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Abstract—In this paper, we propose an efficient near-field
channel reconstruction and user localization scheme for ex-
tremely large-scale antenna array (ELAA) systems. Due to
the non-negligible near-field effect in ELAA systems, a more
realistic near-field multipath channel model, which incorporates
the unequal path loss and the phase deviations across antennas
and models line-of-sight (LoS), reflection, and scattering, is
considered. A subarray hybrid beamforming architecture is
further employed to reduce the cost of using ELAA. Based on
the sparsity of the near-field channel in the joint angle-distance
domain, a near-field Newtonized orthogonal matching pursuit
algorithm is proposed to estimate the multipath parameters.
Reconstruction of the near-field channel and positioning of the
user can be achieved based on the estimated parameters. Our
numerical results verify that the reconstructed channel is very
close to the real near-field channel, and the user localization has
high accuracy whether a LoS component exists or not, validating
the effectiveness and reliability of the proposed scheme.

I. INTRODUCTION

Massive multiple-input multiple-output (MIMO) is an en-
abling technology for the current fifth generation (5G) mobile
communication systems, playing a key role in improving the
spectral efficiency [1]. With the development of the sixth
generation (6G) systems, the need for higher spectral and
energy efficiencies becomes indispensable, which will require
a further increase in the number of antennas at the base
station (BS) [2]. ELAA systems are equipped with a much
larger number of antennas at the BS than massive MIMO, and
can achieve multifold improvement in the achievable spectral
efficiency [3]. In addition, with the gradual penetration of
millimeter wave and THz technologies, wireless systems can
avail of extremely high spectrum resources. Equally impor-
tantly, the size of antenna elements can be made very small at
high-frequency bands [4], which makes it possible to pack
an extremely large number of antennas in a limited area.
Therefore, ELAA technology has a promising development
and application potential in the future 6G era.

Due to the high cost of high-frequency radio frequency
(RF) chains [5], ELAA systems may utilize a subarray hybrid
precoding architecture at the BS. The number of RF chains
is much smaller than the number of antennas, and, thus, a
large pilot overhead will be needed for channel estimation in
ELAA systems. Much work has been done to study how to
estimate CSI with low pilot overhead. In traditional MIMO

systems, based on the sparse feature of the channel in the
angular domain, compressed sensing (CS) algorithms can be
used to estimate the uplink CSI through uplink pilot training.
For example, [6] and [7] considered the plane wave-front
channel model and utilized the Newtonized orthogonal match-
ing pursuit (NOMP) algorithm to estimate the uplink channel
parameters. Due to the nonnegligible curvature characteristic
of the channel in the near field, [8] modeled the channel
with spherical wavefronts and the real phase deviations among
the antenna array were also considered. However, there are
very few related works studying the near-field channel recon-
struction and user localization considering the real phase and
amplitude deviations across the receiving antennas.

In this study, we consider a more realistic near-field mul-
tipath channel model, which incorporates the unequal path
loss and the phase deviations across the receiving antennas
based on the spherical wavefront model. The LoS, reflection,
and scattering manifestations are also modeled in the channel.
A near-field Newtonized orthogonal matching pursuit [9] (N-
NOMP) algorithm is proposed for the subarray hybrid precod-
ing based ELAA system to estimate the multipath channel pa-
rameters. Specifically, a two-dimensional joint angle-distance
domain dictionary is designed, and a stopping threshold is
derived without the knowledge of the number of paths. Uti-
lizing N-NOMP, near-field channel reconstruction and user
localization can be realized with limited training overhead.
Simulations are conducted to evaluate the normalized mean
square error (NMSE) performance of the proposed chan-
nel reconstruction and user localization scheme. The results
demonstrate that the near-field channel can be reconstructed
accurately in a wide signal to noise ratio (SNR) range, while
the user position can be detected precisely.

