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Abstract: In order to mitigate the interference for macrocell
users caused by deploying femtocells (home base-station) in a
long term evolution (LTE) system, a hybrid spectrum access
model is proposed by means of applying the cognitive radio
technology to the femtocell. The femtocell periodically senses
the radio environment and opportunistically accesses the usable
frequency band so that the frequency spectrum resource is used
intelligently. The sensing process is performed in two stages,
which are principal sensing in the downlink and assisted
sensing in the uplink, respectively. Based on the information
obtained from the sensing results, the frequency spectrum can
be used flexibly in underlay or overlay modes in the femtocell.
Simulation results show that by using the proposed model, the
throughput of a femtocell is greatly improved with tolerable
interference to macrocell users.
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here has been increasing interest in deploying femto-
Tcells in a long term evolution (LTE) system. A
femtocell (home base-station) has a coverage of 10 to 50
m and it is usually placed indoors. Due to a dense spatial
reuse of the available radio spectrum, using femtocells
can greatly improve the capacity and coverage of the net-
works'"". However, as femtocells reuse the radio re-
sources of macrocells, they may cause cochannel interfer-
ence (CCI) to macrocell users. Interference decreases the
network capacity and results in performance degradation.
Handling the interference is one principal challenge for
femtocell usage' .

Cognitive radio (CR) techniques are proposed to alle-
viate the interference problem, which allow femtocells to
sense the radio resource utilization of macrocells and au-
tonomously adapt to the wireless environment and utilize
the spectrum so as to avoid interference to macrocells"™ .
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After spectrum sensing, femtocells can employ differ-
ent approaches to utilize the spectrum. One is for the
femtocells to opportunistically access the spectrum only
when it is not occupied by the macrocell. This approach
is called spectrum overlay "*7'. The other is that the fem-
tocells can always access the spectrum if the interference
caused to the macrocell users is under a pre-determined
threshold. This approach is called spectrum underlay”™™""'.

Both approaches have their merits and drawbacks. For
spectrum overlay, the interference caused by femtocells to
macrocells can be maintained at a low level if the sensing
performance can be guaranteed. But the available amount
of spectrum for femtocells depends on the spectrum usa-
ges of the macrocell. For spectrum underlay, a femtocell
may have more available amount of spectrum, but it may
cause higher interference to macrocells. Besides, it re-
quires instantaneous knowledge of interference channels.

A novel dynamic access model is introduced to the
femtocell in a two-tier environment taking advantage of
the above two CR strategies. In this model, the femtocell
flexibly operates in hybrid underlay/overlay spectrum ac-
cess mode. Spectrum sensing is the first step to detect the
interference conditions in a specified band. Then, femto-
cell users dynamically adjust their access mode based on
the sensing results.

This model is motivated by the hybrid automatic repeat
request ( HARQ) transmission scheme of the LTE net-
work discussed in Ref. [ 12]. Spectrum sensing is per-
formed accordingly in two stages: the principal sensing to
detect the macrocell
(eNB)) downlink transmission, and the assisted sensing
to detect the corresponding user equipment ( UE) uplink
acknowledgement.

The favorable usage mode is selected according to the
sensing results in the two stages. The sensing results re-
flect the link quality with actual pathloss and relevant spa-
tial conditions between the femtocell and macrocell users.
By introducing the hybrid spectrum access model to han-
dle the cross-tier interference, the interference recognition
can be well managed and higher capacity can be provided
via exploiting the spectrum opportunities efficiently. Sim-
ulations show that the throughput of the femtocell is
greatly improved with tolerable interference to macrocell

base-station ( evolved node-B

users.
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1 Network Model
1.1 System configuration

Fig. 1 shows a two-tier LTE network of time division
duplex (TDD) type. In the circular macrocell, the UE is
served by a high-power eNB, which is usually located at
the center with an omnidirectional antenna. The macrocell
is overlaid with random distributed femtocells, which has
very small signal coverage. For each femtocell, there is a
femtocell base station ( home evolved node-B ( HeNB))
located at the center and multiple home user equipment
(HUE) which is connected to the HeNB. The HeNB is in
charge of infrastructure functionalities such as service pro-
visioning and profile management for the HUE.

