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system selects at least one of the sub-transmitted signals as a
reference signal group, wherein each of a plurality of candi-
date values of the reference signal group forms a candidate
geometric space respectively. The received signal is projected
to each of the candidate geometric spaces to generate a pro-
jection signal respectively. In each of the candidate geometric
space, the corresponding projection signal is quantized to
generate a quantized projection signal having a projection
distance to the corresponding projection signal. Finally, the
transmitted signal is decided according the quantized projec-
tion signal and the candidate signal value corresponding to
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WIRELESS COMMUNICATION RECEIVING
SYSTEM AND APPARATUS AND METHOD
FOR DECIDING A TRANSMITTED SIGNAL
CORRESPONDING TO A RECEIVED SIGNAL
THEREOF

[0001] This application claims the benefit of priority based
on Taiwan Patent Application No. 096140565 filed on Oct.
29, 2007 the contents of which are incorporated herein by
reference in their entirety.

CROSS-REFERENCES TO RELATED
APPLICATIONS

[0002] Not applicable.

BACKGROUND OF THE INVENTION

[0003] 1.Field of the Invention

[0004] The present invention provides a wireless commu-
nication receiving system and an apparatus and a method for
deciding a transmitted signal corresponding to a received
signal thereof. More particularly, the present invention pro-
vides a Multi-Input Multi-Output (MIMO) wireless commu-
nication system, an apparatus, and a method for deciding a
transmitted signal corresponding to a received signal thereof.
[0005] 2. Descriptions of the Related Art

[0006] With increased demands for personal communica-
tions and the rapid proliferation of multimedia message com-
munications over recent years, the frequency spectrum has
become an increasingly valuable resource. Accordingly,
improving the communication throughput has become one of
the greatest challenges confronted by the wireless communi-
cation industry. One of the effective solutions that have been
proposed to solve this problem is the Multi-Input Multi-
Output (MIMO) technology.

[0007] In a MIMO wireless communication system, the
transmitting end divides an original transmitted signal into a
plurality of sub-transmitted signals according to the number
of antennas and transmits the sub-transmitted signals from
the transmitting antennas to the receiving antennas at a
receiving end through channels. These sub-transmitted sig-
nals are then combined again into a received signal by the
receiving antennas according to a channel propagation factor.
Because the transmitted signal is subject to interference from
noise during transmission, differences may exist between the
received signal and the transmitted signal. Consequently, how
to decide a transmitted signal corresponding to a received
signal has become a great concern that many research efforts
are directed to in this industry.

[0008] One conventional method for deciding a transmitted
signal corresponding to a received signal is to make a com-
putation according to the Maximum Likelihood algorithm. In
this method, each of the possible candidate transmitted sig-
nals is used respectively in the computation, and the one that
is computed to be most approximate to the received signal is
chosen as the transmitted signal corresponding to the received
signal. Although this method may yield a relatively accurate
result, it requires a computation on every candidate signal. In
the case of a high level quadrature amplitude modulation
(QAM), the computational complexity of this method will be
undesirably high. For example, in an N by N MIMO wireless
communication receiving system, if the QAM has a level of
M, the computational complexity will be as high as O(M™).
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[0009] Another conventional method for deciding a trans-
mitted signal corresponding to a received signal is to make a
computation according to the Sphere Decoding algorithm. In
this method, a sphere radius is decided first, and among the
candidate transmitted signals within this sphere radius, the
one that is computed to be most approximate to received
signal is chosen as the transmitted signal corresponding to the
received signal. Although this method may reduce the num-
ber of candidate signals to be computed, it may be difficult to
decide the appropriate sphere radius. Moreover, the corre-
sponding hardware is also difficult to implement.

[0010] Accordingly, it is important to provide a method,
which has reduced computational complexity and allows for
easy hardware implementation, for deciding a transmitted
signal corresponding to a received signal in a wireless com-
munication receiving system.

SUMMARY OF THE INVENTION

[0011] One objective of this invention is to provide a
method for deciding a transmitted signal corresponding to a
received signal, wherein the transmitted signal comprises a
plurality of sub-transmitted signals. This method decides the
transmitted signal with a reduced number of computations,
thus reducing the computational complexity and increasing
performance of the system.

