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ARk, FIREERE %S (Joint Source-
channel Coding, JSCC)7E % A FHH1 Tl F4R 5| k2
TTHZRE. TG, FETEVREEE S i r)
5 IERZAE B (Channel State Information, CSI)#]
R4 R miAEs 1, DR T B = RE R
KIZE 204 (3rd Generation Partnership Project
Release 20, 3GPP R20)M)—Liff 5t . MHLT
3GPP MRI8TFUAHT LI T N L € (Artificial
Intelligence, AI)FJCSIE4i [ 15t, JSCCHAEY)HE
AT CSUE 46 515 B g #t AT BR& Uik, A w]
DATE ARG AR M L IX TR) 3R 45 & 19 R 52 AH B P 77 (C ST
JE 4 R i It e R B AR AR ) o 2 R SR N AT SR A4S
YA T B0 R AR RAE VRS
EEKE D TT . FEJFEHZEM . B, B
S B AIX e NS AT DU A VR 5 15 18 b DL A R
HIBEAT SO0, DASR TR AR A M b X 8] i # A S
KB5S 51E IR AR .

JUEFARFAEMI., BB &SRS E
GO O R T FEE PR RE, HEL3GPP
JFAREE ML SR e 2302 4 H I A HEREIZ B AR )
ZMPE SRt 4aT T FRAHRIRE, (R
RT3 R ISk (Extended Reality, XR)%4EE ) 5%
TR ORI 2 R A A AR RO,
T B R PR AR AN 7T

B, kU, USRI B AR A A
J&TF3GPPHI TAEVEMS . Hlan, PAA B F 19 i
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AR B et B S R % X 4L (Moving Picture Ex-
perts Group, MPEG) Al Bk & B LKA (Joint
Photographic Experts Group, JPEG)%3GPPZ 4k
AL ER), TAFH3GPPRSIE .

5, B URAS TE A g i 28 ) 77 T T Pk K
N TSRS TE R S D, A WA LY 1) 28 dy
— IR AR R AE N R AT R IR G S gAY, ) —
Tt B2 46 U] 2 AE ) B 2 EAT 5 VR AR B B A A 1T
Hp, EYREIATEREER S RGN, 55N
FZ R AR TE SR 5. H TR E R
15 PR GRAG N 25 575 /2 3G PP Z AN S nMPEG /
JPEGE#E I, HARERIUEABIATE L. Kt
K FH 55— Tl 28 Ay I 55 R Y AN AE S N
Hk, RSSO TAEE . B Al AN i,
HIX S AR B ALAN 22 A 1y i) . 0 72 S R AT
BIREIER S mY, N ZERG D EREERS
BATAT S, PRI PR ) 145 U545 TE R & 2w A 1)
Hasl,

EASGOM. BUERE A A FE. MECT H
HoA 023 3 3 A BIER g0 i h it , 3GPPAE
H NGRS bAE E R R 2 E S 3GPP B4
H#t 7 AMR(Adaptive Multi-Rate) & & %Y, H
HI3GPP SA4IEAERT FLRT I ) F AL % Bk 1R
18 (Geostationary Earth Orbit, GEO) 5 [iE &
G, HERS]EGEORAT IMS i # Ik 55 1K
T 22 O R A AR RUTE, FF F A DG hR HEAL A 78 A o
SA4 B E F M fF S (Ultra Low Bit rate
Speech Codecs, ULBC) I H I 70 A H5 £ Xl 5t
AFFHIDescript & Mg #1545 (Descript Audio
Codec, DAC)!" fE 8B )Y 2 S5 & N kAT
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T ZAAME(Packet loss concealment, PLC)#f 5t Al
AR, HAl, SA4 ULBCHH #5754 i
P11 ~3 kbpsi ELAFZ TAEIX 8], H /2N 1 IL
WC e B R B b T PO AROR P BR AR 4G . b, B
FRA SR IR 1) A AU s D L P — B By
ot g, AR g i Ay R AR AR R o

