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57 ABSTRACT

A communication system includes at least one transmitting
unit and at least one receiving unit. The at least one
transmitting unit is configured to transmit at least one input
signal after precoding it with at least one precoding matrix.
The at least one receiving unit wirelessly coupled with the
at least one transmitting unit is configured to receive the at
least one precoded input signal, and generate at least one
channel quality signal corresponding to the at least one
precoded input signal, in which the at least one transmitting
unit generates at least one magnitude information estimate
or at least one phase information estimate or at least one of
both for at least one channel state information according to
the at least one channel quality signal, the at least one
precoding matrix and at least one noise size signal.
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COMMUNICATION SYSTEM AND
CHANNEL ESTIMATING METHOD
THEREOF

BACKGROUND

Technical Field

[0001] The present disclosure relates to a communication
system and a channel estimating method thereof. More
particularly, the present disclosure relates to a communica-
tion system, which can estimate transmission channel based
on channel quality information, and a channel estimating
method thereof.

Description of Related Art

[0002] Recently, multi-input multi-output (MIMO) trans-
mission techniques are widely used in communication sys-
tems. In many MIMO transmission systems, a receiver is
configured to feedback some information to the transmitter,
where the feedback information may include rank indicator
(RD), precoding matrix indicator (PMI) and channel quality
indicator (CQI). The transmitter can set up a precoding
matrix according to the above feedback information. It is
noted that the term “indicator” referred to above, which has
been abbreviated as “I” in the shorthands “RI,” “PMI,” and
“CQL” is sometimes termed “indication” or “index” with
the same abbreviation “I.”

[0003] However, utilizing the information directly from
the receivers to set up precoding matrices without further
calculation can often lead to bad transmission performance
because the feedback information itself frequently does not
give an accurate characterization of the channel response
directly. In order to achieve high transmission efficiency in
a communication system, it is very important in this area to
estimate the transmission channel well.

SUMMARY

[0004] The following presents a simplified summary of the
disclosure in order to provide a basic understanding to the
reader. This summary is not an extensive overview of the
disclosure and it does not identify key/critical components
of'the present disclosure or delineate the scope of the present
disclosure. Its sole purpose is to present some concepts
disclosed herein in a simplified form as a prelude to the more
detailed description that is presented later.

[0005] In one aspect, the present disclosure is to provide
a communication system. The communication system
includes at least one transmitting unit and at least one
receiving unit. The at least one transmitting unit is config-
ured to transmit at least one input signal after putting it
through a precoding matrix. The at least one receiving unit
wirelessly coupled with the at least one transmitting unit is
configured to receive the at least one precoded input signal,
and generate at least one channel quality signal correspond-
ing to the at least one precoded input signal, in which the at
least one transmitting unit generates at least one channel
state information estimate according to the at least one
channel quality signal, the at least one precoding matrix and
at least one noise size signal. The at least one transmitting
unit may then adjust at least one antenna setting for the
transmission of at least another input signal according to the
at least one channel state information estimate.
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[0006] In another aspect, the present disclosure is to
provide a channel estimating method suitable for a commu-
nication system. The channel estimating method includes
the following steps: transmitting at least one input signal
after putting it through a precoding matrix; receiving the at
least one precoded input signal; generating at least one
channel quality signal corresponding to the at least one
precoded input signal; generating at least one channel state
information estimate according to the at least one channel
quality signal, the at least one precoding matrix, and at least
one noise size signal. After the channel estimation, the
communication system may adjust at least one antenna
setting for the transmission of at least another input signal
according to the at least one channel state information
estimate.

[0007] By applying the techniques disclosed in the present
disclosure, the channel state information estimate can be
obtained using the channel quality signal. The channel state
information estimate may include magnitude information
estimate (i.e., magnitude response estimate) and phase infor-
mation estimate (i.e., phase response estimate), and thus the
transmission channel can be estimated.

[0008] These and other features, aspects, and advantages
of the present disclosure will become better understood with
reference to the following description and appended claims.
[0009] It is to be understood that both the foregoing
general description and the following detailed description
are by examples, and are intended to provide further expla-
nation of the disclosure as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The disclosure can be more fully understood by
reading the following detailed description of the embodi-
ment, with reference made to the accompanying drawings as
follows:

[0011] FIG. 1 is a schematic diagram of a communication
system in accordance with one embodiment of the present
disclosure;

[0012] FIG. 2 is a schematic diagram of a simulation result
of the sum-rate performance in accordance with one
embodiment of the present disclosure;

[0013] FIG. 3 is a schematic diagram of a simulation result
of the sum-rate performance in accordance with one
embodiment of the present disclosure; and

[0014] FIG. 4 is a schematic diagram of a simulation result
of the sum-rate performance in accordance with one
embodiment of the present disclosure.

