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A Design and Implementation of Digital Ultra-Narrowband
Walky-Talky Using Direct Conversion Method
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Abstract

In this paper, digital ultra-narrowband Walky-Talky using direct conversion method for CQPSK modulation scheme
is implemented with satisfying the requirements of APCO P25. RF transceiver design and implementation scheme that
minimize the influence of DC-offset and AC-coupling at ultra-narrowband is proposed. This scheme also minimizes
the influence of nonlinear characteristic at power amplifier for CQPSK modulation method.

Test results of full system including DSP module and direct conversion RF transceiver show that FCC emission
mask at 36.8 dBm PEP meets the standard requirements. The characteristic of receiver AGC by PWM control signal
is linear at 40 dB dynamic range and voice communication at input power level of — 116 dBm is successful. Also
it is verified that the performance of BER versus frequency offset and versus SNR meets the standard requirements.
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in transmitter.

Atk =3 two-tone A S E thEk $417] IMD < ¢}
E4& 27 173 20| 33 IMD 42 40 dB A
AL, 28 7Aelo] tiv] IMD AE9) 27]& -60
dBE Uetfo] 771 A& 7Hsahs Aty
o} olu] £Al7ld AMEE A Z=Z 7%= Motorola

Atel MIsITE AR Th

TA7] AGC 3|2 oY 41359 7] e
T4 &8 A A KA AD HEr| st
full-scale F23t & #5817} A2l YEE st
271 &8 A5t Bz AF9 dF A4 & #
A8 £ J=E doh 7] g8 dge] -110
dBm % -70 dBmollA] AGC £3 A AGC I 2E
Aolst7] £ PWM(Pulse Width Modulation) A &
w2 dy Y ASE DC o WEsy) 99

o4 UAY 2N T/ 4A 2 79

ogesede g0 b b i,.,' PR AN

(a) RF ¥ 43=-110 dBm
(a) RF input power =—110 dBm

RC fitterdng, B

-«

(b) RF 45 4¥=-70 dBm
(b) RF input power =-70 dBm

J8 18. AGC & &4 #3
Fig. 18. Measurement result of AGC operation.
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H# 2. #207] AGC 53 &4 A
Table 2. Measured results of AGC operation in re-

ceiver.
Input power AGC_CTL ADC input level
- 110 dBm 0913~0.929 V 730 mVpp
- 105 dBm 0.993~1.025 V 792 mVpp
-100 dBm LI38~1.17 V 760 mVpp
-95 dBm 1.299~1.331 V 750 mVpp
-90 dBm 1.46~1.492 V 768 mVpp
-85 dBm 1637 V 784 mVpp
-80 dBm 1767 V 672 mVpp
-75 dBm 1815 V 640 mVpp
~70 dBm 1.847 V 640 mVpp
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Fig. 19. I/Q constellation diagram according to the re-
ceiver input power.
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Table 3. BER measurement results according to the
receiver input SNR variation.

Sin=-85 dBm

Nin EsN O EbN @ BER

-95 dBm 8.9 dB 59 dB 68x107°

-98 dBm | 119 dB 89 dB 24x1072

-101 dBm | 149 dB | 119 dB 75%107°

-104 dBm | 179dB | 149 dB 1.0x1073

-107 dBm | 209 dB | 179 dB 58x107°

(&%) © (Es/N)in = (SNR)in + 10 Log (4.8 ksps / 6.25
kHz)
@ (EbN)in = (Es/N)in + 3 dB
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Fig. 20. Measured results of BER according to input
SNR variation.
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Fig. 21. Measured results of BER according to fre-
quency offset.
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