[0012] To this end, the method comprises the steps of: (a)
selecting at least one of the sub-transmitted signals as a first
reference signal group, wherein the first reference signal
group has a plurality of first candidate signal values; (b)
deriving a plurality of first projection signal by projecting the
received signal onto each of the first candidate geometric
spaces respectively; (3) deriving a plurality of first quantiza-
tion signal by quantizing each of the first projection signals in
the corresponding first candidate geometric space, a first pro-
jection distance existing between each of the first quantiza-
tion signals and the corresponding first projection signal; and
(4) deciding the transmitted signal by using the first quanti-
zation signal that corresponds to the shortest first projection
distance and the first candidate signal value that corresponds
to the shortest first projection distance.

[0013] Another objective of this invention is to provide an
apparatus for deciding a transmitted signal corresponding to
a received signal, wherein the transmitted signal comprises a
plurality of sub-transmitted signals. This apparatus decides
the transmitted signal with a reduced number of computa-
tions, thus reducing the computational complexity and
increasing the operating performance of the system.

[0014] The apparatus comprises a selection module, a pro-
jection module, a quantization module, and a decision mod-
ule. The selection module is configured for selecting at least
one of the sub-transmitted signals as a first reference signal
group, wherein the first reference signal group has a plurality
of first candidate signal values, and each of the first candidate
signal values forms a first candidate geometric space respec-
tively. The projection module is configured for deriving a
plurality of first projection signal by projecting the received
signal onto each of the first candidate geometric spaces
respectively. The quantization module is configured for deriv-
ing a plurality of first quantization signal by quantizing each
of the first projection signals in the corresponding first can-
didate geometric space. The decision module is configured
for deciding the transmitted signal by using the first quanti-
zation signal that corresponds to the shortest first projection
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distance and the first candidate signal value that corresponds
to the shortest first projection distance.

[0015] Yeta further objective of this invention is to provide
a receiving system for wireless communication. This receiv-
ing system for wireless communication decides the transmit-
ted signal with a reduced number of computations, thus
reducing the computational complexity and allowing easy
hardware implementation. This system coniprises a receiving
apparatus and a processor configured for deciding a transmit-
ted signal corresponding to the received signal, and executes
the aforesaid method.

[0016] Insummary,thisinvention provides a wireless com-
munication receiving system, an apparatus and a method for
deciding a transmitted signal corresponding to a received
signal thereof. With this invention, the low performance of the
prior art due to the excessively high computational complex-
ity is ameliorated. Moreover, this invention allows easy hard-
ware implementation, thus overcoming another shortcoming
of the prior art solutions.

[0017] The detailed technology and preferred embodi-
ments implemented for the subject invention are described in
the following paragraphs accompanying the appended draw-
ings for people skilled in this field to well appreciate the
features of the claimed invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] FIG. 1 illustrates a first embodiment of this inven-
tion;

[0019] FIG. 2 illustrates a first candidate geometric space;
[0020] FIG. 3 is a flow diagram of a second embodiment of
this invention; and

[0021] FIG. 4 is a partial flow diagram of the second
embodiment of this invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0022] Embodiments will be described herein below to
explain this invention, which relates to a wireless communi-
cation receiving system, an apparatus and a method for decid-
ing a transmitted signal corresponding to a received signal
thereof. However, these embodiments are not intended to
limit this invention to any specific context, applications, or
particular methods described in these embodiments. There-
fore, description of these embodiments is only intended to
illustrate rather than to limit this invention. It should be noted
that in the following embodiments and attached drawings,
elements not unrelated to this invention are omitted from
depiction.

[0023] FIG. 1 depicts a first embodiment of this invention,
which is a wireless communication receiving system 10
adapted for use in a Multi-Input Multi-Output (MIMO) wire-
less communication system. The wireless communication
receiving system 10 comprises a receiving apparatus 11 con-
figured to receive a received signal and a processor 12 con-
figured to decide a transmitted signal corresponding to the
received signal. The processor 12 further comprises a selec-
tion module 121, a projection module 122, a quantization
module 123, and a decision module 124.

[0024] In a MIMO wireless communication system, the
transmitted signal comprises a plurality of sub-transmitted
signal, each of which has been quantized into a corresponding
candidate signal value. For example, if these sub-transmitted
signals are processed by Pulse Amplitude Modulation
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(PAM), such as 4-PAM, the candidate signal values will be
-3, -1, 1, and 3 respectively. It should be noted that the PAM
used here is not intended to limit scope of this invention, and
any other processing approaches with a quantization function
will be also applicable. Upon being quantized, the plurality of
sub-transmitted signals is transmitted from a plurality of
transmitting antennas. Then, in response to the received sig-
nal, the processor 12 decides the candidate values of the
sub-transmitted signals in the corresponding transmitted sig-
nal.

