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Abstract—As one of the most promising technologies, 

Bluetooth low energy has been widely utilized for supporting 

various Internet of Things services and applications. To create 

connection between BLE devices, neighbor discovery process is 

an essential procedure. However, because of the effect of signal 

collision problem between BLE devices, the neighbor discovery 

performance is degraded seriously. In this paper, we consider 

clustering BLE devices, where the devices in same cluster own 

same parameter settings. We analyze the signal collision 

probability, and the discovery delay of these clustering devices 

during the discovery process by simulator. The simulation 

result shows the relationship between discovery performance 

and the rate of the number devices in each cluster.  

 

Index Terms—Bluetooth low energy (BLE), neighbor 

discovery process, internet of things (IoT), heterogeneous 

network parameters.  

 

I. INTRODUCTION 

With the development of various Internet of things (IoT) 

services and applications, a growing number of objects are 

going to be connected with internet [1].  To support these 

services and applications, many communication 

technologies are studied for the utilization in IoT, such as 

ZigBee, radio frequency identifiers (RFIDs), Bluetooth, and 

Bluetooth low energy (BLE), and so on [2]. Each 

technology owns their distinct features. BLE has been 

utilized in many areas because of its low-power solution 

and suitable transmission range. The examples of BLE 

utilization areas in IoT include indoor localization [3], [4], 

healthcare [5], [6], smart home [7], [8], and so on. 

In BLE network, to create connection between BLE 

devices (master BLE device and slave BLE device), the 

master BLE device (scanner) should discover the slave 

device (advertiser) firstly. The advertiser sends 

advertisement packet on three channels periodically, and 

can be discovered by scanner when an advertisement packet 

was received by the scanner. Due to only three channels are 

used for sending advertisement packet, signal collision is 

serious when large number of advertisers are co-exist in a 

narrow area. This impacts the discovery delay significantly, 

and then increases the energy consumption of BLE device, 

and reduce the life time of BLE devices. 

Many existing literatures discussed the effect of signal 

collision on discovery delay and energy consumption. In [9], 
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the author use a pure ALOHA system model to analyze the 

discovery delay for a tagged advertiser. The tradeoff 

between discovery delay and energy consumption of a 

tagged advertiser has been analyzed in [10]. The analytical 

for analyzing the time for discovering all existing 

advertisers in surround has been derived in [11]. In [12] and 

[13], the authors derived their model to analyze the energy 

consumption of advertiser during the discovery process. The 

analysis of these literatures shows us, the discovery 

performance could be improved according the adjustment of 

BLE parameters. The longer advertisement interval could 

reduce the signal collision probability effectively. An 

optimal parameter setting algorithm is proposed in [14]. 

However, all these studies only consider the same parameter 

settings for each advertiser. In practice, each BLE device 

may set different parameters, it is difficult to make each 

advertiser set same parameter.  

In this paper, we analyze the signal collision and 

discovery delay with the consideration of multiple 

advertiser clusters. In a cluster, the advertisers own same 

parameter settings, and the advertiser in different cluster 

have different parameter settings. We analyze the 

relationship among the signal collision probability, 

discovery delay and the rate of the number of advertisers in 

each cluster. The main contribution of this paper is listed as 

follows: 

 The relationship between signal collision 
probabilities with the rate of the number of 
advertisers in each cluster is shown. 

 The scanning time for discovering all advertisers are 
shown by varying the number of advertisers in each 
cluster. 

The rest of this paper is organized by follows: the basic 

BLE discovery process and advertisement packet format are 

briefly described in Section II. In Section III, the system 

model is described. The simulation results for signal 

collision probability and discovery delay are shown in 

Section IV. At last, the paper is concluded in Section V.  

 

II. BLE DISCOVERY PROCESS 

In BLE discovery process, two kinds of device are 

present: advertiser and scanner. Scanner should scan on 

three channel, and advertiser should send advertisement 

packet on three channels. The advertiser can be discovered 

when the packet from advertiser is received by scanner. 

