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SUMMARY

The deployment of femtocells can effectively improve the capacity of cellular networks without significant
increase in the network management costs. Femtocell base stations are usually installed by users, which
poses unique challenges for future mobile communication standards. The randomness of the locations of
femtocells brings us many difficulties to analyze and compare. In this paper, we explore the performance
on two different access methods under Rayleigh fading channel: accessing to the nearest and accessing to
the strongest femtocell base station. Two performance indexes are of most interest in this paper: how the
different path loss exponents and femtocell densities affect the difference of performance between the two
different access methods. In the first part of this paper, the distributions of received strength for both access
methods are achieved, in which we elaborate the characteristics of received signal strength including the
cumulative distribution and the median signal strength. In the second part, we explore the characteristic of
SINR distribution, which can be interpreted as the probability of coverage. This paper provides detailed
illustrations about how performance changes for these two different access methods under Rayleigh fading
channel. All results are mathematically tractable. Copyright © 2014 John Wiley & Sons, Ltd.
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1. INTRODUCTION

Femtocell access points (FAPs), also called ‘home base stations’, are crucial for next generation
cellular networks. Femtocells can effectively improve the capacity of cellular networks without
significant increase in the network management costs [1, 2]. FAPs are usually installed by users and
deployed in indoor environment. These low-power base stations provide a limited coverage area and
connect to the operators’ core networks through digital subscriber line, cable broadband connection,
or even wireless links [3].

The interest in femtocells in the mobile operator community continues to grow, and according to
the Small Cell Forum’s reports, the commercial deployments have increased to 41 in 23 countries
during 2012. It is estimated by Informa Telecoms & Media that the deployments of small cell market
would reach 91.9 million by 2016, with femtocells accounting for more than 80%. It is expected that
FAPs would be widely deployed in the near future. Although femtocells can offload traffic from the
macro stations and are crucial for next generation mobile communications, special challenges exist
because of the randomness of their locations [4–6].

The randomness of the locations of femtocells brings us many difficulties to analyze and compare.
Currently, there are three main site modeling methods in femtocell networks: Monte Carlo multicell
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model (simulation), signal-cell linear model (deterministic), and stochastic geometry model (sta-
tistical) [7]. In order to quantitatively analyze the performance of femtocells, stochastic geometry
has been used in some papers. In [8], the authors regard stochastic geometry as one of the four
effective tools to solve small cell problems (other three are large random matrix theory, Game the-
ory, and interference alignment and VFDM). The authors in [9] propose a tractable approach to
solve the problem of SINR distribution for femtocell networks using stochastic geometry, while in
[10], fractional frequency reuse for OFDMA cellular networks is solved. These works are based
on homogeneous Poisson point process to model the locations of FAPs. One advantage of using
stochastic geometry is the ability to capture the non-uniform layout of modern cellular deployments
due to topographic, demographic, or economic reasons [11]. Additionally, tractable expressions
can be drawn from the Poisson model, leading to more general performance characterizations and
intuition [12].

In this paper, we focus on the performance of two different access methods under Rayleigh fad-
ing channel—accessing to the nearest FAP and accessing to the strongest FAP. The nearest access
method means that users access to the FAP that is geographically nearest, whereas the strongest
access method means that users access to the FAP from which the received signal strength is maxi-
mal. Because FAPs will mostly be installed by non-expert users, we expect that these two different
access method would result in much different characteristics. Two variables are investigated: how
the different path loss exponents and how the femtocell densities affect the performance of these
two different access methods.

In the first part of this paper, the distributions of received strength for both methods are stud-
ied. Specifically, the cumulative distribution of received signal strength is explored, and how
the femtocell density affects the overall performance is also studied. Median signal strength
received by users will also be illustrated. In the second part, we explore the characteristics of
SINR distributions for both access methods. The SINR distribution can also be interpreted as the
probability of coverage, which is a crucial parameter for realistic mobile communications and
femtocell deployments.

The contribution of this paper is the systematical analysis on the nearest access method and the
strongest access method in femtocell networks under Rayleigh fading channel. In this paper, we
offer detailed insight at the performance of these two access methods. Based on stochastic geometry,
all the results are tractable.

2. SYSTEM MODEL

In this section, our system model is explained and relevant assumptions are clarified. The main focus
of this section is on Poisson point process, which is used to model the locations of FAPs in this
paper. The definition of Poisson point process is given in what follows.

