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Problem Statement

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 1n addressing the spectrum scarcity.

* 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 1n 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,
¢.g., a multistory building, is considered as an effective approach.



Problem Statement

Numerous research works have already addressed the 1ssues of spectrum allocation [1]-[3], as
well as spectrum exploitation [4]-[6].

However, unlike the traditional static The whole countrywide Millimeter-
licensed spectrum allocation that Wave (mmWave) spectrum can be
considers allocating a certain portion of allocated to each MNO to increase its
the countrywide spectrum to an MNO spectrum.

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.

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

1s considered promising to achieve high Spectral Efficiency (SE) and Energy Efficiency (EE) requirements for
the next generation mobile networks.



We propose A Countrywide MmWave Spectrum Allocation and Reuse (CoOMSAR) 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.



(a) System Architecture

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

Each MNO 1is 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)).
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(b) Proposed Technique

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

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.

The optimal amount of licensed spectrum can be found by solving the following problem.
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Figure 2. The frequency-domain CCI avoidance for UEs of MNO 1 on any floor
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Performance Results and Analysis

Table III. Default Parameters and Assumptions

e ———— Value Lognormal s_ha_dﬂwing 8 for MBS?, 10 for P'E!n“_;TL
standard deviation (dB) and 9.9 for SBS*
28 GHz spectrum countrywide 200 MHz Antenna configuration  Single-mnput single-output for all BSs and UEs
Number of MNOs and subscnibers 4and N___ Antenna pattern Directional (1207 for MBS,
Number of subscribers for MNOs 40%, 30%, 20%, (horizontal) omnidirectional for PBS' and SBS'

1,2, 3. and 4, respectively and 10% of v __

For each MNO

14 for MBS?, 5 for PBSY.
5 for SBS'

Antenna gain plus
connector loss (dB1)

E-UTRA simmulation case! 3GPP case 3

Cellular layout”, Inter-Site
Distance (ISD)' |, transmit

Hexagonal gnd. dense urban, 3 sectors
per macrocell site, 1732 m. downlink

UE antenna gain™ 0 dBa (for 2 GHz).

5 dBu (for 28 GHz. Biconical horn)

UE noise figure™ 9 dB (for 2 GHz) and

direction and UE speed' 10 dB (for 28 GHz), 3 km/hr
Camer 2 GHz Non-line-of-Sight (NLOS) for macrocells and picocells. Picocell coverage, number of macrocell UEs, 40 m (radmus).
frequency™ 28 GHz Line-Of-Sight (LOS) for all small cells and macrocell UEs offloaded to all picocells’ 30, 2/15
Number of cells 1 macrocell, 2 picocells, 280 small cells per building Indoor macrocell UEs! 35%
Total BS transmit 46 for macrocell'*, 37 for picocells!, 3D multistory building and SBS models (square-gnnd L, 35. 8. 1. 280,
power' (dBm) 19 for small cells'*+ apartments): number of buildings. number of floors per 10x10 m?,
Co-channel small- Frequency selective Rayleigh for building. number of apartments per floor, number of remnforced
scale fading model’-~ ? GHz. none for 28 GHz SBSs per apartment, number of SBSs per building, area concrete
MBS  Outdoor PL(dB)=15.3 + 37.6 logy.R. of an apartment. matenials used
and a macrocell UE Risinm Scheduler and traffic model* Proportional Fair and full buffer
Path UE! Indoor PL(dB)=153 + 37.6 log;sR + Lou. Type of SBSs Closed Subscriber Group femtocell BSs
loss macrocell UE Risinm Channel State Information Ideal
PBS and PL(dB)=140.7+36.7 logjoR. TTT' and scheduler time constant (7.) 1 ms and 100 ms
a UE! R 1s in km Total simulation run time 8 ms
SBS and PL(dB)=61.38+17.97log,(d). taken 'from [15]. *from [16]. *from [17]. *from [18]. from *[19].
aUE—’ d 151 m

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  1is
evaluated with regard to the
traditional SLSA technique



Performance Results and Analysis

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 1is affected additionally by the optimal
amount of countrywide spectrum, the proposed technique
with the maximum CCI provides insignificant SE while
noticeable EE 1mprovement over the traditional SLSA
technique because of its higher average capacity performance
as shown in Figure 3(b).

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

By reusing the countrywide 28 GHz spectrum to small cells of MNO
1 of about 60% less number of floors (o, =12 with no CCI, whereas
3.3% less number of floors (®; =29 ) with the maximum CCI, than
that required by the traditional SLSA technique ( ®; =30 ).
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Figure 3. Performance improvement of the proposed CoOMSAR 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.
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Figure 4. (a) SE and (b) EE performances of COMSAR with respect to SLSA for a multistory
building with ®,, =35



Conclusion

* 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 1s 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

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

* 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.
Findings *  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

* 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,

rain and atmospheric absorption effect,

cell coverage,

shadowing effect from large buildings,

outage probability,

user density, and

speed and mobility and handover management.

Further Studies

O O O O O O

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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