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Description of the Problem

TS 28.062 in version 1.1.1 specifies for the AMR TFO Frame format:


TFO_16k for: 
FR_AMR - FR AMR and UMTS_AMR - UMTS_AMR connections,

 

and for all connections where at least one Codec Mode is higher than 6.70 kBit/s.

TFO_8k   for: 
HR_AMR – HR_AMR and HR_AMR – FR_AMR connections, 

when all Codec Modes are  below 7.40 kBit/s.

This format selection is reasonable for all TFO connections where the TFO Frame format is identical to the TRAU frame formats on both Abis interfaces, i.e. when no format conversion is necessary.

But it is relatively complex for all scenarios where at least one format conversion between Abis and A interface must be performed. It further has the problem that sometimes the frame format has to be changed during the call.

The worst (but important) case is given in HR_AMR – HR_AMR connections with Codec Mode 7.40 included in the Active Codec Set: then two format conversions are necessary in each direction, see the following symbolic representation. The red markers symbolise the positions of the D-Bits within the 20ms frames:
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This is cumbersome for TRAUs, because it causes signal delay, uncertainties in sync error handling, recalculation of CRCs and a relative sophisticated bit reordering. 

With extreme sophisticated, sample based implementations (not acceptable) this would cost about 10ms extra signal delay in each direction (20ms round trip), see also tables 1 (red marked area) and table 6. Realistic, frame based implementations need about 40ms extra delay in each direction (80 ms round trip). 

This must be considered as unacceptable.
Proposed Solution

General: It is proposed to use always 16 kBit/s sub-multiplexing on the A-Interface and basically one formatting end-to-end, i.e. without format conversion in the TRAUs. TFO Frame Format modification during OPERATION is then no longer necessary.

Proposal Step 1: For HR_AMR – HR_AMR connections, where 8 kbit/s sub-multiplexing is used on both Abis-Interfaces, the TRAU_8k format from the Abis-Interfaces is kept as AMR_TFO_8+8k format in the second LSBs of the PCM samples on the A-Interface. This costs minimal delay and minimal implementation effort. To improve the synchronisation security on the A-Interface the LSBs are modified to carry the strong synchronisation pattern defined in table 7. 
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This sync patterns is very similar to the typical main synchronisation pattern in TRAU_16k and TFO_16k frames, as well as in GSM_HR and HR_AMR TRAU_8k frames. It differentiates from all these by the position where the “0” distortion bit is placed in the Sync “1” grid. All bits not marked in table 7 should remain unaltered in the PCM samples of the A-Interface.

Proposal Step 2: Also for HR_AMR – FR_AMR connections, where the highest Codec Mode is the 7.40 kBit/s mode, the TRAU_8k and AMR_TFO_8+8k format are used on all interfaces, although the Abis interface on the FR side could be in 16 kBit/s sub-multiplexing mode. The LSB in the TFO Frames on the A-Interface is again modified with the synchronisation pattern of table 7.
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Proposal Step 3: On the Abis interface with 16 kbit/s submultiplexing (the FR side) a stronger synchronisation pattern could be desired, although the standard in 08.61does not mandate this. 

To allow a simple and seamless transition between TRAU_16k and TRAU_8k frames for the 16 kBit/s sub-multiplexing on Abis, the MSB of the TRAU_16k” frames should also carry the synchronisation pattern of table 7. The LSB shall carry the TRAU_8k frames as defined in 08.61. The bits left undefined in table 7 may be left undefined in the TRAU_16k” frames, or filled with “1” bits (spare).
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Discussion 

Proposal Step 1 is relatively easy to achieve by the TRAUs “on the fly”. It does not influence the Abis interface. But it improves the synchronisation on the A-Interface dramatically for all modes, especially for the 7.40 kBit/s Codec Mode, which would otherwise require the TFO_16k format.

Since all bits not marked in table 7 should remain unaltered in the PCM samples on the A-interface, this additional sync pattern is not specifically audible. It means that only about 32/2 = 16 of 160 bits are on average inverted.

Embedding of TFO Messages in OPERATION is now also easily possible in all Modes. The additional EMBED bit has the same meaning and coding (not position) as the EMBED bit in TFO_16k frames. This simplifies synchronisation of all TFO frames.

No modification of the transport channel for IPEs is necessary: always TRANS16k can be used for AMR. That simplifies the handling.

Therefore Proposal Step 1 should be easily acceptable.

Proposal Step 2 is identical to step 1 on the A-interface and the Abis interface with 8 kbit/s sub-multiplexing. This part should be easily acceptable, too.  By this the open TFO interface would be in good shape.