Definition 1
Letƒ be a locally finite non-null measure on Rd . The Poisson point processˆ of intensity measure
ƒ is defined by means of its finite-dimensional distributions:

P ¹ˆ.A1/ D n1; :::; ˆ.Ak/ D nkº D
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e�ƒ.Ai /
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�
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ni
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for every k D 1; 2; ::: and all bounded, mutually disjoint sets Ai for i D 1; :::; k. If ƒ.dx/ D �dx

is a multiple of Lebesgue measure (volume) in Rd , then ˆ is a homogeneous Poisson point process
and � is the intensity.

The realization of Poisson point process (p.p.) can be constructed as follows. If the region consid-
ered has an area of jAj, then the mean number of points in this region is � � jAj. The homogeneous
Poisson p.p. can be simply generated by a random variable X following Poisson distribution with
parameter � � jAj, and each point is distributed uniformly among the region. Figure 1 shows a snap-
shot from a homogeneous Poisson point process with intensity equal to 200=.500� 500/. As shown
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Figure 1. A snapshot of locations of femtocell access points taken from a homogeneous Poisson point
process with intensity 200=.500 � 500/.

(a) Nearest Case. (b) Strongest Case.

Figure 2. Distribution of received signal strength. Locations of femtocell access points are the same with
Figure 1 (coordinates have transformed from �250 to 0).

in Figure 1, the locations of points seem to be stochastic, but it would resemble the locations of
FAPs in the near future.

In this paper, locations of FAPs are assumed to follow homogeneous Poisson point process with
intensity �. The effect of macro base station is ignored. The focus of this paper is on femtocell layer,
that is, users only access to FAPs. A particular snapshot of homogeneous Poisson point process
(Figure 1) is used to help to intuitively present the difference, but please note that our system model
is totally following homogeneous Poisson p.p., and all results are derived from rigorous mathemat-
ical derivation, which do not depend on one particular locations of FAPs. Two access methods are
explored: users access to the nearest FAP and users access to the strongest FAP. The standard power
loss propagation model is used with path loss exponent ˛. As far as random channel effects, we
assume that all femtocell base stations and tagged user experience only Rayleigh fading with mean
1, and employ a constant transmit power of 1=�. Thus, the received power of a typical node at a
distance r from its FAP is hr�˛ where the random variable h follows an exponential distribution
with mean 1=�, which we denote as h � exp.�/.

3. DISTRIBUTION OF SIGNAL STRENGTH RECEIVED

In this section, the distributions of signal received for both access methods will be studied. The
deployment of future FAPs is much probably confirmed to random deployment, so the homogeneous
Poisson point process is applied.

In Figure 2, a snapshot of received signal strength is given (the locations of FAPs is shown in
Figure 1). It is a snapshot from a homogeneous Poisson point process with mean number of 200
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FAPs in a region of 500 � 500 m2. In fact, the number of FAPs in this snapshot is 188. The red
areas are the areas where the loss of received signal strength is less than 10 dB; the orange areas are
the areas whose loss are less than 20 dB but larger than 10 dB; the green areas are less than 30 dB
but larger than 20 dB; the light blue areas are less than 40 dB but larger than 30 dB, and the dark
blue areas are the areas where the loss are larger than 40 dB. Figure 2(a) shows the case when users
access to the nearest FAP, while Figure 2(b) shows the case when users access to the strongest FAP.
The path loss exponent ˛ is 3 in this snapshot.

It is obvious from Figure 2(a) that in the nearest access method, the areas tend to abrupt while
they are very smooth in the strongest access method. In the nearest access method, we can see that
the received signal strength will change dramatically, so users would endure terrible experience,
whereas in the strongest access method, the change of signal strength is smooth and hence will not
result in terrible user experience. Even the coverage area for each case is slightly different and the
strongest case shows a better received signal strength. Table I shows the percentage of different
coverage areas. This particular locations of FAPs as shown in Figure 1 are used to help intuitively
illustrate the performance. However, our system model is homogeneous Poisson point process, and
all results are based on rigid mathematical reasoning.

