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ABSTRACT 

 

Considered as low-powered cellular base stations, Microcells (Femtocells) are found to be deployed in 

homes and public places. They provide good coverage for very high user data throughputs and operate on 

licensed spectrum. This paper propose cell reselection transmit beacon (CRTB) transmitted by microcell on 

the cellular frequency to aid quick discovery of microcell. The performance of microcell discovery is 

achieved by setting a proximity threshold for the macrocell high enough to impact on mobile user 

equipment (UE) in the network. Simulation results demonstrate the effectiveness of the beacon in triggering 

cell reselection while impacting little on the macrocell UE throughput and facilitate the handover procedure 

at the microcell base station. 

Keywords: Microcell; Beacon; Cell-Edge; Macrocell; Throughput. 

 

1. INTRODUCTION  

 

Femtocell is a term that is generally referred to 

low-power base station in providing cellular service 

within airports, residences, schools, and business 

environments. The mobility of the User Equipment 

(UE) has inherently made handover procedures to 

become an integral part of cellular network design. 

However, a handover procedure is triggered only 

when a UE roams to a region where the received 

signal strength (RSS) from its associated macrocell 

base station ((e)NB) is significantly lower than the 

signal strength of a new (e)NB. Similarly, when a 

UE comes into close range with a new (e)NB than 

its currently associated macrocell base station 

((e)NB), handover is ensured (changes its 

association to the new (e)NB). A handover 

procedure aims to be fast enough in order to uphold 

its transparency to the running applications [1].  

The tiny cells capable of providing high-speed 

data lie inside larger cells served by nearby 

macrocell base stations. To operate such an 

underlay network reliably, microcells need to avoid 

any interference with macrocells and provide a 

seamless experience to users as they roam in and 

out of microcell coverage [2]. The fundamental 

difference between micro- and macrocell lies in 

their respective backhauls. While the backhaul of a 

microcell is an interface to the Mobile Core 

Network (MCN) through the public internet, that of 

macrocell backhaul is line dedicated to the MCN as 

demonstrated in Figure 1. 

 

Figure 1: Topology of a Handover Process 

Additional latency is introduced when traditional 

handover procedure is applied on microcells 

between Home-enhanced NodeB (H(e)NB) and the 

MCN in the public internet. More so, due to the 

small size of microcell, the handover frequency 

equally increases, thereby making it difficult for a 

fast moving UE to maintain its connectivity with 

quick passing microcells in its path. For mobile 

UEs to take advantage of offloading macrocell 

traffic to microcells, a faster handover mobility 

procedure to quickly discover the microcells is 

required. 

The remainder of the document is organized as 

follows. Section II reviews related work on the 
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topic. Section III introduces the simulation 

methodology and assumptions, including the path-

loss modelling, dynamic simulation model, and the 

SIB parameter assumptions. The simulation results 

on microcell discovery performance as a function of 

proximity threshold are presented in Section IV. 

Section V describes cell reselection beacon to in 

facilitating microcell discovery. The conclusion is 

given in Section VI. 

2. RELATED WORK 

As a result of the increasing demands for 

data and real-time services, wireless networks are 

compelled to support different traffic characteristics 

and Quality of Service (QoS) guarantees. After all, 

current wireless technologies and networks do 

satisfy different needs and requirements of mobile 

users as they complement each other in terms of 

their capabilities and suitability for different 

applications. The integration of these networks 

enables mobile users to be always connected to the 

best available access network depending on their 

requirements. Efficient handover mechanisms are 

essential for ensuring seamless connectivity and 

uninterrupted service delivery. A number of 

handoff schemes in a heterogeneous networking 

environment are therefore necessary.  

 

Marquez-Barja, et al [3] have described 

the concept of being always best connected, the 

user experience and business relationships in an 

ABC environment, and outlined the different 

aspects of an ABC solution that will broaden the 

technology and business base of next generation 

communication. Also, an advanced heterogeneous 

vehicular network (AHVN) architecture, which 

uses multiple access technologies and multiple 

radios in a collaborative manner have been outlined 

in [4]. 

