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(57) Abstract: Provided are a base station, user equipment and wireless communication method related to RS collision cancelation
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processing on downlink signals to be transmitted on a physical resource unit in a tull duplex mode corresponding to one Transmission
Time Interval (TTI);a transmitter operative to transmit the processed downlink signals on the physical resource unit to a first user
equipment in a TTI; and a receiver operative to receive uplink signals on the physical resource unit from a second user equipment,
wherein the first processing is use to be performed such that Code Division Multiplexing (CDM) is applied between the downlink signal
and the uplink signal assigned on each of at least part of collided resource elements in the physical resource unit, each of the collided
resource elements being assigned with both a downlink signal and an uplink signal at least one of which is a reference signal, and the
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BASE STATION, USER EQUIPMENT AND WIRELESS COMMUNICATION METHOD

BACKGROUND

1. Technical Fisld

The present disclosure relates o the field of wireless communication, and in particular,
to a base station, a user equipment (UE) and a wireless communication method related

o full duplex.

2. Description of the Related Art

Full duplex is a further study in 3GPP (The 3rd Generation Parinership Project) and
means DL (Downlink) and UL (Uplink) channels can be transmilled in the same
timeffrequency resources. Full duplex is supposed to be a desired feature in NR (New
Radic access technology)y/5G as it can largely improve the speciral efficiency.
Specifically, in order to facilitate understanding the concept of full duplex in NR, Fig.1
schematically illustrates three cases for comparison: (A} FDD (Frequency Division
Duplexing} LTE (Long Term Evolution); (B) TDD (Time Division BDuplexing) LTE; and (C}
full duplex in NR. As shown in Fig.1{(A}-{(C), the horizontal axis indicated by T
represents time domain while the vertical axis indicated by F represenis frequency
domain. it can be seen from Fig. 1{A}-(B} that, in FBD LTE, DL and UL channels uses
different frequency resources at a same time resource, while in TDD LTE, BL and UL
channels uses different time resources atl a same frequency resource. In contrast, as
shown in Fig.1{C), in full duplex, DL and UL channels are in same PRBs (Physical
Resource Blocks), that is, use same physical {i.e. timeffrequency) rescurces. Thus,
when compared with fraditional FDD and TDD, full duplex can largely improve the

spectral efficiency.
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SUMMARY

One non-limiting and exemplary embodiment provides an approach o reduce the

interference on reference signals in full-duplex.

In a first general aspect of the present disclosure, there is provided a base station
comprising: circuitry operative to perform at least one of a first processing and a
second processing on downlink signals to be transmitted on a physical resource unit in
a full duplex mode corresponding to one Transmission Time Interval (TTH; a transmiiler
operative to transmit the processed downlink signals on the physical resource unitio a
first user equipment in a TTE and a receiver operative 1o receive uplink signals on the
physical resource unil from a second user sguipment, wherein the first processing is
use o be performed such that Code Division Multiplexing (CDM) is applied between
the downlink signal and the uplink signal assigned on each of at least part of collided
resource elements in the physical resource unit, each of the collided resource elements
being assigned with both a downlink signal and an uplink signal at least one of which is
a reference signal, and the second processing comprises suppressing at least part of
the downlink signals assigned on the resource slements assigned with uplink reference

signals thereon in the collided resource elements.

In a second general aspect of the present disclosure, there is provided a user
squipment comprising: a receiver operalive to receive first downlink signals from a
base station; and a transmitier operative 1o transmit second uplink signals o the base
station, wherein when the first downlink signals are received and/or the second uplink
signals are transmitted on a physical resource unit in a full duplex mode corresponding
o one Transmission Time interval (TTI), at least one of Code Division Multiplexing
(CDM) and signal suppression is applied to al least part of collided resource slements

in the physical rescurce unit, each of the collided resource elemenis being assigned
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with both a downlink signal and a uplink signal at least one of which is a reference

signal.

In a third general aspect of the present disclosure, there is provided a wireless
communication method for a physical resource unil in a full duplex mode corresponding
io one Transmission Time Interval {TT1), the physical resource unit being assigned with
uplink and downlink signals to be transmitted in a TTl, the method comprising:
performing at least one of a first processing and a second processing on at least the
downlink signals of uplink and downlink signals before transmission; and transmiiting
the downlink signals on the physical resource unit in a TTI from a base siation and
transmitling the uplink signals on the physical resource unit in the TTI from a user
equipment, wherein the first processing is used to be performed such that Code
Division Multiplexing (CDM) is applied beiween the downlink signal and the uplink
signal assigned on each of at least part of collided resource elements in the physical
resource unit, each of the collided resource elemenis being assigned with both a
downlink signal and an uplink signal at least one of which is a reference signal, and the
second processing comprises suppressing at lsast part of the downlink signals
assignead on at least resource elements assigned with uplink reference signals thereon

int the collided resource elemenis.

It should be noted that general or specific embodiments may be implemented as a
system, a method, an integrated circuit, a computer program, a storage medium, or any

selective combination thereof.

Additional benefits and advaniages of the disclosed embodiments will become
apparent from the specification and drawings. The benefits and/or advantages may be
individually obtained by the various embodimenis and features of the specification and
drawings, which need not all be provided in order to obtain one or more of such

benefits and/or advantages.
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BRIEF DESCRIPTION OF DRAWINGS

The foregoing and other features of the present disclosure will become more fully
apparent from the following description and appended claims, taken in conjunclion with
the sccompanying drawings. Understanding that these drawings depict only several
embodiments in accordance with the disclosure and are, therefore, nol o be
considered limiting of its scope, the disclosure will be described with additional
specificity and detail through use of the accompanying drawings, in which:

Fig.1 schemaitically illusiraies three cases for comparison: (A) FDD (Freguency
Division Duplexing) LTE (Long Term Evolution); (B) TDD (Time Division Duplexing)
LTE; and (C) full duplex in NR;

Fig.2 schematically illustrates an example of RS collisions in full duplex;

Fig.3 illustrates a flowchart of a wireless communication method according to an
embodiment of the present disclosure;

Fig.4 schematically llustrates cases that UL signals and DL signals are for a same
UE or for different Uks in full-duplex communication;

Fig.5 schematically illustrates an example of performing CDM processing in full-
duplex communication;

Fig.6 schematically illustrates another example of performing CDM processing in
full-duplex communication;

Fig.7 schematically lllustrates a further example of performing CDM processing in
full-duplex communication;

Fig.8 schematically illustrates another example of performing CDM processing in
full-duplex communication;

Fig.9 schematically ilustrates ancther example of performing CDM processing in
full-duplex communication;

Fig.10 schematically #lustrates an example of performing signal suppression in full-

duplex communication;
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Fig.11 schematically illustrates anocther example of performing signal suppression in
full-duplex communication;

Fig.12 schemalically llusirates an example of combining the CDM processing and
the signal suppression in full-duplex communication;

Fig.13 schematically illustrales an example of performing CDM processing by taking
TA into account in full-duplex communication;

Fig.14 schematically llustrates an example of performing signal suppression by
taking TA into account in full-duplex communication;

Fig.15 illustrates a block diagram of a base slalion according to a further
embodiment of the present disclosure; and

Fig.16 illustrates a block diagram of a user equipment according to another

embodiment of the present disclosure.

DETAILED DESCRIPTION

in the following detailed description, reference is made to the accompanying drawings,
which form a part thereof. In the drawings, similar symbols typically identify similar
components, unless context dictates otherwise. it will be readily understood that the
aspects of the present disclosure can be arranged, substituted, combined, and
designed in a wide variely of different configurations, all of which are explicitly

contemplated and make part of this disclosure.

To achieve full duplex, a radio has to cancel the significant self-interference that resulis
from its own transmission to the received signal. If self-inferference is not largely
canceled, residual self-interference acts as noise to the received signal and may largely
reduce SNR (Signal-Noise Ralio) and consequent throughput. Thus, one of the biggest
issues in full duplex is RS (reference signal) collisions {(i.e. the interference on
reference signals), as the RS collisions may heavily affect channel qualily estimation

and demodulation performance. Howsver, while DL and UL transmission are deployed
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in the same physical resource as shown in Fig. 1{(C) for example, the RS collisions may

be unavoidable.

Here, Fig.2 schematically illustrates an example of RS collisions in full duplex. In Fig.2,
PRB 201 is assumed to be a full-duplex PRB in which both UL and DL channels are
assigned. And, it is assumed that PRB 201 has a LTE frame siructure and LTE RS
assignments are taken as an example here. For example, the upper block 201 shows
DL RS assignment while the lower block 201”7 shows UL RE assignment. It is noted
that blocks 201" and 201" are both equivalent to the PRB 201 and each small square in

blocks 201" and 2017 represents a RE {resource element).

More specifically, as shown in block 201", small squares filled with horizontal lines
represent REs assigned with DL CRSs (Cell-specific Reference Signais), small squares
filled with vertical lines represent REs assigned with DL DMRSs (Dedicated Modulation
Reference Signals), small squares filled with points represent REs assigned with DL
C8I-RS8s (Channel State Information Reference Signals) and blank small squares
represent REs assigned with DL data. In addition, as shown in block 2017, small
squares filled with left oblique lines represent REs assigned with UL DMRSs, small
squares filled with right obliqus lines represent REs assigned with UL SRSs (Sounding

Reference Signals) and blank small squares represent REs assigned with UL data.

As shown in Fig.2, RS collisions include RS-RS collisions and RE-data collisions. The
R&-RS collision means that a collision occurs between DL RS and UL RS as shown in
RE 2011 for example. The RS-data collision means that a collision occurs between DL
RS and UL data as shown in RE 2012, or belween DL data and UL RS as shown in RE
2013.

As described above, such RS collisions may heavily affect channs! quality sstimation

and demodulation performance. Now, how to solve the RS collisions is one of most
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important issue in full duplex. However, so far there is less discussion on RS collisions
in full duplex in 5G/NR.

In an embodiment of the present disclosure, there is provided a wireless
communication method 30 as shown in Fig.3. Fig.3 ilusirates a flowchart of a wireless
communication method 30 according {o an embodiment of the present disclosure. The
wireless communication method 30 is for a physical resource unit in a full duplex mode
corresponding to one Transmission Time Interval {(TT1), and the physical resource unit

is assigned with uplink and downlink signals {o be transmitied ina TTL

Here, the physical resource unit may be one or more PRBs, that is to say, one or more
PRBs may be transmiited in one TT1 Hersinafier, for convenience of explanation, it is
assumed that one PRB is transmitied in one TT1 as shown in Fig.2, however, the
present disclosure is not limited thereto. As shown in Fig.2, PRB 201 is assigned with
uplink signals {as shown in block 2017} and downlink signals (as shown in block 20717,
that is, is in a full duplex mode. The wireless communication method 30 shown in Fig.3

may be used for PRB 201 for example.

As shown in Fig.3, the wireless communication method 30 staris at step 8301 in which
at least one of a first processing and a second processing is performed on at least the
downlink signals of uplink and downlink signals before transmission. Then, at step
5302, the downlink signals are transmitted on the physical resource unitina TTi from a
base station and the uplink signals is transmitted on the physical resource unit in the
TTI from a user equipment. After step 8302, the wireless communication method 30

ends.

Specifically, “at least the downlink signals of uplink and downlink signals” means that it
is possible to perform processing on only downlink signals or on both uplink and
downlink signals at step S301 before transmission of step S302 depending on different

sifuations. This will be discussed in detail later. In addition, “at least one of a first
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processing and a second processing” means that i is possible 1o perform only the first
processing, only the second processing, or both the first processing and the second
processing on the at least downlink signals at step S301. These three cases will also

be discussed in detall later.

In the wireless communication method 30, the first processing is used to be performed
such that Code Division Multiplexing (CODM) is applied between the downlink signal and
the uplink signal assigned on each of at least part of collided resource elements in the
physical resource unit, each of the collided resource elements being assigned with both

a downlink signal and an uplink signal at least one of which is a reference signal.

Specifically, as described above for “at least the downlink signals of uplink and
downlink signals” in step 3301, “at least part of collided resource elements” means that
it is possible to apply CDM between the downlink signal and the uplink signal assigned
on each of only part or all of the collided resource elemenis depending on different
situations. Here, a collided resource element refers 1o a RE that a RS collision (sither a
RS-RS collision or a RS-data collision) occurs as described hereinabove. That is {o say,
CDM is applied between the downlink signal and the uplink signal assigned on a RE
that a RS collision oceurs (e.g. REs 2011, 2012, 2013 in Fig.2). Thus, the interference
on the reference signal can be reduced. Hereinafier, the first processing is also called

as CDM (processing).

Alsg, in the wireless communication method 30, the second processing comprises
suppressing at least part of the downlink signals assigned on at least resource
glements assigned with uplink reference signals thereon in the collided resource

elements.

Firstly, the “at least part of the downlink signals” means that it is possible to suppress
part or all of the downlink signals assigned on resource elemenis assigned with uplink

reference signals thereon in the collided resource elements depending on different
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situations. This will be discussed in detail later. Secondly, “at least resource slements
assigned with uplink reference signals” means that it is possible to perform processing
on only resource elements assigned with uplink reference signals thereon or on both
resource elemenis assigned with uplink reference signals and resource elements
assigned with downlink reference signals depending on different siluations. This will
also be discussed in detail later. By suppressing the downlink signals, the uplink
reference signals are protected since the interference on the uplink reference signals
from the downlink signals is reduced. Hereinafter, the second processing is also called

as signal suppression (processing).

With the wireless communication method 30, by performing the first processing (CDM)
or the second processing {(signal suppression) or the combination of them, the
interference on reference signals between UL and DL channels in full-duplex
communication can be reduced, thus improving the demodulation/channel estimation

performance and maintaining a high spectrum efficiency.

