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Reason for change: 3 AMR-WB decoder can produce unstable output during DT X-operation.

Summary of change: 38 Conversion from ISP to LPC coefficients is changed, so that LPC coefficients
cannot overflow in decoder comfort noise generation. Synthesis is changed to
support scaled LPC coefficients.

Consequences if 38 Decoder synthesis filter may be unstable causing uncontrolled ouput when DTX
not approved: is used.

Clauses affected: ¥ dec_Ipc.c, dec_Ipc.h, dec_main.c and dec_util.c
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Other comments: ¥ For background see Tdoc S4-030635 26.173 Possible decoder LPC coefficients
overflow
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Changes to the C-code:
1. How the code is changed in the file dec_Ipc.c

Lines6-7:

| #include <math. h>

#i ncl ude "typedef.h"
#i ncl ude "dec_util.h"

Lines 246-336:

| void D_LPC isp_a_conversion(Wrdl6 isp[], Wrd1l6 a[], Wrd32 adaptive_scaling,

Word16 m
{
| Word32 j, i, nc, tmax, g, q_sug, r;
Word32 f1[ NC16k + 1], f2[ NCL6K];

Wor d32 t0;
Word16 hi, |o;

nc = m> 1;
if(nc > 8)
D _LPC isp_pol _get(& sp[0], f1, nc, 1);
for(i = 0; i <= nc; i++)
fA[i] = (f1[i] << 2);

}

el se

D LPC isp_pol _get(& sp[0], f1, nc, 0);
}

if(nc > 8)
{ D LPC isp_pol _get(& sp[1], f2, nc - 1, 1);
for(i =0; i <=nc - 1; i++)
f2[i] = (f2[i] << 2);

}

el se

D LPC isp_pol _get(& sp[1], f2, nc - 1, 0);

}

/*

* Miltiply F2(z) by (1 - z*-2)
*/

for(i =nc - 1; i >1; i--)

f2li] = f2[i] - f2[i - 2]; /* f2[i] -= f2[i-2]; */

/*

* Scale F1(z) by (1+isp[m1]) and F2(z) by (1-isp[m1])
*/

for(i =0; i < nc; i++)

{

[* f1[i] *= (1.0 + isp[M1]); */

D UTIL_| _extract(f1[i], &hi, & o);

t0 = D_UTIL_nmpy_32_16(hi, lo, isp[m- 1]);
fi[i] = f1[i] + tO;

[* f2[i] *= (1.0 - isp[M1]); */

D UTIL_| _extract(f2[i], &hi, & o);

t0 = D_UTIL_nmpy_32_16(hi, lo, isp[m- 1]);
f2[i] =f2[i] - tO;
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/*

* A(z) = (F1(z)+F2(z))/2

* F1(z) is symetric and F2(z) is ant

*/

/* a[0] = 1.0; */

a[0] = 4096;

tmax = 1,

for(i =1, j =m- 1; i <nc; i++ j--)

{
[* a[i] = 0.5*(f1[i] + f2[i]); */
to = f1[i] + f2[i]; [* f1[i] + f2[
tmax | = labs(t0);
a[i] = (Wrd16) ((t0 + 0x800) >> 12);
I* a[j] = 0.5*(f1[i] - f2[i]); */
to = (f1[i] - f2[i]); [* fa[i] - f
tmax | = labs(t0);
a[j] = (Wrd16) ((t0 + 0x800) >> 12);

}

i symetric

i1 *

/* from @3 to QL2 and * 0.5 */

2[i] */

/* from @3 to QL2 and * 0.5 */

/* rescale data if overflow has occured and reprocess the | oop */

i f (adaptive_scaling)

{
g =4 - DUTlL_norml (tmax); /* adaptive scaling enabled */
}
el se
{
g=20 /* adaptive scaling disabled */
}
if (g >0)

g_sug = 12 + q;
r =1 << (gq_sug - 1);

for (i =1, J =m- 1; i <nc; i++ j--)
{
/* a[i] = 0.5%(f1[i] + f2[i]); */
to = fa[i] + f2[i]; [* f1[i] + f2[i] */
a[i] = (Word16) ((t0 +r) >> g _sug); /* from@3 to QL2 and * 0.5 */
/* a[j] = 0.5%(f1[i] - f2[i]); */
to = f1[i] - f2[i]; [* f1[i] - f2[i] */

aj]