DETAILED DESCRIPTION

[0015] Reference will now be made in detail to the present
embodiments of the disclosure, examples of which are
illustrated in the accompanying drawings. Wherever pos-
sible, the same reference numbers are used in the drawings
and the description to refer to the same or like parts.
[0016] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same mean-
ing as commonly understood by one of ordinary skill in the
art to which example embodiments belong. It will be further
understood that terms, such as those defined in commonly
used dictionaries, should be interpreted as having a meaning
that is consistent with their meaning in the context of the
relevant art and will not be interpreted in an idealized or
overly formal sense unless expressly so defined herein.
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[0017] In the following description and claims, the terms
“coupled” and “connected”, along with their derivatives,
may be used. In particular embodiments, “connected” and
“coupled” may be used to indicate that two or more elements
are in direct physical or electrical contact with each other, or
may also mean that two or more elements may be in indirect
contact with each other. “Coupled” and “connected” may
still be used to indicate that two or more elements cooperate
or interact with each other.

[0018] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended
to be limiting of the invention. As used herein, the singular
forms “a”, “an” and “the” are intended to include the plural
forms as well, unless the context clearly indicates otherwise.
It will be further understood that the terms “comprises”
and/or “comprising”, or “includes” and/or “including” or
“has” and/or “having” when used in this specification,
specify the presence of stated features, regions, integers,
steps, operations, elements, and/or components, but do not
preclude the presence or addition of one or more other
features, regions, integers, steps, operations, elements, com-
ponents, and/or groups thereof.

[0019] It will be understood that, although the terms first,
second, third etc. may be used herein to describe various
elements, components, regions, layers and/or sections, these
elements, components, regions, layers and/or sections
should not be limited by these terms. These terms are only
used to distinguish one element, component, region, layer or
section from another element, component, region, layer or
section. Thus, a first element, component, region, layer or
section discussed below could be termed a second element,
component, region, layer or section without departing from
the teachings of the present invention.

[0020] Reference is made first to FIG. 1. FIG. 1 is a
schematic diagram of a communication system 100 in
accordance with one embodiment of the present disclosure.
In this embodiment, the communication system 100 can be
utilized in an established communication technology such as
the Long-Term Evolution (LTE) technology, but the com-
munication system 100 can be utilized in other communi-
cation technology in other embodiments, and the present
disclosure is not limited in this regard. As shown in FIG. 1,
the communication system 100 includes a base station BS
and user equipments UE1~UEK. The base station BS
includes transmitting units 111~11IN, in which N is an
integer bigger than 0, and the transmitting units 111~11N
can be transmitting antennas or any other equivalent trans-
mitting units. The user equipment UE1 includes receiving
units 121~12M, and the user equipment UE2 includes
receiving units 221~22M, and in this manner the user
equipment UEK includes receiving units K21~K2M, in
which M and K are integers bigger than 0, the user equip-
ments UE1~UEK can be mobile phones, panels, laptops or
any other user equipments, and the receiving units
121~12M, 221~22M, . . . , K21~K2M can be receiving
antennas or any other equivalent receiving units. It should be
noted that, the abovementioned N, K and M can be any
integers bigger than O, that is to say, the communication
system 100 can include at least one transmitting unit 111 and
at least one receiving unit 121 in some embodiments, and the
present disclosure is not limited to this regard.

[0021] Inthis embodiment, the transmitting units 111~11N
are configured to transmit input signals t,[n]~tz[n] through
the precoding vectors p,[n]~pzn]. The receiving units
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121~12M, 221~22M,, . . ., K21~K2M are wirelessly coupled
with the transmitting units 111~11N. The receiving units
121~12M, 221~22M, . . . , K21~K2M are configured to
receive the input signals t, [n]~t,[n] that have been precoded
by the precoding vectors p,[n]~pz|n], and generate channel
quality signals C,[n]~Cg[n] (not depicted in FIG. 1) corre-
sponding to the precoding vectors p,[n]~pgln]. The base
station BS generates channel state information estimates
H,[n]~Hg|n] according to the channel quality signals C, [n]
~Cx{n], the precoding vectors p,[n]~pg{n] and noise size
signals corresponding to noises z,[n]~zz|n], and the trans-
mitting units 111~11N may then adjust the antenna settings
for the transmission of another set of input signals t,[n']~t,
[n'] for some other n' according to the channel state infor-
mation estimates H,[n]~H[n]. As a vector can be consid-
ered a special kind of matrix which contains only one
column, in what follows a vector may be either referred to
as a vector or a matrix, depending on convenience.

