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Abstract—Load balancing (LB) is an important function of the 
self-organizing network (SON) for coping with the uneven load 
distribution to achieve higher spectrum efficiency and lower 
operational expenditure. This paper proposes a cluster based 
self-organizing LB scheme, which employs a user-vote 
mechanism to avoid the ‘virtual partner’ problem experienced by 
current LB schemes with the load-based partner selection. The 
user-vote can assist the hot-spot base station (BS) to efficiently 
select partner BSs for constructing its cluster, and then shift the 
traffic to the partners within the cluster. Simulation results show 
that the proposed scheme can effectively solve the ‘virtual 
partner’ problem. Furthermore, it can reduce the call blocking 
rate via a small number of partner BSs. 

  Keywords: load balancing; self-organizing network (SON); 
handover; OFDMA 

I. INTRODUCTION 

  Future Orthogonal Frequency Division Multiple Access 
(OFDMA) based cellular systems envisage high deployment 
costs and spectrum shortage challenges induced by dynamic 
traffic and uneven load distribution. Load balancing (LB) has 
been identified as one of the efficient algorithms for dealing 
with these issues in the self-organizing network (SON) [1][2].  

  LB schemes can be classified into two types: the hot-spot 
base station (BS) either borrows idle resources from neighbor 
BSs, such as channel borrowing without locking and hybrid 
channel assignment [3], or offloads excess traffic to neighbor 
BSs, such as deploying fixed relay to shift load at the cell edge 
[4] and adjusting the cell coverage to shift traffic [5]. 

The full frequency reuse in OFDMA based LTE and LTE-A 
networks leaves little space for borrowing resources. The most 
commonly used LB scheme in these networks is based on the 
handover. In [6]-[8], the traffic in the hot-spot cell is shifted to 
its neighbor cells via adjusting cell-specific handover offsets 
(HOoff). In the typical mobility load balancing (MLB) scheme 
of [6], the hot-spot BS selects all neighboring less-loaded BSs 
and adjusts their HOoff individually, according to the load 
difference between the hot-spot BS and each selected neighbor 
BS. In [7] an enhanced MLB scheme considers users QoS 
requirements of each cell during the cell load measurement, 
and then adjusts HOoff based on the cell load. In [8] a vessel 
theory based LB scheme divides the cell state into ‘high load’, 
‘normal load’ and ‘balancing (light load)’, and adjusts HOoff 
between the ‘high load’ and ‘light load’ BSs. 

  All LB schemes rely on interactions between two or more 
BSs to balance the load. Selecting the suitable BSs (defined as 
partners hereafter) to share the load has a direct impact on the 
LB performance. Many LB schemes use the neighbor BS’s 
load as the criterion for finding the partner BSs to shift traffic, 
e.g. the typical MLB scheme in [6][7]. However, this can lead 
to the ‘virtual partner’ problem as shown in Fig. 1. 

 
Fig. 1. ‘Virtual partner’ problem in load balancing 

  Consider this simplified network in Fig.1, assuming each 
user requires the same amount of traffic; BS1 is heavily loaded 
and intends to shift some traffic out. Applying the load 
criterion, both BS2 and BS3 appear to be possible partners 
with the same priorities as they have the same load. However, 
BS3 is more suitable whilst BS2 is a ‘virtual partner’ because 
BS2 cannot effectively serve user A and B due to their 
physical location and severe channel fading. 

  This paper proposes a user-vote assisted self-organizing LB 
scheme. A hot-spot BS constructs its own LB cluster for 
shifting traffic. The user-vote mechanism assists the cluster 
head (the hot-spot BS) to select the right partner and avoid the 
‘virtual partner’, which results in an improved LB efficiency. 

The paper is organized as follows. Section II presents the 
proposed LB scheme. Section III introduces the simulator and 
analyzes the results. Conclusions are given in Section IV. 

