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1. Introduction

Currently, three channel coding schemes have been defined in UTRA : no coding, convolutional coding (K=9), Turbo codes 8PCCC. WG1 had to provide scheme for encoding blocks between 1 and 5000 bits. However, neither 8PCCC nor convolutional codes are adapted to encode very short blocks (typically between 1 and 10bits). Thus there is a need to introduce such coding scheme. In particular it has been identified by WG2 that AMR commands would come in a separate TrCh and this provides an example of short blocks to be encoded in each TTI. In this document we propose to use the same code as the one used to encode TFCI to code blocks between 1 and 10 bits, since performance evaluation have already shown that it has good performance, and this has the advantage of adding no extra complexity in UTRA scheme.

2. Limit of convolutional coding in terms of coding block size

WG1 is supposed to provide channel coding schemes that cover encoding block sizes from 1 to 5000 bits. However, looking at the convolutional coding performance in terms of BER and FER when encoding block size decreases, there seems to be a limit where convolutional coding is not a efficient solution. At a 10-3 BER, the loss between a 2 bits and a 42 bits block size is 4dB. Between a 10 bits block and 42 bits block, the loss is 1 dB.  This is shown on figure 1 that represents the BER versus Eb/No for different block sizes. Thus WG1 should define a new coding scheme which would code efficiently blocks of size between 1 and 10 bits. 

In particular, it has been identified by WG2 that AMR mode commands would be transmitted in a separate Transport Channel. Given the amount of bits per TTI this represents, there is today a concrete need for definition of such coding scheme.
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Simulation conditions :

· Convolutionnal Coding, rate 1/3, K=9

· No rate Matching (dummy bits inserted)

· Spreading Factor 256

· No power control

· Uplink channel

· 6 pilot bits

· One user

3. Proposal for coding scheme for coding blocks of 1 to 10 bits

The aim here is to find a coding scheme to encode blocks of 1 to 10bits. It can be noted that the code for TFCI encodes from 6 to 10 bits into 30, and 1 to 5 bits into 15 in an efficient way.  One simple solution would then be to use the same coding scheme for our purpose.

This would results in the following code definition.

3.1 Coding scheme for blocks of size 6 to 10 bits

The bits are encoded using (30, 10) punctured sub-code of the second order Reed-Muller code. The coding procedure is as shown in Figure 1.
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Figure 1: Channel coding bits
If the block consist of 6 to 9 bits, it is padded with zeros to 10 bits, by setting the most significant bits to zero. The receiver can use the information that not all 10 bits are used for this block, thereby reducing the error rate in the decoder. 
Firstly, the block is encoded by the (32,10) sub-code of second order Reed-Muller code. The code words of the (32,10) sub-code of second order Reed-Muller code are linear combination of 10 basis sequences: all 1’s, 5 OVSF codes (C32,1 , C32,2 , C32,4 , C32,8 , C32,16 ), and 4 masks (Mask1, Mask2, Mask3, Mask4). The 4 mask sequences are as following Table 1.
Table 1: Mask sequences

Mask 1
00101000011000111111000001110111

Mask 2
00000001110011010110110111000111

Mask 3
00001010111110010001101100101011

Mask 4
00011100001101110010111101010001

For information bits a0 , a1 , a2 , a3 , a4 , a5 , a6 , a7 , a8 , a9 (a0 is LSB and a9 is MSB), the encoder structure is as following Figure 2.
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Figure 2: Encoder structure for (32,10) sub-code of second order Reed-Muller code
Then, the code words of the (32,10) sub-code of second order Reed-Muller code are punctured into length 30 by puncturing 1st and 17th bits.
Since the channel coding parameter is currently a static parameter for a TrCh, this code could be defined to encode from 1 to 10, to be able to be used for a TrCH whose rate vary within 1 to 10 bits per TTI. 

3.2 Coding scheme for blocks of size 1 to 5 bits

If the block consist of 1 to 4 bits, it is padded with zeros to 5 bits, by setting the most significant bits to zero. The receiver can use the information that not all 5 bits are used for this block, thereby reducing the error rate in the decoder.
Blocks are encoded by biorthogonal (16, 5) block code. The code words of the biorthogonal (16, 5) code are from two mutually biorthogonal sets,
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 and its binary complement, 
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 are from the level 16 of the code three of OVSF codes defined in document  TS 25.213. The mapping of information bits to code words is shown in the Table 2. 
Table 2: Mapping of information bits to code words for biorthogonal (16, 5) code
Information bits
Code word

00000
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Biorthogonal code words, 
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 is then punctured into length 15 by puncturing the 1st bit.
4. Rationale for using the same code as the one used for TFCI 

The ideas with proposing to use the same code as for TFCI are the following.

· First, this code has been chosen for its good performance among others. Some evaluations have already been performed on it, proving its performance.

· Second, since it is already used for TFCI, there is no complexity added to the system by using it also for regular channel coding scheme.

