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1. 
Introduction

This document compares the Nokia AMR-WB codec candidate to the AMR-WB codec Design Constraints (WB-4) [1]. The document shows that all design constraints are met. 

Section 2 presents point-by-point comparison of the codec proposal to the Design Constraints. Section 3 contains analysis of the transmission delay against the requirements. 

2. AMR-WB codec development constraints (summary table)

Development constraints
Nokia AMR-WB codec candidate

Complexity requirements



Channel coding including possible control loop management algorithms
GSM FR:

A.
wMOPS
( 5.7 wMOPS 

B.
RAM
( 3.0 kwords  

C.
ROM
( 4.5 kwords 

D. Program ROM ( 1.5 * Program ROM of AMR-NB FR ch. Codec)  (1.5 * 1 342 ETSI basic operators)

GSM EDGE (selection phase example solution):

· Only the polynomials denoted G1-G7 in 05.03 can be applied.

· Recursive Systematic Codes as used in TCH/AFS and TCH/AHS can be used for 8-PSK.

· Constraint length K=7 can be used in all modes.

· Use of a single CRC is allowed up to 16 parity bits.

· 24 bits should be reserved to an inband channel in FR and 12 bits in HR.
The requirement is met.
A. 3.45 wMOPS

B. 2.88 kwords

C. 3.18 kwords

D. 579 ETSI basic operations

The channel coding structure is very similar to that of AMR-NB and less than eight channel codecs are used in the GSM FR AMR-WB codec.

All requirements for GSM EDGE are met. This can be verified from the draft 05.03 specification [Tdoc S4-000464]

Speech coding (excluding VAD)
E.
wMOPS
(  40 wMOPS (( 2.4 x wMOPS of AMR-NB sp. Codec: 16.75 )

F.
RAM
( 15 kwords ((  2.8 ( RAM of AMR-NB speech codec: 5.28 kwords)

G.
ROM
( 18 kwords ((  1.2 x ROM of AMR-NB speech codec: 14.57 kwords)

H. 
Program ROM ( 1.2*Program ROM of AMR-NB speech codec (= 1.2 * 4 851  ETSI basic operators)
The requirement is met.

E. 35.4 wMOPS

F. 6.42 kwords

G. 9.94 kwords

H. 3771 ETSI basic operations

Additional complexity for VAD operation (over speech coding complexity limits) 
1.5 times the corresponding complexity of AMR-NB VAD  with the more complex VAD Option (VAD2) resulting in the following limits: 

I.
wMOPS
(   1.6 wMOPS 

J.
RAM
(  149 words 
K.
ROM
(  513 words 

L. Program ROM ( 1.5 * Program ROM of AMR-NB VAD with the more complex VAD Option (VAD 2) ( 491 ETSI basic operators)

The requirement is met.

I. 0.73 wMOPS

J. 75 words

K. 0 words

L. 268 ETSI basic operations

The AMR-WB VAD is derived from the AMR-NB VAD1. 

A-ter and Iu submultiplexing 


At least one codec mode at AMR-WB shall be consistent with 16 kbit/s submultiplexing on the A-ter interface. This implies the constraint of providing at least one codec mode in AMR-WB operating at a source codec bit-rate at or below 14.4 kbit/s .


The requirement is met.
The codec contains a mode operating at a source codec bit-rate of 14.25 kbit/s.

Other constraints for bit-rates
The source codec shall be capable of operating at or below the primary rates of interest to ITU WB Question (currently bit-rates of 16 and 24 kbit/s). 
The requirement is met.
One source codec bit-rate is below 16 kbit/s (15.85 kbit/s) and one source codec bit-rate is below 24 kbit/s (23.85 kbit/s).

Codec mode
GSM FR:

· Same signalling scheme as in AMR-NB shall be used.  This is valid for codec mode and channel measurement signalling. 

GSM EDGE: 

· Same signalling scheme as in AMR-NB shall be used.  This is valid for codec mode and channel measurement signalling. 

GSM multi-slot:

· Same signalling scheme as in AMR-NB shall be used.  This is valid for codec mode and channel measurement signalling. This constraint is to be confirmed at the next meeting.
3G:

· Same signalling scheme as in AMR-NB shall be used.
 The requirement is met.
The codec mode and channel measurement signalling is the same as used in the AMR-NB.


.






Channel mode


GSM (FR, EDGE and multi-slot): 

The AMR-WB codec will operate in GSM full-rate speech traffic channel, EGDE, and multi-slot channels. 

Channel mode handovers will be executed in the same way as existing intra-cell handovers. Handovers between AMR-WB FR and AMR-NB HR will mean switching between wideband speech services and the existing AMR HR narrowband speech services. The algorithm used to determine when and whether to perform an AMR handover will be specific to the BSS manufacturer.

· Channel mode signalling: transmitted out of band on the radio interface

· The up- and downlinks (of the same air-interface) shall use the same channel mode.

· Channel mode control is located in the network.


3G:

The AMR-WB will operate with spreading factors: 128, 64 and 32 (see 3G channel codec toolbox)


The requirement is met.
· Channel mode signalling is transmitted out of band on the radio interface.

· The up- and downlinks (of the same air-interface) use exactly the same channel mode.

· Channel mode control is located in the network.

