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Abstract—There is no standard method on how to carry out
Indoor Radio Frequency (RF) coverage assessments in 3G and
4G mobile networks. Random methods are preferred by RF
engineers when performing measurement campaigns.
Unfortunately, in indoor environments, these random methods
are usually limited to assessing RF coverage around the
internal contours of buildings. The above methods are exposed
to several shortcomings such as the geographical occupancy of
the space and the size of samples collected. The Special Drive
Test Route (SDTR) method was introduced and works better
than these random methods. Even though the SDTR is better
as compared to random methods, it is not perfect. For instance,
this method has limitations in choosing the direction of the
route and the spacing between routes. This paper focuses on
Square SDTR and provides strategy to overcome the
limitations of the SDTR method, in order to give RF engineers
a more reliable way to assess indoor RF coverage in 3G and 4G
mobile networks. As a result, spacing between axes should not
exceed 1.5m to get more reliable results and in 67% of studied
cases, more samples could be collected by carefully choosing
itinerary path direction.
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In 2018, mobile-cellular telephone subscriptions rate in
Africa exceeded 75% [1]. Also, more than 75% of mobile
communications are done in indoor environment. Thus,
operators should pay close attention on indoor Radio
Frequency (RF) coverage to provide a suitable Quality of
Service (QoS). Often, RF coverage can be good out of a
building but, very poor inside, mainly due to power
attenuation that occurs while RF waves hit building walls.
Most of the time, mobile network operator’s relay stations
are outdoor located and telecoms operators use outdoor-to-
indoor propagation loss model to predict RF coverage
anywhere in the network.

RF waves transmitted from base station outdoor located
to a Mobile Equipment (ME) indoor located, first propagate
from outdoors to the building’s external wall before passing
through building’s external wall and finally, reach the ME
inside the building.. Thus, Outdoor-to-indoor propagation
loss is estimated by predicting the propagation losses of
these three cases and can be expressed as below:
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Lot = Lout + Lpn + Lin

Where Lg; is the total outdoor-to-indoor propagation loss,
Loyt is the outdoor propagation loss, Ly, is the building
penetration loss and L;, the indoor propagation loss. There
are several outdoor propagation loss models and each can be
applied to a particular situation depending on the
surrounding environments such as Okumura et al. Model [2],
Hata model [3], COST-231-Walfisch-lkegami [4]. Dual-
Slope Model [5-6]. Similarly, there are several indoor
propagation models [7] such as One-slope, wall and floor
factor, COST231 multi-wall, linear attenuation, Rayleigh
fading, Log-normal fading, ray launching, ray tracing, Finite
Difference Time-Domain (FDTD), ParFlow, Multi
Resolution-Frequency Domain  ParFlow (MR-FDPF),
dominant path, Geometry-based Stochastic Channel Model
(GSCM). As building penetration loss model, we can cite the
simple model [12].

Indoor scenario is considered in this paper. SDTR
method [9] has been introduced and proposes an objective
evaluation of RF coverage. However, this method shows
weaknesses in choosing itineraries paths direction and
spacing between axes. Thus, the purpose of this article is to
overcome these limitations. This paper is organized as
follows: section II shows the impact of itineraries direction
using square-SDTR, Section III recommends a theoretic
limit value of spacing between axes and Section IV describes
campaigns measurements, presents results and analysis.

II.

Common building room’s ground shape is rectangular.
Figure 1 shows the usual building rooms two Dimensions
(2D) shapes which can be decomposed as uniform square

blocks to facilitate SDTR covered distances calculation.
L
L.

IMPACT OF SDTR ITINERARY PATH DIRECTION
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Figure 1. Usual buildings 2D shapes.
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where s: square block side, L: room shape length and W:
room shape width. Thus, for different values of r and q, there
are 04 main scenarios as shown below:

e (g=0andr=0) = Ly =>W;

e (gq=0andr#0) = Lg>W;

e (q#0andr=0) = Ly =W

e (g#0andr=#0)= (Lg = Wsand q =) or (Lg > W)

Ly, and Lyyare respectively the distance covered following
length and width directions. AL, the gap between L; and
Lw.given as below:

AL =1L, — L, (1)

A. Square SDTR with q=0 and r=0

Figure 2 and Figure 3 illustrate square SDTR itineraries
paths directions.
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Figure 2. L Square SDTR for =0 and r=0.
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Figure 3. Ly Square SDTR for q=0 and r=0.

Ly, and L, for this scenario are given as below:
Ls
L, =WS(1+?)+LS

LW=LS(1+%)+WS @

ril‘—b

Figure 5. Ly Square SDTR for q=0 and r#0.

Ly = W+ 1) (1+2) +1,

3
Lw=Lo (1+25) + Lo+ Wy + 1 ®

C. Square SDTR with q#0 and r=0

TABLE II. SQUARE SDTR SUMMARIZATION FOR R#0 AND Q=0
W, = L, W, # L,
r<gqg NA NA
r=q NA NA
r>q NA L, —Lw>0

Figure 6 and Figure 7 illustrate square SDTR itineraries

paths directions.
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a

Figure 6. L; Square SDTR for q#0 and r=0.
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Figure 7. Ly Square SDTR for q#0 and r=0.