WAk, ARGtk (B, WA B )ENHE
BEATAE VRS TE R & g A IS, 3 T Il C ST J BT 3
HH B RSP, T GEOIE & 7 5 N Ref% A 2L
X — . fEGEOIEE &, S THE
FD AR, A T R AR R L. X
ERE RG LT AR L B AR 5 B AL HE AT
E L E, RS E AT R, TR H
SR IR . R, AT DR
MCSIRe i HEfE s B R =, A I EE
R, 5HEN, BT GEO¥IE K HE
PRAERRIE A, % N SIS I R ) 2 AR
I e 1k B 248~280 ms!, Py JEHE LAEAT PRI 1
HOE N A, BT X, K EE m DL B
2N R BT e A Oy Rk . B
G, FREEVECR AT R N G B 11 S R I E
K. GEOWEE I HA KRG H ) HEALTE R (Hybrid
Automatic Repeat Request, HARQ)#Li .

BT L, FATNNE BEGT T IGEO
BERAEEREER S RID. Hrp, SIREER
& g X AT LAk — 287 ARG I R ) JSCC AR
ARGV E Y, RIS {5 VRS 1 ) 1
(Joint Source-channel Coding and Modulation,
JSCCM).

HAT, SRR A & H K JSCCAIISCCMIT
i B F 3K % B 3GPP GEOE & L8 [y 4 2 2
AL E . ASCK 454 3GPP SAAIETEWFIIDAC
Hid4as 5 GEOIR & A () ¥ = 2 400 & 3t 47 i
[Fa) 5 A0 ) A5 VA S TG 45 A AR ORI o AR SO 22
TUER L35 :

(1) H X LL3GPP GEOE & A Y3 E S 4
i B S A4 IEFEWF AL FID ACYm D a3 /B VPl 2 28,
TRIE T R LG R AP 1.

(2) 8 YA 2 D 2 R A D A O Y5 18 1 1
BRa i &, RS E 2R T, it
T7 FA T L TT A4 dBIE S A

(3) T KR H RS PR 1) (1 D A CA Y45 38 1 1) TR
AT, EEEREAEZNATRT, i)
ST REL TR A4 dBIE IG5 .

(4) B VI HD A A3 0 30 B 4 4 A 7 2%,
FETE & PR RT3 T, Ay AL T AR
JEA2.5 ABRE

AIF2TR AN BRLT 5, INHZDACY
PEZ AL T 5. SR3TR HB Th R IRBIFDACLHE
VA E R AL T 58, TEREER H KD A CAF
B R I A LA T %6, S DACHE IS TEH 5 9
RS TT 5o AT A HIPAE LR, a2
wE TPl

2 NFAEDACSYIBEEMEWAR

KRG HD A CY b5 45 75 N JZ 5 5 S5 5
AL ERRRE, H IR I A 1I3GPPYEL 2 &4 7 &

DAC ZwffEhs a8 72 —Mal§ B g 2%, 1
beRe R i A A, BRI AH TN KR
231916 kHz. 24 kHz F1 44.1 kKHzRRERRUES
# B BGEOY) 5t I 78 75 M fe M DL SR R R A 2 (1)
HE g, JATHE— DI TR ZE N8 kHz
PMEID 2375 . DACH AL 2K H B gmtd 28 4444,
TG T e R NI EERAE, SRR ZER
m A (Residual Vector Quantizer ,RVQ)#EAT
. B 7N HEDACES Y E LT 1
SLELIN T

1. RIE AL AR 78 R0 I (40 EAT 55 &
I P 3e%), AeEA & DU =AM EE:

BB NMHEDACHIG . 75N Z (5
wi, IPZEAAT 25 (IP Multimedia Subsystem,
IMS)) ¥ SR 4618 &5 5 L IEDACYR IS & (BFE TR
FEFIRV Q& Ak 25 ) A 22 A= i AN B (1 S A% S b
W A1 # (Real-time Transport Protocol payload,
RTP payload). ZZmi5M B AMEFELF3NFidiE.