Channel coding


GSM (FR, EDGE and multi-slot):

The existing sets of convolutional polynomials defined in GSM 05.03 shall be used.


3G:

Existing generic 3G channel coding toolbox shall be used.

Error protection containing up to 3 bit-sensivity classes may be used.
The requirement is met.
The existing sets of convolutional polynomials defined in GSM 05.03 are used. Error protection contains up to 3 bit-sensitivity classes.

Tandem Free Operation (TFO)
The AMR-WB codec shall support Tandem Free Operation
The requirement is met.
TFO is not part of the codec candidate but TFO can be applied with the codec proposal in a same way as it is done in the current AMR-NB codec.

Voice Activity Detection (VAD)  and comfort noise
The codec proponents shall provide the VAD and comfort noise encoding solution for the selection phase. The AMR-WB VAD/DTX will be that associated with the selected codec.  
The requirement is met.
The codec software  includes VAD/DTX.

Discontinuous Transmission (DTX)
GSM FR:
The same DTX scheme (transport format, update frequency) as in AMR-NB shall be used 

GSM EDGE:

Derived from the AMR-NB DTX
3G:

The same SCR-scheme (transport format, update frequency) as in AMR-NB shall be used.
The requirement is met.
The same DTX scheme (transport format, update frequency) as in AMR-NB is used.

Active noise suppression in the selection/ qualification phase


In order to compare all solutions in the same conditions, and select the candidate with the best intrinsic quality, the noise suppressers would not be included during the selection phases, or that any noise suppresser integrated to a source codec shall be turned off for these tests.
The requirement is met.

Noise suppressor is not included in the proposal.

Transmission delay
 


This constraint is set for the algorithmic transmission delay in GSM FR channel.

The target is to keep the algorithmic round trip delay for wideband modes equal to the algorithmic round trip delay of the GSM AMR-NB FR. Nevertheless, some increase of algorithmic transmission delay is expected due to the higher source coding bit-rates in AMR-WB. See note 2  "Evaluation of algorithmic round-trip delay" for definition of the evaluation methodology and the relating constraint.


The requirement is met.
The algorithmic round trip delay without the Abis-Ater interface component (for scenarios A and B) is the same as for AMR-NB.

The algorithmic round trip delay component over the Abis-Ater interface (for scenario A) is less than 5 ms above that of AMR-NB.

The algorithmic round trip delay incuding the filter delays is less than 6.5 ms above that of AMR-NB.

(Detailed explanation of the algorithmic delay calculation is found in section 3.)

Error concealment


Error concealment techniques of AMR-WB codec candidates shall only rely on soft-output information from the equaliser (in BTS only information that can be sent over Ater). This does not preclude any future exploitation of other radio channel parameters in the final AMR-WB system.
The requirement is met.

Frame size


The frame size is constrained to be one of the possible values: 5ms, 10ms or 20 ms.
The requirement is met.

The frame size is 20 ms

Input sampling rate and audio bandwidth
The codec will operate on 16 kHz input sampling rate. 

The input signal bandwidth shall be 50 Hz to 7 kHz.

It is required to make sure that no artifacts are caused by signals lying outide the range 50 Hz to 7 kHz.
The requirement is met.
The codec operates on 16 kHz input sampling rate with input bandwidth from 50 Hz to 7 kHz , and it produces output signal inside the range 50 Hz to 7 kHz.

3. 
Assessment of algorithmic round-trip delay

The MS-to-MS algorithmic round-trip delay evaluation of a codec mode is based on five codec dependent algorithmic delay contributors [1]:

· analysis frame length delay (Tsample): duration of the segment of PCM speech operated on by the speech transcoder.

· interleaving and de-interleaving delay (Trftx): time required for transmission of a speech frame over the air interface due to interleaving and de-interleaving.

· uplink Abis delay (TAbisu): time needed to transmit the minimum amount of bits over the Abis interface that are required at the speech decoder to synthesise the first output sample.

· downlink Abis delay (TAbisd): time required to transmit all the speech frame data bits over the Abis interface in the downlink direction that are required to encode one speech frame.

· filter delay (Tfilter): total one-way delay of all time-invariant filters (e.g., band-splitting, band-limiting and re-composition filters) in encoder and decoder

3.1 
The algorithmic round trip delay without the Abis-Ater interface component (for scenarios A and B)

The reference for the maximum Drt1 delay for the AMR narrow-band is:

Drt1(ref)= 2(Tsample + Trftx) = 125 ms for FR-12.2 kbps AMR mode

For Nokia AMR-WB candidate, for all modes in scenarios A and B:

Tsample
= 
25 ms
Duration of the speech frame (20 ms) and lookahead (5 ms).

Trftx  
= 
37.5 ms 
Same interleaving is used as in AMR-NB FR channel mode. 

This results in Drt1 (WB) = 2(Tsample + Trftx) = 2 * (25 + 37.5) = 125 ms. Therefore, Drt1(WB) = Drt1(ref), and the design constraint Drt1(WB) <= Drt1(ref) is met for scenarios A and B.  

