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Dear editor,

Orthogonal frequency division multiplexing (OFDM) has
been adopted in new radio (NR) [1], and multiple-port de-
modulation reference signal (DMRS) has been designed to
achieve channel estimation. In NR, two ports of DMRS
share the same frequency resource elements (RE) by em-
ploying an orthogonal code comprising cyclic shift phase. In
general, channel estimation can be achieved via the classical
discrete Fourier transform (DFT) scheme [2,3] as channels
for the two ports of DMRS can be separated in the time do-
main via the DFT scheme. In [4], it has been shown that the
minimum mean square error (MMSE) estimator is robust to
correlation matrix mismatch; this makes the MMSE estima-
tor more practical. In general, little is known about utilizing
the MMSE metric for channel estimation of two-port DMRS
in NR.

In this study, we propose a new approach for the chan-
nel estimation of two-port DMRS in NR on the basis of the
MMSE metric. First, we propose an MMSE with full priori
knowledge (F-MMSE) scheme to achieve the channel estima-
tion of two-port DMRS in NR. Then, we present an MMSE
with partial priori knowledge (P-MMSE) scheme when the
two ports are assigned to different users as full priori knowl-
edge of two ports is not easy to obtain for one user.

Problem formulation. Consider an OFDM system with
M subcarriers and equipped with two transmitting and two
receiving antennas. Two ports of DMRS share the same
time frequency resources. Assume that 2P < M subcarriers
are assigned to one user, and x, = a2p 4 is the DMRS pi-
lot with transmitting power of 1, where p =0,1,...,P —1
is the frequency index and ¢ is the time index. agpi1,4 is
usually set to zero unless it is used to support more DMRS
ports. Hence, in this study, az2p41,q is set to zero. If xp is
the pilot symbol of the first DMRS port, the pilot symbol of
the second DMRS port would be zpe-ﬂ”p%’w [1], where Acg
is the cyclic shift and is equal to g for the orthogonality of
the two DMRS ports.
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Then, the demodulation of the rth receiving antenna can
be written as follows:

r__ plr 27 j2m Paes
Yp = hp' Tp + hy zpe P

+ (1)

where r =0 or 1, h;f is the channel frequency response for
the pth pilot between the tth transmitting antenna and rth
receiving antenna, and 7, is the additive white Gaussian
noise with mean zero and variance o2.

For simplicity, the matrix form of (1) can be expressed as

yr = Xhi, + XChor + 1y, (2)
where vy, = [yg,y{,...,ygil]rr, hir = [hE, BT, ..,
R 0T e = gy, mh )T, and X = diag(zo,
.oy Tp,...,zp_1). C is a diagonal matrix and its the pth

. . iop PAcs
diagonal element is /27 P .

Then, the DMRS-based channel estimation model can be
expressed as follows:

h=X"'y, = hi,. + Char + X 10, (3)

where X ~! is the inverse matrix of X.

Our algorithm. The F-MMSE channel estimation of
hi, can be obtained by minimizing the mean square error
(MSE), which is defined as

2
4
b (1)

MSE = E {thr — har
where illr is an estimate of hi,. Subsequently, the esti-
mation of hi, by F-MMSE is obtained by minimizing the
MSE:

7, F-MMSE __
Y =R;

13
i R P ®)

where R;th is the cross covariance matrix between h and
”
hir. Furthermore, Ry is the autocovariance matrix of h.

R;,, . and R-! are obtained as
1r hh
Rj,,, =E{mi A} = Ru, (6)
Ry, =E{hh'} = Ri, + CR2,CT + 6*Ip, (1)
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Figure 1 Comparison of P-MMSE and F-MMSE, SNR = 30 dB. (a) Diagonal elements of coefficient matrices; (b) channel

magnitude responses.

where Ip is the identity matrix with dimension of P and (-)*
is the operation of the conjugate transpose. Rj, and Ra,
are autocovariances of hi, and hgo,. Then, the F-MMSE

can be obtained as
. -1,
REMMSE = Ry, (Riy + CRarCl 4 0%Ip) b (8)

Although the abovementioned F-MMSE is straightfor-
ward, it helps us to develop a more practical estimator.
When the two DMRS ports are assigned to different users,
one user performing the channel estimation does not have
the priori knowledge of the other DMRS port or that
whether the other DMRS port is being used. In the pro-
posed P-MMSE scheme, we replace Ra, with R, and the
channel estimation is written as

~ -1 .
REPMSE = Ry, (Riy + CR1CT 4 021p) b (9)

Performance analysis. To demonstrate the validity of
the proposed P-MMSE scheme, a theoretical analysis is pre-
sented. First, the frequency-domain estimation in (9) is con-
verted to time domain as

-~ P-MMSE S p.
3 — FRP;MMSE

1r
MM P MM
& 11)7‘_ SE (—‘Ll'r Ny, ( 2 )) b 11)1: SEgrv

(10)

where ®0-MMSE — FRy, (Ry, + CR1,CT + ¢%Ip) ' FT.
Note that the coefficient matrix of F-MMSE is <I>§;MMSE =
FRi, (Ri, + CR2,C' 4 02Ip) ' Fi. F is the IDFT ma-
trix with dimension of P X P whose the (p, ¢)th element is

1L j2mig ,and & = FX~!n,. h,, is obtained by perform-

ing IDFT on h¢r, and er(g) is a cyclic shift vector of h,,.
with a shift §~

It can be observed from (10) that the estimation
~ P-MMSE , . o P
hy, is a linear combination of h;, and h,, (%) by the

P-MMSE coefficient @?;MMSE. It can be seen that the val-
ues of the channel estimation depend mainly on the diagonal
coefficients of the matrix ‘I’lf;MMSE. Figure 1(a) depicts the
magnitudes of the diagonal elements of the P-MMSE and F-
MMSE coefficient matrices, where P = 120 and M = 2048.
In addition, a random channel model is adopted with 40
sample-spaced independent Rayleigh fading paths, which ex-
hibits an exponential power delay profile [5] as a(l) = /!,

where | =0,1,...,39, 8 = —0.0005 for the first DMRS port
and 8 = —0.05 for the second DMRS port, i.e., 8 = —0.0005
is for the channels h1; and hi2, and g = —0.05 is for the
channels h2;1 and hgg. Different 3 in channels lead to dif-
ferent channel covariance matrices.
results, it is evident that the magnitude of a diagonal el-
ement of the P-MMSE coefficient matrix is in line with the
F-MMSE despite a large difference in the attenuation factor
[, which is insensitive to channel covariance matrices. Fur-
thermore, it can be observed that the P-MMSE coefficients
have very small values at the points around g, which indi-
cates that for the channel estimation of h,,., the interference
from er(g) is significantly suppressed as the channel coef-
ficients of QQT(g) have valid values at the points around g.
From Figure 1(b), it can be observed that the channel es-
timations of the proposed P-MMSE and F-MMSE schemes
are in line with the perfect channel hj, without significant
interference.

From the simulation
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