According to an embodiment of the present disclosure, in the wireless communication
method 30 as shown in Fig.3, the first processing or the second processing is different
depending on whether the uplink signals and the downlink signals are for a same user

equipment or different user equipments.

For convenience of understanding, Fig.4 schematically #lustrates cases that UL signals
and DL signals are for a same UE or for different UEs in full-duplex communication.
Specifically, Fig.4(A) shows a case that UL signals and DL signals are for different UEs
and Fig.4(B) shows a case that UL signals and DL signals are for a same UE.

Firstly, as shown in Fig.4{A), eNB (base siation) 410 transmits DL signals on a full-
duplex PRB to UE1 (denoted by the solid arrow) and UEZ transmits UL signals to eNB
410 on the full-duplex PRB (denoted by the hollow arrow). In such a case, at eNB 410

side, since the iransmilling power for DL signals is much larger than the received
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power for UL signals from UE2, the reception of UL signals will be heavily impacted by
DL signals, that is, the interference on UL RSs will be large. At UE1 side, since the
distance separalion belween UE1 and UEZ, UL signals from UEZ will not impact the
reception of DL R8s from eNB 410. Thus, for the case shown in Fig.4(A), only UL RSs

needs {0 be protected, that is, only the interference on UL RSs needs (o be reduced.

Secondly, as shown in Fig.4(B), eNB 410 transmits DL signals on a full-duplex PRB to
UE1 {denoted by the solid arrow) and UE1T transmits UL signals to eNB 410 on the full-
duplex PRB (denoted by the hollow arrow}. In such a case, at eNB 410 side, similarly
with the case shown in Fig.4(A), since the transmitling power for DL signals is much
larger than the received power for UL signals from UE1, the reception of UL signals will
be heavily impacted by DL signals, that is, the interference on UL R8s will be large. At
UE1 side, since the transmitling power for UL signals is much larger than the recsived
power for DL signals from eNB 410, the reception of DL signals will be heavily
impacted by UL signals, that is, the interference on DL R3s will be large. Thus, for the
case shown in Fig.4(B), both UL RSs and DL RSs need to be protecied, that is, both

the interference on UL RSs and the interference on DL RSs need to be reduced.

In shori, no matier whether UL signals and DL signals are for a3 same UE or different
UEs, the reception of UL signals will be heavily impacted by DL signals. Thus, UL RSs
always need to be protecied. In contrast, only when UL signals and DL signals are for a
same UE, the reception of DL signals will be heavily impacted by UL signals and at this
time DL R8s need {0 be protected. Therefore, for the two different cases shown in Fig.4,
the first processing or the second processing is different. In the following, the first

processing (CDM) is discussed in detail by way of examples at first.

According to an embodiment of the present disclosure, in the wirgless communication
method 30 as shown in Fig.3, the uplink signals and the downlink signals are for
different user equipments, and the al least part of collided resource elements is only

the resource elements assigned with uplink reference signals therson in the collided

10
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resource elements. And, the first processing comprises: grouping the resource
slements assigned with uplink reference signals thereon in the collided resource
elements into at least one group; and for each group, applving one of a pair of
orthogonal codes to the downlink signals assigned on the resource elements of the
group, and applying the other of the pair of orthogonal codes o the uplink reference
signals assigned on the resource elements of the group. Specifically, this corresponds
to the case shown in Fig.4(A) in which only UL RSs need 1o be protected as described
above. Thus, it needs to apply CDM to only coliided REs assigned with UL RSs thereon
s0 as to reduce the interference on UL RS8s. The grouping and the application of

orthogonal codes will be discussed in detail by way of examples later.

According to an embodiment of the present disclosure, in the wirgless communication
method 30 as shown in Fig.3, the uplink signals and the downlink signals are for a
same user equipment, and the at least part of collided resocurce elements is all of the
collided resource elements. And, the first processing comprises: grouping the resource
glements assigned with uplink reference signals thereon in the collided resource
elements inio at least one group, and for sach group, applving one of a pair of
orthogonal codes {o the downlink signals assigned on the resource elements of the
group, and applying the other of the pair of orthogonal codes to the uplink reference
signals assigned on the resource elements of the group; and grouping the resource
elements assigned with only downlink reference signals of uplink and downlink
reference signals thereon in the collided resource elements into at least one group, and
for each group, applying the one of the pair of orthogonal codes 1o the downlink
reference signals assigned on the resource slements of the group, and applying the
other of the pair of orthogonal codes is applied to the uplink signals assigned on the
resource elements of the group. Specifically, this corresponds (o the case shown in
Fig.4(B) in which both UL RSs and DL RSs need to be protected as described above.
Thus, it needs to apply CDM to both collided REs assigned with UL R8s thereon and

collided REs assigned with DL RSs thereon so as o reduce the interference on UL and

11
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DL RSs. The grouping and the application of orthogonal codes will also be discussed in

detail by way of examples later.

Additionally, according to an embodiment of the present disclosure, in the wireless
communication method 30 as shown in Fig.3, grouping the resource elemenis is based
on at least one of the positions of the resource elemenis in the physical resource unit
and the types of the reference signals assigned on the resocurce elements. In the
following, several examples will be given to illustrate different ways of grouping collided
REs in detail.

Fig.5 schematically llustrates an example of performing CDM processing in full-duplex
communication. As shown in Fig.5, similarly with Fig.2, PRB 501 is assumed to be a
full-duplex PREB in which both UL and DL channels are assigned. And, it is assumed
that PRE 501 has a LTE frame structure and LTE RS assignments are taken as an
axample here. For example, the upper block 501" shows DL RS assignment while the
lower block 5017 shows UL RS assignment. |t is noted that blocks 501" and 501" are
both equivalent to the PRB 501 and each small square in blocks 501 and 5017
represents a RE.

In this example, only DMRS is assumed here for simplification. Specifically, REs
assigned with DL DMRSs thereon are indicated by small squares filled with verlical
lines (e.g. REs 5011, 5012, 5013 and 5014} in the upper block 501 while REs
assigned with UL DMRSs thereon are indicated by small squares filled with left oblique
lines (e.g. REs 3015 and 30186} in the lower block 5017, Remaining blank small squares
represent REs assigned with data thereon in blocks 5017 and 5017,

Also, as shown in PRB 501, the solid arrow pointing right means that DL signals

assigned on this PRB is for UE1 while the hollow arrow pointing left means that UL

signals assigned on this PRB is for UEZ. That is to say, this example corresponds (o

12



10

20

25

30

WO 2018/027797 PCT/CN2016/094625

the case shown in Fig.4{A) in which only UL R3s need o be protected as described

above.

According to an embodiment of the present disclosure, in the wireless communication
method 30 as shown in Fig.3, the first processing comprises: for each frequency
resource unit in the physical resource unit, grouping the resource elements assigned
with uplink reference signals thereon into at least one group, sach group comprising N
nearest resource elemenis on time domain and N being an integer which is greater
than 1; and for each group, applying the one of the pair of orthogonal codes to the
downilink signals assigned on the resource slements of the group, and applying the
other of the pair of orthogonal codes 0 the uplink reference signals assigned on the
resource elements of the group, the length of each orthogonal code of the pair of
orthogonal codes being equal fo N,

Specifically, as shown in Fig.5, collided REs are REs assigned with UL DMRSs, that is,
small squares filled with left oblique lines in block 501" and corresponding small
squares in block 501", Thus, COM should be applied to these REs. More specifically, in
Fig.5, CDM is applied on time domain, that is, grouping the collided REs on time
domain. For example, in block 5017, the first row of small squares corresponds {0 one
frequency resource unit in the PRB 501. For example, the collided REs 5015, 5016 in
this frequency resource unit are grouped into one group, that is, N=2. Here, for
example, the pair of orthogonal codes are Length-2 Walsh-codes {+1, +1} and {+1, -1}.
As shown in Fig.5, {+1, -1} are applied to UL signals (i.e. UL DMRSs) assigned on REs
5315 and 5016 in block 501”7 as shown by numbers in the REs, while {+1, +1} are
applied to DL signals (i.e. DL data signals) assigned on REs 5015 and 5016 in block
501" as shown by numbers in the REs. Similarly, similar CDM processing is performed
for other frequency resource units in the PRB 501, Thus, UL DMRSs are prolecied by
the CDM processing, and thus the demodulation/channe! estimation performance is

improved and the high spectrum efficiency is kept.

13
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Fig.6 schematically illustrates another example of performing CDM processing in full-
duplex communication. As shown in Fig.6, similarly with Fig.5, PRB 601 is assumed (o
be a full-duplex PRB in which both UL and DL channels are assigned. And, # is
assumed that PRB 601 has a LTE frame structure and LTE RS assignmentis are taken
as an example here. For example, the upper block 601" shows DL RS assignment
while the lower block 8017 shows UL RS assignment. It is noted that blocks 601’ and
601” are both equivalent {o the PRB 601 and each small square in blocks 601" and
601" represenis a RE. In this example, also only DMRS is assumed here for
simplification. Specifically, REs assigned with DL DMRSs thereon are indicated by
small squares filled with vertical lines {(e.g. REs 6011, 6012, 6013 and 6014} in the
upper block 601" while REs assigned with UL DMRSs thereon are indicated by small
squares filled with left oblique lines (e.g. REs 6015 and 6016) in the lower block 6017,
Remaining blank small squares represent REs assigned with data thereon in blocks
601 and 601",

The positions of UL and DL DMRSs in Fig.6 are same with those in Fig.5. The
difference from Fig.5 is that: as shown in PRE 601, the solid arrow poiniing right means
that DL signals assigned on this PRB is for UE1 while the solid arrow pointing left
means that UL signals assigned on this PRB is alsc for UE1. That is to say, this
example corresponds to the case shown in Fig.4(B) in which both UL RSs and DL RSs

need o be protected as described above.

According to an embodiment of the present disclosure, in the wireless communication
method 30 as shown in Fig.3, the first processing further comprises: for each frequency
resource unit in the physical resource unit, grouping the resource elements assigned
with only downlink reference signals of uplink and downlink reference signals thereon
into at least one group, wherein each group comprises N nearest resource slements on
time domain; and for gach group, applying the one of the pair of orthogonal codes to

the downlink reference signals assigned on the resource slements of the group, and
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applying the other of the pair of orthogonal codes 1o the uplink signals assigned on the

resource elemaents of the group.

Specifically, since both UL RSs and DL RSs need (o be protected in the example of
Fig.6, in addition o performing the CDM processing on collided REs assigned with UL
DMRSs, the CDM processing is also nesded (o be performed on collided REs assigned
with DL DMRSs. More specifically, the CDM processing on collided REs assigned with
UL DMRS3s in Fig.6 is the same as that in Fig.5. For example, for the first row of REs in
601, {+1, ~1} are applied to UL signals (i.e. UL DMRSs) assigned on REs 6015 and
6016 in block 601" while {+1, +1} are applied to DL signals (i.e. DL data signals)
assigned on REs 6015 and 6016 in block 601°. In addition, as shown in block 601" in
Fig.6, for the frequency resource unit corresponding o the first row of REs, there are
four collided REs assigned with DL DMRGSs thereon, that is, REs 6011, 6012, 6013 and
6014. These REs are grouped into two groups with each group including two nearest
REs (N=2). That is, the first group includes REs 6011 and 6012 and the second group
includes REs 6013 and 6014. Then, for the first group, {+1, +1} are applied to DL
signals {i.e. DL DMRSs) assigned on REs 6011 and 6012 in block 601" while {+1, -1}
are applied to UL signals (i.e. UL data signals) assigned on REs 6011 and 6012 in
block 6017, Simnilarly, for the second group, {+1, +1} are applied to DL signals (i.e. DL
DMRSs) assigned on REs 6013 and 6014 in block 601 while {+1, -1} are applied to UL
signals (i.e. UL data signals) assigned on REs 8013 and 6014 in block 8017, Similarly,

similar CDM processing is performed for other frequency resource unils in the PRB 601.

Although there is no RE assigned with both a DL DMRE and an UL DMRSE in the
examples shown in Figs.5 and 6, a RE may be assigned with both an UL RS and a DL
RS {as shown in other examples discussed later). Thus, in order to avoid applying
different orthogonal codes 1o this Kind of RE in two times, for example, after the collided
REs assigned with UL RSs are grouped to be performed the CDM processing, the
coflided REs assigned with only DL RS of UL RSs and DL RSs needs to be grouped (o
be performed CDM processing since collided REs assigned with both UL RSs and DL
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RSs have been included i the collided REs assigned with UL R8s and been
performed the CDM processing. However, the present disclosure is not limited thereto.
If a RE assigned with both an UL RS and a DL RS thereon are applied with a same
orthogonal code during the CDM processing on collided REs assigned with UL RSs
and the CDM processing on collided REs assigned with DL RSs, there is no need to
ireat a RE assigned with both an UL RS and a DL RS thereon differently as described
above. l is also noted that, the order of performing CDM processing on the collided
REs assigned with UL RSs and performing CDM processing on the collided REs
assigned with DL R3s is not limited in the present disclosure, and they can be

simulianecusly in essence.

it is noted that RSs assigned on two REs applied with one of {+1, +1} and {+1, -1}
should use same modulalion symbols o assure that they can be demodulaied
succassfully. However, this will increase exira overhead. Thus, in order to cancel the
axtra overhead, one of alternative approaches is to makes the two REs adjacent to REs
assigned with data signals, and {0 expand two different symbols o the adjacent two
REs assigned with data signals when the RSs assigned on the two REs use the two
different symbols. Cther alternative approaches may be performing CDM on frequency

domain or code domain.

