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Abstract—This paper deals with the impact of human blockage
on 5G communication systems in millimeter-wave bands. The
analysis of communication performance in terms of block error
rate with and without the influence of human blockage is
proposed in the 26 GHz band, thanks to the implementation
of the 5G physical layer in a simulation tool. Based on the block
error rate performance, a link budget is also established in order
to evaluate the impact of blockage on the cell coverage.

Index Terms—Human blockage, mmWaves, 26 GHz, propaga-
tion, 5G, BLER, link budget, antenna.

I. INTRODUCTION

The 5G New Radio (NR) is standardized by the 3rd Gener-
ation Partnership Project (3GPP) with several changes in the
physical (PHY) layer processing. Regarding the channel, a
3D model based on clustered delay line (CDL) is designed
including antenna radiation pattern defined in elevation and
azimuth for the link-level evaluations. This channel model is
proposed for carrier frequencies extended to millimeter wave
(mmWave) bands up to 100 GHz.

The NR communication chain at the transmitter is proposed
for diversifying 5G major use-cases, among which the en-
hanced mobile broadband (eMBB) applications, that requires
high data rates. In this context, the use of mmWave bands takes
advantage of the enormous amount of spectrum available in
this region of frequencies.

Although these frequencies offer opportunities in terms of
huge bandwidth for wireless communication, they are victims
of severe attenuation with high sensitivity to blockage leading
to communication failure due to the presence of human or
vehicle in the propagation environment.

In the literature, several theoretical and experimental ap-
proaches are proposed for modelling human blockage in
mmWave bands for 5G communication. Nonetheless, the con-
sequence of the attenuation due to the presence of human or
vehicle on the 5G communication system is rarely investigated.
In [2], Momo and Mowla analyse the impact of human
blockage on the channel statistics such as root mean square
(RMS) delay spread and pathloss in the 28, 38, 60 and 73 GHz
bands. Moltchanov et al. [3] justify that the presence of human
blockers between the user and the base station (BS) leads a
serious drop in the throughput at the 5G NR air interface at
28 GHz. To our knowledge, so far there are no works reported
in the open literature on the impact of human attenuation on
the end-to-end 5G PHY layer communication performance in
terms of block error rate (BLER).

The first objective of this paper is to evaluate the BLER
performance of the entire 5G physical layer chain in the 26
GHz mmWave band using sector antenna. And then the influ-
ence of human blockage on these results is highlighted. The
second objective is to establish from the resulting BLER, the
link budget for the cell coverage with and without blockage.

The rest of the paper is organized as follows. Section
IT briefly describes the 5G NR communication system in
downlink. In section III, the propagation channel model used
in this work is presented. Section IV focuses on the model
of human blockage implemented in the communication chain.
Section V is dedicated to simulation results. And finally,
conclusion and future studies are given in section VI.

II. 5G COMMUNICATION SYSTEM MODEL

The goal of this section is to give an overview of the
5G downlink transmission chain implemented as part of this
study. The end-to-end data processing is highlighted in Fig. 1,
including both transmitter and receiver chains.

A. 5G PHY Transmission Chain

Several processing blocks are defined in the 3GPP specifica-
tion [4] and [5] for the 5G NR data transmission. Fig. 1 shows
that after the generation of a transport block, a sequence of
cyclic redundancy check (CRC) bits is computed and attached
to this one before low-density parity check (LDPC) channel
encoding and the rate matching processing. The goal of the rate
matching block in the communication chain is to dynamically
adapt the number of bits on LDPC encoder output to the
amount of bits expected for a given modulation and cod-
ing scheme (MCS). Multiple-input multiple-output (MIMO)
precoding is applied here in order to adapt the number of
spatial layers (streams) to the number of antennas active for
the transmission. Before the transmission of data, orthogonal
frequency-division multiplex (OFDM) numerology is used.

B. PHY Processing at the Receiver

After receiving data symbols, the first key signal process-
ing here is the equalization operation whose purpose is to
compensate different distortions or fading incurred by the
signal through the transmission channel. In this communica-
tion chain, minimum mean square error (MMSE) equalizer is
implemented. Furthermore, another key processing is the soft
demodulation used to convert the equalized data symbols to a
stream of values needed for LDPC decoding algorithms.
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Fig. 1: Communication block diagram of 5G NR.

Decoded bits from LDPC decoder are delivered for BLER
computation after code block desegmentation and CRC de-
tachment which represent the reverse functionalities of code
block segmentation and CRC attachment at the transmitter,
respectively. To determine the performance of the entire com-
munication chain, the BLER is calculated by comparing the
initial transport block with that received.

