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Abstract—Beamspace channel estimation is essential for wide-
band millimeter-wave (mmWave) MIMO with lens antenna array
to achieve the substantial increase in data rates, but with a consid-
erably reduced number of radio-frequency chains. However, most
of existing beamspace channel estimation schemes are designed
for narrowband mmWave systems, while a very few wideband
schemes assume that the beamspace channel enjoys the ideal
common support in frequency domain. In this paper, inspired by
the classical successive interference cancellation for multi-user
detection, we propose an efficient successive support detection
(SSD) based beamspace channel estimation scheme without the
assumption of common support. Specifically, we first demonstrate
that each path component of the wideband beamspace channel
exhibits a unique frequency-varying sparse structure. Based on
this, we then estimate all sparse path components one by one.
For each path component, its supports at different frequencies
are jointly estimated to improve the estimation accuracy, and
then its influence is removed to estimate the remained path
components. Once all path components have been estimated,
the wideband beamspace channel can be recovered at a low
complexity. Simulation results verify that the proposed SSD based
beamspace channel estimation scheme is able to achieve higher
accuracy than existing wideband schemes.

I. INTRODUCTION

Millimeter-wave (mmWave) multiple-input multiple-output
(MIMO) with lens antenna array is a promising technique for
5G wireless communications [1]. On one hand, it can signifi-
cantly improve the data rates due to the larger bandwidth (2-5
GHz) [2]. On the other hand, by employing lens antenna array,
it can focus the mmWave signals from different directions on
different antennas, and thus transform the spatial channel to
its sparse beamspace representation (beamspace channel) [3].
This enables us to select only a small number of power-
focusing beams to significantly reduce the MIMO dimension.
Consequently, the number of radio-frequency (RF) chains can
be saved, and the high energy consumption and hardware cost
in mmWave MIMO systems can be relieved [4].

To select the power-focusing beams, the high-dimensional
wideband beamspace channel is required at the base station
(BS), but this imposes quite a challenge, since the number of
RF chains is much lower than the number of antennas [5]. To
overcome this challenge, some beamspace channel estimation
schemes have been proposed recently. For example, a beam
training-based scheme was proposed in [6]. It first trained all
the beams to search the ones with strong power and reduce
the channel dimension. Then, the least squares (LS) algorithm
was employed to estimate the dimension-reduced beamspace

channel. In [7], a support detection based scheme was pro-
posed, which directly estimated the sparse beamspace channel
at a reduced pilot overhead. However, these schemes are
designed for narrowband mmWave systems, while mmWave
systems are more likely to be wideband to achieve high data
rates. For wideband mmWave systems, there are only a few
recent works. Specifically, a simultaneous orthogonal matching
pursuit (SOMP) based scheme was proposed in [8], which
assumed that the wideband beamspace channels had the same
support at different frequencies (i.e., common support). In
addition, an OMP based scheme was proposed in [9]. It first
estimated the supports of the wideband beamspace channel at
some frequencies independently by the OMP algorithm. Then,
it combined the supports to create a common support at all
frequencies. Nevertheless, the assumption of common support
in [8], [9] is not really valid in practice, as the supports of
wideband beamspace channel tend to be frequency-dependent
when the bandwidth and the number of antennas are large,
which is called as beam squint in the literature [10].

In this paper, inspired by the classical successive interfer-
ence cancellation (SIC) for multi-user detection [11], we pro-
pose a successive support detection (SSD) based beamspace
channel estimation scheme without the ideal assumption of
common support. Specifically, we first demonstrate that each
path component of the wideband beamspace channel exhibits a
unique frequency-varying sparse structure, i.e., its frequency-
dependent supports can be determined by its spatial direction
at the carrier frequency. We further show that this spatial
direction can be estimated by tentatively generating several
beamspace windows (BWins) to capture the path power. Based
on these, we then propose to decompose the original complete
wideband beamspace channel estimation problem into a series
of sub-problems, each of which only considers one path
component. For each path component, its supports at different
frequencies are jointly estimated to improve the estimation
accuracy, and then its influence is removed to estimate the
remained path components following the similar idea of SIC.
Simulation results verify that the proposed scheme enjoys
lower complexity and higher accuracy than existing schemes.

