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Differential Space-Time Line Codes and Its Performance
Comparison According to Constellations
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ABSTRACT

This study proposes a differential space-time line code (DSTLC) for wireless communications in a
time-varying channel environment. The existing space-time line code (STLC) technique proposed in a
time-invariant channel environment requires full channel state information (CSI) at the transmitter, which is
unsuitable for mobile communications operating in a time-varying channel environment. On the other hand, the
proposed DSTLC system does not require CSI for the encoding and decoding. However, since the DSTLC
techniques suffer ambiguity on the amplitude of the modulated signals, a non-constant modulus constellation
(NCMC) like a quadrature amplitude modulation (QAM) probably having symbols with the identical phases
cannot be used, and thus, a constant modulus constellation (CMC), such as phase-shift keying, must be used
for the designed DSTLC systems. To resolve this issue, various amplitude and phase-shift keying methods with
NCMC are designed, and using them, the feasibility of DSTLC is verified for mobile communications.

# R dre IR RS Ao AREAV 217 HIe] A 9(No.2021-0-00874, A57E A - Z1HE A A S

< /W, 40%; 2022-0-00635, 28GHz Y/ S3PEHYNR-U Ho& A ek 56 A8 = 71 7, 10%)7 37]ed 154l

o] AgPon A TAste] x¢1(2022R1A2C1003750)S Who} SaEl A4,

+° First and Corresponding Author : Chung-Ang University, School of Electrical and Electronics Engineering, jgjoung@cau.ac.kr,
434

% 1 202311-155-B-RE, Received November 26, 2023; Revised December 19, 2023; Accepted December 20, 2023

702


mailto:jgjoung@cau.ac.kr

=T/ E Al A sk Al wE A vl

I.M &

I Ag3t 55 ¥-53} (STBC: space-time block
code) 7|&Ee] WA EEM, AlFaE Al a3}
(STLC: space-time line code) 7]%o] Atz A}
T 541 qhelvke) g 241 gl 2= 2x1 STBC
AlEle] Spal ERAAE g 4] oLk} Al
e S 2= 1x2 STLC Al2~8] 555041 229}
s thAAE Zar, F Al2Ele] F7E Tl AlE, Bl
E $%5 (BER: bit-error-rate) A5 &3 2tk o]z]dk
kel 74 2 A A HEe], Ad AR
(CSI: channel state information)S Z 8 =Z 3h= 32 &
g WAL olFth F STBC Al=HlS FAl7[ellA,
STLC Al2®le $417]0|4] CSI7} Z 83k, STBC %
21719} STLC A7 |ellx= CSIZF E 231#] i) o]
g diAAell 7KL Y BRI S 2= $5A]
Zo} A1) QHE el =8 A 52 ) ARS
2L, o AR 9 BAL 2ok BAl ookl B4l
Alz="le]l STLC 7]%s A&sh= 57171 =Hoisith

Ff| 37k tlo|wAE] o] 5-& 27] )8l 2x1 STBC
9 1x2 STLC A28l Hol® 7 Al A A)7F 52t
Ade] WA Yethe 7S 7Nk R A=
A, o] 72 w0 R o] 53k ol sAleke] B4
A 3ol FasiA] o, olegt 7ol &
sl xjels, Azl wet Wislsh= CSI 55 $1gh
Sk I3 5 gle wAlele) olell AT APd FH e
243 4 9l STBC 7|&=M, A& (differential)
STBC (DSTBC) #}4]o] A= gcf'™4 DSTBC W
218 A ¢SI AA7} ohd 7] CSI #eke- 4] B57}
7Fssked, AW A 3 olA] BAlshs o)A B4
AlzElel] A48 4= gl 71golrk §H, STLC 7%
A Aol A83517] 914, =l T HeE 55
AARE QAF-Eo] AUITHIOL sA| Rl o] 5 AA
7Tl W el i 3% Sy} o]l
w9~ w2 A Wshe A A FellM= nEEEd
= adrk

2 ellMe AF7A] 7% vl gle wi2A
Wl A AfdelA] E2ksl= 25 STLC (DSTLC:
differential STLC) WA]-&- A|qkglc}. #l|qkgt DSTLC
FAl71e A CSI AE ARE 24] 93, 2ME glFd
a3tk =3 DSTLC S+4171s= oW’ CsIe 2
31A) gdol, whEA Wsk= AW Ad e A3
BAl o 2 ol B Filgi
SRk, DSTLC7} Agshe Wz 418l 213 &
Aol glo], A1F-E thEn} §de] e WA A

p Ny B

e

ofl o

-

O

R

e

Aol EAEE vl BEEZS AHNCMC:
non-constant modulus constellation)2 AR&-& <= ich
= Alofo] w2 A Hrk w3k Al FHdE (ML:
maximum likelihood) 7135 =3)3= 7|= STLC A
3= 2] DSTLC $417]% F 4124 joint ML
A15kE: alol 3o, o) we} 5417] Batrt 2o
g}, olelt Ao} 142 7415}, A21RE DSTLC
Al2=ele AR =32 F5<normalized Doppler
frequency)7} 0.01 A =7FA] w4 w2 A Wshe= A1
Ad A= AlEH A $75l42] BER 452
A& 4 slckes 2 Aol Sl

gl 2 Aol vkt A mEEls AN
(CMC: constant modulus constellation) W3 7|3 <]
ahel $4} Wz (PSK: phase-shift keying) 7]*13} v
o] $hio] & Alo] ZAlsA] SHE T} NCMC
WHx 7|9l =7]-$4F #He] Wx (APSK: amplitude
and phase-shift keying) NCMC 348 A| A5k, o]&

4, Aokl DSTLC A|~8 A%-S #Z3)r),

I. S AISZt M 23 A|AH

T3 1ol B9l 25 AR A HE AR Al
ol 23 1ofxe)} 7o nA Zg%] Aol $41 <

o} I A1 gt Alelelld] = AL 22t by [n] 3
hy[n] o2 2231, o] & t}33} %] Gauss-Markov A

2 xdg g
h; [n] = rh; [n—1] +w; ], n=1,...2N. (€))

olal, AP A Ak A4 = HTFSIRY BEe Tl

F, T8 A o3t 3ol 2 o) g eyt

=

DSTLC Tx Time-varying channels <

n=1...N D -2

A g e | 2
siln] “s,[n] ) : hz.[l] h[2] h[2N] ;
: B EE— 2t 2

no CSI | no CSI| =

DSTLC |- P =
: P

x[n] x,[n] 9
=

w

a

S 1 AE AR A b A
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Fig. 8. DSTLC BER performance with 1 bit/symbol or 2
bits/symbol rates: (2,2,0), (4,0,0), (2,0,0).
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Fig. 9. DSTLC BER performance with 3 bits/symbol rate:

(2,6,0), (8,0,0), (4,4,0), (2,2,4).
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Fig. 10. DSTLC BER performance with 4 bits/symbol
rate: (4,12,0), (16,0,0), (8.8,0), (4,4.8).
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Table 2. Proposed modulation schemes for DSTLC
according to the data rate.
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