Crowdfunding Assisted Cellular System
Analysis and Application

Minggiang Yuan, Xinzhou Cheng, Tao Zhang(g), Yongfeng Wang,
Lexi Xu, Chen Cheng, Haina Ye, and Weiwei Chen

Network Technology Research Institute, China United Network Technology
Corporation, Beijing, People’s Republic of China
zhangtl76@chinaunicom. cn

Abstract. In this paper, a novel crowdfunding assisted cellular system ana-
lytical (CCSA) scheme is designed. Its basic idea is that mobile terminals collect
cellular system related data from different telecom operators continuously,
including signal strength, signal quality, data rate, delay etc. Mobile terminals
automatically report the collected data to the analytical system periodically.
Then, the analytical system analyses the performance and competitiveness level
among telecom operators, as well as seeking the problem area for each telecom
operator. Compared to driving test (DT) and call quality test (CQT), the CCSA
scheme can save the capital expenditure (CAPEX) and effectively analyse the
user experience in the cellular system.
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1 Introduction

In the past decade, mobile internet experiences fast developments and popularization
[1, 2]. The mobile internet reshapes the traditional inter-personal communication and
effectively promotes the resources integration in the society [3, 4]. In the mobile
internet era, a series of techniques (e.g., big data, data mining, deep learning etc.)
become the driving force of enterprise transformation [5, 6]. These techniques are also
key to industry upgrading in many traditional industries.

For telecom operators, the big data analysis is vital for mobile cellular system
operation and optimization [7, 8]. Employing big data analysis, telecom operators can
be aware of user preference, service feature, system performance, terminal character-
istics [9, 10]. In this way, telecom operators can grasp the service/operation problems
and system development trends [11, 12]. Then, telecom operators can put forward the
solution to these service/operation problems, thus continuously improving the Quality
of Service (QoS) and providing relevant measures for the cellular system operation [13,
14]. In the traditional cellular system performance analysis, acquiring other telecom
operator’s data is difficult with high cost, as well as deviation from the user’s real
perception [15, 16]. This paper tries to address above mentioned problems and designs
a novel crowdfunding assisted cellular system analytical (CCSA) scheme. Initially,
application (APP) equipped in mobile terminals collect cellular system related data
from different telecom operators continuously. Then, mobile terminals automatically
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report these collected data to analytical system periodically. Finally, the analytical
system analyses the performance and competitiveness level among telecom operators,
as well as seeking the problem area for each telecom operator.

2 Crowdfunding Assisted Cellular System Analytical Scheme

2.1 System Architecture

The basic structure of the proposed crowdfunding assisted cellular system analytical
scheme is shown in Fig. 1. The CCSA scheme has two characteristics. The first
characteristic is the active data acquisition. For a specific geographic area, mobile
terminals and APP periodically collect both the system related data and the service
related information. Then mobile terminals and APP report these data to the back-
ground server for storage. These collected/stored data can be used in the optimization
supporting system and planning & supporting platform etc. The second characteristic is
to seek the cellular system problem interactively. The CCSA scheme employs user’s
data to assess the cellular system and find the problem.

) Optimization
Active data supporting system
acquisition
—
Planning & supportin
Mobile Internet Background System & & supp o
platform
N
Interactive problem
seeking Other system
——

Fig. 1. Basic structure of the CCSA scheme

2.2 Key Indicator

The mobile terminal, especially the smart phone, can be regarded as an integrated
sensor system, as well as a comprehensive information processing system. From the
perspective of information collection, a smart phone can be regarded as an integrated
sensor system. In addition to detection of the wireless environment information, the
smart phone also integrates Global Positioning System (GPS), gyroscopes, light sen-
sors, distance sensors, gravity sensors, magnetic sensors, acceleration sensors etc. [9].
Based on these sensors, the smart phone can perceive and record a large amount of
information. Based on the Application Programming Interface (API) of mobile terminal
operation system, developers can access to the public resources of the mobile terminal,
as well as access to the user’s information. A series of information can be collected via
the API, such as phone number, signal strength, network condition, time information,
camera condition, accelerometer information, location information etc. Hence, API also
brings the opportunity of comprehensive analysis. From the perspective of cellular
system analysis, we mainly collect the following data:
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(1) 2G, 3G, 4G mobile system basic information: Cell identification (CI), location
area code (LAC), IP address, network identification etc. [17].

(2) User location information: Longitude, latitude, altitude etc.

