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1. Introduction

A fast power control scheme for speech traffic channels was proposed in [1]. In order to convey the fast power control signalling, the proposal requires the puncturing of 10 bits on every SACCH burst. Unfortunately, that can lead to a 1.1dB loss on SACCH [7], which is most probably not acceptable. Although several solutions have been proposed in order to reduce the impact of puncturing [2] [5], some SACCH performance loss still remains. This document is an update of [8], which proposes a solution that suppresses the link level performance loss.

2. Fire code for sacch

The Slow Associated Control Channel block of 184 information bits is protected by a 40 bits FIRE code, which is used for error correction and detection [3]. The Fire code is a shortened binary cyclic code using the generator polynomial:

G(D) = (D23 + 1)*(D17 + D3 + 1)

This block code is a 12-burst error correcting code. This means that it is capable of correcting all error bursts of length 12 or less [4]. At the same time the fire code can detect error burst of length 12 or less.

Figure 1 of annex A shows the detection and correction performance where the two following cases are compared:

· constraint length 7 and 10 bits are punctured for the FPC signalling (new coding)

· constraint length 5 and no bits are punctured for the FPC signalling (existing coding)

100 000 frames were simulated. Table 1 sums up the results.

	Case
	Existing SACCH
(K=5, no FPC)
	New SACCH
(K=7, FPC)

	FIRE code correction and detection
	10.7 dB
	11.25 dB

	Real BLER before FIRE code correction
	10.9 dB
	11.30 dB


Table 1. Performance of SACCH & FPC Signalling
C/Ico at 1% BLER (TU3 iFH - 900MHz)

The results show that thanks to the burst error correction capability of the FIRE code, a 0.2 dB gain appears at 1% BLER for the existing SACCH.

However when some bits are punctured in order to convey the FPC signalling (and the constraint length is increased), the fire code only brings a 0.05 dB gain. It shows that because of the puncturing, not only the number of errors increases, but also the length of the error bursts increases. As a result the FIRE code can hardly correct the errors.

One can then wonder whether it worth having a 40 bits FIRE code in such conditions. A smaller CRC code would allow the transmission of the FPC signalling without or limited puncturing on SACCH.

3. CRC code FOR SACCH

In this section the substitution of the FIRE code by a simple CRC code without any error correction capability is studied. One advantage to reduce the number of parity bits is to allow the transmission of FPC signalling without having to puncture the SACCH.

The probability of undetected errors of any CRC code can be estimated using the following equation:
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where:

· A is the weight distribution function of the CRC code depending of the generator

· n is the block size including the CRC bits

· p is the bit error probability

In Figure 1, the probabilities of undetected errors versus the bit error probability are given for several CRC lengths. The black dotted line at 2.10-5 is the requirement for Pue specified in [6] section 6.4. This figure shows that both the 16 bits and 18 bits CRC fulfil the requirements for any BLER, while the 14 bits CRC does not always (Pue goes above 2.10-5 when BLER is below 1%). 

Table 2 gives the estimation of the probability of undetected errors for different CRC codes length at 100% block error rate.

	CRC length (bit)
	18
	16
	14

	Pue at 100% BLER
	3.8 10-6
	1.5 10-5
	6.1 10-5


Table 2. Estimation of Pue for different CRC code lengths
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Figure 1. Probability of Undetected Error Pue vs. Bit Error Rate for different CRC code length (14, 16 and 18 bits)

Because it provides the best results, the 18 bits CRC has been selected. The following polynomial has been used for simulation (20 000 frames):

G(D) = D18 + D17 + D14 + D13 + D11 + D10 + D8 + D7 + D6 + D3 + D2 + 1     [10]

The FPC signalling uses the free space (40 bits / 10 bits per burst) and the stealing bits. The channel coding is decribed in a companion contribution [9]. The results are shown in Annex A and summarized in the table below:

	SACCH coding
	C/Ico at 1% BLER

	40 bits FIRE / without puncturing / K=5
	10.7 dB

	18 bits CRC code / puncturing / K=7
	10.1 dB


Table 3. Performance of SACCH (TU3iFH - 900MHz)

Not only the combination of the 18 bits CRC and the higher constraint length suppresses the losses due to FPC signalling, but also it also even improves the performance: 0.6 dB gain.

