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Abstract
Television White Space (TVWS) is currently a leading technology for broadband connectivity in
rural areas due to its penetration capability and robustness to attenuation and fading. Since most
rural areas where TVWS is suitable are characterized by sparse population distribution, a deployed
network must be adequately planned to provide the required coverage while meeting the targeted
quality of service. This paper modelled and analyzed the capacity of a TVWS suitable for sparsely
populated settings. The TVWS network was modelled using the distance distribution approach,
and capacity simulation was carried out through Matlab. Results showed that, at the signal quality
of just 10 dB, a network of one BS and 10 CPEs (Customer Premise Equipment), achieved a
channel capacity of 18 Mbps and user downlink capacity of 2 Mbps. These results are better than

the trials conducted in a similar environment in the sub-Saharan Africa region.
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Introduction

Although wireless networks have become
imperative in our daily lives, exponential
growth in the number of user devices and
applications put a massive demand on rapidly
congesting spectrum (Struzak et al. 2015). As a
result, large parts of the communities lack
broadband connectivity as network service
providers prioritize this scarce and expensive
resource  (World Bank 2018). In most
developing countries, the problem is dire, with
the Internet penetration of just 35% of the
global average (Miniwatts 2020). Traditionally,
cellular wireless networks deliver broadband
services to remote areas; however, low returns
on investment (Rol) have made it expensive to
deploy such networks in sparsely populated
areas. The emergence of the Television White
Space (TVWS) provides an opportunity to curb

this growing spectrum shortage. Studies show
that most developing countries possess a
hugely untapped TVWS spectrum (Ismail et al.
2019). One of the studies conducted in Nigeria
showed a TVWS percentage availability of up
to 80% in some areas (Abu and Ufoaroh 2019).
In South Africa, a study by Lysko et al. (2014)
showed the availability of up to 90% in rural
areas. In Tanzania, the availability of TVWS is
more than 80% in most regions. For instance, a
study conducted in Dodoma region has shown
the availability of the TVWS to be close to
100% for 80% of the time (Matogoro et al.
2018). Coincidentally, the TVWS’ penetration
and bandwidth benefits make it possible to
offload broadband networks at a relatively low-
costs, especially in areas where traditional
approaches cannot realize the returns on
investment.
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In the last decade, rapid developments in
TVWS have been witnessed, including
standardization and testing via several trials
across the world. The wireless standards in
TVWS specified by the Institute of Electrical
and Electronics Engineers (IEEE) include IEEE
802.11af for Wireless Local Area Network
(WLAN), IEEE 802.15.4m for Wireless
Personal Area Network (WPAN), IEEE 802.22
for Wireless Regional Area Network (WRAN),
IEEE 802.19.1 for coexistence and the
European Computer Manufacturers Association
(ECMA)’s ECMA-392 which is a medium
access control (MAC) and physical (PHY)
layers standard for operation in TVWS. Both
802.11af and IEEE 802.22 are focused on
providing long-range connectivity in rural areas
with IEEE 802.22 covering a range up to 30
km (IEEE 2011, IEEE 2012). While IEEE
802.11af supports time division multiple access
(TDMA), IEEE 802.22 supports orthogonal
frequency division multiple access (OFDMA),
making it a suitable candidate for long-range
broadband communication (Sum et al. 2013).
The white space WLAN parallels the popularly
used wireless fidelity (Wi-Fi) and has come to
be known as White-Fi. While Wi-Fi has been
successful in offloading broadband networks, it
is still too prone to interference as it operates in
ISM bands. This leads to it achieving short-
range coverage with many nodes required to
cover users spread over wider areas. Since it
operates in a much lower band, white-fi can
achieve higher range and capacity as it is less
prone to interference and fading, making it
economically viable for low-income and
sparsely populated areas (Johnson et al. 2016).
The white-fi architecture includes a white
space geolocation database (WSGDB) that
protects the primary (television) network by
appropriately allocating the network resources
like power and channels. White space devices
(WSDs) report their locations to the WSDBs
every time they change locations based on a set
distance threshold. Depending on the type of
the WSD, the WSDBs return the permissible
power and the available channels over which
the transmission should take place. Various

regulators including, Office of
Communications (Ofcom) in the UK, Federal
Communications Commission (FCC) in the
USA, European Conference of Postal and
Telecommunications Administrations (CEPT)
in Europe and others, have developed
frameworks for secondary usage of the TVWS
(Nyasulu et al. 2018, Stirling and Beveridge
2019). An overview of WSDs and regulations
are presented in the study by Amine and
Aawatif (2017).