(3) Wireless environment information: Received signal level (RxLev) in 2G, received
signal code power (RSCP) in 3G, reference signal received power (RSRP), signal
to interference plus noise ratio in 4G [2, 4].

(4) User perception information: Uplink data rate, downlink data rate, delay etc.

(5) Terminal related information: International mobile subscriber identification
number (IMSI), international mobile equipment identity (IMEI), terminal brand
etc.

2.3 Key Technology

Data collection is the first step of the CCSA scheme, as shown in Fig. 2. Some service
related characters can only be collected when the user undergoes services. In order to
drop the worthless raw data, the data pre-process is implemented.

Device collection

Data merging - Property assosiation
Data cleaning (social properties)

Service collection

Fig. 2. Data collection and pre-process procedure

2.3.1 Device Collection

Device collection gets data from the operating system APIs. Appropriate APIs are
chosen and packaged to Software Development Kit (SDK). And then certain logical
operation is implemented to get the final results. This can be applied to Android
operation system [18].

2.3.2 Service Collection

Some data are collected when users undergo the service, such as user data volume,
service speed, time delay. Actually, most of the perceptive indexes are collected in this
stage. Downlink speed and uplink speed are calculated as (1) and (2), respectively. In
addition, the APIs involved are listed in Table 1 [18].
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Table 1. APIs for speed calculation

Description Method name Purpose
Get current timestamp System. To calculate time
currentTimeMillis()
Received bytes getTotalRxBytes() To calculate downlink speed
Sent bytes getTotalTxBytes() To calculate uplink speed
Received byte in mobile | getMobileRxBytes() To calculate downlink speed in cellular
network network
Sent byte in mobile getMobileTxBytes() To calculate uplink speed in cellular
network network

2.3.3 Property Association

For further analysis, we associate the data with social properties, such as geographic
information [19, 20]. Based on GPS information, the geographic association is utilized
to classify points to certain areas, including the linear scene and the polygonal scene.
As shown in Fig. 3, the beam method is applied to decide whether a point is in a certain
polygon. The main idea is that: if the point is in the polygon, there are odd crossover
point between the beam of point and the polygon; otherwise, there are even crossover
points.

Point outside

Point inside polygon e o ) U

polygon e

Fig. 3. Beam method to judge whether a point is in a polygon

Besides, the CCSA scheme needs commercial channels to popularize the SDK, in
order to release the SDK to more phones. Ordinarily, there are several ways to pop-
ularize the SDK. To develop and operate an application is a direct way, however, the
cost is high. Another way is to develop an application service platform, where statistic
analysis for application operation is supplied for free. When the SDK from our service
platform is bundled in any APP, the app plays a role as a data collector, continuously
supplying user data. At the same time, the SDK obtains huge number of data in mobile
terminals.
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3 CCSA Scheme Application

3.1 Main Application Aspects
The crowdfunding data can be applied in the following four aspects:

(1) Network Analysis: The crowdfunding data contains the information of operators’
network parameters and network signal. We can get the network overall perfor-
mance from different dimensions and be aware of the gap with competitors, so
that we can provide data support for network construction and optimization [21,
22].

(2) User Analysis: The crowdfunding data also includes the user information, such as
the user phone number, IMSI etc. [19]. Based on different user groups’ service
perception, we can focus on customer care and support for the VIP subscribers.

(3) Terminal Analysis: The crowdfunding data also contains the terminal information.
Therefore, we can analyze the terminal performance in the network, thus to
provide support for terminal marking [5].

(4) Other Analysis: In addition to the analysis of the cellular system, the crowd-
funding data analysis can also be used in WIFI network evaluation.

3.2 Network Competitiveness Analysis

It is beneficial to carry out cellular system competiveness analysis based on the
crowdfunding data, leading to a wider coverage, a lower cost of data acquisition and a
more accurate user perception. Compared with traditional DT/CQT methods, the
CCSA scheme has obvious advantages to provide effective supports for network
development and construction.

3.2.1 Network Competitiveness Analysis Process
The overall process for dealing with the smart phone APP data is shown as Fig. 4.

Data L Data L Data N Algorithm N Data L Analyzing
Cleaning Warehousing | |Preprocessing| |Formulating Analyzing Result

Fig. 4. Overall process for dealing with the smart phone APP data

The first and second step are data cleaning and data warehousing, respectively. The
data that is out of reasonable range or incomplete ones should be cleaned [23]. Besides,
each sample point should contain the required fields for analysis. After data cleaning,
the structured data are saved in a database for subsequent statistical analysis.