4. Mapping of FPC signalling

In order to convey the FPC signalling, 12 bits are necessary on every burst. In this section five different types of mapping are assessed:

· ATS where 12 bits are punctured Around the Training Sequence of each burst (52, 53, 54, 55, 57, 58, 56, 59, 60, 61, 62, 63)

· Spread where the 12 bits are as spread as possible over the burst (10, 19, 28, 37, 46, 57, 58, 69, 78, 87, 96, 105)

· P1, P2 and P3 that are somewhat between the two previous cases:

· P1  (47, 49, 51, 54, 55, 57, 58, 60, 62, 64, 66, 68)

· P2  (41, 45, 49, 52, 55, 57, 58, 60, 63, 66, 70, 74)

· P3  (44, 47, 50, 53, 55, 57, 58, 60, 62, 65, 68, 71)

Link level simulations were run to assess the performance of these five puncturing schemes (see the table below and Annex B). It clearly appears that ATS and Spread should be avoided. P3 provides the best compromise.

	Channel \ Mapping
	ATS
	P1
	P2
	P3
	Spread

	TU3iFH
	12.6
	12.3
	12.2
	12.1
	12.1

	TU50nFH
	12.8
	12.2
	12.2
	12.2
	12.2

	RA250nFH
	13.9
	14.0
	14.0
	14.0
	14.8


Table 4. FPC Performance (C/Ico at 1% of WER)
5. interleaving

Because the coded SACCH is shorter (408 bits instead of 456), a new interleaver could be needed. As FPC and SACCH signalling have different cycle, respectively 120ms and 480ms, and because the FPC bits should be mapped according to P3 on every burst, it is not straightforward and easy to design such an interleaver. 

However, there is a simple solution that allows the re-use of the same interleaver, and to have the optimal mapping for the FPC signalling on every burst:

· dummy bits are inserted within the coded shortened SACCH block

· the whole block is then interleaved (every 480ms)

· the interleaved dummy bits are replaced by the FPC bits on every burst (every 120ms) 

Note that in order to have the same mapping for the FPC signalling on every burst, the dummy bits are inserted in such a way that after interleaving, they always have the same position within the bursts.

When combining the 18 bits CRC code of section 3, with the mapping P3 of section 4, it becomes:

1) add the 18 bits CRC code
184 + 18 = 202
2) add 6 tail bits
200 + 6 = 208
3) apply a ½ convolutional code (K=7)
206 * 2 = 416 

4) Insert 40 dummy bits in order to have 456 bits (3, 32, 40, 46, 47, 68, 89, 96, 97, 103, 124, 125, 132, 146, 153, 154, 181, 182, 189, 203, 210, 211, 232, 238, 239, 246, 267, 288, 289, 295, 303, 332, 345, 346, 388, 389, 402, 403, 445, 446 - see Annex C)
416 + 40 = 456
5) Interleave the 456 bits
on every burst, the dummy bits occupy the same positions that are the bit numbers 44, 47, 50, 53, 55, 57, 58, 60, 62, 65, 68, 71

6) replace the interleaved dummy bits on every burst by the FPC signalling.

By simply inserting dummy bits, the existing interleaver can be reused and the FPC mapping can be optimised. The link level performance of the resulting SACCH were already given in section 3 above.

6. Conclusion

A fast power control scheme for speech traffic channels was proposed in [1]. In order to convey the FPC signalling, the proposal requires the puncturing of 12 bits on every SACCH burst. Unfortunately that puncturing decreases the link level performance of SACCH. 

This document has proposed a simple solution in order to 

· suppress all losses (0.6dB gain even appears)

· reuse the same interleaver

· optimise the mapping of the FPC signalling

The proposed solution consists in shortening the 40 bits FIRE code into a simple detection code without any correction capability (18 bits CRC). Dummy bits are then inserted within the coded shortened SACCH block. The whole block is then interleaved, and finally the dummy bits are replaced by the FPC signalling bits.