[0022] For further explanation, in this embodiment, t,[n]
is the signal transmitted to the user equipment UEKk at time
n, and p.[n] is the corresponding precoding matrix (or
precoding vector). The transmitted signal x[n]| of the base
station BS at time n is thus given by formula (1) as shown
below:

®

In which, P[n]=[p,[n] p[n] . . . p[nl], and t[n]~[t, [n]t,[n]
t,[n] . . . tx[n]] with ' denoting matrix and vector transpose.
Then the received signal vector at the user equipment UEk
is given by formula (2) as shown below:

K 2)
Yilnl = Hy[nlxln] + z¢[n] = Hy [ﬂ]Z Pulnlty[n] + z¢[n]

In which, H,[n] is an MxN channel matrix (i.e., the channel
state information) between the transmitting units 111~11N
of the base station BS and the receiving units k21~k2M of
the user equipment UEk, and z,[n] is a noise vector. Denote
the (r,8)th entry of H,[n] by h,, [n]e’®=" in which Osr<M
and O=s<N. h,,[n] and 0,,[n] are magnitude information
(i.e., magnitude response) and phase information (i.e., phase
response) of the channel state information from the sth
transmitting unit to the rth receiving unit of the user equip-
ment UEKk, respectively.

[0023] It should be noted that, in this embodiment, the
communication system 100 may make use of the rank
indication (RI), precoding matrix indication (PMI), and
channel quality indication (CQI), which are fed back from
the user equipments UE1~UEK to do the estimation work.
In particular, the CQI is typically related to the signal-to-
interference-plus-noise ratio (SINR) given by formula (3) as
shown below:

| He [ p Il ®

Qiln] = <
of+ Y | Henlpalall?
u=1,u#k
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In which, Q,[n] is the SINR at UEk at time n and o, is the
noise size signal for UEk. A highly accurate (effectively very
close to being of infinite precision) or a highly quantized
value of the CQI may be fed back. The communication
system 100 can work with any kind of SINR-related CQI
feedback. In the above and following description, the chan-
nel quality signals C,[n] will be used to indicate the fed back
value of the CQI. In some embodiments, C,[n] is a quantized
version of the SINR Q,[n] or its estimate.

[0024] For ease of illustration, the following utilizes a
special embodiment of the communication system 100 with
N=4, K=4 and M=1. That is, the base station BS has 4
transmitting units 111~114 and each of the user equipments
UE1~UE4 has a single receiving units 121~421. In other
embodiments, N, K and M can be any integers bigger than
0, and the present disclosure is not limited in this regard.
[0025] In this embodiment, each of the transmitting units
111~11N generates magnitude information estimates of the
channel state information H,[n]~Hg|n] according to the
channel quality signals C,[n]~Cg[n] corresponding to first
type precoding matrices P[n]. For further explanation, to
estimate the magnitude information of the channel state
information H,[n]~H[n], the base station BS transmits at
least one input signal through N first type precoding matri-
ces P[n], say, for O=n<N-1, and P[n]=Q", in which Q is
given by formula (4) as shown below:

)

o D = O
= = B =]
-0 O O
o o O

In other words, Q is an identity matrix with all its rows
shifted downwards circularly by one position. It is easily
seen that this setting is not limited to N=4, but can be applied
to any value of N. The associated CQI feedbacks C,[n] are
quantized versions of the SINR Q,[n] given by formula (5)
shown below:

Boossi—ty 1) ®

LR 7
%+ gopinn M+ Bogksna sl + ..+

Qiln] =

>
Hopmrkn—2y% n[7]

for O=n=N-1 for each k, in which % denotes the modulo
operation and the third subscript to h has been placed in
brackets to clearly delineate its extent due to the length of its
mathematical expression. Suppose each h,, [n] does not
vary over O=n<N-1 and hence one may drop the time
designation n in h,, [n] for simplicity. Then substituting
C,n] for Q,[n] and moving terms, the last equation can be
rewritten as formula (6) as shown below:

1 =CG[0] =G0 =C[0] (6)
=Ci[1] 1 =Ci[1] =Ci[1]
~Ci[2] -Ce[2] 1 =Ce[2]  -Cl2]
—GN=1] -GN -1] —GIN-1] 1
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-continued
o Ci[0]
gy Cy[1]
@2 (=i G2
QN-1) Cy[N -1]

in which a; =h; ;. 17, 1sk<N, O=s<N-1. The desired mag-
nitude information estimate for h,,, for the user equipment
UEk can thus be solved by solving the system of linear
equation (6) for a,, and taking the square roots thereof. It is
easily seen that for the user equipment UEk with more than
one receiving units (i.e., with M>1), the similar way can be
used to obtain estimates of the magnitude information h,,
for all O<r<M. It can be seen, in this case, that if the CQI
feedbacks C,[n] are equal to Q,[n] with no quantization
error, then the magnitude information estimates do not
contain any estimation error. In general, the magnitude
information estimates may contain estimation errors. This is
the case, for example, when one uses the square roots of the
solution to equation (6) as the magnitude information esti-
mates for h,, [n] when h,, [n] is not time-invariant over
O=n=N-1. Nevertheless, such estimates, though not fully
accurate, do not cease to be viable estimates for use in a
communication system. For convenience, denote the esti-
mate of the magnitude information h,,[n] by h,.[n]. And in
the case where a magnitude information estimate does not
vary with n, such as that obtained from taking the square
roots of the solution to equation (6) over O=n=N-1, the time
designation n in hy, [n] may be omitted.

[0026] Besides, in this embodiment, each of the transmit-
ting units 111~11N generates phase information estimates of
the channel state information H,[n]~Hz|n] according to the
channel quality signals C,[n]~Cz[n] corresponding to sec-
ond type precoding matrices P[n]. For further explanation, to
estimate the phase information of the channel state infor-
mation H, [n]~Hg[n], the base station BS transmits at least
one input signal through N second type precoding matrices
P[n] for N time instants indexed by n, say N=n<2N. In one
embodiment, let P[n]=Q"+Q™**, which yields, in the case of
N=4, for example, given by formula (7) as shown below:

M

o O - -
S - = o
==
- o O

and, for N+1=n=<2N-1, P[n] are simply (n-N)-fold circu-
larly downwards shifted versions of P[N]. The associated
CQI feedbacks are given by quantized versions of the SINR
Q.[n] as given by formula (8) as shown below:

v [1] (8)
tln]

Qiln] =

In which, assuming that all the magnitude information
h,,[n] and phase information 0,.[n] do not vary over
N+1=n=2N-1 and thus dropping the time designation n in
h,,[n] and 6,,[n] for simplicity,
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Veln] = goonsk -1y wj € ROUH=0% NI 1 fy o1y je? K0Lm+0% N1 r
2 2
= Boofmrk—1)% N1+ Flojorion v +
2 ofn+h—1)% NYPO[n+0)% N1COS(Oko[(n+k—1)% N1 = Ok0[(n+h)% N1
e [n] = 02 + gopneiy w1 ROUR% Mt hyore i 1yg e k0l 1% N] P+
i 2
Brogprke 1y nje ROl % N] 4
) 4
B0l +2)% N e k0l++2)% N]
B[+ N-2)% N]ejg"ol("”‘*"’*ﬂ% M
)
Biofniiin=1y% nye’ KoLtk N=1)% N]
2 2 2
= U'/% + Beoterie N + 200k 1% N] F -+ F BiofomkN—2% M) T
2
HofrkaN—1% N T
2R ofn+i)% N1kO[n+k+1)1% N1COS(Oo0[m+i)% N] — Okof(n+k+1)% N]) +
Oof(rnrk+1)% N —
2 ofnrk+1)% NP O[(n+k4+2)% N]COS +.o+
Oornk+2)% N
Orofnrk+N-2)% N —
2 o1k N-2)% N1RKO[(n+k+N—1)% N]COS ,
Orofnrk+N-1)% N1
for N+1=n<2N-1 for each k. Substituting C,[n] for Q,[n]
and moving terms can obtain, for each k, a system of N
linear equations in the N unknowns cos(8zos. 1% 3=0x0
[s+k % ~1) as given by formula (9) as shown below:
1 =Cy[N] —C[N] =Cy[N]
—CIN+1] 1 —C N +1] —CN +1]
—CIN+2] =GN +2] 1 —GIN+2] -GN +7|.
—G2N =1] —Ci2N = 1] —Ci2N = 1] 1
bio
by
D-| b2
bywv-1)