In the macrocell, the transmission is frame-based. As
shown in Fig. 1, each frame is partitioned into 10 succes-
sive TDMA channels. Such a channel is the unit for radio

121 " The channel is used for either

resources scheduling
uplink (UL) transmission or downlink ( DL) transmis-

sion.

Channel| DL1 [DL2 |DL3 | UL4 |DL5|DL6 | DL7 | DL8 | UL9 |DL10

Fig.1 Infrastructure-based macrocell and multiple overlaying
femtocells in a two-tier TDD-LTE network

An important feature of a cellular wireless network is
its asymmetry. The available bandwidth for DL transmis-
sion is much more than that for UL transmission. So, in
this paper we consider the DL transmission of the macro-
cell.

In the macrocell, HARQ is utilized for transmission,
that is, the transmission of a data packet is followed by
an acknowledgement from the receiver. As shown in Fig.
1, the DL data transmission of the macrocell is a two-step
process between an eNB and its corresponding UE. First,
the eNB transmits data packets to the UE on the DL chan-
nel. Then, the UE replies an acknowledgement on the
UL channel.

Both the macrocells and the femtocells are based on the
same communication technology and share identical spec-
tra. The macrocell may suffer from interference if the
channel they occupied is being used by a nearby femto-
cell. As a result, the HeNB shall avoid scheduling the
channels occupied by the nearby macrocell to prevent in-

terference.

By incorporating the cognitive capacities, the HeNB
can sense its operating environment. Thus, the operation
of the femtocell can be adaptively modified by using the
radio resource of the macrocell. According to the concept
of CR, the macrocell is considered as the primary user,
and the femtocell is considered as the secondary user.

It is assumed that neighboring cells follow a synchro-
nized slot structure. In other words, the coupling of the
UL/DL channels at the macrocell is known by the femto-
cells, which enables them to listen to the data sent by the
macrocell users in their respective UL and DL channels.
The sensing is performed during the guard interval at the
beginning of each channel.

1.2 Energy detection

We focus on energy detection in this paper, since it can
be simply implemented and used without prior knowledge
of primary signal structures.

Before the input signal is applied to the energy detec-
tor, it is filtered by the bandpass filter with a bandwidth
of W. Let y(t) denote the resulting bandpass signal. The
energy detector makes a decision between the following
two hypotheses,

Hy: y(1) =n(1)
H,:y(t) =hs(t) +n(1)

0<t<T
0<t<T (D)

where T denotes the observation time; s(¢) is the trans-
mitted signal from the primary transmitter; n(¢) is the ze-
ro-mean additive white Gaussian noise (AWGN) with va-
riance ¢”; and h is the amplitude gain of the channel.
The energy detector squares y(¢) and integrates it over the
interval of 7. Then, the decision statistic Y is compared
with the threshold A. If Y > A, the primary signal is de-
termined to be present; otherwise, to be absent.

Y = foyz(t)dt (2)

Following the work of Ref. [8], Y is shown to have
the following distribution,

Y~ {:\?TW H, (3)
ow(2y)  H,

where 3y and yapy (2y) denote the central and non-cen-
tral chi-square distributions, respectively, each with 2TW
degrees of freedom and a non-centrality parameter of 2y
for the latter distribution. y = | hs() |>/¢” is the SNR.
For simplicity, we assume that the time-bandwidth prod-
uct TW is an integer number and we denote it by m.

The probabilities of detection and false alarm can be re-
presented as'"

P,=p{Y>A|H}=0,(2y,/A)
P1~=P{Y>A\HO}=% @
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where I'(-) and I'(-, - ) are the complete and incomplete
gamma functions, respectively; Q, (-, -) is the general-
ized Marcum Q-function defined as

@ m 2 2
0,.(ab) = L a),f,_, exp( % - )1, (andr (5)
where I, _,(-) is the modified Bessel function of the (m
—1)-th order.

