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Abstract—Super Wi-Fi is a Wi-Fi like service over TV white
spaces (TVWS) based on the dynamic spectrum access (DSA)
technology. Although Super Wi-Fi is expected to achieve larger
coverage than conventional Wi-Fi thanks to the superior propagation characteristics of TVWS, it suffers from smaller bandwidth
than Wi-Fi (6–8 MHz versus 20 MHz) which degrades network
capacity. Therefore, it is common belief that the two Wi-Fi
technologies may target different applications such as Super WiFi for coverage and Wi-Fi for speed. However, there is a lack of
studies that rigorously analyzes and compares the performance
of Super Wi-Fi and Wi-Fi to confirm such belief. To fill the gap,
this paper performs a thorough analysis on the capacity of Super
Wi-Fi under the scenario that a Super Wi-Fi access point (AP)
coexists with a Wi-Fi AP. Comparing the downlink capacity of
Super Wi-Fi and Wi-Fi reveals that Super Wi-Fi can outperform
Wi-Fi at the outskirts of the Wi-Fi’s coverage and Super WiFi gets more beneficial when channel bonding is employed. In
addition, the maximal coverage radius of Super Wi-Fi is derived
with which Super Wi-Fi can achieve better average capacity than
a network of densely-deployed Wi-Fi APs, where the maximal
radius is up to 3.2 times larger than the coverage radius of Wi-Fi.

I. I NTRODUCTION
Dynamic spectrum access (DSA) is a new way of utilizing spectrum resources that allows unlicensed users to
opportunistically utilize spectrum white spaces (WS) in the
licensed bands. Adoption of DSA by the market has been
facilitated by new ruling and regulations released by the FCC
(Federal Communications Commission) [1], [2]. In 2008, the
FCC allowed unlicensed radio operation in the DTV bands,
where the maximum transmission power is set as 4 W for
fixed devices and 100 mW for personal/portable devices [1].
In 2010, the FCC finalized the rules that make the unused
spectrum in the TV bands available for unlicensed broadband
wireless devices, and resolved legal and technical issues in
deploying such devices [2].
DSA is expected to introduce new applications in commercial, public, and military networks. For example, IEEE 802.22
WRAN (Wireless Regional Area Network) [3] is the first international DSA standard that aims to provide broadband Internet
access for the fixed devices in the rural area, while Ecma 392
[4] is the first cognitive radio (CR) networking standard for
personal/portable devices. In addition, IEEE 802.11af [5] is an
IEEE 802.11 amendment for WLAN operation in TV white
spaces (TVWS). The DSA technology can also be used in