II. USER-VOTE ASSISTED SELF-ORGANIZING LB SCHEME 
 

A. System Model 

  Fig. 2 exemplifies the structure of the proposed load 
balancing cluster (LBC). The BS of hot-spot is defined as the 
cluster head and the assistant BSs are defined as partners. 
Each LBC is composed of one cluster head and one or several 
partners. For a particular cluster head, partner BSs are a subset 
of its neighbor BSs. 
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Fig. 2. Structure of the load balancing cluster (LBC)  

 
Fig. 3. Flowchart of the proposed load balancing scheme 

  The proposed user-vote assisted LB scheme follows three 
steps as shown in Fig. 3: A hot-spot BS identifies itself as a 
cluster head to start its LBC construction. Then its users 
estimate their SINR received from each neighbor BS, and 
calculate their votes and report to the cluster head. The cluster 
head jointly considers the user-vote and the load factor of 
neighbor BSs to effectively construct the LBC. Finally, the 
cluster head shifts its traffic towards the partners in its LBC. 
Since the clusters and the traffic shifting can be achieved via 
peer communication between BSs using the X2 interface, the 
scheme is self-organizing [1]. 

B. Cluster Head Self-Discovery 

  This paper considers the downlink OFDMA systems. The 
load of BSh is defined as Lh which is equal to the ratio of the 
number of subcarriers in use to the total subcarriers [9]:  

0 	 	⁄ 1		        (1) 

  We define  as the threshold load (heavy load), which 
usually ranges around 70% [10]. BSh discovers itself as a 
cluster head when Lh > .  
  Then BSh exchanges the above load information with its 
neighbor BSs. Assuming BSh has N neighbor BSs indexed 
with n ( ∈ 1… . This process can be implemented over 
the X2 interface in LTE [2].  

C. Load Balancing Cluster Self-Construction 

  The LBC self-construction consists of two steps: user-vote, 
and partner selection. The user-vote mechanism assists the 
cluster head to choose the suitable partners and to avoid the 
‘virtual partner’ presented in Section I. Fig. 4 shows the 
negotiation process of the LBC self-construction. 

1) User-Vote Model 

  The user-vote model is shown in Fig. 5. We assume that the 

 
Fig. 4. Negotiation process among User, Cluster head and Neighbor BS 

 
(a) Calculate ‘vote strength’ ,    (b) Report two largest ,  neighbor BSs       

Fig. 5. User-vote model  

cluster head BSh has K active users, Userk ∈ 1…  
estimates its SINR from neighbor BSn ∈ 1… , as 

,
	. Based on ,

	 and the received SINR from the 
cluster head , , Userk calculates its ‘vote strength’ of 
neighbor BSn, as Sk,n. Then Userk reports two neighbor BSs 
with the largest ‘vote strength’ to the cluster head. 

SINR estimation 

Userk ∈ 1…  estimates its worst SINR from 
neighbor BSn ∈ 1… , based on the reference symbol 
received power (RSRP). In OFDMA networks such as LTE 
and LTE-A, the high cell capacity requirement leads to the 
frequency reuse factor (FRF) equal to 1, all neighbor BSs are 
likely to use the co-channel subcarriers of Userk for 
transmission at the same time, which becomes the inter-cell 
interference (ICI). Meanwhile, in OFDMA networks, the 
precise SINR estimation is difficult because Userk’s allocated 
subcarriers by BSn are varying in both time and frequency 
domains, based on the QoS requirements and channel 
condition of its serving users. Besides, due to the dynamic 
subcarriers allocation of all cells, Userk’s interference imposed 
by other cells using the co-channel subcarriers is also varying 
in both time and frequency domains. Hence, in this paper, 
Userk estimates its worst SINR from BSn using (2): 

 ,
	 ,

, ∑ ,,
       (2) 

where ∑ ,,  is from other neighbors. ,  
and ,  are from the voting target BSn and the cluster 
head, respectively. For the worst SINR, the noise is ignored 
because it’s much smaller than the interference when FRF=1. 

,
	 reflects the potential transmission rate after Userk 

is shifted, which is used to calculate the ‘vote strength’. 
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‘Vote strength’ calculation 

Then Userk calculates its vote threshold  based on 
its received SINR from the cluster head BSh.  