Notation: Lower-case and upper-case boldface letters a and
A denote a vector and a matrix, respectively; AT, AH A~1
and AT denote the transpose, conjugate transpose, inverse, and
pseudo inverse of matrix A, respectively; ||Al| denotes the
Frobenius norm of matrix A; |a| denotes the amplitude of
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scalar a; Card (A) denotes the cardinality of set .4; Finally,
I is the identity matrix of size N x N .

II. SYSTEM MODEL

As shown in Fig. 1, we consider a uplink time division
duplexing (TDD) based wideband mmWave MIMO-OFDM
system with M sub-carriers. The BS employs an N-element
lens antenna array and Ngr RF chains to simultaneously serve
K single-antenna users [10]. In this section, we will first in-
troduce the wideband beamspace channel, and then formulate
the wideband beamspace channel estimation problem.

A. Wideband beamspace channel

We commence with the conventional mmWave MIMO
channel in the spatial domain. The widely used Saleh-
Valenzuela multipath channel model [12] is adopted, where
the IV x 1 spatial channel h,, of a certain user at sub-carrier
m (m=1,2,--- M) can be presented as

/N L
h. = § —J27T fm
m — i3 L ﬁle J ! a(@l,m)y

where L is the number of resolvable paths, 5; and 7; are the
complex gain and time delay of the [th path, respectively, ; m,
is the spatial direction at sub-carrier m defined as
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where f,, = f. + fM (m — 1 — =1} s the frequency at sub-
carrier m with f, and fs presenting the carrier frequency and
bandwidth (sampling rate), respectively, c is the light speed,
0; is the physical direction, and d is the antenna spacing
which is usually designed according to the carrier frequency
as d =c¢/2f. [12]. Note that in narrowband mmWave sys-
tems, fm =~ fe, and @y, = %sin 0, is frequency-independent.
However, in wideband mmWave systems, f,, # fc, and ¢,
is frequency-dependent. Finally, a(p;,,) is the array re-
sponse vector of ¢; ,,,. For the typical N-element uniform lin-

ear array (ULA), we have a (¢;,m) ﬁe‘jgmlemp, where
_ _ 1T
p= [_ N—-1 _N-3 N 1] [4]
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The spatial channel h,,, can be transformed to its beamspace
representation by the lens antenna array, as shown in Fig. 1.
Essentially, the lens antenna array plays the role of the spatial

discrete fourier transform (DFT) matrix U of size N x N,
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System architecture of wideband mmWave MIMO-OFDM system with lens antenna array.

which contains N orthogonal array response vectors of N
directions (beams) covering the entire spatial space as

U=l[a(@),a(@), - .al@n)]", 3)

where ¢,, = % (n — %) forn =1,2,---, N are the spatial
directions predefined by the lens antenna array. Accordingly,
the wideband beamspace channel h,,, can be presented by

- N E ,
by = Uhy, =/ Y fre 2T me, )
=1

where €; ,,, denotes the Ith path component at sub-carrier m
in the beamspace. Particularly, ¢; ,, is determined by ¢; ., as

6l,m = Ua (‘Pl,m) 5

—_ — —_ — —_ — T
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where = (z) = ®2"7F is the Dirichlet sinc function [4]. Based
on the power-focusing property of = (z) [4], [7], we know
that the most power of €;,, is focused on only a small
number of elements. In addition, due to the limited scattering
in mmWave systems, L is usually small (e.g., L = 3 [13]). As
a result, the wideband beamspace channel h,, in (4)is a sparse
(compressive) vector. However, since ¢ ,, in (2) is frequency-
dependent in wideband mmWave systems, the support of h,y,
should be different at different sub-carriers. This effect is
called as beam squint [10]!, which has not been considered in
the existing beamspace channel estimation schemes [8], [9].