Unlike most cellular networks deployment,
which is planned for specific areas, the white-
fi, like Wi-Fi, networks are randomly deployed
for particular target users, depending on needs.
To take advantage of the penetration benefits of
TVWS, the location, spacing and radial
coverage of the network nodes need to be
specifically optimized to provide the highest
capacity possible. Most studies and trials used
power allocation schemes to characterize the
secondary user capacity. Such studies include
the ones by Hessar and Roy (2015),
Kalliovaara et al. (2018) and Dore et al. (2018).
To utilize the penetration benefits of TVWS
and reach many sparsely populated users at
good SINR, a conceptual model of a last-mile
TVWS network and its capacity analysis based
on the distance between the secondary CPEs
has been used in this study as proposed by
Amine and Aawatif (2017). One area where
white-fi is useful is in offloading broadband
networks such as LTE and optical fibre, and
this has been used as a case in this study. The
recent rollout of the National ICT Broadband
Backbone (NICTBB) in Tanzania provides a
robust and affordable backhaul that reaches up
to districts level (Pazi and Chatwin 2013).
White-fi clusters can extend the coverage to
remote villages in rural areas similar to the
model proposed by Kumar et al. (2016).
However, unlike the proposal by Kumar et al.
(2016) and in the mobile cellular networks, the
TVWS penetration is exploited in this case to
establish an optimal separation between nodes
which is suitable to cover more users and
realize optimal capacity in a sparse population
setting. This study modelled and analyzed the
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capacity of a TVWS suitable for sparsely
populated settings.

Methodology

This study used the Poisson Point Process
(PPP) distribution model for the Customer
Premise Equipment (CPEs) in a channel
environment characterized by the Hata
propagation model. Several studies have shown
that the Hata propagation model and its
derivatives adequately characterize the pathloss
of sub-urban and rural areas (Akinbolati and
Ajewole 2020, Dionisio et al. 2015, Fanan et
al. 2017, Gao et al. 2020). To exploit the
penetration power of TVWS, the optimal
separation distance between co-channel CPEs
that can ensure reducing interference and
optimizing link capacity is established. To
simplify the analysis, in this study, all the CPEs
have the same configuration, in terms of power,
antenna height and gain. This means, at the
same distance and environmental condition, the
interference power at a target node is the same.
Co-channel interference at a target CPE from
other CPEs in the same cluster is considered.
Due to the high availability of white space
channels in the developing world, the channels
occupied by TV services have been avoided to
simplify the analysis. Using Matlab, the link
capacity performance of such a network with
CPEs deployed following Poisson distribution

of density A was analyzed. Secondly, attention
was turned to a specific CPE and analyzed the
capacity of a user connected in that CPE. The
parameters used for analysis included co-
channel separation, SINR, number of available
channels, CPE operational radius and number
of nodes covering the target area. The
parameter values were obtained from the
operating specifications and guidelines from
the literature. Since there is no TVWS
guideline in Tanzania, a hybrid of FCC and
Ofcom from which most other guidelines have
been derived was used.

Secondary network capacity
The model consisted of one remote white
space base station (WSBS) serving a cluster of

customer  premise  equipment  (CPEs).
Depending on the size of the remote area that
needs to be covered, the number of WSBSs
may differ. Figure 1 shows a typical extension
of a fibre-based broadband network, where at
the point of presence (PoP), the WSBS is
connected to the fibre network via a switch
powered over Ethernet. A Point to Point (PtP)
backhauling strategy is used whereby a link to
a specific CPE is within a 30 km range
supported by 802.22 (IEEE 2011). A typical
service, in this case, could be a streaming
service to a school or hospital.

Further applications of TVWS discussed in
several previously conducted studies include
0T, telemedicine, smart-farming, smart-grid
and others (Hassan et al. 2017, Ismail et al.
2019, Masonta et al. 2015a, b). Depending on
the distance from the fibre network, the signal
may traverse several WS relays before reaching
the final WSBS that serves the intended remote
CPEs. In this context, every WSBS and its
respective cluster of CPEs is termed as a cell.
The CPEs, which are intelligent WS devices,
process the TVWS signal to match the 802.11
family of protocols in Wi-Fi access points and
user equipment. The WS incompatible end-user
devices connect to the last mile network
through the Wi-Fi router.