smart grid networks such as in the AMI (Advanced Metering
Infrastructure) to carry information between smart meters and
a network gateway [5].
Among them, IEEE 802.11af is one realization of the ‘Super
Wi-Fi’ vision that tries to realize Wi-Fi-like Internet access
using spectrum WS [6], [7]. Super Wi-Fi is expected to resolve the limitations of conventional Wi-Fi (henceforth simply
referred to as Wi-Fi) such as small coverage and shaded areas,
thanks to the superior propagation characteristics of the TVWS
such as reduced path-loss and the wall-penetrating ability [8].
Super Wi-Fi, however, suffers from the smaller bandwidth in
TV bands (6–8 MHz) than Wi-Fi (20 MHz) which limits the
achievable network capacity. Hence, it is common belief that
the two technologies target different applications, e.g., Super
Wi-Fi for coverage and Wi-Fi for speed.
Nevertheless, there is a lack of studies that rigorously
analyzes and compares the performance of Super Wi-Fi and
Wi-Fi. Therefore, this paper performs a thorough analysis on
the capacity of Super Wi-Fi to show whether it has potential
to perform better than Wi-Fi. In particular, we investigate
a scenario where a Super Wi-Fi AP coexists with a Wi-Fi
AP, and consider the downlink capacity achieved by a mobile
station that is capable of selectively utilizing either Super WiFi or Wi-Fi. The results obtained from the analysis will play
a crucial role to the successful adoption of Super Wi-Fi in
the market in a way that they would be used to determine
the strategic positions where Super Wi-Fi access points (APs)
must be located so that their benefits can be maximized.
The main contribution of this paper is three-fold. First, we
compare the downlink capacity of Super Wi-Fi and Wi-Fi
to determine at which locations within the Wi-Fi’s coverage
Super Wi-Fi can be preferred to Wi-Fi. Second, we investigate
the effect of channel bonding in further enhancing the performance of Super Wi-Fi. Finally, we derive the maximum radius
of Super Wi-Fi’s coverage to achieve better average capacity
than a network of densely-deployed Wi-Fi APs.
The rest of the paper is organized as follows. Section II
reviews the related work, and Section III investigates the
downlink capacity of a Super Wi-Fi AP coexisting with a WiFi AP and the impact of channel bonding. Section IV derives
the maximum radius of Super Wi-Fi’s coverage to achieve
larger average capacity than a sea of Wi-Fi APs, and the paper
concludes with Section V.
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II. R ELATED W ORK
Research on Super Wi-Fi is still in its infancy, and thus there
exist only a limited number of publications in the literature.
Among those, Simic et al. [9] provided a quantitative analysis
of the performance of a network of Wi-Fi-like APs to obtain
the downlink rate of the system. They considered the effects of
inter-WS-AP interference, and confirmed that TVWS truly has
favorable properties in achieving larger coverage. Kang et al.
[10] considered coexistence between IEEE 802.22 and IEEE
802.11af over TVWS, and derived upstream and downstream
performance of the 802.22 system. Hessar and Roy [11]
studied the capacity of WS networks coexisting with a primary
network of TV transceivers. Although [9]–[11] are somewhat
related to ours, they did not consider Wi-Fi and Super WiFi coexistence like ours. On the other hand, McGuire et al.
[12] introduced rural broadband service in Scotland utilizing
both 5 GHz UNII bands and TVWS that strikes a balance
between throughput and coverage. Although they considered
coexistence of Wi-Fi and WS devices that complement each
other, no performance comparison has been provided between
the two types of service.
In summary, our work has novelty in considering coexistence between Super Wi-Fi and Wi-Fi, and in providing
analyses to determine the conditions where Super Wi-Fi is
preferred to Wi-Fi.
III. D OWNLINK C APACITY OF S UPER W I -F I C OEXISTING
WITH W I -F I
In this section, we investigate the problem of Super WiFi and Wi-Fi coexistence to determine the locations inside
Wi-Fi’s coverage where Super Wi-Fi achieves better downlink
capacity than Wi-Fi. The analysis on this issue will provide
the answer to our main motivation: whether Super Wi-Fi could
also be beneficial to capacity, not only to coverage, from the
perspective of a mobile station.
We first describe the network model for Super Wi-Fi and
Wi-Fi coexistence. Suppose that in an x-y plane, a Wi-Fi AP
(denoted by APw ) is located at (0, 0) and a Super Wi-Fi AP
(denoted by APs ) is located at (d, 0) so that the two APs are
apart by a distance of d meters, as shown in Fig 1. Without loss
of generality, it is assumed that APs is on the right-hand side
of APw , i.e., d ≥ 0. In the figure, Rw represents the coverage
radius of Wi-Fi which will be discussed later in this section.
Although the model considers only two APs, this setup is
simple enough to provide us with key insights of the downlink
capacity problem by focusing on a single user’s point of view.
Later in Section IV the scope will be extended to hexagonallydeployed APs to address the network provider’s perspective.
Our model assumes an outdoor non-line-of-sight (NLOS)
environment in a suburban area. It is expected that Super WiFi and Wi-Fi coexistence will be encountered more often in
suburban areas because (i) urban areas already have denselydeployed Wi-Fi networks, and (ii) rural areas are expected
to be served by IEEE WRAN 802.22 [3]. Since the terrain
profile of a suburban area includes two to five story buildings
scattered throughout the region, an NLOS model is suitable
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Super Wi-Fi and Wi-Fi coexistence scenario.

