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ABSTRACT 

In this paper, we propose an adaptive and multi-sector-based user clustering algorithm which 

increases energy efficiency in a cellular network. Adaptive sectoring with dynamically changing 

sector angles is illustrated with a number of randomly distributed mobile stations.  Transmitted power 

is equally shared by sectors before adaptive user clustering. The sector angles vary from 30 to 360 

degrees by merging neighboring sectors and a sector is switched off till the user density exceeds a 

threshold (Td). The Td value is computed from the total number of users that the cell can 

accommodate over the area of the cell. The sectors with less than Td density exhibits transmit power 

which approaches to zero or sleeping state and so that the cumulative power is saved. Simulation 

results show that an average of 45% to 50% energy can be saved in 10 iterations. 

Index Terms: Adaptive Sectoring; Base Station; Energy Efficiency; and User Clustering 

INTRODUCTION 

The growing interest in new and reliable services in mobile telecommunications has resulted in an 

increased number of base stations (BSs) worldwide. As the numbers of BSs increase, the power 

consumption will also be higher. With increasing awareness of the potential harmful effects to the 

environment caused by CO2 emissions and the depletion of non-renewable energy sources, it is more 

critical than ever to come together to develop more energy-efficient systems in all sectors, and of 

course, telecommunication systems is not an exception.  

Data traffic in cellular networks is expected to grow exponential in the future [1]. In these networks, 

one of the biggest challenges is the continuous growth in energy consumption, especially by the base 

stations which make up about 80% of the total energy consumption [2]. To satisfy such traffic demand 

while keeping energy consumption comparatively low calls for energy efficiency (EE) improvement. 



There have been lots of researches conducted on EE in mobile networks. EE is basically is about the 

reduction of energy consumption per traffic bit and it has gained paramount importance for both 

economic and environmental reasons [3].  

Traditional traffic engineering in cellular networks was focused on traffic measurement, 

characterization and control, aiming to carry the largest amount of traffic load while satisfying the 

required quality of service (QoS) using limited radio resources, e.g., wireless channels [4]. The new 

dimension of energy consumption adds energy as an important radio resource and sets the new 

objective of minimizing energy consumption per traffic bit, for energy efficiency maximization under 

given QoS constraints [5]. Typically, cellular network operators allocate their radio resources based 

on the worst case principle, which is to allocate available resources based on usage requirements at 

peak traffic load [6]. This leads to significant waste of resources, including energy consumption, 

during periods with low traffic load [7]. To save energy, a shutting down or switching-off under-

utilized BSs scheme was proposed at low traffic load conditions [8].  

The author in [9] presented a mathematical model to compute and minimize the BS power 

consumption. The work in [10] studied the optimization problem of adaptive cell sectoring to 

minimize the total transmission power (TTP), while at the same time satisfying the QoS (i.e. lower 

bound signal-to-interference ration (SIR) requirements) in Direct Sequence Code Division Multiple 

Access (DS-CDMA) systems. They proposed a cluster-based sectoring algorithm. 

All the above mentioned works have never considered, to the best of our knowledge, the adaptive 

energy efficient multi-sectoring mobile user clustering approach. Hence, in this paper, we propose an 

algorithm which is capable of clustering users in a sector and maintain energy efficiency. The total 

transmits power of the cell is divided to each sector. Energy efficiency is obtained by sleeping off the 

sectors with lesser user density than the threshold density, Td. On the other hand energy efficiency 

can also be achieved by merging the neighboring active sectors while each of them are denser than the 

threshold value, thus a single antenna deal with the newly merged sector rather than using more 

number of antennas for neighboring active sectors. Hence, the circuit energy consumption, which is 

proportional with the number of antennas, can be saved. The Td is computed as the ratio of the total 

number of users existing at the current scan time and total area of the cell. The energy can be saved 

due to the summation of the total power which is shared by slept sectors and the circuit power when 

the neighboring active sectors are merged. 

The rest of the paper is organized as follows. Section II introduces the system model and Section III 

gives the power model and problem definition. In Section IV simulation results are presented based 

on numerical values considered. Finally, Section V concludes this paper. 

SYSTEM MODEL 

Consider a BS in a cell with twelve sectors with 30 degree reference angle each. When users start 

scanning, the BS immediately counts the number of users in each sector to computer the user density. 

