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Abstract—Radio frequency (RF) wireless power transfer
(WPT) is a promising technology for 6G use cases. It enables a
massive, yet sustainable deployment of batteryless energy neutral
(EN) devices at unprecedented scale. Recent research on 6G is
exploring high operating frequencies up to the THz spectrum,
where antenna arrays with large apertures are capable of
forming narrow, “laser-like” beams. At sub-10 GHz frequencies,
physically large antenna arrays are considered that are operating
in the array near field. Transmitting spherical wavefronts, power
can be focused in a focal point rather than a beam, which
allows for efficient and radiation-safe WPT. We formulate a
multipath channel model comprising specular components and
diffuse scattering to find the WPT power budget in a realistic
indoor scenario. Specular components can be predicted by means
of a geometric model. This is used to transmit power via multiple
beams simultaneously, increasing the available power budget and
expanding the initial access distance. We show that exploiting
this “beam diversity” reduces the required fading margin for the
initial access to EN devices.

Index Terms—6G, array near field, wireless power transfer, ini-
tial access, beam diversity, large intelligent surfaces, distributed
massive MIMO

I. INTRODUCTION

Current research on 6G is exploring the use of massive aper-
tures and operating frequencies reaching up to the mmWave
and sub-THz bands. Radio frequency (RF) wireless power
transfer (WPT) with antenna arrays at such high frequencies
allows to form narrow beams [1] and, due to their large
Fraunhofer distance, operate in the array near field. These
electrically large arrays allow to focus energy in a point
rather than a beam. The H2020 project REINDEER envisions
the use of physically large, and distributed antenna arrays
for indoor use cases [2]. This wireless infrastructure, termed
RadioWeaves (RW), will inherently support the use of energy
neutral (EN) devices, which are batteryless and solely powered
through WPT. Since the infrastructure operates at sub-10 GHz
frequencies, electrically large apertures are also physically
large, which holds some beneficial advantages for WPT:

i) Focusing power in the array near-field can lead to a high
power density within the focal point and a low power
density outside, even around the transmitting antennas.
Physically small, concentrated arrays typically exhibit
higher power densities close to the array.
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ii) For distributed architectures, power is focused within a
sphere with a diameter of λ/2 [3], λ being the wavelength
at the operating frequency f . At lower frequencies, and
thus larger wavelength, the size of the focal point as well
as the apertures of receiving antennas are large.

iii) The maximum power density, limited by human exposure
restrictions [4], is typically 10 W/m2 . Large focal points
and larger receive antennas thus yield a larger power
receivable by EN devices at lower frequencies.

In order to be able to focus power to EN devices with
downlink precoding schemes like maximum ratio transmission
(MRT), channel state information (CSI) needs to be avail-
able. Channel state estimation can be performed on the first
signal sent by an EN device, possibly through backscatter
communication [5]. However, in the initial access phase,
the EN device has to be supplied with sufficient power
to exceed the device sensitivity, i.e., the minimum power
required for wake-up and backscatter communication [6]. One
possible approach for initial access is beam sweeping, where
the transmit array sweeps beams sequentially according to
a predefined codebook [7] in order to power up the EN
device for the first time. Choosing the single beam achieving
the best receive power or signal-to-noise ratio (SNR) is also
known as exploiting the beam selection diversity [8]. Due
to the narrow beamwidth at mmWave bands, some authors
propose using dual-band approaches which exploit the link
budget advantages and reduced search space of sub-6 GHz
frequencies, while using the large bandwidth at mmWave
frequencies for high-rate communications [9], [10]. Others use
radar measurements to aid the beam sweeping with the most
likely directions of receiver positions [11]. In indoor scenarios,
environment-awareness could aid the choice for predefined
codebooks, assuming that the possible locations of EN devices
as well as the propagation environment are at least partially
known. However, beam sweeping in indoor scenarios suffers
from fading due to strong multipath propagation, possibly
originating from unknown objects in the environment.

RW supports coherent transmission via multiple beams si-
multaneously. Environment-awareness allows to exploit spec-
ular reflections at walls to increase the power budget at the
EN device over what is achievable if only a single beam, e.g.,
only the line-of-sight (LoS), was used. The main contribution
in this paper is the demonstration of exploiting a novel form
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of beam diversity: in a simultaneous multi-beam transmission
from one transmit array (also termed RadioWeaves panel), the
phases of the individual beams can be varied to reduce the
necessary fading margin for the initial access to EN devices.
Environment-awareness and beam diversity enable to make
some array gain usable without CSI, and thus aid to increase
the initial access distance of EN devices in indoor environ-
ments. We formulate a multipath channel model to evaluate
the WPT power budget and demonstrate the achievable gains
through exploiting beam diversity.