for understanding the performance of Super Wi-Fi at various
locations in the area.
Our objective is to find traces of (x, y) that satisfy Cs ≥ Cw ,
where Cs and Cw represent downlink capacity of APs and
APw , respectively, each measured at (x, y). According to the
Shannon’s capacity theorem, the downlink capacities at (x, y)
are expressed as
)
(
s
Ps d−α
s
Cs = nBs log2
+1 ,
(1)
nNs
)
(
w
Pw d−α
w
Cw = Bw log2
+1 ,
(2)
Nw
where ds and dw denotes the distance from (x, y) to APs and
APw , respectively, such as
√
ds = (r cos θ − d)2 + (r sin θ)2 , dw = r.
(3)
In addition, Bs (or Bw ), Ps (or Pw ), αs (or αw ), and Ns
(or Nw ) represent the bandwidth of a single channel, AP’s
transmit power, path loss exponent, and noise power within
a single channel, respectively. The simplified path loss model
has been adopted in Eqs. (1) and (2) since the objective of this
work is to model the expected performance of Super Wi-Fi,
not to predict terrain-specific signal propagation which may
require empirical models like Okumura, Hata, and COST-231.
The simplified model, however, can still capture the reality by
utilizing empirically-predicted path-loss exponents.
In Eq. (1), n represents the number of TV channels to
bond together by Channel bonding, which is a technique
defined in IEEE 802.11af that merges multiple (possibly nonadjacent) channels into the one with larger bandwidth [13]. In
802.11af, there exist five channel bonding modes, TVHT W,
TVHT W+W, TVHT 2W, TVHT 2W+2W, and TVHT 4W,
that correspond to n = 1, n = 2, n = 2, n = 4, n = 4,
respectively. In this paper, we consider n = 1, 2, where n = 1
is considered to study the baseline performance of Super WiFi and n = 2 is considered to investigate the impact of channel
bonding. Note that nNs in Eq. (1) denotes the noise power in
the bandwidth of nBs since Ns is the noise power in a single
channel.
The condition with which Super Wi-Fi is preferred to Wi-Fi
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is Cs ≥ Cw , which leads to
(
)
(
)
s
w
Ps d−α
Pw d−α
s
w
nBs log2
+ 1 ≥ Bw log2
+ 1 . (4)
nNs
Nw
Since outside the Wi-Fi coverage area Super Wi-Fi becomes
the sole choice to (Super) Wi-Fi users, we focus on the case
of dw ≤ Rw . The coverage radius of an IEEE 802.11 network
is determined by the minimum receiver sensitivity defined in
the standard, which is the minimum received signal strength
at the receiver (in dBm) above which a signal is decodable.
In this paper, we denote the minimum receiver sensitivity by
RSSmin . Then, Rw is determined as
Pw Rw −αw
,
10−3
= (103−RSSmin /10 Pw )1/αw .

RSSmin = 10 log10
⇒ Rw

By rearranging the terms in Eq. (4), we obtain
(
)−1/αs
ds ≤ ρ1 (dw −αw + ρ2 −1 )ρ3 − ρ2 −ρ3
,

Pw
,
Nw

ρ3 :=

Bw
.
nBs

20 MHz
100 mW (20 dBm)
5.3
10−12 W (-90 dBm)

TABLE I
I LLUSTRATIVE PARAMETERS OF S UPER W I -F I AND W I -F I

(6)

B. A Special Case: d = 0 (i.e., APs and APw are co-located)

(7)

(8)

r2 + d2 − ρ1 2 ((r−αw + ρ2 −1 )ρ3 − ρ2 −ρ3 )−2/αs
2rd
≤ cos θ.
(9)

