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 Growth of data traffic demand

 Re-thinking of the cellular network structure

 Random BS deployment, such as HetNet

 MIMO over SISO

 SNR enhancement, Throughput gain, Power saving , etc.

 Power consumption and environmental concerns

 Energy Efficiency
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 PVT Random Cellular Net.: Poisson Point Process (PPP)

 BS’s location: ΦB with density 𝜆𝐵

 MS’s location: ΦM with density 𝜆𝑀

 𝑀-antenna BS

 serves 𝐾 single-antenna MSs 𝐾 ≤ 𝑀

 The received signal in 𝑀𝑆𝑖 from the nearest BS, 𝐵𝑆𝑗:

𝑦𝑗 = 𝒗𝑖𝒈𝑖𝑗
Η 𝒖𝑗 + ෍

𝑙∈Φ𝐵\{𝑗}

෍

𝑘=1

𝐾

𝒗𝑖𝒈𝑖𝑙
Η 𝒖𝑙 + 𝑛

𝒈𝑖𝑗 = 1 + 𝑥𝑖𝑗/𝐷
−𝛼
𝒉𝑖𝑗 , 𝒉𝑖𝑗~𝒞𝒩 𝟎,𝟏
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 Transition between available and unavailable channels: 
Modeled by Markov Chain (MC)

 Network state is presented by 𝑚, 𝑛 -tuple.

 State Probability:

𝜋 𝑚, 𝑛 =
1

𝜒

𝜇

𝜂

𝑚
1

𝑚!

𝐶

𝑛

𝑎

𝑏

𝑛

 Channel is unavailable if

𝜖 = ℙ(SINR < 𝛾)

 𝜖: Outage Probability
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 Signal-to-Interference-plus-Noise Ratio SINR

𝑆𝐼𝑁𝑅 =
1 + 𝑟 −𝛼 𝒉𝑖𝑗

Η𝒘𝑖𝑗
2

σ𝑙∈Φ𝐵\{𝑗}
σ𝑘=1
𝐾 𝒈𝑖𝑙

Η𝒘𝑘𝑙
2
+ 𝐾𝜎2/𝑃𝑇

=
1 + 𝑟 −𝛼𝑆

𝑰 Φ𝐵 + 𝐾𝜎2/𝑃𝑇

 Coverage Probability:

ℙ SINR > 𝛾 = න
𝑟>0

2𝜋𝜆𝐵𝑟𝑒
−𝜋𝜆𝐵𝑟

2

. න
−∞

+∞

𝑒
−2𝜋

𝐾𝜎2

𝑃𝑇
𝑗𝑠
. ℒ𝑰 2𝜋𝑗𝑠 .

ℒ𝑆 −2𝜋 𝛾 1 + 𝑟 𝛼 −1𝑗𝑠 − 1

2𝜋𝑗𝑠
𝑑𝑠 𝑑𝑟
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 Lemma 1: The coverage probability in a fully loaded MIMO 
network, i.e., 𝑀 = 𝐾, is

ℙ SINR > 𝛾 = න
𝑟>0

2𝜋𝜆𝐵𝑟𝑒
−𝜋𝜆𝐵𝑟

2
. 𝑒−𝛾 1+𝑟 𝛼 𝐾𝜎2

𝑃𝑇

. exp ൝𝜋𝜆𝐵 1 + 𝑟 . ቆ𝑟 − 1 − 1 + 𝑟 . 2 𝐹1 𝐾,−
2

𝛼
; 1 −

2

𝛼
;−𝛾

ቑ൱+2 2𝐹1 𝐾,−
1

𝛼
;1 −

1

𝛼
;−𝛾
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 Blocking Probability:

𝑝𝑏 = ෍

𝑚=𝑛≤𝐶

1

𝜒

𝜇

𝜂

𝑚
1

𝑚!

𝐶

𝑛

𝑎

𝑏

𝑛

 Where,

𝑎

𝑏
=
1 − 𝜖

𝜖

 And

𝜖 = ℙ SINR < 𝛾 = 1 − ℙ(SINR > 𝛾)
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 Refer to the Palm theory, it is sufficient to find SSE and EE for a 
typical MS and BS, respectively, and then extend the results to 
the entire PVT random cellular network.

 Cell Throughput

𝑇𝑐 = 1 − 𝑝𝑏 .𝑊. 𝒞. ෍
0≤𝑚≤𝑛≤𝐶

𝑚.𝜋 𝑚, 𝑛

 Where

𝒞 = 𝔼 log2 1 + SINR = න
0

+∞

ℙ SINR > 2𝑡 −1 𝑑𝑡
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 Spatial Spectral Efficiency (SSE)

SSE = 𝜆𝐵 . 𝑇𝑐 = 1 − 𝑝𝑏 .𝑊

.න
0

+∞

ℙ SINR > 2𝑡 − 1 𝑑𝑡 . ෍
0≤𝑚≤𝑛≤𝐶

𝑚. 𝜋 𝑚,𝑛

 Energy Efficiency (EE)

𝐸𝐸 =
𝑇𝑐 . 𝑡𝐿𝑇

𝐸1 + 𝐸2 + ℎ. 𝑃𝑡𝑟 σ0≤𝑚≤𝑛≤𝐶𝑚. 𝜋 𝑚, 𝑛 + 𝑘 . 𝑡𝐿𝑇
 𝑡𝐿𝑇: Lifetime of the BS

 𝐸1 : Consumed energy in factories during the manufacturing phase

 𝐸2 : Required energy for maintenance
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 Coverage Probability

PERFORMANCE EVALUATION AND SIMULATION 

RESULTS
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 Blocking Probability

PERFORMANCE EVALUATION AND SIMULATION 

RESULTS
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 Spatial Spectral Efficiency (SSE)

PERFORMANCE EVALUATION AND SIMULATION 

RESULTS
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 Energy Efficiency (EE)

PERFORMANCE EVALUATION AND SIMULATION 

RESULTS
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 SSE and EE for different path-loss exponent

PERFORMANCE EVALUATION AND SIMULATION 

RESULTS
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 Performance evaluation of a MIMO system in a PVT random 
cellular network

 Coverage Probability and Ergodic Capacity

 a MC transition model for the network

 Blocking probability, Energy Efficiency and Spatial Spectral Efficiency

 PVT random cellular network with multiple antennas is more 
sensitive to interference than to noise.

 Higher path-loss exponent has positive impact on the coverage 
and blocking probabilities as well as SSE and EE.
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