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AMR Speech Codec in 8PSK Half Rate Channel

1. introduction

It has been proposed to incorporate AMR narrow band speech codec in 8PSK half rate channel for GERAN release 2000. In this document channel coding for different AMR modes for the 8PSK half rate channels is explained along with preliminary results of listening test, which was conducted to analyze the effect of the 8PSK half rate channels on AMR NB speech codec.

2. 8PSK half rate channel

In one radio block or 20 ms frame of an 8PSK half-rate channel there are 696 bits, out of which 12 bits are used as stealing bits [1] This is exactly 3 times the value used in GMSK half-rate channel. So, there are 684 bits per 20 ms for sending information. When 8PSK modulation is used 3 bits make a symbol. So, at the symbol level, one 8PSK burst is similar to one GMSK burst, which means that, an 8PSK burst consists of 114 data symbols and 2 stealing symbols. Number of training symbols and tail symbols in an 8PSK burst are also same as the number of training bits and tail bits in a GMSK burst. One radio frame consists of two such bursts as in the GMSK half-rate channel.

3. error patterns for geran channel

Soft error patterns were created through link level simulations. The values of the parameters used in the simulation are given below:

· carrier frequency : 900MHz

· MS speed : 3km/h

· Profile : Static Typical Urban

· Signal to noise power ratio : 100 dB

· One source of co-channel interference with varying C/I ratio

· No adjacent interference

· No frequency hopping considered

The received floating-point values were A/D converted to 8-bits signed integers with a dynamic range of 200.  Table 1 shows the raw bit error rate (sd<0) in the error patterns created for different C/I. It is interesting to note that every third bit is more error prone than the others. At the moment, putting or not putting in-band bits in the weaker bit position (among the 3 bits) in the 8PSK channel is not considered. However, it can be considered once the use of in-band bits is confirmed.

Note that the bit error rates at same C/I values are different from the error patterns produced by Nortel. They used different equalizer in their receiver and also the channel was dynamic.

4. channel coding and decoding in edge TCH/AHS for amr speech codec

4.1 Ordering according to subjective importance

Table 2 shows the number of bits delivered in a 20 ms frame by AMR speech codec, as described in GSM 05.03. Prior to channel coding the bits are rearranged according the descending order of subjective importance and grouped into Class 1A and Class 1B. The ordering tables are same as the ones available in GSM 05.03 [2]. 

Table 1: Raw bit error rate in 8PSK error pattern files

C/I (dB)
BER(%) at bit pos 1,4,7..
BER(%) at bit pos 2,5,8..
BER(%) at bit pos 3,6,9..
Total BER (%)
BER in ETSI GSM GMSK error files (%)

1
21.85
21.91
31.40
25.06
18.21

4
17.15
17.12
28.72
21.00
11.75

5
15.39
15.41
26.99
19.26


6
13.65
13.64
24.93
17.41


7
11.90
11.88
22.43
15.41
7.06

8
10.22
10.20
19.69
13.37


9
8.65
8.65
16.97
11.42


10
7.15
7.16
14.18
9.50
3.73

11
5.74
5.73
11.43
7.64


12
4.37
4.36
8.69
5.81


13
3.07
3.05
6.12
4.08
1.73

14
1.92
1.92
3.81
2.55


15
1.03
1.01
2.05
1.36


16
0.45
0.43
0.89
0.59
0.67

17
0.15
0.15
0.30
0.20


18
0.04
0.03
0.07
0.05


19
0.01
0.01
0.01
0.01
0.28

Table 2. Bit ordering
AMR Codec Mode
Number of speech bits delivered per block
Number of class 1 bits per block
Number of class 1a bits per block
Number of class 1b bits per block

12.2
244
244
81
163

10.2
204
204
65
139

7.95
159
159
75
84

7.4
148
148
61
87

6.7
134
134
55
79

5.9
118
118
55
63

5.15
103
103
49
54

4.75
95
95
39
56

4.2 Cyclic Code

A 6-bit CRC is used for error-detection. These 6 parity bits are generated by the cyclic generator polynomial g(D) = D6 + D5 + D3 + D2 + D1 + 1 from the class 1A bits as defined in  [05.03]. The CRC is attached between Class 1A and Class 1B bits.