III. CDL CHANNEL MODEL

For the multipath propagation model regarding the com-
munication system, clustered delay line (CDL) channel mod-
els in [6] are adopted. CDL models were designed for 3D
propagation characterized by departure and arrival angles in
elevation and azimuth as illustrated in Fig. 2 with ¢y, 1, 40D,
On.m.ZoD> Pr.m,A0A and Oy, ., 7,4 Tepresenting azimuth angle
of departure, elevation angle of departure, azimuth angle of
arrival and elevation angle of arrival of ray m within cluster
n, respectively.

Cluster (or path) n

Fig. 2: Clustered multipath propagation.

Their expressions are defined hereby [6]:

®n,m,AoD = Pn,AoD + CASDm, (1)
Orym,AoA = P, AoA + CASACm, 2)
On.m,zoD = On,zoD + CzSDOUM, (3)

On,m,ZoA = On,zoa + Cz540m, 4

where casp, casa, czsp and czgs 4 represent azimuth spread
of departure angle, azimuth spread of arrival angle, elevation
spread of departure angle and elevation spread of arrival angle,
respectively, for the selected profile. ¢n 40D, On,ZoDs Pn 404

TABLE I: CDL E profile parameters.

[Normalized delay| Power [dB] AoD [°] AoA [] ZoD [°] ZoA[°]
Tn.model P, Pn.AoD Pn.doa On.zoD 6n.z0a
0.000 —0.03 0 —180 99.6 80.4
0.000 —22.03 0 —180 99.6 80.4

0.5133 —15.8 BI/ED) 18.2 104.2 80.4
0.5440 —18.1 BI/ED) 18.2 104.2 80.4
0.5440 =278 —20.1 101.8 99.4 80.8
0.5630 —19.8 BI/ED) 18.2 104.2 80.4
0.7112 —224 16.2 112.9 100.8 86.3
1.9092 —18.6 O3 —155.5 98.8 82.7
1.9293 —20.8 9.3 —155.5 98.8 82.7
1.9589 =226 9.3 —155.5 98.8 82.7
2.6426 =220 19 —143.3 100.8 82.9
3.7136 —25.6 32.7 —94.7 96.4 88
5.4524 —20.2 0.5 147 98.9 81
12.0034 —29.8 55.9 —36.2 95.6 88.6
20.6419 =282 57.6 —26 104.6 78.3
Casp Casa Czsp Czsa
5° e [ 3° | 7=

and 0,, zo4 are azimuth angle of departure, elevation angle
of departure, azimuth angle of arrival and elevation angle of
arrival of cluster n, respectively. a,, defines the offset of ray
m angle within the cluster whose values are given in the
specification.

Five different CDL profiles are proposed as follow. Three
profiles for non-line of sight (NLOS) state propagation which
are CDL A, CDL B and CDL C. For line of sight (LOS)
environment, two profiles CDL D and CDL E are used. Table
I summarizes CDL E profile parameters used as channel model
in the context of this study. In CDL channel model, the
principle of delay scaling factor DSgesireq is introduced from
which the propagation delay 7, of cluster n is defined by:

Tn = Tn,model * DSdesi7'ed7 )]

with 7,, moder the normalized delay of cluster n whose values
are mentioned for each CDL profile, namely CDL E.

IV. 3GPP BLOCKAGE MODEL

As mentioned in the introduction of the paper, realistic
experimental results have been published in the literature on
human attenuation values in mmWave bands. Some models are
based on the diffraction theory from which a computational
formula is derived to predict the blockage attenuation. How-
ever, in this work about the 5G communication, we mainly
focused on the modelling standardized by the 3GPP.
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A. General Description

Blockage constitutes one of mmWave propagation channel
features, which is characterized by severe attenuation of
signal strength caused by pedestrians or vehicles. Two types
of blockages are identified, one is called self-blocking, which
means that the radio link is blocked by the user itself most
often by its hand. The other type called non-self-blocking is
due to the presence of humans or vehicles moving around the
user. Both types are presented in Fig. 3.

BS NLOS

User/Blocker

User

(a) Self-blocking (b) Non-self-blocking

Fig. 3: Blocking scenario.

Note that the presence of blockers in this context of study
does not change the channel state, i.e the LOS state cannot
change in NLOS even if the direct path is blocked. The idea
of blocking a cluster is just to attenuate the channel gain of
this cluster as detailed in the rest of the section.