TABLE L SQUARE SDTR SUMMARIZATION FOR R=0 AND Q=0
- L
W; = L W # Lg LL=WS(1+f)+LS+WS+q
r<q NA NA w. (4)
r=9q L —Ly=0]L —Ly=0 LW=(LS+q)(1+TS)+WS
r>q NA NA
5 TABLE IIL SQUARE SDTR SUMMARIZATION FOR R=0 0
B. Square SDTR with q=0 and r#0 Q AND Q7
Figure 4 and Figure 5 illustrate square SDTR itineraries Wi =L Wiz L
paths directions. r<q L —Lw>0 L —Lw>0
- r=gq NA NA
Is r>q NA NA
w, D. Square SDTR with q#0 and r#0
Figure 8 and Figure 9 illustrate square SDTR itineraries
%% paths directions. These pictures will be used as reference to

-

E calculate Ly, Ly .and AL.
Figure 4. L Square SDTR for q=0 and r#0.
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Figure 8. L, Square SDTR for q#0 and r#0.

L, q

|
&1 R

-—
s

Figure 9. Ly, Square SDTR for q#0 and r#0.

L= Ws+1)(2+2) + (L + )
Lw = (Ls + Q) (2+%)+(Ws+r) ®)

As shown in Figure 10, AL(r,q) can be can be positive or
negative when r > q and Wy # L.
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Figure 10. AL Square SDTR for q#0 and r#0 and Wy # Lgand r>q

III. SPACING BETWEEN AXES

COST231 multiwall [7] is widely used among empirical
indoor path loss models. In [8][10], it is used for indoor part
in the outdoor-to-indoor path loss model. Thus, this model
can be used on this project and it is expressed as below:

W ng+2

b
L = Les + Lo+ ) Ly +Lnoe ) @)

i=1

Where Lgs(dB) is the free space path loss for the straight-
line path between the transmitter and receiver, L,,; (dB) is
the penetration loss for a wall of type i, ny; is the number of
walls of type i, W is the number of wall types, n; is the
number of floors, Ly (dB) is the penetration loss per floor, b
and L. are constants which are determined empirically.
Also, free space loss is expressed as below:

Where f (Hz) is the frequency and d (m) is the distance
between the transmitter and the receiver. In (9), distance
appears only on free space path loss, the term 20 log,,(d)
indicates that loss increases at a rate of 20 dB per decade.
Usually, 3dB attenuation is a signal power loss of 50%.
Thus, spacing between axes could be chosen as below:

20log,0(d) £3dB = d<1.5m
IV. EXPERIMENTAL RESULTS

A. Measurement Campaign

Measurements campaigns have been conducted in urban
area in Cameroon for 3G and 4G mobile networks. Tool
used for samples collection was Tems Investigation Pocket
20 that inspects the minimum Lee criteria sampling rate in
UHEF band [11]. Walk tests average speed was 4Km/h. Also,
confidence interval of 95% and margin error of 5% have
been used. Test building is shown in Figure 12 and

TABLEIV.  SUMMARY OF SQUARE SDTR FOR R#0 AND Q#0 considering usual buildings rooms dimensions in Cameroon,
WL WL Six (06) values of spacing have been chosen (50cm, 100cm,
s r— 150cm, 200cm, 250cm and 300cm).
<q | L —-Lyw<O0 L —Lw<0 - L bpes
=q| L -Ly=0 L, — Ly <0 - -
k<a L —Lw>0 |
r>q NA k=a Ly —Ly=0 |RDDM#6 anns
k>a |L —Ly<0 a5 oo L s
Ls — W, Wq\ T — )
k=—-2, kEN*anda=(1+—S>( q) (6) tam
s s /\s—r _
In summary, 12 cases have been studied and 04 of these RoOM 5 .
cases (33%) are gotten for AL = 0. Thus, in the remained '
08cases (67%) where AL = 0, the itinerary path direction can
impact indoor RF coverage assessment results. 1207 oo 82 — i
79 67 7313

Figure 12. 2D building ground shape used for practical tests

Using square SDTR for each mobile technology (3G and
4G), we conducted an average of six (6) measurement

Figure 11. Impact of studied SDTR itineraries paths direction summary campaigns in each room as shown in Figure 13. We also
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conducted additional standard indoor walk test as shown in
Figure 14 which is usually done by RF engineers and that
consists of samples collecting only around the edges of e
rooms walls. Considering each room dimension as shown in B F o
Figure 8, and applying best direction choice as developed in . ] 200
section II, some values of spacing were not applicable and / 350w
these cases have been excluded. Let’s denote X the random 0% T
variable defined as the value of RSCP in dBm or RSRP in _F s
dBm, respectively for 3G and 4G mobile networks. We 6557697173 75 77 798133 85 -87 69 91 93
define the probability mass function p(x;) of X by: RSCP (iBm)

p(x) = P{X =x} Figure 16. 3G Indoor RF coverage in Room#2
Where x; is a discrete value of RSCP or RSRP with x;,; —
x; = 1 dB . For each result, we got a cumulative distribution 1o 7};{
function and the indoor RF coverage.