AMR-WB mode 
Tsample(WB)
Trftx(WB)
Drt1(WB)
Requirement: Drt1(ref)
Design constraint

All Nokia AMR-WB modes 
25 ms
37.5 ms
125 ms
125 ms
PASS

Table I: Delay assessment for the algorithmic round trip delay without the Abis-Ater interface component 

3.2 
The algorithmic round trip delay component over the Abis-Ater interface (for scenario A)

The reference for the maximum Drt2 delay for the AMR narrowband is:

Drt2(ref) = TAbisu + TAbisd = 24.25 ms for FR-12.2 kbps AMR mode  
In the Nokia AMR-WB candidate, the worst case mode for scenario A is 14.25 kbit/s source coding rate mode. The number of bits in each 20 ms speech frame and the number of bits needed to synthesise the first output sample are shown in Table II.  

AMR-WB mode
Number of bits needed to synthesise the first output sample
Number of speech frame data bits

14.25 kbit/s mode
108
285 

Table II: Number of bits in the highest bit-rate AMR-WB mode for scenario A 
For the delay assessment over Abis, some assumptions of the AMR-WB TRAU-frame structure must be made. The delay analysis can be based either on existing TRAU-frames or proposed new TRAU-frame formats for AMR-WB [1]. We will base the delay estimation on the existing AMR TRAU-frame format [2] with some modifications. Since the highest bit-rate for 16 kbit/s submultiplexing (14.25 kbit/s) is higher than AMR 12.2 kbit/s, less bits will be available for synchronisation, control and CRC. In the following, five control bits and 3 bit CRC are included in the calculation for both up- and downlink: 

TAbisu:
Time needed to transmit 108 speech data bits, 3 Codec_Mode_Indication/Request bits, 2 Frame_Classification (Rx_Type) bits and 3 bit CRC => ceil((108+5+3)/2) * 0.125 ms = 7.25 ms

TAbisd:
Time required to transmit all 285 speech data bits, 3 Codec_Mode_Indication/Request bits, 2 Frame_Classification (Tx_Type) bits and 3 bit CRC => ceil((285+5+3)/2) * 0.125 ms = 18.375 ms

This results in Drt2(WB) as shown in Table III. The design constraint Drt2(WB) <= Drt2 (ref) + 5 ms = 24.25 ms + 5 ms is met. 

AMR-WB mode
TAbisu(WB)
TAbisd(WB)
Drt2(WB)
Requirement: Drt2 (ref)+ 5 ms
Design constraint

Nokia AMR-WB 14.25 mode 
7.25 ms
18.375 ms
25.625 ms
29.25 ms
PASS

Table III: Delay assessment for the algorithmic round trip delay over the Abis-Ater interface 

· Additional information for Scenario B: The AMR-WB Abis uplink and downlink delay figures for full-rate modes without 16 kbit/s submultiplexing (scenario B) is given in the following as additional information. The calculation is based on using 64 kbit/s multiplexing. The worst case for modes applicable for GSM occurs for the 19.85 kbit/s mode. Five control bits and 3 bit CRC are included in the calculation for both up- and downlink. 

TAbisu:
Time needed to transmit 136 speech data bits, 3 Codec_Mode_Indication/Request bits, 2 Frame_Classification (Rx_Type) bits and 3 bit CRC => ceil((136+5+3)/8) * 0.125 ms  = 2.25 ms

TAbisd:
Time required to transmit all the 397 speech data bits, 3 Codec_Mode_Indication/Request bits, 2 Frame_Classification (Tx_Type) bits and 3 bit CRC => ceil((397+5+3)/8) * 0.125 ms = 6.375 ms

3.3 
The algorithmic round trip delay with filter component (for scenario A)

Dround-trip = 2(Tsample + Trftx)+ TAbisu + TAbisd + 2 Tfilter = Drt1 + Drt2 + 2 Tfilter

For Nokia AMR-WB candidate:  

Drt1 = 
125 ms
(see section 3.1) 

Drt2 = 
25.625 ms
(see section 3.2) 

Tfilter  = 
0.9375 ms

This results in Dround-trip (WB) = 125 ms + 25.625 ms + 2* 0.9375 ms = 152.5 ms.  The requirement Dround-trip (WB) =< Drt1 (ref) + Drt2 (ref) + 6.5 ms = 125 ms + 24.25 ms + 6.5 ms = 155.75 ms is met. 

AMR-WB mode
Drt1 (WB)
Drt2 (WB)
Tfilter(WB)
Dround-trip(WB)
Requirement: 

Drt1 (ref) + Drt2 (ref) + 6.5 ms
Design constraint

Nokia AMR-WB 14.25 mode 
125 ms
25.625 ms
0.9375 ms
152.5 ms
155.75 ms
PASS

Table IV: Delay assessment for the algorithmic round trip delay 

· Additional information for Scenario B: As seen in section 3.2, the Abis-Ater uplink and downlink delays are lower for scenario B than for scenario A. Tfilter is the same for all codec modes in scenarios A and B. Consequently, the algorithmic round trip delay is lower for scenario B than for scenario A. The requirement for algorithmic round trip delay is met also for scenario B.

