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 Terahertz and millimeter wave communications

 Dynamic spectrum sharing and policy for 5G and beyond mobile networks

 Cognitive radio networks and spectrum sensing techniques

 Co-channel interference analysis, mitigation, avoidance, and cancellation strategies

 In-building small cell network planning, design and deployment

 Planning, design and development of spectrum sharing algorithm for homogeneous (mobile

networks) and heterogeneous networks (mobile networks and satellite networks)

 Radio resource allocation and scheduling policy and algorithm

 Mobile MAC layer and Physical layer issues

 Proof-of-concept evaluation of virtualization and Slicing of 5G radio access network (RAN)

 Cloud RAN (CRAN) in 5G era

 Fronthaul design for CRAN



• Problem Statement

• Scope

• System Architecture, Proposed Technique, and Interference Management

• Mathematical Analysis

• Performance Results and Analysis

• Conclusion

• References

Presentation Outline 

9/1/2020 ICSNC 2020 4



Problem Statement    
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• By carefully allocating the spectrum among its MNOs, the available amount of spectrum

for an MNO can be extended considerably.

• Furthermore, by exploiting the available spectrum for an MNO in space, the utilization of

the spectrum can be increased.

o Accordingly, the spatial reuse of the spectrum to small cells, particularly in a 3-Dimensional (3D) space,

e.g., a multistory building, is considered as an effective approach.

The high capacity and data rates requirements result in the scarcity of the radio

spectrum.

Spectrum allocation and spectrum exploitation can play 

a vital role in addressing the spectrum scarcity. 



Problem Statement    
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Numerous research works have already addressed the issues of spectrum allocation [1]-[3], as

well as spectrum exploitation [4]-[6].

However, unlike the traditional static

licensed spectrum allocation that

considers allocating a certain portion of

the countrywide spectrum to an MNO

The whole countrywide Millimeter-

Wave (mmWave) spectrum can be

allocated to each MNO to increase its

spectrum.

Hence, a technique that can 

• employ both the spectrum allocation and spectrum exploitation means to the mmWave spectrum

• using in-building small cells to allocate the countrywide mmWave spectrum to each MNO,

• which is exploited further to reuse spatially to small cells in a building

Besides, due to high floor penetration loss, the same countrywide mmWave spectrum for each

MNO can be exploited spatially to reuse it more than once to small cells within a building.

is considered promising to achieve high Spectral Efficiency (SE) and Energy Efficiency (EE) requirements for

the next generation mobile networks.



Scope
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We propose A Countrywide MmWave Spectrum Allocation and Reuse (CoMSAR) technique

that considers allocating and then reusing the massive 28 GHz mmWave spectrum specified

countrywide to each MNO of a country to achieve the expected SE and EE requirements for 6G

mobile networks.

• We first present the system architecture and the proposed technique,

• develop a frequency-domain Co-Channel Interference (CCI) avoidance scheme,

• derive average capacity, SE, EE, and CE metrics for the proposed technique,

• carry out extensive numerical and simulation results and analyses for an example scenario

of a country consisting of four MNOs under two extreme CCI scenarios for an MNO,
o no CCI and

o the maximum CCI,

• show that the proposed technique can achieve SE and EE requirements for 6G systems.



System Architecture, Proposed Technique, and Interference Management  
(a) System Architecture
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• SBSs within each building are considered operating at the 28 GHz mmWave spectrum, whereas MBSs and PBSs

are operating at the 2 GHz spectrum (Figure 1(a)).

• Four MNOs (i.e., MNO 1, MNO 2, MNO 3, and MNO 4) are operating in a country.

Figure 1. A system architecture for the proposed technique
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• Each MNO is given access to the

countrywide 28 GHz mmWave

spectrum by enforcing the frequency-

domain CCI management (Figure 1(d)).

• Figure 1(d) shows two extreme CCI

scenarios for SBSs of MNO 1 on a floor

based on the presence of UEs of O\o.

• By exploiting high floor penetration loss

of 28 GHz (about 55 dB ), spectrum

exploitation is considered by reusing the

countrywide spectrum to SBSs of each

MNO on each floor to increase spectral

utilization (Figures 1(b) and 1(d)).



(b) Proposed Technique
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Figure 1. A system architecture for the proposed technique

Countrywide 28 GHz 

millimeter-wave spectrum  

Countrywide spectrum allocation 

using the proposed CoMSAR 

Small cell coverage 

An apartment of a building  

Small cell UE of MNO 4

No CCI Maximum CCI  

Frequency-domain CCI management 
A picocell 

Outdoor 

macrocell UE

Macrocell 

A 3D multistory building 

deployed with small cells

10 m

10 m

28 GHz28 GHz

rnw,

,

1,
fl

t

l

tM
 

rnw,

,

2,
fl

t

l

tM
 

rnw,

,

3,
fl

t

l

tM
 

rnw,

,

4,
fl

t

l

tM
 

C,maxMC,maxM

Floor 

...

...

......
...

Countrywide spectrum reuse 

using the proposed CoMSAR 

Indoor 

macrocell UE

Offloaded 

macrocell UE
MNO 1

2 GHz  

2 GHz  

28 GHz  

(a) (b)

(d)(c)

MNO 1

MNO 2

MNO 3

MNO 4

C,maxM

C,maxM

C,maxM

C,maxM

Small cell of MNO 1
Small cell of MNO 2
Small cell of MNO 3
Small cell of MNO 4

An SBS of MNO 1 with no CCI 

from UEs of MNOs of O\o=1 

An SBS of MNO 1 with CCI 

from UEs of an MNO of O\o=1 

An SBS of MNO 1 with CCI 

from UEs of 2 MNOs of O\o=1 

An SBS of MNO 1 with CCI 

from UEs of all MNOs of O\o=1 

We propose a countrywide mmWave spectrum allocation and reuse (CoMSAR) technique to extend the available

spectrum for an MNO and to increase its utilization as follows.