Fig.7 schematically illustrates a further example of performing CDM processing in full-
duplex communication. The example shown in Fig.7 is an extension {o the example
shown in Fig.5. Specifically, the example of Fig.7 also corresponds {o the case shown
in Fig.4(A} in which only UL RSs need to be protected as described above. The similar
contents with those in Fig.5 will not be described here in order (o avoid redundancy.
The difference from Fig.5 is that there is additionally another type of UL RSs, that is, UL
SR3s (as shown in small squares filled with right oblique lines in the block 7027, in
Fig.7. In this example, for each of frequency resource unit (for example, the frequency
resource unit corresponding {o the first row of REs in PRB 701), three collided REs
assigned with UL RSs (UL DMRSs or UL SRSs) thereon, i.e. REs 7015, 7016 and

16



10

20

25

30

WO 2018/027797 PCT/CN2016/094625

7014, need to be grouped o be performed the CDM processing. However, if #t is
assumed that Length-2 Walsh-codes {+1, +1} and {+1, -1} are slill io be used for the
CDM processing {(l.e. N=2), since the number of these three REs is not a multiple of N,
it fails to employ the CDM processing used for Fig.5 to Fig.7.

In this case, according to an embodiment of the present disclosure, in the wirsless
communication method 30 as shown in Fig.3, the first processing comprises: for each
frequency resource unit in the physical resource unit, grouping the resource elements
assigned with uplink reference signals thereon info a plurality of groups, with one group
comprising M nearest resource elements on time domain and each of remaining groups
comprising N nearest resource elements on time domain, N being an integer which is
greaier than 1 and M being an integer which is greater than 0 and less than N; for each
of the remaining groups, applying the one of the pair of orthogonal codes to the
downlink signals assigned on the resource elements of the group, and applying the
other of the pair of orthogonal codes to the uplink reference signals assigned on the
resource elements of the group, with the length of each orthogonal code of the pair of
orthogonal codes being equal to N; and for said one group, applying the one of the pair
of orthogonal codes {o the downlink signals assigned on the M resource elements of
said one group and N-M resource elements adjacent o the M resource elements on
the time domain, and applying the other of the pair of orthogonal codes to the uplink
reference signals assigned on the M resource elements of said one group and uplink
signals assigned on said N-M resource elements adjacent to the M resource elements

on the time domain.

Specifically, as shown in Fig.7, the REs 7015, 7016 and 7014 are grouped info two
groups, that is, the first group includes REs 7015 and 7016 and the second group
includes RE 7014 (i.e. M=1). For the first group, {+1, -1} are applied to UL DMRSs
assigned on the two REs 7015 and 7016 as shown in block 7017, meanwhile {+1, +1}
are applied lo DL dala signals assigned on the two REs 7015 and 7016 as shown in

block 701". For the second group, the RE 7014 may be grouped with its adjacent RE
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7313 assigned with UL data signal thereon. That is {o say, {+1, -1} are applied to UL
SRS assigned on the RE 7014 and UL dala signal assigned on the RE 7013 adjacent
to the RE 7014 as shown in block 7017, meanwhile {+1, +1} are applied to DL signals
assigned on the RE 7014 and the RE 7013 adjacent to the RE 7014 as shown in block
701", Thus, an orthogonal code ({+1, +1} or {+1, -1}} can be applied to not only R8s but

also a data signal and a RS.

Although not shown in the figure, the above embodiment may also extend to the case
shown in Fig.4{B) in which both UL RSs and DL RSs need {o be protected as described
above. For example, when the number of collided REs assigned with DL R3s is not a
multiple of N, adjacent REs assigned with DL dala signals may be grouped {ogether to

be performed the CDM processing.

According o an embodiment of the present disclosure, in the wireless communication
method 30 as shown in Fig.3, the first processing further comprises: for each frequency
resource unit in the physical rescurce unit, grouping the resocurce elements assigned
with only downlink reference signals of uplink and downlink reference signals into a
plurality of groups, with one group comprising P nearest resource elements on time
domain and each of remaining groups comprising N nearest resource elements on time
domain, P being an integer which is greater than 0 and less than N; for sach of the
remaining groups, applying the one of the pair of orthogonal codes to the downlink
reference signals assigned on the resource slements of the group, and applying the
other of the pair of orthogonal codes to the uplink signals assigned on the resource
elements of the group; and for said one group, applving the one of the pair of
orthogonal codes to the downlink reference signals assigned on the P resource
elements of said one group and downlink signals assigned on N-P resocurce slements
adjacent to the P resource elements on the time domain, and applying the other of the
pair of orthogonal codes o the uplink signals assigned on the P resource elements of
said one group and said N-P resource elementis adjacent o the P resource elements

on the time domain. The above further sieps correspond to the CDM processing
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performed on collided REs assigned with only DL RSs when the number of the collided

REs assigned with only DL RSs is not a multiple of N.

Fig.8 schematically illustrates another example of performing COM processing in full-
duplex communication. The example shown in Fig.8 is an extension {o the example
shown in Fig.7 and shows a more complicated case than that in Fig.7. Firstly, the
example of Fig.7 corresponds to the case shown in Fig.4(A) in which only UL RSs need
io be protected as described above, while the example of Fig.8 corresponds to the
case shown in Fig.4(B) in which both UL RSs and DL RSs need to be protecied as
described above, as shown by solid arrows pointing left and right in PRB 801 in Fig.8.
Secondly, in Fig.7 there is only one type of DL RSs {i.e. DL DMRSs) while there are
three types of DL RSs in Fig.8. Specifically, as shown in Fig.8, similarly with Fig.2, REs
assigned with DL CRSs thereson are indicated by small squares filled with horizontal
lines in the block 801", and REs assigned with DL CSI-R&s thereon are indicated by
small squares filled with points in the block 801", Furthermore, the positions of REs
assigned with UL DMRSs and UL SR3s in Fig.8 are same as those in Fig.7 and the
way of grouping them and the CDM processing performed thereon are same as thoss
in Fig.7, and thus the details thereof will not be described here in order to avoid

redundancy.

More specifically, as shown in Fig.8, for each frequency resource unit in PRB 801,
grouping the REs assigned with DL RSs thereon into at least one group, with sach
group comprising 2 nearest REs on time domain. Then, for each group, {+1, +1} is
applied to the DL RSs assigned on the REs of the group as shown in the block 801,
and {+1, -1} is applied to the UL signals assigned on the REs of the group as shown in
the block 801”7,

It is noted that, for the frequency resource unit corresponding to the third row of REs in

the block 801, REs 8031 and 8034 are assigned with DL CRSs and REs 8032 and
8033 are assigned with DL CSI-RS8s. According lo the above sieps, nearest REs 8031
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and 8032 are grouped into one group while nearest REs 8033 and 8034 are grouped
into one group. Similarly, for the frequency resource unit corresponding to the sixth row
of REs in the block 801", REs 8061 and 8064 are assigned with DL CRSs and REs
8062, 8063, 8065 and 8066 are assigned with DL DMRSs. According to the above
steps, nearest REs 8061 and 8062 are grouped into one group, nearest REs 8063 and
8064 are grouped into one group and nearest REs 8065 and 8066 are grouped into
one group. That is to say, grouping of coliided REs is performed based on only their
positions in the PRB. Nearest collided REs are grouped into one group no matier what
kinds of RS are assigned thereon. However, the present disclosure is not limited

thereto and other ways of grouping will be discussed later.

In addition, by taking the frequency resource unit corresponding 1o the first REs in PRB
801 as an example, RE 8016 is assigned with both a UL DMRS and a DL CSI-RS, and
RE 8014 is assigned with both a UL SRS and a DL DMRS. Ht is found that, when
protecting UL RSs, as described for Fig.7, REs 8015 and 8016 are grouped into one
group, and UL DMRSs assigned on thesse two REs are applied with {+1, -1} as shown
in the block 801" and DL data signals assigned on RE 8015 and DL CSI-R& assigned
on RE 8016 are applied with {+1, +1} as shown in the block 801", Similarly, UL data
signal assigned on RE 8013 and UL SRS assigned on RE 8014 are applied with {+1, -1}
as shown in the block 801”7 and DL DMRSs assigned on these two REs are applied
with {+1, +1} as shown in the block 801", When protecting DL RSs, as shown in Fig.8,
REs 8011 and 8012 are grouped into one group, REs 8017 and 8016 are grouped into
one group and REs 8013 and 8014 are grouped into one group. Then, DL DMRSs
assignead on REs 8011 and 8012 are applied with {+1, +1} as shown in the block 801
and UL data signals assigned on these two REs are applied with {+1, -1} as shown in
the block 8017, DL CSI-RSs assigned on REs 8017 and 8016 are applied with {+1, +1}
as shown in the block 801 and UL data signal assigned on RE 8017 and UL DMRS
assigned on RE 8016 are applied with {+1, -1} as shown in the block 8017, DL DMRSs
assigned on REs 8013 and 8014 are applied with {+1, +1} as shown in the block 801
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and UL data signal assigned on RE 8013 and UL SRS assigned on RE 8014 are
applied with {+1, -1} as shown in the block 8017,

It can be seen from the above that RE 8016 which is assigned both UL and DL RSs is
assigned with a same orthogonal code, that is, is performed a same CDM processing,
when protecting UL RSs and when protecting DL RSs. And it is also the case for RE
8014. In this case, there is no need {0 make such REs be grouped only once (and be
performed CDM processing only once) (i.e. when protecting UL RSs or when proteciing
DL RSs). That is to say, the way of grouping collided REs o perform the CDM
processing thereon may be different depending on specific situations and does not limit

the present disclosure.

Although in examples given in Figs.5-8, grouping of collided REs is based on only
positions of REs in the PRB, the present disclosure is not imited thereto. And, grouping
of collided REs may also be based on both types of R8s assigned on the REs and
positions of the RES in the PRB.

According to an embodiment of the present disclosure, in the wireless communication
method 30 as shown in Fig.3, the uplink signals received on the physical resource unit
comprises a plurality of types of uplink reference signals. And, for each type of the
uplink reference signals, the first processing comprises: for each frequency resource
unit in the physical resource unil, grouping the resource slements assigned with the
type of uplink reference signals thereon into at least one group, with sach group
comprising N nearest resource slements on time domain, N being an integer which is
greater than 1; and for each group, applying the one of the pair of orthogonal codes (o
downlink signals assigned on the resource element of the group, and applying the
other of the pair of orthogonal codes to the type of uplink reference signals assigned on
the resource elements of the group, with the length of each orthogonal code of the pair
orthogonal codes being equal to N. Specifically, this corresponds to the case shown in

Fig.4(A) in which only UL RSs need to be protecied as described above. And, for each
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type of UL R8s, the collided REs assigned with the type of UL RS are grouped and
performed the CDM processing as above. In addition, it is assumed that the number of

the collided RE {o be grouped is a mulliple of N in this case.

According to an embodiment of the present disclosure, in the wireless communication
method 30 as shown in Fig.3, the uplink signals received on the physical resource unit
comprises a plurality of types of uplink reference signals. And, for each type of the
uplink reference signals, the first processing comprises: for each frequency resource
unit in the physical resource unit, grouping the resource elements assigned with the
tvpe of uplink reference signals into a plurality of groups, with one group comprising M
nearest resource slements on time domain and each of remaining groups comprising N
nearest resource elements on time domain, N being an integer which is greater than 1
and M being an integer which is greater than 0 and less than N; for each of the
remaining groups, applying the one of the pair of orthogonal codes {o downlink signals
assigned on the resource element of the group, and applying the other of the pair of
orthogonal codes to the type of uplink reference signals assigned on the resource
elements of the group; and for said one group, applying the one of the pair of
orthogonal codes to downlink signals assigned on the M resource elements of said one
group and N-M resource elements adjacent to the M resource elements on the time
domain, and applying the other of the pair of orthogonal codes o the type of uplink
reference signals assigned on the M resource elements of said one group and uplink
signals assigned on said N-M resource elements adjacent to the M resource elements
on the time domain. Specifically, this corresponds o the case shown in Fig.4{A) in
which only UL RSs need to be protected as described above. And, for each type of UL
RSs, the collided REs assigned with the type of UL R8s are grouped and performed
the CDM processing as above. In addition, it is assumed that the number of the collided

RE 1o be grouped is not a multiple of N in this case.

According to an embodiment of the present disclosure, in the wireless communication

method 30 as shown in Fig.3, the downlink signals transmitted on the physical resource
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unit comprises a plurality of types of downlink reference signals. And, for each type of
the downlink reference signals, the first processing further comprises: for each
frequency resource unit in the physical resource unit, grouping the resource slements
assigned with the type of downlink reference signals therson into at least one group,
with each group comprising N nearest rescurce elements on time domain; and for each
group, applying the one of the pair of orthogonal codes to the type of downlink
reference signals assigned on the rescurce element of the group, and applying the
other of the pair of orthogonal codes to the uplink signals assigned on the resource
elements of the group. Specifically, this corresponds to the case shown in Fig.4(B) in
which both UL RSs and DL RSs need to be protected as described above. And, for
each type of DL RSs, the collided REs assigned with the type of DL RS are grouped
and performed the CDM processing as above. In addition, it is assumed that the

number of the collided RE {0 be grouped is a mulliple of N in this case.