Table 3. Cyclic Code

AMR Codec mode
Speech encoded bits
CRC protected bits
Number of bits after first encoding step

12.2
244
81
250

10.2
204
65
210

7.95
159
75
165

7.4
148
61
154

6.7
134
55
140

5.9
118
55
124

5.15
103
49
109

4.75
95
39
101

4.3 Convolutional coding

In GSM specification [05.03] a constraint length of 7 is used for ECSD, EGPRS and some AMR modes, while a constraint length of 5 is used for most of the GMSK modulated full rate channels. For the new optimized voice bearers it is proposed to use a constraint length of 7. Recursive Systematic Codes as used in GSM TCH/AFS are also used for EDGE half-rate channel. For that purpose the existing polynomials defined in GSM specification [05.03] are used here as well :

· G4 = 1 + D2 + D3 + D5 + D6

· G5 = 1 + D + D4 + D6

· G6 = 1 + D + D2 + D3 + D4 + D6

· G7= 1 + D + D2 + D3 + D6

Convolutional coding was applied to the whole block. The coding rates and resulting number of bits for different modes are given in Table 4.

Table 4: Convolutional coding and puncturing

AMR Codec mode
Number of bits after CRC addition
Conv. coding rate
Number of bits after conv. coding
Number of punctured bits
Resulting no. of bits
Puncturing rate (%)

12.2
250
1/3
768
96
672
12.5

10.2
210
1/4
864
192
672
22.2

7.95
165
1/4
684
12
672
1.8

7.4
154
1/5
800
128
672
16.0

6.7
140
1/5
730
58
672
7.9

5.9
124
1/6
780
108
672
13.8

5.15
109
1/6
690
18
672
2.6

4.75
101
1/7
749
77
672
10.3

4.4 Puncturing

According to Ericsson's document on Parameters for EDGE channel files for AMR-WB, there are 6 in-band bits in a burst, 3 at the beginning and 3 at the end. Thus in a half-rate frame, which consists of 2 burst, there are 12 in-band bits in 20 ms. There is no agreement on how to use these bits, so they are left unused at the moment. So, we have 684 - 12 = 672 bits available for encoded speech bits. After convolutional coding the resulting number of bits are always greater than 672, therefore, puncturing is performed to bring the figures down to 672. Puncturing is not applied on the encoded class 1A and CRC bits. Dummy in-band bits are inserted into the above mentioned positions of the frame to make the frame 684 bits long.

4.5 Interleaving

The interleaving mechanism is similar to TCH/AFS channel. Here, a frame that contains 684 bits is first ordered according to Table A.1 given in the appendix. Then the bits are grouped into 9 sub-blocks each containing 76 bits. Then 5 sub-blocks are taken from the current frame and 4 from the last frame. The sub-blocks are then ordered in the following manner i1, j2, i3, j4, i5, j6, i7, j8, i9, where i and j indicate current and last frame respectively. This combination of inter- and intra-frame interleaving introduces a delay of one extra frame in the receiver.

The interleaved frame is send to error insertion device for inserting soft errors that have been generated earlier in COSSAP environment.

4.6 Decoding

The received frame is de-interleaved; punctured bits are replaced by soft zeros to bring back the original number of bits. Then soft input hard output recursive Viterbi decoding is applied to decode the bit-stream. After decoding, the received CRC is matched with a newly computed CRC using the same polynomial and the same bits. If they do not match then a bad frame indication is sent to the speech decoder but the speech bits are not altered. Bits are again ordered back from subjective importance to the form suitable for speech decoder.

5. listening test arrangement

This section describes the arrangements for the listening test conducted to evaluate the performance of AMR speech codec in EDGE half-rate channel. The test plan is similar to the test plan for the AMR Characterization Phase in GSM GMSK channel [3], however, only one experiment is carried out to find the effect of static errors under clean speech condition.

The source speech material for the test was Modified-IRS weighted Finnish speech database. Each speech sample is 8 seconds in length and contains a sentence pair. 

In this experiment static C/I conditions are used. Their value is quoted in terms of Carrier to Interference Ratio (C/I) in dB, and the average C/I over the duration of the test condition is set to a fixed value. In this experiment, a selection of static C/I values in the range from 4 dB to 16 dB are used along with error free condition. The C/I values are chosen in such a way that the corresponding raw BERs are similar to the BERs for C/I values used for AMR-NB characterization test in GSM GMSK channel. For this experiment, codec mode adaptation is turned off. Details of the experiment are given in Table 5:

Table 5: Listening test arrangements

Main Codec Conditions



Codec
1
AMR

Codec Modes
8
To limit the size of the experiment, not all combinations of mode and C/I are tested.  Table 6 shows the combinations that are assessed.

C/I conditions
7
To limit the size of the experiment, not all combinations of mode and C/I are tested.  Table 6 shows the combinations that are assessed.

Input level
1
nominal: -26dB relative to OVL

Tandeming and noise
0
no tandeming or noise conditions

Input Characteristic
1
Modified IRS









Codec references
2
EFR: No Errors, nominal input level, Modified IRS



G.728: no errors at nominal input level, Modified IRS.