B. Problem formulation

In TDD systems, users need to transmit the pilot sequences
to the BS for uplink channel estimation. In this paper, we adopt
the widely used orthogonal pilot transmission strategy [14],
where the channel estimation invoked for each user is inde-
pendent. Consider a certain user without loss of generality, and
define s,, 4 as its pilot at sub-carrier m in instant ¢ (each user
transmits one pilot in one instant) before M-point IFFT and
cyclic prefix (CP) adding [9]. Then, as shown in Fig. 1, the
Ngr X 1 received pilot vector y,, 4 in the baseband at BS after
combining (realized by the adaptive selecting network [7]), CP
removal, and M-point FFT [9] can be presented as

Ymg=Wehpsm +Weng, o, m=12,--- M, (6)
Note that the effect of beam squint will be more pronounced in wideband
mmWave MIMO with conventional phased array [12], and the proposed

scheme can be also used in this case.



where W, of size Ngrp X N is the combining matrix (it is
fixed at different sub-carriers due to the analog hardware lim-
itation [9]) and n,,, ; ~ CN (0,0%Iy) of size N x 1 is noise
vector with o2 presenting the noise power. After () instants
of pilot transmission, we can obtain the overall measurement

= _ [T T T 1T
VeCtor ¥ = (Y 1, Yo Yol as

ym:Wflm_Fn;@Ha m:1727aM7 (7)

where we assume s,, g = 1 forg =1,2,--- ,Q without loss of
generality, W = [WT,W; A ,WS]T of size QNgrr X N
is the overall combing matrix, whose elements can be ran-
domly selected from the set ﬁ {—1,+1} with equal
probability if they are realized by the low-cost 1-bit phase
shifters [7]. Finally, n is the effective noise vector.

_ The target of beamspace channel estimation is to recover
h,,, given ¥,, and W in (7). Since h,, is sparse, this problem
can be solved based on compressive sensing (CS) with signifi-
cantly reduced number of instants (i.e., Q < (N/Ngr)) [15].
However, most of existing schemes based on CS are designed
for narrowband mmWave systems [6], [16], while mmWave
systems tend to be wideband to achieve high data rates. In fact,
only the schemes in [8], [9] have been designed for wideband
mmWave systems. However, both of them assume the ideal
common support, which may suffer from accuracy degradation
in practice due to the beam squint [10].

III. WIDEBAND BEAMSPACE CHANNEL ESTIMATION

In this section, we will first demonstrate the sparse structure
of wideband beamspace channel. Based on this sparse struc-
ture, we then propose an efficient SSD based scheme. Finally,
the complexity analysis of the proposed scheme is provided.

A. Sparse structure of wideband beamspace channel

Due to beam squint, the assumption of common support
does not hold. However, the wideband beamspace channel still
enjoys a sparse structure as proved by the following lemmas.

Lemma 1. Consider the lth path component of the wideband
beamspace channel. The frequency-varying path supports T; .,
of €1 in (4) for m =1,2,--- , M can be determined by the
spatial direction ¢y . of the lth path at the carrier frequency
fe, which is defined as ;. = (fc/c)dsinf; = (1/2)sin 0.

Proof: Based on the analysis in [7], the strongest element
index ny,, of ¢;,, can be calculated based on ¢; ,, as

nz:m = arg mgn |§Ol,m - @n| ) (8)
and the support of ¢; ,, can be obtained by

where Oy () = mod y (x — 1) + 1 is the mod function guar-
anteeing that all elements in 7; ,,, belong to {1,2,--- , N}, and
) determines how much power can be preserved by assuming
C,m as a sparse vector with support 7; ,,,. For example, when
N =256 and Q =4, more than 96% of the power can be
preserved [7].