K| R EDACHHD 3 7 FH FED A C et 22 %
| R A e o
: v o DAC%ifm3e DACH#IS %
75 2 ) R AT N HAs
NECFF N LA
RTPH: frf RTP i
| it Swmass | BT
NEEFF NILFF
RTPHfif T RTP#fif
B % Wy E R
N LA 51 t N5
3N LLFF 551 3N LLR
QPSKi
¥ 3N/2%F 5 |AWGN 3N /27
i2]] Fr 51
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(1)IHECRFE: B KB N TS 305 5 @ Rf
RsWERMES BT s/ RAE . BN T=500 ms, s=
8 kHz, N3LH0.5F0x8 kHz = 40004 %HE 14,
ANSRRE S K H1000 ms+ 8 k =0.125 ms.

(2)DACHRIS 2% (FFAEIEE S N RFE): ¥4
MAS A S A NE S, MAT B R AR
BN

N,

M= H stridey, (1)
k=1

He, N AEDACHEEHIHBHIRE, stride, £
EREBIIEEK, 1<k < N

YRFER NS kHzI, 7] LU B DACHKHIESE L
5 REEBIREIN.=4, KD IA2, 4, 4, 8], W
M = 2x4x4x8 = 256, FAEZWARKAN
256x0.125 ms = 32 ms. N RFELLBI AT DUB % B
ARRERL KT . HEDACHEIRTE
FHETRAKL6 kHZPRFEER, AT 72 5 X
&35 K K18 kHzRFER, ik, 5Kk T
TUREE . ETRHER S R S T LR A
MU 7 (B R AE DovuP

(3) DACEMBRVQEAL): BANE Wi
2 [0 R 2D IH I RV QE A1 B Neodebook I FIAS
FEANGAH Neoges LLRFRAE,  BEAMDA K /N Ry 2 Neones
(Z 3 JEH 0~ 2Nwie —1) . BEALJE 377 N =
Neodebook = Neodes 1~ ELREF B, RIS 7= 248 NAN LU 7
Bt IS B 75 25 TR R AE ey 2, o 2 D A Cii i 2
H KRR N

N -s
R=— (2)

Hrp, NZDACYILEHRTPHE I LLEFEL, s/
TG 5 FERFER, M2 — MBS i & 1 i R
FER Ao 2 Neodebook =8, Neodes =85 8 = 8
kHz, M = 256/, 3342 kbps. Hir, #HAA
SR A KN AT LS AS [F] 1) % B AT R,
T AR R FH J2 1 2 G 85 i HE R 2R

BB RS RIINa k. BFRETERH
ERIMRTP AL, DL AE M 4% 2 F1 504 4 2 2
(MAC. RLC. PDCPJZ)4r Al hne k.

FEEL: MEERE. EWEZE, NIE
MRTP LIt 1 /305 2 ) Turbodi i %, 33—
AN 3N LK EM T 5. EREI 2 RT, AIEr, 8
AT AT IR ICHE, SR 5% LURR P B i o 52 207
Fo WRAKRBATHEITE, ) R R
3N/2ANEHFFS (B anfd FH QPSKf I PY). Bl fe ks
BT 5 WU 23N /24 BE i 57T (Resource Ele-
ments, RE) &% H 25,

2. B ic o Ab BRI AR 5 R0 S ARG IR, BRI
(G 23 55 A% 0o IR ) 55 = A 30 i) Ab B Y B -

FB R BRI E S et
LRI S5 AT, 153 3N DXHEALSA L
(Log-Likelihood Ratio, LLR). X% LLR #%#£%
i Turbo f#fY, KEH N ELEFFIRTPHE AT .