The rest of the paper is structured as follows. Section II
describes a geometry based stochastic channel model for WPT.
Section III investigates WPT schemes by means of numeric
simulations. Section IV concludes the paper.

II. CHANNEL MODEL

This section presents a channel model that allows a phys-
ically accurate representation of the power received by an
EN device in a dense multipath environment. Typical indoor
radio environments envisioned for RW deployments can be
described through a channel that exhibits both determin-
istic, specular multipath components (SMCs) and stochas-
tic, diffuse/dense multipath (DM) [12]. Operating at sub-
10 GHz frequencies, the nominal channel bandwidth is typ-
ically 20 MHz [13], [14]. Thus, we establish a channel model
based on the assumption of a narrowband frequency-flat fad-
ing channel used for multiple-input multiple-output (MIMO)
systems [15], [16].

We consider a single array centered at a position pRW =
[xRW, yRW, zRW]T consisting of L antennas and transmitting
power wirelessly to a single EN device at position pEN =
[xEN, yEN, zEN]T. The `th array element position is denoted
as p

(`)
RW = [x

(`)
RW, y

(`)
RW, z

(`)
RW]T defined relative to pRW. We

employ a memoryless multiple-input single-output (MISO)
channel model where the EN device receives a complex
baseband amplitude, i.e., a phasor,

y =

K∑
k=1

hT
ks +

K∑
k=1

hT
sc,ks + n (1)

where hk = [hk,1, . . . , hk,L]T ∈ CL×1 is the channel vector
of the kth SMC, and s = [s1, . . . , sL]T ∈ CL×1 the transmit
signal vector of the array in complex baseband.

The first term in (1) models deterministic reflections as a
sum of scalar products of the separate channel-vectors for K
SMCs, including the LoS. The second term models DM by
means of point source scatterers where hsc,k ∈ CL×1 denotes
the scatter channel vector of the kth SMC. The third term n ∈
C denotes complex additive white Gaussian noise (AWGN)
with variance σ2

n. The following sections describe the models
for SMCs and DM in detail.

A. Specular Multipath

Deterministic SMCs are modeled according to an image
source model [17] in combination with an environment floor
plan, allowing to compute the position pRW,k of the image
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Fig. 1: Simulation scenario with four walls, as well as a floor. A (5m ×
9m× 3.5m) large room is simulated. Virtual mirror arrays are indicated in
the figure along with the EN device. Scatter points are distributed along the
front wall in the direction of LoS to the EN device.

source representing the kth SMC. Note that one of the image
sources represents the true RW position pRW. The `th element
of the channel vector hk is thus modeled as

[hk]` =
λ√
4π

1√
4πdk,`

gSMC,k e
−j 2π

λ dk,` (2)

where dk,` = ‖pEN − p
(`)
RW,k‖ is the distance between the

transmit antenna ` ∈ {1, . . . , L} of the image source k and
the EN device, the operator ‖ · ‖ denotes the vector norm
and [ · ]` denotes the `th vector element. The first factor in
(2) models the square root of the receiving aperture A = λ2

4π
assuming a unity gain antenna. The second factor models the
spread of power over the surface of a sphere with a radius
dk,`. The factor gSMC,k ∈ C represents an amplitude gain and
phase-shift associated with reflection k, e.g., a specific wall,
while the exponential term models the phase shift due to the
propagation distance dk,` [18].

For simplicity, we assume lossless, isotropic antennas,
which exhibit a gain of G` = 1. Furthermore, we assume no
polarization losses and perfect antenna impedance matching of
both the transmit and receive antennas. Under these assump-
tions, the channel vector from (2) effectively models the Friis
transmission equation for power wave amplitudes. That is, if
the transmit signals [s]` are power waves of the dimension√

power, the power received by the EN device is [19]

PRX = |y|2 . (3)

The entries [hk]` of the channel vector are dimensionless
transmission coefficients, i.e., S-parameters.