Channel link capacity

Geolocation databases provide a possibility
for secondary networks to be arbitrarily
deployed as ad-hoc networks—in the similar
fashion Wi-Fi deployment is done in 2.4/5 GHz
band by ensuring the primary network is
protected from the secondary interference
(Hessar and Roy 2015). Figure 2 shows a
secondary network of multiple CPEs randomly
distributed in a specific area co-existing with a
primary network. As stated earlier, the CPEs
distribution follows a Poisson Point Process

(PPP) with densityA. The PPP model
represents random location characteristic of
base stations which exists in heterogeneous
networks when a large number of small cell
base stations are deployed. This scenario
reflects the user centric-deployment nature of
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TVWS, where arbitrary deployment is likely to
happen (Yu and Kim 2013).
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Figure 1: A conceptual model for fiber link extension by TVWS.
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Figure 2:  Primary-secondary systems coexistence model.

For a channel of bandwidth By, the Shannon ~ where SINR, is the ratio of the received

capacity for a target CPE (CPE,) in the center signal power (pR), at CPE, to the total
of the cluster, C; is given as,

interference (| ) and noise (N, ), given
C, =B, log, 1+ SINR,) ) P °

as:
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P
SINR,=—R )
N + ICPEO
Let By ; . Lo ; respectively be the interference

power level of the jth CPE and the channel path
loss between CPE,and the jth CPE situated at a
distance d, ; as shown in Figure 2. The total
interference at the centre of CPE,is;
2
P, . .
Z ICPE +7, = i o |go.1| + 7 (3)
=1 LO.j
where 7,is the self-interference effect in

CPEO

CPE,, N is the number of interfering CPEs in
the cluster and ,; is a gain between the

CPEs. It is assumed that the configuration for
all the CPEs is the same, meaning that

Fo.j =R is the same for all CPEs and the
channel gain to be symmetric, which means
Jo,j =90 =9, for all CPEs.

N
Additionally, 7, « z Icp thus ignored.
1

Since the received signal at the CPE, from the

WSBS  undergoes the  environmental

degradation, it can be expressed as;

PR — ngwgo (4)
L(D,)

where PW and §, are respectively the power

and channel gain of the WSBS and L(D,) is

the path loss between the WSBS and CPE,
which depends on the distance between WSBS

and the target CPE, D, .
Combining Equations (2), (3) and (4), the
SNR; can be expressed as,

5
ng gO ( )

Po 90l
L(Dy)| N, +
( )[ > Lo ,)J
For the white space network to be
beneficial for sparsely populated rural areas, a

wider coverage is required, while maintaining
good SINR. Therefore, owing to the abundant

SINR, =

availability of TVWS, the distance distribution
approach was adopted as opposed to power
optimization. Uniformly poison point process
(PPP) was used as presented by Haenggi
(2005) where the distance distribution between
a point and its nth neighbour in a two-
dimensional plane is given as,

(—Azr?)"
e
f,(r)=—7—+
ri"(n)
where; A denotes the number of nodes per unit
surface area and I"(.) is the incomplete gamma

function. On the other hand, to achieve the
required communication quality, a particular

target SINR, Y, has to be met. The probability

that the signal quality will drop below this
target value is expressed as,

Pout = P (SNRy < 7) @

N
2
Assuming N, «< Polgol”
L(do,j)
j=1

Equation (5), }; can be expressed as,
I:)w g W g 6] (8)

]/T = P |g |2
L( o){ZL(do"_)}

;VYne N (6)

and using

j=1
Assuming equidistant interfering nodes, the
distance do,j between the target CPE (CPEy)

and the jth CPE is deduced from Equation (8)

as,
Ny . L(D,)P,
do,j — D — T P 0 0
w9w

From the CDF of Equation (6), the outage
probability of a link to the n-nearest neighbours

within a cluster can be extracted as,

L_l( 9o ) (9)

_azpzy N (anp2yk
Poue =1 =70 )Zk—lT (10)

Using Equation (1), and considering P
available channels at a target area, the total
capacity of the target CPE, is expressed as,
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P
Co= 2, _,(1 = Pou)Bilog,(1 +vr)  (11)
Substituting Equation (10) into Equation (11),
the link capacity can be expressed as: -
Cy =

P _ 2
> X Bilog, (14 yp) P e
k=1 4=t @
(12)

