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Abstract—In this paper, we present the small scale characteris-
tics of indoor office scenario based on the channel measurement
at 14 GHz with 250 MHz bandwidth. The measurements were
operated at more than 100 receiver locations including LOS and
NLOS cases over distances up to 55 meters by utilizing a sliding
correlator sounder with 125 mega-chip per second (Mcps). Be-
sides, highly directional horn antennas and dipole antennas were
used, respectively, to get the channel characteristics including
power delay profile (PDP), path number and root-mean-square
(rms) delay spread. The results of path number and rms delay
spread measured by dipole antennas and horn antennas are
different in LOS case. Compared with the results measured by
horn antennas, the path number and rms delay spread value
obtained by dipole antennas is bigger in LOS case, where rms
delay spread values are 30 ns and 52 ns, respectively. It is
reasonable that some multipath information is lost when using
horn antenna to measure. In NLOS case, path number and rms
delay spread only measured by dipole antennas are given.

I. INTRODUCTION

As the development of smart phone and mobile application,
mobile traffic has experienced a explosive increase. Specially,
[1] makes a prediction that the mobile traffic will grow more
than 1000 times in the next 10 years. It is also predictable
that spectrum below 6 GHz will be crowded absolutely. To
alleviate this problem, new technologies [2] and bands need
to be used. Moreover, there has been growing interest in high
frequency bands above 6 GHz [3]-[5]. Because high frequency
bands can not only provide much more spectrum, but also
make antennas’ size smaller, which also helps realize massive
Multiple-Input Multiple-Output (MIMO) application.

Though utilizing high frequency bands has apparent bene-
fits, there are many problems needed to be considered, such
as the cost of mass-producing chips and high free-space path
loss [6]. Especially, path loss at high frequency bands will be
higher, which significantly influences the design of cellular
network. Thus, extensive measurements at high frequency
bands are necessary [6]. [7] presents the large scale parameters
of wideband multipath channels based on extensive measure-
ment campaigns at 11 GHz. [8] describes an indoor channel
measurement system at 28 GHz and gives analysis result of
propagation characteristcs. Moreover, New York University
(NYU) has done many measurements at 28 GHz [9], 38 GHz
and 60 GHz [10], [11]. All of these measurements give some
insights on channel characteristics at high frequency band,
such as path loss and rms delay spread.
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(a) horn antenna (b) dipole antenna

Fig. 1. Horn antenna and dipole antenna

Because of the comparative low path loss and wide available
band (14 GHz - 15.3 GHz can be used for mobile communi-
cation in China), 14 GHz may be used as carrier frequency
in the next generation wireless communication system. In
this paper, we lay emphasis on investigating the propagation
characteristics of indoor office radio channel based on our
channel measurements at 14 GHz. Besides, high frequency
is more likely to be used at a small range of distance, so
we choose office as measurement scenario. A long-standing
obstacle for the realization of millimeter waves systems is the
high free-space path loss, so the high-gain (high directivity)
antennas are widely used to compensate the path loss [10]—
[15]. During our measurements, two kinds of antennas, highly
directional horn antenna as Fig. 1(a) and dipole antenna as Fig.
1(b), are utilized respectively at the same measurement spots
where are line-of-sight (LOS). Besides, we also use dipole
antenna to conduct measurement in non line-of-sight (NLOS)
environment. PDP, path number and delay information with d-
ifferent antennas are obtained and we make a comparison with
them. All of these efforts will help to character propagation
channel in indoor office scenario at 14 GHz.

The remainder of this paper is organized as follows. The
measurement system and scenario are explained in Section
II. Data processing methods are described in Section III.
Results and analysis of propagation parameters are discussed
in Section IV. Section V summarizes the results of our work
and concludes this paper.
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Fig. 2. The structure of 14 GHz measurement platform.

II. MEASUREMENT DESCRIPTION

A. Measurement System

The measurement platform in our measurements is mainly
make up of instruments of Rohde & Schwarz as Fig. 2. We
use R&S®SMW200A vector signal generator as transmitter
at the Tx side, whose frequency ranges from 100 KHz to 20
GHz. Besides, the transmitted power before Tx antenna can be
up to +30 dBm, which guarantees long enough measurement
distance for indoor office scenario. At the Rx side, R&S®FSW
signal and spectrum analyzer is utilized and its maximum
analysis bandwidth can be 320 MHz.

In our measurement campaign, the center frequency of
transmitter is set to 14 GHz with 250 MHz bandwidth and
the PN sequence whose length is 2'6 are transmitted at a
rate of 125 Mcps. Thus, this platform allows a multipath time
resolution of 4 ns (double sampling) and the total time of a PN
sequence is 524 us (about 0.5 ms). For 14 GHz, if we assume
the maximal moving speed v is 1 m/s, the channel coherence
time calculated by

1 e
Jm vf
is about 21 ms, where f,, is the maximal Doppler frequency
and c is the velocity of light. The calculate result shows that we
can obtain a complete sample in the coherence time. Besides,
a total of 228 samples (snapshots) were obtained at each
measurement spot. Double-ridged waveguide horn antennas
and dipole antennas as Fig. 1 are used separately. The basic
parameters of these two kinds of antennas are listed in Table
I. Where E and A indicate the angle of elevation and azimuth,
respectively.

