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Abstract – This article examines the optimization
of spectral efficiency in the context of fifth-generation
(5G) networks when massive cellular transmissions are
performed by a group of base stations (BS) in
emergency cases to ensure safety. Broadcast transmis-
sion is an important research topic to achieve this goal
and is supported by related technology solution
providers, such as the Third Generation Partnership
Project. The main transmission modes of the LTE
Evolved-Multimedia Broadcast/Multicast Service archi-
tecture are Single-Cell Point-to-Multipoint (SC-PTM),
in which each BS independently broadcasts in its cell,
and Multicast/Broadcast-Single Frequency Network
(MB-SFN), in which a group of BS collaborating on
the same frequency transmit synchronized signals. This
article presents a study comparing these two broadcast
modes: SC-PTM with the feature of combining it with
beamforming technology and MB-SFN to determine the
situations where one will be more efficient than the
other. We demonstrate that there is no optimal mode
that fits all situations, depending on the network
configuration and system parameters. To do this, we
aim to determine the optimal values of the number of
antennas in SC-PTM mode and the width of the MB-
SFN area for which one mode will surpass the other in
terms of spectral efficiency. These results are intended
to serve as a guide for massive transmissions in dense
5G networks to ensure civilian and military safety in
small- and large-scale areas.

1. Introduction

The evolution of fifth-generation (5G) cellular
networks aims to meet the growing and demanding
needs of service providers and users, including higher
data rates, massive connectivity, increased coverage
probability, improved reliability, reduced latency, and
improved spectral and energy efficiency [1–3]. Achiev-
ing these goals becomes increasingly complicated in
public safety scenarios where high-density base stations
(BS) downlink the same content as many times as the
number of users. In this context, broadcast transmission,
where the same critical content is delivered at once to
everyone involved, has become essential to ensure
smooth operations in both small areas (for police and

military interventions) and large areas (to ensure the
safety of a large public in entire cities). It is also widely
recognized that broadcast transmission is a promising
solution for the use of radio resources. This is because,
unlike unicast transmission, which consists of sending
customized content to each user separately, broadcast
transmission consists of a single transmission to all
users.

In the Third Generation Partnership Project
(3GPP), the Multimedia Broadcast/Multicast Service
(MBMS) was introduced as a solution to promote the
multimedia service [4, 5]. With the evolved MBMS, the
Multicast/Broadcast-Single Frequency Network (MB-
SFN) broadcast mode was introduced in 3GPP versions
8 and 9 [6, 7]. The MB-SFN technique consists of
sending the same information from a group of BS to all
users on the same frequency and in a time-synchronized
manner. Thus, the MB-SFN concept reduces inter-cell
interference and improves the signal-to-interference-
and-noise ratio (SINR), coverage, and spectral efficien-
cy for users. The latest broadcast technique, defined in
3GPP Release 13, is Single-Cell Point-to-Multipoint
(SC-PTM) which is a broadcast transmission performed
by each BS independently [8, 9]. Unlike MB-SFN, SC-
PTM has many similarities with unicast transmission,
including transmission from a single BS without the
need for synchronization with other BS, making it easy
to implement. Another advantage of SC-PTM over MB-
SFN is that the broadcast area can be decided
dynamically for each BS and the network latency is
shorter. However, the main limitation of SC-PTM is
that it does not benefit from interference reduction like
MB-SFN. For these reasons, each of these transmission
modes has advantages and disadvantages that make it
suitable for some scenarios and inefficient in others, so
there is no optimal transmission mode in all cases. In
this article, we attempt to answer the question of
choosing the optimal mode, and to do so, we propose a
comparative study of broadcast modes in different
configurations and conditions.