h(r, d) :=

Since cos θ is monotonically decreasing with θ ∈ [0, π], we
obtain Theorem 1.
Theorem 1. In a scenario described in Fig. 1,
1) APs is always preferred by the station if
• h(r, d) < −1, or
−1
• −1 ≤ h(r, d) ≤ 1 and 0 ≤ θ ≤ cos
[h(r, d)].
2) APw is always preferred by the station if
• h(r, d) > 1, or
−1
• −1 ≤ h(r, d) ≤ 1 and cos
[h(r, d)] < θ ≤ π.
A. Illustrative Parameters used for Case Study
To get an intuition from Theorem 1, we consider the
illustrative parameters in Table I. In the table, Ps is chosen
as the maximum EIRP (effective isotropic radiated power)
of portable WS devices [2],1 and Pw is set as the typical
transmission power of commercial Wi-Fi APs. In addition, Ns
is chosen based on the noise PSD (power spectral density) of
−163 dBm/Hz in TV bands [14] while Nw = −90 dBm is
the reported noise level in outdoor WLANs at 2.4 GHz [15].
We set RSSmin = −82 dBm according to IEEE 802.11n.
assume omni-directional antennas with 0 dBi.

Bw
Pw
αw
Nw

(5)

By applying Eq. (3) to Eq. (7) and having both sides of the
inequality squared, we derive

1 We

6 MHz
100 mW (20 dBm)
3.6
10−12.52 W (-95.2 dBm)

αs and αw are set according to [16] which performed field
measurements at 900 MHz and 1,900 MHz in NLOS outdoor
suburban environments using the same terrain profile.2 The
impact of multi-path fading on signal propagation is taken account with thus-determined exponents since the measurements
are obtained under the influence of fading. In addition, the
chosen values well capture the fact that path loss exponents
tend to increase at higher frequencies [17].

where ρ1 , ρ2 , ρ3 > 0 are defined as
)1/αs
(
Ps /(nNs )
ρ1 :=
,
(Pw /Nw )Bw /(nBs )
ρ2 :=

Bs
Ps
αs
Ns

In the special case of d = 0, we have ds = dw = r, 0 <
r ≤ Rw .3 Then, Eq. (7) becomes
(
)−1/αs
g(r) := r − ρ1 (r−αw + ρ2 −1 )ρ3 − ρ2 −ρ3
≤ 0. (10)
Numerically evaluating Eq. (10) using the parameters in
Table I reveals that g(r) > 0 for 0 < r < r† and g(r) < 0 for
r† < r ≤ Rw , where
{
61.77, n = 1,
†
r := =
(11)
22.88, n = 2.
That is, APs is preferred to APw for r† < r ≤ Rw while APw
is preferred to APs for 0 < r < r† .
The result in Eq. (11), however, is specific to the parameters
chosen in Table I. From now on, we generalize the result
to arbitrary parameters by deriving a sufficient condition
regarding αs /αw under which a unique threshold r† exists
such that APs is preferred to APw for r ∈ (r† , Rw ] and
vice versa for r ∈ (0, r† ).4 We assume that n = 1, 2, and
αs < αw .5
First, it is trivial to show limr→0 g(r) = 0, and
limr→0 g ′ (r) = 1 for n = 1, 2. In case we additionally have
g ′′ (r) < 0 for r ∈ (0, Rw ] and g(Rw ) < 0, there exists the
unique distance threshold r† ∈ (0, Rw ). Hence, we will show
that there exists δ ∈ (0, 1] such that g ′′ (r) < 0 and g(Rw ) < 0
for αs /αw < δ and αs , αw ∈ [2, 6].6 In particular, we try to
determine the δ closest to 1 so that the derived δ may include
as many conceivable pairs of (αs , αw ) as possible.
2 Although 900 MHz is slightly higher than TVWS (54–806 MHz) and
1,900 MHz is a bit lower than ISM bands (2.4 GHz), they are close enough
to the bands of interest, and the work in [16] is among the few measuring
the two separate bands in the same environment. Note that it is essential to
utilize the path loss exponents that are measured under the same environment
since path loss varies with the terrain profile.
3 R = 84.04 meters if we apply the parameters in Table I to Eq. (6).
w
4 We focus on the metric α /α
s
w because (αs , αw ) varies significantly
according to the terrain profile while other parameters do not.
5 Note that α < α always holds due to the superior signal propagation
s
w
in TVWS.
6 Note that path loss exponents are between 2 and 6 in most practical
scenarios.
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From Eq. (10), the condition g(Rw ) < 0 corresponds to
)
(
RSSmin /10−3
/Pw +ρ2 −1 )ρ3 −ρ2 −ρ3
ln (10
α
ρ1 s
αs
(
)
< δ1 :=
, (12)
RSS
min /10−3 /P
αw
ln 10
w

12

−{(1 + αw ρ3 ) + (1 + αw )x}xρ3
(
)
= { 1 − ρ3 /δ + x (1 + x)ρ3 − (1 + x)xρ3 }
+{x(1 + x)ρ3 − (ρ3 + x)xρ3 }αw .