It might need to be studied further whether a coding scheme with less output bits would be needed, in which case the code proposed could be punctured at the expense of a performance degradation.

5. Conclusions
Nortel proposes to adopt the channel coding scheme already defined for TFCI coding, as a new additional coding scheme for UTRA. This would allow to cover the case of encoding blocks between 1 and 10 bits with reasonable quality and overhead, without adding any complexity to the system.
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Graph1

		4.7609125906		1.4509804001		0.3239375982		-0.2658410014		-0.6317790241		-0.4715803134

		5.7609125906		2.4509804001		1.3239375982		0.7341589986		0.3682209759		0.5284196866

		6.7609125906		3.4509804001		2.3239375982		1.7341589986		1.3682209759		1.5284196866

		7.7609125906		4.4509804001		3.3239375982		2.7341589986		2.3682209759		2.5284196866

		8.7609125906		5.4509804001		4.3239375982		3.7341589986		3.3682209759		3.5284196866

		9.7609125906		6.4509804001		5.3239375982		4.7341589986		4.3682209759		4.5284196866

		10.7609125906		7.4509804001		6.3239375982		5.7341589986		5.3682209759		5.5284196866
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coding loss

		n		3*(n+8)		B/A		en dB

		1		27		27		14.3136376416

		2		30		15		11.7609125906

		3		33		11		10.4139268516

		4		36		9		9.5424250944

		5		39		7.8		8.9209460269

		6		42		7		8.4509804001

		7		45		6.4285714286		8.0811447376

		8		48		6		7.7815125038

		9		51		5.6666666667		7.5332766666

		10		54		5.4		7.3239375982

		11		57		5.1818181818		7.1448217051

		12		60		5		6.9897000434

		13		63		4.8461538462		6.8539719715

		14		66		4.7142857143		6.7341589986

		15		69		4.6		6.6275783168

		16		72		4.5		6.5321251378

		17		75		4.4117647059		6.4461234201

		18		78		4.3333333333		6.3682209759

		19		81		4.2631578947		6.2973141793

		20		84		4.2		6.232492904

		21		87		4.1428571429		6.1729995788

		22		90		4.0909090909		6.1181982862

		23		93		4.0434782609		6.0675511254

		24		96		4		6.0205999133

		25		99		3.96		5.9769518593

		26		102		3.9230769231		5.9362682379

		27		105		3.8888888889		5.8982553491

		28		108		3.8571428571		5.8626572414

		29		111		3.8275862069		5.8292498089

		30		114		3.8		5.7978359662

		31		117		3.7741935484		5.7682416791

		32		120		3.75		5.7403126773

		33		123		3.7272727273		5.7139117156

		34		126		3.7058823529		5.6889162808

		35		129		3.6857142857		5.6652166595

		36		132		3.6666666667		5.6427143044

		37		135		3.6486486486		5.6213204443

		38		138		3.6315789474		5.6009548978

		39		141		3.6153846154		5.5815450563

		40		144		3.6		5.5630250077

		41		147		3.5853658537		5.5453347803

		42		150		3.5714285714		5.5284196866





courbes

		n		C/I		Eb(Codé)/No		BER		FER		Raw BER		a 10-3		Taille		Gain		Gain diff		Accroissement de gain*

		2		-7		4.7609125906		6.35E-03		0.9462		26.30879867				2		0		0		0		6.35E-05

		2		-6		5.7609125906		2.25E-03		0.3382		23.841492				6		2.7		2.7		0.675		2.25E-05

		2		-5		6.7609125906		6.19E-04		0.0924		21.23818133				10		3.6		0.9		0.225		6.19E-06

		2		-4		7.7609125906		1.38E-04		0.021		18.52320133				14		4		0.4		0.1		1.38E-06

		2		-3		8.7609125906		1.80E-05		0.0024		15.74397467				18		4.4		0.4		0.1		1.80E-07

		2		-2		9.7609125906		3.00E-06		0.0004		12.966132				42		5		0.6		0.025		3.00E-08

		2		-1		10.7609125906		0.00E+00		0		10.27596933												0.00E+00

		6		-7		1.4509804001		2.78E-02		6.3476		26.300952				Donc la limite psychologique est de 10 bits								2.78E-04