3.1. Mathematical reasoning of signal strength in nearest access method

In this part, performance analysis on received signal strength in the nearest access method will be
given. An important quantity is the distance r separating a typical user from its tagged closest FAP.
Because each user communicates with his closest FAP in this case, no other base station can be
closer than r . The probability density function of r can be derived using the simple fact that the null
probability of a 2-D Poisson point process in an area A is exp.�� � A/. Hence, we have

P ¹r > Rº D P ¹No FAP closer than Rº D e���R
2

: (2)

Therefore, the cumulative distribution function is Fr.R/ D P ¹r 6 Rº D 1 � e���R
2

and the
probability density function can be found as

fr.r/ D
dFr.r/

dr
D 2��re���r

2

: (3)

The subscript r of fr.r/ is a random variable, and the r in parenthesis is a specific instance of the
variable. Let Xnear.�/ denote the signal received and for any point y 2 Rd , then

P ¹Xnear.y/ > t j rº D P ¹h � r
�˛ > t j rº D P ¹h > t � r˛ j rº D e��tr

˛

; (4)

where we have used the fact that for exponential random variable h with parameter �, P ¹h > sº D
e��s . If we take mean of r , then (4) turns into

P ¹Xnear.y/ > tº D Er ŒP ¹Xnear.y/ > t j rº� D

Z 1
0

P ¹Xnear.y/ > t j rº � fr.r/dr

D �� �

Z 1
0

e��tr
˛=2

� e���rdr;

(5)

Table I. Coverage percentage of different losses in each access method.

Nearest access method Strongest access method
Coverage percentage (%) Coverage percentage (%)

Loss < 10 dB 0.93 0.93
10 dB 6 Loss < 20 dB 3.29 3.36
20 dB 6 Loss < 30 dB 13.07 13.88
30 dB 6 Loss < 40 dB 35.64 41.27
Loss > 40 dB 47.06 40.56
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and the cumulative distribution function is

Fnear.t/ D P ¹Xnear.y/ 6 tº D 1� P ¹Xnear.y/ > tº D 1� �� �
Z 1
0

e��tr
˛=2

� e���rdr: (6)

Equation (6) characterizes the distribution of received signal strength in the nearest access
method. In addition to the distribution of signal strength, the mean signal received is of much inter-
est. However, it is clear that the mean strength received is infinite from the observation that hr�˛

is infinite as r ! 0. Other than considering mean signal strength received, we turn to medium sig-
nal strength that is received. Median signal strength means that the received signal for the tagged
user is statistically better than half of other users’ received signal but worse than the other half. Let
Tnear.�; ˛/ denote the medium signal strength, then

Tnear.�; ˛/ D ¹t W Fnear.t/ D 0:5º: (7)

3.2. Mathematical reasoning of signal strength in the strongest access method

We have achieved the equations for the performance on received signal strength in the nearest access
method. In comparison, performance in the strongest case will be explored in this part. Theorem 1
is given first to help us obtain the signal strength in the strongest access method.

Theorem 1
Given a marked point process Q̂ and response function L.y; x;m/, the extremal shot-noise filed is
defined by

X Q̂ .y/ D sup
.xi ;mi /2 Q̂

L.y; xi ; mi /; y 2 Rd ; (8)

and if that Q̂ is an independently marked Poisson p.p. with intensity measure ƒ and mark
distribution Fx.dm/, then

P ¹X.y/ 6 tº D exp

²
�

Z
Rd

Z
Rl

1.L.y; x;m/ > t/Fx.dm/ƒ.dx/

³
: (9)

Proof
According to the Displacement Theorem [13], an independently marked Poisson p.p. Q̂ with inten-
sity measureƒ on Rd and marks with distribution Fx.dm/ on Rl is a Poisson p.p. on Rd �Rl with
intensity measure

Qƒ.A �K/ D

Z
A

Qp.x;K/ƒ.dx/; A � Rd ; K � Rl ; (10)

where Qp.x;K/ D
R
K Fx.dm/. Consequently, its Laplace transform is equal to
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for all functions Qf W RdCl ! RC. On the other hand,

P ¹X Q̂ .y/ 6 tº D P ¹L.y; xi ; mi / 6 t for all .xi ; mi / 2 Q̂ º
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Combining the result of L Q̂ proves the theorem. �
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Theorem 1 can be used to help us to determine the distribution of received signal strength in the
strongest access method. The reasoning is similar with the nearest access method and illustrated
briefly as what follows. The probability of signal strength received by the tagged user larger than t is

P ¹L.y; x;m/ > tº D P ¹h � r�˛ > tº D P ¹h > t � r˛º D e��tr
˛

; (13)

where we have used the fact that for exponential random variable h with parameter �, P ¹h > sº D
e��s . For homogeneous Poisson point process, we have

R
Rd f .x/ƒ.dx/ D 2��

R
R f .r/rdr , and

for a annulus with radius of r and width of dr , the total number of 1 in this region is 2�r �e��tr
˛
dr .

