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il System Model @

® ntelligent Reflecting Surface (IRS) aided massive MIMO systems [1]-[4]

® The broadband (frequency-selective fading) property is seldom considered for IRS.

® BS and IRS are equipped with UPAs with M and N antennas, resp., to serve multiple
single-antenna users;

® |RS is passive without any RF chains;
® BS is of fully-connected hybrid architecture [5] with N, << M RF chains;

blocked user

unblocked user E

Fig. 1: IRS-aided mmWave massive MIMO systems. J ¢
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® The downlink BS-IRS delay-domain channel with one LoS path and L, NLoS paths:

Steering vectors with AoA and AoD \
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® OFDM system with K subcarriers, N, cyclic prefix, and sampling space T, is adopted.
The corresponding frequency-domain channel in the k-th subcarrier is:

Nep—1
Z G(dTy)e’ "4 (DFT to convert delay-domain to frequency-domain)
Lg
= Yg.,0,kAN (Qg,O: @g,O) ay, (Qg 05 ‘fog 0 + Z 9g,l kaN(Qg ls Spg [) iy (9;;,!: cptg,l) ) (3)
o =1 . )
LoS part Cnk
NLoS part
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® The BS-user channel, hy ;. , and IRS-user channel,h!, can be similarly modeled. 7))

\
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® To conduct downlink CE, BS broadcast the pilot signals s; , € C**! in the k-th subcarrler
and i-th time slot. At the user, the received pilot signals can be written as

¥ Direct BS-user transmission
ik =|hd psi x|+ hg:k@inS@,k + 1 g,
S Pilot signals reflected by IRS
= [hd o 1 ] ©,Gysi ) + 1 ks (6)

where ®; = diag (0;) € CV*¥ are the phase-shifts imposed by IRS.
® Collecting {y; x}2" in N, successive OFDM symbols, we have

- YE = Y1k ---,pr,k]

ng = [k, ..., "N, k) .

Y = Prhegr +1p, 8) 4 5, — S1.k SNp.k ]
O1Grs1x - On,Gisn, &

[h;{k: hg?k] is the channel to be estimated

T

|I' !

" heg g

® Assume the LoS part of G, is known, and treat the NLoS part as minor interferences. .

A
v N\

DRIR

Vi :‘ @Lgkheﬂ‘,k -+ ﬁk\ (10) [\\ ) )

The pre-known measurement matrix | | Effective noise containing the interference
from the NLoS part of G,
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Challenge(s) Solution(s)
BS-user The locations of users (w.r.t. BS) are | Random pilot at the BS to realize
channel unknown. omni-directional detection [5].
(1) The locations of users (w.r.t. IRS) ) Random pilot at the IRS:
BS-IRS-user | are unknown; .
channel (2) Severely high path loss due to long () Beam steering at the BS towards
.. : the LoS direction of IRS.
transmission distance.
Dedicated to \> = .
sounding the IRS- BS .| Steering | Nartow beam IRS

user channels

________
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1 - - SEEEE scanning /
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user channels I
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® The design at the BS: Fre,
A
4 .
@ @
o o
© . ® PTX
SZ,k p— ® AN"‘] PY \2 o NRF 1
[ o
® ®
| \_‘_J i
= +
N =N *+N,
The first N, colunins as random pilot. The last N, columns as beam steering.
Each entry is: -+ o/ . u[ 0327[) All columns shzre 1der_1tlca5 value:
’ A \Gios/ Los
aM(Q, ‘P) :ﬁ[lﬁ-ejwsin-ﬂj _--’ejﬁ(.i'ﬂzl)sinﬂ]T |
® The design at the IRS: @ [1,edmeoslsine | Iyt cosOsing|T - (3)
‘ [92] n ‘ — €j¢, ¢~ Z/{I:O,Zﬂ') [\\ Il//”
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Vi = Pr rhes p + 10y,

® |_arge-scale arrays at both the BS and IRS - Extremely large dimension of channels >
Unaffordable pilot overhead in traditional algorithms.

® Compressive sensing [4]-[8]: leveraging the angular sparsity of mmWave channels to
significantly reduce the pilot overhead in channel estimation.
th,k = hga,kAg + edT,ka (16)

hiy =hl  AF 1l (17)

spatial-domain | msssp | angular-domain

The power leakage that
degrades the sparsity.
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® Redundant dictionary [8]: trading off the complexity and estimation performance.

angular-domain channel angular-domain channel
with unitary dictionary | === | with redundant dictionary
16 x 16 32 x 32
The power leakage that Larger dimension,

degrades the sparsity. enhanced sparsity

0.5
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15 30

« According to CS theory [6], with enhanced sparsity of channels, the improved 4R\
performance of the CS-based CE is expected. [\
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® Standard form of sparse signal recovery problem:
vi = Pk ((hia p AL by AT + [0l o ef ]") + 1k

AH g
d T T
l [hda ks ra,k] + Neff k

T

= P, 1,

AH

r

\—v_/
o

= Py, 1(Wheta k| + Nef & (18)

/ \
Dictionary matrix Sparse angular-domain channel vector

heffa &

® The structure of channels in broadband system [5][7] can also be exploited.