[0025] Functions of the aforesaid modules will now be
described in detail by illustrating operation of the system.
[0026] Upon receiving the received signal from the receiv-
ing apparatus 11, the selection module 121 selects at least one
ofthe sub-transmitted signals as a first reference signal group.
For example, if the MIMO wireless communication system
has four transmitting antennas, i.e., the transmitted signal
comprises four sub-transmitted signals denoted as x1, x2, X3,
and x4 respectively, the selection module 121 may selects one
(e.g.,x1)oraplurality (e.g., x2 and x3) of the sub-transmitted
signals as the first reference signal group.

[0027] Additionally, the first reference signal group has a
plurality of first candidate signal values, and each of which
forms a first candidate geometric space respectively. For
example, assuming that the transmitted signal comprises four
sub-transmitted signals x1, x2, x3, and x4 which have all been
subjected to a 4-PAM processing, i.e., each of the four sub-
transmitted signal x1, x2, x3, and x4 has a signal value of one
of -3, -1, 1, and 3 respectively. Under this assumption, if the
first reference signal group includes a single sub-transmitted
signal (e.g., x1), then the first candidate signal values of the
first reference signal group are possible values of x1 (i.e., =3,
-1, 1 and 3). Each of the first candidate signal values (i.e., -3,
-1, 1, and 3) forms a first candidate geometric space (i.e., a
line segment) respectively, so that there are four first candi-
date geometric spaces in total. Alternatively, if the first refer-
ence signal group is selected to include more than one sub-
transmitted signals (i.e., x2 and x3), then the first candidate
signal values of the first reference signal group are possible
values of x2 in combination with possible values of X3, i.e.,
(_37 _3)7 (_37 _1)7 (_3’ 1)7 (_37 3)7 (_17 _3)7 (_17 _l)’ (_l: l):
(-1,3),(1,-3),(1,-1),(1,1),(1,3),(3,-3),(3,-1),(3, ),and
(3, -3), wherein the first digits in the brackets represent pos-
sible values of x2 and the second digits represent possible
values of x3. Each of the first candidate signal values forms a
respective first candidate geometric space (i.e., a two-dimen-
sional space), so there are sixteen geometric spaces in total.
Other cases may be deduced in a similar way. For example,
the transmitted signal may comprise a different number of
sub-transmitted signals, the first reference signal group may
include a different number of sub-transmitted signals or dif-
ferent quantization approaches may be employed.

[0028] For sake of convenience, a further description will
be made in the context of a 2 by 2 MIMO wireless commu-
nication system (i.e., comprising two transmitting antennas
and two receiving antennas) and 4-PAM. Sub-transmitted
signals of the system are represented by x1 and x2 respec-
tively, and x1 is selected as the first reference signal group.
Because x1 has possible values of =3, -1, 1, and 3, the first
reference signal group has candidate signal values of -3, -1,
1, and 3 correspondingly. FIG. 2 depicts the first candidate
geometric spaces 201, 202, 203, and 204 (i.e., four line seg-
ments) formed by the four candidate signal values of -3, -1,
1 and 3 respectively.
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[0029] Subsequently, the projection module 122 derives a
plurality of first projection signal by projecting the received
signal onto each of the first candidate geometric spaces to
derive the first projection signal respectively. As shown in
FIG. 2, the received signal is represented by a dot Y therein.
When the received signal Y is projected onto the first candi-
date geometric spaces 201, 202, 203, and 204 formed by the
candidate signal values (i.e., =3, -1, 1, and 3) of the first
reference signal group respectively, the first projection sig-
nals denoted by y1, y2, y3, and y4 respectively are obtained as
depicted in FIG. 2.

[0030] Upon generation of the first projection signals y1,
y2, y3, and y4, the quantization module 123 derives a plural-
ity of first quantization signal by quantizing each of the first
projection signals in the corresponding first candidate geo-
metric space, with a first projection distance existing between
each of the first quantization signals and the corresponding
first projection signals. Also, shown in FIG. 2, the quantiza-
tion module 123 quantizes the first projection signals y1, y2,
y3, and y4 in the first candidate geometric spaces 201, 202,
203, and 204 to derive the first quantization signals y1' (with
avalueof3), y2' (witha value of 3), y3' (with avalue of 1), and
y4' (with a value of -1) respectively. As depicted, there is a
first projection distance between y1 and y1', y2 and y2', y3
and y3', and y4 and y4', respectively.