4. Conclusions

The Nokia AMR-WB codec candidate was compared against the AMR-WB codec Design Constraints. It was shown that all design constraints are met.
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ANNEX A 


The maximum complexity figures for GSM FR applications A and B and the corresponding speech material for producing these figures


�
Speech Encoder�
Speech Decoder�
Channel Encoder�
Channel Decoder�
VAD�
�
wMOPS�
28.57�
6.869�
0.483�
2.971�
0.73�
�
Lab/Experiment/


Condition�
Lab_D/Exp2c/


Cond 15�
Lab_R/F/Exp1b/


Cond 20�
Lab_R/F/Exp1a/


Cond 37�
Lab_R/F/Exp1a/


Cond 40�
Lab_R/Exp1a/


Cond 18�
�
Input Files�
F2S02.C15�
m1s03.314�
m1s01.314�
m2s03�
m2s05.n18�
�



�
ANNEX B 


Complexity breakdown of the source codec's program ROM, data ROM and static RAM (these figures include the following source codecs: 23.85, 23.05, 19.85 18.25, 15.85, 14.25, 12.65, 8.85 and 6.60 kbit/s)





Filename�
Program ROM�
Data ROM�
Static RAM�
�
AGC2.C�
29�
0�
0�
�
AUTOCORR.C�
28�
0�
0�
�
AZ_ISP.C�
107�
0�
0�
�
BITS.C�
17�
0�
0�
�
C2T64FX.C�
120�
0�
0�
�
C4T64FX.C�
340�
�
�
�
static Word16 tipos�
0�
36�
0�
�
COD_MAIN.C�
434�
�
�
�
static Word16 interpol_frac1�
0�
4�
0�
�
static Word16 interpol_frac2�
0�
4�
0�
�
static Word16 isp_init�
0�
16�
0�
�
static Word16 isf_init�
0�
16�
0�
�
static Word16 HP_gain�
0�
16�
0�
�
CONVOLVE.C�
4�
0�
0�
�
COR_H_X.C�
18�
0�
0�
�
D2T64FX.C�
9�
0�
0�
�
D4T64FX.C�
21�
0�
0�
�
DECIM54.C�
20�
 �
 �
�
static Word16 fir_up�
0�
120�
0�
�
static Word16 fir_down�
0�
120�
0�
�
DEC_MAIN.C�
361�
�
�
�
static Word16 interpol_frac1�
0�
4�
0�
�
static Word16 interpol_frac2�
0�
4�
0�
�
static Word16 isp_init�
0�
16�
0�
�
static Word16 isf_init�
0�
16�
0�
�
static Word16 HP_gain�
0�
16�
0�
�
DEEMPH.C�
34�
0�
0�
�
DTX.C�
365�
�
�
�
static Word16 en_adjust�
0�
8�
0�
�
D_GAIN2.C�
119�
�
�
�
const Word16 pdown_unusable�
0�
7�
0�
�
const Word16 cdown_unusable�
0�
7�
0�
�
const Word16 pdown_usable�
0�
7�
0�
�
const Word16 cdown_usable�
0�
7�
0�
�
static Word16 pred�
0�
4�
0�
�
FMT_F.C�
6�
0�
0�
�
GPCLIP.C�
25�
0�
0�
�
G_PITCH.C�
15�
0�
0�
�
HP400.C�
33�
�
�
�
static Word16 b�
0�
3�
0�
�
static Word16 a�
0�
3�
0�
�
HP50.C�
34�
�
�
�
static Word16 b�
0�
3�
0�
�
static Word16 a�
0�
3�
0�
�
HP6K.C�
6�
�
�
�
static Word16 fir_6k_7k�
0�
31�
0�
�
HP7K.C�
4�
�
�
�
static Word16 fir_7k�
0�
31�
0�
�
HP_WSP.C�
57�
�
�
�
static Word16 b�
0�
4�
0�
�
static Word16 a�
0�
4�
0�
�
INT_LPC.C�
7�
0�
0�
�
ISFEXTRP.C�
102�
0�
0�
�
ISP_AZ.C�
94�
0�
0�
�
ISP_ISF.C�
25�
0�
0�
�
LAGCONC.C�
116�
0�
0�
�
LAG_WIND.C�
9�
0�
0�
�
LEVINSON.C�
169�
0�
0�
�
LP_DEC2.C�
8�
�
�
�
static Word16 h_fir�
0�
5�
0�
�
MATH_OP.C�
44�
�
�
�
static Word16 table_isqrt�
0�
49�
0�
�
static Word16 table_pow2�
0�
33�
0�
�
PH_DISP.C�
32�
�
�
�
static Word16 ph_imp_low�
0�
64�
0�
�
static Word16 ph_imp_mid�
0�
64�
0�
�
PITCH_F4.C�
75�
�
�
�
static Word16 inter4_1�
0�
32�
0�
�
PITCH_OL.C�
39�
0�
0�
�
PIT_SHRP.C�
4�
0�
0�
�
PRED_LT4.C�
12�
�
�
�
static Word16 inter4_2�
0�
128�
0�
�
PREEMPH.C�
20�
0�
0�
�
P_MED_OL.C�
91�
0�
0�
�
QISF_NS.C�
14�
0�
0�
�
QPISF_2S.C�
159�
0�
0�
�
Q_GAIN2.C�
142�
0�
0�
�
static Word16 pred�
0�
4�
0�
�
Q_PULSE.C�
314�
0�
0�
�
RANDOM.C�
5�
0�
0�
�
RESIDU.C�
5�
0�
0�
�
SCALE.C�
4�
0�
0�
�
SYN_FILT.C�
25�
0�
0�
�
UPDT_TAR.C�
5�
0�
0�
�
UTIL.C�
2�
0�
0�
�
VOICEFAC.C�
33�
0�
0�
�
WEIGHT_A.C�
10�
0�
0�
�
ACELP.H�
0�
0�
0�
�
BITS.H�
�
�
�
�
static const Word16 nb_of_bits�
0�
11�
0�
�
CNST.H�
0�
0�
0�
�
COD_MAIN.H�
�
�
�
�
  Word16 mem_decim�
0�
0�
30�
�
  Word16 mem_sig_in�
0�
0�
6�
�
  Word16 mem_preemph�
0�
0�
1�
�
  Word16 old_speech�
0�
0�
128�
�
  Word16 old_wsp�
0�
0�
116�
�
  Word16 old_exc�
0�
0�
248�
�
  Word16 mem_levinson�
0�
0�
18�
�
  Word16 ispold�
0�
0�
16�
�
  Word16 ispold_q�
0�
0�
16�
�
  Word16 past_isfq�
0�
0�
16�
�
  Word16 mem_wsp�
0�
0�
1�
�
  Word16 mem_decim2�
0�
0�
3�
�
  Word16 mem_w0�
0�
0�
1�
�
  Word16 mem_syn�
0�
0�
18�
�
  Word16 tilt_code�
0�
0�
1�
�
  Word16 old_wsp_max�
0�
0�
1�
�
  Word16 old_wsp_shift�
0�
0�
1�
�
  Word16 Q_old�
0�
0�
1�
�
  Word16 Q_max�
0�
0�
2�
�
  Word16 gp_clip�
0�
0�
2�
�
  Word16 qua_gain�
0�
0�
4�
�
  Word16 old_T0_med�
0�
0�
1�
�
  Word16 ol_gain�
0�
0�
1�
�
  Word16 ada_w�
0�
0�
1�
�
  Word16 ol_wght_flg�
0�
0�
1�
�
  Word16 old_ol_lag�
0�
0�
5�
�
  Word16 hp_wsp_mem�
0�
0�
9�
�
  Word16 old_hp_wsp�
0�
0�
244�
�
  VadVars *vadSt�
0�
0�
1�
�
  dtx_encState *dtx_encSt�
0�
0�
1�
�
  Word16 first_frame�
0�
0�
1�
�
  Word16 isfold�
0�
0�
16�
�
  Word32 L_gc_thres�
0�
0�
2�
�
  Word16 mem_syn_hi�
0�
0�
16�
�
  Word16 mem_syn_lo�
0�
0�
16�
�
  Word16 mem_deemph�
0�
0�
1�
�
  Word16 mem_sig_out�
0�
0�
6�
�
  Word16 mem_hp400�
0�
0�
6�
�
  Word16 mem_oversamp�
0�
0�
24�
�
  Word16 mem_syn_hf�
0�
0�
16�
�
  Word16 mem_hf�
0�
0�
30�
�
  Word16 seed2�
0�
0�
1�
�
  Word16 disp_mem[8]+C41�
0�
0�
8�
�
DEC_MAIN.H�
�
�
�
�
Word16 old_exc�
0�
0�
248�
�
Word16 ispold[M]�
0�
0�
16�
�
Word16 isfold[M]�
0�
0�
16�
�
Word16 isf_buf�
0�
0�
48�
�
Word16 past_isfq�
0�
0�
16�
�
Word16 tilt_code�
0�
0�
1�
�
Word16 Q_old�
0�
0�
1�
�
Word16 Qsubfr�
0�
0�
4�
�
Word32 L_gc_thres�
0�
0�
2�
�
Word16 mem_syn_hi�
0�
0�
16�
�
Word16 mem_syn_lo�
0�
0�
16�
�
Word16 mem_deemph�
0�
0�
1�
�
Word16 mem_sig_out�
0�
0�
6�
�
Word16 mem_oversamp�
0�
0�
24�
�
Word16 mem_syn_hf�
0�
0�
20�
�
Word16 mem_hf�
0�
0�
30�
�
Word16 mem_hf2�
0�
0�
30�
�
Word16 mem_hf3�
0�
0�
30�
�
Word16 seed�
0�
0�
1�
�
Word16 seed2�
0�
0�
1�
�
Word16 old_T0�
0�
0�
1�
�
Word16 old_T0_frac�
0�
0�
1�
�
Word16 lag_hist�
0�
0�
5�
�
Word16 dec_gain�
0�
0�
23�
�
Word16 seed3�
0�
0�
1�
�
Word16 disp_mem�
0�
0�
8�
�
Word16 mem_hp400�
0�
0�
6�
�
Word16 prev_bfi�
0�
0�
1�
�
Word16 state�
0�
0�
1�
�
Word16 first_frame�
0�
0�
1�
�
dtx_decState* dtx_decSt�
0�
0�
1�
�
Word16 vad_hist�
0�
0�
1�
�
DTX.H�
�
�
�
�
Word16 isf_hist (Encoder)�
0�
0�
128�
�
Word16 log_en_hist (Encoder)�
0�
0�
8�
�
Word16 hist_ptr (Encoder)�
0�
0�
1�
�
Word16 log_en_index (Encoder)�
0�
0�
1�
�
Word16 cng_seed (Encoder)�
0�
0�
1�
�
Word16 dtxHangoverCount (Encoder)�
0�
0�
1�
�
Word16 decAnaElapsedCount (Encoder)�
0�
0�
1�
�
Word32 D  (Encoder)�
0�
0�
28�
�
Word32 sumD (Encoder)�
0�
0�
8�
�
Word16 since_last_sid (Decoder)�
0�
0�
1�
�
Word16 true_sid_period_inv (Decoder)�
0�
0�
1�
�
Word16 log_en (Decoder)�
0�
0�
1�
�
Word16 old_log_en (Decoder)�
0�
0�
1�
�
Word16 level (Decoder)�
0�
0�
1�
�
Word16 isf(Decoder)�
0�
0�
16�
�
Word16 isf_old (Decoder)�
0�
0�
16�
�
Word16 cng_seed (Decoder)�
0�
0�
1�
�
Word16 isf_hist (Decoder)�
0�
0�
128�
�
Word16 log_en_hist (Decoder)�
0�
0�
128�
�
Word16 hist_ptr (Decoder)�
0�
0�
1�
�
Word16 dtxHangoverCount (Decoder)�
0�
0�
1�
�
Word16 decAnaElapsedCount (Decoder)�
0�
0�
1�
�
Word16 sid_frame (Decoder)�
0�
0�
1�
�
Word16 valid_data (Decoder)�
0�
0�
1�
�
Word16 dtxHangoverAdded (Decoder)�
0�
0�
1�
�
Word16 dtxGlobalState (Decoder)�
0�
0�
1�
�
Word16 data_updated (Decoder)�
0�
0�
1�
�
MAIN.H�
0�
0�
0�
�
MATH_OP.H�
0�
0�
0�
�
P_MED_O.H�
0�
0�
0�
�
Q_PULSE.H�
0�
0�
0�
�
GRID100.TAB�
�
�
�
�
Word16 grid�
0�
101�
0�
�
HAM_WIND.TAB�
�
�
�
�
Word16 window�
0�
384�
0�
�
ISP_ISF.TAB�
�
�
�
�
static Word16 table�
0�
129�
0�
�
static Word16 slope�
0�
128�
0�
�
LAG_WIND.TAB�
�
�
�
�
Word16 lag_h�
0�
16�
0�
�
Word16 lag_l�
0�
16�
0�
�
P_MED_OL.TAB�
�
�
�
�
static Word16 corrweight�
0�
199�
0�
�
QISF_NS.TAB�
�
�
�
�
static Word16 mean_isf_noise�
0�
16�
0�
�
static Word16 dico1_isf_noise�
0�
128�
0�
�
static Word16 dico2_isf_noise�
0�
192�
0�
�
static Word16 dico3_isf_noise�
0�
192�
0�
�
static Word16 dico4_isf_noise�
0�
128�
0�
�
static Word16 dico5_isf_noise�
0�
128�
0�
�
QPISF_2S.TAB�
�
�
�
�
static Word16 mean_isf�
0�
16�
0�
�
static Word16 dico1_isf�
0�
2304�
0�
�
static Word16 dico2_isf�
0�
1792�
0�
�
static Word16 dico21_isf�
0�
192�
0�
�
static Word16 dico22_isf�
0�
384�
0�
�
static Word16 dico23_isf�
0�
384�
0�
�
static Word16 dico24_isf�
0�
96�
0�
�
static Word16 dico25_isf�
0�
128�
0�
�
static Word16 dico21_isf_36b�
0�
640�
0�
�
static Word16 dico22_isf_36b�
0�
512�
0�
�
static Word16 dico23_isf_36b�
0�
448�
0�
�
Q_GAIN2.TAB�
�
�
�
�
static Word16 t_qua_gain6b�
0�
128�
0�
�
static Word16 t_qua_gain7b�
0�
256�
0�
�
Total�
3771�
9937�
2093�
�






�
ANNEX C 


Complexity breakdown of the source codec's scratch RAM (these figures include the following source codecs: 23.85, 23.05, 19.85 18.25, 15.85, 14.25, 12.65, 8.85 and 6.60 kbit/s)





Filename�
Scratch RAM�
�
COD_MAIN.C�
�
�
Function void coder_12k8�
�
�
  Coder_State *st;�
1�
�
  Word16 old_speech[L_TOTAL];�
384�
�
  Word16 *new_speech, *speech, *p_window;�
3�
�
  Word16 old_wsp[L_FRAME+(PIT_MAX/OPL_DECIM)];�
372�
�
  Word16 *wsp;�
1�
�
  Word16 old_exc[(L_FRAME+1)+PIT_MAX+L_INTERPOL];�
505�
�
  Word16 *exc;�
1�
�
  Word16 r_h[M+1], r_l[M+1];�
34�
�
  Word16 rc[M];                   �
16�
�
  Word16 Ap[M+1];                  �
17�
�
  Word16 ispnew[M];              �
16�
�
  Word16 ispnew_q[M];              �
16�
�
  Word16 isf[M];                  �
16�
�
  Word16 *p_A, *p_Aq;             �
2�
�
  Word16 A[NB_SUBFR*(M+1)];        �
68�
�
  Word16 Aq[NB_SUBFR*(M+1)];       �
68�
�
  Word16 xn[L_SUBFR];              �
64�
�
  Word16 xn2[L_SUBFR];             �
64�
�
  Word16 dn[L_SUBFR];              �
64�
�
  Word16 cn[L_SUBFR];              �
64�
�
  Word16 h1[L_SUBFR];              �
64�
�
  Word16 h2[L_SUBFR];              �
64�
�
  Word16 code[L_SUBFR];            �
64�
�
  Word16 y1[L_SUBFR];              �
64�
�
  Word16 y2[L_SUBFR];              �
64�
�
  Word16 error[M+L_SUBFR];         �
80�
�
  Word16 synth[L_SUBFR];           �
64�
�
  Word16 exc2[L_FRAME];            �
256�
�
  Word16 i, j, i_subfr, select, pit_flag, clip_gain, vad_flag;�
7�
�
  Word16 codec_mode;�
1�
�
  Word16 T_op, T_op2, T0, T0_min, T0_max, T0_frac, index;�
7�
�
  Word16 gain_pit, gain_code, g_coeff[4], g_coeff2[4];�
10�
�
  Word16 tmp, gain1, gain2, exp, Q_new, mu, shift, max;�
8�
�
  Word16 voice_fac;�
1�
�
  Word16 indice[8];�
8�
�
  Word16 pit_sharp;�
1�
�
  Word16 excp[L_SUBFR];�
64�
�
  Word32 L_tmp, L_gain_code, L_max;�
6�
�
  Word16 code2[L_SUBFR];       �
64�
�
  Word16 stab_fac, fac, gain_code_lo;�
3�
�
  Word16 corr_gain�
1�
�
C4t64FX.c�
�
�
Function void ACELP_4t64_fx�
�
�
  Word16 i, j, k, st, ix, iy, pos, index, track, nb_pulse, nbiter;�
11�
�
  Word16 psk, ps, alpk, alp, val, k_cn, k_dn, exp;�
8�
�
  Word16 *p0, *p1, *p2, *p3, *psign;�
5�
�
  Word16 *h, *h_inv, *ptr_h1, *ptr_h2, *ptr_hf, h_shift;�
6�
�
  Word32 s, cor, L_tmp, L_index;�
8�
�
  Word16 dn2[L_SUBFR], sign[L_SUBFR], vec[L_SUBFR];�
192�
�
  Word16 ind[NPMAXPT*NB_TRACK];�
28�
�
  Word16 codvec[NB_PULSE_MAX], nbpos[10];�
34�
�
  Word16 cor_x[NB_POS], cor_y[NB_POS], pos_max[NB_TRACK];�
36�
�
  Word16 h_buf[4*L_SUBFR];�
192�
�
  Word16 rrixix[NB_TRACK][NB_POS], rrixiy[NB_TRACK][MSIZE];�
1088�
�
  Word16 ipos[NB_PULSE_MAX];�
24�
�
Function void search_ixiy�
�
�
  Word16 x, y, pos, thres_ix;�
4�
�
  Word16 ps1, ps2, sq, sqk;�
4�
�
  Word16 alp_16, alpk;�
2�
�
  Word16 *p0, *p1, *p2;�
3�
�
  Word32 s, alp0, alp1, alp2;�
8�
�
Total�
4330�
�



�
ANNEX D 


Complexity breakdown of the GSM FR channel codec's program ROM, data ROM and static RAM (these figures include the following channel codecs: 6.6 kbit/s, 8.85 kbit/s, 12.65 kbit/s, 14.25 kbit/s, 15.85 kbit/s, 18.25 kbit/s and 19.85 kbit/s)