II. SYSTEM MODEL

We consider a single cell ELAA mobile communication nar-
rowband system which employs a subarray hybrid precoding
architecture at the BS. Time division duplexing is applied. The
carrier frequency is denoted as fc. The carrier wavelength
is λc = c

fc
, where c denotes the speed of light. As shown

in Fig. 1, the BS is equipped with an N -antennas uniform
linear array and NRF radio frequency (RF) chains, satisfying
NRF ≪ N . We assume that N is an integer multiple of NRF,



Fig. 1. ELAA system model with subarray architecture.

and each RF chain is connected to N
NRF

antennas through phase
shifters. The spacing between adjacent antennas is d = λc

2 .
The mobile user has a single antenna, while T is defined as
the number of pilots. We denote the t-th transmit pilot as xt.
Hence, the received pilot yt ∈ CNRF×1 can be expressed as

yt = Athxt +Atzt, (1)

where At ∈ CNRF×N denotes the constant modulus analog
combining matrix satisfying

|At (i, j)| =
{

1, j = (i−1)N
NRF

+ 1, . . . , iN
NRF

0, else
, (2)

for i = 1, . . . , NRF, while the phase follows a uniform
distribution within [0, 2π]. Note that h ∈ CN×1 denotes
the real near-field uplink channel vector. The additive Gaus-
sian complex noise zt ∈ CN×1 follows the distribution
CN

(
0, σ2IN

)
. We assume that the transmit signal is xt =

√
P

for t = 1, . . . , T , where the transmitted power equals P . All
the received pilots can be stacked together and written as

y =
√
PAh+ n, (3)

where A =
[
AT

1 , · · · ,AT
T

]T ∈ CTNRF×N denotes the overall
analog combining matrix for all pilots, while (·)T denotes the
transpose. Similarly, n =

[
nT
1 A

T
1 , · · · ,nT

TA
T
T

]T denotes the
noise after analog combining.

Due to the extra large aperture of the array, which equals
(N − 1)d here, users may not be in the far-field region of the
array, causing non-negligible amplitude and phase deviations
of the channel across the array as shown in Fig. 2. When the
distance between a user and array is greater than the Rayleigh
distance dR = 2((N−1)d)2

λc
, the amplitude and phase deviation

can be ignored, and the user is in the far-field region. For
example, dR = 325.125 meters for N = 256 and fc = 30
GHz. Notably, if the distance is less than dR, the amplitude and
phase variations of the channel across the ELAA are large and
can no longer be ignored in the near-field. Hence, instead of
the traditional far-field channel model, the near-field channel
model should be considered here.

As shown in Fig. 3, we set the central antenna of the BS
array as the reference antenna and make it as the origin of
the coordinate system. A large smooth surface exists near the
BS, providing a strong reflection path in the user channel.
The smooth wall is orthogonal to the array, and its center
is

(
W
2 , (N−1)d

2 + S
)

, where S denotes the vertical distance

Fig. 2. Near-field and far-field signal model.

between the first antenna at the BS and the smooth surface;
W denotes the length of the smooth wall. Assuming that the
user location is (x, y), the location of the image of the user
is (x,−y + (N − 1) d+ 2S). By transforming the Cartesian
system to the polar system, the near-field channel can be
modeled as

h =

L∑
l=1

glc (θl, rl)⊙ b (θl, rl) , (4)

where L denotes the number of paths between the user and
the BS; gl is the complex gain between the user and the
reference antenna; rl denotes the distance from the user, the
scatterer or the smooth surface to the transmitter in the l-
th path; θl = cos (φl) refers to the cosine of the angle of
arrival (AoA) φl at the reference antenna as shown in Fig. 3.
Also, c (θl, rl) and b (θl, rl) are the gain correction vector and
the phase correction vector, which model the gain and phase
deviations between the reference antenna and other antennas
at the BS, respectively. Note that ⊙ denotes the Hadamard
product. The gain correction vector c (θl, rl) can be written as

c (θl, rl) =

[
rl
rl,1

, . . . ,
rl
rl,N

]T
, (5)

where rl,n denotes the real distance from the scatterer to the
n-th receiving antenna at the BS in the l-th path, i.e.,

rl,n =
√

r2l − 2δnrldθl + δ2nd
2, (6)

where δn = 2n−N−1
2 for n = 1, . . . , N . Similarly, the phase

correction vector b (θl, rl) can be written as

b (θl, rl) =
[
ejkc(rl,1−rl), . . . , ejkc(rl,N−rl)

]T
, (7)

where kc = 2πfc
c . Notably, the L paths may be composed of

a LoS path, a reflected path, and L − 2 NLoS paths caused
by scatterers, or, a reflected path and L − 1 NLoS scattering
paths. If the LoS path exists, it is set as the first and strongest
path of the channel, and the reflected path as the second path
whose gain is lower than that of the LoS path but stronger
than any NLoS scattering path. The LoS path hLoS can be
written as

hLoS = ξ
λc

4πrLoS
e−jkcrLoSc (θLoS, rLoS)⊙ b (θLoS, rLoS) .