[0031] Finally, the decision module 124 decides the trans-
mitted signal by using the first quantization signal that corre-
sponds to the shortest first projection distance and the first
candidate signal value that corresponds to the shortest first
projection distance. In more detail, the first quantization sig-
nal corresponding to the shortest first projection distance
comprises at least one resultant signal value, and the decision
module 124 decides that the transmitted signal comprises the
resultant signal value and the corresponding first candidate
signal value.

[0032] As illustrated in FIG. 2 again, the shortest first pro-
jection distance occurs between the first projection signal y3
and the first quantization signal y3'. In this case, the corre-
sponding first candidate geometric space 203 is formed by the
first candidate signal value of 1, so the corresponding first
candidate signal value is 1. On the other hand, the first quan-
tization signal y3' comprises a resultant signal value. Since
y3' is projected onto a dot with a value of 1, the resultant
signal value is 1, the decision module 124 decides that the
transmitted signal comprises the resultant signal value of the
corresponding first quantization signal y3' (i.e., y3'=1) and
the first candidate signal value of 1. Since x1 has been previ-
ously selected as the first reference signal, a value of the
sub-transmitted signal x1 is just the first candidate signal
value. Meanwhile, a value of the other sub-transmitted signal
x2 is decided using the value y3'. As a result, the decision
module 124 decides that the transmitted signal is (1, 1).

[0033] Additionally, the selection module 121 may further
select at least one of the sub-transmitted signals as a second
reference signal group, which is different from the first ref-
erence signal group. The second reference signal group has a
plurality of second candidate signal values, each of which
forms a second candidate geometric space respectively. Tak-
ing the aforesaid 2 by 2 MIMO system as an example, apart
from selecting the sub-transmitted signal x1 as the first ref-
erence signal, the selection module 121 may further select the
sub-transmitted signal x2 as a second reference signal group.
The second reference signal group has a plurality of second
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candidate signal values, each of which forms a second can-
didate geometric space respectively.

[0034] Once the second reference signal group is selected,
the projection module 122 derive a plurality of second pro-
jection signal by projecting the received signal onto each of
the second candidate geometric spaces respectively. Subse-
quently, the quantization module 123 derives a plurality of
second quantization signal by quantizing each of the second
projection signals in the corresponding second candidate geo-
metric space. There is also a distance between each of the
second quantization signals and the corresponding second
projection signal. The processing operations performed by
the selection module 121, the projection module 122, and the
quantization module 123 on the second reference signal
group are just the same as described above with respect to the
first reference signal, and thus will not be described in detail
again.

[0035] Finally, the decision module 124 further uses the
second quantization signal that corresponds to the shortest
second projection distance and the second candidate signal
value that corresponds to the shortest second projection dis-
tance to decide the transmitted signal. In more detail, the
decision module 124 selects the shorter one of the shortest
first projection distance and the shortest second projection
distance to derive a selection result, and then uses one of the
first quantization signal and the second quantization signal
that corresponds to the selection result and one of the first
candidate signal value and the second candidate value that
corresponds to the selection result to decide the transmitted
signal. That is, once the corresponding shortest projection
distances are derived according to the two reference signal
groups, the decision module 124 finally decides the transmit-
ted signal by finding out the shorter one of the two shortest
projection distances. As a result, the accuracy of the transmit-
ted signal decided in this way can be increased.

[0036] It should be noted that this invention is not just
limited to selecting two reference signal groups. Rather, more
reference signal groups may be selected in the wireless com-
munication receiving system 10, with the number of sub-
transmitted signals included in each group not necessarily
being the same. In this way, the accuracy of the transmitted
signal decided may be further increased.

[0037] Inthe wireless communication receiving system 10
of this embodiment, a reference signal group is selected by
the selection module 121, and then processing operations are
performed by the projection module 122, the quantization
module 123, and the decision module 124 to derive the trans-
mitted signal corresponding to the receiving signal. During
this process, only the computations to derive a projection
distance in the decision module 124 are necessary. Conse-
quently, this can reduce the computational complexity and
increase the performance of the system.

[0038] A flow diagram of a second embodiment of this
invention is depicted in FIG. 3. The second embodiment is a
method for deciding a transmitted signal corresponding to a
received signal, wherein the transmitted signal comprises a
plurality of sub-transmitted signals. Similarly, this embodi-
ment will be described in the context of a MIMO wireless
communication system.