= (Wordi16) ((t0 + r) >> q_sug);

/* from @3 to Q12 and * 0.5 */

}
a[0] = (Wrd16)(a[0]

>> q);
}
__ else

{

g_sug = 12;

r =1 << (q_sug - 1);

q = 0;
}
/* a[NC] = 0.5*f1[NC]*(1.0 + isp[M1]); */
D UTIL_| _extract(fl[nc], &hi, & o);
t0 = D_UTIL_nmpy_32_16(hi, lo, isp[m- 1]);
t0 = (Finrel—=++t6)f1l[nc] + tO;
a[nc] = (Word16) ((t0 + 6x886)—>=>12):r) >> g sug); /* from @3 to QL2 and * 0.5 */

/* a[m = isp[m1]; */

a[m = (Word16) ((isp[m -
a[m = (Wrdi6)(a[nm >> 1);
return;

}

Lines 620-646:

void D_LPC_int_isp_find(Wrdl6 isp_old[],
const Wordl16 frac|
{

1] +xh—>=3)>> (2 + q)) + 1);

/* from QL5 to QL2 */

Word16 isp_new],
1, werdi6e Az[])
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Wrd32 tmp, i, k, fac_old, fac_new,
Word16 isp[M;
for(k = 0; k < 3; k++)
{
fac_new = frac[Kk];
fac_old = (32767 - fac_new) + 1; /* 1.0 - fac_new */
for(i =0; i <M i++)
{
tnp = isp_old[i] * fac_old;
tmp += isp_newi] * fac_new,
isp[i] = (Wrd16)((tnp + 0x4000) >> 15);
D _LPC_ isp_a_conversion(isp, Az, 0, M;
Az += MP1;
}

/* 4th subframe: isp_new (frac=1.0) */
D LPC isp_a_conversion(isp_new, Az, 0, M;

return;

2. How the code is changed in the file dec_Ipc.h

Lines 11-21:

void D_LPC isf_noi se_d(Wrdl6 *indice, Wrdl6 *isf_q);
void D_LPC_isf_isp_conversion(Wrd16 isf[], Wrdl6 isp[], Wrdlé m;
void D_LPC_isp_a_conversion(Wrd16 isp[], WerdieWrd32 a[], Wrdlé m;
voi d BEPCa—weight{\Wordi6—af}—Werdd6D LPC a_wei ght (Wrd32 a[], Wrd32 ap[], Wrdl6é gamra, Wordl6é
n;
voi d D_LPC_isf_2s3s_decode(Wrd16 *indice, Wrdl6 *isf_q, Wrdl6é* past_isfq,
Word16 *isfold, Wrdl6 *isf_buf, Wrd1l6 bfi);
void D_LPC isf_2s5s_decode(Wrd16 *indice, Wrdl6 *isf_g, Wrdl6 *past_isfq,
Word16 *isfold, Wrdl6 *isf_buf, Wrd1l6 bfi);
void D_LPC_int_isp_find(Wrdl6 isp_old[], Wrdl6 isp_new],
const Word16 frac[], WeredeWrd32 Az[]);
voi d D_LPC_isf_extrapol ati on(Word16 Hf Isf[]);

3. How the code is changed in the file dec_Ipc.h

Line 13:

void D_LPC_isp_a_conversion(Wrd16 isp[], Wrdl6 a[], Wrd32 adaptive_scaling,

Vordi6 m;

4. How the code is changed in the file dec_main.c

Lines 327-359:
i f(newDTXState ! = SPEECH) /* CNG node */

/*
* increase slightly energy of noise bel ow 200 Hz
* Convert |SFs to the cosine domain
*/
D LPC i sf_isp_conversion(isf, ispnew, M;
D LPC isp_a_conversion(ispnew, Aq, 1, M;
nmencpy(isf_tnp, st->nem.isf, M* sizeof(Wrdl6));

for(i_subfr = 0; i_subfr < L_FRAME; i_subfr += L_SUBFR)
{
j = (i_subfr >> 6);

for(i =0; i <M i++)