In which, bks:COS(ekO[(s+k—l)% N]_eko[(s+k) % N])s

Cks:Ck([S"'N](sz"'hkow(x+k+3% N\2+2{hk0[(x+k+l)"/3 N]2+
<o O aN-2)% NT SHRO[GerkeN-1% N] )~ lko
s+ 0% NI Higops k) o N1

and D is an NxN diagonal matrix whose sth diagonal term
is given by 2hor. 11906 allroesay o6 ads With O=s<N. Then,
by taking the arc-cosines of the solution to the formula (9),
a set of phase difference estimates for the phase information
of the channel state information can be obtained. In solving
equation (9), one may use the magnitude information esti-
mates [, obtained from solving equation (6) in place of all
the magnitude information values h,,. in equation (9) to
facilitate a solution. Even though the channel state informa-
tion may not be time-invariant over N+1=n<2N-1, the
estimates as obtained above do not cease to be viable
estimates for use in a communication system. Accordingly,
the channel state information can be estimated using the
channel quality signals. The estimated channel state infor-
mation may include magnitude information estimate and
phase information estimate, and thus the transmission chan-
nel can be estimated.
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[0027] In some embodiments, let P[n]=Q"+jQ™*" for j=
V=1, for N time instants indexed by n, say N=n<2N, which
yields, in the case of N=4, for example,

100 j (10)
j100
P[N]=
0 j10
001

With this choice, a similar set of equations as that given in
(7)-(9) can be obtained, except that various quantities that
involve cosines of angle differences are changed to sines and
the arc-cosines to be taken of the solution to (9) are changed
to arc-sines.

[0028] In some embodiments, each of the transmitting
units 111~11N generates the phase information estimates of
the channel state information further according to at least
one precoding matrix index from the K receiving units. For
further explanation, one has to determine the sign of each
phase difference. For this, one may enlist the help of the PMI
feedback as follows. Let ¢, be the phase of the (r,s)th entry
of the preferred precoding matrix associated with the user
equipment UEk according to PMI feedback. Let (3, be the
solution for cos(0,,~0, 1y ~7) Obtained via the above
method. Then one way to determine the signs of the phase

)

Cko
Crl

Cr2

Cr(N-1)

differences is by performing the following optimization for
each receiving units r of the user equipment UEk:

. N-1 (1D
Wit = argminw,km,z [Wars + Birs = Brriesr o w1
=0

subject to 1, €{arccos B, ~arccos f,,.} for O=s=N and
=V y,,=0. The resulting set of 1., together with the
earlier set of magnitude information estimates h,,., may
constitute the final channel estimates.

[0029] In some embodiments, let P[n]=Q"+Q™*' for
N=n=2N and let P[n]-Q"+jQ™*"' for 2N=n<3N. Then a
combined consideration of the cosines of phase differences
and the sines of phase differences can determine the signs of
the phase differences without the optimization embodied in
formula (11).

[0030] In addition, other kinds of precoding matrices P[n]
may also be considered. For example, for 0=n<N, one may
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let P[n]=Q"T,, where T,, may be a suitably chosen NxN
nonsingular matrix (such as a unitary matrix) and for
N=n<2N, one may let P[n]:(Q"+Q"+1)TP or P[n]=(Q"+Q™*
1)T, where T, may be a suitably chosen NxN nonsingular
matrix (such as a unitary matrix). The way to perform
channel estimation is to disregard T, or T, first and carry out
the previously outlined channel estimation process and then
subject the results to an inverse of the transformation defined
by T, or T,

[0031] In some embodiments, the magnitude relation (6)
and phase difference relation (9) no longer hold in equality
form, but each row of them holds at its associated time
instant. This kind of embodiments can be used to address the
potentially time-varying nature of the channel state infor-
mation in a different fashion than the embodiments exem-
plified above. In particular, let the rows in a matrix be
indexed starting from O on top. Then row n in (6) is changed
to:

(12

[—Ck[n] o =Ci[r]l 1 =Ciln] ... =Cln]

n items N-n—1 items

|-abn1 = oicyin

where 0=n<N and a[n]= [hko[(k_l)% ] [n] .

- Waopaii-2y0
~1)[n]]', and row n-N in (9) is changed to

-G . =G 1 -C . =G 13
[ : [”LN items <& : [Z\LH items <& ] “Din]-bln] = o
Cen-nnl
where N=n<2N,
b[n]:[cos(eko[(k+1)% N][n])_eko[k % N][n]) ... cos(0

[V+,—2)% N][n]_eko[(N+k—l)% N][n])])'a

Chon-ni?]= Ck( V(o Hioronsiy % N [n]+2{hk0[(n+k+
1% N] [n]+ - ot N=2)% N [n]}+hk0[(n+
F+N-1)% N] [”l ) (hkO[(n+k 1)% N] [n]+hk0[(n+k) %
NT [7)),

and D[n] is an NxN diagonal matrix whose sth diagonal term
is given by 2hyoccur1y06 a0 Thocsany 06 aql0l, 0=s<N. The
channel estimation problem may be formulated as a con-
strained optimization problem as follows. Let the Hermitian
transpose of the preferred precoding matrix for the user
equipment UEk at time n, accordlng to PMI feedback, be
H,”[n] with its (r,s)th entry given by h,, [ ]e’o"” i,
Then in the estimation of the magnitude information, one
may minimize ||a-a”**[N-1]|| over a subject to a limit on the
disparity between the left-hand-side (LHS) and the right-
hand-side (RHS) of (12) for O=n<N (where the disparity
may be set to 0 at one or more n), in which a denotes an
estimate of a[N-1], and a”%[n]= [(yora1yon a7 PMI[n])