(15)

Since ψ(x) is linear with αw , it is maximized at αw = 2
when {x(1 + x)ρ3 − (ρ3 + x)xρ3 } < 0 and at αw = 6 when
{x(1+x)ρ3 −(ρ3 +x)xρ3 } > 0. We want both maximum values
upper-bounded by zero so that ψ(x)
at
( ≤ 0. When maximized
)
αw = 6, it is sufficient to have 1 − ρ3 /δ + 7x ≤ 0 which
results in
αs
ρ3
< δ2 :=
.
(16)
αw
1 + 7 · 103−RSSmin /10 · Nw
When maximized at αw = 2, it can be shown that ψ(x) ≤ 0
is already satisfied by Eq. (16).
Therefore, we derive Theorem 2 as follows.
Theorem 2. When a Super Wi-Fi AP and a Wi-Fi AP are colocated, for n = 1, 2, and αs /αw < min{δ1 , δ2 , 1},
APs is preferred for r† < r ≤ Rw , and
APw is preferred for 0 < r < r† ,
where r† = {r : g(r) = 0, 0 < r ≤ Rw }, and δ1 , δ2 are given
as in Eqs. (12) and (16), respectively.
Note that αw and αs are likely to satisfy Eqs. (12) and (16)
because they usually differ much due to the large frequency
deviation between the two bands. For example, the chosen
parameters in Table I satisfy Eqs. (12) and (16) since αs /αw =
3.6/5.3 = 0.67 and δ1 and δ2 are determined as
{
{
0.84, n = 1,
1.58, n = 1,
δ1 =
δ2 =
(17)
0.96, n = 2,
0.79, n = 2.
Discussion: A public belief is that Super Wi-Fi is beneficial
only for coverage since Wi-Fi is superior to Super Wi-Fi in

Wi−Fi
Super Wi−Fi (n=1)
Super Wi−Fi (n=2)

downlink capacity

8
6
4
Rw

2

′′

Therefore, g ′′ (r) < 0 is equivalent to k(r) < 0. By letting
x := rαw /ρ2 and applying αs /αw < δ, we obtain
(
)
k(x) < ψ(x) := { 1 − ρ3 /δ + (1 + αw )x}(1 + x)ρ3

8

10

where Eq. (6) is applied. Note that the right-hand side of
Eq. (12) is independent of (αs , αw ) since ρ1 αs does not
depend on αs by Eq. (8).
In addition, it can be shown that
(ρ1 ρ3 αw /αs ) · k(r)
g (r) =
(1 + rαw ρ2 −1 ){(1 + rαw ρ2 −1 )ρ3 − (rαw ρ2 −1 )ρ3 }
r−αw −2 (r−αw + ρ2 −1 )ρ3 −1
· −α
,
(13)
{(r w + ρ2 −1 )ρ3 − ρ2 −ρ3 }1/αs +1
{
}
(
)
ρ
(
)
r αw
r αw 3
1 − αw ρ3 /αs + (1 + αw )
k(r) :=
1+
ρ2
ρ2
{
} ( αw )ρ3
r αw
r
− (1 + αw ρ3 ) + (1 + αw )
(14)
ρ2
ρ2

x 10

0
0

Fig. 2.

