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B E=FoaE whl RE whE ARR3le] tE ~EZS 453 4 9l LM-MIMO (load-modulation
multiple-input multiple-output) A|2~8lel] tdle] Lolr a1 o] Al xElox] A}8-8k= F-51HZ (load modulation) W
o] 322} m-PSK (phase shift keying) A1Eo]t} 3122} m-QAM (quadrature amplitude modulation) 41E-& =314
L8 A 5 oleA #E@eldctt ae|a FeEE ARk LM-MIMO A ~Hle] A5-E& 37Ikit}. LM-MIMO
A2~ otelupr) gdwo]w kel RF =ik 875h7] ulitell A8l AP Alxd A& 3 4 glck
Al EHoAY S AHEW, T 2d (model) S AHESh= HsPHEE A m-PSK W39} 13 m-QAM WX
= BHeE ALY & Qlvk =3 FIPHEE AHSE LM-MIMO  A|2Elo] 7]E2] o]4k4Ql m-PSK4
m-QAM HEE ARESRE MIMO Al2gl3) AR Ass 5 odeS #elsisich =3k 4x4 LM-MIMO A~
glo] 7]&2] 4x4 MIMO A|2Hl3}F fARE oS vle Z1S &Elssich
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ABSTRACT

In this paper, we analyze LM-MIMO (load-modulation multiple-input multiple-output) system with single RF
chain. And then, we confirm that load modulation technique can support generation of high-order m-PSK
modulation and m-QAM modulation in LM-MIMO system. Finally we evaluate performance of LM-MIMO
system with load modulation. Conventional MIMO system requires a number of RF chains for expansion of
MIMO dimension. A number of RF chains can cause various problems. On the other hand, although LM-MIMO
system is expanded, LM-MIMO system requires single RF chain only. Therefore, LM-MIMO system has
low-complexity and low power consumption. As results, we can confirm that load modulation of T-model can
modulate high-order m-PSK and m-QAM singal. Also, we can confirm that 4x4 LM-MIMO system using load

modulation has a similar performance to conventional 4x4 MIMO system.
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Fig. 1. Block diagram of NxXN LM-MIMO transmitter.
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E 1. 16-PSK 73} WxE o) Add eldde A3 22k h(p=3)
Table 1. Selected reactance set and element values for 16-PSK load modulation(/:=3).

R (1=3) X6 X0 X50) valuel value2 value3
1 4 1 499 2.60E-10 6.50E-11 3.24E-08
2 -11 -11 145 -5.91E-12 -591E-12 9.42E-09
3 -23 -20 73 -2.82E-12 -3.25E-12 4.74E-09
4 -32 -32 52 -2.03E-12 -2.03E-12 3.38E-09
5 -50 -53 52 -1.30E-12 -1.23E-12 3.38E-09
6 -80 -80 58 -8.12E-13 -8.12E-13 3.77E-09
7 -116 -113 67 -5.60E-13 -5.75E-13 4.35E-09
8 -266 -269 139 -2.44E-13 -2.41E-13 9.03E-09
9 -497 -500 247 -1.31E-13 -1.30E-13 1.60E-08
10 229 229 -119 1.49E-08 1.49E-08 -5.46E-13
11 130 133 =77 8.44E-09 8.64E-09 -8.44E-13
12 76 79 -56 4.94E-09 5.13E-09 -1.16E-12
13 52 55 -53 3.38E-09 3.57E-09 -1.23E-12
14 34 31 -53 2.21E-09 2.01E-09 -1.23E-12
15 19 19 -65 1.23E-09 1.23E-09 -9.99E-13
16 10 10 -131 6.50E-10 6.50E-10 -4.96E-13

T AR ks A 98 e d9H
(inductance) #3F 7N ARl (capacitance) Z4
et dlE Bol SH AES A Slsix=
wd 52 247} -50, -53, 520 sdshe 2w
£ Ql7}sllof gk} valuel, value2, value3 ¥

KN
—
Xy, Xy 2Rl g A Sla) Bag g

s £

71—7_l

—_

e gl A Al g el ool - 3
7} B2 o5 3 AU FHsH AR AE
veA Ho) ofeg "' E

X 2% a9 7. (b)Y FspHz
16-QAM A EES A $lgt

i SelRs g Ada] 9]
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E 2. 16-QAM -3} HxE

g,lgﬁ /HEIJE] a]oﬂr:%/\ X]fg— /\Z} L(“=3)

Table 2. Selected reactance set and element values for 16-QAM load modulation(zt=3).

R (u=3) X G X,0) X50) valuel value2 value3

1 -116 -113 67 -5.60E-13 -5.75E-13 4.35E-09

2 232 268 -110 1.51E-08 1.74E-08 -5.91E-13

3 160 367 -116 1.04E-08 2.38E-08 -5.60E-13

4 130 133 =77 8.44E-09 8.64E-09 -8.44E-13

5 -200 -128 115 -3.25E-13 -5.08E-13 7.47E-09

6 202 391 -95 1.31E-08 2.54E-08 -6.84E-13

7 457 61 -83 2.97E-08 3.96E-09 -7.83E-13

8 154 202 -125 1.00E-08 1.31E-08 -5.20E-13

9 -101 -35 118 -6.43E-13 -1.86E-12 7.67E-09

10 52 -413 -161 3.38E-09 -1.57E-13 -4.03E-13

11 175 22 88 1.14E-08 1.43E-09 5.72E-09

12 103 13 -101 6.69E-09 8.44E-10 -6.43E-13

13 -20 -23 73 -3.25E-12 -2.82E-12 4.74E-09

14 =377 166 -386 -1.72E-13 1.08E-08 -1.68E-13

15 139 -266 -233 9.03E-09 -2.44E-13 -2.79E-13

16 19 19 -65 1.23E-09 1.23E-09 -9.99E-13
7 AAHA R A RS eRdch and identically distributed) £-4> 7}-$-A]9} (Gaussian)
7 10> 71E 4x4 MIMO A|2=819] A5 4x4 FEHTE aHsich F4Al7]elA MIMO t]EH]
LM-MIMO A|~H9] A58 uv|wEl Aolt}l of7]e (decoding)> ZF (zero-forcing) ¥32]% (algorithm)
Al MIMO Ad2 Falg njxdely aig] #ele] = ARk 21 109] 23S HH 7182 MIMO

(Rayleigh) o] 375 7Pdste] Ad =] 2t

=
A o] 00]a, #4ke] 19l ii.d.(independent

-9
H Conventional 4x4 MIMO - 16PSK
& Conventional 4x4 MIMO - 16QAM
= 4x4 LM-MIMO - 16QAM (u=3)
vel\e 4x4 LM-MIMO - 16PSK (1=3)
10* T T T
0 5 10 15 20 25 30

E,IN, (dB)

8 10. 7] MIMO Al2=Hl# LM-MIMO A|=Hle] A5
H| 3L

Fig. 10. Performance comparison of conventional MIMO
system and LM-MIMO system.
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Fig. 11. BER performance of 4x4 LM-MIMO system
according to m-PSK modulation.
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Fig. 12. BER performance of 4x4 LM-MIMO system
according to m-QAM modulation.
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