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Abstract 
 

In this paper, results of wideband outdoor measurements 

conducted on the science site campus of Durham 

University are presented. The measurements were made 

simultaneously in the frequency band of 25.5 – 28.5 GHz 

(K-band) and 51 – 57 GHz (V-band) using the custom 

designed two transmit single receive (Multiple Input 

Single Output) multiband chirp based channel sounder. 

Two directional antennas and an omnidirectional antenna 

were used at the transmitter and receiver respectively to 

provide cross-polar and co-polar information. Analyses of 

the estimated delay spread statistics and path loss models 
parameters for LOS and NLOS scenarios are discussed. 

The results show a slightly lower delay spread in the V-

band for the same scenario.   

 

1. Introduction 
 
The increasing demand for higher data traffic in wireless 

communication networks and the lack of available wide 

bandwidths in the sub 10 GHz spectrum band has 

prompted the research community, industry and the 

regulators to consider alternative bands. The millimetre-

wave band (up-to 100 GHz), with large contiguous 

unallocated sections of the spectrum is seen as a solution 

for the spectrum needs of future wireless networks. 

 

In November 2015, the World Radio communications 

Conference, WRC 15, identified a number of frequency 

bands in the 24-86 GHz range (24.25-27.5 GHz, 31.8-33.4 
GHz, 37-43.5 GHz, 45.5-50.2 GHz, 50.4-52.6 GHz, 66-76 

GHz and 81-86 GHz) as potential candidates for 5G 

technology with bandwidths ranging from 1.6-10 GHz. A 

good knowledge of the radio propagation channel in the 

identified bands is essential for successful development 

and optimal deployment of future wireless networks. 

 

A previous work in simultaneous multiband measurement 

campaigns have been reported in [1] though the operating 

frequencies, of 10 GHz and 60 GHz, are outside the 

identified WRC15 bands. Others similar studies in the 
millimeter wave band includes the 28 GHz and 73 in [2], 

and 28 GHz, 60 GHz and 73 GHz in [3]. In these work, 

measurements in individual bands were performed at 

different time, although for some cases on similar 

positions, the values estimated propagation parameters on 

different bands may be biased due to changes in the 

scenario/environment specially in outdoor where 

dynamic/moving objects (cars, humans and so on) are 

likely.      

 

In this paper, results of simultaneous multiband channel 

measurements conducted in outdoor scenario at the 

science site campus of Durham University in two of the 
WRC15 frequency bands are reported. The measurements 

were performed with 3 GHz and 6 GHz bandwidths over 

the 25.5 – 28.5 GHz and 51 – 57 GHz respectively using 

the multiband chirp based channel sounder reported in [4]. 

The data were subsequently analysed to estimate channel 

propagation statistics including path loss and r.m.s. delay 

spread. 

 

The rest of the paper is organised as follows: section 2 

gives an overview of the measurement set-up and the 

outdoor scenarios considered; section 3 outlines the 
channel parameters to be estimated and the associated 

results, with conclusions and recommendations for further 

work presented in section 4. 

 

2. Experimental Set-up 
 

Outdoor measurements have been performed using the 
upgraded multiband chirp based channel sounder 

developed at Durham University [4, 5]. The sounder is 

centered on two units commonly referred as: the main 

sounder unit – containing programmable synthesizer thus 

supporting the generation of below 19 GHz band chirp 

waveforms with maximum bandwidth of 1.5 GHz; and the 

RF head unit – containing frequency multiplier and power 

amplifier for mm-wave operation. The intermediate 

frequency (IF) chirp output of the main sounder unit is fed 

into the input of corresponding RF heads for frequency 

up-conversion. The K-band RF head unit, which includes 

a times 2 multiplier, covers the 24 – 36 GHz with 3 GHz 
maximum bandwidth. Whereas, the V-band RF head a 

times 4 multiplier is used and operates within 50 – 75 

GHz band with 6 GHz maximum bandwidth.  

 

In this study, the IF output of the main sounder unit, 

configured to 12.75 – 14.25 GHz frequency range, was 

split via a two-way power splitter and fed into the 

individual K-band and V-band RF heads thus allowing the 

25.5 – 28.5 GHz and 51 – 57 GHz frequency bands to be 

simultaneously measured.   