T, ~ ey

TABLE I
ANTENNA PARAMETERS

Horn antenna | dipole antenna
Frequency range [GHz] 0.8 to 18 13 to 15
Polarization vertical vertical
Gain [dBi] 14.1 1.5
3dB beam width(E) —18° ~ 18° —30° ~ 30°
3dB beam width(A) —16° ~ 16° | —180° ~ 180°

B. Measurement Scenario

The channel measurement campaign is carried out on the
21th floor of the Innovation Building in China Mobile Re-
search Institute. We had executed two different measurements,
respectively, illustrated by Fig. 3.

@ Tx1->Rx (LOS)
W Tx2->Rx (NLOS),

Fig. 3. Layout of the measurement

In our measurements, the transmitter (Tx) is installed in the
corner and at the center of modern office, respectively. We
both use dipole antenna and horn antenna to measure for LOS
case (represented by red circular dots) when the transmitter
is set up in the corner (represented by red five-pointed star)
and only use dipole for NLOS case (represented by green
square dots) when the transmitter is installed at the center
(represented by green seven-pointed star). The measurement
spots where receiver (Rx) are installed are mainly planned in
corridor between different workstations or rooms. The distance
range is 1 - 40 m in LOS case and 18 - 47 m in NLOS case,
respectively.

III. DATA PROCESSING METHODS
A. PDP

The measured channel impulse response (CIR) can be
modeled as h(7;),l = 1,2,--- , L, where 7; indicates the delay
of the /th sample in the delay domain. L is the sampling length
of a CIR at certain time. Then the power delay profile (PDP)
corresponding to the CIR can be calculated by

P(n) = [n(m)|? 1= 1,2, , L 2)

where || - || indicates 2-norm operation.
Power delay profile reveals the power strength of received
signal and travel time of arrived resolvable paths.

B. Path Number

The number of the paths of a CIR snapshot equals to the
number of extremum values of the power delay profile.

Firstly, we define the sub-paths as a set of all the valid
sampling values of the CIR snapshot. Based on the definition
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of the CIR before, the sub-path of the CIR can be further
defined by

A= h’(Tl)‘P(TZ) > X57l = 1727' o aLv (3)

where X is a empirical threshold which is related to the noise
level of the CIR. We have two different methods to set X,
and we called them M; and M5, respectively. The methods
are described as follows:

o \[;: Determine the threshold X according to the dynamic
range and average power of the noise. The dynamic range of
noise is obtained by a large number of samples. This method
can get more effective samples when SNR is low.

o M5: Determine the threshold X; according to the dynamic
range and peak power of the signal. The threshold is set to
the value when multipath energy falls to X dB below the peak
power of the signal. When the dynamic range of the sample
is smaller than or close to X dB, the sample will be rejected.

For ease of analysis, we define U = {7|h(r;) € Al =
1,2,--+, L}. Then the extremum values set of the power delay
profile can be denoted by

B ={P(n)|P(r) > P(11-1), P(11) > P(1141), 71 € U}
“
Thereby, the path number of the CIR is the element number
of B.

C. delay

The mean excess delay, rms delay spread and maximum
excess delay (X dB) are multipath channel parameters that
can be determined from a power delay profile. The time
dispersive properties of wide band multipath channels are most
commonly quantified by their mean excess delay (7) and rms
delay spread (o). First of all, we give the definition of each
parameter based on [16].

The rms delay spread is the square root of the second central
moment of the power delay profile. So the rms delay spread
can be simply calculated by

or =\/T2— (7)2 Q)

where the bar over the variable means doing the average
operation, 72 and 7 can be calculated by

- Ze:u P(Tl)712
=Y P ©

TIEU

> P(m)m
P T eU (7)

> P(m)

TieU

and

These delays are measured relative to the first detectable
signal arriving at the receiver at 7y = 0. Equations (6) and (7)
do not rely on the absolute power level of P(7), but only the
relative amplitudes of the multipath components within P(7).

The maximum excess delay (X dB) of the power delay
profile is defined to be the time delay during which multipath

energy falls to X dB below the maximum. In other words, the
maximum excess delay is defined as 7x — 79, where 7y is the
first arriving signal and 7x is the maximum delay at which a
multipath component is within X dB of the strongest arriving
multipath signal (which does not necessarily arrive at 7).

IV. RESULTS ANALYSIS
A. PDP

We mainly compare the PDPs measured by horn antennas
and dipole antennas. For easy of comparison, we set the peak
value of power to 0 dB, then the average noise power will
be different because the SNRs of received signal measured by
different types of antennas are not same.

To distinguish the different paths, we can calculate the
difference of propagation distance, at least 1.2 m. Because the
delay resolution of this platform is 4 ns. Besides, by analyzing
PDP, we can get the propagation distance difference compared
to the main path (generally direct path in LOS case). Fig. 4 -
Fig. 6 show the PDPs when the Rx is installed at spot 1, spot 2
and spot 3 as shown in Fig. 3, respectively. During calculating
path numbers, X is set to 20 dB.