For simplicity, we ignore channel fading and the path
loss is calculated based on the basic path loss model. The
propagation loss can be expressed as L(d) =d " “, where d
represents the distance and « denotes the path loss factor
which is a fixed known constant.

2 Hybrid Spectrum Access Model
2.1 Overview

In order to efficiently utilize the spectrum, we present
a hybrid spectrum access model based on spectrum sens-
ing. Using this model, a femtocell can choose its trans-
mission mode when accessing the spectrum.

In this model, the HeNB monitors its operating radio
environment and searches for the available channels by
periodical sensing. Taking advantage of the HARQ trans-
mission scheme of macrocell users, an HeNB performs
principal and assisted sensing in the DL channel and the
corresponding UL channel, respectively,
whether there are any macrocell users in the vicinity.

Normally, channels are available for the femtocell
when no primary transmission is detected, which corre-
sponds to the case of both principal and assisted sensing

and detects

indicating the absence of primary transmission. On the
other hand,
when primary transmission is detected, which corresponds
to the case of both principal and assisted sensing indica-

channels are unavailable for the femtocell

ting the presence of primary transmission. In both cases,
the sensing results are the same.

However, when the sensing results of the two cases are
different, the femtocell is switching to the underlay
mode. The first case is that the principal sensing in the
DL channel detects the signal of the eNB while the assis-
ted detection in the UL channel does not detect any UE.

The probability of this case, under the condition that
primary transmission is on, is

P, =p{Y, <A, Y,>\, |H}=
(1 -0, 2y, VAN OV 2v,, V/A,)  (6)

where Y, and Y, are the decision statistics of the two pha-
ses; and A, and A, are the predefined sensing thresholds
of the two phases, respectively; v, and y, are the SNR of
the eNB signal in the DL channel and the SNR of the UE
signal in the UL channel, respectively.

Then, the SNR of the eNB signal and the UE signal
can be, respectively, represented as

Ous ;o

Y= I;IBdl (7
Oue ; u

y, =34, (8)
g

where Q,; and O are the transmitting power of teh eNB
and the UE, respectively; and d, and d, are distances
from the femtocell users to the eNB and the correspond
UE, respectively. Because the coverage of the femtocell
is small, we consider that the distances of femtocell users
to the eNB and the UE are the same.

Substituting Egs. (7) and (8) into Eq. (6), we can ob-
tain a relationship between P, and d,, d, for the given Q ;
and O, as

P, =f(d, d,) 9

As shown in Fig. 2, this is mainly due to the fact that a
femtocell is located close to the eNB and far from the op-
erating UE. In this case, the femtocell is unable to detect
the UE signal. Meanwhile, the further the femtocell is lo-
cated from an operating UE, the weaker the DL interfer-
ence the UE suffers. In this situation, the femtocell can
access the DL channel in an underlay way; that is, the
femtocell can utilize the DL channel as long as the inter-
ference to the UE is under its tolerable interference thresh-
old.

Sencin, DEDOLOLIULY —  (DLY(DL2DL3)ULA)
ensing ensing
ol |On [ on ] on|on|  uen®| o | of | off [of |
. Case 2 ....... -
i ) __(DLLDL2,DL3) b i
" oNB (UL4) UE -, o

Fig.2 Spectrum sensing in DL and UL channels

The second case is that the principal sensing in the DL
channel does not detect the signal of the eNB while the
assisted detection in the UL channel detects a nearby UE.
As shown in Fig. 2, this is mainly due to the fact that the
femtocell is located far from the eNB and located close to
the operating UE. In this case, the femtocell can access
the UL channel in an underlay way, which means that the
interference to the eNB is under its tolerable interference
threshold.