BB PhUEEE S I ERE . FERE Tk
S NEFRTP# 47 M FJZ(MAC. RLC. PD-
CPEVRIRIH, HRIZEEZ LM, (Er E#sT
e, RGBS R Ak

BB NHEDACHY. fEIMSH,
RN EERFRTP & EAT ) & A0 A3 B0 R 1) 7
S RIE RS FoRE IR ND A CRARD 25 i 5 N3k
1T ERAEARESR B, RBIKERIEHE S

F1ADACYR i HEFE 45 A 3G PP & E AL i )
SERMAE . MIEDACH D28 Ik, = TIF
U5 DACHIIZ 7 (08, BIE ISRt F2 R AN T
LR AR5 8 R (AL HE i e R
3 HREIt

=N HA TDACEHIS S S A 3GPP RN
B ZE5 TR DACYHRILZRAE SR £ &K
LAZE BRI, Kk, 2—MEEmES
Bl gD BRI TR AT HE H 35 VR g i
HEEmEB SRR, 75088 D) 2R
DAC-JSCCM. fHMRHIFIDAC-JSCCM, LLK
DAC-JSCC. #i&2, DAC- JSCCMALEN I Z[H
B HEATDACE IR . [EE gL AU H], MDAC-
JSCC&TE N 2 R #E47 D A C13 Y5 4 65 FI 15 18 Z
i, R ATATEY I E AT . SIRRHIMDAC-
JSCCMAIE B R #1] (D AC-JSCCM X HITE T 2 1)
KERHIIDAC-JSCOMZETE B RE _F AT T R ) —
tk, TEA RS M DAC-JSCCM AN RE L i
IR —4b . N3N/ Bl RGN 4R 3R
SHORT Ly
3.1 2INERHI(Total Power Constrained,

TPC)EDAC-JSCCM

AN R TR PR D AC-JSCCM 5 %
A B S IR gm D {538 gm0 5 R H1 AT LA AL,
HHREMRE LT 7 IR, Fit, AT
BIIREZE TRL, It T S SR A 28 25 [H]

ST RH ) DAC-JSCCM 5 & i F2 Kt
NE2(a)Fiac. HHETT 10588 g il i 2L 4
L, 25 EEARIE R E R EZ .
TE R L, LT R EALEY IR AT 518
Gt ST R 2N A E, TSI TS IR (S 18 g
1 55 8 ) iR B AL
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A T b T T wiEwn | n X[ smemm SRS |
| EHESRAE e gl || ESEORR gl | EAUHBOREE R e | 3

ReDACHIE | qDACﬁfé“%%ﬁ eDACHILE | ; DACH#H% 2 KoDACHTE | § DACHET
N[ | 3N/25 8 3N/215 3N /233 INE 2]
A AT PRCRIEES A LES0A KA %0 AL | (SNILLR
N A LR s A %% P — i, AR
R i fFJusNit st Uil iy BNt ]
2 2 AR Ay
3N/2H N2 3N/2 K 3N /255 SN
Fe Fr 51 5] Fe 51 RTPH T 3N LLR
i smme | [ s s x| [risarssmma || [roowes m ] [ s S | UMSURELE S5 ) -
3NLLFF
e S RTPE 3N LLR
3N/250 3 3N/251 % 3N/258% 3N/25 8 l il I 5
F# ) ¥l Rl e I MR % e A
-~ P BN 3N LLR
2 5 e {72 .
WEERE  AwdN gl S PEERE  AWAN QPSKREH] I\ N [QPSKR A
3N/24F 1 aN/215 SN/24% 1 N/ V3N/24 BN/ 274 5 5l
L, sl e S5 SHT

[ ] ez sritogisn
(a) BINFHUBIDAC-ISCOM I AL FE

55 04 ATHI B 2B
®)

DAGRCY by E SO I

E L PR §Il 9 DA C-JSCCM A AL BT (c) DAC-JSCCI{ AL FR i Fe

2 $ 35 ZE R Ab BRI R

F—B: NAZEETDACKH GG ERS
it SR . IR I R AR E S T Sk NN H
JZ1 DAC gmidasdtiT b8, ek B, R TS
FER T RIM A I DACH M A A 2 4y, T3
Fa S (B RRAE 7 51 o X AIAE T 2B TDACELH,
BB B R 7 A B S R RFS 1% FE R
TR

(1) ESHFHE R B HUT IS . RIEDACHIRE
AE$E S R RAERLE A RN 3 )7 A () 3R
9 oS, = (17, afP, e BC) € RN L 3445

2N SRHAH N EH, B3R HKR N3N/ 2R

B FlyirS, = (yIC,y3tC, o yiks,) € CHONE, S
FPF S Hy TR = IR 45 2IPR 1 <1< 3N/2.