According to an embodiment of the present disclosure, in the wireless communication
method 30 as shown in Fig.3, the downlink signals transmiited on the physical resource
unit comprises a plurality of types of downlink reference signails. And, for each type of
the downlink reference signals, the first processing further comprises: for each
frequency resource unit in the physical resource unit, grouping the resource elements
assigned with the type of downlink reference signals thereon into a plurality of groups,
with one group comprising P nearest resource slements on time domain and each of
remaining groups comprising N nearest resource elements on time domain, P being an
integer which is greater than 0 and less than N; for each of the remaining groups,
applying the one of the pair of orthogonal codes to the type of downlink reference
signals assigned on the resource elements of the group, and applying the other of the
pair of orthogonal codes to the uplink signals assigned on the resource element of the
group; and for said one group, applying the one of the pair of orthogonal codes to the
type of downlink reference signals assigned on the P resource elements of said one
group and downlink signals assigned on N-P resource elements adjacent to the P

resource slements on the time domain, and applying the other of the pair of orthogonal
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codes to the uplink signals assigned on the P resource elements of said one group and
said N-P resource elements adjacent to the P resource slements on the time domain.
Specifically, this corresponds to the case shown in Fig.4(B) in which both UL RSs and
DL R8s need to be protected as described above. And, for each type of DL RSs, the
collided REs assigned with the typs of DL RS are grouped and performed the CDM
processing as above. In addition, it is assumed that the number of the collided RE to be

grouped is not a multiple of N in this case.

For convenience of understanding, Fig.9 further shows a case of grouping collided REs
based on both types of R3s assigned on the REs and positions of REks in a PRB. Fig.©
schematically illustrates another example of performing CDM processing in full-duplex
communication. The types of UL RSs and DL RSs assigned on a PRB and their
positions are totally same with those shown in Fig.8, and thus same reference numbers
with those in Fig.8 are used in Fig.9.

Specifically, as shown in Fig.9, for the frequency resource unit comresponding to the
third row of REs in PRB 801, since there are two kinds of BL R8s, for each type of DL
RSs, grouping of collided REs assigned with the type of DL RSs is performed. For
example, for DL CR&s, REs 8031 and 8034 assigned with DL CRS&s are grouped into
one group, and then DL CRSs assigned on these two REs are applied with {+1, +1} as
shown in the block 801 and UL data signals assigned on these two REs are applied
with {+1, -1} as shown in the block 8017, Also, for DL C&I-R&s, REs 8032 and 8033
assigned with DL C8I-R&s are grouped into one group, and then DL CSI-RSs assigned
on these two REs are applied with {+1, +1} as shown in the block 801 and UL data
signals assigned on these two REs are applied with {+1, -1} as shown in the block 8017,
By comparing with the example in Fig.8 in which REs 8031 and 8032 are grouped into
one group and REs 8033 and 8034 are grouped into one group, in Fig.9, REs 8031 and
8034 are grouped into one group and REs 8032 and 8033 are grouped into ong group.

This is because grouping of collided REs is based on only positions of the REs in the
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FPRB 801 in Fig.8 while grouping of collided REs is based on both types of RSs
assigned on REs and positions of the REs in the PRB 801 in Fig.9.

For example again, as shown in Fig.9, for the frequency rescurce unit corresponding to
the sixth row of REs in PREB 801, since there are two kinds of DL R8s, for each type of
DL R8s, grouping of collided REs assigned with the type of DL R8s is performed. For
example, for DL CRS8s, REs 8061 and 8064 assigned with DL CRSs are grouped into
one group, and then DL CRSs assigned on these two REs are applied with {+1, +1} as
shown in the block 801 and UL data signals assigned on these two REs are applied
with {+1, -1} as shown in the block 8017, Also, for DL DMRSs, REs 8062, 8063, 8065
and 8066 assigned with DL DMRSs are grouped into two groups, that is, nearest REks
8062 and 8063 are grouped into one group and nearest REs 8065 and 8066 are
grouped into one group. And, for the group of REks 8062 and 8063, DL DMRSs
assigned on these two REs are applied with {+1, +1} as shown in the block 801" and
UL data signals assigned on these two REs are applied with {+1, -1} as shown in the
block 8017, For the group of REs 8065 and 8066, DL DMRSs assigned on these two
REs are applied with {+1, +1} as shown in the block 801" and UL data signal assigned
on RE 8065 and UL SRS assigned on RE 8066 are applied with {+1, -1} as shown in
the block 8017, By comparing with the example in Fig.8 in which REs 8061 and 8062
are grouped into one group and REs 8063 and 8064 are grouped inio one group, in
Fig.9, REs 8061 and 8064 are grouped into one group and REs 8062 and 8063 are
grouped into one group. This is also because grouping of collided REs is based on only
positions of the REs in the PRB 801 in Fig.8 while grouping of collided REs s based on
both types of RSs assigned on REs and positions of the REs in the PRB 801 in Fig.9.

Although Figs.5-8 shows that grouping of collided REs may be based on positions of
REs in the PRB and Fig.9 shows that grouping of collided REs may be based on both
types of RSs assigned on the REs and positions of the REs in the PRB, the present
disclosure is not limiled thereto. Those skilled in the art may employ any other ways of

grouping collided REs to perform the CDM processing according o specific situations.
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For example, non-adjacent collided REs may also be grouped into one group. Or, for
example, in a MIMO (Multiple Input Mulliple Qutput) case, different layers may be

grouped into one group.

It is noted that, although examples in Figs.5-9 shows that CDM processing is
performed on time domain, the present disclosure is not limited thereto. For example,
CDM processing may also be performed on frequency domain or code domain. For
example, when performing the CDM processing on frequency domain, the first
processing may comprises: for each fime resource unit in the physical resource unii,
grouping the resource elemenis assigned with uplink reference signals thereon into at
least one group, with each group comprising N nearest resource elements on
frequency domain, N being an integer which is greater than 1; and for sach group,
applying the one of the pair of orthogonal codes o the downlink signals assigned on
the resource elements of the group, and applying the other of the pair of orthogonal
codes to the uplink reference signals assigned on the resource elements of the group,

the length of each orthogonal code of the pair of orthogonal codes being equal to N.

It is noted that, since UL or DL signals are transmitied in a unit of one TTi, the first
processing (CDM processing) may be varied per TTI when the first processing is
performed on time domain. Similarly, the first processing (CDM processing) may be
varied per frequency unit in a same TT1 when the first processing is performed on
frequency domain. The frequency unit may be one PRB, one RBG (Resource Block

Group}, sic.

It is also noled thal, although Lenigh-2 Walsh codes are taken as an sexample of
orthogonal codes for description in the above, the present disclosure is not limited
thereto. Those skilled in the art may employ any other kinds of orthogonal codes, and
the length of the orthogonal codes is not limited {0 2 and may be 3, 4, 8, etc. as long as

the length of the orthogonal codes is equal to the number of collided REs in each group.
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In the above, the first processing (CDM processing) is described by way of examples.
With the first processing, the interference on reference signals between UL and DL
channels in full-duplex communication can be reduced, thus improving the
demodulation/channel estimation performance and maintaining a high spectrum
efficiency. In the following, the second processing (signal suppression) will be

discussed in detail.

According to an embodiment of the present disclosure, in the wireless communication
method 30 as shown in Fig.3, the uplink signals and the downlink signals are for
different user equipmenis. And, said suppressing at least part of the downlink signals
assigned on the resource elemenis assigned with uplink reference signals thereon in
the collided resource elements comprises: suppressing all of the downlink signals
assigned on the resource elemenis assigned with uplink reference signals thereon in

the collided resource elemenis.

Specifically, Fig.10 schematically illustrates an example of performing signal
suppression in full-duplex communication. As shown in Fig.10, similarly with Fig.5, PRB
1001 is assumed to be a full-duplex PRB in which both UL and DL channels are
assigned. And, it is assumed that PRB 1001 has a LTE frame structure and LTE RS
assignments are faken as an example here. For example, the upper block 1001 shows
BL RS assignment while the lower block 1001” shows UL RS assignmaent. i is noted
that blocks 1001 and 1001” are both equivalent {o the PRB 1001 and each small
square in blocks 1001 and 1001”7 represenis a RE. In this example, only BMRS is
assumed here for simplification. Specifically, REs assigned with DL DMRSs thereon
are indicated by small squares filled with verlical lines in upper block 1001 while REs
assigned with UL DMRSs thereon are indicated by small squares filled with left oblique
lines in lower block 10017, Remaining small squares represent REs assigned with dala
thereon in blocks 1007 and 10017, Also, as shown in PRB 1001, the solid arrow
pointing right means that DL signals assigned on this PRB is for UE1 while the hollow

arrow pointing left means that UL signals assigned on this PRB is for UEZ. That is to
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say, this example corresponds o the case shown in Fig.4(A) in which only UL RSs

need (o be protected as described above.

In order to reduce interference on UL DMRSs, instead of performing the first
processing (CDM processing), the second processing (signal suppression) may also be
performed. Specifically, as shown in Fig.10, UL DMRSs are assigned on REs in the
fourth and the sleventh columns of REs from the left hand in the PRB 1001, as shown
in the block 10017, In order o protect these UL DMRSs, DL signals assigned on these
REs are suppressed, as shown by dark small squares in the block 1001. Thus,

suppressed DL signals will not affect UL DMRSs and UL DMRSs are protected.

According to an embodiment of the present disclosure, in the wireless communication
method 30 as shown in Fig.3, the uplink signals and the downlink signals are a same
user equipment. And, said suppressing at least part of the downlink signals assigned
on the resource elements assigned with uplink reference signals thereon in the collided
resource elements comprises: suppressing the downlink signals assigned on the
rasource elements assigned with only uplink reference signals of uplink and downlink
reference signals thereon in the colided resource elements; suppressing the uplink
signals assigned on the resource elements assigned with only downlink reference
signals of uplink and downlink reference signals thereon in the collided resource
elements; and for each of the resource elements assigned with both downlink and
uplink reference signals thereon in the collided resource elemenis, if the priority of the
downlink reference signal assigned on the resource element is lower than that of the
uplink reference signal assigned on the resource element, suppressing the downlink

reference signal, otherwise suppressing the uplink reference signal.

Specifically, Fig.11 schematically illustrates ancther example of performing signal
suppression in full-duplex communicalion. As shown in Fig. 11, similarly with Fig.10,
PRB 1101 is assumed to be a full-duplex PRB in which both UL and DL channels are
assigned. And, il is assumed that PRB 1101 has a LTE frame siructure and LTE RS
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assignments are faken as an example here. For example, the upper block 1101 shows
BL RS assignment while the lower block 1101”7 shows UL RS assignmaent. i is noted
that blocks 1101 and 1101” are both equivalent {o the PRB 1101 and each small
square in blocks 1101" and 11017 represents a RE. In this example, also only DMRS is
assumed here for simplification. And, marks for REs assigned with UL DMRSs, DL
DMRSs or data signals are same with those in Fig.10, thus details thereof will not be

described here in order to avoid redundancy.

The difference from Fig.10 is that: as shown in PRB 1101, the solid arrow pointing right
means that DL signals assigned on this PRB is for UE1 while the solid arrow pointing
left means that UL signals assigned on this PRB is also for UE1. That is o say, this
example corresponds o the case shown in Fig.4(B) in which both UL RSs and DL RSs
need to be protecied as described above. In this case, in addition o the signal
suppression performed in Fig.10, the UL data signals assigned on REs assigned with
DL DMRSs thereon are also suppressed, as shown by dark small squares in the block
11017, Thus, both UL DMRSs and DL DMRSs are to be protecied for receplion and

demodulation.

Specifically, as shown in Fig. 11, similarly with Fig.10, in order to protect UL DMRSs, DL
signals assigned on REs assigned with UL DMRGSs are suppressed, as shown by dark
small squares in the block 1001, Thus, suppressed DL signals will not affect UL
DMRSs and UL DMRSs are protected. Meanwhile, in order io protect DL DMRSs, UL
signals assigned on REs assigned with DL DMRSs are suppressed, as shown by dark
small squares in the block 10017 Thus, suppressed UL signals will not affect DL
DMRSs and UL DMRSs are protected.

It is noted that although neither Fig.10 nor Fig.11 shows any RE assigned with both a
UL RS and a DL RS, such RE may present in a more complicated case (for exampile,
as shown in Figs.7-9). For a RE assigned with both a UL RS and a DL RS, if the priority
of UL RS is lower than DL RS, UL RS is suppressed io protect DL RS, Otherwise, if the
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priority of UL RS is higher than DL RS, DL RS is suppressed {o protect UL RS. H is
understood by those skilled in the art that determination of priority of sach type of R8s
may be based on any suitable factors in specific situations, and the present disclosure

is not limited thersto.

In short, in the second processing (signal suppression), for g RS-data collision, the data
signal is suppressed 1o protect the RS, while for a RS-RS collision, less imporiant RS is
suppressed o protect more important RS.

According to an embodiment of the present disclosure, in the wireless communication
method 30 as shown in Fig.3, said suppressing is implemenied by one of: not allocating
said signal on the resource slement by rate matching; puncluring said signal on the
resource element; reducing the power of said signal on the resource element {o zero;

reducing the power of said signal on the resource element to a less value.

Specifically, the signal suppression may be realized in the aspect of scheduling. For
axample, the signal suppression may be performed by puncturing. As shown in Figs. 10
and 11, dark small squares may represent that data signals assigned on these REs are
punctured. Allernatively, the signal suppression may also be performed by rale
matiching. That is to say, by adjusting the rate, data signals originally assigned on these
collided REs (dark small squares in Figs.10 and 11) may be reassigned on other REs.
It is noted that the difference between this two manners of scheduling is that puncturing
will result in the loss of the data signals but rate malching will not. Additionally, the
signal suppression may be realized in the aspect of power controfing. For example, the
signal suppression may be performed by reducing the power of signals to be
suppressed. For example, il is possible 1o reduce the power of signals to be
suppressed (o a power level which is low enough to make the interference on RS to be
protected negligible. Or sven, it is possible to reduce the power of signals o be

suppressed o zero to thoroughly cancel the interference on RS {o be protecled.
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It is noted that the above exemplary implemaentations of the signal suppression are only
examples but not limit the present disclosure. Those skilled in the art may employ any

other suitable approaches to implemaent the signal suppression.