Cell and user capacity

In this section, cell and average user
capacity have been analyzed considering the
number of sectors, channel aggregation and the
number of nodes per cell. Figure 3 shows a
conceptual model where the 802.11n Wi-Fi
nodes deliver last-mile service to users. Unlike
other Wi-Fi standards, the 802.11n can
theoretically offload up to 65-600 Mbps
amount of data and is backward compatible
with 802.11a, b, and g standards (Karthipan et
al. 2016). In addition, it supports MIMO, hence

e Wsgs

improves the signal in case the last mile
coverage extension is required, a scenario more
likely to happen under a sparse population
setting. Figure 3 depicts such a scenario, where
under the extended service set (ESS), one
Access Point (AP) extends coverage through
other APs (AP2 and AP3). The frame
aggregation feature also reduces overhead
which ensures that 802.11n maintains the data
rate in adapting 802.22 frames; as a result, it is
possible to offload the middle mile network at
the same data-rate per user in the last mile. As
shown in Figure 3, assuming APs pairs operate
on different bands and a high-speed Ethernet or
fibre cable linking them, the user throughput
only depends on the user distance from the
access point. In this context, the user refers to
an individual accessing the last mile network
via the Wi-Fi APs.

Figure 3:

In this study, a base station providing
an omnidirectional coverage in a target
area via three white space radio antennas
spaced 120° apart was considered. Each
radio providing a 120° coverage is referred
to as a sector, and three sectors constitute
to a cell—an entire geographic region
covered by the base station. Depending on
the number of channels at a target area,
each sector is assigned a specific channel.

Network access architecture in the last mile.

However, in a case of channels shortage,
the self-co-existence allows for |EEE
802.22 superframe to be shared among the
cells (Karthipan et al. 2016). For a cell
with N sectors, the cell capacity, C, is a
total of individual sector capacity C, given

as,
Ng
('p =) C;

i=1

(13)
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Assuming equal average capacity per sector
with a channel of bandwidth By , the capacity
per CPE is estimated from Equation (12) as,

Ns
1 N
Cy = N_SZI Yo Blog,(1 +

Vo) @mp®)1 | (~amp?)

pr (14)

For a CPE, the capacity for each user
depends on the CPE channel capacity and the
number of users requesting the service. Since
individual users are connected via the Wi-Fi
APs with a bandwidth higher than that of the
white space CPEs, the CPEs capacity is the
limiting factor on the total throughput the end-
user can achieve. In this study, the impact of
the interference between the Wi-Fi APs to the
end-user throughput is not considered.
Depending on the distance the user is from the
AP, their capacity may vary due to variation in
the received signal quality. Typically, not all
users will be active in all nodes all the time.
Assuming an i :1loversubscription, the

number of users per cell is given as,
, =22 (15)

Cn
Because of the large number of channels
available in the rural areas, channel aggregation
can be implemented to improve the capacity
per user at the last mile. In most cases, up to 3

Table 1: Simulation parameters

channels of 8 MHz can be aggregated to obtain
the channel bandwidth of up to 24 MHz.

Results and Discussion

The study aimed to analyze the capacity of
the TVWS network under different network
parameters for sparsely populated settings. In
Tanzania, the broadband cellular networks are
mostly present in urban areas. In contrast, the
fibre network has a point of presence at every
district, in locations within 10-30 km of rural
areas, most of which have no broadband
connectivity. This study, therefore, provides a
suitable approach to extend coverage to remote
locations which are sparsely populated. The
analysis was based on the FCC guidelines,
which has been adopted by most developing
countries, albeit, with some few adjustments in
the spectrum range, power and bandwidth
(Nyasulu et al. 2018). Most trials conducted in
developing countries were within the FCC
framework. The differences between existing
rules are found in the study by Oh et al. (2014),
and the comparison between FCC’s and
Ofcom’s is outlined by Nyasulu et al. (2018).
Table 1 shows the parameters adopted for this
study. The study considered A = 0.1 which
translates to a single CPE for a 10 km? area (a
radius of 1.8 km).

Parameter Value
Channel bandwidth 8 MHz
CPE HAAT 10m
WSBS HAAT 50 m
Gain of the WSBS 11dB
CPE EIRP 30dBm
WSBS EIRP 36 dBm
Noise figure -174 dBm
CPEs density 0.1

In the following section, the channel
capacity performance against various network
parameters is firstly presented, followed by the
numerical evaluation of the user capacity. The
network parameters explored in the study
include the CPE separation, number of CPEs

per WSBS, distance of the CPE from the
WSBS, WSBS Effective Isotropic Radiated
Power (EIRP) and the CPE’s EIRP.
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Channel and cell capacity