Hence, we can obtain following relationship:

Fstro.t/ D P ¹X.y/ 6 tº D exp

²
�2�� �

Z 1
0

r � e��tr
˛

dr

³
: (14)

As in the nearest access method, the medium signal strength received by users is denoted by

Tstro.�; ˛/ D ¹t W Fstro.t/ D 0:5º: (15)

3.3. Performance comparisons

In this part, we will compare the performance on the nearest access method and the strongest access
method. First, cumulative distributions of received signal strength are compared. Next, how the
distributions of received signal strength change with femtocell densities for both methods is given.
Finally, median signal strength received by each method will be explored.

3.3.1. Distribution of received signal strength. Because we omit the noise (or the noise could be
assumed constant and hence do not affect the performance difference of these two access methods)
and each FAP transmits at a fixed and equal power, the value of transmit power is irrelevant. In
this part, we explore the loss of signal strength received. Figure 3 shows the cumulative distribution
function according to (6) and (14). Three cases are shown: path loss exponent of 2, 3, and 4, which
is presented by red, blue, and black lines, respectively. The dashed lines represent the nearest access
method, whereas the solid lines represent the strongest access method. The intensity � is 0.001,
corresponding to a region with radius of 250 m; the mean number of FAPs is 200.

It is clear from Figure 3 that the difference between the nearest access method and the strongest
access method is more dramatic when the path loss exponent ˛ is small. For example, as can be
seen from the figure, the received signal strength is nearly unlikely lower than 30 dB in the strongest
access method (2.87%) when the path loss exponent ˛ is 2, whereas in the nearest access method,
the probability is as high as 21.97%. In the cases when exponent ˛ equals 4, however, the difference
is less obvious and the signal strength received tends to endure attenuation more than 40 dB.

Figure 3. Cumulative distribution for received signal strength loss for both access methods.
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3.3.2. Probability of signal strength whose loss > 30 dB. In Figure 4, we show how the proba-
bility of received signal strength whose loss is larger than 30 dB changes as the femtocell density
increases. Three cases are shown: path loss exponent of 2, 3, and 4, which is presented by red, blue,
and black lines, respectively. The dashed lines represent the nearest access method, whereas the
solid lines represent the strongest access method.Transmit power of each FAP is assumed to be 1.
It is obvious from Figure 4 that as the femtocell density increases, the probability of signal strength
loss larger than 30 dB decreases, which is in accordance with our intuition. The difference between
these two different access methods, however, highly depend on the path loss exponent. The higher
the path loss exponent, the less difference we can see.

3.3.3. Median signal strength received. The medium signal strength received can be obtained from
the cumulative distribution function. Figure 5 shows the medium signal strength received as femto-
cell density changes based on (7) and (15) where we assume that transmit power of each FAP is 1.
Three cases are shown: path loss exponent of 2, 3, and 4, which is presented by red, blue, and black
lines, respectively. The dashed lines represent the nearest access method, whereas the solid lines
represent the strongest access method. As can be seen from Figure 5, the medium signal strength
received has a close relationship with path loss exponents. An interesting phenomenon is that with
the femtocell intensity increasing, the median is increasing linearly. Obviously, the slope of the
strongest access method is higher than nearest counterparts.

Figure 4. Probability of signal strength whose loss > 30 dB for both access methods.

Figure 5. Median received signal strength versus femtocell intensity for both access methods.
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4. DISTRIBUTION OF SIGNAL-TO-INTERFERENCE-PLUS-NOISE RATIO

In this section, the distribution of SINR experienced by users is explored. Compared with the
received signal strength discussed in the previous sections, SINR is of much more interest. The
relevant assumptions are the same as have been clarified earlier. Specifically, we ignore frequency
reuse such as strict fractional frequency reuse [14, 15] and soft fractional frequency reuse [16, 17],
or interference coordination and cancelation techniques [18–20]. Cognitive technique is also one of
the effective methods [21].