B. Diffuse Multipath

The second term from (1) represents stochastic scattering
at small, distributed objects, or surfaces that are rough with
respect to the signal wavelength λ [20]. The DM is modeled
by a random number of Msc point scatterers at positions



TABLE I
LIST OF SIMULATION PARAMETERS

Variable Symbol Unit Value
Carrier frequency f GHz 2.4
URA width lx m 2
URA height lz m 1.5

Center pos. URA pRW m [5, 0, 1]T

Pos. EN device pEN m [5, 8.125, 1]T

Center pos. ellipsoid psc m [5, 8.75, 1]T

Number of transmit antennas L - 960
Poisson mean λsc m−3 10
Number of scatter points Msc - 38
SMC amplitude gain |gSMC,k| dB −3
Lognormal mean µsc cm2 102π
Lognormal std. dev. σsc cm2 20π

psc,m = [x
(m)
sc , y

(m)
sc , z

(m)
sc ]T where all impinging specular

waves are rescattered, assuming only single-bounce scattering.
The resulting channel vectors for each SMC k are defined as

hT
sc,k = hT

RX Σsc HTX,k (4)

where HTX,k ∈ CMsc×L is the channel matrix from the
kth mirror array to the scatterers and hRX ∈ CMsc×1 is
the channel vector from the scatterers to the EN device.
The matrix Σsc = diag

{
[
√
σ1e

jϕ1 , . . . ,
√
σMsc

ejϕMsc ]
}
∈

CMsc×Msc is a diagonal matrix containing the radar cross-
section (RCS) σm of point source scatterer m ∈ {1, . . . ,Msc}
and a respective phase-shift ϕm on its main diagonal.
The RCSs are modeled i.i.d. log-normally [21], [22], i.e.,
σm ∼ lognormal(µsc, σ

2
sc), and the phase-shifts ϕm are i.i.d.

uniform, i.e., ϕm ∼ U(0, 2π). Let dk,`,m = ‖psc,m−p(`)
RW,k‖

be the distance between scatterer m and transmit antenna ` of
the kth mirror array, the (`,m)th entry of the channel matrix
HTX,k is given as

[HTX,k]`,m =
1√

4π dk,`,m
gSMC,k e

−j 2π
λ dk,`,m . (5)

Consequently, the squared product of the RW channel matrix
and the transmit power wave, i.e., |[HTX,ks]m|2, is the power
density at the location of the scatterer m caused by the
signal transmitted from image array k. This power density
is rescattered isotropically (with respect to the receiver [18])
by the scatterer with a radar cross-section σm. The scatterer
to EN device channel is represented by the vector hRX, which
models the gain of the power wave propagating from scatterer
m to the EN device as

[hRX]m =
λ√
4π

1√
4πdm

e−j
2π
λ dm (6)

where dm = ‖psc,m − p‖ is the distance between the EN
device and scatterer m.

The scatter channel vector described by (4) thus effectively
models the bistatic radar range equation for power wave ampli-
tudes. Note that the product ΣscHTX,k is dimensionless and
correct in terms of power, and thus a matrix of S-parameters.
The receive channel vector hRX is dimensionless and an
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Fig. 2: Path gain PG evaluated on a cutting plane (at z = 1m, perpendicular
to the center of the array) through the simulated room. The simulation
parameters used are listed in Table I. MRT has been used for precoding,
assuming perfect CSI including point scatterers. Note that the computed PG
very close to the scatter points is incorrect, due to a violation of model
assumptions.

S-parameter vector by itself. Hence, under the assumptions
made, the model in (1) is physically correct in terms of
power and thus allows to compute the power budget at an
EN device location for a given scenario. The scatter channel
vector attributable to each point source scatterer can be seen
as a pin-hole channel [15].

III. WIRELESS POWER TRANSFER

In the following, we use the channel model in (1) to
compute the power budget for the simulation scenario in Fig. 1.
Particularly, under the assumptions made, we evaluate the path
gain (PG) at the position pEN of the EN device as

PG =
PRX

PTX
(7)

where PTX is the transmit power, i.e., PTX = ‖s‖2. For
all subsequent simulations, we use the parameters listed in
Table I, some of which are chosen for this theoretical analysis
from an educated guess and may vary in an actual deployment
scenario.