(8)
Note that when LoS exists, ξ = 1, otherwise ξ = 0; θLoS
and rLoS respectively represent the cosine of the AoA and the



Fig. 3. Near-field channel model.

distance from the user to the reference antenna. The reference
complex gain is g1 = ξ λc

4πrLoS
e−jkcrLoS . The smooth surface

can be approximated as a mirror. Then, the path reflected by
the smooth surface can be seen as the LoS path between the
user’s mirror image and the BS. The reflection path href can
be expressed as [3]

href =
αλc

4πrref
e−jkcrrefc (θref , rref)⊙ b (θref , rref) , (9)

where rref = rref,1+rref,2; |α| ∈ (0, 1) models the degradation
of gain due to reflection; rref,1 and rref,2 respectively denote
the distance from the user to the smooth surface and the
distance from the smooth surface to the reference antenna;
θref denotes the cosine of the AoA from the image of the
user to the reference antenna. The reference complex gain is
g2 = αλc

4πrref
e−jkcrref . The NLoS components can be written

as [10]

hNLoS

=

L∑
l=3

βλ2
c

(4π)
2
rl,1rl,2

e−jkc(rl,1+rl,2)c (θl, rl,2)⊙ b (θl, rl,2) ,

(10)
where |β| ∈ (0, 1) describes the reflectivity of the scatterers;
rl,1 is the distance from the user to the scatterer and rl,2 is the
distance from the scatterer to the reference antenna in the l-th
path. The reference gains are gl =

βλ2
c

(4π)2rl,1rl,2
e−jkc(rl,1+rl,2)

for l = 3, . . . , L and satisfy |gl| ≪ |g2| < |g1|.
In this paper, we focus on the near-field channel reconstruc-

tion and localization problem in the subarray hybrid precoding
ELAA system given a limited amount of received pilots in (3).
The channel model can be further simplified as

h =

L∑
l=1

glw (θl, rl), (11)

where the gain-phase joint correction vector is w (θl, rl) =
c (θl, rl)⊙b (θl, rl). That is, the near-field channel model can
be simplified as the weighted sum of equivalent correction
vectors, which experiences sparsity in the joint angle-distance
domain. Sparse channel recovery methods for the far-field
scenario can be extended to the near-field CSI estimation.

III. NEAR-FIELD CHANNEL ESTIMATION AND USER
LOCATION

To realize the reconstruction of near-field channel and user
location with low pilot consumption, the N-NOMP algo-
rithm is proposed to estimate the channel parameters, i.e.,
(θl, rl) , l = 1, . . . , L. N-NOMP is an iterative algorithm and
works in the following steps.

A. Whitening Noise

The noise in (3) no longer follows the Gaussian distribution.
In order to accurately estimate the channel parameters through
the N-NOMP algorithm, a whitening algorithm should be
applied firstly to re-whiten the noise. The noise covariance
matrix can be expressed as

C = E
(
nnH

)
= blkdiag

(
σ2A1A

H
1 , . . . , σ

2ATA
H
T

)
, (12)

where (·)H denotes the conjugate transpose; E (·) and
blkdiag (·) denote the expection operation and the block
diagonal matrix construction function respectively. We per-
form the Cholesky factorization of C = σ2DDH, where
D ∈ CTNRF×TNRF is a lower triangular matrix, and the
whitening matrix is D−1 [8]. After whitening the noise, the
equivalent received pilot ȳ can be rewritten as

ȳ = D−1y = D−1Ah+ n̄. (13)

The covariance matrix of n̄ is C̄ = D−1CD−H = σ2ITNRF
.

Then, the noise has been whitened as Gaussian white noise.
Substituting (11) into the equation (13), we can get

ȳ =

L∑
l=1

gla (θl, rl) + n̄, (14)

where the equivalent steering vector is a (θl, rl) =
D−1Aw (θl, rl).