Intuitively, the SINR for the strongest access method may be slightly higher than the nearest
access method. However, the difference is much more dramatic compared to the received signal
strength, which we have already discussed. Figure 6 shows the SINR distribution for these two
difference access methods (noise is ignored). Figure 6(a) shows the case that users access to the
nearest FAP, while Figure 6(b) shows the case that users access to the strongest FAP. The red area
in the figure is where the SINR larger than 1; the green area is where the SINR larger than 0.5
but less than 1; the blue area is where the SINR less than 0.5. As can be seen from Figure 6, the
blue area (which represents the area of SINR less than 0.5) is much smaller in the strongest access
method than in the nearest access method. It is also obvious that the areas tend to be much more
smooth in the strongest access method. The distribution of SINR for both access methods will be
explored exhaustively in the rest of this section. Once the distribution of SINR has been achieved,
other performance can be easily achieved [22, 23], such as the traffic analysis of Skype [24] and
VoIP [25].

The proportion of each area in this particular snapshot is presented in Table II. It is outstanding
that the percentage of SINR less than 0.5 is much lower in the strongest access method than in the
nearest access method, with the reduction reaching 14%.

4.1. Mathematical reasoning of SINR in nearest access method

The SINR distribution for the nearest case has already been analyzed in [9]. For comparison, the
procedure is quoted here, which can be used to help achieve the performance in the strongest
access method.

(a) Nearest Case. (b) Strongest Case.

Figure 6. Distribution of SINR for both access methods (noise is ignored). Locations of FAPs are the same
with Figure 1 (coordinates have transformed from �250 to 0).

Table II. Percentage of different SINR in each access method.

Nearest access method Strongest access method
Percentage (%) Percentage (%)

SINR > 1 41.62 46.81
0.5 6 SINR < 1 15.25 24.06
SINR < 0.5 43.13 29.12
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The SINR of the mobile user at a random distance r from its associated base station can be
expressed as

SINR D
hr�˛

Ir C w
(16)

where

Ir D
X

i2ˆ=bo

hiR
�˛
i ; (17)

is the cumulative interference from all other FAPs (except the tagged base station for the mobile
user at o denoted by bo), which are at a distance Ri from the typical user and have fading value hi .
W is the noise experienced by the tagged user. Given the distance from the nearest base station, the
probability that the SINR of this typical user larger than T is

P ¹SINR > T j rº D P

²
hr�˛

Ir C w
> T j r

³
D P ¹h > T � r˛ � .Ir C w/ j rº

D LIr .�T r
˛/ �Lw .�T r

˛/

(18)

in which LIr .s/ and Lw.s/ is the Laplace transform of random variable Ir and w evaluated at
s under the condition that the distance to the closest FAP from the origin is r . We will calculate
LIr .s/ in the following (calculation of Lw.s/ is similar).

LIr .s/ D EIr
�
e�s�Ir

�
D E

h
exp

�
�s �

X
i2ˆ=bo

hiR
�˛
i

	i

D exp

�
�2�� �

Z 1
r

h
1 � Eh

�
e�s�h�v

�˛
	i
vdv

�
;

(19)

where an identity has been used that for Poisson point process, Lˆ.f / D exp
�
�
R
Rd
�
1 � e�f .x/

�
ƒ.dx//. Because h � exp.�/, we have

Eh
�
e�s�h�v

�˛
	
D

Z 1
0

e�s�h�v
�˛

�e��hdh D
�v�˛

s C �v˛
; (20)

Substituting (20) into (19) comes

LIr .s/ D exp

�
�2�� �

Z 1
r

s � v

s C �v˛
dv

�
: (21)

The same procedure could be used to solve Lw.s/. Then, (18) turns into

P ¹SINR > T j rº D exp

�
�2�� �

Z 1
r

T r˛v

T r˛ C v˛
dv

�
�Lw .�T r

˛/ : (22)

As P ¹SINR > T j rº has been achieved, P ¹SINR > T º can easily be obtained from de-
conditioning r . If we ignore the effect of noise, which is reasonable because we just compare the
difference between those two different access methods, then we have

Gnear.T / D P ¹SIsNR > T º D Er ŒP ¹SINR > T j rº�
simplified
HHHHHH

1

1C ˇ.T; ˛/
; (23)

where ˇ.T; ˛/ D T 2=˛ �
R1
T�2=˛

1

1Cu˛=2
du.
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Equation (23) is the distribution of SINR in the nearest access method. It is worth to note that (23)
is unrelated with the femtocell density, which is in accordance with the fact that in an interference-
limited network, adding more base stations cannot improve the SINR experienced by users.