, /∆     ∈ 1…    (3) 

where ∆ is set as 4 to get an appropriate threshold, because 

, /∆	 can judge cell edge users. (The proof 
of ∆ 4 is in the end of the user-vote model.) 

Based on the vote threshold 		and the estimated 

,
	, Userk calculates the ‘vote strength’ ,  using (4). 

,  indicates Userk’s probability of shifting traffic towards 
neighbor BSn , reflecting its satisfaction degree to BSn . 

,

1	,																																												 ,
	 		

∗ ,
	

	
∗ 0.5 ,

 (4) 

For the users with	 ,
	 , they are located at 

the cell edge of BSh-to-neighbor BSn, and BSn could serve them 
with sufficient data rate. Hence, they vote for BSn with , =1. 

For the users with ,
	 , ,  is based on 

the ratio of ,  to .  

Signaling load and complexity 

From Fig. 4, the proposed scheme increases the signaling 
load, especially the ‘User-to-Cluster head’ link for reporting 

the ‘vote strength’. To save the signaling load, in (4) ,
	

	
 

is converted to a discrete , value by the quantization step 
Qstep and the Floor-function. For example, if Qstep=0.2, 

, 	 0, 0.2, 0.4, 0.6, 0.8, 1 . Therefore, ,  requires a 
smaller code length [11] than reporting the actual value. 

  In addition, Userk only reports its ‘vote strength’ of two 
neighbor BSs with the largest non-zero Sk,n, to the cluster head. 
Because in most cases, Userk is near two neighbor BSs at most, 
‘vote strength’ of the other neighbor BSs are small, and the 
non-zero constraint avoids the users far from the cell edge to 
report. The mechanism can further save the signaling load than 
reporting the ‘vote strength’ of all neighbor BSs. 

  In the user-vote model, users’ SINR estimation is purely 
based on RSRP, which is available for existing radio resource 
management functions such as cell selection, not requiring 
extra measurements. The computational complexity of this 
model is modest. The complexity of calculating the ‘vote 
strength’ of neighbor BSs is , the complexity of 
reporting two largest ,  neighbor BSs is 2 3 . Hence, 
the overall complexity is 2 3 . 

_______________________________________________________________________________________________________________________________________________________________ 

Proof of ∆  (in Equation (3))  

, , 3  is a general method to 
identify cell edge users [12], 3dB denotes	 ,

2 , . The RSRP in (5)-(7) are in a linear format. 

,
,

, ∑ ,,
         (5) 

   
∗ ,

. ∗ , ∑ ,,
                (6) 

4 ∗ ,

, ∑ ,,
4 ,

	    (7) 

In (5), we set ‘ ’, because , ∑ ,,  is 
the theoretical heaviest overall interference of , .  
In (7),’ ’ denotes approximately, because if Userk is shifted, 
the signal from the cluster head ,  is the heaviest 
interference, compared to ,  from other neighbor BSs. 
__________________________________________________________________________________________________________________________________________________________________        

2) Partner Selection 

  Based on the ‘vote strength’ report of its users, the cluster 
head calculates the total votes of neighbor BSn, Vn using (8). 
Vn reflects the LB capability of BSn, decided by users’ physical 
location and their channel condition. The higher the value, the 
more users in the cluster head favor to be shifted to BSn. 

∑ ,       ∈ 1…      (8) 

  In addition, to efficiently select partners, the load factor is 
also considered, which reflects the idle subcarriers of neighbor 
BSn to serve the shifted users. The above two factors are 
jointly considered and the selection priority of neighbor BSn is 
defined as : 

1 /     ∈ 1…    (9) 

where Ln denotes the load of neighbor BSn. The denominator K 
guarantees the factor of total votes ranges from 0 to 1, which 
is in the same magnitude as the load factor.  

  From (9), under the same number of votes, the neighbor BS 
with lower load has higher priority to be selected as a partner. 
Meanwhile, under the same load condition, the neighbor BS 
with higher votes has higher priority.  