[0039] Initially instep 301, at least one of the sub-transmit-
ted signals is selected as a first reference signal group. The
first reference signal group has a plurality of first candidate
signal values, each of which forms a first candidate geometric
space respectively. This step of selecting at least one of the
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sub-transmitted signals may select a plurality of the sub-
transmitted signals. A detailed description thereof is just the
same as that of the first embodiment, and thus will not be
described again.

[0040] In step 302, the method derives a plurality of first
projection signal by projecting the received signal onto each
of the first candidate geometric spaces respectively. A
detailed description thereof is just the same as that of the first
embodiment, and thus will not be described again.

[0041] Next, in step 303, the method derives a first quanti-
zation signal by quantizing each of the first projection signals
in the corresponding first candidate geometric space, with a
first projection distance between each of the first quantization
signals and the corresponding first projection signal. A
detailed description thereof is just the same as that of the first
embodiment, and thus will not be described again.

[0042] Finally, instep 304, the transmitted signal is decided
by using the first quantization signal that corresponds to the
shortest first projection distance and the first candidate signal
value that corresponds to the shortest first projection distance.
The first quantization signal that corresponds to the shortest
first projection distance comprises at least oneresultant signal
value, while the transmitted signal comprises the resultant
signal value and the corresponding first candidate signal
value.

[0043] In other implementations, this embodiment may
also select another group of sub-transmitted signals as a sec-
ond reference signal group prior to step 304. As shown in FIG.
4, initially in step 401, at least one of the sub-transmitted
signals is selected as a second reference signal group which is
different from the first reference signal group. The second
reference signal group has a plurality of second candidate
signal values, each of which forms a second candidate geo-
metric space respectively.

[0044] Then, in step 402, the method derives a second pro-
Jjection signal by projecting the received signal onto each of
the second candidate geometric spaces respectively.

[0045] Next in step 403, the method derives a second quan-
tization signal by quantizing each of the second projection
signals in the corresponding second candidate geometric
space, with a second projection distance between each of the
second quantization signals and the corresponding second
projection signal. Subsequent to step 403, the process pro-
ceeds to step 304. In this case, in addition to the first quanti-
zation signal corresponding to the shortest first projection
distance and the first candidate signal value corresponding to
the shortest first projection distance, both the second quanti-
zation signal corresponding to the shortest second projection
distance and the second candidate signal value corresponding
to the shortest second projection distance are further used to
decide the transmitted signal in step 304,

[0046] In particular, in step 304, the shorter one of the
shortest first projection distance and the shortest second pro-
jection distance is selected to derive a selection result. One of
the first quantization signal and the second quantization sig-
nal that corresponds to the selection result and one of the first
candidate signal value and the second candidate value that
corresponds to the selection result are used to decide the
transmitted signal.

[0047] In addition to the above steps, the second embodi-
ment may also execute all the operations and functions of the
first embodiment. The corresponding operations and func-
tions of the second embodiment will readily occur to those of
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ordinary skill in the art upon reviewing related description of
the first embodiment, and hence will not be described in detail
herein.

[0048] According to the method for deciding a transmitted
signal corresponding to a received signal of this embodiment,
the number of required computations is reduced by perform-
ing a projection and a quantization operation based on the
reference signal group selected. In this way, the computa-
tional complexity is reduced, thereby increasing the perfor-
mance of the system.

[0049] Insummary, this invention provides a wireless com-
munication receiving system, an apparatus and a method for
deciding a transmitted signal corresponding to a received
signal thereof. By selecting a reference signal, this invention
can reduce the number of computations needed to decide a
transmitted signal, Forexample, in an N by N MIMO wireless
communication receiving system, if the PAM has alevel of M,
the conventional Maximum Likelihood algorithm presents a
computational complexity of O(M™). In contrast, the compu-
tational complexity of this invention is O(M) or O(M?). As a
result, the shortcoming of the conventional method attribut-
able to an excessively high computational complexity is over-
come. Furthermore, as compared with the conventional
Sphere Decoding algorithm, this invention also eliminates the
difficulty in hardware implementation.

[0050] The above disclosure is related to the detailed tech-
nical contents and inventive features thereof. People skilled in
this field may proceed with a variety of modifications and
replacements based on the disclosures and suggestions of the
invention as described without departing from the character-
istics thereof. Nevertheless, although such modifications and
replacements are not fully disclosed in the above descrip-
tions, they have substantially been covered in the following
claims as appended.