Despite the fact that RW supports massive, distributed
antenna arrays, we use only one physically large uniform
rectangular array (URA) for simplicity, with an inter-element
spacing of λ/2. The array is mounted on one side of the
simulated room and has the physical dimensions (lx × lz) =
(2×1.5) m2. It is located at the position pRW inside the room
and is mirrored at the walls to obtain image sources (c.f.,
Section II-A). We only consider first-order image sources in
the simulations. From the perspective of the EN device, the
incident signals are virtually impinging from the positions of
the actual array and the four corresponding image arrays, each
associated with an SMC amplitude gain |gSMC,k|. We have
chosen gSMC,k to be real-valued and constant −3 dB for all
K walls. The stochastic channel model from Section II-B only
considers single-bounce local scatter clusters in the proximity
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Fig. 3: Exploitation of beam diversity for initial access to EN devices: Path gains PG are evaluated on a circular disc in the xy-plane located around the
focal point. The PG of conventional MRT in (a) is computed assuming full CSI. The PG in (b) and (c) is computed using only environment information and
by varying the phases of the individual SMC beams randomly using NR ∈ {1, 16} realizations and taking the highest values.

of the EN device, which are usually modeled as ellipsoids cen-
tered at the position of the receiving device [23]. In our simula-
tion scenario, however, a single ellipsoid is placed at a position
psc in between the EN device and the wall opposite to the array
(see Fig. 1). That way, the scatter points can represent a rough
surface, or a geometric structure (e.g., a shelf) where the EN
device is located. The volume of the ellipsoid Vsc is defined
through the semi-axes (rx, ry, rz) = (1.5 m, 0.5 m, 1.5 m).
The number of point scatterers is Poisson distributed with
mean λsc = 10 m−3, i.e., Msc ∼ Poisson (λsc), and their loca-
tions are uniformly distributed in Vsc. The mean µsc of the log-
normally distributed point scatterer RCSs has been chosen as
102π cm2, which would correspond to the RCS of a perfectly
conducting metal sphere with a radius of 10 cm [24]. Note that
this value has intentionally been chosen large to emphasize
the effects of diffuse scattering. Likewise, uniformly radiating
point scatterers constitute a strongly simplified model.

In order to compute the optimum PG for the chosen
simulation scenario, a precoding scheme needs to be chosen,
i.e., the transmit signals [s]` have to be chosen in a way to
maximize the PG. If the transmit signals are defined using the
complex weight vector wC ∈ CL×1 as

s =

√
PTX

L
wC (8)

then the weight vector for conventional MRT follows from the
channel model as

wC =
h∗

‖h‖
with h =

K∑
k=1

hk + hsc,k . (9)

This approach assumes full CSI, and thus reaches an optimal
receive power at a target position pEN, where the focal point is
formed. However, before the initial wake-up of the EN device,
CSI is unknown and the optimum weights cannot be computed
according to (9).

A. Environment-aware Initial Access

Beam sweeping can be an effective method for the initial
access to EN devices. In near field WPT, not only the angular
domain needs to be scanned, but also the range domain. This
would make near field beam scanning exhaustive even if wide
beams are used in sub-10 GHz bands. However, we exploit
environment-awareness to reduce the three-dimensional search
space to the most likely positions of EN devices (e.g., along
walls or the floor). If the complete environment and the
EN device position were perfectly known, power could be
focused at the position of the device as depicted in Fig. 2.
The figure shows the PG evaluated on a cutting plane parallel
to the xy-plane and intersecting the EN device, when MRT
is applied according to (8) and (9). Power is transmitted via
multiple beams simultaneously, reflected at the walls and the
floor and sums up coherently at the EN device position. The
scatterers behind the EN device cause diffuse reflections, while
the specular reflections along walls introduce strong fading
patterns attributable to standing waves. Particularly the wall
opposite to the array causes deep fades parallel to the xz-plane,
spaced at λ/2. If beam sweeping using a predefined codebook
is employed for the initial wake-up of EN devices, deep fades
may pose a problem with initial access: EN devices located at
unfavorable positions would require a large fading margin M
necessary for a successful initial access, severely reducing the
achievable initial access distance. A necessary fading margin
would decrease the initial access distance by a factor 1/

√
M

under the assumption of a free-space path loss. That is, every
6 dB fading margin would halve the initial access distance.

