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3. RESULTS

The 3D radiation pattern of our optimized antenna is shown in Figure 3. The pattern is omni in
the upside direction, with a gain around 2 dB.

From these data, we can predict the reading distance, which is shown (for different transmssion
ERP, up to 3 dBW) in Figure 4. Actually, even for an ERP as low as −10 dBW (a value which
comply with every national regulation) the reaching distance is larger than 1.5 m in almost all the
useful bandwidth.
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Abstract— This paper describes the relations between the R.M.S delay spread and TX-RX
separation distance for Daejeon City measurements at 28GHz frequency with 500 MHz channel
bandwidth. R.M.S delay spread is caused by multipath due to a large number of reflective and
diffractive characteristics in various urban environments.

1. INTRODUCTION

Recently, the fifth generation mobile communication to satisfy the needs of high data rates in the
small cell environment has attracted the attention. Millimeter frequency bands for 5G services are
the lands of new frontier being able to support broadband bandwidth from 0.5 up to 2.0 GHz in [1].
We know that feasibility research at millimeter bands is carried out currently. Yet, there is still
the lack of the collected field data and statistical models based on measurement. Therefore, we
performed measurement in small urban city of Korea to find specific root mean square delay spread
characteristics.

2. HARDWARE & MEASUREMENT CAMPAIGN

2.1. Hardware Channel Sounder

Millimeter wave Band Exploration and Channel Sounder (mBECS) developed by Electronics and
Telecommunications Research Institute (ETRI) was used in the indoor/outdoor both pathloss and
root mean square (R.M.S) delay spread measurement campaign. mBECS is a wideband channel
sounder for measuring temporal and spatial characteristics. Using a 500Mcps broadband chan-
nel sounder with 2.0 ns multipath resolution, we conducted R.M.S delay spread measurements at
28GHz frequency band in Daejeon City, Korea. mBECS consists of five parts: baseband/IF mod-
ules, RF module, horn antenna, timing module and mechanical module. A measurement manager
is able to control each part of the transmitter (TX) and receiver (RX). Timing module operates
as rubidium oscillator which provides reference clock within 1ns in order to synchronize the clock
of TX and RX being far away. A 4095 chips pseudo-random noise (PN) sequence sliding correla-
tor was utilized, which was modulated to a 5.2 GHz intermediate frequency (IF) and upconverted
28GHz. The maximum TX power was 29 dBm, fed to a 30◦ beamwidth 12.9 dBi horn antenna
that was mechanically rotated or tilted. The RX used a 10◦ beamwidth 21.4 dBi horn antenna
and the same type of enable mechanically rotating or tilting structure such as the transmitter with
antennabeamwidth of 30◦.

   

(a) (b)

Figure 1: Channel sounder. (a) Baseband/IF module. (b) RF/antenna/positioner.
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2.2. Measurement Campaign
To obtain delay spread characteristics in none line of sight(NLOS) environment, TX site locates on
the side of a four-lane main road in the Daejeon City of Korea. NLOS environmentincludes low-rise
(three to five stories which has nine to fifteen meter height) buildings, a four-lane main road, several
two-lane side streets, vehicles, subsidiary facilities, and peoples. The measurement campaign was
taken during daytime from 9 am to 6 pm. During measurement, TX location and antenna bore
sight direction was fixed, and RX puts in two-lane side load in NLOS locations. We choose one
TX at a height of 4m and 15 RX measurement locations. The distance between the TX and RX
ranged from about 120 to 400m. At RX at a height of 1.5m, a 360◦ azimuth sweep at each RX
positionwas automatically performed in steps of 10◦ because of using 21.4 dBi horn antenna with
the 10◦ half power beamwidth. Extensive measurements were conducted for the thirty six different
RX azimuth angles ranged from 0◦ to 350◦ , and for the three different RX elevation angles of
−10◦ , 0◦, and +10◦ creating one hundred eight possible antenna pointing steps. For each of one
hundred eight steps, measurement data were recorded. Finally, R.M.S delay spread measurements
were done at the RX locations in Daejeon, Republic of Korea

Figure 2: Measurement campaign.

3. RESULTS

3.1. Delay Spread
Multipath, which results in intersymbol interference, causes time dispersion, as described by channel
impulse response (CIR). When channel is time varying, time t is needed, and τ is multipath delay.

Let equivalent complex-envelop CIR in time-variant is,

h(tτ) =
I−1∑

i=0

pi (t, τ) exp (−jϕi (t, τ))δ(τ−τi(t)) (1)

where, pi, ϕi, τi are theamplitude, phase shift and excess delay of the i -th propagation path,
respectively. I means total multipath components of transmitted signal arriving at RX. Useful to
discrete τ into delay bins, each bin represents a multipath component. At time t, each bin arrives
at RX with different amplitude, go through a different phase shift, and has a different excess delay.

To derive delay spread at RX in this paper, it is assumed that channel is time invariant as a
special case. This means that multipath components of transmitted signals arriving at the same
RX location have the same time excess delay. In time-invariant case, let equivalent complex-envelop
CIR can be written as,

h(τ) =
I−1∑

i=0

pi exp (−jϕi)δ(τ−τi) (2)

where, pi, ϕiτi are theamplitude (Rayleigh distributed), phase shift (uniformly distributed) and
excess delay (Poisson distributed) of the i -th propagation path, respectively.

R.M.S delay spread (τR.M.S), which is defined as the square root of the second central moment of
power delay profile, is a measurement index of multipath which results in inter-symbol interference
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Figure 3: Power delay profile. Figure 4: Delay Spread: CDF.

to communication system. With τ0 = 0, it is given by,

τR.M.S =

√√√√√√√√

I−1∑
i=0

τ2
i · P (τ i)

I−1∑
i=0

P (τ i)
− τ2

a (3)

with

τa =

I−1∑
i=0

τiP (τ i)

I−1∑
i=0

P (τ i)
(4)

where, τa is mean excess delay, which is defined as the first moment of power delay profile, P (τ i) is
the channel power spectral density as a function of a delay, i.e., how channel power is distributed
along dimension excess delay.
3.2. Analysis
We note that the maximum value of R.M.S delay spread appears to be up to 400 m TX-RX separa-
tion distance at 28 GHz frequency, and then decreases for relative large TX-RX separation distance.
In NLOS case, the TX and RX antennas were indirectly pointed at each other, and large multipath
existed. But, when the separation distance between a TX and Rx is too large (exceeding 400m)
in NLOS, the pathloss is so great that the power of the transmitted signal declines to zero before
reaching the RX, resulting in fewer or no received multipath. For the relations between the R.M.S
delay spread and TX-RX separation distance as well as the cumulative distribution function (CDF)
of the R.M.S delay spread at 28 GHz, the maximum value of measured multipath components using
wide band channel sounder with 2.0 ns multipath time resolution has R.M.S delay spreads below
125 ns, the average has below 58 ns to NLOS environments in small commercial urban environment
of Daejeon, Republic of Korea.

4. CONCLUSION

We found that the measured values from the light urban environment of Daejeon City in Republic
of Korea have substantial differences in comparison with the dense urban environment in R.M.S
delay spread in [2]. To find adequate R.M.S delay spread components, we believe that the results
through extensive measurement in various urban environments should be more discussed.
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