(2)&RDFEIA—W(TPC): N T i 2V E

SR B B SRS, ST B IR 4T o
S A B I 5 P 51y — (IO, P

—=TPC

Ysnj) € CUSN2 R RAEFTA RE FRET SR IH—
e, Wy AT

3N/2

. 2

7=y D WP (<1< 3N/2)  (3)
n=1

BB BL: PR SRSk, AR
JRHIMRTP Ak, DL AE P 45 2 R 5 3l i 2% )=
(MAC. RLC. PDCPJZ)#Inek.

BB HIEMERERE. YR, RS
T BRSPSl yifC € VNP Bt 13N /2 RE L
RIEH B, T T e EL R AT L S S A
o

FERR S, JRRTTSR 1 PR AR Y B AT
(IR 5 (5 TE RS R 25 N2, AT SEBL T {5
5 T8 AR 5 AR R R BB A AL -

BB ERYELE . SR
WU P ORI € OV N2,

R
U=y + 2 (4)
Ho, 2 e UM R . (ST

—AHNT, L E RERE Ly LA DL (dB) A, T
F N R TEE L N 107/10 . ditk, AIHES H AR R
PRI Z 8107710 AT, M sEi s
RE A B ST ik MIIME MO T EN
0.5 - 1077/10 [y s i 7 A o

B3k 7 BRI e 7 R BT 81 g e e N2
Ja, EFRHITCROKRE:, WIEHEEATWEIFRE
TEYDERL Z A5 T8 RS A A

B brBe BREELSRER. R E
AHATCRORSS:, BH#Em EFE(MAC. RLC. PD-
CPE)#i#t. FFREZRZLM. {Em iR
H, RS, R SR k.

FH=MB: MAZEDACHES. EIMSH, EH
B IDACHRRD 235t i e S HUF 51 gIrC e PN/
AT, SREERIESES . WADACHELES
NS AR G0 R S MR AE, EATT =,
W A0 0 B SRR R0 A E 3NV (A R AE, AN
DACHERSZE N, HEHDACHEIDE IBIAIZE .

KI2(a) N T IR HI FIDAC-JSCCM 7 R
BRI ZRiAE. ML T R 1, LT3 PR
DAC-JSCCM 7 £AE N H Z#AT TR . [FiE
guhth LS RS A LAk . 4k, EDAC-JSCCM
RIS, FE 7 oS mEER . Kk, BA
B I
3.2 [B#ZfR%I(Constant-envelope constrained,

CEC)HJDAC-JSCCM

AR B A ERHFDAC-JSCCMZTE
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JE A ATIRRE A SR 35 AU R TE K 15 9 B 1F 7T 5

FIBERE LI 1k, KRR SRE LER T
W2 MTE, Niifge 7 igE 5 D)% (Peak-
to-Average Power Ratio, PAPR). PAPRA & 1)
ARG FEIRON 8 TAETE B m AR LR M X I,
M FEUE TR E . BRI AT P08 K55
DR FR R, AN T EARR ] D AC-
JSCCM. 1EREFR#|FIDAC-JSCCMAE A RE L
TR A4, TRl D B TR EREIRL &S
HIPAPRIE K H f. N EANREMIhHE
W, 55 PEEE UL, AR SRS
RIEE, Mifin] LAFEKPAPR.