A general overview of vertical handover 

decision algorithms are discussed in [5-7], whereas, 

a new Prefetch-based Fast Handover procedure was 

proposed in [1], designed to overcome the 

drawbacks introduced by the usage of the public 

internet for message paths between femtocell base 

stations and the mobile core network. The new 

proposed procedure simplifies and speeds up the 

handover procedure at the cost of consuming more 

network resources at the femtocell base station. 

The authors in [8] studied the impact of 

network load of neighbouring cell sectors on the 

inter-cell interference in a cellular data network. 

Their work uses a combination of pilot and traffic 

load measurements to provide better estimate of the 

user SINR by taking better account of the 

contribution of inter-cell interference. The result of 

which a higher throughput was recorded by users 

located far from the base station. 

  

Due to asymmetric power of macro and 

femto BSs in HetNets, some modifications must be 

done on RSS algorithms which have been mainly 

proposed for homogeneous networks, to be 

effectively used in HetNets. Authors in [9] 

proposed a new RSS based HO algorithm, referred 

to as RSS-α, for a handover scenario where a user 

moves from a macrocell to a femtocell. The main 

idea behind the RSS-α algorithm is to find optimum 

combination factor that merges the values of RSS 

from a serving macro BS and the target femto BS to 

derive a reasonable handover criterion.  

 

Since the procedure to handle handovers 

involving femtocells are far from being 

standardized, the application of traditional (legacy) 

handover procedure to such handovers introduces 

additional latency between the H(e)NB and the 

MCN in the public internet [10]. While handover 

between macrocells take less time (<100ms), it 

takes over 150 ms to transmit a single message over 

the internet. 

While a lot of researches are focusing on 

microcell networks, the issue of handover between 

macro- and microcells still receive less attention. 

However, ideas like proactive triggering handover 

procedures by predicting mobility of users [11], 

reducing the scanning time to identify associable 

femtocells by caching recently visited cell 

information [12], reducing unnecessary handovers 

by modifying the architecture and signal flow [13-

15], have started to yield some inroad in tackling 

the problem. There are also some work that focuses 

on improving handover efficiency in other 

networks [16]. 

Traffic offloads from macro cellular 

networks and cost reduction of infrastructure 

deployment [1], [17] are assumed to be the key 

benefits of microcells. One challenge for the 

microcell deployment is its (microcell) discovery. 

That is, a UE that originally camps on a macrocell 

with different frequency and better quality (Ec/Io) 

than the microcell arriving the microcell 

environment, may find it difficult to locate and 

connect to the microcell. In facilitating the 

microcell discovery, a broadcast by the macrocell 
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network needs to be set high so as to impact on all 

the UEs in the network. As a solution, a cell 

reselection transmit beacon (CRTB) is proposed 

with the microcell transmitting a beacon on the 

frequency of macrocell. The beacon is to be 

randomly chosen in the time domain to minimize 

the interference on the neighbouring mobile nodes.  

 

3. SYSTEM SIMULATION MODELS AND 

ASSUMPTIONS 

 

One of the challenges for the microcell 

deployment is its discovery by the UE. This is to 

say, UE that is originally attached to a macrocell 

with different frequency and quality (Ec/Io), may 

not be able to identify and switch to microcell on 

arriving H(e)NB as illustrated in Figure 2. To 

facilitate the discovery of the microcell, a broadcast 

by the macrocell network must be set high so as to 

impact on any mobile UE in the network. Transmit 

beacon consist of pilot signal and control channels 

radiated on macro frequency for microcells 

(femtocells), to attract sleeping mobile UEs 

attached to macrocell when microcell forward link 

(FL) frequency and neighbouring macrocell are 

operating on different frequencies [18].  

Figure 2: Microcell Architecture With UE Camping On 

Macrocell. 