Based on the information obtained from spectrum sens-
ing, the femtocell can flexibly operate in an underlay or
overlay mode. It is normally working in an overlay mode
if the sensing results in both stages are the same, and it
switches to the underlay mode when the sensing results in
both steps are varied. Both cases will be discussed in the
following.

2.2 Overlay mode

When primary users are transmitting, the probability
that the sensing results in both phases indicates that the
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presence of primary transmission can be expressed as
P =p{Y,>A,, Y, >, ‘ H }=
0,( /2y, VA1) Q, (275, VAy)

When primary users are not transmitting, the probabili-
ty that the sensing results in both phases indicate the pres-
ence of primary transmission can be expressed as

(10)

P=p{Y,>A,Y,>), ‘Ho} =
I'(m, A,/2) T'(m, A,/2)
I'(m) r'(m)

(1)

When a femtocell fails to detect the primary signal, it
will transmit in the channel simultaneously. In this case,
the average throughput of the femtocell can be expressed
as

T ey = 2[ (10g2(1 +0.$Sg;\]:d_a)+
10%2(1 QQUh))f(r) dr (12)

When primary transmission is off and there is no false
alarm in detection, the average throughput of the femto-
cell can be expressed as

Toverlay—Z = J’ IIIII (IOgZ ( 1 + QSU

))f( ndr (13)

where W is the spectrum bandwidth; Qg is the transmit-
ting power of the femtocell user; and r is the distance
from the femtocell users to the eNB and the corresponding
HUE, which is between r
bution of HUE within the femtocell is random uniform,
being subject to the maximum and minimum separation

constraints.

and r Because the distri-

max min *

rmin <r< rmax

rmin

fr) =

0 otherwise

(14)

The average throughput of the femtocell in the overlay
mode is

T

overlay

=P,(1-P)T

overlay-1

+(L-P)(-P)T

overlay-2

(15)

where P is the probability that primary transmission is
present.

The coupling between UL and DL channels is of great
importance for the implementation of two phase sensing.
Compared with traditional single phase sensing, the pro-
posed model improves the reliability of sensing due to the
introduction of the combination of two phases.
while, compared with collaborative sensing among multi-
ple users, it does not need signaling overhead.

Mean-

2.3 Underlay mode

To maintain enough available spectra for usage of a

femtocell, it is necessary for the femtocell to access a

spectrum at times despite the presence of primary trans-
mission. The selection of the underlay strategy and inter-
ference management must be carefully investigated.

Femtocells switch to the underlay mode when the sens-
ing results in both phases are varied.
2.3.1 The first case

The first case is that the principal detection in the DL
channel indicates absence of the primary signal while the
assisted detection in the UL channel indicates presence of
the primary signal.

As shown in Fig. 3,
access the UL channel in an underlay way. But note that
the femtocell must carefully evaluate the potential inter-
ference in order not to cause unacceptable interference to
the eNB. That is,
to the eNB must be beyond a threshold r,, and r, is deter-
mined by the eNB’s reception sensitivity and QoS.

in this situation, the femtocell can

the interference R, from the femtocell

" HUE
DL1,DL2,DI3 §-.

Fig.3 Channel usage and interference scenario for the two-tier
network

The sensing threshold A, is used for the HeNB to meas-
ure the link between itself and the eNB and make a deci-
If decision statistic ¥, < A,, the
femtocell can access the UL channel. On the contrary, if
the decision statistic ¥, > A,, the femtocell cannot access
the UL channel.