The third step is data preprocessing. The main work of data preprocessing is to
decide each sample data point’s features, e.g., the terminal brand model belonging, the
operator belonging, the network type belonging and the geographic area belong.
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The fourth and fifth step are algorithm formulating and data analysis, respectively.
Network competitiveness analysis can be carried out in two dimensions. The first
dimension is from different aspects (such as the network coverage, delay, service speed
rate) to set up a single parameter evaluation algorithm to reveal single network
parameter competitiveness among telecom operators. The second dimension is to set up
an operator network competitiveness comprehensive evaluation system, the overall
comprehensive score of network competitiveness for each operator can be obtained.

In the last result demonstration step, the result of the single parameter and com-
prehensive network competitiveness can be demonstrated in various forms such as
diagrams, maps and so on.

3.2.2 Single Parameter Network Competitiveness Analysis

The single parameter network competitiveness analysis can be divided into five
aspects: the network scale competitiveness analysis, the network coverage competi-
tiveness analysis, the network quality competitiveness analysis, the network speed rate
competitiveness analysis and the network service time delay competitiveness analysis.
Each can be processed from different time granularity (month/quarter/year) and geo-
graphical granularity (provinces/cities/scene/grid).

(1) Network Scale Competitiveness Analysis
Operator network scale competitiveness analysis consists of three aspects: the
number of users, sampling points and cells. These aspects can reflect the opera-
tors’ user market share distribution and network size, as exemplified in Fig. 5.
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Fig. 5. Exemplified results of network scale competitiveness

(2) Network Coverage Competitiveness Analysis
Coverage competitiveness analysis can be evaluated via good coverage sample
point ratio and 4G network sample point ratio. Percentage of good coverage
sample point can be used as indicators for evaluation of 2G (RSSI), 3G (RSCP)
and 4G (RSRP) coverage performance, which is defined as: the number of sample
point that its signal strength is greater than a certain threshold accounted for the
proportion of all sampling points, as shown in Fig. 6. While the 4G network
sample point ratio is used to evaluate operators’ 4G signal coverage competi-
tiveness, which can be defined as: the sample points generated by 4G users in the
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4G network users in the 4G network accounted for the proportion of total sam-
pling points of these users in 2/3/4G.

Good Sample Point Ratio 4G network ratio
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Fig. 6. Exemplified results of network coverage competitiveness

Network Quality Competitiveness Analysis

Operator network quality competitive analysis can be evaluated via good signal
quality sampling point ratio. 4G good signal quality sampling point ratio is
defined as the number of sample point that its signal quality SINR is greater than a
certain threshold accounted for the proportion of all sampling points.

Network Speed

Download (downlink) speed and upload (uplink) speed are applied to evaluate the
operator competitiveness of speed, as exemplified in Fig. 7. The download speed
and upload speed are affected by the behavior of users.
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Fig. 7. Results of speed in 4G Fig. 8. Results of delay in 4G

Network Delay

Network delay is defined as the delay of ping to some typical website, such as
SINA, TAOBAO, YOUKU, IQIYI and etc., which is designed according to
specific requirements. Network delay includes the delay of each website and the
average delay of all websites, which measures the level of user perception
immediately, as exemplified in Fig. 8.
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3.2.3 Global Competitiveness Analysis of Network
In the above subsection, we evaluate the competitiveness of each operator by its
coverage, interference and perception respectively. However, to evaluate the compet-
itiveness of each operator synthetically, we propose an analysis system based on
Analytic Hierarchy Process, which is shown in Table 2.

Table 2. Operator network competitiveness evaluation system (4G)

Cover Interference | Perception

Index Good Proportion of | Signal Download | Upload Delay
sample 4G users in quality speed speed
point ratio 4G network

Weight | 30% 10% 10% 20% 10% 20%

The score of each index is computed as (3).

Xi .
= =1,2
Score ) (i=1,2,3) (3)

Where x; is the value of each index and x is a one-dimensional set composited by
three operators. Specially, the score of delay is as (4). A higher score reflects a less
delay.

Scoregimedelay = % (Z =1,2, 3) (4)
) X

1

The competence of each operator is computed as (5).

Comp6tenceLTE = Scorecoverage X kcoverage + Score4Gratia X k4Grati0

+ Scoreupspeed X kupspeed + Scoredownspeed X kdownspeed + Scoretimedelay X ktimedelay
(5)

where Score is the level of each index and k is the weight of each index.