B. N-NOMP Algorithm for Channel Estimation

Since the equivalent received pilot at the BS can be regarded
as the weighted sum of the equivalent steering vectors of L
paths and the white noise, we extend the NOMP algorithm
[9] into the near-field channel condition to estimate the ternary
parameter set (g, θ, r) of each path from the noisy sum. A new
ternary parameter set

(
ĝ, θ̂, r̂

)
is detected at each iteration,

and then the estimated path is removed from the equivalent
received pilot. At the end of the (i− 1)-th iteration, the
residual signal can be expressed as

ȳr = ȳ −
i−1∑
l=1

ĝla
(
θ̂l, r̂l

)
, (15)

where
(
ĝl, θ̂l, r̂l

)
for l = 1, . . . , i − 1 represents the

ternary parameter set estimated in the previous i− 1 itera-
tions. In the next i-th iteration, a new ternary parameter set(
ĝi, θ̂i, r̂i

)
is estimated by minimizing the residual power∥∥∥ȳr − ĝia

(
θ̂i, r̂i

)∥∥∥2.



This process is equivalent to maximizing the following
equation

J
(
ĝi, θ̂i, r̂i

)
= 2Re

{
ȳH
r ĝia

(
θ̂i, r̂i

)}
− |ĝi|2

∥∥∥a(θ̂i, r̂i)∥∥∥2,
(16)

where ȳr is treated as a constant. Without loss of generality,
the iteration number subscript i is omitted in the following
sections. The steps of the N-NOMP algorithm in an iteration
are the following.

1) New ternary parameter set detection: For any given θ
and r, the equivalent reference complex gain ĝ can be obtained
by maximizing J (g, θ, r) as following

ĝ =
(
a(θ, r)

H
ȳr

)/
∥a (θ, r)∥2. (17)

Substituting ĝ back into J (g, θ, r), the generalized likelihood
ratio test estimate of θ and r can be obtained by(

θ̂, r̂
)
= arg max

θ,r∈Ψ
Gȳr (θ, r) , (18)

where the cost function is

Gȳr (θ, r) =
∣∣∣a(θ, r)Hȳr

∣∣∣2/∥a (θ, r)∥2, (19)

where (θ, r) come from the two-dimensional discrete dictio-
nary Ψ. When constructing the discrete dictionary, the angle
codebook adopts a uniform sampling form, and the distance
codebook adopts an exponential sampling form. The N angle
sampling values can be expressed as{

2k1 −N − 1

N
, k1 = 1, . . . , N

}
. (20)

The channel model is insensitive to distances in the far-field
region, and the influence of distance on the received signal
can be ignored. Therefore, only the range sampling distances
within the Rayleigh distance are considered here. The N
distance sampling values can be expressed as{

rk2

base, k2 = 1, . . . , N
}
, (21)

where rbase = d
1
N

R is the base of the exponential. The two-
dimensional discrete dictionary Ψ(θ, r) can be obtained as

Ψ(θ, r) =

{
2k1 −N − 1

N
, rk2

base

}
, (22)

for k1 = 1, . . . , N , and k2 = 1, . . . , N .
Then, the coarse estimates of θ and r can be obtained

by applying the dictionary Ψ(θ, r) in (18), and the reference
complex gain can be calculated by (17).

2) Single refinement: The N-NOMP algorithm utilizes Rs

rounds of the following Newton update steps to refine the
coarse estimated parameters. The Newton update step is[

θ̂′

r̂′

]
=

[
θ̂
r̂

]
− J̈(g, θ, r)

−1
J̇ (g, θ, r) , (23)

where
J̇ (g, θ, r) =

[
∂J
∂θ
∂J
∂r

]
, (24)

is the first partial derivative matrix of J (g, θ, r), and

J̈ (g, θ, r) =

[
∂2

J
∂θ2

∂2
J

∂θ∂r
∂2

J
∂r∂θ

∂2
J

∂r2

]
, (25)

is the second partial derivative matrix of J (g, θ, r). Due
to the equation a (θ, r) = D−1Aw (θ, r), where D−1A is
independent of θ and r, the first partial derivative can be
obtained as

∂J

∂x
= 2Re

{
g(ȳr − ga)

H
D−1A

∂w

∂x

}
, (26)

where x can represent θ or r. The second partial derivative
can be obtained as

∂2J

∂x1∂x2
= 2Re

{
g(ȳr − ga)

H ∂2a

∂x1∂x2
− |g|2 ∂a

H

∂x2

∂a

∂x1

}
,

(27)
where x1 and x2 can represent θ or r respectively, and ∂a =
D−1A∂w.