WE2(b)Fiw, fEEEHIHDAC-JSCCM T %
MFE 53 U B 2l e M — 1 X A AE TR 2% vty
NS — B B A B . LR OB SR TR L)
WS REDZHLA R INE N BERENEA R, LI
HQPSKEMBIMPAPR. %7 RENHZEHRTDAC
(S IR TEBE A bS5 i 10 2 AL AL TR B0 R -

BB D A C 4 fith 2% i H 1R 45 AN 15 355 ot 1) 785 2 1)
RAER S, = (250,255, 2§ e RVNVZ . Ry
TR R I RE AR R, AL B YR A
T3 ARISE /R IEAR A ML, e b S ) R
PERFIE BB AE N ST B AR AL o B T 0 2 M R AE
xCPC e RUSN2HAFIH T 5 y0FC e CVN2 it 5
AR

Y- = exp(j - 27 - o) (5)

B ECE R T, I R R S

fRBUsH, MR EMTE —MEoR RE L3
WS BRAEAE AR 1.

2(b) NAEREFR HI D AC-JSCCMJ7 & [ #E
MINZRmtE. ML T 2 FERHDAC-JSCCM T
%, AT EWEDACT RFEBHA 17 72 RAE
T SRR, TARIE T RHI5FS e R,
PRI Y PAPR. b4k, fEMEBIRGIFIDAC-JSCCM
MR, W& T IR mEERNR N, FitEA
(EYAINETN LG
3.3 DAC-JSCC

311320 R AIDAC-JSCCM 5 &4 M H
JEXHE VRGNS A5 1 G A R R BT TSR
(RN E AT S, K FEM%EE L LRAN
ISDAP /PDCP /MAC/)Z A& % 52 07 51| i -k LA 7
G, X RRAEER BCRE MER OR . PR, AN R
DAC-JSCCH %, ¥iAHIS IR RETEYEEZ,
PRI, ik s B 9 2% 2 DL RANHJSDAP /PDCP/
MACE & 5maR T LA FH 3529 DAC T Rtk 7
Ko M T3 IFB 2R HPI TR, A/NTIRER
T X B B )N

WE2(c)fiR, DAC-JSCCOREINE) RS
3.1 32X AIAE T, AT7 RAERH EUHEAT T1E
TG ERCE i hs, (FOREEGRGIHAT . AT7
REENHEEERMH0/1 SHtbRrm, FHEmEE
VRS T R A A AL P

fERIEN, 53.1. 3.2 %7 S AFEES —H
BN EAEDACHR D & 5 51 N 16 Bl —AE
1, PARAE S =B BO W B R A S b B A T R
PR X AN 2 S B BOHEAT A -

B NHERETDACHERGERS
Y b 15 156 B B B4k (Straight-Through Estim-
ator, STE). fER¥DACHIE 2%t RN 5 S i i
HEIEDAEIS = (5, a5, ., a0) € R,
FEATT S, RS 20/ 1heRs,  an R EL%
PV AE R AL SO0 REAT BB W, D 3 BB S TE v
S Ia) AL R T Ry ve ROX —BEAG, AT SRAE R H
FEt T OCRR R EE AEAL B, Gl =P
ST S IR AL

(D)BE —AEACHI e FERT LRI, X 2 SCCBEAT
BB PRI P A0 = (o)), Tl as

JsCC 1x3N
‘rhard,SN) eR o

Ho, 25°C SHoEil, 1<m <3N. 25C 1
AR

Thadm = 5180 (Thient,m)
1, ifzf5CC >0
= " (1<m<3N) (6)
0, else

TR, & T —MEm& M, NEY
SISO KT LI (B [25CC) <= 1), b fLibiobh
B S

(B AT ERTFIREAE T, X S0 g
FA T sigmoid B8 475 51 B — (AT Bl 2S00 = (5C6,
TSy al S y) € RPN o alS0C TS A SN T

soft,m
Tt = sigmoid (2l m) (7)
b, 2I5CC Jg [0, 1]ELEIX ],

soft,m

(3)%:T‘stop_gradient’ B GBI S IAIBLST: A
T OR ZR G0 A 0 )™ A6 R0 B 1 BIESEES, A
I ORAEAT R B2 [ 4%, R A1) ke 15 R ok e 91

TG
Y = e+ stop_gradient(af3 — 21) (9
Hor, fERTHfesEh, SChrfit N
Y el s () )

AR(8)REISTER R O {27 11 f£ 2T
1 F-stop_gradient 5 AR EF= A, A 3(8)
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2 % FxE