 
Dual channel transmitter (Tx) RF heads were used in both 

bands as shown in Figure 1. To enable co- and cross- 

polarized transmission a dual polarized standard horn 

antenna with typical gain of ~14 dBi, a half power beam-



width of ~35◦ and cross polar isolation of ~30 dB was 

employed in the K-band, while in the V-band two 

standard horn antennas with a gain of ~11 dBi, a half 

power beam-width of ~50o and a cross polarization 

isolation of ~40 dB were used with one of the antennas 

connected through a waveguide polarization twist.  Single 
channel RF head receiver was used, in each band, with 

omnidirectional monopole antennas.  

 

 

Figure 1. Tx RF heads with corresponding antennas 

The measurement campaign was been performed in a 

street canyon like environment within the science campus 

at Durham University. The measured Tx-Rx 

configurations include: lined-of-sight (LOS) – there is a 

direct or unobstructed communication link,  and non-line-

of-sight (NLOS) – no direct link or obstruction is present. 

Figure 2 shows a map of the measured scenarios in which 

the pairs (Tx-a1,2; Rx-route-a1,2) depicts the LOS cases 
and (Tx-b1,2; Rx-route-b1,2) the NLOS.  In each 

scenario, the transmitter location was fixed with the 

antennas set to a height of ~2.9 m. While the receiver unit, 

with the antennas fixed to 1.6 m high, was moved in steps 

of a meter along a pre-defined route. The sounder unit 

was configured with 1.22 kHz waveform repetition 

frequency. Moreover, measurements were recorded, as the 

receiver was moved in each step, for 2 seconds duration 

on a 14 bit ADC sampling at 40 MHz. Table 1 provides a 

summary of the sounder parameters.  

 

 
(a) 

 
(b) 

Figure 2. (a) map of the measured scenarios; (b) a view 

of the measured street canyon like environment from the 

receiver. 

Table 1: Sounder unit set-up parameters 

Frequency range  25.5-28.5 GHz 51-57 GHz 

Sweep rate  1.22 kHz 

Sampling rate 40 MHz 

Tx Ant. (gain, beam) Dual pol. Horn 

(14 dBi, 35◦) 

Stand. Horn 

(11 dBi, 50◦) 

Rx Ant. (gain, beam) Monopole (~, omni) 

Link polarization V-V; H-V 

Tx (Rx) Ant. height  3 m (1.6m) 2.9 m (1.6 m) 

Record duration  2s 

No. of snapshots /link 610 

 

3. Result and Analyses 
 

This section presents the mathematical description of the 

well-known channel parameters including delay spread 

and path loss and their corresponding results estimated 

from the measured data. These parameters have been 

estimated from the spatial average power delay profile 

(PDP) which in this work is taken as the average of the 2 
seconds recorded channel impulse responses.  

 

A. Delay spread 

The channel r.m.s. delay spread is often of interest as it 

provides a measure of the time dispersion of the channel 

as result of multiple copies of the same signal being 

received (multipath). The r.m.s. delay spread is written as 

the square root of the second central moment of a 
noiseless PDP, as given in discrete form in Equation (1) 

 

𝜎 = √
∑ 𝑃(𝜏𝑘)𝜏𝑘

2𝐾
𝑘=1

∑ 𝑃(𝜏𝑘)
𝐾
𝑘=1

− 𝑇𝑚                  (1) 

where τk is the kth tap delay, P(τk) is the power at delay τk 

and Tm is the mean delay expressed as in Equation (2). 

  

𝑇𝑚 =
∑ 𝑃(𝜏𝑘)𝜏𝑘
𝐾
𝑘=1

∑ 𝑃(𝜏𝑘)
𝐾
𝑘=1

                              (2) 

 

PDPs with dynamic range, ratio between peak power and 

noise level, of less than 20 dB were excluded from the 
delay spread processing, a similar procedure is 



recommended in the ITU.P1407 [6]. Figure 3 shows the 

computed cumulative distribution function (CDF) of the 

r.m.s values for the individual bands. Table 2 gives the 

r.m.s values, in ns, for 50% and 90% CDF levels and 

estimated standard deviation (std).  The absence of r.m.s 

values for NLOS case in the V-band is due to the limited 
number of measured locations satisfying the required 

threshold.  

Table 2. Statistics of the r.m.s. for co- (cross-) polar links 

 K Band  V Band  

LOS NLOS LOS NLOS 

50 % CDF 3.71 

(7.07) 

13.23 

(17.85) 

3.36 

(5.21) 

- 

90% CDF 16.83 

(30.97) 

27.23 

(26.26) 

15.56 

(22.78) 

- 

Std 8.25 

(11.48) 

10.22 

(7.81) 

6.75 

(13.10) 

- 

 

 
(a) 

 
(b) 

Figure 3. CDF of the delay spread values for (a) K-band 
and (b) V-band. 

