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This contribution proposes a TFO Frame Format for the UMTS_AMR Codec Type, which needs more signalling capacity since the Codec_Mode_Indication may change in every frame.

It is further proposed to use for all AMR Codec Types only one TFO_Frame Format: TFO16k, for 16 kBit/s transmission. This shall be independent of the Active Codec Set. This allows a simpler handling of the A-Interface, less distortion during modification of the ACS, better synchronisation and sync-loss handling on the A-Interface and better handover properties.

The currently included TFO8k should be deleted from the specification.

AMR TFO Frame Format for 16 kBit/s transmission

The AMR TFO Format for 16 kBit/s on the A-Interface is based on the TRAU Frame Format:

------------- begin of (slightly modified) extract from TS 48.060 ----------------------------------

3.1.2
Frames for Adaptive Multi-Rate Speech 




Bit number 




Octet no.
1
2
3
4
5
6
7
8

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

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..36









37
D238
D239
D240
D241
D242
D243
D244
D245 

38
1
D246
D247
D248
D249
D250
D251
D252

39
D253
D254
D255
D256
T1
T2
T3
T4

Control Bits
Description Uplink
Description Downlink

C1...C5

0.0.1.1.0
Frame_Type (Codec_Type)
Adaptive Multi-Rate Codec
Frame_Type (Codec_Type)

Adaptive Multi-Rate Codec

C6...C11
Time Alignment Command (TAC) or Phase Alignment Control (PAC) or
TFO Information or
Handover Information
Time Alignment Command (TAC) or
Phase Alignment Control (PAC) or
TFO Information or
Handover Information

C12
Request or Indication Flag (RIF)
Request or Indication Flag (RIF)

C13
spare, set to 1
Uplink Frame Error (UFE)

C14 . C15 . C16
Config_Prot
Config_Prot

C17 . C18
Message_No
Message_No

C19
DTX in downlink requested (DTXd)
spare, reserved for TFO (see 08.62)

C20
TFO Enabled (TFOE)
spare, reserved for TFO (see 08.62)

C21 . C22
Frame_Classification, Rx_Type
Frame_Classification, Tx_Type

C23 . C24 . C25
Codec_Mode_Indication (RIF == 0) or
Codec_Mode_Request (RIF == 1) or
0.0.0 (Frame_Classification == 0.0)
Codec_Mode_Indication (RIF == 0) or
Codec_Mode_Request (RIF == 1) or
0.0.0 (Frame_Classification == 0.0)

T1...T4
Time Alignment Bits
Time Alignment Bits

------------- end of extract from TS 48.060 -----------------------------------------------

For the AMR TFO Frame Format some small modifications are necessary:

TFO Frames for FR_AMR, HR_AMR and UMTS_AMR




Bit number 




Octet no.
1
2
3
4
5
6
7
8

0
0
S1
0
S2
0
S3
0
S4

1
0
S5
0
S6
0
S7
0
S8

2
1
C1
C2
C3
C4
Embed
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..36









37
D238
D239
D240
D241
D242
D243
D244
D245 

38
1
D246
D247
D248
D249
D250
D251
D252

39
D253
D254
D255
D256
T1
T2
T3
T4

Control Bits
Description for TX and RX
Comment

S1...S8

0000.0000
0000.0100
System_Identification (SysID)
GSM

UMTS
introduced to differentiate different TX_systems (GSM, UMTS, TDMA, PDC, ...)

C1...C4

(0.0.0.1)

(-.-.-.-)

(1.1.0.1)

0.0.1.1

0.1.0.0

0.1.0.1

other codes
Frame_Type (Codec_Type)
(Full Rate Codec)
(Half Rate Codec (undefined in TFO16k))

(Enhanced Full Rate Codec)

Full Rate Adaptive Multi-Rate Codec (FR_AMR)
HR_AMR
UMTS_AMR

reserved for future use
shortened to a 4-bit code to make room for the EMBED bit.

Note: the coding is different to the coding in TFO_Messages, but 1-to-1 equivalent (short form); it is also not identical to the coding on Abis/Ater



C5
EMBED
indicates whether (1) or not (0) a TFO_Message is embedded

C6...C11
spare, set to 1 
in FR_AMR and HR_AMR
although "Handover_Soon" is still under discussion: should be eliminated.