  We also design a filter to avoid selecting a light-loaded BS, 
which has no user from the cluster head located at its edge, as: 

Filter for BSn:    ∈ …
				

, 1    ∈ 1…    (10) 

  In the final selection process, the cluster head sorts its 
neighbor BSs which meets the Filter (10), in descending order 
according to their priorities (9). Then it continuously selects 
the highest priority neighbor BS as LBC’s partner in sequence, 
until the number of partner BSs in the LBC is larger than the 
maximum LBC size (the appropriate size is discussed in 
Section III). Then, the cluster head sends an LBC construction 
request to the selected neighbor BSs. The LBC 
self-construction is finished after their response.  

D. Load Shifting within each Load Balancing Cluster 

Once the LBC is set up, the cluster head BSh shifts its traffic 
to the partners in its LBC. Providing BSh has J partner BSs, 
index with partner BSj ∈ 1… . In LTE, mobility load 
balancing (MLB) is a popular scheme [6][7]. MLB adjusts the 
cell-specific handover offset (HOoff) between the cluster head 
BSh (serving cell) and the partner BSj (target cell), to shift 
Userk. The condition is as (RSRPk,j)dB + HOoff (h,j) > (RSRPk,h)dB 

219



  Since this paper focuses on the efficient partner selection 
process, we refer to the typical MLB scheme [6] to adjust 

,   between BSh and each partner BSj individually, 
based on their load difference. ,  is given as (11): 

, 	 	 		  ∈ 1…  (11)  

where  is the load of partner BSj, and 	  is the 
maximum handover offset.  

III. SIMULATION ANALYSIS  
 

A. Simulation Platform Configuration 

  A downlink OFDMA based system-level simulator was set 
up as shown in Table I, which contains 57 cells and 
wrap-around is used. New users are generated every second, 
65% users are located in two hot-spot areas as shown in Fig. 6. 

 
Fig. 6. Non-uniform users distribution diagram 

Table I Simulation Parameters 

Parameter Value 

Subcarrier and Total bandwidth Subcarrier: 15K Hz;  Total: 5M Hz 

Physical Resource Blocks (PRB) Total 25 PRB (12 subcarriers/PRB) 

Carrier frequency 2G Hz 

Transmission Time Interval (TTI) 1ms 

Inter-site distance 1.5km 

Shadowing Log-normal shadow fading model 

Standard Deviation: 8dB 

Path-loss model  40 log10 ( r ) + 30 log10 ( f ) + 49  

r-km  f-2000MHz  (UMTS 30.03) 

Antenna pattern  
(Directional antenna) 

 

min	 12 ,  

70 , 20  

	Call duration  90s 

New call generation Generate new call users per 1000TTI 

User mobility Speed: 5m/s; Direction: Random   

Scheduler Max C/I 

Traffic model Constant 128kBit/s 

Simulation duration 60000 TTI 

Qstep (Equation 4) 0.2 

Maximum Handover offset (11) 	 9  
 

  The simulation approach is divided into two steps: 
  First, to verify its performance in solving the ‘virtual 
partner’ problem, the ‘user-vote assisted’ scheme is simulated 
with the maximum number of partner in each LBC being one.  

  Then the ‘no user-vote’ scheme of [6] is also simulated 
under the same condition, which only considers the neighbor 
BS’s load in the LBC self-construction stage. Other stages are 
the same: After the self-discovery, the cluster head selects one 
neighbor BS with the lowest load as its partner, then the 
cluster head adjusts its handover offset with this partner based 
on their load difference (equation 11). 
  Second, to verify whether the proposed scheme can reach 
the good LB performance via a small number of partners, we 
test its LB performance under different LBC sizes, namely the 
maximum number of partners sets {1, 2, 3, 4, 5}. Results of 
different LBC sizes are compared with the typical MLB of [6]. 