Two kinds of scanning types are present: passive and active. 

In passive scanning, the scanner does not send any packet 

back to the advertiser. In active scanning, the scanner can 

send a packet for requesting more information to advertiser 
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or send a connection request. Three kinds of advertising 

mode are present: connectable mode, scannable mode, and 

non-connectable and non-connectable mode. In connectable 

mode, the advertiser allows scanner send connection request 

to the advertiser and ignores the scanning request. In 

scannbale mode, the advertiser allows scanner send 

scanning request to the advertiser, and ignores the 

connection request. In non-connectable and non-scannable 

mode, the advertiser does receive any scanning request or 

connection request. In this section, we describe the BLE 

scanning process in passive scanning type and BLE 

advertising process in non-connectable and non-scannable 

advertising mode [15]. 

A. BLE Advertising Process 

As shown in Fig. 1 (a), the advertiser generates 

advertisement event (AdvEvent), periodically. The period of 

AdvEvent consists of two parameters: advertisement interval 

(AdvInterval) and advertisement delay (AdvDelay). 

AdvInterval is a fixed value in the range of 20ms to 10.24s. 

For each AdvEvent, their AdvInterval should be same. As 

the definition in BLE specification [15], the AdvInterval 

should be an integer multiple of 0.625ms. AdvDelay is a 

random value between 0 and 10ms. The AdvDelay for each 

AdvEvent may be different. In each AdvEvent, at most three 

advertising channels (channel index is 37, 38, and 39) are 

used for transmitting the advertisement packet ADV_IND, 

orderly. Also, the time interval between two neighboring 

ADV_INDs in an AdvEvent should be less than or equal to 

10ms. The advertiser can be discovered when an ADV_IND 

was received by scanner successfully. 

 

 
Fig. 1. BLE discovery process: (a). BLE advertising process, (b). BLE 

scanning process.  

 

B. BLE Scanning Process 

In the other side, the scanner scans on three channels 

(channel index is 37, 38, and 39) orderly. As shown in Fig. 

1 (b), the scanning operation is performed in each scanning 

window (ScanWindow). The scanning period is defined as 

ScanInterval. The remaining time in each ScanInterval is 

sleeping time. ScanWindow should be less than or equal to 

ScanInterval. The ScanInterval should be less than 10.24s 

[15]. When the ScanWindow is same with the ScanInterval, 

then there is no sleeping time, and the scanner should keep 

scanning on each channel. 

C. The Packet Format of ADV_IND 

The packet format of ADV_IND is shown in Fig. 2. 

ADV_IND consists of preamble, access address, header, 

advertising address (AdvA), advertising data (AdvData), and 

CRC. The size of AdvData is 31 bytes at most. So, the 

packet size of ADV_IND can be calculated as 47 bytes if 

we consider the biggest size of AdvData. 

 

 
Fig. 2. Packet format of ADV_IND.  

 

III. SYSTEM MODEL 

In this paper, we consider N advertisers and one scanner 

coexist in a narrow area. Non-connectable and non-

scannbale advertising mode is considered for each 

advertiser. Passive scanning type is considered for the 

scanner. The N advertisers are separated in different cluster. 

In the same cluster, each advertiser sets same parameters. 

The advertisers in different clusters set different parameters. 

In this paper, we consider the case of two cluster. Also, 

continuous scanning is considered, which means the 

ScanWindow is equal to the ScanInterval. 

 

 
Fig. 3. Cluster A and cluster B. 

 

Fig. 3 shows the example of two clusters: cluster A and 

cluster B. There are NA advertisers in cluster A, and NB 

advertisers in cluster B (NA + NB = N). In each cluster, at 

least one advertiser should be existing. The ScanInterval 

and ScanWindow of advertisers in each cluster are same. 

The AdvInterval of advertisers in cluster A is noted as TadvA, 

and the AdvInterval of advertisers in cluster B is noted as 

TadvB. The transmission time for a packet ADV_IND is Tp. 

