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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.

I. INTRODUCTION

The 5G New Radio (NR) is standardized by the 3rd Generation 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 enhanced 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 approaches are proposed for modelling human blockage in mmWave bands for 5G communication. Nonetheless, the consequence 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. [START_REF] Moltchanov | Analytical TCP Model for Millimeter-Wave 5G NR Systems in Dynamic Human Body Blockage Environment[END_REF] 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 influence 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 II 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 specification [START_REF] Gpp | Technical Specification Group Radio Access Network; NR; Multiplexing and channel coding[END_REF] and [START_REF] Gpp | Technical Specification Group Radio Access Network; NR; Physical channels and modulation[END_REF] 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 coding 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 processing here is the equalization operation whose purpose is to compensate different distortions or fading incurred by the signal through the transmission channel. In this communication 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. Decoded bits from LDPC decoder are delivered for BLER computation after code block desegmentation and CRC detachment which represent the reverse functionalities of code block segmentation and CRC attachment at the transmitter, respectively. To determine the performance of the entire communication 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 communication system, clustered delay line (CDL) channel models in [START_REF] Gpp | Technical Specification Group Radio Access Network; Study on channel model for frequencies from 0.5 to 100 GHz[END_REF] are adopted. CDL models were designed for 3D propagation characterized by departure and arrival angles in elevation and azimuth as illustrated in Fig. 2 Their expressions are defined hereby [START_REF] Gpp | Technical Specification Group Radio Access Network; Study on channel model for frequencies from 0.5 to 100 GHz[END_REF]:

φ n,m,AoD = φ n,AoD + c ASD α m , (1) φ n,m,AoA = φ n,AoA + c ASA α m , (2) θ n,m,ZoD = θ n,ZoD + c ZSD α m , (3) θ n,m,ZoA = θ n,ZoA + c ZSA α m , (4) 
where c ASD , c ASA , c ZSD and c ZSA 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. φ n,AoD , θ n,ZoD , φ n,AoA 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 DS desired is introduced from which the propagation delay τ n of cluster n is defined by:

τ n = τ n,model • DS desired , (5) 
with τ n,model 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. However, in this work about the 5G communication, we mainly focused on the modelling standardized by the 3GPP.

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. 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 blockage 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 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 θ c -∆θ to θ c + ∆θ and an angular spread in azimuth defined from φ c -∆φ to φ c + ∆φ. ∆θ and ∆φ represent angular spread with high attenuation centred around θ c and φ c in elevation and azimuth, respectively. It is clear that a cluster is blocked if its arrival angles in elevation θ ZoA and azimuth φ AoA are such that θ ZoA ∈ {θ c -∆θ, θ c + ∆θ} and φ AoA ∈ {φ c -∆φ, φ c + ∆φ}, and the channel gain associated to this cluster is attenuated in dB units by [START_REF] Gpp | Technical Specification Group Radio Access Network; Study on channel model for frequencies from 0.5 to 100 GHz[END_REF]:

L dB = -20log 10 (1 -(F (a 1 ) + F (a 2 )) • (F (z 1 ) + F (z 2 ))) , (6) where a 1 = φ AoA -φ c + ∆φ 2 , a 2 = φ AoA -φ c -∆φ 2 , z 1 = θ AoA -θ c + ∆θ 2
and z 2 = θ AoA -θ c -∆θ 2 and F (x) is defined for x ∈ {a 1 , a 2 , z 1 , z 2 } by:

F (x) = s (x) 1 π atan π 2 π λ 0 r 1 cos (x) -1 , (7) 
with

s (x) = +1 if x ≤ 0 -1 if x > 0 , x ∈ {a 1 , z 1 } , (8) 
or

s (x) = +1 if x > 0 -1 if x ≤ 0 , x ∈ {a 2 , z 2 } . ( 9 
)
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 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 IV-B. Fig. 5: Human blockage attenuation in dB units. Fig. 5 shows this attenuation in dB units with respect to azimuth φ and elevation θ 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 φ c = -180 • and angle in elevation θ c = 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 [START_REF] Zhao | Attenuation by Human Bodies at 26-and 39.5-GHz Millimeter Wavebands[END_REF], the value of attenuation admits a symmetric axis in each of both plans, azimuth and elevation through φ c and θ c , respectively. Therefore, the attenuation ranges from 0 to 12.71 dB at 26 GHz for one blocker. These values are justified by measurements conducted by Zhao et al. [START_REF] Zhao | Attenuation by Human Bodies at 26-and 39.5-GHz Millimeter Wavebands[END_REF] 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 focused on 5G eMBB applications for which the target BLER is 10% [START_REF] Chu | A Novel Link-to-System Mapping Technique Based on Machine Learning for 5G/IoT Wireless Networks[END_REF]. 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, P L max 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 power of 10 dBm [START_REF] Yu | Phased Arrays and Architecture Selection[END_REF] 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 [START_REF] Gpp | Technical Specification Group Radio Access Network; Study on channel model for frequencies from 0.5 to 100 GHz[END_REF], the path loss in LOS state propagation environment is defined by: P L LOS (dB) = 32.4+17.3log 10 (d 3D )+20log 10 (f c ) , [START_REF] Nadeem | Elevation Beamforming with Full Dimension MIMO Architectures in 5G Systems: A Tutorial[END_REF] where 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.

d 3D = d 2 2D + (h BS -h U E ) 2 ,

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. Simulation 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. This paper's copyright is held by the author(s). It is published in these proceedings and included in any archive such as IEEE Xplore under the license granted by the "Agreement Granting EurAAP Rights Related to Publication of Scholarly Work."
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 1 Fig. 1: Communication block diagram of 5G NR.

  with φ n,m,AoD , θ n,m,ZoD , φ n,m,AoA and θ n,m,ZoA representing azimuth angle of departure, elevation angle of departure, azimuth angle of arrival and elevation angle of arrival of ray m within cluster n, respectively.

Fig. 2 :

 2 Fig. 2: Clustered multipath propagation.

  and θ n,ZoA are azimuth angle of departure, elevation angle of departure, azimuth angle of arrival and elevation angle of arrival of cluster n, respectively. α m 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

Fig. 3 :

 3 Fig. 3: Blocking scenario.

  Blocking region parameters ∆φ = 45 • , φc = -180 • , ∆θ = 15 • , θc = 80.4 • , r = 2 m Number of Normalized Min-Sum (NMS) with normalization factor α = 0.7 LDPC decoding iterations 50 model is used for transmission and reception, and its boresight almost matches the LOS path of the CDL E profile.

Fig. 6 :

 6 Fig. 6: BLER vs SNR in SISO.
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 7 Fig. 7: Illustration of d 3D , d 2D , h BS and h U E .

  with d 2D the distance from the BS to the UE which defines the cell range, h BS and h U E the BS and UE heights, respectively, and f c is the carrier frequency. With the maximum path loss P L max from the link budget, for h BS = 3m and h U E = 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 d 2Dmax = 316.3 m while the blockage of the LOS link results in a cell range of d 2Dmax = 53.13 m.

TABLE I :

 I CDL E profile parameters.

TABLE II :

 II Simulation Parameters.

	Parameters	Values
	Carrier frequency	26 GHz
	Bandwidth	400 MHz [15]
	Sub-carrier spacing	120 kHz [15]
	FFT size	4096
	Channel model	3GPP LOS Channel Profile CDL E, DS

desired = 100 ns

[START_REF] Gpp | Technical Specification Group Radio Access Network; Study on channel model for frequencies from 0.5 to 100 GHz[END_REF] 

TABLE III :

 III Link Budget in 26 GHz band.
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