Based on the introduction of the RF 

model, the path loss and the corresponding Ec/Io 

values from macrocells and microcells to a UE are 

generated at identified location. The path loss for 

the macrocell and microcell are PLm and PLf, 

respectively and are calculated by the expressions 

as follows: 

PLm = 28 + 35 log10 (d1) dB  (1) 

PLf = 38.5 + 20 log10 (d2) dB (2) 

where d1 and d2 are the distances of the mobile UE 

to the macrocell and microcell base stations, 

respectively, and the wall partition loss is assumed 

to be 10 dB. 

Due to the abrupt change of the received 

signal strength from macrocell and microcell BSs, 

average received signal powers from macrocell and 

microcell BSs to track the signal power changes at 

the mobile terminal is here considered. Let mΠ  

and fΠ  denote the average received power at the 

mobile terminal from the macrocell and microcell 

BSs respectively.  

From [12, 14], Πm and Πf can be found as follows: 
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Ts and dav - denote RSS sampling interval and 

averaging distance respectively, while  ⋅ is the 

floor operation. 

 

The rate at which the received signal strength 

changes from the macrocell BS can be found from 

the expression: 
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3.1 Simulation Model 

WinProp software tool have been used for the 

path loss models of an urban microcell network 

with the formation of small cell (SC) as coverage 

layer to cover for the existing micro-cellular 

network. Massive data could be generated to 

achieve lower microcell penetration densities due to 

cell splitting from the deployment of dense 
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microcell across the entire network. The path loss 

profile, generated by the WinProp for micro cell 

location is shown in Figure 3. The path loss profile 

of macro depends on the location of the 

neighbourhood within the macrocell.  

 

Figure 3: Pathloss Profile of Microcell Location 

 

 

3.2 UE Mobility  

Three types of neighbourhood mobility routes 

are used: outdoor, corridor, and in-door. Once 

more, the primary aim is to model the idle UE 

movement patterns through the neighbourhood, 

through buildings, and within offices. The three 

routes model a UE walking from the entrance of the 

building, along the corridor and terminating at the 

entrance of an apartment. The in-door routes start 

from the entrance of the apartment and proceeds to 

a resting point (desk, dining table or counter), on 

which the UE rests. It shows typical behaviour of a 

mobile user when returned home and places his/her 

handheld device(s) in a fix location. The other 

category consists of the UE periodically traversing 

the building many times within a period of time. 

This route captures the behaviour of a mobile user 

whose handheld device(s) moves around the 

apartment while he/she moves as illustrated in 

Figure 4. 

 

Figure 4: Indoor Routes of UE’s Movement. 

 A two-frequency deployment scenario is 

assumed: frequency f2 is shared by macro- and 

microcells, while f1 is for macrocells only. The two 

frequencies are assumed to be adjacent with an 

adjacent channel interference ratio (ACIR) of 33dB. 

A microcell is only accessible to its own home UE 

(HUE) and not accessible to any other HUEs or 

macro UEs (MUEs). For this analysis, the enhanced 

Macro NodeBs (M(e)NBs) are then assumed to 

transmit at 1/2 the full power (i.e., 40dBm). It is 

also assumed that 1/10th of the full power is 

allocated to pilot signal for both M(e)NBs and 

H(e)NBs. Likewise 5-2.5% for micro penetration at 

cell edge and at cell site respectively. 

Based on the above deployment assumptions 

and the path loss profiles generated by our model, 

one can obtain the Ec/Io of all the (e)NodeBs 

measured by a UE at any point along the mobility 

routes. Fading effect is also simulated and added to 

the path loss. The Ec/Io data are then fed as the 

simulator input which follows the 3GPP cell 

reselection procedure given in the 3GPP25.304 [19] 

and depicted in Figure 5.  

 

Figure 5: Flow Chart of Cell Reselection Procedure. 

Table 1 summarises the relevant cell 

reselection parameters for the broadcast in an idle 

mode. The frequency f2 is set as the camping carrier 

with H(e)NBs considered a high priority over the 

M(e)NBs during cell reselection by the UE. 

