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1. Background: Relevant part of the interface specification 26.101

4.2.3
AMR Core Frame with comfort noise bits

The AMR Core Frame content for the additional frame type with Frame Type Index 8 in table 1a is described in this subclause. This consists of the frame related to Source Controlled Rate Operation specified in [2].

The data content (comfort noise bits) of the additional frame types is carried in AMR Core Frame. The comfort noise bits are all mapped to Class A of AMR Core Frame and Classes B and C are not used. This is a notation convention only and the class division has no meaning for comfort noise bits.

The number of bits in each class (Class A, Class B, and Class C) for the AMR comfort noise bits (Frame Type Index 8) is shown in table 3. The contents of SID_UPDATE and SID_FIRST are divided into three parts (SID Type Indicator (STI), Mode Indication (mi(i)), and Comfort Noise Parameters (s(i)) as defined in [2]. In case of SID_FIRST the Comfort Noise Parameters bits (s(i)) shall be set to “0”.

The comfort noise parameter bits produced by the AMR speech encoder are denoted as s(i) = {s(1),s(2),...,s(35)}. The notation s(i) follows that of [3]. These bits are numbered in the order they are produced by the AMR encoder without any reordering. These bits are followed by the SID Type Indicator STI and the Mode Indication 
mi(i) ={mi(0), mi(1), mi(2)} ={LSB .. MSB}. Thus, the AMR SID or comfort noise bits {d(0),d(1),…,d(38)}are formed as defined by the pseudo code below.

-
for j = 0 to 34;

-
d(j) := s(j+1);

-
d(35) := STI;
-
for j = 36 to 38;

-
d(j) := mi(j-36). Note: This mapping is different to the usual mapping: LSB first. 







Note: The alternative would be: d(j) := mi(38-j): MSB first.
Table 3. Bit classification for Frame Type 8 (AMR SID)

	Frame Type Index
	FQI
	AMR

TX_TYPE or RX_TYPE
	Total number of bits
	Class A
	Class B
	Class C

	
	
	
	
	SID Type Indicator (STI)
	Mode
Indication
mi(i)
	Comfort
Noise Parameter s(i)
	
	

	8
	1
	SID_UPDATE
	39
	1 (= "1")
	3
	35
	0
	0

	8
	1
	SID_FIRST
	39
	1 (= "0")
	3
	35 (= "0")
	0
	0

	8
	0
	SID_BAD
	39
	1
	3
	35
	0
	0


The number of bits in each class (Class A, Class B, and Class C) for the comfort noise bits of Frame Types 9-11 is shown in Table 7. 

Table 4: void

2. Potential effect of wrong bit order

Different AMR modes synthesize comfort noise at different levels. The lower the AMR mode the lower is the level of the synthesized comfort noise. The purpose of this feature is to take into account the reduced gain matching capability of the ACELP coding of AMR at lower bit rates and to meet the objective to maintain the level of the synthesized (background noise) signal when switching between ACELP and comfort noise synthesis during DTX. The lowest AMR mode (MR475) reduces the level of the synthesized comfort noise by 3 dB compared to the level of the synthesized comfort noise for the highest AMR mode (MR122).

The effect of decoding the mode information bits during DTX in wrong order is shown in the table below. According to it, only those AMR modes are affected from wrong bit order decoding of the mode information for which the code word for the mode indication is asymmetric (red). The decoding of the mode information with wrong bit order results in an erroneous increase by 1.29 dB of the synthesized comfort noise for modes MR515 and MR67 and an erroneous decrease by this amount for modes MR74 and MR102.
	Encoded mode
	Tx’d mode bits
	Rx’d mode bits
	Decoded mode
	Comfort noise level error (dB)

	MR475
	000
	000
	MR475
	0

	MR515
	001
	100
	MR74
	1.29

	MR59
	010
	010
	MR59
	0

	MR67
	011
	110
	MR102
	1.29

	MR74
	100
	001
	MR515
	-1.29

	MR795
	101
	101
	MR795
	0

	MR102
	110
	011
	MR67
	-1.29

	MR122
	111
	111
	MR122
	0


The subjective impact of confusing the bit order of the AMR mode information in SID frames depends on the noise signal. If the noise signal in any case has fluctuations in the magnitude of the comfort noise level error (1.29 dB) or larger, then the effect is quite unnoticeable. The most negative effect has been observed in a simulation with white noise as input signal and the lower AMR modes (MR515 and MR67) where confusing the bit order of the moder information leads to an increase of the reconstructed noise signal. 
Example noise files (car noise, white noise) have been encoded and decoded with correct and confused mode information bit order in the SID frames. In these examples the VAD was artificially forced to toggle between 1 (Speech) and 0 (Inactivity) every two seconds. These example files are provided for infortion in the table below.   
	Mode
	Car noise
	White noise

	
	Correct bit order
	Wrong bit order
	Correct bit order
	Wrong bit order

	MR515
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	MR67
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	MR74
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	MR102
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3. How the code is changed

Encoder (sp_enc.c, lines 236 - 331)

#ifdef MMS_IO

/*************************************************************************

 *

 *  FUNCTION:    PackBits

 *

 *  PURPOSE:     Sorts speech bits according decreasing subjective importance

 *               and packs into octets according to AMR file storage format

 *               as specified in RFC 3267 (Sections 5.1 and 5.3).