According to an embodiment of the present disclosure, in the wireless communication
method 30 as shown in Fig.3, the suppressed signal is further realiocated to ancther
resource slement different from said resource element. Specifically, as described above,
puncturing will resull in the loss of the data signals. In this case, it i3 possible to
reallocate punciured data signals or punctured RSs to other REs in order to make the

receiver side still can obtain the data signals or RSs.

According to an embodiment of the present disclosure, in the wireless communication
method 30 as shown in Fig.3, the second processing is varied per TTL Similarly with
the first processing as described above, the second processing may also be varied per

TTl since UL or DL signals are transmitted in a unit of one TTL

it is understood by those skilled in the art that the second processing as described
above may also be exiended o control case and other signal collision case such as
RACH (Random Access Channel), PSS (Primary Synchronous Signal)/S538

(Secondary Synchronous Signal).

With the second processing (signal suppression), the interference on reference signals
between UL and BL channels in full-duplex communication can be reduced, thus
improving the demodulation/channel estimation performance and maintaining a high

spectrum efficiency.

As described above, only the first processing or only the second processing may be
performed on collided REs to reduce the interference on RSs. However, the present
disclosure is not limited thersto. The first processing and the second processing may

be combined in any suitable way o reduce the interference on RS3s.
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According to an embodiment of the present disclosure, in the wireless communication
method 30 as shown in Fig.3, whether the first processing or the second processing is
performed on a collided resource element in the physical resource unit is determined

based on the type of reference signals assigned on the collided resource element.

Specifically, taking Fig.6 {and Fig.11) as an simple example, it is also possible to
perform the first processing on collided REs assigned with UL DMRSs (e.g. REs 5015,
5016, etc) while performing the second processing on collided REs assigned with DL
DMRSs (e.g. REs 5011, 5012, 5013, 5014, etc). That is o say, for different types of

RSs, different processing may be used.

As a more complicated example, Fig.12 schematically illustrates an example of
combining the CDM processing and the signal suppression in  full-duplex
communication. The DL and UL RS configuration in Fig.12 is same as those in Figs.8
and 9 and thus will not be described again here in order for avoiding redundancy. The
difference of Fig.12 from Figs.8 and 9 is that only the first processing is performed in
Figs.8 and 9 while both the first processing and the second processing are used in
combination in Fig.12. Specifically, as shown in Fig.12, the first processing is
performed for DL CRSs, DL DMRSs, DL CSI-R&s and UL SRS&s, while the second
processing is performed for UL DMRSs. It is noted that the determination of whether
the first processing or the second processing is performed on a collided resource
element in the physical resource unit may be based on the specific characteristics of

the type of reference signals assigned on the collided resource slement.

It is noted that the manner of combing the first processing and the second processing
may be different from the described above. For example, i is possible to divide all of
collided REs {o two classes, with the first class including REs assigned with a data
signal and a RS and the second class including REs assigned with a UL RS and a DL

RS. Then, the second processing is performed on REs in the first class, that is, data
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signals assigned on REs are suppressed to protect R3s assigned on REs. Meanwhile,
the first processing is performed on REs in the second class, that is, CDM is applied
between UL RSs and DL R8s assigned on REs. In short, the second processing is
performed for RS-data collision while the first processing is performed for RS-RS

collision.

It is noted that those skilled in the art may also use any other manner of combing the
first processing and the second processing by taking the trade-off between the cost and

efficiency for example and the manner does not limil the present disclosure.

With combination of the first processing (CDM processing) and the second processing
(signal suppression), the interference on reference signals beflween UL and DL
channels in full-duplex communication can be reduced, thus improving the

demodulation performance and maintaining a high spectrum efficiency.

The above examples in Figs.5-12 are all corresponding o cases that TA (Timing
Advance) is small, that is, the involved cell is small. However, in some casses {e.4. &
large cell}, TA may be relalively large. In these cases, the first processing andfor the
second processing may be applicable through some adjustments. Thus, according {o
an embodiment of the present disclosure, in the wireless communication method 30 as
shown in Fig.3, the first processing or the second processing is performed by further

taking a TA (Time Advance) value into account.

More specifically, according to an embodiment of the present disclosure, in the wireless
communication method 30 as shown in Fig.3, the first processing is used to be further
performed such that CDM is applied between the downlink signal on esach of collided
resource elements in the physical resource unit and the uplink signal assigned on a
resource element at a position delayed from each of collided resource glements by the
TA value on time domain. And, the second processing further comprises: suppressing

uplink signals assigned on resource slements at positions delayed from the resource
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elements assigned with downlink reference signals thereon in the collided resource

elements by the TA value on time domain.

Fig.13 schematically illusirates an example of performing CDM processing by taking TA
into account in full-duplex communication. Firstly, the example shown in Fig.13
corresponds to the case shown in Fig.4 (B) in which both UL R8s and DL R8s need (o
be protected. Secondly, The DL and UL RS configuration in Fig.13 is same as that in
Fig.6 and thus will not be described again here in order for avoiding redundancy.

Thirdly, it is assumed that the TA value is large in this example.

Specifically, Fig.13(A) shows a case at the eNB side in which UL channel and DL
channel are aligned well, as shown by the upper block 1301A and the lower block
1301A’. Therefore, the interference on UL channel from DL channel is at the original
position, that is, is not affecied by the large TA. Thus, when protecting UL R3s, there is
no need to take the TA value into account. As shown in Fig.13(A), the CDM processing

performed on collided REs assigned with UL DMRS is same as that in Fig.6.

In addition, Fig.13(B) shows a case at UE1 side in which the received DL channel and
UL channel are not aligned due to the large TA value, as shown by the upper block
13018 and the lower block 13018, Here, il is assumed that the TA value equals o two
OFDM symbols on time domain as shown in Fig. 13(B). In this case, when protecting
DL RSs, the TA value should be taken into account. As shown in Fig.13, the CDM
processing performed for DL DMRS therson is different from that in Fig.6. More
specifically, as shown in blocks 1301A° and 13018°, REs assigned with UL signals to
be applied with CDM processing thereon should be those delayed from REs assigned
with DL DMRS by the two OFDM symbols on time domain.

With the first processing by further taking the TA value into account, it is also possible

io reduce the interference on RSs at a case thal the TA value is large.
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Fig.14 schematically illustrates an example of performing signal suppression by taking
TA into account in full-duplex communication. Firstly, the example shown in Fig.14 also
corresponds o the case shown in Fig.4 (B} in which both UL R3s and BL RSs need to
be protected. Secondly, The DL and UL RS configuration in Fig.14 is same as that in
Fig.11 and thus will not be described again here in order for avoiding redundancy.

Thirdly, it is assumed thal the TA value is large in this example.

Specifically, Fig.14(A) shows a case at the eNB side in which UL channel and DL
channel are aligned well, as shown by the upper block 1401A and the lower block
1401A°. Therefore, the interference on UL channel from DL channel is at the original
position, that is, is not affected by the large TA. Thus, when protecling UL RSs, there is
no need o fake the TA value into account. As shown in Fig.14(A), the signal
suppression performed on collided REs assigned with UL DMRS is same as that in
Fig.11.

In addition, Fig.14(B) shows a case at UE1 side in which the received DL channel and
UL channel are not aligned due to the large TA value, as shown by the upper biock
14018 and the lower block 14018, Here, similarly as in Fig.13, it is assumed that the
TA value equals to two OFDM symbols on time domain as shown in Fig.14(B). In this
case, when protecting DL RSs, the TA value should be taken into account. As shown in
Fig.14, the signal suppression performed for BL DMRS therson is different from that in
Fig.11. More specifically, as shown in blocks 14014° and 1401B°, REs assigned with
UL signals to be suppressed thereon should be those delayed from REs assigned with
DL BMRS by the two OFDM symbols on time domain.

With the second processing by further taking the TA value into account, it is also

possible to reduce the interference on RSs in a case that the TA value is large.

Similarly, when the first processing and the second processing is combined as

described above with reference (o Fig.12, by further taking the TA value into account, it
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is also possible o reduce the interference on RSs in a case that the TA value is largs.

This will be not described in detail in order for avoiding redundancy.

According to an embodiment of the present disclosure, in the wireless communication
method 30 as shown in Fig.3, whether the uplink signals and downlink signals are for a
same user equipment or for different user equipments is signaled from a base siation
transmitling the downlink signals o a user equipment transmitting the uplink signals in

an implicit way or in an explicit way.

Specifically, for example, a user equipment may deduce whether DL signals and UL
signals transmitied on a PRB in a full duplex mode for a same user equipment or
difference user sgquipments from received UL and/or DL granis which are signaled by
DCH (Downlink Control Information) for example. More specifically, for example in the
case shown in Fig.4(A), UE1 will receive only a DL grant indicating the PRB in a full
duplex mode and UE2 will receive only a UL grant indicating the same PRB, thus both
UE1 and UEZ can deduce that DL signals and UL signals tfransmitted on the PRB are
for different user equipments, that is, DL signals are for UE1 while UL signals are for
UEZ. Or, for example in the case shown in Fig.4(B), when UE1 receives both UL and
BL grants indicating a same PRB, UE1 may deduce that DL signals and UL signals

transmitied on the PRB are for a same user equipment, Le. UET itself.

Using UL and/or DL grants as described above is an implicit way for a user equipment
to know whether DL signals and UL signals transmitted on a PRB in a full duplex mode
are for a same user equipment or for difference user equipments. With the implicit way,
there is no need to additionally set other signaling and thus the signaling overhead is
reduced. However, if any one of grants is lost, there will be misunderstanding between
the base siation (eNB) and user sgquipments. In this case, retransmission mechanism

may be relied on (o handle these error cases.
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An allernative way for a user equipment (o know whether DL signals and UL signals
transmitted on a PRB in a full duplex mode are for a same user equipment or for
difference user squipments is indication in an explicit way. For example, it is possible to
explicitly indicate whether DL signals and UL signals transmitled on a PRB in a full
duplex mode are for a same user equipment or for difference user equipments by some
bits in existing DC! or by a new format of DCL. With the explicit way, even if one of
grants is losl, there will be no ambiguousness belween the base station and the user

squipments.

According to an embodiment of the present disclosure, in the wireless communication
method 30 as shown in Fig.3, whether the first processing andf/or the second
processing is performed, the specific setling of the first processing or the second
processing and disabling of the first processing and/or the second processing is
signaled from a base station transmitling the downlink signals to a user equipment

transmitting the uplink signals in an explicit way.

Specifically, since whether the first processing or the second processing or their
combination is performed, the specific setling of the first processing or the second
processing (for example, specific manner of grouping collided REs, the selection of
orthogonal codes and the like in the first processing, and the specific implementation
(punciuring, rale matching, power reduction, eic) of the second processing) and
whether to disable the first and/or the second processing is decided at the base station
(for example eNB). Thus, i is needed {o notify the related information io user
equipments from the eNB. For example, it is possible to signal the information to user
gquipments from the eNB via explicit signaling by RRC (Radio Resource Control), MAC
{(Media Access Conirol) or DCL

it is noted that DCI, RRC and MAC as described above are only examples for

iflustration, and the present disclosure is nol limited thereto. Depending on the leaching

from the present disclosure, it is possible to employ any other suitable signaling for
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notification of the above information, which will falls within the scope of the present

disclosure.

According to an embodiment of the present disclosure, in the wireless communication
method 30 as shown in Fig.3, the waveforms used by the uplink signals and the

waveforms used by the downlink signals are same with or different from each other.

in NR, waveform is still under discussion and in the end UL channel and DL channel
may use different waveforms. Proposed solution is desirable to consider different
outcome of NR discussion. Common method should be proposed to implement only on
the collided position and be adaptable. In addition, UE side full duplex issue and eNB

side full duplex can be different, which need to be considered separately.

The solution proposed above in the present disclosure is adapiable for different
waveform techniques. Specifically, in the present disclosure, DL signals and UL signals
fransmitied on the PRB in a full duplex mode may use same or different waveforms.
That is 1o say, both the first processing and the second processing have not
requirement on waveforms used by UL and DL signals in full-duplex operation.

According to an embodiment of the present disclosure, in the wireless communication
method 30 as shown in Fig.3, one or a plurality of neighbor resource elements of the
collided resource slement to be performed the first processing or the second

processing is reserved based on a waveform technique.

Specifically, as described above, waveform is still under discussion in NR. Based on a
certain wave technique, in order to help analogue cancellation, one or a plurality of
neighbor REs of the collided RE which is [o be performed the first processing or the

second processing may need (o be reserved.
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It is also noted that, although the above examples all relate to LTE scenarios, they are
only for the purpose of illustration. The present disclosure is not limited o LTE

scenarios and a base station is not limited to eNB,

In the above, the wireless communication method 30 is described in delall with
reference to Figs.3-12. With the wireless communication method 30, by performing the
first processing (CDM) or the second processing (signal suppression) or the
combination of them, the inlerference on reference signals betwsen UL and DL
channels in full-duplex communication can be reduced, thus improving the
demodulation/channel estimation performance and maintaining a high spectrum

efficiency.

In a further embodiment of the present disclosure, there is provided a base station
1500 as shown in Fig.15. Fig.15 illustrates a block diagram of a base station 1500

according to a further embodiment of the present disclosure.

