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Abstract: High date rate and huge bandwidth Millimeter wave systems suf- fers from poor link budget due to the blockage of the
millimeter wave signal by the obstacles. Directional antenna which guarantees signal delivery if line of sight communication
between the transmitter and receiver exists with the improvement in a signal strength. Multi Input Multi Output (MIMO) beamforming uses channel statistics to guide the beam improving the multiplexing gain and beamforming gain.
In this paper, Evaluation of the equivalent omnidirectional antenna pattern and omnidirectional received power are calculated by
summing the received powers from all measured unique pointing angles recived at antenna halfpower beamwidth step increments
in the azimuth and elevation planes, By demon- strating that the synthesized omnidirectional received power and path loss this
method is validated and are independent of antenna beamwidth, through theoretical analyses and millimeter-wave propagation
measurements using an- tennas with different beamwidths. The method provide accurate results while increasing the measurement
range substantially through the use of directional antennas.
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I. INTRODUCTION
Millimeter-wave (mmWave) is considered as a promising technology for fifth generation (5G) mobile. High-gain directional
antennas is use to overcome significant increase in free space path loss in mmWave frequencies at the base station and/or mobile
handset sufficient gain to complete mmWave links over 500 m or so, For proper design of wireless systems and protocols MmWave
propagation measurements are needed to accurately characterize channels and create statistical channel models.
Electrically-steerable adaptive antennas is used in 5G mmWave systems,
, many researchers are using mechanically rotatable horn antennas to mea- sure the channel at a wide range of mmWave frequencies.
Practical anten- nas like omnidirectional antennas in 5G mmWave systems is an alternative to electrically-steerable adaptive
antennas[1], [7]–[9], as such antennas are not yet conveniently available for researchers at most mmWave frequencies, therefore many
researchers are using mechanically rotatable horn antennas to measure the channel at a wide range of mmWave frequencies [1], [6],
[10], [11].
II. RESULTS
To a measured set of data. it is a slope of the best fit line the slope is not the same as a PLE. The intercept α may be much higher
than theoretical free space path loss at short distances and the slope β can be very close to zero or even negative, the measured data
are so sparse or clustered in distance.

[Fig. 1 about here.]
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Two parameters (α,β) in the FI model is opposed, by CI model which is more in a global manner robust for data sets as it considers
only one path loss parameter n allows comparisons of results across different distances, environ- ments, and research groups in a
global manner. even in NLOS environments,
CI model makes physical sense because the first few meters from the transmitter will still be line-of-sight (LOS)(considering typical
environments where the radio waves will propagate a number of meters before encountering the first obstacle) [4]. taking into account
the LOS and NLOS probabilities, there is no difference between using the FI model and the1 m CI model in NLOS environments
when considering a probabilistic-type path loss model .taking into account the LOS and NLOS probabilities.
III. DISCUSSION
To study characteristics mmWave channel at 23 GHz using directional horn antennas at both the TX and RX at RF nullto-null
bandwidth ◦of 800 MHz multipath time resolution of 2.5 ns, which guarantees that a majority of multi- path components (MPCs) can be
notable. In the 23 GHz measurements, three TX locations (heights of 7 m and 17◦ m) and ◦27 RX locations (heights of 1.5 m) were
selected to conduct the measurements [4]. Two types of horn anten- nas were employed: a 24.5 dBi-gain narrowbeam horn antenna
with 10.9◦ and 8.6 half-power beamwidths (HPBWs) in the azimuth and elevation planes, respectively, and a 15 dBi-gain wide beam
horn antenna with 28.8 and 30 are selected are selected with HPBWs in the azimuth and elevation planes, re- spectively. At the TX
locations The narrowbeam antenna was always utilized The narrowbeam antenna was always utilized at the TX locations, and five of
the RX locations used both the narrowbeam and wide beam antennas, includ- ing two LOS and three NLOS locations At the TX
locations The narrowbeam antenna was always utilized at the TX locations, and five of the RX locations used both the narrowbeam
and widebeam antennas, including two LOS and three NLOS locations.

[Fig. 2 Omabout here.]
For every TX-RX location combination (except the 2 LOS RX locations), the RX antenna was consecutive swept over the complete
angle plane in increments of 1 HPBW at elevation angles of 0 and 20 concerning the horizon, so as to measure contiguous angular
◦
snapshots of the channel impulse response over the nine out of the ten measurement sweeps
for each TX-RX location combination
(except the two LOS RX locations),
The RX antenna was consecutive swept over the complete angle plane in increments of 1 HPBW at elevation angles of 0 and 20
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concerning the horizon, so as to measure contiguous angular snapshots of the channel impulse response over the entire 360 azimuth
plane, while the TX antenna remained at a fixed azimuth and elevation angle.
In the 73 GHz measurements, five TX locations (heights of 7 m and 17
m) and 27 RX locations were used, with RX antenna heights of 2 m (mobile scenario) and 4.06 m (backhaul scenario), yielding a total
of 36 TX-RX location combinations for the mobile (access) scenario and 38 combinations for the backhaul scenario. A pair of 27
dBi-gain rotatable directional horn antennas with a HPBW of 7 in both azimuth and elevation planes was employed at the TX and
RX. For each TX-RX location combination, TX and RX antenna azimuth sweeps were performed in steps of 8 or 10 at various
◦
elevation angles. In the measurement
system, the total time of acquiring a power delay profile (PDP) (including recording and
averaging 20 instantaneous PDPs) was 40.94 ms 20 = 818.8 ms, where 40.94 ms was the time it took to record a single instantaneous
◦
◦
PDP (The times were dilated based on the sliding correlation method) [4]. Additional measurement procedures, channel modeling
results, and hardware specifications can be found in[1], [3], [4], [6].
IV. CONCLUSIONS
This paper presented and validated a method for synthesizing the omnidirectional antenna pattern and resulting omnidirectional
received power and path loss from measured data using directional horn antennas, by summing the received
powers from each and every measured non-overlapping directional
HPBW antenna pointing angle combination. Both theoretical analyses and measured results were provided to validate this method.
It was shown that the received power using 3 3 narrowbeam antennas agreed relatively well with that received from a single
widebeam antenna (where the
azimuth and elevation HPBWs of the widebeam antenna were about three times that of the narrowbeam antenna). Using directional
antennas with different beamwidths yielded almost identical received power and path loss synthesized over a systematic incremental
scan of the entire azimuth plane(s). By extrapolating these results between narrowbeam and widebeam antennas for the case of a
complete azimuthal scan, it is shown that the omnidirectional antenna pattern may be synthesized through azimuthal and elevation
scans over the entire 4 steradian sphere. In addition, the 73 GHz measurement data
Fig. 3. Comparison of 28 GHz NLOS effective directional path loss
using the widebeam (28.8 /30 azimuth/elevation
◦ ◦
HPBW) and narrowbeam (10.9 /8.6 azimuth/elevation HPBW) antennas at three
RX locations. The “discrete” widebeam path loss is obtained using a single widebeam antenna, and the “discrete” narrowbeam path
loss is synthesized from nine narrowbeam antennas with adjacent antennas separated by 10 and 20 in the azimuth and elevation planes,
respectively. The “all” path loss corresponds to the effective path loss over the entire azimuth plane(s). showed that when
considering the total
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Fig. 1 Small scale PDP-73GHZ 422.6m TR Seperation.
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