Filename�
Program ROM�
Data ROM��
Static RAM�
�
Fix_main.c�
21�
0�
471�
�
CHE_STATIC_MEM 	State (struct)�
�
�
229�
�
CHD_STATIC_MEM 	State (struct)�
�
�
242�
�
�
�
�
�
�
Fix_rom.c�
0�
� =SUM(C7:C71) �3075��
0�
�
const Word16 ROM_SoftBitsTable�
�
2�
�
�
const Word16 ROM_MODE_PROB�
�
3�
�
�
const Word16 ROM_NO_PunctTbl�
�
16�
�
�
const Word16 ROM_PunctTbl6600�
�
36�
�
�
const Word16 ROM_PunctTbl8850�
�
36�
�
�
const Word16 ROM_PunctTbl1265�
�
34�
�
�
const Word16 ROM_PunctTbl1425�
�
38�
�
�
const Word16 ROM_PunctTbl1585�
�
42�
�
�
const Word16 ROM_PunctTbl1825�
�
48�
�
�
const Word16 ROM_PunctTbl1985�
�
16�
�
�
const Word16 *ROM_PuncturingTablePtrs�
�
7�
�
�
const Word16 ROM_ModeTransitionsProbFor2Modes�
�
16�
�
�
const Word16 ROM_ModeTransitionsProbFor3Modes�
�
16�
�
�
const Word16 ROM_ModeTransitionsProbFor4Modes�
�
16�
�
�
const Word16 ROM_ModeTransitionsProbDTXFor2Modes�
�
16�
�
�
const Word16 ROM_ModeTransitionsProbDTXFor3Modes�
�
16�
�
�
const Word16 ROM_ModeTransitionsProbDTXFor4Modes�
�
16�
�
�
ViterbiWeight *ROM_ViterbiWeight�
�
3�
�
�
const Word16 ROM_IndexVector6600�
�
9�
�
�
const Word16 ROM_IndexVector8850�
�
9�
�
�
const Word16 ROM_IndexVector1265�
�
9�
�
�
const Word16 ROM_IndexVector1425�
�
9�
�
�
const Word16 ROM_IndexVector1585�
�
9�
�
�
const Word16 ROM_IndexVector1825�
�
9�
�
�
const Word16 ROM_IndexVector1985�
�
9�
�
�
const Word16 *ROM_IndexVectorPtrs�
�
7�
�
�
const Word16 ROM_CRC_Polynoms�
�
7�
�
�
const Word16 *ROM_ModeTransitionProbabilities�
�
3�
�
�
const Word16 *ROM_ModeDTXTransitionProbabilities�
�
3�
�
�
const Word16 ROM_ConvolutionPolynomialsTableFor16States�
�
80�
�
�
const Word16 ROM_Mask16Bit�
�
16�
�
�
const Word16 ROM_AMR_WB_IDMarkerSequence�
�
9�
�
�
const Word16 ROM_AMR_WB_BlockCodesFS�
�
32�
�
�
const Word16 ROM_AMR_WB_BlockCodesDTX�
�
64�
�
�
const Word32 ROM_LIN_PROB�
�
256�
�
�
const Word32 ROM_Q31_1_0�
�
2�
�
�
const Word32 ROM_Q30_1_0�
�
2�
�
�
const Word16 ROM_SOFT_TBL�
�
2�
�
�
const Word16 ROM_PROB_TBL�
�
4�
�
�
const Word16 ROM_BITS_CRC�
�
7�
�
�
const Word16 ROM_CONV_RATE�
�
7�
�
�
const Word16 ROM_FIRST_POL�
�
7�
�
�
const Word16 ROM_REC_POL�
�
7�
�
�
const Word16 ROM_BITS_1a�
�
7�
�
�
const Word16 ROM_BITS_1bBis�
�
7�
�
�
const Word16 ROM_BITS_1b�
�
7�
�
�
const Word16 ROM_BITS_2�
�
7�
�
�
const Word16 ROM_BER18250Table�
�
293�
�
�
const Word16 ROM_ImpTbl_1a_0�
�
54�
�
�
const Word16 ROM_ImpTbl_1a_1�
�
64�
�
�
const Word16 ROM_ImpTbl_1a_2�
�
72�
�
�
const Word16 ROM_ImpTbl_1b_0�
�
30�
�
�
const Word16 ROM_ImpTbl_1b_1�
�
33�
�
�
const Word16 ROM_ImpTbl_1b_2]�
�
37�
�
�
const Word16 ROM_ImpTbl_1bBis_0�
�
48�
�
�
const Word16 ROM_ImpTbl_1bBis_1�
�
80�
�
�
const Word16 ROM_ImpTbl_1bBis_2�
�
144�
�
�
const Word16 ROM_ImpTbl_1bBis_3]�
�
176�
�
�
const Word16 ROM_ImpTbl_1bBis_4�
�
208�
�
�
const Word16 ROM_ImpTbl_1bBis_5�
�
256�
�
�
const Word16 ROM_ImpTbl_2_6�
�
288�
�
�
const Word16 *ROM_ImportanceOrderingPtrs_1a�
�
7�
�
�
const Word16 *ROM_ImportanceOrderingPtrs_1b�
�
7�
�
�
const Word16 *ROM_ImportanceOrderingPtrs_1bBis�
�
7�
�
�
const Word16 ROM_UnProtected19850Tbl]�
�
288�
�
�
�
�
�
�
�
Fix_func.c�
470�
0�
0�
�
�
�
�
�
�
amr_lawb.c (link adaptation)�
88�
105�
102�
�
WB_MEASUREMENT_STATE 	State (struct)�
�
�
102�
�
const Word16 ROM_WienerFilterCoeff�
�
101�
�
�
const Word16 ROM_FitPolynom�
�
4�
�
�
�
�
�
�
�
�
�
�
�
�
TOTAL:�
579�
3180�
573�
�



ANNEX E 


Complexity breakdown of the channel codec's scratch RAM (these figures include the following channel codecs: 6.60 kbit/s, 8.85 kbit/s, 12.65 kbit/s, 14.25 kbit/s, 15.85 kbit/s, 18.25. kbit/s and 19.85 kbit/s)





Filename�
Scratch RAM HS�
�
�
�
�
FIX_MAIN.C�
�
�
	Interfaces: (Input data vector, output data vector etc.)�
866�
�
	FUNCTION: FIX_GSMTCHFS_AMRWB_ChannelDecoder�
457�
�
FIX_FUNC.C	�
�
�
	FUNCTION: FIX_AMR_WB_ChannelDecode�
931�
�
	FUNCTION: FIX_ViterbiDecode�
50�
�
	FUNCTION: FIX_ViterbiWeightRate_1_4�
7�
�
�
�
�
TOTAL:�
2311�
�
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