Based on practical data and requirements, we present an example result in Table 3.
The result of operator competitiveness evaluation via the CCSA scheme shows that
Operator B (0.93) > Operator C (0.82) > Operator A (0.81). This means the network of
Operator B is the best while the Operator C and the Operator A have similar com-
petition level.

Table 3. 4G network of operator competitiveness evaluation (Example)

Index Good sample | Proportion of 4G Download | Upload | Delay | Competence
point ratio users in 4G network |speed speed

Weight 30% 20% 20% 10% 20%

Operator A | 0.88 0.82 0.80 0.58 0.82 |0.81

Operator B | 1.00 0.98 1.00 1.00 0.67 |0.93

Operator C | 0.90 1.00 0.58 0.35 1.00 |0.82
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4 Conclusion

In this paper, we design a crowdfunding assisted cellular system analytical (CCSA)
scheme, including its framework, mainly-used indicators, key technologies as well as
channel expansions. In terms of application, we introduce the content, application of
direction, flow and case of this system. As a novel method, the CCSA scheme changes
the traditional mode of network analysis, expands the category of network analysis,
benefits the network quality of network and expands the range of users. In the future,
the contents of the analysis would be further enriched, and the collection of data would
be more normalized and persistent. In addition, the combination of data from the OSS
and the BSS domain will be enhanced and the CCSA scheme will be constructed to
realize normalizing analysis and application.

References

1. Cao, Y., Sun, Z., Wang, N., Riaz, M., Cruickshank, H., Liu, X.: Geographic-based
spray-and-relay (GSaR): an efficient routing scheme for DTNs. IEEE Trans. Veh. Technol.
64(4), 1548-1564 (2015)

2. Xu, L., Cheng, X., Liu, Y., Chen, W., Luan, Y., Chao, K., Yuan, M., Xu, B.: Mobility load
balancing aware radio resource allocation scheme for LTE-advanced cellular networks. In:
IEEE International Conference on Communication Technology, pp. 806-812. IEEE Press,
Hangzhou (2015)

3. Cheng, C., Cheng, X., Yuan, M., Xu, L., Zhou, S., Guan J., Zhang, T.: Spectrum allocation
based on data mining in heterogeneous cognitive wireless networks. In: International
Conference on Signal and Information Processing, Networking and Computers, pp. 315—
324. CRC Press Taylor & Francis Group, Beijing (2015)

4. Xu, L., Luan, Y., Cheng, X., Cao, X., Chao, K., Gao, J., Jia, Y., Wang, S.: WCDMA data
based LTE site selection scheme in LTE deployment. In: International Conference on Signal
and Information Processing, Networking and Computers, pp. 249-260. CRC Press Taylor &
Francis Group, Beijing (2015)

5. Cheng, X., Xu, L., Zhang, T., Jia, Y., Yuan, M., Chao, K.: A novel big data based telecom
operation architecture. In: International Conference on Signal and Information Processing,
Networking and Computers, pp. 385-396. CRC Press Taylor & Francis Group, Beijing
(2015)

6. Zhang, H., Dong, Y., Cheng, J., Hossain, M.J., Leung, V.C.M.: Cooperative interference
mitigation and handover management for heterogeneous cloud small cell networks. IEEE
Wirel. Commun. 22(3), 92-99 (2015)

7. Xu, L., Chen, Y., Chai, K.K., Schormans, J., Cuthbert, L.: Self-organising cluster-based
cooperative load balancing in OFDMA cellular networks. Wiley Wirel. Commun. Mob.
Comput. 15(7), 1171-1187 (2015)

8. Wang, W., Xu, L., Zhang, Y., Zhong, J.: A novel cell-level resource allocation scheme for
OFDMA system. In: International Conference on Communications and Mobile Computing,
pp. 287-292. IET Press, Kunming (2009)

9. Cao, Y., Wang, N., Kamel, G., Kim, Y.J.: An electric vehicle charging management scheme
based on publish/subscribe communication framework. IEEE Syst. J., 1-14 (2015). https://
doi.org/10.1109/JSYST.2015.2449893


http://dx.doi.org/10.1109/JSYST.2015.2449893
http://dx.doi.org/10.1109/JSYST.2015.2449893

78

10.

11.

12.

13.

14.

15.

16.

17.

18.
19.

20.

21.

22.

23.