As stated earlier, the channel capacity
depends on the signal quality, i.e. Signal to
Noise and Interference Ratio (SNIR), the
number of CPEs (N), the WSBS distance from
the target CPE (R) and the CPEs separation
(D). Figure 4(a) shows the relationship between
the SINR and D for a fixed WSBS range. As
expected, there is a monotonic increase in
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Figure 4:
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For the system to be able to deliver the
required level of service quality, the target
SINR has to be met. Figure 5 shows the
channel capacity performance against the CPEs
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SINR with the CPE separation due to reduced
interference. Figure 4(b) shows a monotonic
decrease of the SINR with WSBS distance
from the target CPE, due to weak received
power levels as R increases. As Figure 4
depicts, for a given CPEs separation distance,
doubling R results in almost 2-folds decay in
SINR while doubling D results in nearly
double the SINR for a given R.
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The variation of SINR with the CPE separation (D) (a) and WSBS range (R) (b) for N

separation for WSBS range of 5 km. As
expected from Equation (9), the target SINR
increase with increasing D.
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Figure 5: Capacity vs CPE separation for SINR;= 10 dB and D0 =5km.
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Since D depends on the number of CPEs,
which in turn affect the SINR; to maintain the
required service quality, the separation between
CPEs has to increase as N increases. As shown
in Figure 5 (a), increasing N while holding D
results to channel capacity drop due to
interference. Additionally, to achieve a higher
capacity for a target SINR, one would need to
increase D to maintain interference at the
required level for the required signal quality.
For instance, to achieve a channel capacity of
22 Mbps at the SINR; of 10 dB, the CPEs
separation is around 4.3 km. However,
increasing D by about 1 km, the capacity of 25
Mbps can be achieved with N = 15. For larger
D, increasing N should result in higher capacity
since interference decreases. However, as
shown in Equation (12), the capacity will
eventually decrease as D go past a threshold
value beyond which a tolerable SINR cannot be
achieved. Figure 5 (b) shows the result for a

cell with three sectors Ny =3) containing the

same number of users per sector. A significant
increase in capacity per cell is observed
depending on the available channels to serve all
the sectors. While a sector achieved a
maximum capacity of 21 Mbps, three sectors
achieved a total cell capacity of 63 Mbps. For a
large availability of TVWS channels, the
network would be further sectorized for even
more capacity. It is worth noting that
sectorisation is limited by the number of
channels available and the system power, and

~— SNIRt = 10 dB
v SNIRt =15 dB
30 SNIRt=20dB| |
=z
825
=
£20
S
8
&
¥ 15
]
g
210
<
5
0 - . " = 0060
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usually, the maximum number of sectors per
base station is six (6).

The impact of adopting the CPE separation
to tackle interference and improve user
capacity is evident compared to other studies
which used separate channels for each remote
CPE. In this study, for instance, three channels
aggregation resulted to 5 Mbps capacity per
user while serving 10 CPEs. In contrast, in the
study by Masonta et al. (2015a, b), a similar
range of coverage and base station EIRP
resulted to around the same capacity per user
for only 1 CPE which would have covered far
fewer users. On the other hand, as the number
of users grows—especially in sparsely
populated areas—deploying a radio per remote
becomes expensive and inefficient.

The relationship between the channel
capacity and WSBS distance, R is shown in
Figure 6 (a). As expected, there is a sharp rise
in channel capacity when the target CPE is
closer to the WSBS and a slow decay after
surpassing a particular threshold distance
value. This is caused by the deterioration in the
received signal level, which fails to maintain
the target SINR. Additionally, as R increases,
D has to increase to maintain the required
signal quality. However, as Equation (12)
shows, there is an optimal value for D beyond
which the channel capacity decreases as
reflected in Figure 6 (a). As expected, Figure 6

(b) shows an N -fold increase in capacity by
deploying N, sectors in a cell.

120 T
SNIRt = 10 dB
SNIRt = 15 dB
100 | | SNIRt=204B]
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Figure 6: Capacity vs WSBS distance for N = 10.
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In a sparsely populated setting, good
coverage of a TVWS network would require
the deployment of as many CPEs as possible to
serve scattered users. Figure 7 shows the
dependency of channel capacity to the number
of CPEs in a network. It can be observed that
the capacity increases with the number of CPEs
(N) to the point of saturation, where further
increase in N results in no increase in channel
capacity. At the point of saturation, the increase
in users will only result in the drop of the
capacity per user as the channel is shared

30

among the CPEs. Below the saturation point,
the increment in capacity is visibly sharp, when
the CPE distance (R) from the WSBS is
smaller and becomes more slanted as R
increases and the interference signal dominates.
Usually, the increase in CPEs should result in
rising of the interference and subsequent
capacity drop; however, the CPEs distance
distribution compensates for any possible
SINR offset which maintains the channel
capacity.
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Figure 7: Variation of channel capacity with Number of CPEs for SINRt = 10 dB.