However, a -12dB minimum value of Ec/Io is 

enforced when the H(e)NB signal quality is good 

enough for cell reselection to occur. 
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Table 1: SIB Parameters for Idle Cell Reselection 

SIB 

Parameter 

Macro f1, f2 Micro f2 

Ec/Iomin, SIB3 -15dB -15dB 

Max. 

Threshold 

12dB 1.8dB 

Min. 

Threshold 

(1.8 – 12)dB 1.8dB 

Ec/Iohyst 1.8dB 1.8dB 

 

Ec/Iooffset 

Macro f1: 0dB 

Macro f2: 50dB 

Micro f3: -50dB 

Macro f1: 0dB 

Macro f2: 0dB 

Micro f3: 0dB 

 

Ec/Iomin, 

SIB11 

Macro f1: -15dB 

Macro f2: -15dB 

Micro f3: -12dB 

Macro f1: -15dB 

Macro f2: -15dB 

Micro f3: -15dB 

*SIB – System Information Block:  

� SIB-3 is Parameter for intra-, inter-

frequency and I-RAT cell re-selections.  

� SIB-11 is the secondary notification. 

  
3.3 Assumptions and Limitations  

 

The two-frequency deployment scenario (f1 is for 

macrocells and f2 for femtocells) is assumed with an 

adjacent channel interference ratio (ACIR) of 33dB. 

Although the paper focuses on two-frequency 

scenario, it should be noted that this could equally 

be applied to other scenarios with dedicated carrier 

for the microcells. Assumed restriction on 

association is observed in this setting (i.e., 

microcell is only accessible to its home UE (HUE) 

and not to other HUEs or macro UEs. 

 

The paper falls short in conducting laboratory test 

to confirm the impact of the proposed CRTB on the 

data throughput. Field measurements were equally 

not carried out to compare the measured and 

predicted pathloss values from UE to the NodeBs.  

 

4. SIMULATION RESULTS  

In this section, we present the simulation 

results based on the mobility simulation. The UE 

arriving micro network find it difficult to locate its 

own microcell on other frequencies, if proximity 

threshold is low. For good microcell discovery, the 

proximity threshold needs to be set high enough so 

that it impacts on all the UEs in the network. 

Hence, it is desirable to keep proximity threshold 

low without compromising femtocell discovery 

performance. To this end, two solutions are 

proposed. One is through UE enhancements to 

perform autonomous periodic inter-frequency 

searches irrespective of the quality of the serving 

cell. The other is the so-called cell reselection 

beacon where the femtocell transmits a beacon on 

macro frequency(ies) to trigger reselection.  

Table 2: Simulation Parameters  

Parameter Value 

Transmit Power of Macro BS -Tx(m)  43dBm 

Transmit Power of Micro BS – Tx(f) 21.5dBm 

Shadowing of Macrocell Signal - 

mσ  

8dB 

Shadowing of Microcell Signal - 

fσ  

6dB 

RSS Threshold for Macro - mγ  -90dBm 

Hysteresis Margin - ∆  3dBm 

Wall Loss - W  10dB 

RSS Sampling Interval - sT  0.7s 

 

 

Figure 6 shows the received signal 

strength from macrocell and femtocell BSs at the 

mobile station versus the location of the user, when 

the user is moving towards the microcell BS with a 

constant velocity. However, variable length of 

window size was considered for making 

appropriate handover decision. 

 

 
Figure 6: RSS by the UE from Macro and Micro BSs. 

 

4.1 UE Upgrade 

 

One solution that guarantees microcell 

discovery without causing unwarranted cell search 

is the UE upgrade, where a periodic inter-frequency 

search by the UE is performed every few minutes 

irrespective of serving cell quality. This method 

achieves very good micro discovery performance 

without a need to increase the macro proximity 

threshold setting. Once the UE finds a micro on the 

other frequency and its quality (Ec/Io) is higher 

than the set threshold of -12dB, the UE will attempt 

to reselect to the micro. Using the slow background 
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search (SBS), the performance of the micro 

discovery of the home UE will significantly 

improve. This method applies only to the 

approaching UEs that tend to cause setback, but 

failed to solve the microcell discovery issue of 

legacy UEs. To ameliorate the bottleneck, a cell 

reselection transmit beacon is therefore proposed.  