B. Blockage Modelling

In the 3GPP specification, two models (A and B) of block-
age are proposed, each with a specific use case. Model A
is used in computational environment and model B is desired
when a realistic environment is adopted. In our study, we only
focused on the approach given in model A. As illustrated in
Fig. 4, model A is a stochastic model in which the blocker is
modelled by a blocking region at the receiver. The principle

cluster
Yy Blocking region
- LOS
BS (Tx) *ByuE (ry)
NLOS

Fig. 4: Blocking scenario.

of this approach is to attenuate any cluster whose arrival
angle falls into the blocking region. The blocking region
is characterized by an angular spread in elevation defined
from 6, — A0 to 6. + Af and an angular spread in azimuth
defined from ¢, — A¢ to ¢. + A¢p. Af and A¢ represent
angular spread with high attenuation centred around 6. and
¢. in elevation and azimuth, respectively. It is clear that a
cluster is blocked if its arrival angles in elevation 67,4 and

azimuth ¢a,4 are such that 07,4 € {0.— A6,0.+ AG}
and ¢aoa € {Pc— Ap, P+ Ad}, and the channel gain
associated to this cluster is attenuated in dB units by [6]:

Lap = —20logyo (1 — (F'(a1) + F(az)) - (F (21) + F (22))) ,
(6)

Ag

where a1 = ¢ao4 — (¢c + %), a2 = Paoa — (¢c -5 )
zZ1 = 0A0A - (gc“f‘%) and Z2 = 0A0A - ( c %) and
F (z) is defined for = € {as,az, 21,22} by:

P () = 5 () Satan (g\/;\ror (Cosl(x) - 1)) )

with

s(:c):{ t} iﬁiig ,x €{ay, 21}, (8)
or

s(x)—{ t} g;zg ,x € {ag, 22} . )

And r in (7) represents the distance from the blocker to the
receiver (Rx).

V. SIMULATION RESULTS

This section is dedicated to the presentation and analysis of
simulation results regarding the scenarios of interest as well as
the study assumptions. The whole 5G physical layer including
the multipath channel with the blockage phenomenon, has
been developed in C++ based simulation tool. Only one
base station (BS) considered as the transmitter and one user
equipment (UE) considered as the receiver are used. The
communication chain given in Fig. 1 is used for link-level
evaluation. Both scenarios with and without human blockage
are considered in indoor environment. The blocking system is
applied such that the LOS path fully meets the center of the
blocker whose parameters are given in Table II. We assume
that the blockage phenomenon occurs during the whole data
transmission between the BS and the UE. The same antenna

TABLE II: Simulation Parameters.

Parameters Values
Carrier frequency 26 GHz
Bandwidth 400 MHz [15]
Sub-carrier spacing 120 kHz [15]
FFT size 4096

3GPP LOS Channel Profile CDL
E, Dsdesired = 100 ns [6]
A¢ = 45°, . = —180°,
AO = 15°, 0. =80.4°, r =2m
Number of human blockers 1
Channel estimation Ideal
3GPP sector antenna radiation
pattern with gain Gyqe = 8 dBi
[6]
LDPC decoding algorithm Normaliz;d Min—Sum (NI\ES) with
normalization factor o = 0.7

LDPC decoding iterations 50

Channel model

Blocking region parameters

Antenna model

model is used for transmission and reception, and its boresight
almost matches the LOS path of the CDL E profile.
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A. Attenuation from human blockage at 26 GHz

We first start by analyzing the attenuation by human body
in the 26 GHz band using the 3GPP blockage model presented
in section I'V-B.

@
g

80

Elevation, 8 (deg)

-
2]

-180 -175 -170 -165 -180 -155 -150 -145 -140 -135

Azimuth, ¢ (deg)

Fig. 5: Human blockage attenuation in dB units.

Fig. 5 shows this attenuation in dB units with respect to
azimuth ¢ and elevation 6 angles in the blocking region with
parameters given in Table II. From this figure, we notice that
the attenuation is all the more significant as the direction of
propagation path or cluster is closer to the center of the blocker
characterized here by angle in azimuth ¢. = —180° and angle
in elevation 6, = 80.4°. This mechanism is justified by the
modelling of human blocker through a rectangular screen for
which a diffraction loss given in (7) is applied. The diffraction
approach highlights the fact that if the cluster is closer to
the knife-edges of the screen, the signal power is very lowly
attenuated. And if the cluster meets the center of the screen,
the signal strength is attenuated to the maximum. Note that due
to cosine expression in (7), the value of attenuation admits a
symmetric axis in each of both plans, azimuth and elevation
through ¢. and 6., respectively. Therefore, the attenuation
ranges from 0 to 12.71 dB at 26 GHz for one blocker. These
theoretical values are justified by measurements conducted by
Zhao et al. [7] in indoor environment to quantify the value
of human body attenuation at 26 GHz. Results show that
the communication link is attenuated by a maximum value
of 12.66 dB for the presence of one person between the Tx
and the Rx.

