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Abstract—Efficient channel estimation in massive multiple-
input multiple-output (mMIMO) with limited pilot resources
remains a key challenge. Recently, the concept of a channel
knowledge map (CKM) has been proposed to enable location
and environment-aware estimation. For a CKM referred to
as channel angle-distance map (CADM) proposed for near-
field channels, we investigate the sensitivity of the CADM-
assisted channel estimation to the number of stored multipath
components for a given location. We explore how variations in
the number of multipath components in CADM affect the mean
squared error (MSE) performance in different signal-to-noise
ratio (SNR) conditions. Simulation results reveal that a moderate
overestimation of multipath components in CADM can improve
the MSE performance in high SNR regimes, whereas excessive
multipath data degrades the performance in low SNR regimes.

Index Terms—Channel knowledge map (CKM), channel esti-
mation, massive MIMO, near-field channels

I. INTRODUCTION

Massive multiple-input multiple-output (mMIMO) systems,
along with their advanced counterpart, extremely large MIMO
(XL-MIMO) have been recognized as key enabling technolo-
gies for beyond-fifth generation (B5G) and sixth-generation
(6G) mobile communication systems, owing to their ability
to enhance the spectral efficiency through highly directional
and sharpened beamforming. However, the large-scale antenna
arrays significantly increase the complexity of channel estima-
tion, as they demand a proportionally larger number of pilot
signals. This results in increased training overhead and reduced
spectral efficiency. Consequently, developing efficient channel
estimation strategies with reduced pilot overhead has emerged
as a critical research direction [1].

To address this challenge, the channel knowledge map
(CKM) has recently emerged as a promising approach that
leverages learned environmental and location-specific knowl-
edge to assist channel estimation and beamforming [2]. By
storing location-dependent information such as angles of ar-
rival, propagation distances, beam indices, and large-scale
fading parameters, CKM allows for pilot-efficient estimation
by exploiting the fact that large-scale parameters tend to vary
slowly with user movement. Building upon this concept, a
variant termed the channel angle-distance map (CADM) was
recently proposed by the authors to support both near-field
and far-field scenarios [3]. CADM stores angle and distance
information of dominant multipath components relative to the

user or scatterer location in the polar-domain, enabling channel
estimation with significantly reduced pilot overhead.

In constructing CADM, the number of stored multipath
components per location is a critical design parameter that
directly affects both computational complexity and estimation
performance. Since the number of multipaths is not known
in advance and cannot be perfectly estimated under noisy
channels, the choice of the number of multipaths estimated
and stored in CADM is non-trivial and its effect on the
channel estimation performance has not been examined in
prior studies. In this work, we investigate how the number
of dominant multipaths stored in CADM influences online
channel estimation when leveraging CADM data.

II. SYSTEM MODEL

We consider an uplink orthogonal frequency division mul-
tiplexing (OFDM) transmission in an mMIMO system, where
the base station (BS) is equipped with M antennas and
each user is equipped with a single antenna. The uniform
spherical wave model is adopted to characterize near-field
propagation, with the signal models and notations following
[3]. At the BS, the received signals are combined using an
analog beamforming matrix Wp ∈ CMRF×M , where MRF

denotes the number of RF chains and |[Wp]ij | = 1/
√
M . The

corresponding baseband signal at the s-th subcarrier during the
p-th symbol duration is expressed as

ys,p = Wphsxs,p +Wpns,p ∈ CMRF×1, (1)

where xs,p and ns,p ∼ CN (0, σ2IM ) denote the known pilot
symbol and the complex Gaussian noise vector, respectively,
for s = 1, 2, · · · , S and p = 1, 2, · · · , P . Here, S represents
the total number of subcarriers in the system, and P denotes
the number of pilot symbols used for channel estimation.

Under the assumption of a quasi-static channel, the channel
response at the s-th subcarrier of frequency fs is given by

hs =
√

M
L

L∑
l=1

e−j 2πfs
c rlglb(θl, rl), s = 1, 2, · · · , S, (2)

where gl, θl, and rl denote the channel fading gain, angle
of arrival (AoA), and propagation distance of the lth path,
respectively, and L is the number of multipaths. The vector
b(θl, rl) is the near-field steering vector with the mth entry

[b(θl, rl)]m = 1√
M
e−j 2π

λ (∥ql−cm∥−rl) (3)
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where λ is the wavelength, ql is the position vector of the
scatterer corresponding to the l-th path, and cm is the position
vector of the m-th BS antenna element.