C6..C8

C9..C11
Codec_Mode_Request in UMTS_AMR
spare, set to 1
proposal for UMTS_AMR only;

repeats CMR in every frame

C12
Request or Indication Flag (RIF)

set to "0" in UMTS_AMR
copied from uplink TRAU Frame (GSM);
generated in TC (UMTS) for FR_AMR and HR_AMR; set to "0" in UMTS_AMR

C13
spare, set to 1
spare, set to 1

C14...C16
Config_Prot
Config_Prot

C17 . C18
Message_No
Message_No

C19
DTX in downlink requested (DTXd)
spare, undefined? or better: 
copied from uplink TRAU Frame

C20
TFO Enabled (TFOE)
copied from uplink TRAU Frame (GSM)
generated in TC (UMTS)

C21 . C22
Frame_Classification, Rx_Type
copied from uplink TRAU Frame (GSM)
derived from IU Frame (UMTS)

C23...C25
Codec_Mode_Indication (RIF == 0) or
Codec_Mode_Request (RIF == 1) or
0.0.0 (Frame_Classification == 0.0)
copied from uplink TRAU Frame (GSM)
or derived from IU Frame (UMTS)
for FR_AMR and HR_AMR

C23...C25
Codec_Mode_Indication 
in UMTS_AMR
proposal for UMTS_AMR
repeats CMI in every frame

T1...T4
Time Alignment Bits
basically copied from uplink TRAU Frame
or generated by TC (UMTS) based on IU Frame arrival time(s)

------------ begin of extract from draft TS 28.062 ----------------------------------------------------

In 3G systems, the Frame_Class Bits are derived from the Frame Quality Indicator (FQI) and Frame Type Index as defined in the 3G TS 26.101 according to the following table:


Table 5.2.2-2: Mapping between 
Frame_Class (C21 - C22) in  AMR TFO Frames 
and FQI plus Frame Type in IU Frames
FQI Value
Frame Type Index 
Frame Type

(see TS 26.101)
Frame_Class
Bits (C21 - C22)
Equivalent Frame Type in GSM 48.060)

1
0-7
SPEECH_GOOD
1    1
Speech_Good

0
0-7
SPEECH_BAD
0    1
Speech_Bad

1
8
8
SID_FIRST or 
SID_UPDATE
0    0
No_Speech

0
8
SID_BAD
0    0
No_Speech

1
15
NO_DATA
0    0
No_Speech

In 3G systems, the Control Bits C23...C25 are coded as defined in the GSM 48.060 according to the value of the Frame_Class and the RIF Control Bits as shown in the following table:

Table 5.2.2-3: Coding of the Frame_Class (Control Bits C23 - C25) for AMR TFO Frames (16kbit/s) in 3G Systems

Frame_Class
Equivalent Frame Type in GSM 48.060)
RIF 
Control Bits
(C23 – C25)

0    0
No_Speech
Any value
0     0     0

1    1
Speech_Good
0
Mode Indication as defined in TS 26.101

1    1
Speech_Good
1
Mode Request as defined in TS 26.101

0    1
Speech_Bad
0
Mode Indication as defined in TS 26.101

0    1
Speech_Bad
1
Mode Request as defined in TS 26.101

1    0
Speech_Degraded
Any value
ffs: handled like "Speech_Good"

------------ end of extract from draft TS 28.062 ------------------------------------------------------

In addition solutions need to be found for the following problems:

a) The UMTS_AMR is not compatible to FR_AMR or HR_AMR Codec Types. It needs therefore a separate Identity in TFO Frames. 
Proposal: use "0.0.1.1" for FR_AMR, "0.1.0.0" for HR_AMR and "0.1.0.1" for UMTS_AMR.

b) The CMI as well as the CMR may change in every arbitrary frame. Therefore they need to be coded together in one frame (not alternating as in FR_AMR or HR_AMR).
Proposal: C6..C8. CMR; C23..C25: CMI; RIF = "0" always.