Other references



Direct
1
nominal level, MIRS

MNRU
5
nominal level, MIRS, Q= 6, 12, 18, 24, 30dB





Common Conditions



EDGE Channel
1
Half-rate

Number of talkers
4
2 male and 2 female (M01, M02, F01, F02)

Number of processed speech samples

48 sentence pairs per talker.

Listening Level
1
-15dBPa (79dB SPL) at ERP

Listeners
24
Naive Listeners

Number of stimuli per listener

(48 conditions x 4 talkers) + 5 practice = 197

Randomizations
6
6 groups of 4 listeners

Rating Scale
1
ACR, Listening Quality

Votes per condition

24 samples x 4 subjects/group = 96





Table 6: Combinations of Codec Mode and C/I tested

Codec mode
C/I


Error Free
16
14
12
10
8
6

12.2
x
x
x
x
x
x


10.2
x

x
x
x
x


7.95
x

x
x
x
x
x

7.40
x

x
x
x
x
x

6.70
x


x
x
x
x

5.90
x



x
x
x

5.15
x



x
x
x

4.75
x



x
x
x

6. Test result

The following tables and charts show the results of the listening test:

Table 7: Summary of test result

Candidate
Condition
Votes
MOS
Stderr
CIU
CIL

Direct
Clean
96
4.125
0.084
4.290
3.960

EFR
Clean
96
3.115
0.097
3.305
2.925

G728
Clean
96
2.417
0.083
2.580
2.253

AMR122
Clean
96
3.833
0.079
3.989
3.678

AMR122
CI16dB
96
3.760
0.069
3.896
3.625

AMR122
CI14dB
96
3.802
0.079
3.957
3.647

AMR122
CI12dB
96
3.823
0.080
3.979
3.667

AMR122
CI10dB
96
3.635
0.077
3.787
3.484

AMR122
CI08dB
96
2.021
0.090
2.197
1.844

AMR102
Clean
96
3.719
0.079
3.874
3.563

AMR102
CI14dB
96
3.708
0.075
3.856
3.561

AMR102
CI12dB
96
3.771
0.079
3.926
3.616

AMR102
CI10dB
96
3.521
0.082
3.682
3.359

AMR102
CI08dB
96
2.615
0.093
2.797
2.432

AMR795
Clean
96
3.563
0.091
3.741
3.384

AMR795
CI14dB
96
3.656
0.082
3.817
3.495

AMR795
CI12dB
96
3.802
0.082
3.963
3.641

AMR795
CI10dB
96
3.646
0.082
3.807
3.484

AMR795
CI08dB
96
3.469
0.097
3.659
3.279

AMR795
CI06dB
96
1.427
0.069
1.562
1.292

AMR740
Clean
96
3.635
0.087
3.805
3.466

AMR740
CI14dB
96
3.677
0.082
3.837
3.517

AMR740
CI12dB
96
3.625
0.087
3.795
3.455

AMR740
CI10dB
96
3.635
0.089
3.810
3.461

AMR740
CI08dB
96
3.729
0.079
3.884
3.574

AMR740
CI06dB
96
2.229
0.093
2.412
2.047

AMR670
Clean
96
3.615
0.079
3.769
3.460

AMR670
CI12dB
96
3.594
0.086
3.762
3.426

AMR670
CI10dB
96
3.469
0.086
3.638
3.300

AMR670
CI08dB
96
3.687
0.083
3.850
3.525

AMR670
CI06dB
96
2.771
0.099
2.964
2.577

AMR590
Clean
96
3.344
0.082
3.505
3.183

AMR590
CI10dB
96
3.448
0.089
3.622
3.274

AMR590
CI08dB
96
3.375
0.088
3.547
3.203

AMR590
CI06dB
96
2.990
0.107
3.200
2.779

AMR515
Clean
96
3.156
0.082
3.316
2.996

AMR515
CI10dB
96
3.240
0.090
3.416
3.064

AMR515
CI08dB
96
3.177
0.086
3.346
3.008

AMR515
CI06dB
96
3.104
0.089
3.279
2.929

AMR475
Clean
96
3.073
0.081
3.233
2.913

AMR475
CI10dB
96
2.958
0.089
3.132
2.784

AMR475
CI08dB
96
3.042
0.088
3.213
2.870

AMR475
CI06dB
96
3.010
0.089
3.186
2.835

MNRU_6
6 dB
96
1.052
0.023
1.097
1.007

MNRU_12
12 dB
96
1.229
0.046
1.319
1.140

MNRU_18
18 dB
96
1.542
0.072
1.684
1.400

MNRU_24
24 dB
96
1.990
0.079
2.145
1.835

MNRU_30
30 dB
96
2.677
0.095
2.864
2.490

Notes: 
VOTES: Indicates Total of all votes on condition quality 

MOS: Indicates ensemble Mean Opinion Score (across all Talkers, Sentence Pairs, and Listeners)