The average AdvDelay is Td. The signal from an advertiser 

may collide with the signals from cluster A and B. The 

signal collision would occur when an advertiser starts 

sending packet on same channel with the tagged advertiser 

during the collision region, as shown in Fig. 4. If an 

advertiser in cluster A send an ADV_IND, let pAA the 

probability of this packet collides with another ADV_IND 

send by the advertiser in cluster A is 

2 / ( )AA p advA dp T T T  .                           (1) 

 
Fig. 4. Signal collision region.  
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The packet send by an advertiser from cluster A also 

could collides with the signal send by an advertiser from 

cluster B. Let PAB be the probability of a packet send by an 

advertiser from cluster A collides with another packet send 

by an advertiser from cluster B. Then we can have 

2 / ( )AB p advB dp T T T  .                          (2) 

By same way, we could get the probability of a packet 

send by an advertiser from cluster B collides with another 

packet send by an advertiser from cluster B, pBB, and the 

probability of a packet send by an advertiser from cluster B 

collides with another packet send by an advertiser from 

cluster A, pBA, as 

2 / ( )BB p advB dp T T T  .                         (3) 

2 / ( )BA p advA dp T T T  .                         (4) 

Equation (1), (2), (3), and (4) only shows the probability 

of an ADV_IND collides with another one. In large number 

of advertisers’ environment, multiple signals may collides 

with the ADV_IND. With the increasing of the number of 

advertisers, signal collision probability also increases. This 

would degrade the discovery performance, extend the 

discovery delay, and waste the energy. To evaluate the 

overall collision probability and discovery performance, we 

use simulator to test the relationship between the discovery 

delay and the rate of the number of advertisers in each 

cluster. 

 

IV. SIMULATION RESULTS 

A simulator is developed for the simulation [16]. In the 

simulation, we consider N number of advertisers and one 

scanner. The N advertisers are separated in two cluster, 

Cluster A and Cluster B. The ScanWindow and ScanInterval 

of each advertiser are considered as 10.24s. The AdvInterval 

of advertisers in cluster A is different with it in cluster B. in 

cluster A, the AdvInterval is 50ms, and in cluster B, the 

AdvInterval is 200ms. The AdvDelay is a random value 

between 0 and 10ms. The parameter settings are shown in 

Table I.  

 
TABLE I: PARAMETER SETTINGS 

Parameters Value 

ScanInterval 10.24s 

ScanWIndow 10.24s 

AdvInterval (Cluster A) 50ms 

AdvInterval (Cluster B) 200ms 

AdvDelay [0, 10ms] 

 

At first, we test the overall signal collision probability, 

where the overall signal collision probability is defined as 

the rate of the number of all lost signals caused by collision 

to all the number of send signals from cluster A and B. The 

simulation results are obtained from 100 times’ test. The 

average values are shown in each figure. We consider the 

total number of advertisers is 100 and 200.As shown in Fig. 

5 (a), the AdvInterval of advertisers in cluster is shorter than 

that in cluster. N_A is the percentage of the number of 

advertisers in cluster A, which is defined as 

_ /AN A N N .                                (5) 

So, with the increasing of the number of advertisers in 

cluster A, the signal collision becomes serious. This is 

because the AdvInterval of advertisers in Cluster A is 

shorter than that in cluster B. So, when the number of 

advertisers in cluster A increases, the number of signals 

send by advertisers during an unite time also increases, 

which increases the signal collision rates. Also, for same 

N_A, large number of advertisers leads high signal collision 

probability.  

Signal collision affects the discovery delay directly. To 

explore the effect of signal collision probability on the 

discovery delay performance, we also do some simulation 

to test the discovery delay with different N_A. Fig. 5 (b) 

shows us the scanning time for discovering all advertisers 

which includes the advertiser in cluster A and cluster B. We 

can see the scanning time increases when the percentage of 

the number of advertisers in cluster A increases a bit. 

