0.0004304275





Coding at the BM-SC

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0



MCS-1

MCS-2

MCS-3

C/Ic (dB)

BLER

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



RS code performance

		0		0

		0		0

		0		0

		0		0

		0		0



BLER

RBER

C/Ic (dB)

BLER

0

0

0

0

0

0

0

0

0

0



		

				m=8

				t=8								t=16								t=32								t=64								t=58

				Ps		BER		Pe				Ps		BER		Pe				Ps		BER		Pe				Ps		BER		Pe				Ps		BER		Pe

				1.00E+00		1.00E+00		1.00E+00				1.00E+00		1.00E+00		1.00E+00				1		1		1.00E+00				1.00E+00		1.00E+00		1.00E+00				1.00E+00		1.00E+00		1.00E+00

				9.50E-01		3.12E-01		9.50E-01				9.50E-01		3.12E-01		9.50E-01				0.95		0.3123		9.50E-01				9.50E-01		3.12E-01		9.50E-01				9.50E-01		3.12E-01		9.50E-01

				9.00E-01		2.50E-01		9.00E-01				9.00E-01		2.50E-01		9.00E-01				0.9		0.2501		9.00E-01				9.00E-01		2.50E-01		9.00E-01				9.00E-01		2.50E-01		9.00E-01

				8.50E-01		2.11E-01		8.50E-01				8.50E-01		2.11E-01		8.50E-01				0.85		0.2111		8.50E-01				8.50E-01		2.11E-01		8.50E-01				8.50E-01		2.11E-01		8.50E-01

				8.00E-01		1.82E-01		8.00E-01				8.00E-01		1.82E-01		8.00E-01				0.8		0.1822		8.00E-01				8.00E-01		1.82E-01		8.00E-01				8.00E-01		1.82E-01		8.00E-01

				7.50E-01		1.59E-01		7.50E-01				7.50E-01		1.59E-01		7.50E-01				0.75		0.1591		7.50E-01				7.50E-01		1.59E-01		7.50E-01				7.50E-01		1.59E-01		7.50E-01

				7.00E-01		1.40E-01		7.00E-01				7.00E-01		1.40E-01		7.00E-01				0.7		0.1397		7.00E-01				7.00E-01		1.40E-01		7.00E-01				7.00E-01		1.40E-01		7.00E-01

				6.50E-01		1.23E-01		6.50E-01				6.50E-01		1.23E-01		6.50E-01				0.65		0.123		6.50E-01				6.50E-01		1.23E-01		6.50E-01				6.50E-01		1.23E-01		6.50E-01

				6.00E-01		1.08E-01		6.00E-01				6.00E-01		1.08E-01		6.00E-01				0.6		0.1082		6.00E-01				6.00E-01		1.08E-01		6.00E-01				6.00E-01		1.08E-01		6.00E-01

				5.50E-01		9.50E-02		5.50E-01				5.50E-01		9.50E-02		5.50E-01				0.55		0.095		5.50E-01				5.50E-01		9.50E-02		5.50E-01				5.50E-01		9.50E-02		5.50E-01

				5.00E-01		8.30E-02		5.00E-01				5.00E-01		8.30E-02		5.00E-01				0.5		0.083		5.00E-01				5.00E-01		8.30E-02		5.00E-01				5.00E-01		8.30E-02		5.00E-01

				4.50E-01		7.20E-02		4.50E-01				4.50E-01		7.20E-02		4.50E-01				0.45		0.072		4.50E-01				4.50E-01		7.20E-02		4.50E-01				4.50E-01		7.20E-02		4.50E-01

				4.00E-01		6.19E-02		4.00E-01				4.00E-01		6.19E-02		4.00E-01				0.4		0.0619		4.00E-01				4.00E-01		6.19E-02		4.00E-01				4.00E-01		6.19E-02		4.00E-01

				3.50E-01		5.24E-02		3.50E-01				3.50E-01		5.24E-02		3.50E-01				0.35		0.0524		3.50E-01				3.50E-01		5.24E-02		3.50E-01				3.50E-01		5.24E-02		3.50E-01