CIU: Indicates 95% confidence interval upper limit

CIL: Indicates 95% confidence interval lower limit

Stderr: Indicates Standard Error, Standard Deviation /Sqrt(# Votes)

Qeqv: Indicates the Equivalent Q for each of the scores

7. conclusion

This document presents only preliminary work on NB AMR codec in 8PSK half rate channels. The puncturing table, for example, has to be optimized by successive listening test. The fact that one bit in each symbol is weaker than the others, should be utilized in the interleaving table. As a matter of fact a combined optimization of puncturing and interleaving is necessary for getting better result. Therefore later work should concentrate on these issues.
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Figure 1: Graphical representation of the test result
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9. Appendix

Table A.1 Interleaving table

Subblock 1
Subblock 2
Subblock 3
Subblock 4
Subblock 5
Subblock 6
Subblock 7
Subblock 8
Subblock 9

342
397
155
345
436
365
240
196
485

585
361
146
480
571
410
303
367
8

279
73
245
489
652
140
609
403
152

441
523
389
660
355
572
231
502
215

9
532
479
219
265
338
591
430
26

270
658
128
417
193
167
159
601
179

648
307
650
426
346
194
465
340
323

423
469
83
435
283
23
384
511
278

63
460
56
624
499
563
177
178
224

216
631
263
444
148
284
267
475
242

630
316
425
633
238
455
213
376
197

468
91
236
138
589
599
411
25
602

180
1
38
21
409
581
600
358
350

396
586
461
462
229
464
42
295
233

657
622
200
336
418
473
204
673
620

225
244
11
300
526
302
582
16
476

36
253
218
327
166
545
357
556
683

117
163
443
543
256
5
672
322
35

324
298
668
552
220
482
60
331
80

576
19
677
399
76
248
375
304
656

189
451
137
318
508
221
429
457
395

549
334
335
30
67
149
627
664
557

459
271
227
570
382
311
330
574
521

27
181
623
183
670
59
519
133
44

594
118
614
120
364
356
447
547
251

261
568
560
57
247
608
456
115
440

666
640
353
156
544
32
546
97
530

639
406
182
228
31
68
663
241
467

603
127
326
597
679
635
132
484
332

288
541
569
84
13
446
96
421
314

477
343
74
525
472
50
402
142
449

315
154
533
309
517
203
168
223
125

414
676
101
12
373
131
69
439
629

99
235
317
579
634
374
87
205
89

90
442
542
66
661
122
474
151
503

567
496
290
498
4
437
141
412
188

54
28
299
507
481
158
24
493
62

387
415
110
147
202
95
339
169
341

126
100
416
651
580
554
78
394
413

495
199
470
201
139
347
555
610
404

243
559
308
273
616
77
114
448
134

558
613
254
453
607
491
537
583
17

108
595
506
678
445
185
483
268
359

153
55
641
192
301
320
321
286
53

486
289
434
255
175
509
222
250
386

0
82
2
165
157
266
564
214
575

72
577
164
381
292
419
501
520
593

405
190
209
354
184
86
150
7
143

234
550
173
39
535
653
33
259
71

351
262
452
246
562
671
645
160
161

171
505
29
264
553
257
294
106
584

135
145
281
588
49
176
528
349
296

378
487
119
174
40
113
348
61
260

252
37
659
210
400
500
195
70
107

81
217
587
606
454
41
15
682
647

297
514
551
642
310
617
492
619
170

162
649
632
291
94
527
6
646
422

612
370
524
534
58
536
636
466
539

369
109
65
48
22
212
249
538
674

450
667
380
102
391
329
366
385
512

306
379
191
669
337
401
105
565
305

144
325
272
111
130
590
681
52
116

540
208
47
516
211
275
420
529
368

18
604
362
237
121
14
285
43
287

675
352
596
471
598
383
186
79
665

513
478
578
390
328
293
510
34
98

432
46
344
75
625
392
258
232
431

207
424
398
282
427
239
573
124
269

504
10
605
561
112
104
393
592
494

333
172
515
129
103
518
618
628
566

45
280
20
363
85
680
654
655
206

360
433
407
93
643
428
123
313
611

531
64
497
615
463
662
51
187
638

621
136
371
408
319
230
312
277
377

198
388
488
372
490
626
276
637
548

522
226
92
3
274
644
438
88
458
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