M. Yuan et al.

Liu, Y., Xu, L., Chen, Y., Fan, Y., Xu, B, Nie, J.: A novel power control mechanism based
on interference estimation in LTE cellular networks. In: IEEE International Symposium on
Communications and Information Technologies, pp. 397-401. IEEE Press, Qingdao (2016)
Xu, L., Chen, Y., Gao, Y., Cuthbert, L.: A self-optimizing load balancing scheme for fixed
relay cellular networks. In: IET International Conference on Communication Technology
and Application, pp. 306-311. IET Press, Beijing (2011)

Cui, G., Lu S., Wang, W., Wang, C., Zhang, Y.: Decentralized antenna selection with no
CSI sharing for multi-cell MU-MIMO systems. In: IEEE International Symposium on
Personal and Indoor, Mobile Radio Communications, pp. 2319-2323. IEEE Press, Sydney
(2012)

Zhang, T., Cheng, X., Yuan, M., Xu, L., Cheng, C., Chao, K.: Mining target users for mobile
advertising based on telecom big data. In: IEEE International Symposium on Communi-
cations and Information Technologies, pp. 296-301. IEEE Press, Qingdao (2016)

Cui, G., Lu, S., Wang, W., Zhang, Y., Wang, C., Li, X.: Uplink coordinated scheduling
based on resource sorting. In: IEEE Vehicular Technology Conference, pp. 1-5. IEEE Press,
Quebec (2012)

Xu, L., Luan, Y., Cheng, X., Xing, H., Liu, Y., Jiang, X., Chen, W., Chao, K.:
Self-optimised joint traffic offloading in heterogeneous cellular networks. In: IEEE
International Symposium on Communications and Information Technologies, pp. 263—
267. IEEE Press, Qingdao (2016)

Cao, Y., Wang, N., Sun, Z., Cruickshank, H.: A reliable and efficient encounter-based
routing framework for delay/disruption tolerant networks. IEEE Sens. J. 15(7), 4004-4018
(2015)

Xu, L., Chen, Y., Chai, K.K., Luan, Y., Liu, D.: Cooperative mobility load balancing in
relay cellular networks. In: IEEE International Conference on Communication in China,
pp- 141-146. IEEE Press, Xi’an (2013)

Android. Introduction to Android (2016). http://wear.techbrood.com/guide/index.html
Cheng, X., Yuan, M., Xu, L., Zhang, T., Jia, Y., Cheng, C., Chen, W.: Big data assisted
customer analysis and advertising architecture for real estate. In: IEEE International
Symposium on Communications and Information Technologies, pp. 312-317. IEEE Press,
Qingdao (2016)

Xu, L., Chen, Y., Chai, K.K., Zhang, T., Schormans, J., Cuthbert, L.: Cooperative load
balancing for OFDMA cellular networks. In: European Wireless, pp. 1-7. VDE
Verlag GMBH, Poznan (2012)

Zhao, L., Al-Dubai, A.Y., Li, X., Chen, G.: A new efficient cross-layer relay node selection
model for wireless community mesh networks. Comput. Electr. Eng. (2017). https://doi.org/
10.1016/j.compeleceng.2016.12.031

Xu, L., Luan, Y., Cheng, X., Fan, Y., Zhang, H., Wang, W., He, A.: Telecom big data based
user offloading self-optimisation in heterogeneous relay cellular systems. Int. J. Distrib. Syst.
Technol 8(2), 27-46 (2017)

Ye, H., Cheng, X., Yuan, M., Xu, L., Gao, J., Cheng, C.: A survey of security and privacy in
big data. In: IEEE International Symposium on Communications and Information
Technologies, pp. 268-272. IEEE Press, Qingdao (2016)


http://wear.techbrood.com/guide/index.html
http://dx.doi.org/10.1016/j.compeleceng.2016.12.031
http://dx.doi.org/10.1016/j.compeleceng.2016.12.031

	Crowdfunding Assisted Cellular System Analysis and Application
	Abstract
	1 Introduction
	2 Crowdfunding Assisted Cellular System Analytical Scheme
	2.1 System Architecture
	2.2 Key Indicator
	2.3 Key Technology
	2.3.1 Device Collection
	2.3.2 Service Collection
	2.3.3 Property Association


	3 CCSA Scheme Application
	3.1 Main Application Aspects
	3.2 Network Competitiveness Analysis
	3.2.1 Network Competitiveness Analysis Process
	3.2.2 Single Parameter Network Competitiveness Analysis
	3.2.3 Global Competitiveness Analysis of Network


	4 Conclusion
	References