On the other hand, based on the definition of ¢; ., ;. in
(2) can be rewritten following [10] as

fs M—1
Mfc<m1 5 )}w,c, (10)

which can be determined by ;.. As a result, once ¢; . is
known, the path supports 7; ,,, for m =1,2,---, M can be
directly obtained based on (8) and (9). |

Lemma 1 implies that ¢;. is a crucial parameter to
determine 7; ,, form = 1,2,--- , M. In the following Lemma
2, we will give some insights about how to estimate ¢ ..

Plom = {]- +

Lemma 2. Define C,, = [C;1,C2, - ,Ci,m]| by assuming
Ole=@n. Let T, =On{n—A,,---n+A,} be a BWin
centred around n. Then, the ratio v between the power of the
sub-matrix C,, (T,,,:) (extracting the rows indexed by Y,, of
C,,) and the power of C,, can be presented as

f fssﬂz,c/ch s
__Je / =2 (& +Ag) ddg. (1)
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Proof: Based on (5), -y can be calculated as

M
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where we have [|C, |5 = S0 SN =2 (01 — @) = M.

Defining Ayp,, = f;f]ﬁ*.“' (m —1— =1} we can rewrite (12)

based on (10) as

1 M
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seY, m=1
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where (a) is true due to the assumption ¢; . = @,,. Note that
M is usually a large number (e.g., M = 128). Therefore, the
second summation in (13) can be written in its integral form

Mfc fs%’l,c/QfC
Tsuc —fspi,e/2fe

=2 (% n A(p) dAp, (14
where the integral interval is determined by A¢; and Apjy.
Based on (13) and (14), the conclusion (11) can be derived. B

Lemma 2 implies that if ¢; . = @,,, the most power of C,,
is focused in a BWin Y,, centered around n. For example,
given N =256, f.=28 GHz, f; =4 GHz, ¢; .= @1, we
can capture the v ~ 92% power of C; by using the BWin
T; =0256{1 —8,---,1+8} (A; = 8). On the other hand,
if ¢ # @1, €.8., Y1 = P10, using this T; to capture the
power of C;y will lead to serious power leakage, where we
only have y & 47%. Such observation is further illustrated in
Fig. 2 (a) and (b). This indicates that the BWin Y, centered
around n can be considered as a feature specialized for ¢,
which can be utilized to estimate ,,.

The next problem is how to design A,, in T,,. Generally
speaking, when A,, is too large or too small, there may be



C, - C 2
. I : [ jM ) Hcs(lﬂ) P
BWin : -
X, A . Not include|
: S EN(0)
n
les 2.,
@ C(0. =) I;gl(u(;i)e
BWin MUV VO
Y, A
3 lc, (3.
Include
£(0)
®) Cs(o, =) ©
Fig. 2. Tllustration of the power distribution: a) Cs; b) Cs; ¢) Cs (1,:),

Cs(2,:), and C3 (3,:).

multiple BWins that capturing the similar power of C,,. This
makes the estimation of ¢; . sensitive to noise or interference
in practice. Therefore, A, should be carefully designed to
make the power leakage incurred by ;. # @, as serious
as possible. On the other hand, we observe from Fig. 2 (c)
that if the integral in (11) includes =2 (0), it will be a large
value. Otherwise, it should be small. Based on these facts,
the optimal A,, should be designed to satisfy: when we use
T, to capture the power of C,, with ;. = @, it includes
Z2(0), while when we use T,, to capture the power of C,,
with ¢ c = @ns # Pp, it does not. This indicates that

An  folonl | _ _ | N e @l
R e !

where |z ] returns the largest integer smaller than x. Note that
this value has the similar form to the channel spread factor
defined in [10], but they are actually two different parameters
designed for different purposes and derived in different ways.

