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Topics of Research Interests     

 Terahertz and millimeter wave communications

 5G NR-U: 5G New Radio on Unlicensed Bands

 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
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Background and Problem Statement (1)
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Each MNO causes Co-Channel Interference (CCI), which can be

managed in the Power-Domain (PD).

PROBLEM

Serving high capacity and data rates with limited spectrum

bandwidth allocated to a Mobile Network Operator (MNO) has become a

major issue for the Fifth-Generation (5G) and beyond mobile systems.

OVERCOME
An effective approach to overcome these issues is to allow each MNO to

access the Countrywide Full-Spectrum (CFS).

EFFECT 

RELATED 

WORK

• Saha [1] proposed a hybrid interweave-underlay CFS allocation in the 

28 GHz band by managing CCI in the PD. 

• CFS allocation in the 28 GHz has been investigated later in Saha [2]

by managing CCI in the time-and frequency-domain.

• The concept of CFS allocation and sharing is not obvious 



Background and Problem Statement (2)
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LIMITATION 

CONTRIBUTION 

NOVELTY/ 

DIFFERENCE

In both studies, the analyses were limited to a specific

number of MNOs in a country.

In this paper, we relax the assumptions in Saha [1] and Saha

[2] and present a Dynamic Spectrum Sharing (DSS) technique

for an arbitrary number of MNOs in a country.

• Unlike the traditional DSS techniques where each MNO is

allocated to a portion of the countrywide full spectra and shares

its spectrum dynamically with other MNOs countrywide,

• The proposed DSS technique allows access to the countrywide full

28 GHz spectrum to each MNO dynamically to serve its in-

building Small Cells (SCs) by controlling the transmission power

of SCs within each building using the Equal Likelihood Criterion

and the properties of left-justified Pascal’s triangle.



Contribution 
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• We present a Dynamic Spectrum Sharing (DSS) technique, which allows dynamic access to

the countrywide full 28 GHz mmWave spectrum to an arbitrary number of MNOs to serve

their respective in-building Small Cells (SCs).

• Co-Channel Interference (CCI) is managed by controlling the transmission power of in-

building SCs of each MNO.

• Using the Equal Likelihood Criterion and the properties of left-justified Pascal’s triangle,

we derive the system-level average capacity, Spectral Efficiency (SE), and Energy Efficiency

(EE) performance metrics.

• It is shown that the proposed DSS can improve SE and EE over that of the Static Equal

Spectrum Allocation (SESA).

• Moreover, we show that the proposed DSS requires the reuse of the countrywide mmWave

spectrum to 71.87% fewer buildings of SCs than that required by the SESA to satisfy the

expected SE and EE requirements for the Sixth-Generation (6G) mobile systems.



System Architecture 

3/30/2021 8

1 2 3    where 

mP

3 mP

u

2 mP
1 mP

1u 2u
3u 4u

P

 C
C

I 
m

a
n

a
g

em
en

t 

in
 p

o
w

er
-d

o
m

a
in

MNO 1  MNO 2 MNO 3 MNO 4

1M 2M 3M 4M

Static Equal Spectrum Allocation 

CM

Countrywide Full Spectrum Allocation 

(a) (b)

Macrocell 

base station   

Outdoor 

macrocell UE

Picocell base station 

Offloaded 

macrocell UE

MNO 1

Small cell coverage 

An apartment of a 

building with k =3  

Small cell UE of MNO 4

Small cell of MNO 1
Small cell of MNO 2

Small cell of MNO 3

Small cell of MNO 4

Indoor 

macrocell UE

u1

u2

u3

u4

(c)

Application of the Proposed Dynamic 

Spectrum Sharing Technique 

Figure 1. (a) Static Equal Spectrum Allocation (SESA) and CFS

allocation. (b) Transmission power levels of an SC to manage

CCI. (c) System architecture with 4 MNOs in a country.

• The system architecture consists of an arbitrary number of O

MNOs in a country, which is shown in Figure 1(a) for O=4.

• Considering a similar architectural feature for each MNO, only

one MNO (e.g., MNO 1) is shown in detail in Figure 1(c).

• Small Cells (SCs) operate at the 28 GHz indoors

• Figure 1(b) shows the transmission power levels of an SC

to manage CCI for O=4.
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To satisfy the condition that the aggregate interference

power does not exceed the interference threshold to

share simultaneously by SCs of all MNOs in an apartment,

the following must hold.
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OLet                          denote scaling factors such that

mP rPLet      and       denote, respectively, the maximum and the reduced 

transmission powers of an SC of MNO o.



Proposed DSS Technique    

An MNO o can be allocated to the CFS dynamically to operate its in-building SCs,
subjected to managing CCI with SCs of other MNOs O\o over a certain license
renewal term

The proposed Dynamic Spectrum Sharing (DSS) technique is stated as follows:
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An SC of MNO o operates:

• at the maximum transmission power if no SC User Equipment (UE) of MNOs O\o is present,

• while at reduced power if an SUE of MNO O\o is present,

within the corresponding SC coverage of MNO o in a building.

CCI is managed in the PD by controlling the transmission

power of each SC using the following principle.

The reduced power is subjected to satisfying the maximum allowable CCI at the SC of MNO o.
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Problem Formulation (1)     
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Consider that each SC can serve one SUE at a time,

and each combination of the coexistence of SUEs of

MNOs O\o (one UE from each MNO) with a UE of

MNO o in an apartment is equally likely over any

observation time and hence occurs with a

probability of

QT

 12OQ 

Let k be a set of positive integers (representing the

number of iSUEs of MNOs O\o in an apartment)

such that . 0 1k  O

The duration of an SC of MNO o corresponding to

k can be defined using Pascal’s triangle as follows
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Problem Formulation (2)     
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Consider that each building has similar indoor signal propagation characteristics. Then, by linear approximation, the average

capacity, Spectral Efficiency (SE), and Energy Efficiency (EE) of all MNOs for the proposed DSS, as well as SESA

techniques can be given as follows where for SESA, each MNO is allocated to an equal amount of spectrum of M RBs.
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Figure 2. (a) Average capacity, SE, and EE improvement factors of DSS over that of SESA for L=1. (b) SE and (c) 

EE of DSS and SESA techniques for L>1.

From Figure 2(a), it can be found that proposed

DSS improves SE by about 2.64 times and EE

by about 74.28%, respectively over that of the

traditional SESA. The similar outperformance in

SE and EE can be found in Figures 2(b)-2(c)

over that of SESA with the variation of L.

The Sixth-Generation (6G) mobile system is expected

to offer SE of 370 bps/Hz and EE of 0.3 uJ/bit [5].

Using Figure 2(b), the minimum values of L required

by DSS and SESA are 9 and 32, respectively, to

satisfy the above SE and EE requirements for 6G.

Hence, DSS requires the reuse of the countrywide 28 GHz 

spectrum to 71.87% fewer buildings than that of SESA.

Parameters and 

Assumptions

Value

Spectrum 

bandwidth

200 MHz (28 

GHz) and 40 

MHz (2 GHz)

Number of 

MNOs, 

Transmission 

direction

4, downlink

,CCI threshold, 

SCs per building

19 dBm,            

,48

mP

m0.3P

Table I. Default parameters 

and assumptions*

*the detailed simulation parameters 

and assumptions can be found in [2]
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• In this paper, we have presented a Dynamic Spectrum Sharing (DSS) technique to share the

countrywide full 28 GHz spectrum with in-building SCs of each MNO by controlling the

transmission power of SCs.

• The proposed DSS has been detailed, and its outperformance over the traditional SESA in

terms of average capacity, SE and, EE has been shown.
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