(hopvai—2y9 A PMI[n]) 1", and the said dlspanty in (12) is
evaluated With a in place of a[n] for O=n<N. Slmllarly, in the
estimation of the phase information, one may minimize
[b-b"*[2N-1]|| over b subject to a limit on the disparity
between the LHS and the RHS of (13) for N=n<2N (where
the disparity may be set to 0 at one or more n), in which b
denotes an estlmate of b[2N-1], b"*[n]= [cos(ek067 Ge-1y%

~ M [n]- eko i % N “n)) . . Cos(eko[(N+k—2)% ~ ] -0,0

[V 1y% N7 | [n])]' and the said disparity in (13) is evalu-
ated with b in place of b[n] for Nx<n=2N-1 and with certain
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estimated magnitude information, such as the ones obtained
in the previous step, in place of the corresponding quantities
in (13).

[0032] Reference is made to FIG. 2. FIG. 2 is a schematic
diagram of a simulation result of the sum-rate performance
in accordance with one embodiment of the present disclo-
sure. For convenience, abbreviate “channel state informa-
tion at transmitter” as CSIT. FIG. 2 shows certain perfor-
mance of three commonly considered precoding methods,
namely, SLNR, BD, and SUB, each under two conditions:
with perfect CSIT and with estimated CSIT using the present
disclosure, assuming infinitely accurate CQI (to the extent
achievable with double-precision floating-point computa-
tion). The performance with estimated CSIT is indistin-
guishable from that with perfect CSIT. And all are uniformly
better than LTE-based codebook precoding without using
the channel estimation of the present disclosure.

[0033] Reference is made to FIG. 3. FIG. 3 is a schematic
diagram of a simulation result of the sum-rate performance
in accordance with one embodiment of the present disclo-
sure. FIG. 3 shows certain performance of a particular
precoding method (namely, SLNR) as a function of time in
a time-variant channel, employing different channel esti-
mates. The proposed channel estimating method (curve 301)
is repeated once every few subframes to follow the channel
time-variation, at infinitely accurate CQI. Its performance
drops during the time when channel estimation is conducted,
but then its performance rises above that employing directly
the CSI fed back by the receiver for precoding (curve 302).
[0034] Reference is made to FIG. 4. FIG. 4 is a schematic
diagram of a simulation result of the sum-rate performance
in accordance with one embodiment of the present disclo-
sure. FIG. 4 shows certain performance of SLNR precoding
under different conditions in a time-variant channel, aver-
aged over time, as a function of the signal-to-noise ratio
(SNR). Of particular interest is the top two curves which
correspond to the present disclosure. One of them pertains to
having infinitely accurate CQI and the other with 4-bit
quantization (as in LTE). The two have yielded similar
performance better than that employing directly the CSI fed
back by the receiver for precoding. And all are uniformly
better than LTE-based codebook precoding without using
the channel estimation of the present disclosure.

[0035] The present disclosure also discloses a channel
estimating method, and the channel estimating method may
be implemented by the communication system 100 illus-
trated in FIG. 1, but is not limited in this regard. For
convenience and clarity, it is assumed that the channel
estimating method is implemented by the communication
system 100 illustrated in FIG. 1.

[0036] The channel estimating method first conducts step
510, precoding at least one input signal with at least one
precoding matrix for generating at least one precoded input
signal.

[0037] Then the channel estimating method conducts step
520, transmitting the at least one precoded input signal.
[0038] Then the channel estimating method conducts step
530, receiving the at least one precoded input signal.
[0039] Then the channel estimating method conducts step
540, generating at least one channel quality signal corre-
sponding to the at least one precoded input signal.

[0040] Then the channel estimating method conducts step
550, generating at least one channel state information esti-
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mate according to the at least one channel quality signal, the
at least one precoding matrix, and at least one noise size
signal.

[0041] Accordingly, the channel state information esti-
mate can be obtained using the channel quality signal. The
channel state information estimate may include magnitude
information estimate and phase information estimate, and
thus the transmission channel can be estimated.

[0042] Further, after conducting step 550, the communi-
cation system may optionally adjust at least one antenna
setting for the transmission of the at least another input
signal according to the channel state information estimate.