RF Cov erage (%o}

5=300cm

—0verall

;I ——s=50cm
[_ ~——5=100cm

o
=
E3

RF Cov erage (%)
@
g
B

| ——5=150cm

40% f
11—'-00 i +1 fe cm. # ——5=100cm
s ——s5=150cm

’d
- 0% = 5=300cm
CERERERERESE S Standard

Figure 13. Square SDTR with spacing between axes of 100cm in Room#3
RSCP (dBm)

Figure 17. 3G Indoor RF coverage in Room#3

100% f
% 80% ——Overall
Et 0% —5=50cm
Figure 14. Common Indoor RF coverage assessment itinerary :E 0% T,
[ ——s=150cm
B. 3G Results 0% _S:m;”:
——Standar
3G Frequency Division Duplex (FDD) mobile network T
was considered. For this kind of mobile network, RF EERERREREE RS
received signal power in dBm is given by Received Signal 508 (@Bm)
Code power (RSCP) [13-14]. Figure 18. 3G Indoor RF coverage in Room#4
100%
TABLE V. FDD RSCP RSRP APPRECIATION IN 4G LTE - H
5 80%
RSCP RSRP 2
Et ——Overall
Excellent [-75; 400 [-44 ;40 [ 5 o60%
Good [85:75[ [-100; 44 5 . s
Acceptable [-95;-85] [-110;-100 [ S / #100cm
Bad [-115;-95[ [-140;-110[ 20% —Standard
Non —Existent |]-00;-115[ ]-00;-140 [ ” f
From Figure 15 to Figure 20, RF coverage is shown 59 -0 91 97 93 94 95 96 97
according to RSCP values in Room #1, #2, #3, #4, #5 and RSCP ({Bm)
#6. Figure 19. 3G Indoor RF coverage in Room#5
100% — -
" } —Overall 100% I
£ - 2
< 80% ﬁ —s=50cm ? 80%
Et 60% I =100 E[ H = Overall
H _,:’ —s=150cm s 60%
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= 40% 1 200 E ——s=50cm
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20% - | B 20% —Standard
F 5=300cm
0% e Standard 0% J
-65-67-69-71-73-75-77-79-81-83-85 -87-89-91 -93-95-97 65 -68 -71 -74 -77 -80 -B3 -B6 -89 -22 -5 -98
RSCP (dBm) RSCP (dBm)
Figure 15. 3G Indoor RF coverage in Room#1 Figure 20. 3G Indoor RF coverage in Room#6
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Figure 19 shows the Mean Average Deviation (MAD)
between the overall results and those gotten from each value
of spacing between axes, varying from 50 cm to 300 cm, for
all the rooms.
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Figure 21. MAD for 3G Mobile Network

C. 4G Results

In 4G LTE mobile networks, RF received signal power in
dBm is given by Reference Signal Received Power (RSRP)
[15]. RSRP appreciation is shown in Table V. From Figure
22 to Figure 27, RF coverage is shown according to RSRP
values in Room #1, #2, #3, #4, #5 and #6.
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Figure 23. 4G Indoor RF coverage in Room#2
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Figure 25. 4G Indoor RF coverage in Room#4
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Figure 26. 4G Indoor RF coverage in Room#5
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Figure 27. 4G Indoor RF coverage in Room#6

Figure 26 shows the Mean Average Deviation (MAD)
between the overall results and those gotten from each value
of spacing between axes, varying from 50 cm to 300 cm.
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Figure 28. MAD for 4G LTE Mobile Network

D. Analysis

Considering results shown in Figure 21 and Figure 28,

we made the following analyses:
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Figure 24. 4G Indoor RF coverage in Room#3
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In 67% and 100% of studied cases respectively for
4G LTE and 3G mobile networks, results obtained
with spacing value of 50cm are the closest to
overall results that confirms once again the
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importance of space occupation during RF
coverage assessments campaigns.

In 67% and 83% of studied cases respectively for
4G LTE and 3G mobile networks, results obtained
from common indoor walk tests are the worst.
These results confirm again the limitations of
standard methods as compared to SDTR method.

In most of studied cases, the mean average
deviation between overall results and those
obtained with spacing values of 50cm and 100 cm
are really close, in both 3G and 4G LTE mobile
networks.

In most of studied cases for both 3G and 4G
mobile networks, results obtained considering
spacing value of 150cm are really close to those
obtained with spacing value of 50cm. Thus,
spacing value of 150cm could be considered as the

limit value using Square SDTR in indoor
environment.
V. CONCLUSION

Indoor RF coverage assessment is very important to
guarantee network availability for a better access to
broadband services via 3G or 4G mobile networks. In this
paper, several stages have been considered that include
illustration of itineraries directions’ impacts using SDTR,
recommendation of a theoretic limit value for spacing
between axes and experimental results. Thus, using square
SDTR, spacing between axes should not exceed 1.5 m and
RF engineers should pay a close attention on itineraries
directions paths selection before performing power signal
measurements campaigns.
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