If the femtocell utilizes the UL channel,
ence of the secondary signal to the eNB can be expressed

sion for access or not.

the interfer-

as

Rs =qud17ﬂ (16)

When a primary transmission is present, the probability
that any femtocell user transmits in the UL channel can be
expressed as

P =P(Y, <A,.Y, <A, Y, >A, |H} (17)

underlay-11

In this case, the average throughput of the femtocell

can be expressed as

_ Qar”

Tunderluy-ll f WIng(l +0_ +0ud”
1

Jrnar as)

Then the probability that the interference to the eNB is
beyond the threshold when the femtocell uses the UL
channel can be expressed as
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P, =P{R, >R, |Y, <A,Y, <A,.Y, >\, |H} =
o |2 Gong, /)
(l —Qm( eNBdﬂ’ f))(27d;,ﬁ)

(19)

mb

@ (0/r)""
J’O J‘0

When primary transmission is absent, the probability
that any femtocell user transmits in the UL channel can be
expressed as

P =P{Y, <A, Y, <A, Y,>), [H} (20)

underlay-12

In this case,
can be expressed as

Tundcrlay-lz = j W( log, +

The average throughput of the first case is

the average throughput of the femtocell

QSU

)f(r)dr (21)

T

underlay-1

=PP T +(1

p~ underlay-11 * underlay-11

~P)Pinr T,

underlay-12 © underlay-12

(22)

2.3.2 The second case

The second case is that the principal detection in the
DL channel indicates the presence of the primary signal
while the assisted detection in the UL channel indicates
the absence of the primary signal.

As shown in Fig. 3, in this situation, femtocells may
occupy the DL channel in an underlay way. But note that
the femtocell must carefully evaluate the potential inter-
ference in order not to cause unacceptable interference to
the UE. That is, the interference R, from the femtocell to
the UE must be beyond a threshold r,,
mined by the UE’s reception sensitivity and QoS.

The sensing threshold A, is used for the HeNB to meas-
ure the link between itself and the eNB and make a deci-
sion for use the channel or not.
Aus
trary, if the decision statistic ¥, <A
not utilize the DL channel.

If the femtocell utilizes the DL channel,
ence of the secondary signal to the UE can be calculated

which is deter-

If decision statistic Y, <
the femtocell can utilize the DL channel. On the con-
the femtocell can-

u?

the interfer-

as

R, =0.d," (23)

When a primary transmission is present, the probability
that any femtocell user transmits in the DL channel can be
expressed as

P =P{Y, <A, Y, <A,Y, <A, |H} (24)

underlay-21

In this case, the average throughput of the femtocell

can be expressed as

Qg™

Tundcrlay—Zl j W10g7 ( ] + d o )f( r) dr (25)
1

0'+

Then the probability that the interference to the UE is

beyond the threshold when the femtocell utilizes the DL
channel is

P , [ H} =

ine T

@ (Q./r)""
I,

Q( 2%41#,/2)

TN [y

(26)

When a primary transmission is absent, the probability
that any femtocell user transmits in the DL channel can be
expressed as

P =P{Y,<A, Y, <A, Y, <), [H} (27)

underlay-22

In this case, the average throughput of the femtocell

can be expressed as

Fnax ria
Tosan = | W(iog, + S )rnar  (28)

The average throughput of the femtocell of the second
case is given by

=P P T +(1

p~ underlay-21 © underlay-21

T

underlay-2

~P )Py T

underlay-22 © underlay-22

(29)

Finally, the average throughput of the femtocell is giv-
en by

T=T

overlay

+T

underlay

=T

overlay

+T

underlay-]

2 (30)

underld)

In this model, the key for success is to keep interfer-
ence caused by femtocells low enough to ensure a low im-
pact on the performance of an existing macrocell, but
there are enough channels for femtocells to achieve high
data rates. the performance of this
model is investigated by system-level simulations.

In the next section,

3 Simulation Results

In this section, the throughput performance of our pro-
posed hybrid access model is evaluated. We also compare
the proposed scheme with the conventional cognitive-
based overlay scheme.