15)

B. SSD based beamspace channel estimation scheme

Based on the discussions above, we propose an efficient
SSD based beamspace channel estimation scheme. Its key idea
is to decompose the total channel estimation problem into a
series of sub-problems, and each one only considers one path
component. We first estimate the supports of the strongest
path component at all sub-carriers jointly. Then, its influence
is removed for the remaining estimation. Such procedure is
repeated until all path components are estimated®. To realize
these, we first rewrite (7) as

Y=WH+N, (16)
where Y = [}_’17}_’%" : 7}_’M}’ H= |:h1)h2a"' 7hM 5 and
N = [n§", ngT ... nST]. Then, the pseudo-code of the pro-
posed SSD based scheme is summarized in Algorithm 1.

For the initialization, we set R = [r,ro--- 1] =Y,
where r,,, denotes the residual at sub-carrier m.

2In practice, the number of resolvable paths L can be usually obtained in
advance by channel measurement [13].

Input:

Measurement matrix: Y
Combining matrix: W

Total number of channel paths: L
Initialization: R =Y

for 1 <I<L _
I. Tp,=0n{n—-Ay, - ,n+A,}, A, = LM#WJ
2 Al = WHR 2

4 Pl,c = Sﬁnic

for1<m< M

Plm = ﬁ + A/chf (m—1- %)}Sal,c
N = At min [ — B

7. ﬁ,mzeN{)n;m—Q,-~-n;m+Q}
for 1 <:i<

o

8. Eil,m =O0nx1, El,m (ﬁ,m) = Wi (55 Inm) rpy
9. N}, = argmax [, (n)|
10 Tim=0n{ni,, — Q- ni,, +0}

end for

11. 6l,m = Olea_ 6l,m (,ﬁ,m) =W (:7 ﬂ,m) 'm
12. ym =Tm — w (:; ﬂ,nz) E'Zl,m (ﬂ,m)
end for
end for
for1<m<M
13. 7;n = ,Tl,m U E,m u---u 7dL,m
14. By = Onc1, T (fm) — Wi (:,Tm) Fm
end for
Output:
Estimated beamspace channel: H= {ﬁl, flg, ‘e ,BM]

Algorithm 1: SSD based beamspace channel estimation.

For the [-th path component, we first estimate ; . based
on Lemma 2. Specifically, in step 1, we generate N BWins
T,=0On{n—A, - ,n+A,} with A, = {%J for
n=12--- N according to (15). Then, in stép 2, we
calculate the correlation matrix A; between W and R as
A; = WHR following the similar idea in the OMP or SOMP
algorithms [15]. In step 3, we can utilize the N BWins to
capture the power of A;, and obtain the spatial direction index
nj . of the I-th path component at the carrier frequency as

2
it = axgma JAL Do)

n Card(Y,) ’ {17

where we divide ||A; (T, )||f; by Card (Y,) =2A, +1to
avoid that larger BWin captures more noise power. Finally, in
step 4, ¢y, is estimated as ¢; . = 95”?,@'

After ¢; . has been estimated, the frequency-varying path
supports 7; ,, form =1,2,--- , M can be obtained according
to Lemma 1. Specifically, in steps 5 and 6, we compute the
spatial direction ¢ ,, and the strongest element index nj,,
of the Ith path component at sub-carrier m based on (10)
and (8), respectively. Then, in step 7, we can obtain the path



support 7; ., based on (9). It is worth pointing out that in
practice, due to the noise and the column correlation of W
(i.e., WHW +£ Iy since QNrr < N), the estimation of ¢ .
may be inaccurate, which makes the estimated 7 ,,, different
from the actual one. To overcome this problem, we propose
to take 7; ., in step 7 as the initial solution, and estimate the
nonzero elements of the /th path component ¢; ,, in step 8 as

Em (Tim) = W (5, Tim) T,y (18)

where €; , (7;,m) is the sub-vector of ¢; ,, indexed by 7; p,.
Then, nj,, is re-computed as nj,, = argmax |, (n)| in
step 9, and 7; ., is re-estimated in step 10. nSteps 8-10 can
be repeated for I times to progressively refine 7; ,.