Power-Delay—-Profile
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—— PDP (Horn)
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Power(dB)
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Fig. 4. The PDP when Rx is installed at spot 1

Fig. 4 shows that the numbers of effective paths measured
by horn antennas and dipole antennas are both 1 at spot 1
(Tx - Rx distance is 1 m). And we can find that there is not
the condition that can form strong, separable paths through
observing the surrounding environment of spot 1.

Fig. 5 shows that the numbers of effective paths measured
by horn antennas and dipole antennas are 1 and 9 at spot
2 (Tx - Rx distance is 15 m), respectively. The propagation
distance difference between the obvious separable path in
circles (shown in Fig. 5) and the main path is about 5 m.
The path is most likely reflect to the Rx though area 1 in Fig.
3.

Fig. 6 shows that the numbers of effective paths measured
by horn antennas and dipole antennas are 1 and 5 at spot 3
(Tx - Rx distance is about 30 m), respectively. The propagation
distance differences are 7.2 m, 10.8 m, 22.8 m, 32.4 m and
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Fig. 5. The PDP when Rx is installed at spot 2
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Fig. 6. The PDP when Rx is installed in spot 4

80.4 m. The first four paths most likely come from area 2, area
3 and area 4 in Fig. 3. The last one path may be the product
of multiple reflections, or the synthetic results of some paths
with similar delay.

From the above three figures, we find that the path number
measured by dipole horn antennas is less than that measured by
dipole antennas. This is because of the high directivity of horn
antennas. Besides, we find that non-direct paths have much
smaller energy compared to direct paths, especially when the
SNR is high. When we calculate rms delay spread, the most
weak paths have little influence on the result.

B. Path Number

Table II shows the mean path numbers of different cases in
our measurements, and some samples with low SNR are not
considered during calculating the path numbers.

It can be seen from Table II that the mean path number
measured by horn antennas is more than that measured by
dipole antennas in LOS case when we use M, to extract the

TABLE II
PATH NUMBER
Path number
Scenario Case M My (X dB)
' [20dB [ 30 dB
LOS, horn 11 1.5 6
Indoor office | LOS, dipole 8 4 9
NLOS, dipole | 10 8 13

paths. Investigating its reason, signal-noise-ratio (SNR) is a
factor that can not be neglected. The received signal have high
SNR, which results in more paths captured when we use horn
antennas in the received scope of the antenna. In contrast, the
low SNR gives rise to many paths submerged in noise, and
can not be separated.

Different thresholds are set when we use M5 to extract the
paths will result in different results, especially when SNRs
have big gaps. We show the results in Table II when X is
set to 20 dB and 30 dB, respectively. The result shows that
no matter what type of antenna we use, the path number
increases with the reduce of threshold. However, the average
path numbers measured by dipole antennas are always greater
than that measured by horn antennas.

Different measurement spots have different path numbers
due to the variation of surrounding propagation environment.
Fig. 7 shows the path numbers in different distances in the
condition of X = 20 dB.
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Fig. 7. Path number changes with distance

In conclusion, the path numbers measured by dipole an-
tennas trend to grow with distance increasing, although the
change of path number is complex due to the variation of
propagation environment. The effective paths measured by
horn antennas are rare when we set X = 20 dB, so the trend
of growth is not obvious. This is because of high gain and
high directivity.

In NLOS case, the paths are much richer than that in LOS
case, so the path number is greater. Due to lack of direct path,
the difference of each path on energy is not too big. Besides,
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the total received power is less.

C. Delay

Fig. 8 illustrates the results of rms delay spread in the
condition of X = 20 dB.
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Fig. 8. CDF of rms delay spread

The delay spread measured by dipole antennas is obviously
big than that measured by horn antennas. This is due to the
directivity of horn antenna, what results in the directions (the
value of delay) of measured paths more concentrated.

The value of rms delay spread in NLOS case is bigger than
that in LOS case obviously due to more rich paths in space.

Table III shows the results of delay spread results in indoor
office scenario.

TABLE III
INDOOR OFFICE DELAY SPREAD RESULTS

RMS Delay Spread[ns]

Case o CDFY pMean Mean MED [ns]
LOS,horn 30 21 53
LOS,dipole 52 33 128

NLOS,dipole 73 45 181

Through the above analysis, we find that the rms delay
spread results measured by dipole antennas in LOS case are
about fifty percent bigger than measured by horn antennas.
Besides, in the condition of dipole antenna, the mean RMS
delay spread in NLOS case is 12 bigger than in LOS case.

V. CONCLUSION

In this paper, a measurement system main consisting of a
vector signal generator, a signal and spectrum analyzer, a pair
of horn antennas and a pair of dipole antennas for indoor
office channel measurements at 14 GHz is presented. On this
basis, propagation characteristics including PDP, path number
and rms delay spread were extracted and analyzed. On the one
hand, we compared the difference of results measured by horn
antennas and dipole antennas in LOS case. On the other hand,
we give the main parameters about delay including both of
the LOS case and NLOS case.
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