Fig. 3a shows a close-up of the PG distribution around
the focal point, when conventional MRT is employed with
perfect CSI. The PG is evaluated on a circular disc in the xy-
plane centered around the focal point at the position pEN. Its
diameter has been chosen as yENλ/lx which is a measure of
the beamwidth at a distance yEN from the array, resulting from
geometric considerations. When awareness of the channel
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Fig. 4: Path gain PG evaluated on the circular domain depicted in Fig. 3.
Varying the phases of the individual MPC beams randomly using NR ∈
{1, 2, 4, 8, 16} realizations and taking the highest values can help to reduce
the necessary fading margin for initial access.

model is used for beam sweeping, the deterministic part of
the channel hk can be predicted based on a target position
pEN, using (2). Unfortunately, this will lead to strong local
fading as illustrated in Fig. 3a and a large fading margin is
needed to overcome this local fading.

B. Beam Diversity

The distribution of power in the region surrounding the
focal point can be improved through a suitable precoding
scheme. Beam diversity can be effectively exploited to even
out deep fades and generate a smoother power distribution
in proximity of the focal point. As a simple scheme in a
multibeam transmission, the phases ϕk of SMC beams can
be varied to reduce the necessary fading margin at the cost
of lower peak powers. In this regard, we propose to assign
equal power to each of the beams to maximally affect the local
fading. That is, we choose the transmit signal s =

√
PTX

L wBD

with the weights defined as

wBD =

∑K
k=1 wBD,k

‖
∑K
k=1 wBD,k‖

with wBD,k =
h∗
k

‖hk‖
ejϕk .

(10)

the individual weight vectors wBD,k are computed for some
target position pEN using (2). Fig. 3b shows the PG dis-
tribution for NR = 1 realization of K beam phases ϕk
drawn from uniform distributions, i.e. ϕk ∼ U(0, 2π). This
approach assumes known environment information in terms
of the SMC model, c.f. (2), while the scatterer components
hsc,k are unknown. Deep fades still occur, but their depth has
been reduced, i.e., the use of several realizations of random
phases ϕk increases the probability of waking up an EN device
located at an unfavorable position. This effect can be further
exploited through multiple iterations of the beam diversity
scheme: Fig. 3c shows the maximum PG for every position
on the circular disc from NR = 16 realizations of K random

beam phases. The smooth power distribution depicted in the
figure will not exist at a single time instance, but after NR

attempts, every position has at least once experienced the peak
PGs depicted. If the power received by an EN device exceeds
the device sensitivity for one realization, this is sufficient to
transmit a signal on which channel state estimation can be
performed by the RW infrastructure.

To analyze the possible gain in initial access distance, we
evaluate the cumulative distribution function (CDF) of the
PG distribution across the circular disc. We compute the
distribution from PGs computed at an equally-spaced Cartesian
grid on the disc. In Fig. 4, the CDFs of the maximum PG
of NR ∈ {1, 2, 4, 8, 16} realizations have been plotted. For
comparison, the CDF for MRT with perfect CSI (including
point scatterers) is depicted, which shows higher peak powers,
but also a higher probability of deep fades. For the first drawn
realization (NR = 1), the complete range of power values lies
below what can be achieved with MRT. However, drawing
more realizations, it can be seen that low power values, i.e.,
deep fades, become less likely. Targeting an outage probability
of less than 1 %, i.e., the horizontal line at Π(PG) = 10−2,
the beam diversity scheme using NR = 16 realizations would
have reduced the necessary fading margin by 12 dB, when
compared with conventional MRT. This corresponds to an
improvement in initial access distance by a factor of 4, under
the assumption of a free-space path loss. Four repetitions
NR = 4 reduce the fading margin by 12 dB in comparison to a
single shot (NR = 1), which even leaves a gain of 6 dB when
factoring in the loss of energy due to the four re-transmissions.
We would like to argue, however, that an absolute power gain
is not the key aim of the proposed technique. The aim is
merely to wake up the EN device to enable CSI estimation
in the initial-access phase. After the channel estimation, MRT
will be used for WPT. Finally, a Monte Carlo simulation
(NR = 10000) has been performed to hint at the maximum
achievable gain that could be reached with beam diversity in
the given simulation scenario.

Note that this paper only covers one part of the initial access
to EN devices: the supply with sufficient power and first wake-
up. To perform channel state estimation, the signal transmitted
(e.g., backscattered) from the EN device must be successfully
received by the RW infrastructure. Without the support of
full-duplex communication, the signal may be received and
processed by another array. After CSI estimation, the effi-
ciency at which power can be transmitted using MRT depends
on the quality of the CSI estimate [25]. If perfect CSI was
available, the PG at the position pEN yields PG = −23.8 dB
in the simulated scenario. That is, the EN device could receive
PRX = 12.2 dBm, when transmitting at PTX = 4 W. This is
a significant amount of power transmitted over a distance of
yEN = 8.125 m, that could open doors for a new generation
of highly capable EN devices.