After the support estimation, we remove the influence of the
lth path component to estimate the remained path components.
Specifically, in step 11, based on 7; ,,,, we estimate the nonzero
elements of the /th path component ¢, ,, at sub-carrier m by
LS algorithm as in (18). Then, its influence is removed by
T =Ty — W (5, Tim) €1m (Tim) in step 12.

Such procedure above will be repeated until the path sup-
ports of all path components are estimated. In the end, we
estimate hy,hy,--- hjs independently. Specifically, in step
13, we formulate the complete support Trn of by, as

Tm:ﬂ,muﬁ,mu"'un,np (19)

Then, in the step 14, the nonzero elements of h,, are estimated
by the LS algorithm as flm (7~'m) =Wt (:, 7'm) V-

The key difference between our scheme and conventional
schemes is the support detection. For example, for OMP based
scheme [9], the supports of wideband beamspace channel at
different sub-carriers are estimated independently, which are
vulnerable to noise. As a result, the detected supports may
be inaccurate, especially in the low SNR region [15]. For
SOMP based scheme [8], the support at different sub-carriers
are estimated jointly, but it assumes common support. Due to
the beam squint, this assumption will lead to serious perfor-
mance loss, especially in the high SNR region. By contrast,
the proposed scheme recovers the supports jointly without
the assumption of common support. By fully exploiting the
frequency-varying sparse structure of wideband beamspace
channel, our scheme can achieve much higher accuracy. These
conclusions will be further verified in Section IV.

Finally, we would like to point out that the proposed scheme
can be extended to the case with multiple-antenna users. In this
case, the beamspace channel in (4) should be a sparse matrix
with 2D sparse structure similar to the one proved in Section
III-A. Therefore, we can first vectorize the sparse matrix as
in [9]. Then, Algorithm 1 can be also extended to estimate
the wideband beamspace channel.

C. Complexity analysis

In this subsection, we evaluate the complexity of the pro-
posed SSD-based scheme in terms of the number of complex
multiplications. According to Algorithm 1, we observe that
the complexity is dominated by steps 2, 3, 8, 11, 12, 14.

=% - Oracle LS scheme

—6— OMP based scheme

—&8— SOMP based scheme
——o—SSD based scheme, |=0
—v— SSD based scheme, 1=1
—4— SSD based scheme, 1=2
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Fig. 3. NMSE comparison against the SNR for channel estimation.

In step 2, we need to compute the multiplication between
WH of size N x QNgp and R of size QNgp x M, which
has the complexity in order of O (NNgrpMQ@). In step 3,
the power of N sub-matrices A; (Y,,,:) forn=1,2,--- /N
is calculated. This can be solved by calculating the power
of N rows of A; in advance, where the complexity is
O (NM). In steps 8 and 11, the pseudo inverse of W (3, 7.,
of size QNyrr x (22 + 1), and the multiplication between
Wi, Tim) of size (224 1) x QNgrr and 1, of size
QNgrr x 1 are required. Therefore, both of these two steps
involve the complexity O (NRFQQQ). In step 12, we compute
the multiplication between W (:, 7 ,,,) and €, (7 1) Of size
(2 + 1) x 1 with complexity O (NrrQf2). Finally, in step
14, the LS algorithm is used again like steps 8 and 11, where
W (:,fm) is of size QNrr x Card (’ﬁn and y,, is of
size QNgrr x 1. As a result, this step has the complexity
@) (NRFQCard2 Tm,>), where Card (7,,) < L(2Q+1).