 *

 *  DESCRIPTION: Depending on the mode, different numbers of bits are

 *               processed. Details can be found in specification mentioned

 *               above and in file "bitno.tab".

 *

 *************************************************************************/

Word16 PackBits(

    enum Mode used_mode,       /* i : actual AMR mode             */

    enum Mode mode,            /* i : requested AMR (speech) mode */

    enum TXFrameType fr_type,  /* i : frame type                  */

    Word16 bits[],             /* i : serial bits                 */

    UWord8 packed_bits[]       /* o : sorted&packed bits          */

)

{

   Word16 i;

   UWord8 temp;

   UWord8 *pack_ptr;

   temp = 0;

   pack_ptr = (UWord8*)packed_bits;

   /* file storage format can handle only speech frames, AMR SID frames and NO_DATA frames */

   /* -> force NO_DATA frame */

   if (used_mode < 0 || used_mode > 15 || (used_mode > 8 && used_mode < 15))

   {


   used_mode = 15;

   }

   /* mark empty frames between SID updates as NO_DATA frames */

   if (used_mode == MRDTX && fr_type == TX_NO_DATA)

   {


   used_mode = 15;

   }

   /* insert table of contents (ToC) byte at the beginning of the frame */

   *pack_ptr = toc_byte[used_mode];

   pack_ptr++;

   /* note that NO_DATA frames (used_mode==15) do not need further processing */

   if (used_mode == 15)

   {


   return 1;

   }

   temp = 0;

   /* sort and pack speech bits */

   for (i = 1; i < unpacked_size[used_mode] + 1; i++)

   {

       if (bits[sort_ptr[used_mode][i-1]] == BIT_1)


   {



   temp++;


   }


   if (i % 8)


   {



   temp <<= 1;


   }


   else


   {



   *pack_ptr = temp;



   pack_ptr++;



   temp = 0;


   }

   }

   /* insert SID type indication and speech mode in case of SID frame */

   if (used_mode == MRDTX)

   {


   if (fr_type == TX_SID_UPDATE)


   {



   temp++;


   }


   temp <<= 3;




temp += ((mode & 0x4) >> 2) | (mode & 0x2) | ((mode & 0x1) << 2);

   temp <<= 1;

   }

   /* insert unused bits (zeros) at the tail of the last byte */

   temp <<= (unused_size[used_mode] - 1);

   *pack_ptr = temp;

   return packed_size[used_mode];

}

#endif

Decoder (sp_dec.c, lines 220 - 298)

#ifdef MMS_IO

/*

**************************************************************************

*

*  Function    : UnpackBits

*  Purpose     : Unpack and re-arrange bits from file storage format to the

*                format required by speech decoder.

*

**************************************************************************

*/

enum RXFrameType UnpackBits (

    Word8  q,              /* i : Q-bit (i.e. BFI)        */


Word16 ft,             /* i : frame type (i.e. mode)  */

    UWord8 packed_bits[],  /* i : sorted & packed bits    */


enum Mode *mode,       /* o : mode information        */

    Word16 bits[]          /* o : serial bits             */

)

{


Word16 i, sid_type;


UWord8 *pack_ptr, temp;


pack_ptr = (UWord8*)packed_bits;


/* real NO_DATA frame or unspecified frame type */


if (ft == 15 || (ft > 8 && ft < 15))


{



*mode = (enum Mode)-1;



return RX_NO_DATA;


}


temp = *pack_ptr;


pack_ptr++;


for (i = 1; i < unpacked_size[ft] + 1; i++)


{



if (temp & 0x80)
bits[sort_ptr[ft][i-1]] = BIT_1;



else



bits[sort_ptr[ft][i-1]] = BIT_0;



if (i % 8)



{




temp <<= 1;



}



else



{




temp = *pack_ptr;




pack_ptr++;



}


}


/* SID frame */


if (ft == MRDTX)


{



if (temp & 0x80)
sid_type = 1;



else



sid_type = 0;



*mode = (enum Mode)((temp >> 4) & 0x07);



*mode = ((*mode & 0x4) >> 2) | (*mode & 0x2) | ((*mode & 0x1) << 2); 



if (q)



{




if (sid_type)
return  RX_SID_UPDATE;




else


return
RX_SID_FIRST;



}



else



{




return
RX_SID_BAD;



}


}


/* speech frame */


else


{



*mode = (enum Mode)ft;



if (q)
return RX_SPEECH_GOOD;



else
return RX_SPEECH_BAD;


}

}

#endif
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