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Once Upon A Time ……   
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A Vision for Potential 5G 

Spectrum/Resource Usage Paradigms   

 Guoru Ding, Jinlong Wang, Qihui Wu, Yu-Dong Yao, Rongpeng Li, Honggang Zhang, and Yulong Zou, “On the Limits of 

Predictability in Real-World Radio Spectrum State Dynamics: From Entropy Theory to 5G Spectrum Sharing," IEEE 

Communications Magazine, vol. 53, no. 7, pp. 178–183, Jul. 2015. 



The Long-March Evolution from 2G, 

3G, 4G to 5G   



Do We Really Understand How Cellular Networks  

Have Been Evolving & in What Kind of Way?   



RRC idle mode (no connection) 

has the lowest energy 

consumption.  

The states in the RRC 

connected mode, in order of 

decreasing power consumption, 

are CELL_DCH (Dedicated 

Channel), CELL_FACH 

(Forward access channel), 

CELL_PCH (Cell Paging 

channel) and URA_PCH (URA 

Paging channel).  

A Case: Radio Resource Control (RRC) Protocol in 

UMTS(3G) & LTE(4) on the Air Interface 



Part I: The Dataset & Modeling of Base Stations 

Deployments in Operating Cellular Networks  

 Base stations (BSs) deployments in Zhejiang Province (an 

eastern province in China) by China Mobile 

– Geographic area: 101800 km2, population: 54.89 million, service subscribers: 

around 44 million； 

– GSM (2G) & UMTS (3G) cellular networks: macro-cells & micro-cells; 

–  Totally, 123335 GSM BSs/sectors, 60226 UMTS BSs/sectors, 3 years. 

 



Base Stations Deployments by China 

Mobile in Zhejiang Province 

GSM (2G) Base Stations Deployments UMTS (3G) Base Stations  Deployments 



Base Stations Deployments in Urban and 

Rural Regions 



Selected Three Cities for Representing 

Typical Urban Regions 



Spatial Point Process in Stochastic Geometry 

Independent Clustering Repulsion 

Neyman-Scott Point 
Process 

Matern Clustering  & 
Thomas Clustering 

Point Process (MCP & 
TCP) 

PPP (Poisson 
Point Process) 

Geyer Point 
Process 

Strauss Point 
Process 

Poisson Hard-
core Point 

Process (PHCP) 

Gibbs Point 
Process 



 Complete spatial randomness: the points are all independent  

(PPP - Poisson Point Process) 

 Clustered point processes: attraction between the points 

(MCP,TCP) 

   Repulsive point processes:  repulsion between the points 

(Poisson Hard-core processes, Strauss process & Geyer process) 

Modeling the Non-PPP Spatial Distributions 

of Base Stations 



Statistical Modeling for Spatial Point Process 



PPP and Actual BSs Deployments in Zhejiang 

Province 
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L-function of point pattern X and Y, 

compared with the theoretical 

curve for PPP 

Macro-cells as point pattern X exhibits 

inhibition (repulsion) 

Micro-cells in the same area as point 

pattern Y appears to be clustered 

Goodness-of-Fit by L-Function 



Rejection of PPP and Geyer process 

for X by L-function 
X’s L-function lies within the fitted Strauss 

envelope but rejects PHCP 

Goodness-of-Fit by L-Function (2) 



Outage probability of different models for modeling macro-cell BS 

locations 

Outage probability of different models for modeling micro-cell BS 

locations 

Statistical Testing Results 



Outage probability of different models for modeling all BS locations 

Statistical Testing Results (2) 

 Yifan Zhou, Zhifeng Zhao, Yves Louet, Qianlan Ying, Rongpeng Li, Xuan Zhou, Xianfu Chen, and 

Honggang Zhang, “Large-scale Spatial Distribution Identification of Base Stations in Cellular 

Networks," IEEE Access, vol. 3, pp. 2987-2999, Dec. 2015. 



Non-PPP Distribution Model (alpha-Stable 

Distribution) 

 Heavy-tailed distribution (Power-law) 

 Self-similarity and Long Range 

Dependence (LRD) 

 Fractal and Fractional patterns 

 Burstiness 

 Scale-free 



Characteristics of alpha-Stable Distribution 



Characteristics of alpha-Stable Distribution (2) 

 J. R. Gallardo, et al, “Use of alpha-stable self-similar stochastic processes for modeling traffic in 

broadband networks,” in Proc. SPIE Conf. P. Soc. Photo-Opt. Ins, Boston. Massachusetts, Nov. 1998. 

Yifan Zhou, Rongpeng Li, Zhifeng Zhao, Xuan Zhou, and Honggang Zhang, “On the 𝜶 -Stable 

Distribution of Base Stations in Cellular Networks,” IEEE Communications Letters, Aug. 2015. 