However, when almost all the advertisers is belong to 

cluster A, the scanning time is reduced. This is because 

when the AdvInterval of all advertisers is 50ms, the waiting 

time for each advertiser is shorter than that when the 

AdvInterval is 200ms. Except the signal collision, the 

waiting time for an ADV_IND also affects the scanning 

time for discovering all advertisers. Also, the scanning time 

for discovering 200 advertisers is more than the scanning 

time for discovering 100 advertisers. When the number of 

advertisers is 200, the scanning time for N_A=1 is almost 

two times of the scanning time for N_A=0. This is because 

the AdvInterval of advertiser in cluster B is longer than that 

in cluster B, and longer AdvInterval could increase the 

signal density, and mitigate the signal collision effectively. 

Low signal collision probability could improve the 

discovery delay performance when the number of 

advertisers is very large in a narrow area. 

Fig. 6 shows us the scanning time for discovering 200 

advertisers with different parameter settings. The blue line 

shows us the scanning time when TadvA=100ms, 

TadvB=400ms, and the green line shows us the scanning time 

when TadvA=50ms, TadvB=200ms. For same number of 

advertisers in each cluster, longer AdvInterval could reduce 

the signal collision probability, and improve the scanning 

performance when the number of advertisers is large. Also, 

when all advertisers belong to cluster B, the scanning time 

when TadvA=100ms, TadvB=400ms is longer than that when 

TadvA=50ms, TadvB=200ms. This is because the signal 

collision is not serious in this case, and the waiting time for 

an ADV_IND affects the scanning performance more. 

When TadvA is very short, and TadvB is very long, the 

scanning for discovering all advertisers is extended 

seriously, as shown in Fig. 6 (TadvA=50ms, TadvB=400ms). 

For N_A=0.9, the scanning time when TadvA is 50ms and 

TadvB is 1s is almost five times of the other two case. This is 

because when N_A=0.9, there are 180 advertisers (in cluster 

A) set their AdvInterval as 50ms, and the other 20 (in cluster 

B) advertisers set their AdvInterval as 1s. In this case, the 

advertisers in cluster B get serious collision from cluster A. 

The AdvInterval of advertisers in cluster B is 1s. So, the 

expected time for receiving an ADV_IND from the 



advertiser in cluster B is very long. This extends the 

scanning time for discovering all advertisers, and also 

degrade the BLE scanning performance. 

 

 
     (a) 

 
(b) 

Fig. 5. (a). Collision probability, (b). Scanning time for discovering all 
advertisers (TadvA=50ms, TadvB=200ms).  

 

 
Fig. 6. Scanning time with different parameters settings. 

 

V. CONCLUSION 

With the development of Internet of Things (IoT) 

services and applications, more and more devices would be 

connected to internet according BLE technology. 

Subsequently, more serious signal collision would degrade 

the discovery performance during the BLE discovery 

process. Also, each BLE device may have different 

parameter settings. This cause the performance analysis 

complexity. In this paper, we analyzed the signal collision 

probability and scanning time for discovering all advertisers 

with the consideration of clustering BLE devices by 

simulator, where the BLE devices in each cluster have 

different parameter settings. According the simulation 

results we shows the effects of signal collision on the 

discovery performance. When major BLE advertisers set 

short AdvInterval, and small number of advertisers set 

longer AdvInterval, the discovery delay is extended. These 

analysis results could provide reference to BLE services 

providers to achieve good discovery performance. 

In this paper, we has done the analysis of BLE discovery 

performance based on simulator with the considering of two 

clusters. In some special case, each BLE device may set 

different parameters, then the number of devices in each 

cluster may be one. In the future work, we would try to 

derive our analytical model to analyze the effects of the 

number of advertisers and BLE parameter settings 

(AdvInterval, ScanInterval, and ScanWindow), and more 

cluster would be considered in our model. Also, the energy 

consumption for different parameter settings would be 

derived. The trade-off between energy consumption and 

discovery delay would be given. The analysis results would 

be compared with the simulation results. 
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