Note: this can not be applied in FR_AMR or HR_AMR due to delay reasons within the uplink TRAU.

c) The RIF bit in TFO Frames for FR_AMR and HR_AMR must be generated by the TC. 
But there is no equivalent explicit signal on IU UP.
Proposal: The TC monitors the changes of the uplink Codec Mode, as received via the IU Frames. Whenever the Codec Mode changes the IU Frames is marked by the TC with RIF = "0". The next frames are then alternatingly marked with RIF = "1", "0", "1" and so on.

Note 1: Per definition for FR_AMR and HR_AMR the UE shall select the phase of potential Codec Mode changes in uplink once at call setup and shall not alter this lateron. At call setup TFO is not active and the TC has enough time to find the phase of the RIF by the proposed implicit method, before the first TFO Frame has to be sent.

Note 2: There is no problem with RIF in downlink direction.

TFO Frames for Adaptive Multi-Rate Speech on 8 kBit/s ?

The current draft for TS 28.062 contains a TFO Frame format for 8 kBit/s submultiplexing (TFO8k). But this has several, still unresolved problems (see below). Furtheron the switching between TFO8k and TFO16k may introduce a jump in the transmission delay and that in turn may cause a phase alignment on the downlink air interface (RATSCCH) with undesirable effects on speech quality (if performed unnecessarily often).

It is proposed to remove this TFO8k Frame format from the specification.

Argumentation:

The following is an extract of TS 48.061 for AMR TRAU Frames with 8 kBit/s sub-multiplexing:

---------------- begin of (slightly modified) extract from TS 48.061 ----------------------------

5.2.1.2

Frames for Adaptive Multi-Rate Speech (on 8 kBit/s)
5.2.1.2.1
Frame for Lower Codec Modes

This frame layout shall be used for No_Speech frames and speech frames for codec modes 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...19
1








20
1
D121
D122
D123
D124
D125
D126
T

5.2.1.2.2
Speech frame for Codec Mode 6,70 kBit/s

This frame layout shall be used for speech frames for codec mode 6,70 kBit/s. The synchronisation pattern is unique and identifies this codec mode.


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...19









20
D130
D
D
D
D
D
D
D137

5.2.1.2.3
Speech frame for Codec Mode 7,40 kBit/s

This frame layout shall be used for speech frames for codec mode 7,40 kBit/s. The synchronisation pattern is unique and identifies this codec mode.


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...19









20
D144
D145
D146
D147
D148
D149
D150
D151

5.2.1.2.4
Speech frame for Codec Mode 7,95 kBit/s

AMR Codec Mode 7,95 kBit/s is not supported in 8 kBit/s submultiplexing.

---------------- end of extract from TS 48.061 -----------------------------------------------------

a) It is obvious that not even the formats for the lower bit rates have enough spare bits to include System_Identification.

b) There is also no space for the CMI plus CMR, as required for UMTS_AMR. 

c) It was discussed and agreed earlier that the 7.4 kBit/s mode leaves so few synchronisation bits that it is not sufficiently save on the A interface, where the insertion of DTMF tones, supplementary services, handover, etc. creates higher uncertainties and therefore requires stronger synchronisation supervision as on Abis/Ater. Whenever a Codec Mode higher than 6.7 kBit/s is in the (optimal) ACS, the TFO16k must be used (even when TRAU8k is used)

requiring format translation in the TRAU (TRAU8k -> TFO16k and back).

d) Transmission cost saving on A-Interface can only be achieved with specific TCMEs. There any format conversion is possible. This is not subject of the TFO specification. It is therefore irrelevant whether TFO8k or TFO16k is used on the A-Interface.

e) The TFO16k requires less transmission time (for the same Codec Mode) than TFO8k. It is therefore better to use TFO16k.

f) Disadvantage: HR_AMR - HR_AMR TFO connection may require unnecessary format translations with some few milliseconds more transmission delay. But since the HR_AMR is typically only used when capacity requires it, it can be assumed that the percentage is below (20%(. A HR-HR TFO has then a likelihood of less than (4%( and can be neglected.










� Contact person: Karl.Hellwig@eed.Ericsson.Se
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