The impact of the base station’s EIRP to the
channel capacity is shown in Figure 8 (a). As

shown in Equation (9), increasing PW reduces

D; however, for the given SINR, the rate of its
decrease is less dominant below a threshold
EIRP, resulting in the capacity increase.
Beyond this threshold EIRP, dominance is
significant and causes the capacity to decrease.
As expected, Figure 8 shows the capacity
improvement as SINR increases. Figure 8 (b)
shows the increasing relationship between

223

channel capacity and TVWD EIRP until a point
where further increase in power degrades the
capacity. Although from Equation (9), an
increase in D is expected, which in turn should
reduce interference; the rate of increase in
TVWD EIRP coupled with the impact of D in
the channel capacity causes the capacity to fall.
Figure 8 (b) also shows that at small target

SINR, high TVWD’s EIRP can be
accommodated as more interference is
tolerated.
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Figure 8: Channel capacity vs EIRP for N = 10 and D0 =3 km.

User capacity

One of the essential wireless network
performance indicators is the capacity per user.
Figure 9 shows how the capacity per user
varies with CPEs separation and the CPE
EIRP. Intuitively, there is a similar behaviour
between the capacity per user in this case and
the channel capacity in Figure 5 and Figure 8.
However, while the trend is similar for
different target SINR, it reverses when the
number of nodes in the network is taken into
account. Whereas the channel capacity
increases with N in Figure 5 (), the capacity
per user decreases as shown in Figure 9 (a).
This implies that the capacity per user is higher
when there is a low number of users in the
network. However, as expected, the low
number of users ends up underutilizing the
channel resulting in not fulfilling the expected
channel capacity. Figure 9 (a) also shows the
optimal separation between CPEs for a given
target SINR (SINRt). It can be observed that,
as N increases the optimal separation between
CPEs—that can result in maximum user
capacity—increases to compensate for the
additional interference. As D depends on other
parameters, as shown in (9), it is obtained in
this case by varying one of the parameters
while keeping the rest constant. Figure 9 (b)

shows the relationship between the TVWD
radiated power and the capacity per user for N
= 10. The effect of the TVWD power on the
user capacity is more severe when SINRt is
high in which case the interference should be
kept as low as possible. As SINRt decreases, it
can be observed that more interferences are
tolerated and the capacity decay is observed at
a higher EIRP compared to the SINR; case.

In Figure 10, the impact of channel
aggregation on user capacity is observed. The
user capacity doubles if the channel bandwidth
is doubled. For instance, for a SINR; of 10 dB,
the capacity per user improves from 1.7 Mbps
to 3.4 Mbps for a single level aggregation.
Aggregating 3-channels results to a user
capacity of approximately 5 Mbps at the same
target SINR. Due to limited system power and
availability of contiguous channels, channel
aggregation is generally limited to 3 carriers.
Aggregating inter-band or non-contiguous
channels in the same band would result in
further hardware complexities and costs.
Again, the improvement in user capacity is
visibly superior to the one obtained in the study
by Masonta et al. (2015a, b) where a single
channel per CPE was used to achieve an
average capacity of around 4 Mbps.
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Conclusion

This study aimed to analyze the radio network
performance of the TVWS network deployed
following a PPP CPE distribution in a channel
environment characterized by the Hata
propagation model. The study leveraged the
distance between the CPE in sparsely
populated areas (mostly rural areas) to achieve
as high capacity as possible while covering as
many potential users as possible. This paper
has established the capacity analysis
framework for TVWS network deployed based
on the distance distribution approach—which is
suitable for sparsely populated areas. It has

been shown that with the distance distribution
approach to CPEs deployment, it is possible to
cover a large number of sparsely distributed
users while optimizing the spectrum and power
resources. The study considered equally spaced
CPEs scenario and uniform  devices
configurations.  However, in  real-world
deployment, the situation is likely to differ. The
impact of CPEs spacing on the user capacity
was evident, whereby at the target SINR of just
10 dB and WSBS range of 5 km the user
capacity of approximately 2 Mbps was
achieved. The actual TCP throughput is
expected to be slightly higher due to less
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overheads in higher layers and error control. It
is recommended that more studies—considering
different CPEs configurations—on the TCP
capacity and the impact of last-mile Wi-Fi
extension on user throughput and CPE
performance, be conducted.
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