20

40

r

60

80

100

Downlink capacity of co-located Super Wi-Fi and Wi-Fi.

terms of throughput. However, Theorem 2 indicates that a Super Wi-Fi AP may excel a co-located Wi-Fi AP in the outskirts
of Wi-Fi’s coverage. The distance threshold r† , beyond which
Super Wi-Fi becomes preferred to Wi-Fi, decreases as n grows
as shown in Eq. (11) and in Fig. 2.7 Therefore, in the case of
co-located APs, a Super Wi-Fi AP can be considered as a
secondary service to Wi-Fi such that stations far away from
the Wi-Fi AP can switch to Super Wi-Fi service to achieve
better downlink capacity.
C. Super Wi-Fi’s Performance within Wi-Fi’s Coverage
The aforementioned observations raises the following question: at which locations Super Wi-Fi will be preferred to Wi-Fi
when the two APs are no longer co-located (i.e., d ̸= 0)? To
address this issue, we illustrate some representative cases in
Fig. 3 while varying d as 0 ≤ d ≤ Rw , where the shaded areas
represent the locations at which Super Wi-Fi is preferred to
Wi-Fi. The plots are drawn using Table I and Eq. (4).
Fig. 3 presents the scenario without channel bonding. When
d = 0, Super Wi-Fi is preferred only in the outskirts area of
APw ’s coverage as predicted in Sections III-B. As d grows,
however, Super Wi-Fi becomes also preferred in the vicinity
of APs . With channel bonding, as shown in Fig. 4, Super WiFi becomes more preferred within Wi-Fi’s coverage even in
the inner region of Wi-Fi’s coverage, except in the vicinity of
APw . This verifies the significant benefit of channel bonding
in extending Super Wi-Fi’s preferred region.
Note that when a station is mobile, it compares the SNR of
the two APs’ signals and decide when to switch to the other
AP according to the achievable capacity. The mechanism for
this operation is beyond the scope of this paper.
IV. M AXIMAL C OVERAGE R ADIUS OF S UPER W I -F I TO
O UTPERFORM W I -F I
In Section III, a baseline study was performed considering
a single Wi-Fi AP and a single Super Wi-Fi AP where we
addressed a mobile station’s perspective in determining which
service it should utilize to maximize its downlink capacity. A
Super Wi-Fi service provider, however, may have a different
7 Fig.

2 is drawn by applying the parameters in Table I to Eqs. (1) and (2).
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Fig. 3.

Fig. 4.

Preferred region of Super Wi-Fi (the shaded area) within Wi-Fi’s coverage: when n = 1 (no channel bonding).

Preferred region of Super Wi-Fi (the shaded area) within Wi-Fi’s coverage: when n = 2 (channel bonding).

objective of strategically deploying Super Wi-Fi APs to maximize the average network capacity in its service area while
achieving larger per-AP coverage than Wi-Fi. Therefore, in
this section we focus on the network infrastructure provider’s
perspective.
In particular, we consider (i) a sea of hexagonally-deployed
Wi-Fi APs each with the coverage radius of Rw , and (ii) a
sea of hexagonally-deployed Super Wi-Fi APs each with the
coverage radius of Rs , where the two networks coexist with
each other. The hexagonal deployment is illustrated in Fig. 5
for Wi-Fi; the only difference in the case of Super Wi-Fi is
the radius Rw in the figure is replaced with Rs . In such a
scenario, we investigate the average downlink capacity of WiFi and Super Wi-Fi, denoted by C̄w and C̄s , respectively.
For any hexagonal cellular deployment, there exists a simple
solution to three-coloring the graph where a vertex represents
an AP, an edge represents a pair of adjacent APs, and a
color represents a channel assigned to an AP. Thus-determined
optimal channel assignment is shown in Fig. 5 using three
channel indexes 1, 2, and 3 which confirms no AP would
experience co-channel interference from its direct neighbor.
Therefore, inter-AP interference can be effectively ignored
in calculating per-AP average capacity, assuming centralized
channel assignment by the network provider and no other
same-type (i.e., Wi-Fi or Super Wi-Fi) contending providers.
Note that assigning three non-overlapping channels is possible
since 2.4 GHz Wi-Fi has three non-overlapping channels and
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Fig. 5. Hexagonally-deployed Wi-Fi APs with radius Rw (Super Wi-Fi APs
are similarly deployed with Rs ).