What is claimed is:

1. A method for deciding a transmitted signal correspond-
ing to a received signal, the transmitted signal comprising a
plurality of sub-transmitted signals, the method comprising
the steps of:

selecting atleast one of the sub-transmitted signals as a first

reference signal group, the first reference signal group
having a plurality of first candidate signal values, and
each of the first candidate signal values forming a first
candidate geometric space respectively;

deriving a plurality of first projection signal by projecting

the received signal onto each of the first candidate geo-
metric spaces respectively;

deriving a plurality of first quantization signal by quantiz-

ing each of the first projection signals in the correspond-
ing first candidate geometric space, a first projection
distance existing between each of the first quantization
signals and the corresponding first projection signal; and
deciding the transmitted signal by using the first quantiza-
tion signal that corresponds to the shortest first projec-
tion distance and the first candidate signal value that
corresponds to the shortest first projection distance.

2. The method of claim 1, further comprising the steps of:

selecting at least one of the sub-transmitted signals as a

second reference signal group, the second reference sig-
nal group being different from the first reference signal
group, the second reference signal group having a plu-
rality of second candidate signal values, and each of the
second candidate signal values forming a second candi-
date geometric space respectively;
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deriving a plurality of second projection signal by project-
ing the received signal onto each of the second candidate
geometric spaces; and

deriving a plurality of second quantization signal by quan-
tizing each of the second projection signals in the cor-
responding second candidate geometric space, a second
projection distance existing between each of the second
quantization signals and the corresponding second pro-
jection signal;

wherein the deciding step further uses the second quanti-
zation signal that corresponds to the shortest second
projection distance and the second candidate signal
value that corresponds to the shortest second projection
distance to decide the transmitted signal.

3. The method of claim 1, wherein the step of selecting at
least one of the sub-transmitted signals selects a plurality of
the sub-transmitted signals.

4. The method of claim 2, wherein the step of selecting at
least one of the sub-transmitted signals as the first second
reference signal group selects a plurality of the sub-transmit-
ted signals.

5. The method of claim 4, wherein the step of selecting at
least one of the sub-transmitted signals as the second refer-
ence signal group selects a plurality of the sub-transmitted
signals.

6. The method of claim 2, further comprising the step of:

selecting the shorter one of the shortest first projection
distance and the shortest second projection distance to
derive a selection result,

wherein the deciding step further uses one of the first
quantization signal and the second quantization signal
that corresponds to the selection result and one of the
first candidate signal value and the second candidate
signal value that corresponds to the selection result to
decide the transmitted signal.

7. The method of claim 1, wherein the first quantization
signal that corresponds to the shortest first projection distance
comprises at least one resultant signal value, and the trans-
mitted signal comprises the resultant signal value and the
corresponding first candidate signal value.

8. An apparatus for deciding a transmitted signal corre-
sponding to a received signal, the transmitted signal compris-
ing a plurality of sub-transmitted signals, the apparatus com-
prising:

a selection module, configured for selecting at least one of
the sub-transmitted signals as a first reference signal
group, the first reference signal group having a plurality
of first candidate signal values, and each of the first
candidate signal values forming a first candidate geo-
metric space respectively;

a projection module, configured for deriving a plurality of
first projection signal by projecting the received signal
onto each of the first candidate geometric spaces respec-
tively,

a quantization module, configured for deriving a plurality
of first quantization signal by quantizing each of the first
projection signals in the corresponding first candidate
geometric space, a first projection distance existing
between each of the first quantization signals and the
corresponding first projection signal; and

a decision module, configured for deciding the transmitted
signal by using the first quantization signal that corre-
sponds to the shortest first projection distance and the
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first candidate signal value that corresponds to the short-
est first projection distance.

9. The apparatus of claim 8, wherein:

the selection module is further configured for selecting at
least one of the sub-transmitted signals as a second ref-
erence signal group, the second reference signal group is
different from the first reference signal group, the sec-
ond reference signal group has a plurality of second
candidate signal values, and each of the second candi-
date signal values forms a second candidate geometric
space respectively;

the projection module is further configured for deriving a
plurality of second projection signal by projecting the
received signal onto each of the second candidate geo-
metric spaces respectively;

the quantization module is further configured for deriving
a plurality of second quantization signal by quantizing
each of the second projection signals in the correspond-
ing second candidate geometric space, and a second
projection distance exists between each of the second
quantization signals and the corresponding second pro-
jection signal; and

the decision module further uses the second quantization
signal that corresponds to the shortest second projection
distance and the second candidate signal value that cor-
responds to the shortest second projection distance to
decide the transmitted signal.