This work builds on previous studies published in
[10, 11]. The study [10] compares the unicast and MB-
SFN modes in terms of SINR and concludes that MB-
SFN mode always outperforms unicast mode regardless
of BS density. However, this study is limited to the
scenario where the MB-SFN zone covers the entire
study area and does not consider SC-PTM mode. The
second work [11] considers this time that a portion of
the BS transmit in MB-SFN mode and shows that MB-
SFN mode becomes more efficient than unicast mode
from a certain value of the BS density and the number
of BS in the MB-SFN area. In summary, our previous
works [10, 11] did not take into account SC-PTM mode.
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This article aims to fill this gap by examining its
effectiveness by combining it with beamforming
technology and comparing it to MB-SFN mode.
Particular attention is given to identifying the optimal
values of the number of antennas in SC-PTM mode and
the size of the MB-SFN zone for which one mode
becomes more efficient than the other in terms of
spectral efficiency.

To the best of the authors’ knowledge, studies on
spectral efficiency optimization in SC-PTM mode with
beamforming and MB-SFN in the scenario where the
BS (deployed randomly) transmit the same downlink
content are still very limited in the literature. This is
especially true when it comes to finding the optimal
number of antennas in SC-PTM mode with beamform-
ing and the optimal size of the MB-SFN area.
Nevertheless, few works compare MB-SFN mode and
SC-PTM mode without beamforming for public safety
and critical applications [9, 12–14]. In contrast to these
works, in our study, we consider that the BS are tri-
sector (each with a 1208 aperture) with antennas capable
of using beamforming technology in SC-PTM mode
and that the BS are distributed according to a Poisson
Point Process (PPP) law instead of the regular
hexagonal model. We also consider a wide range of
BS density variations to account for the densification of
future 5G and 6G networks while taking into account
intra- and inter-cell interference.

2. Spectral Efficiency of the Proposed
Solutions

The service area chosen is a square, and the
propagation model considered is based on Okumura-
Hata-Cost231, which includes path loss, shadowing,
and fading effects according to the 3GPP reference
model [15]. We consider the scenario where the tri-
sector base stations are randomly distributed according
to PPP with density k (expressed in BS/km2) and
downlink orthogonal frequency division multiplexed
signals at the same transmit power (Ptx) while using the
same carrier frequency (fc) and the same frequency band
(B). In the following, we present the spectral efficiency
of the SC-PTM with beamforming and MB-SFN modes
for a user located at the center of the study area (which
is considered as a reference for all users).

In SC-PTM mode, the serving BS is the one with
the best SINR on the user side; it is not necessarily the
closest to the user. Thus, the serving BS is the only one
considered in the received power calculation, while all
other BS in the study area are considered in the
interference power calculation. The received signal
power from the serving BS in SC-PTM mode with
beamforming is calculated as follows:

Ps;SC ¼ MPtxjr�a
s evc hsG hs;t

� �
ð1Þ

where M is the number of antennas per sector, Ptx is the
transmission power of the BS, j is the attenuation
coefficient, a is the path loss exponent, sub-index s
denotes the serving BS, rs is the distance between the

user and his serving BS, hs is the fading factor
considered as an exponentially distributed random
variable with unit rate, vc is the shadowing parameter
considered as a random variable that follows a normal
distribution of mean zero and variance r2, and G(h) is
the antenna gain in the h direction measured from the
antenna boresight axis as follows [15]:

G hð Þ dB½ � ¼ GA � min 12
h

h3dB

� �2

;GFB

" #
ð2Þ

where GA is the antenna gain (expressed in dB) in the
direction of the boresight, GFB is the antenna front-to-
back ratio (expressed in dB), h3dB is the beam width at 3
dB, and jhj � 1808. Thus, the perceived SINR of a user
served in SC-PTM mode with beamforming is calcu-
lated as follows:

cSC ¼
Ps;SC

Is;SC þ Ii2W=i 6¼s;SC þ PN

ð3Þ

where Ps, SC is the received signal power from the
serving BS calculated according to (1), Is,SC is the
interference power from the other two interference
sectors of the serving BS, Ii2W=i 6¼s;SC is the interference
power from the other BS belonging to the study area,
and PN is the noise power at the receiver. These powers
are calculated as follows:

Is;SC ¼ Ptxjr�a
s evc hx

X3

j¼1=j6¼t

A hs;j;/s;j

� �
ð4Þ

Ii2W=i 6¼s;SC ¼ Ptxjevc

X
i2W=i 6¼s

r�a
i hi

X3

j¼1

A hi;j;/i;j

� �
ð5Þ

PN dBm½ � ¼ NF þ 10log10 KTBð Þ ð6Þ
where sub-index t denotes the serving sector of the
serving BS, sub-index j represents the interfering
sectors of the serving BS (j „ t), W is the set of all
BS distributed according to PPP, K is the Boltzmann
constant, T is the temperature of the receiver system, NF
is the receiver noise figure, B is the bandwidth, and A(h,
/) is the gain of the beamforming network for a sector
in the h-direction computed according to [16]:

A h;/ð Þ ¼
sin2 Mp

2
ðsin /ð Þ�sin hð Þ½ �

Msin2 p
2
ðsin /ð Þ�sin hð Þ½ � ; h 6¼ /

MG hð Þ ; h ¼ /

(
ð7Þ

where G(h) is given by (2) and �60 � h � 60. The
direction in which the beam is aimed is characterized by
the steering angle /, which is measured from the
boresight of the antenna.

SC-PTM mode corresponds to a cell-wide broad-
cast transmission, meaning that each SC-PTM mode BS
defines a target SINR target (c0

SC) to ensure adequate
service reception by the target number of users. In our
study, we aim for a 90% coverage probability of the
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users. As a result, c0
SC is defined by the worst-case SINR

among the 90% of users that receive the best channel
conditions. Thus, the capacity is calculated based on
Shannon’s theorem, according to this coverage require-
ment, in order to guarantee the good reception of the
service. This capacity expressed in bit/s is calculated by
C0

SC ¼ Blog2 1þ c0
SC

� �
. Therefore, the spectral efficien-

cy in SC-PTM mode is calculated by ESSC ¼
C0

SC

B
¼

log2 1þ c0
SC

� �
.

In MB-SFN mode, we denote the number of BS in
the MB-SFN area around the origin that contribute to
the synchronized MB-SFN transmission as NSFN.
Therefore, the ratio of the number of BS in the MB-
SFN area to the total number of BS (denoted NBS) in the
study area is q ¼ NSFN=NBS with 0 , q � 1 since
NSFN � NBS . Unlike [10], which considers all that BS
in the study area to transmit in MB-SFN (q ¼ 1), only
the NSFN BS located around the origin are considered in
this study, implying that BS located outside the MB-
SFN area generate interference. Thus, the SINR is
calculated in the MB-SFN case by:

cSFN ¼
Pin

SFN

I in
SFN þ Iout

SFN þ PN

ð8Þ

where Pin
SFN is the total received power from the BS

belonging to the MB-SFN zone and is calculated as a
function of the parameter di (see [10] for details on the
calculation of di), I in

SFN is the interference power from
the delayed signals in the MB-SFN zone, and Iout

SFN is the
interference power related to the other BS located
outside the MB-SFN zone. These powers are expressed
as follows:

Pin
SFN ¼ Ptxevcj

XNSFN

i¼1

dir
�a
i hi

X3

j¼1

G hi; j

� �
ð9Þ

I in
SFN ¼ Ptxevcj

XNSFN

i¼1

1� dið Þ r�a
i hi

X3

j¼1

G hi; j

� �
ð10Þ

Iout
SFN ¼ Ptxevcj

X
i2W=i.NSFN

r�a
i hi

X3

j¼1

G hi;j

� �
ð11Þ

Following the same principle as in SC-PTM, the
MB-SFN transmission is programmed to guarantee
service access for a user with a target SINR c0

SFN (worst
case). Thus, the target capacity to be covered is
calculated based on the c0