		6		-6		2.4509804001		1.07E-02		2.4898		23.83877333												1.07E-04

		6		-5		3.4509804001		3.18E-03		0.7496		21.23014267												3.18E-05

		6		-4		4.4509804001		6.52E-04		0.1568		18.51457333												6.52E-06

		6		-3		5.4509804001		8.27E-05		0.0218		15.73673467												8.27E-07

		6		-2		6.4509804001		5.67E-06		0.002		12.96071333												5.67E-08

		6		-1		7.4509804001		0.00E+00		0		10.27163333												0.00E+00

		10		-7		0.3239375982		5.66E-02		14.7414		26.30248533												5.66E-04

		10		-6		1.3239375982		2.35E-02		6.3406		23.839652												2.35E-04

		10		-5		2.3239375982		7.11E-03		2.0086		21.233808												7.11E-05

		10		-4		3.3239375982		1.42E-03		0.4226		18.51668533												1.42E-05

		10		-3		4.3239375982		1.91E-04		0.062		15.73535467												1.91E-06

		10		-2		5.3239375982		1.38E-05		0.0052		12.96089333												1.38E-07

		10		-1		6.3239375982		0.00E+00		0		10.27168933												0.00E+00

		14		-7		-0.2658410014		8.82E-02		24.4808		26.31166667												8.82E-04

		14		-6		0.7341589986		3.87E-02		11.2626		23.847192												3.87E-04

		14		-5		1.7341589986		1.20E-02		3.6964		21.24382933												1.20E-04

		14		-4		2.7341589986		2.42E-03		0.8002		18.52704												2.42E-05

		14		-3		3.7341589986		2.84E-04		0.1028		15.74723067												2.84E-06

		14		-2		4.7341589986		2.19E-05		0.0092		12.96636667												2.19E-07

		14		-1		5.7341589986		1.14E-06		0.0006		10.275312												1.14E-08

		18		-7		-0.6317790241		1.18E-01		34.1034		26.30686133												1.18E-03

		18		-6		0.3682209759		5.41E-02		16.6404		23.84470933												5.41E-04

		18		-5		1.3682209759		1.73E-02		5.7418		21.238844												1.73E-04

		18		-4		2.3682209759		3.45E-03		1.2604		18.51896267												3.45E-05

		18		-3		3.3682209759		3.76E-04		0.1554		15.74042533												3.76E-06

		18		-2		4.3682209759		2.51E-05		0.012		12.96663467												2.51E-07

		18		-1		5.3682209759		2.22E-07		0.0002		10.27578267												2.22E-09

		42		-6		-0.4715803134		1.29E-01		46.3738		23.83703733												1.29E-03

		42		-5		0.5284196866		4.37E-02		18.9216		21.234472												4.37E-04

		42		-4		1.5284196866		8.05E-03		4.3514		18.51482533												8.05E-05

		42		-3		2.5284196866		7.54E-04		0.5376		15.73490667												7.54E-06

		42		-2		3.5284196866		3.42E-05		0.0344		12.96136533												3.42E-07

		42		-1		4.5284196866		1.38E-06		0.0016		10.269064												1.38E-08

		42		0		5.5284196866		4.76E-08		0.0002		7.76255333												4.76E-10
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2 bits

		C/I		Raw BER		BER		FER

		-7		26.30879867		0.6346		0.9462

		-6		23.841492		0.2251		0.3382

		-5		21.23818133		0.0619		0.0924

		-4		18.52320133		0.0138		0.021

		-3		15.74397467		0.0018		0.0024

		-2		12.966132		0.0003		0.0004

		-1		10.27596933		0		0
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6 bits

		C/I		Raw BER		BER		FER

		-7		26.300952		2.7791		6.3476

		-6		23.83877333		1.07406667		2.4898

		-5		21.23014267		0.31813333		0.7496

		-4		18.51457333		0.06523333		0.1568

		-3		15.73673467		0.00826667		0.0218

		-2		12.96071333		0.00056667		0.002

		-1		10.27163333		0		0
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10 bits

		C/I		Raw BER		BER		FER

		-7		26.30248533		5.65682		14.7414

		-6		23.839652		2.34648		6.3406

		-5		21.233808		0.7114		2.0086

		-4		18.51668533		0.14154		0.4226

		-3		15.73535467		0.01912		0.062

		-2		12.96089333		0.00138		0.0052

		-1		10.27168933		0		0
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14 bits

		C/I		Raw BER		BER		FER

		-7		26.31166667		8.81785714		24.4808

		-6		23.847192		3.86637143		11.2626

		-5		21.24382933		1.19607143		3.6964

		-4		18.52704		0.2418		0.8002

		-3		15.74723067		0.02835714		0.1028

		-2		12.96636667		0.00218571		0.0092

		-1		10.275312		0.00011429		0.0006
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18 bits

		C/I		Raw BER		BER		FER

		-7		26.30686133		11.79726667		34.1034

		-6		23.84470933		5.40671111		16.6404

		-5		21.238844		1.72728889		5.7418

		-4		18.51896267		0.34513333		1.2604

		-3		15.74042533		0.03761111		0.1554

		-2		12.96663467		0.00251111		0.012

		-1		10.27578267		0.00002222		0.0002





18 bits
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18 bits



42 bits

		C/I		Raw BER		BER		FER

		-6		23.83703733		12.87450476		46.3738

		-5		21.234472		4.37429524		18.9216

		-4		18.51482533		0.80498571		4.3514

		-3		15.73490667		0.07543333		0.5376

		-2		12.96136533		0.00342381		0.0344

		-1		10.269064		0.0001381		0.0016

		0		7.76255333		0.00000476		0.0002
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