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Multipath channel fractional delay simulation method based on
Farrow structure

Hu Xuenan' Jiang Xuesong' Cheng Yuanjie' Liu Jingxin® Li Tian’

(1. China Mobile Research Institute Co. , Ltd. , Beijing 100053, China; 2. Transcom Instruments, Shanghai 201600, China)

Abstract: It is needed to achieve very high multipath delay accuracy to better approximate the real communication scenario in the
process of channel simulation, which puts higher requirements on the simulation ability of the channel emulator. Channel models is
processed and loaded usually within the digital baseband, and so the clock resolution is limited. It is necessary to make use of Farrow
structured fractional filters to achieve higher delay accuracy. In according to the characteristics of channel simulation algorithms, the
Farrow structure fractional filter was designed and optimized by mixing DSP and distributed multiplication to achieve ultra-high precision
delay simulation. The design scheme was validated and tested on the TRANSCOM Pathrot X80 channel emulator. The results show that,
the improved Farrow filter’s structural design significantly reduces the consumption of FPGA computing resources, enabling the fractional
delay algorithm to achieve a balance between high delay accuracy and low resource overhead; the multipath delay accuracy is consistent
with theoretical calculations in the low frequency range, meeting the expected 0.1 ns requirement for channel simulation; the delay
accuracy differs significantly from theoretical calculations in the high-frequency range. In order to achieve better performance or reduce
signal distortion, it can be considered to increase the order of the filter or find a better coefficient calculation algorithm.
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Fig. 1  Brief architecture of channel emulator
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Table 2 8™ order farrow coeffficient

1 2 3 4 5 6 7 8 9
1 2.48x107°  -9.90x107° —4x107* 0.001 4 0.001 2 -0.004 9 —9x107* 0. 04 0
2 -0. 000 2 0. 005 95 0.004 2 -0.012'5 -0.017 0.05 0.012 7 -0.038 0
3 0.0006 94  —0.001 39 -0.018 0.036 1 0.1174  -2.3472  -0.1 -0.2 0
4 -0. 001 39 0.001 389 0.040 3 -0.040 3 -0.339 0.3389 0.8 -0.8 0
5 0.0017 36 0 -0. 052 0 0. 474 0 -1.424 0 1
6 -0. 001 39 -0. 001 39 0.040 3 0.040 3 -0.339 -0.3389 0.8 0.8 0
7 0. 000 694 0.0013 89 -0.018 -0.036 1 0.117 4 0.2347  -0.1 -0.2 0
8 -0. 000 2 -0.000 6 0.004 2 0.012 5 -0.017 -0.05 0.012 7 0. 004 0
9 2.48x107° 9.92x107° —4x107* -0.001 4 0.001 2 0.004 9 -9x107* -0. 004 0
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Fig. 3  Optimized Farrow fractional delay simulation structure
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Table 4 Test result table of delay difference of 1.5 ns

WiF/ Tapl IR/ Tap2 BIF/ LIFPIZR,/ HMBIER, WIEL/

MHz dB dB dB dB ns
10 —15.44 -15.44 -9.43 -9.43 1.54
20 —-15.44 -15.44 -9.45 -9.45 1.50
30 —-15.44 -15. 44 -9.51 -9.50 1.50
40 —15.44 -15.44 -9.57 -9.57 1. 49
50 —15.44 —-15.45 -9. 66 -9. 66 1. 49
60 —-15.44 -15.48 -9.78 -9.79 1.47
70 -15.44 -15.61 -9.93 -9.98 1.42
80 —-15.44 -15.92 -10. 16 -10.29 1.34
90 —-15.44 -16. 56 -10. 46 -10. 42 1.15
100 —-15.44 -17.61 -10. 84 -11.41 0.97

M4 hT IR ,Tap 1 5 0.5 ns, BIF Tap 1 H1h
RAGASAME BEA K, M Tap 2 M 2 ns, 3 F AR M N7 i 2.
BRI, FLI R AE 50 MHz J5 B WA . X TR 5
7 SIS AR P AR T S IR 5 AR ZE B
B IGIEAS 2 0 7 I 4B 2 5 AR A 25 A8 T ) B
WA TSR A TR R BT B A B A 254, 1R 22
AP AR B Farrow 1 (B 18 I #5% 8K 21 15 45 2% 9K
ANHAH
3.3  CDL-D #=BYBF3E iz

3GPP TR 38.901 P CDL-D #5750 245 H F ) il 774
LOS(line of sight) {5 1B AH BIRI4L & 1 45 LOS #EHI
13 4% NLOS(non-LOS) #%, I SE 41 J& RUEE ZE#% 100 ns, 45
ESHNER 5 PR,

&5 CDL-D X 14 £%SH
Table 5 CDL-D model with 14 clusters parameters

Cluster # Cluster PAS JEHHE/ Y/
3 FEMEY I A ns dB

| Specular( LOS path) 0 -0.2

Laplacian 0 -13.5

2 Laplacian 3.5 -18.8

3 Laplacian 61.2 -21.0

4 Laplacian 136.3 -22.8

5 Laplacian 140.5 -17.9

6 Laplacian 180. 4 =-20.1

7 Laplacian 259.6 -21.9

8 Laplacian 177.5 -22.9

9 Laplacian 404.2 -27.8

10 Laplacian 793.7 -23.6

11 Laplacian 942. 4 -24.8

12 Laplacian 970. 8 -30.0

13 Laplacian 1252.5 -27.7
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Table 6 Comparison of CDL-D model time

delay measurement results
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12 968. 4 970. 8
13 1249 1253
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