				3.00E-01		4.36E-02		3.00E-01				3.00E-01		4.36E-02		3.00E-01				0.3		0.0436		3.00E-01				3.00E-01		4.36E-02		2.88E-01				3.00E-01		4.36E-02		3.00E-01

				2.50E-01		3.53E-02		2.50E-01				2.50E-01		3.53E-02		2.50E-01				0.25		0.0353		2.50E-01				2.50E-01		3.53E-02		1.24E-01				2.50E-01		3.53E-02		2.48E-01

				2.00E-01		2.75E-02		2.00E-01				2.00E-01		2.75E-02		2.00E-01				0.2		0.0275		2.00E-01				2.00E-01		2.75E-02		5.10E-03				2.00E-01		2.75E-02		1.39E-01

				1.90E-01		2.60E-02		1.90E-01				1.90E-01		2.60E-02		1.90E-01				0.19		0.026		1.90E-01				1.90E-01		2.60E-02		1.70E-03				1.90E-01		2.60E-02		1.03E-01

				1.70E-01		2.30E-02		1.70E-01				1.70E-01		2.30E-02		1.70E-01				0.17		0.023		1.66E-01				1.70E-01		2.30E-02		1.03E-04				1.70E-01		2.30E-02		3.95E-02

				1.50E-01		2.01E-02		1.50E-01				1.50E-01		2.01E-02		1.50E-01				0.15		0.0201		1.32E-01				1.50E-01		2.01E-02		2.35E-06				1.50E-01		2.01E-02		7.88E-03

				1.30E-01		1.73E-02		1.30E-01				1.30E-01		1.73E-02		1.30E-01				0.13		0.0173		7.84E-02				1.30E-01		1.73E-02		1.54E-08				1.30E-01		1.73E-02		6.40E-04

				1.10E-01		1.45E-02		1.10E-01				1.10E-01		1.45E-02		1.10E-01				0.11		0.0145		2.57E-02				1.10E-01		1.45E-02		1.98E-11				1.10E-01		1.45E-02		1.54E-05

				1.00E-01		1.31E-02		1.00E-01				1.00E-01		1.31E-02		9.86E-02				0.1		0.0131		1.04E-02				1.00E-01		1.31E-02		3.19E-13				1.00E-01		1.31E-02		1.31E-06

				7.00E-02		9.03E-03		6.98E-02				7.00E-02		9.03E-03		4.93E-02				0.07		0.009		6.82E-05				7.00E-02		9.03E-03		1.20E-20				7.00E-02		9.03E-03		2.27E-11

				5.00E-02		6.39E-03		4.71E-02				5.00E-02		6.39E-03		1.03E-02				0.05		0.0064		9.02E-08				5.00E-02		6.39E-03		2.00E-28				5.00E-02		6.39E-03		1.11E-16

				3.00E-02		3.80E-03		1.48E-02				3.00E-02		3.80E-03		1.39E-04				0.03		0.0038		3.61E-13				3.00E-02		3.80E-03		3.71E-41				3.00E-02		3.80E-03		9.79E-26

				1.00E-03		1.25E-04		3.09E-13				1.00E-03		1.25E-04		7.08E-27				0.001		0.0001		3.59E-59				1.00E-03		1.25E-04		8.87E-135				1.00E-03		1.25E-04		1.54E-95

				For SDU FER = 10^-2						Pe = 2x 10^-5						For SUD FER = 10^-3						Pe = 2 x 10 ^-6

				t		Ps		RBER								t		Ps		RBER

				8		0.0010391177		0.000130								8		0.0010039118		0.0001255505

				16		0.0051630366		0.0006526273								16		0.0014163037		0.000177812

				32		0.0558424407		0.0071595173								32		0.0505604096		0.0064728532

				64		0.1535031509		0.0206199931								64		0.1470081429		0.0196831524

				48		0.1101483314		0.0144818821								48		0.1004925802		0.013151568
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