10. The apparatus of claim 8, wherein the at least one of the
sub-transmitted signals selected by the selection module
comprise a plurality of the sub-transmitted signals.

11. The apparatus of claim 9, wherein the at least one of the
sub-transmitted signals selected by the selection module as
the first reference signal group comprise a plurality of the
sub-transmitted signals.

12. The apparatus of claim 11, wherein the at least one of
the sub-transmitted signals selected by the selection module
as the second reference signal group comprise a plurality of
the sub-transmitted signals.

13. The apparatus of claim 9, wherein the decision module
is further configured for selecting the shorter one of the short-
est first projection distance and the shortest second projection
distance to derive a selection result, and the decision module
further uses one of the first quantization signal and the second
quantization signal that corresponds to the selection result
and one of the first candidate signal value and the second
candidate signal value that corresponds to the selection result
to decide the transmitted signal.

14. The apparatus of claim 8, wherein the first quantization
signal that corresponds to the shortest first projection distance
comprises at least one resultant signal value, and the trans-
mitted signal comprises the resultant signal value and the
corresponding first candidate signal value.

15. A receiving system for wireless communication, com-
prising:

a receiving apparatus, configured for receiving a received

signal,

a processor, configured for deciding a transmitted signal
corresponding to the received signal, the processor com-
prising:

a selection module, configured for selecting at least one
of the sub-transmitted signals as a first reference sig-
nal group, the first reference signal group having a
plurality of first candidate signal values, and each of
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the first candidate signal values forming a first candi-
date geometric space respectively;

a projection module, configured for deriving a plurality
of first projection signal by projecting the received
signal onto each of the first candidate geometric
spaces respectively;

a quantization module, configured for deriving a first
quantization signal by quantizing each of the first
projection signals in the corresponding first candidate
geometric space, a first projection distance existing
between each of the first quantization signals and the
corresponding first projection signal; and

adecision module, configured for deciding the transmit-
ted signal by using the first quantization signal that
corresponds to the shortest first projection distance
and the first candidate signal value that corresponds to
the shortest first projection distance.

16. The receiving system of claim 15, wherein:

the selection module is further configured for selecting at
least one of the sub-transmitted signals as a second ref-
erence signal group, the second reference signal group is
different from the first reference signal group, the sec-
ond reference signal group has a plurality of second
candidate signal values, and each of the second candi-
date signal values forms a second candidate geometric
space respectively;

the projection module is further configured for deriving a
plurality of second projection signal by projecting the
received signal onto each of the second candidate geo-
metric spaces respectively;

the quantization module is further configured for deriving

a plurality of second quantization signal by quantizing

each of the second projection signals in the correspond-

ing second candidate geometric space, and a second
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projection distance exists between each of the second
quantization signals and the corresponding second pro-
jection signal; and

the decision module further uses the second quantization

signal that corresponds to the shortest second projection
distance and the second candidate signal value that cor-
responds to the shortest second projection distance to
decide the transmitted signal.

17. The receiving system of claim 15, wherein the at least
one of the sub-transmitted signals selected by the selection
module comprise a plurality of the sub-transmitted signals.

18. The receiving system of claim 16, wherein the at least
one of the sub-transmitted signals selected by the selection
module as the first reference signal group comprise a plurality
of the sub-transmitted signals.

19. The receiving system of claim 18, wherein the at least
one of the sub-transmitted signals selected by the selection
module as the second reference signal group comprise a plu-
rality of the sub-transmitted signals.

20. The receiving system of claim 16, wherein the decision
module is further configured for selecting the shorter one of
the shortest first projection distance and the shortest second
projection distances to derive a selection result, and the deci-
sion module further uses one of the first quantization signal
and the second quantization signal that corresponds to the
selection result and one of the first candidate signal value and
the second candidate signal value that corresponds to the
selection result to decide the transmitted signal.

21. The receiving system of claim 15, wherein the first
quantization signal that corresponds to the shortest first pro-
jection distance comprises at least one resultant signal value,
and the transmitted signal comprises the resultant signal value
and the corresponding first candidate signal value.
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