Spatial Distribution Patterns of BSs -  alpha-

Stable Distribution Testing 



A：Hangzhou， B：Ningbo， C：Taizhou 

B：Ningbo 

A：Hangzhou 

C：Taizhou 

 Yifan Zhou, Rongpeng Li, Zhifeng Zhao, Xuan Zhou, 

and Honggang Zhang, “On the 𝜶-Stable Distribution of 

Base Stations in Cellular Networks,” IEEE 

Communications Letters, Aug. 2015. 

Spatial Distribution Patterns of BSs -  alpha-

Stable Distribution Testing (2) 



Spatial Distribution Patterns of BSs (alpha-

Stable Distribution Testing in Italy) 

 Luca Chiaraviglio, Francesca Cuomo, 

Maurizio Maisto, Andrea Gigli, Josip Lorincz, 

Yifan Zhou, Zhifeng Zhao, Chen Qi, 

Honggang Zhang, “What is the Best Spatial 

Distribution to Model Base Station Density? 

A Deep Dive in Two European Mobile 

Networks“, IEEE Access, Apr. 2016. 

 Luca Chiaraviglio, Francesca Cuomo, 

Andrea Gigli, Maurizio Maisto, Yifan Zhou, 

Zhifeng Zhao, Honggang Zhang, “A Reality 

Check of Base Station Spatial Distribution 

in Mobile Networks“, IEEE INFOCOM 2016 

(Poster), San Francisco, Apr. 2016. 



Spatial Distribution Patterns of BSs -  alpha-

Stable Distribution Testing in Italy (2) 



Spatial Distribution Patterns of BSs -  alpha-

Stable Distribution Testing in Italy (3) 



Part II: The Dataset & Modeling of Users 

Traffic/Behavior in Operating Cellular Networks  

Users traffic aggregated at the BSs (illustration of user activities within mobile 

instantaneous messaging) 

 Rongpeng Li, Zhifeng Zhao, Chen Qi, Xuan Zhou, Yifan Zhou, and Honggang Zhang, 

“Understanding the Traffic Nature of Mobile Instantaneous Messaging in Cellular Networks: A 

Revisiting to alpha-Stable Models, ” IEEE Access, vol. 3, pp. 1416-1422, 2015. 



The Dataset & Modeling of Users Traffic/Behavior 

in Operating Cellular Networks  

The traffic variations of different service 

categories in the randomly selected 

(single) cells. Dataset source: China 

Telecom (May 30, 2014 and May 31, 

2014) 

The traffic variations of applications in 

different service types in the randomly 

selected (single) cells. Data source: 

China Mobile. 

 Rongpeng Li, Zhifeng Zhao, Jianchao Zheng, Yan Chen, Chengli Mei, Yueming Cai, Honggang 

Zhang, “The Learning and Prediction of Application-level Traffic Data in Cellular Networks“, 

arXiv:1606.04778, Jun. 2016. 



The Dataset & Modeling of Users Traffic/Behavior 

in Operating Cellular Networks  

Fitting results of alpha-Stable models 

to the empirical aggregated traffic in 

the randomly selected BSs. 

For different service types, alpha-

Stable model fitting results versus the 

real (empirical) ones in terms of the 

cumulative distribution function (CDF). 



Part III: Dependence Between Base Stations 

Deployment and Traffic Spatial Distribution 



Dependence Between Base Stations 

Deployment and Traffic Spatial Distribution (2) 

 Meng Li,  Zhifeng Zhao, Yifan Zhou, Xianfu Chen, and Honggang Zhang, “On the Dependence Between 

Base Stations Deployment and Traffic Spatial Distribution in Cellular Networks," Proc. ICT 2016 (23rd 

International Conference on Telecommunications), Thessaloniki, Greece, May 2016. 



Part IV: Case Study (Energy Efficiency Analysis of 

Cellular Networks with Downlink and Uplink 

Decoupling ) 

 Performance difference of the energy-

efficiency coverage in heterogeneous 

cellular networks with downlink and uplink 

decoupling, considering BSs’ PPP and 

alpha-Stable distribution respectively. 
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微基站PPP分布，上下行分离
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Energy-efficiency Analysis  



Summary 
 

 Based on real BSs data, PPP is not realistic/suitable at all, 

despite of its tractability. Rather than PPP, Strauss, PHCP, 

Geyer, and MCP models, alpha-Stable distribution is the most 

promising/suitable candidate in the light of real-scenario 

accuracy of BSs’ spatial distribution, rooted in the large-scale 

mobile users behaviors.  

 Based on real traffic data, the users’ traffic patterns at the 

base stations are matching with alpha-Stable distribution as well.  

 Linear dependence (relation) between the BSs deployment 

and the spatial distribution of traffic has been observed. 

 Alpha-Stable distribution can be expected to play a key role in 

future 5G.  

 

 



Thank You! 

Email: honggangzhang@zju.edu.cn  