Nonetheless, it is obvious that if the number of human blockers
increases, the resulting attenuation also increases.

B. Link Level Evaluation

The actual 5G NR is performed here in order to show
that the impact of human blockage can be observed on
communication performance in terms of BLER. For the link
level evaluation, a single-input single output (SISO) scenario is
chosen. As previously mentioned, the advantage of mmWave is

MCS 9, CDLE, 26 GHz

10°

"

cenariio with blockage

BLER

Scenario without/blockage

-9 -1.4 -5.8 -4.2 -2.6 -1 0.6 22 38 54

SNR (dB)

Fig. 6: BLER vs SNR in SISO.

TABLE III: Link Budget in 26 GHz band.

[Parameter Scenario without blockage Scenario with blockage

[TX power 10 dBm 10 dBm

[TX antenna gain 8 dBi 8 dBi

[TX cable loss 3 dB 3 dB

[EIRP 15 dBm 15 dBm

[Thermal noise density -174 dBm/Hz 174 dBnw/Hz
oise bandwidth (400 MHz) [85.8 dB 85.8 dB

RX noise figure 9 dB 9 dB

[Thermal noise -79.20 dBm -79.20 dBm
oise rise 3 dB 3 dB

RX antenna gain 8 dBi 8 dBi

RX cable loss 0 dB 0 dB

Required SNR for BLER=10%|-7.7 dB 5.7 dB

IRX sensitivity -91.90 dBm -78.50 dBm

(Cell coverage probability 95% 95%

IShadowing standard deviation [3 dB 3 dB

Shadow margin 2.95 dB 2.95 dB

focused on 5G eMBB applications for which the target BLER
is 10% [8]. Fig. 6 highlights the BLER vs SNR performance
for both scenarios with and without blockage using MCS 9
(16QAM, code rate = 0.6) and CDL E channel model with
one antenna at the transmitter and one antenna at the receiver.
The shape of the curves is typical of scenarios with LDPC
channel coding. For BLER=10%, we observe that the link
without blocker is better than the link including human blocker
with a signal-to-noise ratio (SNR) difference about 13 dB. This
result is justified by the blockage (attenuation of 12.71 dB) of
the LOS path which is the most dominant path. The same
trend is observed by comparing the channel power of CDL E
profile without blockage with this one of CDL E including the
blockage of the LOS cluster.

From the performance BLER=10% given in Fig. 6, we
establish the link budget in order to illustrate the consequence
of human blockage phenomenon on the system capacity in
terms of cell coverage in mobile communication as given in
Table III. To this end, PL,,,, represents the maximum value
of path loss to determine the cell range in both scenarios
with and without the presence of human blockage on the
communication link. In the calculation, we consider a transmit
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Fig. 7: Illustration of dsp, deop, hps and hyg.

dop >

A

power of 10 dBm [11] and a coverage probability of 95%.
Based on this cell coverage probability and by assuming that

Gaussian shadowing is considered with standard deviation of

3 dB, a shadowing margin of 2.95 dB is deduced.

As defined in [6], the path loss in LOS state propagation

environment is defined by:

PLros (dB) = 32.4+17.3log1o (d3p) +20logio (fe) , (10)

where dsp = \/ng + (hps — hUE)z, with dop the distance
from the BS to the UE which defines the cell range, hps and
hy e the BS and UE heights, respectively, and f. is the carrier
frequency. With the maximum path loss PL,,,, from the link
budget, for hgs = 3m and hyyg = 1.5m in the 26 GHz band,
we deduce from (10) that the scenario without human presence
on the LOS link has a cell range of dsp,,,, = 3163 m
while the blockage of the LOS link results in a cell range
of dap,,,., = 53.13 m. From this analysis, it can be seen that
to guarantee the same quality of service, the communication
range must be drastically reduced in the 26 GHz mmWave
band.

VI. CONCLUSION

In this paper, the problem of human blockage that occurs
in 26 GHz band for 5G communication system is addressed.
To this end, we analyzed in a simulation tool the 5G physical
layer, the multipath channel and the blockage model. Simu-
lation results revealed that for the same 5G eMBB quality of
service, the 26 GHz communication system with the presence
of human in the LOS cluster requires a 13 dB increase in
SNR compared to the similar scenario without blockage. For
future work, we will extend the analysis to antenna pattern
diversity in the context of multi-antenna systems as resolution
of communication link blockage by a human.
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