The density dynamically changes per scan since the number of users per sector may changes for each 

scan. Therefore, Td = N/A, where A is the cell coverage area and N is the total number of users per a 

given cell. Based on this information a user clustering algorithm is proposed to cluster users and 

minimize transmit power as given below. : 

1. Initialize Pt, N, n, Td, A, An, Dn, Pn, n=1 

2. Find N 

3. Td=N/A 

4. Pn=Pt/n 

5. Count number of users, Nn in each sector 

6. Dn=Nn/An 

7. Compare Dn with Td 

8. If Dn < Td 

9. Then 

10. Pn0 

11. Increment n 

12. If n=maximum  



13. Then 

14. Find the total transmit power by summing up all sectors’ power 

15. T time delay 

16. Go to step 1 

17. Else 

18. Go to step 5 

Where Pt is total transmit power allocated for the cell, N is total number of users in the cell, n is 

number of active sectors to be used, A is total area of the cell, An is area of each sector, Dn is specific 

density of n sectors and Pn is transmit power to be assigned for a sector if active.  

After counting the number of users in each sector, the BS merges the neighboring active sectors 

together.  This method saves the wastage of energy which is dissipated to cluster sectors as well as the 

circuit power. 

 

POWER SAVING MODEL 

From [16], the BS power model is determined with three components of power consumption. The first 

is power control consumption (Ppc): is due to  the  effect  of  power  amplifier,  feeder  loss,  and 

extra  loss  in  transmission  related  cooling. That is: 

𝑃𝑝𝑐 =
𝑝𝑡

𝜂
           (1) 

Where  η is  the  power  conversion  efficiency,  accounting  for  the  power amplifier  efficiency, 

feeder  loss  and  extra  loss  in transmission. The second is Static  Power  Consumption  (Psta) which 

includes a  power consumption  of  cooling  systems,  power  supply (𝑃𝑎𝑐),  and battery backup.  It  is  

assumed  to  be  constant  and independent  of  Pt,  system  bandwidth,  W  and  number  of transmit 

antennas. Finally, dynamic Power Consumption (PDyn) is due to the circuit power (Pc) and signal 

processing power (Psp). It is assumed to be dependent on number of transmit antennas, n and 

bandwidth but independent of the transmit power. 

𝑃𝐷𝑦𝑛 = 𝑛(𝑃𝑐 + 𝑃𝑠𝑝)                                          (2) 

Hence, from (2) and (3), the total power consumption in the base station is:  

𝑃𝑇 = 𝑃𝑝𝑐 + 𝑃𝐷𝑦𝑛 + 𝑃𝑠𝑡𝑎                                    (3) 

The total power consumption can be given as:  

𝑃𝑇 = (
𝑃𝑡

𝜂
+ 𝑃𝑠𝑡𝑎 + 𝑃𝑎𝑐) + 𝑊𝑛(𝑃𝑐 + 𝑃𝑠𝑝)                

(4) 

The mobile user (𝑀𝑆) power consumption is omitted here because it is negligible with respect to the  

𝐵𝑆  power consumption.   

 The power saving model formulation based on the channel condition includes the following points: 

 Compute the path loss L, using Okumura Hatta model as: L=247.41+35.22*log(R) 

where R is radius of the cell coverage. 

 Compute Transmit power as  Pt=Pr*L where Pr is the minimum received power 

 Divide the power equally to each 30 degree sector antenna 

 Count the number of users Nn, in each sector 

 Compare Nn to Td and if Nn is less than Td then the sector sleeps (uses minimum 

power) otherwise sum up active sectors’ power 

 

 



RESULTS AND DISCUSSION 

Numerical values shown in Table-1 (obtained from [7]) are considered to evaluate the power saving 

with respect to the radius of the sector and its angle. 

TABLE 1: SIMULATION PARAMETERS 

Parameters Symbol Value (if any) 

Maximum Distance R 5 km 

Frequency F 900 Mhz 

Base station Antenna 

Height 

the 200 meter 

Mobil station Antenna 

Height 

hre 30 meter 

Wave length λ 

 

Depends on 

frequency Antenna gain at the 

transmitter 

Gte - 

Antenna gain at the 

receiver 

GArea 1 

Environment gain GAREA 1 

Number of users N Adaptive 

Reference Angle Theta 30 degree 

Number of sectors N 12 

Received power pr 10mw 

 

As it is discussed in Section I, energy efficiency can be achieved by merging the neighboring active 

sectors while each of them are denser than the threshold value, so that a single antenna deal with the 

newly merged sector rather than using more number of antennas for neighboring active sectors. 