It is noticeable from the table that the V-band provides 

lower r.m.s delay spread compared to the K-band. A 

possible explanation to this is the fact that although the 

level of reflection from an object (building, tree, vehicle 

and so on) may differ at different wavelengths, at 

particular locations the reflected wave in the higher band 

suffers more additional free space attenuation than the 

lower band, as seen in Figure 4. Larger r.m.s delay spread 

can be seen in the NLOS scenario compared to the LOS 

case. This rise is mainly due to the absence of main 
(strong) direct component which results in the power 

distribution of the other multipath components to be more 

uniform [1]. Similarly, the cross polarized measurement 

provides higher r.m.s than the co-polar counterpart.   

 

 

Figure 4. Normalized PDP for the K-band and V-band. 

 

B. Power Loss Models  

In this work the parameters of the single frequency and 

distance dependent path loss models namely: log-distance 

and Close-In free space reference were estimated from 

the measured data.  The log-distance path loss model 

requires two parameters namely: the path loss intercept 

point at 1m distance “PLo”, in dB, and the dimensionless 

path loss exponent “β”. This model as a function of 

distance is written as:  

 

  𝑃𝐿(𝑑) = 𝑃𝐿𝑜 + 10𝛽 log10(𝑑)          (4) 
 

The Close-In free space model with 1m reference distance 

is expressed as: 

 

𝑃𝐿(𝑑) = 20log10(𝑓) − 27.55 + 10𝑛 log10(𝑑)    (4) 

 

where “f” is frequency, in MHz, “n” is the dimensionless 

path loss exponent and “d” is distance in meters. The 

models parameters were estimated through the least 

square regression method, which estimates the value of 
the parameters that minimize the standard deviation (σ, in 

dB) of the error between computed and measured path 

loss values.  

  

Figures 5 (a-b) show the measured path loss data and the 

corresponding fitting curves, in which the solid line 

represents the Close-In model and dashed line the log-

distance model, for the LOS scenario. Table 3 

summarizes the estimated parameters values for both the 

K-band (25.5-28 GHz) and V-band (51-57 GHz) 

respectively. As expected across all the scenarios the 
cross polarized data provided higher path loss than the co-

polarized measurement as a result of polarization 

mismatch. In terms of minimizing the error (standard 

deviation) the log-distance seems to outperform the close-

in model by less than 2 dB, across all scenarios. In LOS 

scenario in co-polar configuration an estimated path loss 

of ~2.0 can be observed in both bands and models. Unlike 

the NLOS case where the V-band provides a slightly 
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higher path loss exponent in the aforementioned 

configurations. 

 

 
(a) 

 
(b) 

Figure 5. Estimated path loss in LOS scenario (a) K-band 
and (b) V-band 

Table 2. Path Loss models parameters 

Freq.  

/ Pol. 

Close-In  

(n; σCI) 

Log-distance  

(PLo; β; σLD) 

LOS NLOS LOS NLOS 

K-band / 

co 

2.0; 

1.7 

2.6; 

4.1 

61.3; 2.0; 

1.7 

26.9; 4.5; 

3.1 

K-band/ 

cross 

3.0 ; 

3.5 

3.5; 

2.7 

85.9; 1.6; 

1.9 

47.1; 4.3; 

2.5 

V-band / 

co 

1.9; 

1.6 

2.7; 

5.0 

67.3; 1.9; 

1.6 

23.3; 5.1; 

3.7 

V-band / 

cross 

2.5; 

3.0 

3.2; 

5.3 

83.1; 1.6; 

2.3 

23.4; 5.7; 

4.2 

 

4 Conclusions 
   

Outdoor radio channel measurement campaign has been 

performed at Durham University (UK).  An in-house built 

programmable multiband channel sounder with capability 

of simultaneous measurements in the K-band (25.5-28 

GHz) and V-band (51-57 GHz) was used to study  

parameters of well-known path loss models, namely: 

close-In and log-distance, and the statistics of the delay 

spread.  

 
The results show that, in outdoor scenarios, the V-band 

yields lower delay spread than the K-band for similar Tx-

Rx antenna polarization.  Moreover, the path loss 

exponent is found to be very close to the free space value 

of 2 for the LOS co-polar scenario. Across the different 

scenarios for the two bands the log-distance path loss 

model provided a lower mean square error. Future 

research will investigate others WRC15 frequency bands 

in indoor and outdoor environments. 
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