SFN defined by the minimum
SINR among the 90% of users with the best channel
conditions as follows: C0

SFN ¼ Blog2 1þ c0
SFN

� �
. There-

fore, the spectral efficiency for a number of BS
locations in the MB-SFN area is calculated by ESSFN

¼ C0
SFN

B
¼ log2 1þ c0

SFN

� �
3. Numerical Results

The chosen service area is a square with a 20 km
side where we place the BS randomly according to PPP

of density k. Note that to comply with the 3GPP
standard, the main parameters were taken from [15]. We
model the transmission channel with fc¼ 2 GHz, B¼ 5
MHz, a ¼ 3.76, and j ¼ 0.0295. As such, we calculate
the antenna gain G(h) with GA¼ 15 dBi, GFB¼ 20 dBi,
h3dB¼ 658, and the noise power PN with NF¼ 9 dB and
T ¼ 300 K.

In this section, we compare the performance of
SC-PTM with beamforming and MB-SFN for efficient-
ly transmitting the same content in case of a threat to
public safety, taking into account the high density of BS
in accordance with dense 5G networks. To do this, we
perform 104 Monte Carlo simulations, each representing
a new random distribution of BS locations. We then
calculate the perceived SINR for each simulation and
evaluate the spectral efficiency in SC-PTM mode with
beamforming and in MB-SFN mode in the worst case.
The spectral efficiency performance of SC-PTM with
beamforming and MB-SFN modes is represented in
Figure 1 as a function of q for different values of M.
The transmission power (Ptx) is fixed at 0.5 W, and the
BS density (k) is 2.5 BS/km2. We can observe that the
spectral efficiency in MB-SFN mode increases with the
increase of q, which reinforces the interest in this mode
compared to SC-PTM. By closely examining the
intersection between SC-PTM and MB-SFN, we can
see that MB-SFN will be preferred to SC-PTM with M
¼ 8 as soon as q¼ 0.1 (i.e., when more than 10% of the
BS emit in MB-SFN) or preferred to SC-PTM with M¼
16 as soon as q¼ 0.2 (i.e., when more than 20% of the
BS emit in MB-SFN).

We note that the optimal values of M and q,
represented in Figure 1, were determined using Ptx¼0.5
W and k¼ 2.5 BS/km2. It is important to keep in mind
that these optimal values may vary if the BS
transmission power (Ptx) changes or if the BS density
(k) is modified. To delve further into this topic, we
examine the optimal values of M and q as a function of
the transmission power Ptx (illustrated in Figure 2) and
k (illustrated in Figure 3).

In Figure 2, we evaluate the spectral efficiency of
MB-SFN and SC-PTM modes as a function of Ptx for

Figure 1. Spectral efficiency in SC-PTM (ESSC) and MB-SFN
(ESSFN) modes as a function of q for Ptx¼ 0.5 W and k¼ 2.5 BS/km2.
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different values of the number of antennas (M ¼ 1, 8,
16, 32, 64) and the size of the MB-SFN zone (q¼ 0.07,
0.1, 0.2, 0.5, 1). We observe that SC-PTM with a
single antenna per sector (M ¼ 1) offers the lowest
spectral efficiency, while the proposed solutions, that
is, SC-PTM with beamforming and MB-SFN, signif-
icantly improve the spectral efficiency over the entire
Ptx range (due to the reduction of interference). We
now examine the Ptx threshold value from which one
of the two modes becomes more efficient than the
other in terms of spectral efficiency. We observe that
MB-SFN dominates SC-PTM with M¼8 as soon as Ptx

¼ 0.3 W and q¼ 1 or as soon as Ptx¼ 1 W and q¼ 0.2.
Furthermore, MB-SFN dominates SC-PTM with M ¼
16 as soon as Ptx¼ 0.8 W and q¼ 1 or as soon as Ptx¼
1 W and q ¼ 0.5. Additionally, MB-SFN dominates
SC-PTM with M¼32 as soon as Ptx¼2 W and q¼1 or
as soon as Ptx ¼ 6 W and q ¼ 0.5. Finally, MB-SFN
dominates SC-PTM with M¼ 64 as soon as Ptx¼ 10 W
and q ¼ 1.