TVWS-based Super Wi-Fi has 68 TV channels (from 2 to 69).
Regarding the average downlink capacity, we can focus on
a certain AP’s coverage H (the shaded region in Fig. 5) due to
symmetry. In addition, we introduce a polar coordinate with
(r, θ) as shown in Fig. 5, where r is modeled as a random
variable R with probability density function (p.d.f.)
{
2r
0 < r < rmax ,
2,
fR (r) = rmax
0,
otherwise,
where rmax = Rs for Super Wi-Fi and rmax = Rw for Wi-Fi,
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and θ is modeled as a random variable Θ uniformly distributed
in [0, 2π]. The described model can represent mobile stations
uniformly distributed in an AP’s coverage area [18].
Then, C̄s and C̄w can be expressed as8
)
(
∫ Rs
Ps r−αs
+ 1 fR (r)dr, (18)
C̄s ≃
nBs log2
nNs
0
(
)
∫ Rw
Pw r−αw
C̄w ≃
Bw log2
+ 1 fR (r)dr. (19)
Nw
0
By assuming Ps r−αs /nNs ≫ 1 and Pw r−αw /Nw ≫ 1, we
can further approximate Eqs. (18) and (19) as
)
(
∫ Rs
Ps r−αs 2r
C̄s ≃
nBs log2
dr
nNs
Rs 2
0
{
}
∫
2nBs Rs
Ps
=
r log2
− αs · r log2 r dr
nNs
Rs 2 0
}
{(
)
αs
Ps
+
− αs log2 Rs , (20)
= nBs
log2
nNs
2 ln 2
{(
}
)
αw
Pw
C̄w ≃ Bw
+
log2
− αw log2 Rw , (21)
Nw
2 ln 2
where the second assumption Pw r−αw /Nw ≫ 1 is derived by
comparing RSSmin = −82 dBm and Nw = −90 dBm, and
the first assumption is derived by considering the minimum
sensitivity of IEEE 802.11af [19]9 and Ns = −95.2 dBm.
The form of Eq. (20) suggests that C̄s gets smaller as
Rs increases. Hence, we find the maximum Rs , denoted by
Rsmax , below which we achieve C̄s ≥ C̄w , i.e., the Super
Wi-Fi network performs better than the Wi-Fi network on
average. By comparing thus-measured C̄w with Eq. (18) such
that C̄s ≥ C̄w , the maximum radius Rsmax is determined as
{
40.81,
n = 1,
max
=
Rs
269.36, n = 2,
from which it is seen that Rsmax without channel bonding (i.e.,
n = 1) achieves smaller coverage than Rw = 84.04 subject to
C̄s ≥ C̄w . Therefore, there is a tradeoff between coverage and
capacity, i.e., if Super Wi-Fi wants to achieve larger coverage
than Wi-Fi, it has to allow its average capacity to become
inferior to Wi-Fi, and vice versa. Rsmax with channel bonding
(i.e., n = 2), however, turns out to be 3.2 times larger than
Rw , and thus we can conclude that Super Wi-Fi has potential
to achieve larger coverage and larger capacity compared to
Wi-Fi as long as channel bonding is supported.
V. C ONCLUSION AND F UTURE W ORK
In this work, we have studied whether Super Wi-Fi can
outperform Wi-Fi within Wi-Fi’s coverage in terms of downlink capacity. By considering a Super Wi-Fi AP coexisting
with a Wi-Fi AP, it is revealed that Super Wi-Fi can excel
8 Note that Eqs. (18) and (19) are approximations because the integration
region is the circular area of an AP instead of the hexagonal area H.
9 It is −88 dBm for n = 1 and −85 dBm for n = 2.

Wi-Fi in the outskirts of Wi-Fi’s coverage, which becomes
more prominent with channel bonding. The maximal coverage
radius of a Super Wi-Fi network has been also derived so that
a network of Super Wi-Fi APs may achieve better average
capacity than a sea of Wi-Fi APs.
In future, we would like to consider the multi-station
scenario where downlink capacity is shared between (Super)
Wi-Fi users so that the impact of user population can be
studied.
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