We only perform the Newton optimization step when the
function is locally concave at

(
θ̂, r̂

)
(i.e.,

∣∣∣J̈(ĝ, θ̂, r̂)∣∣∣ ≥ 0

and J̈ (1, 1) < 0) and the refinement is accepted only when
Gȳr

(
θ̂′, r̂′

)
> Gȳr

(
θ̂, r̂

)
. Then, the optimization results

contribute to the decrease of the overall residual energy.
3) Cyclic refinement: In cyclic refinement, Rc rounds of

single refinement are carried out for all the ternary parameter
sets which have been estimated in the previous i iterations. The
refined ternary parameter sets can be expressed as

(
ĝ′′l , θ̂

′′
l , r̂

′′
l

)
for l = 1, . . . , i.

4) Equivalent reference complex gains updating: The
equivalent reference complex gains of all estimated paths can
be re-estimated through the least square (LS) method as

[ĝ′′1 , . . . , ĝ
′′
i ]

T
= M†ȳ, (28)

where M† represents the pseudo inverse of the coefficient
matrix M, which can be expressed as

M =
[
a
(
θ̂′′1 , r̂

′′
1

)
, . . . ,a

(
θ̂′′i , r̂

′′
i

)]
. (29)

C. Stopping Criterion

The major challenge faced by the N-NOMP algorithm is
that the stopping criterion of the NOMP algorithm is no
longer applicable in the near-field. It is necessary to find an
appropriate stop criterion to judge when the iterative process
terminates and to estimate the number of paths accurately.

The additional complex Gaussian white noise follows
the distribution |n̄| ∼ CN

(
0, σ2

)
, and thus the real part

and the imaginary part respectively follow the distribution
Re [n̄] ∼ CN

(
0, σ2

2

)
and Im [n̄] ∼ CN

(
0, σ2

2

)
. Hence,

2∥n̄∥2

σ2 follows a Chi-square distribution of 2TNRF degrees
of freedom, i.e., 2∥n̄∥2

σ2 ∼ χ2 (2TNRF). When 2TNRF

grows large, 2∥n̄∥2

σ2 follows approximately the Gaussian dis-
tribution CN (2TNRF, 4TNRF). Then, we can get ∥n̄∥2 ∼
CN

(
σ2TNRF, σ

4TNRF

)
.



Fig. 4. LOS path existence detection.

The residual will be reduced to noise (i.e., ȳr ≈ n̄,
∥ȳ∥2 ∼ CN

(
σ2TNRF, σ

4TNRF

)
) when the N-NOMP algo-

rithm terminates if the ternary parameter set can be estimated
accurately, and all the paths can be found. In this paper, the N-
NOMP algorithm is designed to terminate when the residual
power at the output of the RF chains is less than the noise
power. The stopping criterion threshold κ is set to satisfy
Pr

{
∥ȳr∥2 > κ

}
= Pfa, where Pfa is a nominal false alarm

rate, and the stopping criterion threshold can correctly detect
the number of paths with 1 − Pfa probability. The threshold
can be explicitly computed by

Q

(
κ− σ2TNRF

σ2
√
TNRF

)
= Pfa, (30)

where Q (x) =
∫ +∞
x

1√
2π

e−
x2

2 dx is the Gaussian Q function.
After some mathematical derivations, we can get

κ = σ2
√

TNRFQ
−1 (Pfa) + σ2TNRF. (31)

Hence, the algorithm terminates when ∥ȳr∥2 < κ.

D. Near-field Channel Reconstruction

When the N-NOMP algorithm terminates, by applying the
estimated ternary parameter sets, the uplink near-field channel
can be reconstructed as

ĥ =

L̂∑
l=1

ĝ′′l w
(
θ̂′′l , r̂

′′
l

)
, (32)

where L̂ denotes the number of paths detected by the N-NOMP
algorithm.

E. User Localization

The user location can be estimated from the channel pa-
rameters. When the LoS path exists, it has the maximum gain
than any other path. When the LoS path does not exist, the
reflected path has the maximum gain. The strongest path can
be obtained in the first iteration of the N-NOMP algorithm as
following

(θenergy, renergy) =
(
θ̂′′1 , r̂

′′
1

)
. (33)

1) LoS path existence detection: When the maximum en-
ergy path is obtained, we need to determine whether it is a
LoS path before estimating the user position.