A companion contribution proposes the corresponding CR to 45.003 [9]. 
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ANNEX A - SACCH performance
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Figure 2. Performance of SACCH with a FIRE code (40 bits), 
K=7 with FPC puncturing, and K=5 without FPC puncturing
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Figure 3. SACCH performance on TU3 with ideal frequency hopping
ANNEX B - FPC Signalling performance 

In the following figures the performance of different mappings of the FPC bits on every SACCH burst are presented.
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ANNEX C - Interleaving Table

	Bit number
	Burst

	
	B1
	B2
	B3
	B4

	0
	0
	57
	114
	171

	1
	228
	285
	342
	399

	2
	64
	121
	178
	235

	3
	292
	349
	406
	7

	4
	128
	185
	242
	299

	5
	356
	413
	14
	71

	6
	192
	249
	306
	363

	7
	420
	21
	78
	135

	8
	256
	313
	370
	427

	9
	28
	85
	142
	199

	10
	320
	377
	434
	35

	11
	92
	149
	206
	263

	12
	384
	441
	42
	99

	13
	156
	213
	270
	327

	14
	448
	49
	106
	163

	15
	220
	277
	334
	391

	16
	56
	113
	170
	227

	17
	284
	341
	398
	455

	18
	120
	177
	234
	291

	19
	348
	405
	6
	63

	20
	184
	241
	298
	355

	21
	412
	13
	70
	127

	22
	248
	305
	362
	419

	23
	20
	77
	134
	191

	24
	312
	369
	426
	27

	25
	84
	141
	198
	255

	26
	376
	433
	34
	91

	27
	148
	205
	262
	319

	28
	440
	41
	98
	155

	29
	212
	269
	326
	383

	30
	48
	105
	162
	219

	31
	276
	333
	390
	447

	32
	112
	169
	226
	283

	33
	340
	397
	454
	55

	34
	176
	233
	290
	347

	35
	404
	5
	62
	119

	36
	240
	297
	354
	411

	37
	12
	69
	126
	183

	38
	304
	361
	418
	19

	39
	76
	133
	190
	247

	40
	368
	425
	26
	83

	41
	140
	197
	254
	311

	42
	432
	33
	90
	147

	43
	204
	261
	318
	375

	44
	40
	97
	154
	211

	45
	268
	325
	382
	439

	46
	104
	161
	218
	275

	47
	332
	389
	446
	47

	48
	168
	225
	282
	339

	49
	396
	453
	54
	111

	50
	232
	289
	346
	403

	51
	4
	61
	118
	175

	52
	296
	353
	410
	11

	53
	68
	125
	182
	239

	54
	360
	417
	18
	75

	55
	132
	189
	246
	303

	56
	424
	25
	82
	139

	57
	SB
	SB
	SB
	SB

	58
	SB
	SB
	SB
	SB

	59
	196
	253
	310
	367

	60
	32
	89
	146
	203

	61
	260
	317
	374
	431

	62
	96
	153
	210
	267

	63
	324
	381
	438
	39

	64
	160
	217
	274
	331

	65
	388
	445
	46
	103

	66
	224
	281
	338
	395

	67
	452
	53
	110
	167

	68
	288
	345
	402
	3

	69
	60
	117
	174
	231

	70
	352
	409
	10
	67

	71
	124
	181
	238
	295

	72
	416
	17
	74
	131

	73
	188
	245
	302
	359

	74
	24
	81
	138
	195

	75
	252
	309
	366
	423

	76
	88
	145
	202
	259

	77
	316
	373
	430
	31

	78
	152
	209
	266
	323

	79
	380
	437
	38
	95

	80
	216
	273
	330
	387

	81
	444
	45
	102
	159

	82
	280
	337
	394
	451

	83
	52
	109
	166
	223

	84
	344
	401
	2
	59

	85
	116
	173
	230
	287

	86
	408
	9
	66
	123

	87
	180
	237
	294
	351

	88
	16
	73
	130
	187

	89
	244
	301
	358
	415

	90
	80
	137
	194
	251

	91
	308
	365
	422
	23

	92
	144
	201
	258
	315

	93
	372
	429
	30
	87

	94
	208
	265
	322
	379

	95
	436
	37
	94
	151

	96
	272
	329
	386
	443

	97
	44
	101
	158
	215

	98
	336
	393
	450
	51

	99
	108
	165
	222
	279

	100
	400
	1
	58
	115

	101
	172
	229
	286
	343

	102
	8
	65
	122
	179

	103
	236
	293
	350
	407

	104
	72
	129
	186
	243

	105
	300
	357
	414
	15

	106
	136
	193
	250
	307

	107
	364
	421
	22
	79

	108
	200
	257
	314
	371

	109
	428
	29
	86
	143

	110
	264
	321
	378
	435

	111
	36
	93
	150
	207

	112
	328
	385
	442
	43

	113
	100
	157
	214
	271

	114
	392
	449
	50
	107

	115
	164
	221
	278
	335
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