Hence, the circuit energy consumption, which is proportional with the number of antennas, can be 

saved. 

The 12 sectors of the given cell in this work each having 30 degree angle are counted starting from the 

first quadrant of the x-y plane in counter clockwise direction. As shown in Fig. 1 staring from 30 

degree anticlockwise direction, sectors 2, 3, 4, 5, 8, 9, and 12 are active and each of these sectors’ 

antennas has distinct circuit power consumption. Each sector is equal and has 30 degree angle. The 

clustered sectors or sectors bordered with solid lines are those which have user density above 

threshold value, and the sectors which are not bounded by solid lines shows the slept antenna for 

which sector’s user density is less than the threshold. In this case, clustering of sectors independently 

needs some digital signal processing power in addition to circuit power. 

In Fig. 2(a) and Fig. 2(b) the neighboring active and inactive sectors are made to be clustered 

independently and adaptively to save both the signal processing power used for partitioning the 

sectors and the circuit power, which was proportional with the as the number of active sectors. From 

Fig. 2(a) sectors (1, 12), sectors (5, 6) merged together, and sector (10) with no neighboring sector are 

the active sectors getting power from the BS independently. Therefore, a total of only three antennas 

are used, of which two with large beam width and one with normal width. The antenna beam width 

depends on the angles of the merged sectors.   Had it been like Fig. 1, it would have used 5 antennas 

to cover the active areas in Fig. 2(a). In Fig. 2(b) only two antennas covered six 30 degree sectors and 

in this case more power is saved than even the above iteration result because of the saved circuit 

power.  

Fig. 3 depicts the power consumption in the case of Fig.2 (a) that shows the power needed for each 

active sector before merging the active and inactive sectors. Each 30 degree sector shares the total 

transmit power allocated to the cell. This means that each antenna in 30 degree sector transmits about 

3.58 mw which is 1/12
th
 of the total cell’s power. From the figure we can simply observe that sectors 

1, 5, 6, 10 and 12 are independently clustered with 30 degree antenna with transmit power 3.58 mw 

and 5 independent circuit powers.  



Fig. 4 demonstrates the power saved, 𝑃𝑠𝑎𝑣𝑒,  due to merging of sectors, as a result of circuit power 

reduction. It also compares the power allocated to the sectors after they are merged, 𝑃𝑡 , with the total 

power allocated for the total cell coverage,𝑃𝑚𝑎𝑥, (i.e. the power allocated before the sectors are 

merged). As shown in the figure, a total of 17.9 mw transmit power has been used in two pair merged 

sectors and one independent sector. From this, 25.1 mw which is 58 % of the total power has been 

saved in one iteration or scan time. 

 
Fig.1. Unmerged Active Sector Clustering 

 

(a) the 12 sectors are merged adaptively to three active and three inactive sectors 

 

(b) the 12 sectors are merged adaptively to two active and two inactive sectors 

Fig.2. User Clustering with Adaptive Sector Antenna by merging sectors. 
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Fig.3. Power level at each active sector in Fig.2(a) before sector merging 

 
Fig.4. Comparison of the maximum power consumption and the power after sector are merged, 

and shows the saved power in case of Fig.2 (a) 

 

 
Fig.5. Power level at each active sector in Fig.2(b) before sector merging 
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 Fig.6. Comparison of the maximum power consumption and the power after sector are merged, 

and shows the saved power in case of Fig.2 (b) 

In the case of the second iteration which is stated under Fig. 6, it has been shown that 50% of the total 

transmit power has been saved. Combining more number of iterations together can save more power 

than the individual iterations. For instance combining the previous two iterations (i.e. shown in Fig 

2(a) and Fig 2(b)) together, it can boost the saved power to 60-80% of the total power where the cell 

assumed to be used with non-sectored or using Omni directional antenna. 

CONCLUSIONS 

We have proposed an algorithm which makes a smart BS to change its transmit  power and clustering 

pattern adaptively with user density variation of the specific sectors. Based on the user density, the 

neigboring acive sectors merged together to save the circuit power. We focused more on improving 

the transmission efficiency by reducing the number of antennas as the neighboring sectors merged 

together. To achieve this, we have set the threshold value which is used as a reference to make the 

sectors active or inactive. Finally, we have analysed the result of two iterations and we got more than 

50% of the total power can be saved. However, there is a very small microsecond delay occured when 

the sectors sleep and become active at the next scan. For this, we recommend as a future work to 

design a smart BS considering the time delay between scans. 
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