We now examine the threshold value of k at
which the SC-PTM with beamforming and MB-SFN
modes become more or less performant compared to
each other in terms of spectral efficiency. To do this, we
vary k from 0.05 BS/km2 to 8 BS/km2 in Figure 3 to
address the challenges of network densification in the
face of increasing interference. We find that MB-SFN
provides superior spectral efficiency to SC-PTM with M
¼ 1 as soon as k¼ 0.1 and q¼ 0.07. Furthermore, MB-
SFN dominates SC-PTM with M¼ 8 as soon as k¼ 0.2
and q¼ 0.5, k¼ 0.3 and q¼ 0.2, k¼ 0.5 and q¼ 0.1, or
k ¼ 0.6 and q ¼ 0.07. Similarly, MB-SFN dominates
SC-PTM with M¼16 as soon as k¼0.3 and q¼0.5, k¼
0.5 and q¼ 0.2, k¼ 0.8 and q¼ 0.1, or k¼ 1 and q¼
0.07. In the same way, MB-SFN dominates SC-PTM
with M¼ 32 as soon as k¼ 0.5 and q¼ 1, k¼ 1 and q¼
0.2, k¼1.8 and q¼0.1, or k¼2.5 and q¼0.07. Finally,
MB-SFN dominates SC-PTM with M¼ 64 as soon as k
¼0.9 and q¼1, k¼1.1 and q¼ 0.5, k¼2 and q¼0.2, k
¼ 4 and q ¼ 0.1, or k ¼ 6 and q ¼ 0.07.

4. Conclusion

Optimizing spectral efficiency is one of the key
challenges to be tackled for dense 5G networks,
especially in a massive transmission scenario, in order
to enhance civil and military security against potential
threats. To achieve this goal, we proposed two
solutions: SC-PTM mode with the particularity of
combining it with beamforming and MB-SFN mode.
We show that by varying the number of antennas in
beamforming and the size of the MB-SFN zone, a
crossover appears between the spectral efficiency
curves of MB-SFN and SC-PTM, leading us to show
that a mode cannot be optimal in all cases. We have
therefore focused on finding optimal values of the
number of antennas per sector and the size of the MB-
SFN area, from which one mode becomes more efficient
than the other in terms of spectral efficiency. We
showed that these values are optimal for a certain
network configuration and for certain system parame-
ters and that new values can be obtained if the
conditions are changed. This study is founded on
network characteristics that align with actual deploy-
ments and endeavors to offer guidelines for large-scale
transmission in upcoming 5G and 6G networks, thereby
enhancing safety during emergency situations.
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1. D. López-Pérez, A. D. Domenico, N. Piovesan, G. Xinli,
H. Bao, et al., ‘‘A Survey on 5G Radio Access Network
Energy Efficiency: Massive MIMO, Lean Carrier Design,
Sleep Modes, and Machine Learning,’’ IEEE Communi-
cations Surveys and Tutorials, 24, 1, 2022, pp. 653-697.

2. A. Dogra, R. K. Jha, and S. Jain, ‘‘A Survey on Beyond
5G Network with the Advent of 6G: Architecture and
Emerging Technologies,’’ IEEE Access, 9, 2020, pp.
67512-67547.

3. M. Younes and Y. Louet, ‘‘Joint Optimization of Energy
Consumption and Spectral Efficiency for 5G/6G Point-to-
Point Networks,’’ 3rd URSI Atlantic and Asia Pacific
Radio Science Meeting (AT-AP-RASC IEEE), Gran
Canaria, Spain, May 30–June 4, 2022, pp. 1-4.