As shown in Fig.15, the base station 1500 includes: a circuitry 1501 operative o
perform at least one of a first processing and a second processing on downlink signals
to be transmitted on a physical resource unit in a full duplex mode corresponding o
one Transmission Time Interval (TTl); a transmitler 1502 operative to transmit the
processed downlink signals on the physical resource unit to a first user equipment in a
TTE and a receiver 1503 operative {0 receive uplink signals on the physical resource
unit from a second user equipment. The first processing is use to be performed such
that Code Division Multiplexing (CDM) is applied between the downlink signal and the
uplink signal assigned on each of at least part of collided resource elements in the
physical resource unit, each of the collided resource elements being assigned with both
a downlink signal and an uplink signal at least one of which is a reference signal. And,
the second processing comprises suppressing at least part of the downlink signals
assigned on the resource elements assigned with uplink reference signals thereon in

the collided resource elemenis.
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The base station 1500 according o the present embodiment may further include a CPU
(Central Processing Unit) 1510 for executing related programs to process various data
and control operations of respective unils in the base station 1500, a ROM (Read Only
Memory) 1513 for storing various programs required for performing various process
and controf by the CPU 1510, a RAM (Random Access Memory) 1515 for storing
intermediate data temporarily produced in the procedure of process and control by the
CPU 1510, and/or a storage unii 1517 for storing various programs, data and so on.
The above circuitry 1501, transmitter 1502, receiver 1503, CPU 1510, ROM 1513, RAM
1515 andfor storage unit 1517 eic. may be interconnected via data and/or command

bus 1520 and transfer signals between one another.

Respective units as described above do not imit the scope of the present disclosure.
According to one embodiment of the disclosure, the functions of the above circuilry
1501, transmitter 1502 and receiver 1503 may be implemented by hardware, and the
above CPU 1510, ROM 1513, RAM 1515 and/or storage unit 1517 may not be
necessary. Allernatively, part or all of functions of the above circuitry 1501, transmitier
1502 andfor receiver 1503 may also be implemented by funclional software in
combination with the above CPU 1510, ROM 1513, RAM 1515 and/or storage unit
1517 elc.

Specifically, the base station 1500 may be eNB 410 as shown in Fig.4. That is o say,
for the case as shown in Fig.4{A), the base station 1500 may perform the wireless
communication method 30 as described above in conjunction with UEZ, Also, for the
case as shown in Fig.4(B), the base slaltion 1500 may perform the wireless
communication method 30 as described above in conjunction with UE1. As described

above, the base station 1500 may also be other types of base stations than the eNB.

According to an embodiment of the present disclosure, in the base station 1500 as

shown in Fig.15, the first processing or the second processing is different depending on
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whether the first user equipment is same with or different from the second user

aquipment.

According to an embodiment of the present disclosure, in the base station 1500 as
shown in Fig.15, the first user equipment is different from the second user equipment,
and the at least part of coliided resource elements is only the resource elements
assigned with uplink reference signals therecon in the collided resource elements. And,
the first processing comprises: grouping the resource elements assigned with uplink
reference signals thereon in the collided resource elements into at least one group; and
for each group, applying one of a pair of orthogonal codes o the downlink signals
assigned on the resource elements of the group, wherein the other of the pair of
orthogonal codes is applied to the uplink reference signals assigned on the resource

elements of the group at the second user equipment.

According o an embodiment of the present disclosure, in the base station 1500 as
shown in Fig.15, the first user sgquipment and the second equipment are a same user
equipment, and the at least part of coliided resource elements is all of the collided
resource slements. And the first processing comprises: grouping the resource slements
assigned with uplink reference signals thereon in the collided resource slements into at
least one group, and for each group, applying one of a pair of orthogonal codes to the
downlink signals assigned on the resource elements of the group, wherein the other of
the pair of orthogonal codes is applied to the uplink reference signals assigned on the
resource elements of the group at the second user equipment; and grouping the
resource elemenis assigned with only downlink reference signals of uplink and
downlink reference signals thereon in the collided resource elements inlo at least one
group, and for each group, applying the one of the pair of orthogonal codes to the
downlink reference signals assigned on the resource elements of the group, whersin
the other of the pair of orthogonal codes is applied to the uplink signals assigned on the

resource elements of the group at the second user equipment.
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According to an embodiment of the present disclosure, in the base slation 1500 as
shown in Fig.15, grouping the resource slements is based on at least one of the
positions of the resource elements in the physical resource unit and the types of the

reference signals assigned on the resource slements.

According to an embodiment of the present disclosure, in the base station 1500 as
shown in Fig.15, the first processing comprises: for each frequency resource unil in the
physical resource unil, grouping the rescurce elements assigned with uplink reference
signals therson info at least one group, wherein each group comprises N nearest
resource elements on time domain, wherein N is an integer which is greater than 1; and
for each group, applying the one of the pair of orthogonal codes 1o the downlink signals
assigned on the resource elements of the group, wherein the other of the pair of
orthogonal codes is applied o the uplink reference signals assigned on the resource
glements of the group at the second user equipment, wherein the length of each

orthogonal code of the pair of orthogonal codes is equal to N

According o an embodiment of the present disclosure, in the base station 1500 as
shown in Fig. 15, the first user equipment is different from the second user egquipment,
and wherein said suppressing at least part of the downlink signals assigned on the
resource elements assigned with uplink reference signals thereon in the collided
resource elements comprises: suppressing all of the downlink signals assigned on the
resource elements assigned with uplink reference signals thereon in the collided

rasource elements.

According to an embodiment of the present disclosure, in the base station 1500 as
shown in Fig.15, the first user equipment and the second equipment are a same user
gquipment. And, said suppressing at least part of the downlink signals assigned on the
resource elements assigned with uplink reference signals thereon in the collided
resource elements comprises: suppressing the downlink signals assigned on the

rescurce elements assigned with only uplink reference signals of uplink and downlink
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reference signals thereon in the coliided resource elements; and for each of the
resource slements assigned with both downlink and uplink reference signals thereon in
the collided resource slements, if the priority of the downlink reference signal assigned
on the resource element is lower than that of the uplink reference signal assigned on
the resource slement, suppressing the downlink reference signal, otherwise the uplink
reference signal is suppressed at the second user equipment. And when the second
processing is performed, the uplink signals assigned on the resource slements
assigned with only downlink reference signals of uplink and downlink reference signals

thereon in the collided resource slements is suppressed at the second user equipment.

According to an embodiment of the present disclosure, in the base siation 1500 as
shown in Fig.15, whether the first processing or the second processing is performed on
a collided resource element in the physical resource unit is determined based on the

tvpe of reference signals assigned on the collided resource element.

With the base station 1500 as shown in Fig.15, by performing the first processing (CDM)
or the second processing (signal suppression) or the combination of them, the
interference on reference signals between UL and DL channels in full-duplex
communication can be reduced, thus improving the demodulation/channel estimation

performance and mainiaining a high spectrum efficiency.

In a further embodiment of the present disclosure, there is provided a user equipment
1600 as shown in Fig.16. Fig.16 schematically iHlustrates a block diagram of a user

equipment 1600 according to ancther embodiment of the present disclosure.

As shown in Fig. 16, the user equipment 1600 includes: a receiver 1601 operative to
receive first downlink signals from a base siation and a transmitier 1602 operative (o
transmit second uplink signals to the base station. When the first downlink signals are
received and/or the second uplink signals are fransmilted on a physical resource unit in

a full duplex mode corresponding to one Transmission Time Interval (TTH), at least one
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of Code Division Multiplexing (CDM) and signal suppression is applied to al least part
of collided resource elemenis in the physical resource unif, each of the collided
resource elements being assigned with both a downlink signal and a uplink signal at

least one of which is a reference signal.

The user equipment 1600 according to the present embodiment may further include a
CPU (Central Processing Unit) 1610 for executing related programs {0 process various
data and control operations of respective units in the user equipment 1600, a ROM
(Read Only Memory) 1613 for storing various programs required for performing various
process and control by the CPU 1610, a RAM (Random Access Memory) 1615 for
storing intermediate data temporarily produced in the procedure of process and control
by the CPU 1610, and/or a storage unit 1617 for storing various programs, data and so
on. The above receiver 1601, transmitter 1602, CPU 1610, ROM 1613, RAM 1615
and/or storage unit 1617 eic. may be interconnected via data and/or command bus

1620 and transfer signals beiween one another.

Respective units as described above do not limit the scope of the present disclosure.
According o one embodiment of the disclosure, the funclions of the above recsiver
1601 and transmitter 1602 may be implemented by hardware, and the above CPU
1610, ROM 1613, RAM 1615 and/or storage unit 1817 may not be necessary.
Alternatively, part or all of functions of the above recsiver 1601 or transmitter 1602 may
also be implemented by functional software in combination with the above CPU 1610,
ROM 1613, RAM 1615 and/or storage unit 1617 elc.

Specifically, the user equipment 1600 may be UE1 shown in Fig.4(B) or UE2 shown in
Fig.4(A) and may perform the wireless communication method 30 as described above

in conjunction with eNB 410.

According 1o an embodiment of the present disclosure, in the user equipment 1600 as

shown in Fig.16, the receiver receives the firsl downlink signals on the physical
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resource unit from the base stalion, and first uplink signals are transmitled on the
physical resource unit from a second user equipment different from the user equipment,
and before being transmitted from the base station, the first downlink signals are
performed al leasl one of a first processing and a second processing at the base
station. And, the first processing is used to be performed such that CDM is applied
between the first downlink signal and the first uplink signal assigned on each of at least
part of collided resource elements in the physical resource unit, each of the collided
resource elements being assigned with both a first downlink signal and a first uplink
signal at leasi one of which is a reference signal, and the second processing comprises
suppressing the first downlink signals assigned on the resource elements assigned with

uplink reference signals thereon in the collided resource elements.

Specifically, in this embodiment, the user equipment 1600 functions as UE1 in the case
shown in Fig.4{A), the second user equipment corresponds to UE2 and the base
station corresponds 1o eNB 410. In this case, UE1 receives the first downlink signals
from eNB 410 on a PREB in a full duplex mode. In the PRB, the first downlink signals
from eNB 410 and the first uplink signals from UE2 operate in full duplex. Also, as
described above, since the first downlink signals and the first uplink signals are for
different UEs, only UL R3s from UEZ need to be protected. Thus, CDM or signal
suppression is applied o collided REs assigned with UL RSs in the PRB so as to
reduce the interference on UL RSs. Al UE1 side, it needs not to perform any
processing to reduce the interference on RSs, bul needs to know the specific
processing performed on the first downlink signals from eNB 410 in order to
demodulate the first downlink signals. As described above, eNB 410 may signal the

related information of the specific processing to UE1 by implicit or explicit signaling.

According 1o an embodiment of the present disclosure, in the user equipment 1600 as
shown in Fig.16, the transmitter transmits the second uplink signals on the physical
resource unit to the base siation, and second downlink signals are transmiited on the

physical resource unit o a second user equipment different from the user equipment
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from the base station. And, although not shown in Fig.16, the user squipment may
further comprises: a circuilry operative {o perform a first processing on the second
uplink signals before transmission when the first processing is performed on the
second downlink signals at the base station. And, before being transmilted from the
base slalion, the second downlink signals are performed at least one of the first
processing and a second processing at the base station. The first processing is used (o
be performed such that CDM is applied between the second downlink signal and the
second uplink signal assigned on sach of collided resource elements in the physical
resource unit, each of the collided resource elements being assigned with both a
second downlink signal and a second uplink signal at least one of which is a reference
signal, and the second processing comprises suppressing the second downlink signals
assigned on the resource elements assigned with uplink reference signals thereon in

the collided resource elemenis.

Specifically, in this embodiment, the user equipment 1600 functions as UEZ2 in the case
shown in Fig.4{A), the second user equipment corresponds to UE1 and the base
station corresponds to gNB 410. In this case, UE2 transmits the second uplink signals
to eNB 410 on a PRB in full duplex mode and eNB 410 transmits the second downlink
signals on the PRB to UE1. Thus, in the PRB, the second downlink signals from eNB
410 and the second uplink signals from UE2 operate in full duplex. Also, as described
above, since the second downlink signals and the second uplink signals are for
different UEks, only UL RSs from UEZ need to be protected. Thus, CDM or signal
suppression is applied to collided REs assigned with UL R3s in the PRB so as o
reduce the interference on UL RSs. If the first processing (CDM) is performed at eNB
410, the first processing (CDM) should also be performed at UEZ so that CODM may be
applied belween the second downlink signals and the second uplink signals assigned
on collided REs assigned with UL R&s thereon in the PRB. Otherwise, if the second
processing (signal suppression) is performed at eNB 410, that is, DL signals assigned
on collided REs assigned with UL R8s in the PRB are suppressed 1o protect UL RSs,

there is no need for UEZ o do any processing on the second uplink signals before
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transmission then. As described above, eNB 410 may signal the related information as
to whether the first processing or the second processing is performed at eNB 410 and

so on to UEZ by implicit or explicit signaling.

According to an embodiment of the present disclosure, in the user equipment 1600 as
shown in Fig.16, the receiver receives the first downlink signals on the physical
resource unit from the base slalion and the fransmitter transmits the second uplink
signails on the physical resource unit to the base station. And, although not shown in
Fig.16, the user equipment further comprises: a circuitry operative to perform at least
one of a first processing and a second processing on the second uplink signais before
transmission. The first processing is used o be performed such that CDM is applied
between the first downlink signal and the second uplink signal assigned on sach of
collided resource elements in the physical resource unit, each of the collided resource
glements being assigned with both a first downlink signal and a second uplink signal at
least one of which is a reference signal, and the second processing comprises
suppressing at least part of the second uplink signals assigned on the resource
elements assigned with first downlink reference signals thereon in the collided resource

elements.