The simulation parameters are summarized in Tab. 1,
which are in line with 3GPP LTE specifications.
the overlaying LTE network consists of mac-
rocells and femtocells. We consider one macrocell with a
500 m cell radius, where 10 femtocells and 50 UEs are
uniformly distributed in the center macrocell. The net-
work operates in the 2 GHz band with a system bandwidth
of 5 MHz. As shown in Tab. 1, macrocell users transmit
at an equal fixed power level and have an omni-direction-
al antenna pattern with antenna gain. Each macrocell sec-
tor has 10 UEs associated with it on average. UEs are
considered to be uniformly distributed in the system. 10
femtocells are uniformly distributed in each macrocell.
HUESs are uniformly distributed in a finite circular area

In our
simulation,

around each femtocell ( The cell radius is 20 m). Each of
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the femtocells operates at an equal fixed power level and
an omni-directional antenna pattern with antenna gain.

In the simulation, we adopt the Okumura-Hata model
to calculate outdoor path loss and use the COST-231
multi-wall model for indoor path loss. When considering
outdoor UEs with respect to a femtocell, a penetration
loss of 20 dB is assumed. A closed-access policy is as-
sumed, where only an authorized set of UEs can be asso-
ciated with a femtocell. In particular, the full load is as-
sumed for each femtocell; thus, each HeNB will select as
many channels as possible.

Tab.1 Simulation parameters

Parameter Value
Macrocell radius/m 500
Femtocell radius/m 20
eNB antenna gain/dB 14
HeNB antenna gain/dB

UE/HUE antenna gain/dB

eNB TX power/dBm 46
HeNB TX power/dBm 23
UE/HUE power/dBm 23
Number of UEs 100
Number of HUEs 10
Number of femtocells 10
Thermal noise level/(dBm-Hz ~!) -174
UE/HUE/HeNB noise figure/dB 5
BS noise figure/dB 7
Lognormal shadowing/dB 8
Penetration loss/dB 20
UL/DL ratio 1:1

We compare the performance of three schemes. The
first scheme is to combine the sensing results in the two
phases according to the OR rule. The second scheme is to
combine the sensing results in the two phases according to
the AND rule. The third scheme is to implement our hy-
brid model.

In Fig. 4, the throughput of the femtocell of the three
schemes with various primary transmission probabilities
P, is shown. We can see a clear throughput improvement
in our scheme using the hybrid model compared with the
scheme using the OR rule, and only a slight throughput
decrease in our scheme compared with the scheme using
the AND rule. This is because the AND rule scheme utili-
zes the spectrum in an aggressive way while the OR rule
scheme utilizes the spectrum in a conservative way, and
the hybrid model utilizes the spectrum according to the
spectrum usage and related spatial conditions of macrocell
users. Furthermore, we can see that the interference prob-
ability of femtocell to macrocell users in Fig.5 when one
time sample is 100 frames and P, is 0.5. The AND rule
scheme causes much more interference than the other two
schemes.

From Fig. 4 and Fig. 5, it is shown that the hybrid
model can achieve a tradeoff between the conservative

way and the aggressive way. By introducing the hybrid
spectrum access model to handle the cross-tier interfer-
ence, the interference recognition can be well managed
and higher capacity can be provided via exploiting the
spectrum opportunities efficiently. The throughput of the
femtocell is greatly improved with tolerable interference
to macrocell users.

600

—e— Hybrid
—&— OR rule
—— AND rule

500

400 -

.71

300

/( kbit

200

100 (-

Average throughput of femtocell

0 ! ! L L ! ]
0.1 0.2 0.3 0.4 0.5 0.6 0.7
Macrocell trans mission probability

Fig.4  Average femtocell throughput according to P, of the

three schemes

I R TR TR R T T
10 15 20 25 30 35 40 45 S0

Time samples

L
0S5

Fig.5 Interference probability of femtocell to macrocell users

4 Conclusion

In this paper, we present a hybrid underlay/overlay ac-
cess model for femtocells in the two-tier LTE network. In
this model, spectrum sensing is performed in DL channels
and the corresponding UL channels, respectively. The fa-
vorable usage mode is selected according to the sensing
results. Simulation results show that the throughput of the
femtocell is greatly improved with tolerable interference
to the macrocell.

