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Abstract Smart Utility Network (SUN) is not only a core technology of intelligent green home networks but
also a future technology which can be applicable to various areas instead of ZigBee. SUN should be
compliment with IEEE 802.15.4g standard and can provide high link margin and stable communication data-rate
for poor communication surrounding. This paper describes how to design the system simulation environment for
the SUN RF transceiver, and also reports the required block-level specification for each circuit and various
implementation impairments. Finally, the measured performances of the fabricated RF transceiver, which has
utilized the system simulation results, completely satisfies the IEEE 802.15.4g SUN PHY standard.
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[Fig. 2] Application Examples of SUN.
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[Fig. 31 Block Diagram of the OFDM RF Transceiver.

[Table 1] Requirement Spec. of OFDM PHY.

Pas Spec. Unit

Supply voltage 1.8 v

NF < 10 dB
1IP3 > -20 dBm
RX P2 > +20 dBm
Voltage gain 10 ~ 80 dB

Dynamic range 70 dB
Output Power > +0 dBm
TX Gain rage -5~ 10 dBm
OP1dB > +13 dBm

2.2 S48 AZzo|M

IEEE 802.154g OFDM PHY XEZojAi zHz}-o]
MCS(modulation and coding schemes)HZ $A1 &8 Al
%o gt EVM (Error Vector Magnitude) RMS(Root
Mean Square)E Table 23} Zto] Q313}31 it} Table 2
oA B upe} o] MCS6Y 739 27-5k= EVM glo]
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[Table 2] EVM Spec. for MCSs.

MCS RMS error
MCSO0 -10dB
MCS1 -10dB
MCS2 -10dB
MCS3 -10dB
MCS4 -13dB
MCS5 -16dB
MCS6 -19dB

[Fig. 4] Proposed Baseband Source of OFDM.

[Table 3] Sub-Carrier Spec. for Each Option.

Optl Opt2 Opt3 Opt4
BW KHz 1200 600 400 200

FFT tones 128 64 32 16
guard tones 23 11 5 1
DC tones 1 1 1 1
Active tones 104 52 26 14
pilot tones 8 4 2 2
data tones 96 48 24 12

Sbu.BW | tones | 10.416 | 10.416 | 10416 | 10.416
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=1 NG ZE, sub-carrier 5, ALEEE ZASH
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[Fig. 5] System Simulation Test-bench for TX.
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[Table 5] Required RX Sensitivity Level.

Optl Opt2 Opt3 Opt4
MCS 0 dBm -103 -105
[Table 4] TX EVM Simulation Results. MCS 1 | dBm 100 1103 105
BW TX EVM(dB) MCS 2 dBm -97 -100 -103 -105
= OPT1 OPT2 OPT3 OPT4 MCS 3 dBm -94 -97 -100 -103
MCS 0 -10 -27 -28 MCS 4 dBm -94 -97 -100
MCS 1 -10 -27 -28 -29 MCS 5 dBm 91 -94 -97
MCS 2 -10 -26 -27 -28 -31 MCS 6 dBm 91 -94
MCS 3 -10 -26 -27 -28 -31
MCS 4 -13 -27 -28 -31
MCS 5 _16 27 27 31 [Table 6] Calculated RX Sensitivity Level for Option 4.
MCS 6 -19 -27 -31 MCS4 MCS5 MCS6
TX PWR(dBm) 10 10 10
Ant Gain(dB) 0 0 0
TX Output Constellation TX Output Constellation TX Output Constellation 1Km Loss(dB) 91.7 91.7 91.7
. e T T Ant Gain(dB) 0 0 0
TR & Bt . RX PWR(dBm) 817 | 817 | 817
o L] .
o« Wy - SRR | Required SNR(dB) 5 8 1
1 | BW(KHz) 200 200 200
| Noise PWR(dBm) -121 -121 121
| NFE(dBm) 10 10 10
Implemetation Loss(dB) 6 6 6
Link Margin(dB) 18 15 12
RX Sensitivity(dBm) -100 -97 -94
Table 62] Link marging TIS3h= A1 AJ2H] 1E
T, < 9J3f Fig. 87} o] 27 Wk Hhalo] 541718 1A
] [ ] ".3,.1511 - i stk E3E PLLO| QAR-e- $A17]9f SolsA| o

[Fig. 7] TX Simulation Results for Option 4.

Option 1~4oﬂ qqsn QPSK 9 16QAM A5 S SAlth
SEER 452 ael
= Optiond®] AlgEelold AHe Fig 73} e 167)
FFT tone 22 A% 600 KHz BW2] OFDM signal2 A4
AJ5hH QPSK/16QAM modulationX] Z}z} -31/-31 dB2)]

Ao & 900 MHz thejol A AM§E1E= LC VCoo] fAkxt
270(-74.2 dBc/Hz@10.4 KHz, -114 dBc/Hz@10.4 MHz)
2 Hgahelrh. FAIE AT AlEE o Hol i FAIE
3} FUA, 417] W 2 Bl ths) VQ mismateh,
AY B4, A7 5] SATES O] o3t GRS
al

AAH YL Tefstol oH SAE ARgTH

1880



IEEE 802.15.4g-8 SUN RF %441 A|A

AAol et A

A 9431 Fig. 69] $A171E =417] Yol d4ste] 424
7191 Algglolds ¥ SRtk Fig. 99F Zo]
BPSK/QPSK/16-QAMO|| A 218 3}giu}.

Phase Noise

=-74.2 dBc/Hz @ 10.4 KHz
= -114 dBc/Hz @ 1 MHz :
= = 1] 1] T

BPF+S/W LNA1 LNA2

MIXER LPF  VGA

[Fig. 8] RF Receiver Block Diagram.

|EEE 802.15.4g

OFDM Option 2

Add noise
X

Atten.
Constellation

Setting

[Fig. 9] RX System Simulation Platform.

Fig. 99] £=41c EVM AlE#|o]d AIE Fig. 109 t
EFRITE 16QAM 4241 AlSof tfgt EVMo| -29dB ©]
SHlE & 4= Utk A sensitivity AlEEo]d A=
Table 71} o] Az] & 4= c} IEEE 802.15.4g ¥%=3}
Q5 AR} Table 72 H|ul8FH 4241 Sensitivity level 3
Aske] X MCSE} optionof| Al o /d == A|AH] Aol

=3 ool e &+ ok

=]

R ; R Y P
obe 1 v rees L .
. Pt 0] ; oy >
J BT L il s e
b A Z il e SERE (N
EVW_dB EVM_percent EW_dB EVW_percert EVM_dB EVM percent

20354 95601 20014 9,984 20042 9852

[Fig. 10] RX EVM Simulation Results.
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[Table 7] Simulated RX Sensitivity Level.

Optl Opt2 Opt3 Opt4
MCS 0 | dBm -115 -116
MCS 1 | dBm -110 -115 -116
MCS 2 | dBm -100 -110 -115 -112
MCS 3 | dBm -97 -100 -110 -107
MCS 4 | dBm -97 -105 -105
MCS 5 | dBm -97 -100
MCS 6 | dBm -94 -98
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[Fig. 11] Measured TX Spectrum.
[Table 8] Measured RX Sensitivity Level.
ot Sensitivity Mea. Stand.
P (dBm) PER (PER<10%)
MCS 0 1 -114 <1% -103
MCS 1 1 -108 <1% -100
MCS 2 1 -106 <1% -97
MCS 3 1 -100 <1% -94
MCS 5 3 -96 <8% 91
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