Specifically, in this embodiment, the user equipment 1600 functions as UE1 in the case
shown in Fig.4{B} and the base siation corresponds (o eNB 410. In this case, UE1
transmits the second uplink signals o eNB 410 on a PRB in a full duplex mode and
aNB 410 transmits the first downlink signals on the PRB to UE1. Thus, in the PRB, the
first downlink signals from eNB 410 and the second uplink signals from UE1 operate in
full duplex. Also, as described above, since the first downlink signals and the second
uplink signals are for a same UE, both UL R8s from UE1 and DL RSs from eNB 410
need to be protecied. Thus, CDM or signal suppression is applied to collided REs
assigned with al least one of UL RSs and DL R8s in the PRB so as o reduce the
interference on UL R8s and DL RSs.
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According to an embodiment of the present disclosure, in the user equipment 1600 as
shown in Fig.16, the first processing comprises: grouping the resource elements
assignead with the downlink reference signals thereon in the collided resource elements
into al least one group, and for each group, applying one of a pair of orthogonal codes
to the second uplink signals assigned on the resource elements of the group, and the
other of the pair of orthogonal codes is applied to the downlink reference signals
assigned on the resource glemenis of the group at the base station; and grouping the
resource slements assigned with only uplink reference signals of uplink and downlink
reference signals thereon in the collided resource elements into at least one group, and
for each group, applving the one of the pair of orthogonal codes to the uplink reference
signals assigned on the resource elements of the group, and the other of the pair of
orthogonal codes is applied {o the first downlink signals assigned on the resource

elements of the group at the base station.

According to an embodiment of the present disclosure, in the user equipment 1600 as
shown in Fig.16, said suppressing at least part of the second uplink signals assigned
on the resource elements assigned with first downlink reference signals thereon in the
collided resource slements comprises: suppressing the second uplink signals assigned
on the resource elements assigned with only downlink reference signals of uplink and
downlink reference signals thereon in the collided resource elements; and for each of
the resource elements assigned with both downlink and uplink reference signals
thereon in the collided resource elements, i the priorily of the uplink reference signal
assigned on the resource element is lower than that of the downlink reference signal
assigned on the resource element, suppressing the uplink reference signal, otherwise

the downlink reference signal is suppressed at the base siation.

According 1o an embodiment of the present disclosure, in the user equipment 1600 as
shown in Fig. 16, whether the first processing or the second processing is performed on
a collided resource element in the physical resource unit is determined based on the

type of reference signals assigned on the collided resource element.
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According o an embodiment of the present disclosure, in the user equipment 1600 as
shown in Fig.16, the first processing or the second processing is performed by further
laking a TA (Time Advance) value info account.

According 1o an embodiment of the present disclosure, in the user equipment 1600 as
shown in Fig. 16, the first processing is used to be further performed such that COM is
applied between the first downlink signal on each of collided resource elements in the
physical resource unit and the second uplink signal assigned on a resource element at
a position delayed from each of collided resource elemenis by the TA value on time
domain, and the second processing further comprises: suppressing second uplink
signals assigned on resource elements at positions delayed from the resource
elements assigned with downlink reference signals thereon in the collided resource

glements by the TA on time domain.

With the user equipment 1600 as shown in Fig.16, by performing the first processing
(CDOM) or the second processing (signal suppression) or the combination of them, the
interference on reference signals between UL and DL channels in full-duplex
communication can be reduced, thus improving the demodulation/channel estimation

performance and mainiaining a high spectrum efficiency.

The present disclosure can be realized by software, hardware, or software in
cooperation with hardware. Each functional block used in the description of sach
embodiment described above can be realized by an L3I as an integrated circuit, and
gach process described in the each embodiment may be controlled by LSI. They may
be individually formed as chips, or one chip may be formed so as o include a part or all
of the functional blocks. They may include a data input and output coupled thereto. The
LSl here may be referred to as an IC, a system LSl a super LS, or an ultra LSl
depending on a difference in the degree of integration. However, the technique of

implementing an integrated circuit is not limited to the L31 and may be realized by using
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a dedicated circuit or a general-purpose processor. In addition, a FPGA {Field
Programmable Gate Array) that can be programmed after the manufacture of the LS1 or
a reconfigurable processor in which the connections and the setlings of circuits cells
disposed inside the L3I can be reconfigured may be used.

It is noled that the present disclosure intends {o be variously changed or maodified by
those skilled in the art based on the descriplion presented in the specification and
known technologies without departing from the content and the scope of the present
disclosure, and such changes and applications fall within the scope that claimed to be
protected. Furthermore, in a range not departing from the content of the disclosure, the

constituent elements of the above-described embodiments may be arbitrarily combined.

Embodiments of the present disclosure can at least provide the following subject
matiers.

{1). A base station comprising:

circuitry operative o perform at least one of a first processing and a second
processing on downlink signals to be transmitied on a physical resource unit in a full
duplex mode corresponding to one Transmission Time Interval (TT1);

a transmitier operative o transmit the processed downlink signals on the
physical resource unit to a first user equipment in a TTL and

a receiver operative 1o receive uplink signals on the physical resource unit from
a second user squipment, wherein

the first processing is use 0 be performed such that Code Division Multiplexing
(CDM) is applied between the downlink signal and the uplink signal assigned on sach
of at least part of collided resource elements in the physical resource unil, each of the
collided resource elements being assigned with both a downlink signal and an uplink
signal at least one of which is a reference signal, and

the second processing comprises suppressing at least part of the downlink
signals assigned on the rescurce elements assigned with uplink reference signals

thereon in the collided resource slements.
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{2). The base statlion according to (1}, whersin the first processing or the second
processing is different depending on whether the first user equipment is same with or
different from the second user squipment.

{3). The base station according to (2), wherein the first user equipment is
different from the second user equipment, and the at least part of collided resource
glements is only the resource elemenis assigned with uplink reference signals thereon
in the collided resource elements, and whersin

the first processing comprises:

grouping the resource elements assigned with uplink reference signals
thereon in the collided resource elements into at leasi one group; and

for each group, applying one of a pair of orthogonal codes to the downlink
signals assigned on the resource elements of the group, wherein the other of the pair of
orthogonal codes is applied o the uplink reference signals assigned on the resource
glements of the group at the second user equipment.

{4). The base station according {o (2), wherein the first user equipment and the
sgeond equipment are a same user equipment, and the at least part of collided
resource elements is all of the collided resource elements, and wherein

the first processing comprises:

grouping the resource slementis assigned with uplink reference signals
theraon in the collided resource elements into at least one group, and for each group,
applying one of a pair of orthogonal codes to the downlink signals assigned on the
resource elements of the group, wherein the other of the pair of orthogonal codes is
applied to the uplink reference signals assigned on the resource elements of the group
at the second user equipment; and

grouping the resource elements assigned with only downlink reference
signals of uplink and downlink reference signals thereon in the collided resource
glements into at least one group, and for sach group, applying the one of the pair of
orthogonal codes o the downlink reference signals assigned on the resource elements
of the group, wherein the cther of the pair of orthogonal codes is applied to the uplink

signals assigned on the resource elements of the group at the second user equipment.
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{5). The base station according to (3} or {4}, wherein grouping the resource
elements is based on at least one of the positions of the resource elements in the
physical resource unit and the types of the reference signals assigned on the resource
glements.

{8). The base station according {0 (8), whersin the first processing comprises:

for each frequency resource unit in the physical resocurce unil, grouping the
rescurce elements assigned with uplink reference signals thereon into at least one
group, wherein each group comprises N nearest resource elements on time domain,
wherein N is an integer which is greater than 1; and

for each group, applying the one of the pair of orthogonal codes o the downlink
signals assigned on the resource elements of the group, wherein the other of the pair of
orthogonal codes is applied to the uplink reference signals assigned on the resource
elements of the group at the second user sguipment, wherein the length of each
orthogonat code of the pair of orthogonal codes is equal to N.

{7). The base station according o (5), wherein the first processing comprises:

for each frequency resource unit in the physical resource unil, grouping the
resource elements assigned with uplink reference signals thereon into a plurality of
groups, wherein one group comprises M nearest resource elements on time domain
and each of remaining groups comprises N nearest resource elements on time domain,
wherein N is an integer which is greater than 1 and M is an integer which is greater
than 0 and less than N;

for each of the remaining groups, applying the one of the pair of orthogonal
codes to the downlink signals assigned on the resource elements of the group, wherain
the other of the pair of orthogonal codes is applied (o the uplink reference signals
assigned on the resource slements of the group at the second user equipment, wherein
the length of each orthogonal code of the pair of orthogonal codes is equal o N; and

for said one group, applying the one of the pair of orthogonal codes to the
downlink signals assigned on the M resource elements of said one group and N-M
resource elements adjacent o the M rescurce slements on the lime domain, wherein

the other of the pair of orthogonal codes is applied o the uplink reference signals
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assignead on the M resource elements of said one group and uplink signals assigned on
said N-M resource elements adjacent to the M resource elemenis on the time domain
at the second user equipment.

{8). The base siation according to (6) or (7), wherein the first processing further
comprises:

for each frequency resource unit in the physical resocurce unil, grouping the
resource elemenis assigned with only downlink reference signals of uplink and
downlink reference signals thereon into at least one group, wherein each group
comprises N nearest resource elements on time domain; and

for each group, applying the one of the pair of orthogonal codes o the downlink
reference signals assigned on the resource slements of the group, wherein the other of
the pair of orthogonal codes is applied to the uplink signals assigned on the resource
elements of the group at the second user equipment.

{9). The base station according {o (5) or (7}, wherein the first processing further
comprises:

for each frequency resource unit in the physical resource unil, grouping the
resource elemenis assigned with only downlink reference signals of uplink and
downlink reference signals into a plurality of groups, wherein one group comprises P
nearest resource slements on time domain and each of remaining groups comprises N
nearest resource elements on time domain, wherein P is an integer which is greater
than 0 and less than N;

for each of the remaining groups, applying the one of the pair of orthogonal
codes to the downlink reference signals assigned on the resource slements of the
group, wherein the other of the pair of orthogonal codes is applied to the uplink signals
assigned on the resource slements of the group at the second user equipment; and

for said one group, applving the one of the pair of orthogonal codes to the
downlink reference signals assigned on the P resource elements of said one group and
downlink signals assigned on N-P resource elements adjacent o the P resource
glements on the time domain, wherein the other of the pair of orthogonal codes is

applied to the uplink signals assigned on the P resource elements of said one group
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and said N-P resource elements adjacent {o the P resource elements on the time
domain at the second user equipment.

{10). The base station according to (5), wherein the uplink signals received on
the physical resource unit comprises a plurality of types of uplink reference signals, and
wherein

for each type of the uplink reference signals, the first processing comprises:

for each frequency resource unit in the physical resource unil, grouping the
resource elements assigned with the type of uplink reference signals thergon into at
least one group, wherein each group comprises N nearest resource elements on fime
domain, wherein N is an integer which is greater than 1; and

for each group, applying the one of the pair of orthogonal codes 1o downlink
signals assigned on the resource element of the group, wherein the other of the pair of
orthogonal codes is applied to the type of uplink reference signals assigned on the
resource slements of the group at the second user equipment, wherein the length of
each orthogonal code of the pair orthogoenal codes is equal o N.

{11). The base siation according 1o (5), wherein the uplink signals received on
the physical resource unit comprises a plurality of types of uplink referencs signals, and
wherein

for each type of the uplink reference signals, the first processing comprises:

for each frequency resource unit in the physical resource unit, grouping the
resource elements assigned with the type of uplink reference signals into a plurality of
groups, wherein one group comprises M nearest resource elements on time domain
and each of remaining groups comprises N nearest resource elements on time domain,
wherein N is an integer which is greater than 1 and M is an integer which is greater
than 0 and less than N;

for each of the remaining groups, applying the one of the pair of orthogonal
codes o downlink signals assigned on the resource slement of the group, wherein the
other of the pair of orthogonal codes is applied to the type of uplink reference signals

assigned on the resource slements of the group at the second user equipment; and
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for said one group, applying the one of the pair of orthogonal codes to
downlink signals assigned on the M resource elements of said one group and N-M
resource elements adjacent to the M rescurce elements on the time domain, wherein
the other of the pair of orthogonal codes is applied to the type of uplink reference
signals assigned on the M resource elements of said one group and uplink signals
assigned on said N-M resource elements adjacent {o the M resource slements on the
time domain at the second user squipment.

{(12). The base siation according to (10} or (11}, wherein the downlink signals
transmitied on the physical resource unit comprises a plurality of types of downlink
reference signals, and wherein

for each type of the downlink reference signals, the first processing further
comprises:

for each frequency resource unit in the physical resource unil, grouping the
resource elements assigned with the type of downlink reference signals thereon into at
least one group, wherein each group comprises N nearest resource elements on time
domain; and

for each group, applying the one of the pair of orthogonal codes 1o the type
of downlink reference signals assigned on the resource element of the group, whersin
the other of the pair of orthogonal codes is applied to the uplink signals assigned on the
resource elements of the group at the second user equipment.

{13). The base station according to (10) or {11}, wherein the downlink signals
transmitied on the physical resource unit comprises a plurality of types of downlink
reference signals, and wherein

for each type of the downlink reference signals, the first processing further
comprises:

for each frequency resource unit in the physical resource unil, grouping the
resource elements assigned with the type of downlink reference signals thereon into a
plurality of groups, wherein one group comprises P nearest resource elements on time
domain and sach of remaining groups comprises N nearest resource elements on time

domain, wherein P is an integer which is greater than 0 and less than N;

55



10

20

25

WO 2018/027797 PCT/CN2016/094625

for sach of the remaining groups, applying the one of the pair of orthogonal
codes to the type of downlink reference signals assigned on the resource elements of
the group, wherein the other of the pair of orthogonal codes is applied {o the uplink
signals assigned on the resource element of the group al the second user equipment;
and
for said one group, applying the one of the pair of orthogonal codes to the

type of downlink reference signals assigned on the P resource elements of said one
group and downlink signals assigned on N-P resource elements adjacent to the P
resource elements on the time domain, wherein the other of the pair of orthogonal
codes is apphied to the uplink signals assigned on the P resource elements of said one
group and said N-P resource slements adjacent o the P resource elements on the time
domain at the second user equipment.