[0043] The above illustrations include exemplary opera-
tions, but the operations are not necessarily performed in the
order shown. Operations may be added, replaced, changed
order, and/or eliminated as appropriate, in accordance with
the spirit and scope of various embodiments of the present
disclosure.

[0044] By applying the techniques disclosed in the present
disclosure, the channel state information estimate can be
obtained using the channel quality signal. The channel state
information estimate may include magnitude information
estimate and phase information estimate, and thus the trans-
mission channel can be estimated.

[0045] Although the present disclosure has been described
in considerable detail with reference to certain embodiments
thereof, other embodiments are possible. Therefore, the
spirit and scope of the appended claims should not be limited
to the description of the embodiments contained herein.

[0046] It will be apparent to those skilled in the art that
various modifications and variations can be made to the
structure of the present disclosure without departing from
the scope or spirit of the disclosure. In view of the foregoing,
it is intended that the present disclosure cover modifications
and variations of this disclosure provided they fall within the
scope of the following claims.

What is claimed is:
1. A communication system, comprising:

at least one transmitting unit, configured to precode at
least one input signal with at least one precoding matrix
for generating at least one precoded input signal, and
transmit the at least one precoded input signal; and

at least one receiving unit wirelessly coupled with the at
least one transmitting unit, the at least one receiving
unit being configured to receive the at least one pre-
coded input signal, and generate at least one channel
quality signal corresponding to the at least one pre-
coded input signal,

wherein the at least one transmitting unit generates at least
one magnitude information estimate or at least one
phase information estimate or at least one of both for at
least one channel state information according to the at
least one channel quality signal, the at least one pre-
coding matrix and at least one noise size signal.

2. The communication system of claim 1, wherein the at
least one receiving unit is further configured to generate at
least one signal-to-interference-plus-noise ratio (SINR)
according to the at least one precoded input signal, and the
at least one SINR complies with a first formula:
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wherein n is an integer which is used to provide an index
for the at least one input signal, k is an integer which
is used to provide an index for the at least one receiving
unit, K is a number of the receiving units, Q,[n] is the
SINR of the kth receiving unit corresponding to the nth
channel quality signal, H,[n] is the channel state infor-
mation corresponding to the nth channel quality signal,
pxln] is the kth column of the nth precoding matrix,
p.[n] is the uth column of the nth precoding matrix and
0,2 is the noise size signal, and the at least one
receiving unit may be further configured to quantize the
at least one SINR to generate the at least one channel
quality signal.

3. The communication system of claim 1, wherein the at
least one precoding matrix comprises a first type precoding
matrix, and the at least one transmitting unit generates the at
least one magnitude information estimate of the channel
state information according to the at least one channel
quality signal corresponding to the first type precoding
matrix.

4. The communication system of claim 3, wherein the at
least one transmitting unit generates the at least one mag-
nitude information estimate of the channel state information
further according to at least one precoding matrix index
(PMI) from the at least one receiving unit.

5. The communication system of claim 3, wherein the
communication system comprises N transmitting units and
K receiving units, and each of the N transmitting units is
configured to transmit N precoded input signals employing
N first type precoding matrices, and each of the K receiving
units is configured to generate N channel quality signals
corresponding to the N precoded input signals, wherein N,
K are integers bigger than 0.

6. The communication system of claim 3, wherein the
communication system comprises N transmitting units
wherein N is an integer bigger than 0, and the first type
precoding matrix comprises an NxN matrix, and the NxN
matrix complies with a formula:

Pnj=@"'T,,

wherein P[n] is the first type precoding matrix, n is an

index number, and Q, T,, are NxN matrices.

7. The communication system of claim 1, wherein the at
least one precoding matrix comprises a second type precod-
ing matrix, and the at least one transmitting unit generates
the at least one phase information estimate of the channel
state information according to the at least one channel
quality signal corresponding to the second type precoding
matrix.

8. The communication system of claim 7, wherein the at
least one transmitting unit generates the at least one phase
information estimate of the channel state information further
according to at least one precoding matrix index (PMI) from
the at least one receiving unit.

9. The communication system of claim 7, wherein the
communication system comprises N transmitting units and
K receiving units, and each of the N transmitting units is
configured to transmit N precoded input signals employing



US 2017/0302344 Al

N second type precoding matrices, and each of the K
receiving units is configured to generate N channel quality
signals corresponding to the N precoded input signals,
wherein N, K are integers bigger than 0.

10. The communication system of claim 7, wherein the
communication system comprises N transmitting units
wherein N is an integer bigger than 0, and the second type
precoding matrix comprises an NxN matrix, and the NxN
matrix complies with a formula:

P=@+Q™ N,

wherein P[n] denotes the second type precoding matrix, n

is an index number, and Q, T, are NxN matrices.