IV. CONCLUSION AND OUTLOOK

There is great potential for indoor WPT using large or
distributed arrays. We have shown that fading may severely



impact the initial-access distance achievable with an indoor
RW deployment, but beam diversity can be exploited to
overcome this impairment. Environment-awareness helps to
focus multiple SMC beams to a point within the room simul-
taneously. By varying the phases of the beams, the necessary
fading margin may be reduced at the price of a longer beam
sweeping time and thus larger amount of energy needed for
initial access. The lower necessary fading margin increases the
initial access distance of EN devices.

The parameters chosen for our simulations partially rely on
assumptions made to demonstrate the concept of our beam di-
versity scheme. In the future, we will demonstrate the concept
using real-life measurements. Furthermore, more elaborate
schemes for exploiting beam diversity will be derived.
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[12] T. Wilding, S. Grebien, U. Mühlmann, and K. Witrisal, “Accuracy
Bounds for Array-Based Positioning in Dense Multipath Channels,”
Sensors, vol. 18, no. 12, 2018.

[13] ETSI, “ETSI EN 300 328,” Harmonized European Standard, 2019.
[14] ——, “ETSI EN 301 893,” Harmonized European Standard, 2017.
[15] A. Paulraj, R. Nabar, and D. Gore, Introduction to space-time wireless

communications. Cambridge University Press, 2006.
[16] A. F. Molisch, Wireless Communications, 2nd ed., ser. IEEE Press.

Wiley, 2011.
[17] E. Leitinger, P. Meissner, C. Rudisser, G. Dumphart, and K. Witrisal,

“Evaluation of Position-Related Information in Multipath Components
for Indoor Positioning,” IEEE J. Sel. Areas Commun., vol. 33, no. 11,
pp. 2313–2328, Nov. 2015.

[18] C. A. Balanis, Antenna Theory: Analysis and Design, 3rd ed. Hoboken,
NJ: John Wiley & Sons, 2005.

[19] H. Carlin, “The Scattering Matrix in Network Theory,” IRE Trans.
Circuit Theory, vol. 3, no. 2, pp. 88–97, 1956.

[20] J. Kulmer, F. Wen, N. Garcia, H. Wymeersch, and K. Witrisal, “Impact
of rough surface scattering on stochastic multipath component models,”
in 2018 IEEE 29th Annual International Symposium on Personal, Indoor
and Mobile Radio Communications (PIMRC), 2018, pp. 1410–1416.

[21] T. Santos, F. Tufvesson, and A. F. Molisch, “Modeling the Ultra-
Wideband Outdoor Channel: Model Specification and Validation,” IEEE
Trans. Wireless Commun., vol. 9, no. 6, pp. 1987–1997, Jun. 2010.

[22] C. Gustafson, K. Haneda, S. Wyne, and F. Tufvesson, “On mm-Wave
Multipath Clustering and Channel Modeling,” IEEE Trans. Antennas
Propag., vol. 62, no. 3, pp. 1445–1455, Mar. 2014.

[23] L. Liu, C. Oestges, J. Poutanen, K. Haneda, P. Vainikainen, F. Quitin,
F. Tufvesson, and P. Doncker, “The COST 2100 MIMO channel model,”
IEEE Wireless Commun., vol. 19, no. 6, pp. 92–99, Dec. 2012.

[24] S. Kingsley and S. Quegan, Understanding Radar Systems. SciTech
Publishing, 1999, vol. 2.

[25] D. Mishra and E. G. Larsson, “Optimal Channel Estimation for
Reciprocity-Based Backscattering With a Full-Duplex MIMO Reader,”
IEEE Transactions on Signal Processing, vol. 67, no. 6, pp. 1662–1677,
2019.

https://arxiv.org/abs/2108.07576
https://doi.org/10.5281/zenodo.5561844
https://doi.org/10.5281/zenodo.5561844
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:31999H0519
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:31999H0519
https://doi.org/10.5281/zenodo.5938909
https://doi.org/10.5281/zenodo.5938909

	I Introduction
	II Channel Model
	II-A Specular Multipath
	II-B Diffuse Multipath

	III Wireless Power Transfer
	III-A Environment-aware Initial Access
	III-B Beam Diversity

	IV Conclusion and Outlook
	References