"'E:' -
|
~q§"% [ | | [ -
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|- elevation angleps
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supp (heta,1) = ... = supp(heffa, k). (19) == 3z " -
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® Distributed Orthogonal Matching Pursuit (DOMP) to solve sparse signal recovery problem
with structure.

Algorithm 1 Distributed OMP algorithm

Input: The noise-polluted measurements yj, the sensing ma-
trices @1, W, and the thresho]d e for the stop criterion.
Output: The estimated channels hd . and hr k-
I: Initialization: 7 = empty set, ry = yx and heﬂ‘a=k = 0.

K
. 2
2: while %% ;.;1 Hrk:HQ > e, do

DOMP is the extension of multi-

K
3: i* =|arg max Z H((ﬁLp;ﬁ‘P)Hrk} ;
=1 i measurement vector (MMYV) in

’
i

4 I=71U{ } CS model, also known as general
s I = ([@LaPlhye MMV (GMMV) [7]

6: T =y — [PLrP]|; hg:

7: end while

8: [ﬁeﬂa k]I = ﬁk;

9: Decompose heffa ks Dofar = [hda ko Py h? 7T

10: h hda R:AH ’ hr hra kAH [/ g \\
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IR Simulation Results @
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Simulation Parameters Benchmark 1: Well-determined LS [3] with
* M=N=256,Ng=2,N; =N, =1, unaffordable pilot overhead N,= M + N:
* K=N¢p =064 Benchmark 2: Completely random pilot
* 3GPP mmWave channel model [9] design [5] to meet the RIP in CS;
* 1, =Np /(M +N):pilot overhead; Benchmark 3: Unitary dictionary [7] with
* I4c= G/(M+N): redundant dictionary. degraded sparsity in angular-domain
” #r *——w i
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2l S traditional algorithm
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14 z
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Fig. 3: NMSE performances of estimating h, ;. for the blocked [/
users. (a) rqic 1s fixed as 4; (b) r, 1s fixed as 0.25. N7
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Fig. 4: NMSE performances of estimating hg j; for the un- IR
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Broadband Channel Estimation for Intelligent Reflecting Surface Aided mmWave Massive MIMO systems



References @

[1] M. Di Renzo et al., “Smart radio environments empowered by reconfigurable Al meta-surfaces: An idea whose time has
come,” EURASIP J. Wireless Commun. Netw., vol. 2019, p. 129, May 2019.

[2] E. Basar, M. Di Renzo, J. De Rosny, M. Debbah, M. Alouini and R. Zhang, “Wireless communications through
reconfigurable intelligent surfaces,” IEEE Access, vol. 7, pp. 116753-116773, Sep. 2019.

[3] D. Mishra and H. Johansson, “Channel estimation and low-complexity beamforming design for passive intelligent surface
assisted MISO wireless energy transfer,” in Proc. 2019 IEEE Int. Conf. Acoustics, Speech and Signal Processing (ICASSP),
Brighton, United Kingdom, May 2019.

[4] Z.-Q. He and X. Yuan, “Cascaded channel estimation for large intelligent metasurface assisted massive MIMO,” IEEE
Wireless Commun. Lett., vol. 9, no. 2, pp. 210-214, Feb. 2020.

[5] Z. Gao et al., “Channel estimation for millimeter-wave massive MIMO with hybrid precoding over frequency-selective
fading channels,” IEEE Commun. Lett., vol. 20, no. 6, pp. 1259-1262, Apr. 2016.

[6] J. W. Choi, B. Shim, Y. Ding, B. Rao and D. I. Kim, “Compressed sensing for wireless communications: Useful tips and
tricks,” IEEE Commun. Surv. Tutor., vol. 19, no. 3, pp. 1527-1550, 3rd Quart., 2017.

[7] Z. Gao, L. Dai, Z. Wang, and S. Chen, “Spatially common sparsity based adaptive channel estimation and feedback for FDD
massive MIMO,” IEEE Trans. Signal Process., vol. 63, no. 23, pp. 6169-6183, Dec. 2015.

[8] Z. Wan, Z. Gao et. al., “Compressive sensing based channel estimation for millimeter-wave full-dimensional MIMO with
lens-array,” IEEE Trans. Veh. Technol., vol. 69, no. 2, pp. 2337-2342, Feb. 2020.

[9] 3GPP, “Study on channel model for frequency spectrum above 6 GHz,” TR 38.900 (release 15), 2018. /| K N

Broadband Channel Estimation for Intelligent Reflecting Surface Aided mmWave Massive MIMO systems



Thanks for your listening!

0 00 00 00
[1 00 00 00