11. The communication system of claim 7, wherein the
communication system comprises N transmitting units
wherein N is an integer bigger than 0, and the second type
precoding matrix comprises an NxN matrix, and the NxN
matrix complies with a formula:

P=@50™ N,

wherein P[n] denotes the second type precoding matrix, n

is an index number, and Q, T, are NxN matrices.

12. A channel estimating method, suitable for a commu-
nication system, the channel estimating method comprises:

precoding at least one input signal with at least one

precoding matrix for generating at least one precoded
input signal;

transmitting the at least one precoded input signal;

receiving the at least one precoded input signal;

generating at least one channel quality signal correspond-
ing to the at least one precoded input signal; and

generating at least one magnitude information estimate or
at least one phase information estimate or at least one
of both for at least one channel state information
according to the at least one channel quality signal, the
at least one precoding matrix, and at least one noise size
signal.

13. The channel estimating method of claim 12, wherein
the receiving of the at least one precoded input signal is
performed by at least one receiving unit and the at least one
receiving unit is further configured to generate at least one
signal-to-interference-plus-noise ratio (SINR) according to
the at least one precoded input signal, and the at least one
SINR complies with a first formula:

| Hi [ pe [
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wherein n is an integer which is used to provide an index
for the at least one input signal, k is an integer which
is used to provide an index for the at least one receiving
unit, K is a number of receiving units, Q,[n] is the
SINR of the kth receiving unit corresponding to the nth
channel quality signal, H,[n] is the channel state infor-
mation corresponding to the nth channel quality signal,
pxn] is the kth column of the nth precoding matrix,
p,[n] is the uth column of the nth precoding matrix and
0,2 is the noise size signal, and the channel estimating
method may further comprise: quantizing the at least
one SINR to generate the at least one channel quality
signal.
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14. The channel estimating method of claim 12, wherein
the at least one precoding matrix comprises a first type
precoding matrix, the channel estimating method further
comprises:

generating the at least one magnitude information esti-

mate of the channel state information according to the
at least one channel quality signal corresponding to the
first type precoding matrix.

15. The channel estimating method of claim 14, further
comprising:

generating the at least one magnitude information esti-

mate of the channel state information further according
to at least one precoding matrix index (PMI) from at
least one receiving unit which does the receiving of the
at least one precoded input signal.

16. The channel estimating method of claim 14, wherein
the communication system comprises N transmitting units
and K receiving units, and N, K are integers bigger than O,
the channel estimating method further comprises:

transmitting N precoded input signals employing N first

type precoding matrices; and

generating N channel quality signals for each of the K

receiving units corresponding to the N precoded input
signals.

17. The channel estimating method of claim 14, wherein
the communication system comprises N transmitting units
wherein N is an integer bigger than 0, and the first type
precoding matrix comprises an NxN matrix, and the NxN
matrix complies with a formula:

Pnj=Q"'T,,

wherein P[n] is the first type precoding matrix, n is an

index number, and Q, T,, are NxN matrices.

18. The channel estimating method of claim 12, wherein
the at least one precoding matrix comprises a second type
precoding matrix, the channel estimating method further
comprises:

generating the at least one phase information estimate of

the channel state information according to the at least
one channel quality signal corresponding to the second
type precoding matrix.

19. The channel estimating method of claim 18, further
comprising:

generating the at least one phase information estimate of

the channel state information further according to at
least one precoding matrix index (PMI) from at least
one receiving unit which does the receiving of the at
least one precoded input signal.

20. The channel estimating method of claim 18, wherein
the communication system comprises N transmitting units
and K receiving units, and N, K are integers bigger than O,
the channel estimating method further comprises:

transmitting N precoded input signals employing N sec-

ond type precoding matrices; and

generating N channel quality signals for each of the K

receiving units corresponding to the N precoded input
signals.

21. The channel estimating method of claim 18, wherein
the communication system comprises N transmitting units
wherein N is an integer bigger than 0, and the second type
precoding matrix comprises an NxN matrix, and the NxN
matrix complies with a formula:

PiH@ Q™
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wherein P[n] is the second type precoding matrix, n is an
index number, and Q, T, are NxN matrices.

22. The channel estimating method of claim 18, wherein
the communication system comprises N transmitting units
wherein N is an integer bigger than 0, and the second type
precoding matrix comprises an NxN matrix, and the NxN
matrix complies with a formula:

PHIA(Q O™ T,

wherein P[n] is the second type precoding matrix, n is an
index number, and Q, T are NxN matrices.

#* #* #* #* #*
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