Figure 2. Spectral efficiency in SC-PTM (ESSC) and MB-SFN
(ESSFN) modes as a function of Ptx W for k ¼ 0.25 BS/km2.

Figure 3. Spectral efficiency in SC-PTM (ESSC) and MB-SFN
(ESSFN) modes as a function of k BS/km2 for Ptx¼ 0.5 W.

4 URSI RADIO SCIENCE LETTERS, VOL. 4, 2022



4. 3GPP, TS 23.246, ‘‘Group Services and System Aspects:
Multimedia Broadcast/Multicast Service (MBMS), Archi-
tecture and Functional Description,’’ Release 6, 2007.

5. 3GPP, TR 25.905, ‘‘Technical Specification Group Radio
Access Network: Improvement of the Multimedia Broad-
cast Multicast Service (MBMS) in UTRAN,’’ Release 7,
2007.

6. 3GPP, TS 36.440, ‘‘General Aspects and Principles for
Interfaces Supporting Multimedia Broadcast Multicast
Service (MBMS) Within E-UTRAN,’’ Release 14, 2017.

7. 3GPP, TS 36.300, ‘‘Evolved Universal Terrestrial Radio
Access (EUTRA) and Evolved Universal Terrestrial
Radio Access Network (EUTRAN),’’ Release 15, 2018.

8. 3GPP, TS 36.890, ‘‘Study on Support of Single-Cell
Point-to-Multipoint Transmission in LTE,’’ Release 13,
2015.

9. A. Alexiou, K. Asimakis, C. Bouras, V. Kokkinos, and A.
Papazois, ‘‘Combining MBSFN and PTM Transmission
Schemes for Resource Efficiency in LTE Networks,’’
International Conference on Wired/Wireless Internet
Communications, Springer, Berlin, 2011, pp. 56-67.

10. M. Younes and Y. Louet, ‘‘Comparison of the Transmis-
sion Modes of 5G Networks With a High Density of Base
Stations Distributed According to Poisson Point Process,’’
3rd URSI Atlantic and Asia Pacific Radio Science
Meeting (AT-AP-RASC IEEE), Gran Canaria, Spain,
May 30–June 4, 2022, pp. 1-4.

11. M. Younes and Y. Louet, ‘‘Optimal Density of Base
Stations in Dense Networks From the Point of View of
Energy Efficiency,’’ Radio Science Letters, 4, doi: 10.
46620/22-0010, 2022, pp. 1-5.

12. A. Daher, M. Coupechoux, P. Godlewski, P. Ngouat, and
P. Minot, ‘‘SC-PTM or MBSFN for Mission Critical
Communications?,’’ IEEE 85th Vehicular Technology
Conference (VTC Spring), Sydney, Australia, June 2017,
pp. 1-6.

13. J. Vargas, C. Thienot, and X. Lagrange, ‘‘Comparison of
MBSFN, SC-PTM and Unicast for Mission Critical
Communication,’’ 24th International Symposium on
Wireless Personal Multimedia Communications
(WPMC), Okayama, Japan, December 2021, pp. 1-6.

14. Y. Zhang, D. He, Y. Xu, Y. Guan, and W. Zhang,
‘‘MBSFN or SC-PTM: How to Efficiently Multicast/
Broadcast,’’ IEEE Transactions on Broadcasting, 67, 3,
2021, pp. 582-592.

15. 3GPP, TR 36.942, ‘‘Evolved Universal Terrestrial Radio
Access (E-UTRA): Radio Frequency (RF) System
Scenarios,’’ Release 15, 2018.

16. T. T. Vu, L. Decreusefond, and P. Martins, ‘‘An
Analytical Model for Evaluating Outage and Handover
Probability of Cellular Wireless Networks,’’ 15th Inter-
national Symposium on Wireless Personal Multimedia
Communications, Taipei, Taiwan, September 2012, pp.
643-647.

URSI RADIO SCIENCE LETTERS, VOL. 4, 2022 5