The modifications on the Abis interface on the FR side, i.e. use TRAU_8k for GSM FR channels, are according to the standard (08.60), but may be unexpected to the BTS. The transitions from TRAU_16k to TRAU_8k could be improved.

Therefore Proposal Step 3, where the main synchronisation pattern of the TRAU_16k frames is replaced by another synchronisation pattern of same security, but which is easy to differentiate. Since the BTSs can operate blockwise on the TRAU frames, i.e. they can start to operate when the complete frame has been received, there is no change in delay or sync loss. The transition between both TRAU_16k frame and TRAU_8+8k frame formats is seamless. 

Also this seams easy to agree on. 

But it is not important for the open A-Interface. As long as BTS and TRAU know what they use on the more proprietary Abis-Interface, both version (with and without the Sync pattern) will work. Even the use of TRAU_16k on this Abis interface is acceptable, if the additional delay is acceptable.

Step 3 (TRAU_8+8k frames) may therefore be optional.

Cost Efficient Transmission

The transmission costs on the Abis interfaces are unaltered. The same holds for the A-Interface, where always 64 kBit/s are used. For potential TCME based on circuit switched transmission the handling is easier, because no format conversion is necessary. No additional transport capacity is necessary, because the additional Sync is not needed there (same as on Abis interface). For TCMEs based on packet switched transmission a format conversion is in any case necessary and the new format is as good as the old format.

Necessary changes

All modifications can be described in TS 28.062: no CR is necessary for 08.60, since these changes are only relevant for TFO support. It is proposed to add a sub-section in section 5 “TFO Frame Format”.

The rules for TFO Frame format selection need a small update. The Actions, Events and Protocol tables in section 10 can be simplified.

All changes are included in the attached “TS 28.062 V112 TFO Frame Formats”.

The following table 1 is an extract from 08.60. Tables 2 and 3 are transformations of the representation in table 1 to make the proposal more transparent. Tables 4, 5, 6 are extracts from 08.61.

Table 7 defines the proposed additional synchronisation pattern.

Table 1: Extract from 08.60: TRAU_16k Frames for AMR Speech
The red area marks the positions of the data bits of Codec Mode 7.40 kBit/s
 





Bit number 




delay
Octet no.
1 (MSB)
2 (LSB)
3 (MSB)
4 (LSB)
5 (MSB)
6 (LSB)
7 (MSB)
8 (LSB)


0
0
0
0
0
0
0
0
0


1
0
0
0
0
0
0
0
0


2
1
C1
C2
C3
C4
C5
C6
C7


3
C8
C9
C10
C11
C12
C13
C14
C15


4
1
C16
C17
C18
C19
C20
C21
C22


5
C23
C24
C25
D1
D2
D3
D4
D5


6
1
D6
D7
D8
D9
D10
D11
D12


7
D13
D14
D15
D16
D17
D18
D19
D20


8
1
D21
D22
D23
D24
D25
D26
D27

5 ms
9
D28
D29
D30
D31
D32
D33
D34
D35


10
1
D36
D37
D38
D39
D40
D41
D42


11
D43
D44
D45
D46
D47
D48
D49
D50


12
1
D52
D52
D53
D54
D55
D56
D57


13
D58
D59
D60
D61
D62
D63
D64
D65


14
1
D66
D67
D68
D69
D70
D71
D72


15
D73
D74
D75
D76
D77
D78
D79
D80


16
1
D81
D82
D83
D84
D85
D86
D87


17
D88
D89
D90
D91
D92
D93
D94
D95 


18
1
D96
D97
D98
D99
D100
D101
D102 


19
D103
D104
D105
D106
D107
D108
D109
D110 


20
1
D111
D112
D113
D114
D115
D116
D117 


21
D118
D119
D120
D121
D122
D123
D124
D125 


22
1
D126
D127
D128
D129
D130
D131
D132 


23
D133
D134
D135
D136
D137
D138
D139
D140 


24
1
D141
D142
D143
D144
D145
D146
D147 


25
D148
D149
D150
D151
D152
D153
D154
D155 


26
1
D156
D157
D158
D159
D160
D161
D162 


27
D163
D164
D165
D166
D167
D168
D169
D170 


28
1
D171
D172
D173
D174
D175
D176
D177 


29
D178
D179
D180
D181
D182
D183
D184
D185 


30
1
D186
D187
D188
D189
D190
D191
D192 


31
D193
D194
D195
D196
D197
D198
D199
D200 


32
1
D201
D202
D203
D204
D205
D206
D207 


33
D208
D209
D210
D211
D212
D213
D214
D215 


34
1
D216
D217
D218
D219
D220
D221
D222 


35
D223
D224
D225
D226
D227
D228
D229
D230 


36
1
D231
D232
D233
D234
D235
D236
D237 


37
D238
D239
D240
D241
D242
D243
D244
D245 


38
1
D246
D247
D248
D249
D250
D251
D252

4 ms
39
D253
D254
D255
D256
T1
T2
T3
T4

Transformed representation of table 1, separated according to MSB-LSB:

Table 2: TRAU_16k Frames for AMR: MSBs on Abis or
TFO_16k Frames for AMR: LSBs on A-Interface
Main Synchronisation Pattern





Bit number 




Octet no.
1
2
3
4
5
6
7
8

1
0
0
0
0
0
0
0
0

2
1








3
1








4
1








5
1








6
1








7
1








8
1








9
1








10
1








11
1








12
1








13
1








14
1








15
1








16
1








17
1








18
1








19
1








20
1





T1=1
T3=1

Table 3: TRAU_16k Frames for AMR: LSBs on Abis
TFO_16k Frames for AMR: Second LSBs on A-Interface
Auxiliary Synchronisation Pattern




Bit number 




Octet no.
1
2
3
4
5
6
7
8

1
0
0
0
0
0
0
0
0

2









3









4









5









6









7









8









9









10









11









12









13









14









15









16









17









18









19









20






T2=1
T4=1

Extract from 08.61: TRAU_8k Frames for AMR Speech

MSBs … LSBs for TRAU Frames on Abis, always second LSBs for AMR_TFO_8+8k Frames on the A-Interface.

Table 4: TRAU_8k Frame for Lower Codec Modes: No_Speech and 4,75,  5,15 and 5,90 kBit/s


Bit number








Octet no
1
2
3
4
5
6
7
8

1
0
0
0
0
0
0
0
0

2
1
D1
D2
D3
D4
D5
D6
D7

3
1
C1
C2
C3
C4
C5
D8
D9

4
0
1
D10
D11
D12
D13
D14
D15

5
1
D16
D17
D18
D19
D20
D21
D22

6 … 19
1








20
1
D121
D122
D123
D124
D125
D126
T = 1

Table 5: TRAU_8k Frame for 6,70 kBit/s


Bit number








Octet no
1
2
3
4
5
6
7
8

1
0
0
0
0
0
0
0
0

2
1
D1
D2
D3
D4
D5
D5
D7

3
1
C1
C2
C3
D8
D9
D10
D11

4
1
D12
D13
D14
D15
D16
D17
D18

5
1
D19
D
D
D
D
D
D25

6
0
D26
D
D
D
D
D
D32

7
1
D33
D
D
D
D
D
D39

8
D40
D
D
D
D
D
D
D47

9
1
D48
D
D
D
D
D
D54

10
D55
D
D
D
D
D
D
D62

11
1
D63
D
D
D
D
D
D69

12
D70
D
D
D
D
D
D
D77

13
1
D78
D
D
D
D
D
D84

14
D85
D
D
D
D
D
D
D92

15
1
D93
D
D
D
D
D
D99

16
D100
D
D
D
D
D
D
D107

17
1
D108
D
D
D
D
D
D114

18
D115
D
D
D
D
D
D
D122

19
1
D
D
D
D
D
D
D129

20
D130
D
D
D
D
D
D
D137

Table 6: TRAU_8k Frame for 7,40 kBit/s


Bit number








Octet no
1
2
3
4
5
6
7
8

1
0
0
1
D1
D2
D3
D4
D5

2
0
D6
D7
D8
D9
D10
D11
D12

3
1
C1
C2
C3
D13
D14
D15
D16

4
0
D17
D18
D19
D20
D21
D22
D23

5
D24
D
D
D
D
D
D
D31

6 … 19









20
D144
D145
D146
D147
D148
D149
D150
D151

Table 7: Additional Synchronisation Pattern
LSBs for TFO_8+8k frames,  Second LSBs for TRAU_8+8k frames



Bit number 




Octet no.
1
2
3
4
5
6
7
8

1
0
0
0
0
0
0
0
0

2
1








3
1
EMBED







4
1








5
1








6
1






1

7
0
1







8
1








9
1








10
1








11
1








12
1








13
1








14
1








15
1








16
1








17
1








18
1








19
1








20
1





T1=1
T3=1
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