4.2. Mathematical reasoning of SINR in strongest access method

The mathematical reasoning of the distribution of SINR in the strongest access method can be aided
with the nearest counterpart. Because we have achieved the median signal received in both access
methods, Tnear.�; ˛/ and Tstro.�; ˛/, the effective signal power received in the strongest access
method is

hr�˛ �
Tstro.�; ˛/

Tnear.�; ˛/
; (24)

where r is the same as in the nearest access method. The interference experienced by this particular
user is

Ir � hr
�˛ �

�
Tstro.�; ˛/

Tnear.�; ˛/
� 1

�
: (25)

As similar as in the nearest access method, the distribution of the SINR
(noise is ignored) is

P ¹SINR > T j rº D P ¹h > T 0 � r˛ � Ir j rº D EIr ŒP ¹h > T
0 � r˛Ir j r; Irº�

D EIr
�
exp

�
��T 0r˛

�
j r
�
D LIr

�
�T 0r˛

� (26)

where LIr .s/ is defined in (16) and

T 0 D T �
Tnear.�; ˛/

.T C 1/ � Tstro.�; ˛/ � T � Tnear.�; ˛/
: (27)

So far, the distributions for both access methods have been achieved. In the rest of this section,
the performance will be compared.

4.3. Performance comparisons

For interference-limited mobile networks, the femtocell intensities have no influence on the SINR
experienced by users in the nearest access methods. Intuitively, this means that increasing the
number of FAPs does not affect the coverage probability, which matches empirical observations
in interference-limited urban networks as well as predictions of traditional, less-tractable models.
However, this is not true for the strongest access method. In this part, we not only explore the per-
formance differences between the nearest access method and the strongest access method but also
show how the femtocell densities affect the performance of the strongest access method. Analysis
is based on (23) and (26). Because only when path loss exponent ˛ > 2 does the equations for
distributions of SINR converge, we only consider the cases for path loss exponents 3 and 4.

Figures 7–9 show the cases when densities of femtocell are very small (intensity of 0.0005), light
dense (intensity of 0.0015), and dense (intensity of 0.0025). In all these three figures, blue lines and
black lines present the cases when path loss exponent ˛ is 3 and 4, respectively. Dashed lines present
the nearest access method, while the solid lines present the strongest cases. The only difference
among these three figures are the femtocell densities.

An interesting phenomenon worth noting is that when the deployment of femtocells is light, there
is no performance improvement for the strongest access method against the nearest access method
when the path loss exponent is 4. It is consistent with the result of Figure 5 (see black lines) in which
the median signal strength is almost the same. As the density increases, the improvement is obvious.
However, when the femtocell density continues to increase, the gain is almost fixed and no more
improvement can be seen. Considering Figures 8 and 9, we can also conclude that no difference can
be seen if the deployment density of femtocells transcends a certain value.
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Figure 7. SINR distribution. The femtocell intensity is 0.0005. Lines for ˛ D 4 are overlapped.

Figure 8. SINR distribution. The femtocell intensity is 0.0015.

Figure 9. SINR distribution. The femtocell intensity is 0.0025.

5. CONCLUSION

Deployments of femtocells can effectively improve the capacity of cellular networks without sig-
nificant increase in the network management costs. Femtocell base stations are usually installed by
users, which poses unique challenges for future mobile communication standards. The randomness
of the locations of femtocells brings us many difficulties to analyze and compare.
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In this paper, performance on accessing to the nearest and to the strongest femtocell base station
under Rayleigh fading is explored. First, the distribution function of received signal strength has
been studied. Specifically, the cumulative distribution function and the probability of received signal
strength whose loss is lager than 30 dB have been drawn. The factors that influence the performance
include path loss exponent and femtocell densities. Especially, different path loss exponents lead to
a dramatic difference between these two access methods.

After the studies of signal strength received in both access methods, we turn to SINR, which is
of more interest to realistic communication. For interference-limited mobile network, the femto-
cell density has no influence on the SINR experienced by users in the nearest access method. The
probabilities of experienced SINR have been studied exhaustively. We have found that when the
deployment of femtocells is light, there is no performance improvement for the strongest access
method against the nearest access method in the cases when the path loss exponent is 4. As the
density increases, the improvement is obvious. However, when the femtocell density continues to
increase, the gain is almost level and no more improvement can be seen.

This paper gives a systematical analysis on two different access methods: accessing to the near-
est femtocell base station and accessing to the strongest femtocell base station. Two performance
indexes are investigated: the characteristic of received signal strength and the characteristic of
experienced SINR. All results are mathematically tractable.
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