Each MNO of a country is assigned with

the massive 28 GHz mmWave spectrum

specified countrywide, which is reused

further, to operate its small cells deployed

on each floor in a building at the cost of

paying the spectrum licensing fee subject to

avoiding CCI. The amount of the spectrum

licensing fee for an MNO is updated

corresponding to the change in its number

of subscribers at each license renew term rnwt

• Proposed technique can overcome the lack of

a sufficient amount of spectrum of an MNO,

and address the issue of the under-utilized or

unused spectrum of other MNOs, improving

the overall countrywide spectrum utilization.

• Moreover, an MNO pays the licensing fee only for the amount of spectrum that it uses in accordance with its number of users.

System Architecture, Proposed Technique, and Interference Management  



(c) Interference Management
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Such CCI can be avoided by allocating UEs orthogonally in the frequency-domain:                        

UEs of MNOs located on the same floor in a building are allocated orthogonally to different 

parts of the countrywide 28 GHz mmWave spectrum. 

System Architecture, Proposed Technique, and Interference Management  

CCI occurs when small cell UEs of more than one MNO on the same floor in a building are scheduled to

the same frequency simultaneously.
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Figure 2. The frequency-domain CCI avoidance for UEs of MNO 1 on any floor
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The solution to the above optimization problem:
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Table III. Default Parameters and Assumptions

We generate performance

results by simulating all

assumptions and parameters

given in Table III by a

simulator that is built by

using the default instruction

sets of the computational

tool MATLAB R2012b

version running on a

personal computer.

The performance of the

proposed technique is

evaluated with regard to the

traditional SLSA technique
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Figure 3. Performance improvement of the proposed CoMSAR technique for MNO 1 in terms

of average capacity, SE, EE, and CE (a) with no CCI and (b) with the maximum CCI for UEs of

MNO 1 on a single floor in a building.

With regard to SLSA, the proposed technique improves the

average capacity, SE, EE, and CE by 300%, 165%, 75%,

and 60%, respectively with no CCI, whereas only 60%, 6%,

37%, and 0.4%, respectively with the maximum CCI.

From Figure 4, with an increase in the number of floors, SE

increases linearly, whereas EE increases negative

exponentially, irrespective of the degree of CCI.

Further, since SE is affected additionally by the optimal

amount of countrywide spectrum, the proposed technique

with the maximum CCI provides insignificant SE while

noticeable EE improvement over the traditional SLSA

technique because of its higher average capacity performance

as shown in Figure 3(b).

Figure 4. (a) SE and (b) EE performances of CoMSAR with respect to SLSA for a multistory

building with
FL 35 

6G mobile systems: Required SE of 370 bps/Hz and EE of 0.3 µJ/bit 

By reusing the countrywide 28 GHz spectrum to small cells of MNO

1 of about 60% less number of floors ( ) with no CCI, whereas

3.3% less number of floors ( ) with the maximum CCI, than

that required by the traditional SLSA technique ( ).FL =30

FL =12

FL =29



Conclusion 

Addresses  

• In this paper, we have proposed a countrywide millimeter-wave (mmWave) spectrum allocation and

reuse (CoMSAR) technique that considers assigning each MNO with the massive 28 GHz mmWave

spectrum countrywide subject to avoiding co-channel interference (CCI).

• The assigned spectrum to each MNO is reused further to operate its small cells deployed on each floor.

• CCI has been avoided by developing a frequency-domain CCI avoidance scheme that allocates UEs of

different MNOs on any floor of a building orthogonally to the countrywide 28 GHz mmWave spectrum.

Findings 

• We have derived average capacity, Spectral Efficiency (SE), Energy Efficiency (EE), and Cost

Efficiency (CE) metrics for the proposed technique. Extensive numerical and simulation results and

analyses have been carried out for an example scenario of a country consisting of four MNOs.

• For MNO 1, for a single building, the proposed technique can improve the average capacity, SE, EE, and

CE performances by 300%, 165%, 75%, and 60%, respectively with no CCI, whereas 60%, 6%,

37%, and 0.4%, respectively with the maximum CCI, as compared to that of SLSA technique.

• We also have shown that the proposed CoMSAR technique can satisfy the SE and EE requirements for

6G by reusing the countrywide 28 GHz mmWave spectrum to small cells of MNO 1 of about 60% less

number of floors with no CCI, whereas 3.3% less number of floors with the maximum CCI, than

that required by the traditional SLSA technique in a multistory building.



Conclusion 

Further Studies 

• In this paper, we have restricted investigating to SBSs deployed indoors, i.e., buildings.

• However, the propagation characteristics of mmWave signals in outdoor environments

differ greatly from that in indoor one, particularly,

o rain and atmospheric absorption effect,

o cell coverage,

o shadowing effect from large buildings,

o outage probability,

o user density, and

o speed and mobility and handover management.

Above aspects have a significant impact on the allocation and reuse of the mmWave outdoors.

• Hence, how to allocate the countrywide mmWave spectrum to each MNO outdoors without causing CCI to

each other and reuse the same mmWave spectrum for an MNO spatially need considerable research works.

• We aim to address these issues, i.e., mmWave spectrum allocation and reuse, in outdoor environments in

our future research studies.
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