L_tnp = (isf_tnp[i] * (32767 - D ROM.interpol frac[j])) << 1,
Ltnp = L_tnp + ((isf[i] * D ROM.interpol _frac[j]) << 1);
Hf Isf[i] = (Wrd16) ((L_tnp + 0x8000) >> 16);
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}
D UTIL_dec_synt hesi s(Aq, &exc2[i_subfr], 0, &synthl6k[i_subfr * 5 /4],
(Wordi6) 1, Hflsf, node, newDTXState, bfi, st);
}
/* reset speech coder nenories */
D MAI N reset(st, 0);
nmencpy(st->mem.isf, isf, M* sizeof (Wrdl6));
st->mem bfi = bfi;
st->dt x_decSt - >nem dt x_gl obal _state = (UWrd8) newDTXSt at e;

return(0);

5. How the code is changed in the file dec_util.c

Lines 659-697:

static void D _UTIL_synthesis_32(Wrdl16 a[], Wrdl6 m Wrdl6 exc[],

Word16 Qnew, Word1l6 sig_hi[], Wrdl6 sig_lo[],
Wor d16 | g)
{
Wrd32 i, j, a0, s;
Wor d32 tnp, tnp2;
/* See if a[0] is scaled */
s = DUTIL norms((Wrdi16)a[0]) - 2;
a0 = a[0] >> (4 + Qew); /* input / 16 and >>Qnew */
/* Do the filtering. */
for(i =0; i <1lg; i++)
{
tnp = 0;
for(j =1; j <=m j++)
{
tmp -=sig_lo[i - j] * a[j];
}
tmp = tnmp >> (15 - 4); /[* -4 : sig_lo[i] << 4 */
tnp2 = exc[i] * a0;
for(j =1; j <=m j++)
tmp2 -=sig_ hi[i - j] * a[j];
}
tnp += tnmp2 << 1;
tnp <<= s;
/* sig_hi = bitl6 to bit31 of synthesis */
sig_hi[i] = (Wrdl6)(tnmp >> 13);
/* sig_lo = bit4 to bitl5 of synthesis */
sig_lo[i] = (Wrdl6)((tnp >> 1) - (sig_hi[i] * 4096));
}
return;
}

Lines 972-1006:

static void D _UTIL_synthesis(Wrdl6 a[], Wrdl6 m Wrdl6 x[], Wrdl6 y[],
Word16 | g, Wordl6 nmen{], Wrdl6 update)
{

Wrd32 i, j, tnp, s;

Word16 y_buf[L_SUBFR16k + ML6k], aO0;
Wor d16 *yy;

yy = & _buf[ni;

/* See if a[0] is scaled */
s = DUTIL norms(a[0]) - 2;
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/* copy initial filter states into synthesis buffer */
mencpy(y_buf, mem m* sizeof (Wrd16));

a0 = (Word16) (a[0] >> 1); /[* input / 2 */

/* Do the filtering. */
for(i =0; i <1lg; i++)

{

tmp = x[i] * a0;

for(j =1; j <=m j++)

tmp -=a[j] * yy[i - jl;

tnp <<= s;

y[i]l = yy[i] = (Wrd16)((tmp + 0x800) >> 12);
}
/* Update menmory if required */
i f (updat e)
{

nmencpy(nmem &yy[lg - nl, m* sizeof (Wrdl16));
return;

Lines 1310-1316:

if((npde <= MODE_7k) & (newDTXState == SPEECH))

{

D LPC i sf_extrapol ati on( Hf I sf);

D _LPC isp_a_conversion(Hf I sf, H A 0, MG6K);

D LPC a_wei ght (Hf A, Ap, 29491, ML6K); /* fac=0.9 */

D UTI L_synt hesi s(Ap, ML6k, HF, HF, L_SUBFR16k, st->nemsyn_hf, 1);
}
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