 

4.2 Cell-Reselection 

 
To facilitate microcell discovery without 

increasing proximity threshold, the microcell 

transmits a beacon signal on the macrocell’s 

frequency which reduces the Ec/Io of the macrocell 

to be lower than proximity threshold. Hence the UE 

will perform inter-frequency cell search when hit 

by the beacon even with low proximity threshold 

(2dB). For most of the time, the microcell transmits 

a low-power beacon once a while in very short time 

interval. The low-power beacon however, 

guarantees very fast cell reselection to microcell 

when the home UE is in close vicinity of the micro 

network and the high power beacon covers the 

entire in-door.  

By considering an idle-mode UE within the 

coverage area of a high-power beacon camping on a 

strong macro on frequency f1 (figure 2), the UE will 

execute inter-frequency search to reselect microcell. 

However, since the beacon signal is bound to cause 

interference to nearby MUEs (voice or data calls), 

the transmit power can be carefully chosen to 

achieve good microcell discovery and minimize the 

interference to macro network users.  
 

5. MICROCELL DISCOVERY 

In order to evaluate the performance of the fast 

handover procedure reflecting on the microcell 

discovery, the system was simulated to show its 

flexibility in the implementation of procedure 

modifications, along with user mobility. The 

implementation simulates a mobile UE driving at 

varying average speeds through streets in a specific 

residential neighbourhood, shown in Figure 3. In 

the femtocell discovery, the proximity threshold in 

macrocell’s system information block (SIB) is set 

to be 1.8dB; the macrocell pathloss is set low to 

mimic a cell site scenario where the macro quality 

is very good and no inter-frequency cell search 

would occur in the absence of the beacon. 

Therefore, if the femto is found, it will be ranked 

the highest. Figure 7 shows the CDF of the time 

taken for UE to reselect to the femto. The time is 

defined as the duration between the moment when 

the beacon is turned on and the point when the cell 

reselection to the femto is complete. The average 

discovery time is found to be below one minute. 

The UE on rare occasions will have to wait for 

about 5 minutes before it reselects to the micro. 

 

 

 
Figure 7: Microcell Discovery Performance. 

 

Although the impact seems to be significant, it 

is limited only to the MUEs within the beacon 

coverage. If we take all the MUEs in the macrocell 

into account, the impact would be significantly 

diluted.   

The result of the proposed cell-reselection on 

data throughput has shown that the impact of the 

beacon on throughput is about 25% of the UE in the 

coverage area of the beacon when there is only a 

single user in the macro cell. The throughput could 

reduce significantly due to beacon bursts when 

multiple users are served by the same macrocell 

[20]. 

 

6. CONCLUSION 

 

Mobile users attached to macro BS and 

approaching microcells should be able to discover 

and reselect their desired microcell even when the 
microcell(s) is operating on another carrier. In 

ensuring the discovery of the microcell, proximity 

threshold of the macro BS is set high so as to have 

influence on any UEs in the network. While the UE 

performs periodic inter-frequency search 

irrespective of the serving cell quality (Ec/Io), the 

transmission of beacons from microcell on macro 

frequency(ies) serves as another solution. Results 

demonstrate the effectiveness of the proposed CRB 

in facilitating microcell discovery without changes 

in the proximity parameter. The impact of the 

outcome on the data throughput of the nearby 

macro UEs is little within the beacon’s coverage. 

This has further attested to the use of cell-

reselection beacon as a dynamic mechanism to 

mitigate microcell discovery without distorting the 

actual proximity parameter of the macrocell 

network. 
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