Based on the discussion above, the overall complexity of
the proposed SSD-based scheme can be summarized by

O (NML)+0 (MNrpQILQ?)+0 (M NrpQL*Q?) . (20)

By contrast, the complexity of both the OMP-based
and SOMP-based schemes can be presented by
O (MNRFQL3Q3) + O (NMNgpQLQ) [8], [9]. Note
that a small [ (e.g., I = 2) is usually enough to guarantee the
performance as will be verified later, we can conclude that
the complexity of the proposed SSD-based scheme is lower
than the conventional OMP-based and SOMP-based schemes.

IV. SIMULATION RESULTS

In this section, we consider a wideband multiuser
mmWave MIMO-OFDM system, where the BS equips
N = 256-element lens antenna array, Ngr = 8 RF chains to
serve K = 8 single-antenna users. The carrier frequency is
fe = 28 GHz, the number of sub-carriers is M = 128, and the
bandwidth is f; = 4 GHz. The spatial channel of each user in
(1) is generated as follows [8]: 1) L = 3; 2) 8, ~ CN (0,1); 3)
O ~U(—7/2,7/2); 4) 7, ~ U (0,20ns) and max 7 = 20ns.

Finally, we define the SNR for channel estimation as 1/ o2



- % - Fully digital ZF precoding with perfect channel *
- - - Wideband beam selection with perfect channel ‘7
60-| ' —©- ' OMP based scheme (SNR =0 dB)
-o0-- SOMP based scheme (SNR = 0 dB)
-0-SSD based scheme (SNR = 0 dB)
—e— OMP based scheme (SNR = 15 dB)
—&— SOMP based scheme (SNR = 15 dB)
—— SSD based scheme (SNR = 15 dB)

@
S
T

w IS
S 3
T

Achievable sum-rate (bits/s/Hz)

0 L L L L L
-20 -15 -10 -5 0 5 10

SNR (dB) for data transmission

Fig. 4. Sum-rate comparison against the SNR for data transmission.

Fig. 3 shows the normalized mean square error (NMSE) per-
formance comparison against the SNR for channel estimation,
where we use () = 16 instants per user for pilot transmission.
For SSD based scheme, we set €2 =4 [7]. For both OMP
based [9] and SOMP based [8] schemes, we assume that the
sparsity level is L (2Q+ 1) =27 < NgrQ = 128. We also
consider the oracle LS scheme as the benchmark, where the
supports of wideband beamspace channel at different sub-
carriers are perfectly known. We observe from Fig. 3 that a
small I (e.g., I =2) is enough to guarantee the satisfying
performance. Fig. 3 also verifies that the proposed SSD based
scheme enjoys higher accuracy than OMP and SOMP based
schemes in all considered SNR regions, since it can exploit the
sparse structure of wideband beamspace channel. Actually, the
proposed SSD based scheme has already achieved the NMSE
performance very close to the oracle LS scheme.

Fig. 4 shows the achievable sum-rate of the wideband
beam selection proposed in [10] with different beamspace
channel estimation schemes, where (Q = 16 and I = 2. We
observe from Fig. 4 that by utilizing the proposed SSD based
scheme instead of the conventional schemes, beam selection
can achieve higher sum-rate performance, especially when the
SNR for channel estimation is low (e.g., 0 dB). Moreover,
Fig. 4 also shows that when SNR for channel estimation is
moderate (eg., 15 dB), the wideband beam selection with
the SSD based scheme can already achieve the sum-rate
performance not far away from the one with perfect channel.

V. CONCLUSIONS

In this paper, we proposed an efficient SSD based
beamspace channel estimation scheme for wideband mmWave
MIMO with lens antenna array. We first proved that each
path component of the wideband beamspace channel enjoys
a unique frequency-varying sparse structure. Based on this,
we then proposed to estimate the path support of each path
component one by one until all path components have been
considered. The complexity analysis showed that our scheme
enjoys low complexity. Simulation results verified that our
scheme achieves better performance than existing schemes in

all considered SNR regions. For future work, we will extend
the proposed scheme to 3D systems, where the elevation
directions are also considered.
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