References

[1] Chandrashekhar V, Andrews J. Femtocell networks: a
survey [J]. IEEE Communications Magazine, 2008, 46
(9): 59 -67.

[2] Yavuz M. Interference management and performance
analysis of UMTS/HSPA + femtocells [J]. [IEEE Com-
munications Magazine, 2009, 47(9): 103 —108.

[3] Lien S'Y, Tseng C C, Chen K C, et al. Cognitive radio
resource management for QoS guarantees in autonomous
femtocell networks [ C]//IEEE International Conference



124 Zuo Xuzhou, Liu Jishun, Xia Weiwei, and Shen Lianfeng

on Communications. Cape Town, South Africa, 2010: [9] Huang J W, Krishnamurthy V. Cognitive base stations in

(4]

5502784-1 —5502784-6.
Gur G, Bayhan S, Alagoz F. Cognitive femtocell net-
works: an overlay architecture for localized dynamic
spectrum access [J]. IEEE Wireless Communications,
2010, 17(8): 62 —170.

[5] Meerja K A, Ho P H, Wu B. A novel approach for co-

channel interference mitigation in femtocell network
[ C]//Global Telecommunications Conference. Houston,
USA, 2011:6133956-1 —6133956-6.

[6] Zhao G, Ma J, Li Y, et al. Spatial spectrum holes for

cognitive radio with directional transmission [J]. IEEE
Transactions on Wireless Communications, 2009, 8(10):
5270 —5279.

[7] Chen Y, Zhao Q, Swami A. Joint design and separation

principle for opportunistic spectrum access in the presence
of sensing errors [J]. IEEE Transactions on Information
Theory, 2008, 54(5): 2053 —2071.

[8] Oh D C, Lee H C, Lee Y H. Cognitive radio based fem-

tocell resource allocation [ C]//International Conference
on Information and Communication Technology Conver-

LTE/3GPP femtocells: a correlated equilibrium game-
theoretic approach [J]. [EEE Transactions on Communi-
cations, 2011, 59(12): 3485 —3493.

[10] Lien S'Y, Tseng C C, Chen K C, et al. Cognitive radio

resource management for QoS guarantees in autonomous
femtocell networks [ C]//IEEE International Conference
on Communications. Cape Town, South Africa, 2010:
5502784-1 —5502784-6.

[11] Kaimaletu S, Krishnan R, Kalyani S, et al. Cognitive in-

terference management in heterogeneous femto-macro cell
networks [ C]//IEEE International Conference on Com-
munications. Kyoto, Japan, 2011:5962617-1 —5962617-
6

[12] 3GPP. TS 36. 213 Evolved universal terrestrial radio ac-

cess (E-UTRA): physical layer procedures (Release 10)
[S]. 3rd Generation Partnership Project, 2010.

[13] Digham F F, Alouini M S, Simon M K. On the energy

detection of unknown signals over fading channels [ C]//
IEEE International Conference on Communications. An-
chorage, USA, 2003: 3575 —3579.

gence. Hangzhou, China, 2010: 274 —279.

TA &0 Femto M 2& R ) —FiE S it N R EY
Afaf xlgolr B hEF

(AaXFHHBEARXELLRE, Hw 210096)

WE: A 7THKELTE 24P AR SHRBDIR(REASE) mA R IR APFF RO TR, RALZHBDEK
FIINAIm LR ARG ik , M T — A RS XN A 2 ) R i B B B s L& R
B A% Z BHAEN T A GG SR B, AN % AR A% A SR 3% TR xR R dm 5 Ay 2 AN B, B A RN K T AT
0 £ Besm st A0 R EATEERR G B B, R T e NAF R 0942 8, A0 K 7T VA R Mo oA L 48 3 AT B X 3,
VA A XA IR 5 A R AR, BT R AR TR RG] T, AT 69 B R 4k 4% o R Bvk F 0947
.

KR I R 300 B do s SR BN AU K RN R

RE 2SS :TN92