III. STORED MULTIPATH SELECTION IN CADM

The CADM associates each user location with its long-
term multipath parameters, AoA, and distance information
to support both near-field and far-field channels. For a given
location q of a user, the ground-truth path information

Ω = {(θ1, r1), (θ2, r2), · · · , (θL, rL)} (4)

is estimated by a near-field channel estimation method [4] as

Ω̃ ≜
{
(θ̃l, r̃l) | l = 1, 2, · · · , L̃

}
(5)

to construct the CADM. Here, L̃ is the number of stored
multipaths in CADM, which is an important design parameter
that reduces the CADM construction time and memory at the
cost of information loss for L̃ < L. A larger L̃ > L contains
the full path information, but includes unnecessary noise
components and induces increased computation complexity.

For channel estimation, we express

hs = B(θ, r)Φs(r)g, (6)

where θ = [θ1, θ2, · · · , θL]T , r = [r1, r2, · · · , rL]T , g =
[g1, g2, · · · , gL]T , and the others are defined in [3]. Then, the
maximum likelihood (ML) estimation is formulated as

min
θ,r,g

P∑
p=1

S∑
s=1

∥ys,p −WpB(θ, r)Φs(r)gxs,p∥2. (7)

If (θ, r) is known perfectly, the ML estimate of g is given by
the least squares (LS) solution. Even if the CADM provides
an imperfect information (θ̃, r̃), the LS estimate of g with
imperfect information can be obtained, which is referred to
as CADM-LS. To further improve the channel estimation, we
can find an improved solution (θ̃

opt
, r̃opt) utilizing a gradient

descent-based algorithm as proposed in [3] using the CADM
data as an initial point, which is called CADM-Optimized.

IV. SIMULATION RESULTS

For performance evaluation, the true sparse channel is
constructed with a fixed number of paths L = 6, where gl
is Rayleigh fading, θl ∼ U(0, 2π), and rl ∼ U(5, 10) meters.
The polar-domain simultaneous orthogonal matching pursuit
(P-SOMP) using 64 pilot symbols was utilized for CADM
construction with different L̃ values. The other simulation
parameters follow [3].

We provide the normalized minimum mean square error
(NMSE) performance of the CADM-assisted channel estima-
tion methods using 32 pilot symbols in Fig. 1. The perfor-
mance is compared for L̃ ∈ {3, 6, 12} as the SNR increases.
CADM-Optimized with L̃ = L = 6 provides the best
performance, while the CADM-LS counterpart exhibits an
error floor in high SNR regimes due to the CADM data errors.
Both CADM-based methods with L̃ > L exhibit a better
performance than those with L̃ < L in high SNR regimes,
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Fig. 1: NMSE vs SNR having L̃ ∈ {3, 6, 12} when P = 8.

while the vice versa is observed in low SNR regimes. In
low SNR regimes, the performance degradation due to the
noise components is more critical, so channel estimation with
L̃ = 3 outperforms that with L̃ = 6. In contrast, in high
SNR regimes, channel estimation with L̃ = 12 outperforms
L̃ = 3 by containing all multipaths, where inclusion of extra
multipaths without signal components does not significantly
deteriorate performance. Therefore, it is desirable to construct
the CADM with a larger L̃ and allow online CADM-based
channel estimation methods to adapt L̃ values according to
the SNR level.

V. CONCLUDING REMARKS

This paper explored the effect of the number of dominant
multipaths stored in CADM on the CADM-assisted channel
estimation methods. The results demonstrated a trade-off be-
tween robustness and accuracy, governed by the number of
estimated multipaths. The results show that careful or adaptive
selection of L̃ is vital for achieving optimal estimation perfor-
mance in practical deployments, especially under constraints
on pilot length or in dynamic SNR conditions.
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