2 a(9), i T o/ TR MAE R RS
i, AW T S EOA T SR, R IESSTE
(1) 2)S0C 2 5 5% g v R B TR &, AT AE £R Pt 75
fig L )[R R SIZBRL T X £ LR () AR

F=PrBe MEERESER. EYEE, R
Guxt L7 414750 € RUSN TS, ln, @it
QPSK A #7321 H1 5 5 51l y50C e RPAN2,
FEML B3N /2 RE_ B REH 2.

e EERAE S, 531, 3.2 E R AR
55— B FR 2 USR8 = B N JE AL
NP E XX PN 2 I B AT I

FB: RIS REE . Ry
JE BT R P T 81 IS0 e VN2,

B =yl 2 (10)
Hep, ze VN EE MR, FEIL BRI
I 7 5 R 81 gISCC € ¢VNR R, 34T QPSKAR I
FRBLLRF A g5 € RV

BB NHEDACH. fEIMSH, &
FIBLA (D A CAi 5 28 5 LLRFF 1 9500 AT db 7,
R ERIESES . DAEDACHIDES MmN 2
ARG 0N S B R AE, fEDAC-JSCCH &
H, 3N LLRMIESNWE [ RAE, 1ENDACHS
BiEN, FEE FDACHHRRY SRR 25

K2(c) NDAC-JSCC T EHHEFEE IR AR -
HEETDAC-JSCCM TR, AT EMKDACT RFE
LA HH P 8 0 R AE 0 B P B A A A LR
FFA, FEPEE AT IRG], mAEMDAC-JSCCM T
RN EHAT RG], RS PG N, e
W, JEub IV E R E MR, B s
LLR, TMAFDAC-JSCCM J5 % B 1) b s & e
HSHFA. s, fEDAC-JSCCIZRT, hEET
TR BB, KRR RIFRPiseE.

4 {HEE

41 HiEE

H A A FF 1 & A £ B VCTK Y, com-
mon voice®!, librispeech®!%§, ARG HEIESF T
common voiceB¥E4E . Hh, JIGEIEE. KL
Bt S AN B R P AR IER . = H A
$043 51°51000000, 16511000,
4.2 VHEIERR

PE Al 48 bR >R A B i E AP (PESQ,
Perceptual Evaluation of Speech Quality). PESQ
& E bR i E B M (ITU-T) /AR #EITU-T P.863
(2018) =7 HhsE LI — P MR & R R IPAL . B
T I RN RN AL, RS R G R AR D

AL E S RS T R AT R W . PESQ
BB BSHIESES S R0 G R
BEE ST, AT ML E R, A
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Abstract: Currently, the 3rd Generation Partnership Project (3GPP) Technical Specification Group Service and
System Aspects Working Group 4 (TSG SA Working Group 4, SA4) has begun researching Artificial
Intelligence (Al)-based audio codecs. Based on the Descript Audio Codec (DAC) being studied by SA4, this
paper presents a joint optimization scheme for DAC source-channel coding and modulation with total power

constraints, a joint optimization scheme for DAC source-channel coding and modulation with constant modulus

constraints, and a DAC joint source-channel coding scheme. Furthermore, simulation evaluation is conducted

using the typical physical layer parameter configuration of 3GPP Geostationary Earth Orbit (GEO) voice

scenario. Finally, preliminary research suggestions are made, with the hope of providing useful insights for the
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subsequent research on GEO voice.