B. Simulation Results 

  Fig. 7 shows that the user-vote assisted LB scheme can shift 
more users to its partner BS than those without the user-vote 
mechanism. New call blocking rate is widely used to indicate 
the LB performance [6][7][10], the more balanced load is 
reached in the networks, the more readily new call users can 
achieve access. In Fig. 8, the blocking rate increases with 
more users. However, the user-vote mechanism assists the 
hot-spot BS to select a partner with the high LB capability to 
efficiently balance the load, so the blocking rate is 
significantly reduced compared to the no user-vote scheme. 
Namely, the user-vote assisted LB scheme reaches a more 
balanced load, via solving the ‘virtual partner’ problem. 

 
Fig. 7. Number of shifting users comparison 

 
Fig. 8. New call blocking rate comparison 

  Fig. 7 shows more users are shifted, and Fig. 8 shows the 
new call blocking rate is reduced as the better radio resource 
utilization with the user-vote scheme, hence, the system can 
serve more users. Therefore, the user-vote assisted LB 
outperforms the conventional MLB because it can effectively 
solve the ‘virtual partner’ problem with a small sacrifice on 
the increased signaling due to the ‘vote strength’ report. Fig. 9 
shows the user-vote scheme does not have significant effect on 
the overall system throughput because the shifting users may 
suffer poor channel condition ((5)-(7)) and reduced data rate. 
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Fig. 9. Overall system throughput comparison  

  To further evaluate the efficiency of the proposed LBC, Fig. 
10 depicts the new call blocking rate with different LBC sizes 
(the maximum number of partners in each LBC). It shows that 
choosing one neighbor BS with the largest selection priority as 
the partner, the hot-spot BS can greatly reduce the call 
blocking rate. Meanwhile, choosing two largest priority 
neighbors can further reduce the blocking rate. Meanwhile, the 
new call blocking rate reduction is slight when the size of the 
LBC goes beyond two.  

  In Fig. 11, the sum of the number of shifting users and the 
HOoff adjustments can be measured, and we use it to denote 
the signaling load of the traffic shifting stage (Section II D), 
which increases continuously with the larger LBC size. 
Choosing two partners can significantly reduce the signaling 
load compared to choosing three or more partners, while 
having the similar LB performance as shown in Fig. 10.  

  The above simulation results show that the appropriate LBC 
size is two-partners, which can reach the trade-off between the 
signaling load and the LB performance. It also verifies that the 
proposed scheme can select a small number of partners to 
reach a good LB performance and improve the LB efficiency. 

 
Fig. 10. Effect of LBC size on new call blocking rate 

 
Fig. 11. Effect of LBC size on the signaling load in load shifting stage 

  The load shifting stage requires the HOoff adjustments and 
the frequent information exchange between cells (e.g. resource 
usage, hardware load indicator, transport network layer load 
indicator, composite capacity indicator in LTE [2]), which 
consume the system resources. Fig. 12 compares the number 

of HOoff adjustments between two-partners LBC and the 
typical MLB scheme of [6], which selects all neighboring less 
loaded cells as partners, and adjusts the cell-specific HOoff 
individually based on the load difference (See (11)). The 
number of HOoff adjustments in the typical MLB of [6] is 
much larger than that in our user-vote assisted two-partners 
LBC, which verifies that the proposed scheme can 
significantly reduce the unnecessary HOoff adjustments and the 
exchanged information, and improve the LB efficiency. 

 
Fig. 12. Ratio of MLB to 2-partners LBC on the number of HOoff adjustments  

IV. CONCLUSIONS 

  The proposed self-organizing LB scheme employs the 
user-vote model to effectively overcome the ‘virtual partner’ 
problem. Meanwhile, the scheme can achieve significant 
performance improvement with a small size of LB cluster. 
This keeps the increased signaling load due to the ‘vote 
strength’ report manageable. Simulation results show that the 
proposed scheme can effectively reduce the new call blocking 
rate and the unnecessary handover offset adjustments. 

  The future work is to evaluate the effect of the mobility on 
the user-vote assisted load balancing scheme. 
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