10 12 14 16 18 20 22 24 26 28

transmit SNR (dB)

-40

-35

-30

-25

-20

-15

-10

-5

N
M

SE
(d

B
)

Uplink Channel Estimation
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Fresnel-field channel model algorithm in [8]
Near-field channel model algorithm

Fig. 5. The NMSE against the SNR (rLOS = 10 m).

As shown in Fig. 4, the minimum angle of reflected path
is φmin, and the cosine of φmin is θmin = cos (φmin). If the
maximum power path (θenergy, renergy) is a reflection path,
the distance between the reference antenna and the image of
the user renergy should be greater than the minimum mirror
distance in this direction denergy = − (N−1)d+2S

2θenergy
. Hence, the

existence of LoS can be detected as follows:

ξ̂ =

{
0, θenergy ≤ θmin and renergy ≥ denergy
1, else

. (34)

If ξ̂ = 1, then we deduce that the LoS path exists and
the detected strongest path is the LoS path, and the path
parameters can be directly used to locate the user. If ξ̂ = 0,
then the detected strongest path is a reflected path, and the path
parameters need to be calculated using geometric reflection
relations.

2) User Localization: The user position can be tracked by
the following formula if the obtained maximum energy path
is LoS: {

xuser = renergy sin(cos
−1(θenergy))

yuser = −renergyθenergy
. (35)

Otherwise, the user localization can be realized utilizing the
geometric relationship between the reflection path parameters
and the user location parameters as follows:{

xuser = renergy sin(cos
−1(θenergy))

yuser = (N − 1) d+ 2S + renergyθenergy
. (36)

IV. EVALUATION OF THE RECONSTRUCTION CHANNEL

To evaluate the performance of the proposed channel re-
construction and user location scheme, simulations are carried
out to evaluate the NMSE performance of the reconstructed
channel at different system settings, i.e.

NMSE = E


∥∥∥ĥ− h

∥∥∥2
∥h∥2

 . (37)

The carrier frequency is fc = 30 GHz. The numbers of
BS antennas and RF chains are N = 256 and NRF = 4,
respectively. The number of multipath components between
the user and the BS is L = 4. The noise variance is -174
dBm. The number of pilots is T = 32, while S = 0.3 meters.
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The angles θl are randomly generated from (−1, 1) and the
average distances between the user and the reference antenna
at the BS is 10 meters.

The performance of the proposed N-NOMP algorithm for
near-field channel estimation is compared with the traditional
far-field channel estimation algorithm in [6] and the Fresnel-
field channel estimation algorithm in [8]. As shown in Fig. 5,
the proposed channel construction scheme has much better
NMSE performance than other algorithms, and the perfor-
mance is further improved with the increase of the SNR. This
is because the proposed algorithm is built on the channel
model that describes the deviations of both amplitude and
phase among antennas, which is more comprehensive than the
Fresnel-field and the far-field channel models.

The performance of the user localization algorithm when
LoS path exists is shown in Fig. 6, where the average transmit
power is -80 dBm. The results show that the detected user
positions are very close to the real positions when the LoS
exists. The localization algorithm can accurately determine the
existence of the LoS path and locate users according to the
LoS path parameters.

Finally, the localization algorithm is applied to the case
where the LoS path does not exist and is blocked by obstacles
between the user and the BS. Figure. 7 shows that the
localization algorithm can still locate the user positions in the
absence of LoS paths and has a high positioning accuracy,
demonstrating the robustness of the proposed positioning
scheme. Compared with the scenario with LoS path, the user
positioning accuracy based on the reflecting path degrades
slightly, which is mainly caused by the lower path power of the
reflection path whose parameter detection is more susceptible
to noise.

V. CONCLUSION

In this paper, a realistic near-field channel model, under
which we proposed the phase and amplitude deviations among
the receiving antennas was introduced and the proposed N-
NOMP algorithm was utilized in the estimation of the near-
field channel in an ELAA system which employs a subarray
hybrid precoding architecture at the BS. A user localization
algorithm was also proposed given some environment infor-
mation. Based on the sparsity of the near-field channel in the
joint angle-distance domain, the N-NOMP algorithm estimated
and refined the multipath channel parameters using a limited
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Fig. 7. User localization accuracy when the LoS path does not exist.

amount of pilots and realized channel reconstruction. The user
localization algorithm can determine the existence of LoS path
and find the user position. Simulation results demonstrated that
the proposed scheme can accurately reconstruct the near-field
channel with low pilot cost and realize user localization with
high precision whenever a LoS path exists or not.
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