Objective In recent years, Joint Source-Channel Coding (JSCC) has gained widespread attention in academia
and industry. In academia, the sources studied for JSCC include video, image, and audio. However, the
industry has not focused on these sources as in academia, but rather on JSCC where channel state information
(CSI) is considered as the source. The reason the industry has not considered JSCC for video and images is due
to two main factors. First, for video and images, 3GPP generally does not conduct independent research, but
instead directly reuses source compression standards developed by external organizations such as the Moving
Picture Experts Group (MPEG) and the Joint Photographic Experts Group (JPEG). Second, it is constrained
by the challenges of the source-channel coding architecture. For example, in joint source-channel coding at the
application layer, the channel information obtained at the application layer is often outdated, which limits the
potential gains of source-channel coding. However, the situation is quite different for audio. Audio coding and
decoding are designed independently by 3GPP, and currently, 3GPP SA4 is researching Al-based speech coding
and decoding. Moreover, in GEO speech scenarios, where satellites remain largely stationary relative to ground
stations and the channel changes slowly, the physical layer CSI can be transmitted to the application layer,
overcoming the issue of outdated channel information. This makes the research on JSCC for audio more
promising within 3GPP, compared to JSCC for video or image sources.

Methods This paper firstly uses the typical physical layer parameter configurations of 3GPP GEO voice and
the DAC encoder, currently being studied by SA4, as an evaluation baseline, ensuring the fairness of the
proposed scheme’s gain evaluation. Based on this, the paper proposes the integration of DAC with channel
coding and modulation to improve audio quality in low-bitrate scenarios. First, the total power constrained
(TPC) DAC-JSCCM scheme is considered, which offers the maximum potential gain due to the joint
optimization of source coding, channel coding, and modulation. Then, considering the high PAPR (Peak-to-
Average Power Ratio) impact on the power amplifier, the paper proposes a constant-envelope constrained
(CEC) DAC-JSCCM scheme. Finally, since the modulation symbols included in RTP payload require
significant changes to the existing protocol, a DAC-JSCC scheme that is more compatible with current
protocols is proposed, where bit sequences are included in RTP payload.

Results and Discussions In the evaluation of baseline scheme 1, the link-level simulation at the physical layer
is first conducted to obtain the relationship between SNR and BLER for an input length of 64 bits using a 1/3
Turbo code. Then, assuming that the error rate of an audio frame is the same as the BLER, the transmission
error rate of an RTP packet containing L audio frames is calculated. According to the existing processing logic,
if one audio frame in an RTP packet is transmitted with an error, the entire RTP packet will be discarded. In
real-time communication, VolIP, or speech enhancement scenarios, a PESQ score of 2.5 is generally considered
the minimum usable threshold, and voice quality below this score is regarded as unsuitable for professional or
commercial services. Therefore, in GEO voice calls, we choose PESQ = 2.5 as the reference point. When PESQ
= 2.5, the TPC DAC-JSCCM and CEC DAC-JSCCM provide a coverage gain of approximately 4 dB compared
to baseline scheme 1 (Fig.4). The DAC-JSCC scheme offers a coverage gain of 2.5 dB compared to baseline
scheme 1 (Fig.4). The coverage gains of DAC-JSCCM and DAC-JSCC come from the application layer
performing joint source-channel coding, which avoids the cliff effect caused by using Turbo coding at the
physical layer. When the Complementary Cumulative Distribution Function (CCDF) of Peak-to-Average
Power Ratio (PAPR) is 10™2, the TPC DAC-JSCCM is 4 dB higher than the QPSK modulation, with sharper
signal peaks, higher requirements for power amplifier linearity, and is more prone to distortion. In contrast, the
CEC DAC-JSCCM is very close to the QPSK modulated PAPR.

Conclusions This paper proposes the Total Power Constrained DAC-JSCCM, Constant Modulus Constrained
DAC-JSCCM, and DAC-JSCCM schemes, based on the DAC codec currently being researched by SA4.
Simulations are conducted using the typical physical layer configuration of the existing 3GPP GEO voice
scenario. The simulation results show that, when the PESQ is 2.5 (the minimum usable threshold), compared
to DAC combined with existing physical layer transmission technologies, the proposed DAC-JSCCM provides a
coverage gain of 4 dB, while the proposed DAC-JSCC scheme provides a coverage gain of 2.5 dB. SA4 is
currently researching more advanced GEO voice codecs beyond DAC, and we will extend our research by
combining better GEO voice codecs in the future.

Key words: GEO Voice; Joint Source-channel Coding (JSCC); Joint Source-channel Coding and Modulation
(JSCCM); Al
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