{14). The base station according to (1), wherein the first processing is performed
on one of time domain, frequency domain and code domain.

{15). The base siation according to (14}, wherein the first processing is
performed on time domain, and the first processing is varied per TTL

{16). The base siation according to (14), wherein the first processing is
performed on frequency domain, and the first processing is varied per frequency unit in
asame 111

{(17}. The base station according {o {2), wherein the first user equipment is
different from the second user equipment, and wherein said suppressing at least part of
the downlink signals assigned on the resource slements assigned with uplink reference
signals therson in the collided resource elements comprises:

suppressing all of the downlink signals assigned on the rescurce elements
assigned with uplink reference signals thereon in the collided resource slements.

{18). The base station according 1o (2), wherein the first user squipment and the
second equipment are a same user equipment, and wherein said suppressing at least
part of the downlink signals assigned on the resource elements assigned with uplink

reference signals thereon in the collided resource elements comprises:
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suppressing the downlink signals assigned on the resource elemenis assigned
with only uplink reference signals of uplink and downlink reference signals thereon in
the collided resource elements; and

for each of the resource slements assigned with both downlink and uplink
reference signals thereon in the collided resource elements,

if the priority of the downlink reference signal assigned on the resource
element is lower than that of the uplink reference signal assigned on the resource
slement, suppressing the downlink reference signal,

otherwise the uplink reference signal is suppressed at the second user
equipment, and wherein

when the second processing is performed, the uplink signals assigned on the
resource elements assigned with only downlink reference signals of uplink and
downlink reference signals thereon in the collided resource elements is suppressed at
the second user squipment.

{19). The base siation according to (1), wherein said suppressing is
implemented by one of: not allocating said signal on the resource element by rate
matching; puncturing said signal on the resource element; reducing the power of said
signal on the resource element to zero; reducing the power of said signal on the
resource slement (o a less value.

{20). The base siation according o (19}, wherein the suppressed signal is
further reallocated to anocther rescurce element different from said resource slement.

{21). The base station according to (1}, wherein the second processing is varied
per TTL

{22}. The base station according o {1), wherein whether the first processing or
the second processing is performed on a collided resource element in the physical
resource unit is determined based on the type of reference signals assigned on the
collided resource element.

{23). The base station according to (1), wherein whether the first user

gquipments and the second user equipment are a same user equipment or different
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user equipments is signaled from the base station to the first user equipment and/or the
second user equipment in an implicit way or in an explicit way.

{24}. The base station according to (1), wherein whether the first processing
and/or the second processing is performed, the specific setting of the first processing or
the second processing and disabling of the first processing andfor the second
processing is signaled from the base station to the first user equipment andf/or the
second user equipment in an explicit way.

{25). The base siation according to (1), wherein the waveforms used by the
uplink signals and the waveforms used by the downlink signals are same with or
different from each other.

{26). The base station according o (25), wherein one or a plurality of neighbor
resource elements of the collided resource element to be performed the first processing
or the second processing is reserved based on a waveform technigue.

(27). A user equipment comprising:

a receiver operative 1o receive first downlink signals from a base station; and

a transmitier operative to fransmit second uplink signals to the base station,
wherein

when the first downlink signals are received andfor the second uplink signals are
transmitted on a physical resource unit in a full duplex mode corresponding 1o one
Transmission Time Interval (TTH, at least one of Code Division Multiplexing (CDM) and
signal suppression is applied to at least part of collided resource elements in the
physical resource unit, each of the collided resource elements being assigned with both
a downlink signal and a uplink signal at least one of which is a reference signal.

{28}. The user equipment according to {27), wherein the receiver raeceives the
first downlink signals on the physical resource unit from the base slatlion, wherein first
uplink signals are fransmitted on the physical resource unit from a second user
gquipment different from the user equipment, and whersin

before being transmitied from the base slation, the first downlink signals are
performed atl leasl one of a first processing and a second processing at the base

station, wherein
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the first processing is used to be performed such that CDM is applied between
the first downlink signal and the first uplink signal assigned on each of at least part of
collided resource glements in the physical resource unit, each of the collided resource
glements being assigned with both a first downlink signal and a first uplink signal at
least one of which is a reference signal, and

the second processing comprises suppressing the first downlink signals
assigned on the resource elemenis assigned with uplink reference signals thereon in
the collided resource elements.

{29). user equipment according o (27), wherein the fransmitter transmits the
second uplink signals on the physical resource unit {o the base station, wherein second
downlink signals are transmitied on the physical resource unit {0 a second user
squipment different from the user equipment from the base statlion, and wherein the
user equipment further comprising:

a circuilry operative to perform a first processing on the second uplink signals
before transmission when the first processing is performed on the second downlink
signals at the base station, and wherein

before being transmitied from the base station, the second downlink signals are
performed at least one of the first processing and a second processing at the base
station, wherein

the first processing is used to be performed such that CDM is applied between
the second downlink signal and the second uplink signal assigned on each of collided
resource elements in the physical resource unit, each of the collided resource elements
being assigned with both a second downlink signal and a second uplink signal at least
one of which is a reference signal, and

the second processing comprises suppressing the second downlink signals
assigned on the resource elemenis assigned with uplink reference signals thereon in
the collided resource slements.

{30). user equipment according to (27), wherein the receiver receives the first

downlink signals on the physical resource unif from the base station and the transmitter
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transmits the second uplink signals on the physical resource unit 1o the base station,
and wherein the user equipment further comprises:

a circuitry operative 1o perform at least one of a first processing and a second
processing on the second uplink signals before transmission, wherein

the first processing is used to be performed such that COM is applied between
the first downlink signal and the second uplink signal assigned on each of collided
resource slements in the physical rescurce unil, each of the collided rescurce elements
being assigned with both a first downlink signal and a second uplink signal at least one
of which is a reference signal, and

the second processing comprises suppressing al least part of the second uplink
signals assigned on the resource elements assigned with first downlink reference
signals theregon in the collided resource elements.

{31). The user equipment according to (30), wherein the first processing
comprises:

grouping the resource elemenis assigned with the downlink reference signals
thereon in the collided resource elements into at least one group, and for each group,
applying one of a pair of orthogonal codes to the second uplink signals assigned on the
resource elements of the group, wherein the other of the pair of orthogonal codes is
applied 1o the downlink reference signals assigned on the resource slements of the
group at the base station; and
grouping the resource slements assigned with only uplink reference signals

of uplink and downlink reference signals thereon in the collided rescurce elements into
at least one group, and for each group, applying the one of the pair of orthogonal codes
to the uplink reference signals assigned on the resource elements of the group,
wherein the other of the pair of orthogonal codes is applied to the first downlink signals
assigned on the resource elements of the group atl the base station.

{32). The user squipment according o (31), wherein grouping the resource
elements is based on at leas! one of the positions of the resource elements in the
physical resource unit and the types of the reference signals assigned on the resource

elements.
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{33). The user equipment according to {(32), wherein the first processing
comprises:
for each frequency resource unit in the physical resource unit,
grouping the rescurce slemenis assigned with uplink reference signals
thereon into at least one group, wherein sach group comprises N nearest resource
glements on time domain, wherein N is an integer which is greater than 1;
for each group, applying the one of the pair of orthogonal codes lo the
uplink reference signals assigned on the resource elements of the group, wherein the
other of the pair of orthogonal codes is applied to the first downlink signals assigned on
the resource elements of the group at the base station, wherein the length of each
orthogonal code of the pair of orthogonal codes is equal o N; and
for sach frequency resource unit in the physical resource unit,
grouping the resource elements assigned with only downlink reference
signals of uplink and downlink reference signals thereon into at least one group,
wherein each group comprises N nearest resource elemenis on time domain; and
for each group, applying the one of the pair of orthogonal codes to the
second uplink reference signals assigned on the resource elements of the group,
wherein the other of the pair of orthogonal codes is applied o the downlink reference
signals assigned on the resource elements of the group at the base station.
{34}, The user equipment according to (32), whersin the first processing
comprises:
for each frequency resource unit in the physical resource unit,
grouping the resource elements assigned with uplink reference signals
thereon into a plurality of groups, wherein one group comprises M nearest resource
glements on lime domain and each of remaining groups comprises N nearest resource
elements on lime domain, wherein N is an integer which is greater than 1 and M is an
integer which is greater than 0 and less than N;
for each of the remaining groups, applying the one of the pair of orthogonal
codes to the uplink reference signals assigned on the resource elements of the group,

wherein the other of the pair of orthogonal codes is applied to the first downlink signals
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assigned on the resource elements of the group at the base siation, wherein the length
of each orthogonal code of the pair of orthogonal codes is equal o N;

for said one group, applying the one of the pair of orthogonal codes to the
uplink reference signals assigned on the M resocurce slements of said one group and
the second uplink signals assigned on N-M resource elemenis adjacent to the M
resource elements on the time domain, wherein the other of the pair of orthogonal
codes is applied to the first downlink signals assigned on the M resource elements of
said one group and said N-M resource elemenis adjacent to the M rescurce elements
on the time domain at the base station; and

for each frequency resource unit in the physical resource unit,

grouping the resource elements assigned with only downlink reference
signals of uplink and downlink reference signals into a plurality of groups, wherein one
group comprises P nearest resource elements on fime domain and each of remaining
groups comprises N nearest resource slements on lime domain, wherein P is an
integer which is greater than 0 and less than N;

for each of the remaining groups, applying the one of the pair of orthogonal
codes {o the second uplink signals assigned on the resource elements of the group,
wherein the other of the pair of orthogonal codes is applied to the downlink reference
signals assigned on the resource elements of the group at the base station; and

for said one group, applying the one of the pair of orthogonal codes to the
second uplink signals assigned on the P resource slements of said one group and N-P
resource elements adjacent (o the P resource elements on the time domain, wherein
the other of the pair of orthogonal codes is applied {o the downlink reference signals
assignead on the P resource elements of said one group and the first downlink signals
assigned on said N-P resource slements adjacent o the P resource elements on the
time domain at the base siation.

{35). The user equipmeni according lo (32), wherein the first processing

comprises:

for each frequency resource unit in the physical rescurce unit,
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grouping the resource slements assigned with uplink reference signals
thereon into at least one group, wherein each group comprises N nearest resource
elements on lime domain, wherein N is an integer which is greater than 1;
for each group, applying the one of the pair of orthogonal codes to the
uplink reference signals assigned on the rescurce elements of the group, wherein the
other of the pair of orthogonal codes is applisd to the first downlink signals assigned on
the resource elemenis of the group al the base siation, wherein the length of each
orthogonal code of the pair of orthogonal codes is equal to N; and
for each frequency resource unit in the physical resource unit,
grouping the resource slements assigned with only downlink reference
signals of uplink and downlink reference signals into a plurality of groups, wherein one
group comprises P nearest resource elements on time domain and each of remaining
groups comprises N nearest resource elements on time domain, wherein P is an
integer which is greater than 0 and less than N;
for each of the remaining groups, applying the one of the pair of orthogonal
codes to the second uplink signals assigned on the resource elements of the group,
wherein the other of the pair of orthogonal codes is applied to the downlink reference
signals assigned on the resource elements of the group at the base siation; and
for said one group, applying the one of the pair of orthogonal codes o the
second uplink signals assigned on the P resource elements of said one group and N-F
resource elements adjacent to the P resource elements on the time domain, wherein
the other of the pair of orthogonal codes is applied 1o the downlink reference signals
assigned on the P resource elements of said one group and the first downlink signals
assigned on said N-P resource elements adjacent to the P resource slements on the
time domain at the base station.
{36). The user eguipment according to (32), wherein the first processing
comprises:
for each frequency resource unil in the physical rescurce unit,
grouping the rescurce slemenis assigned with uplink reference signals

thereon into a plurality of groups, wherein one group comprises M nearest resource
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glements on time domain and each of remaining groups comprises N nearest resource
elements on time domain, wherein N is an integer which is greater than 1 and M is an
integer which is greater than 0 and less than N;
for each of the remaining groups, applying the one of the pair of orthogonal
codes to the uplink reference signals assigned on the resource elements of the group,
wherein the other of the pair of orthogonal codes is applied to the first downlink signals
assigned on the resource slements of the group at the base station, wherein the length
of each orthogonal code of the pair of orthogonal codes is equal to N;
for said one group, applying the one of the pair of orthogonal codes to the
uplink reference signals assigned on the M resource slements of said one group and
the second uplink signals assigned on N-M resource slemenis adjacent o the M
resource elements on the time domain, wherein the other of the pair of orthogonal
codes is applied to the first downlink signals assigned on the M resource elements of
said one group and said N-M resource elements adjacent o the M resource elements
on the time domain at the base station; and
for each frequency resource unit in the physical resource unit,
grouping the resource elements assigned with only downlink reference
signals of uplink and downlink reference signals thereon into at least one group,
wherein each group comprises N nearest resource elements on time domain; and
for each group, applying the one of the pair of orthogonal codes io the
second uplink reference signals assigned on the resource elements of the group,
wherein the other of the pair of orthogonal codes is applied o the downlink reference
signals assigned on the resource elements of the group at the base station.
{37}. The user equipment according {o {32), wherein the second uplink signals
comprises a plurality of types of uplink reference signals, and wherein
for each type of the uplink reference signals, the first processing comprises:
for each frequency resource unit in the physical resource unit, grouping the
rescurce elements assigned with the type of uplink reference signals thereon into at
least one group, wherein each group comprises N nearest resource slements on time

domain, wherein N is an integer which is grealer than 1; and
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for each group, applying the one of the pair of orthogonal codes to the type
of uplink reference signals assigned on the resource element of the group, wherein the
other of the pair of orthogonal codes is applied {o the first downlink signals assigned on
the resource elements of the group at the base station, wherein the length of sach
orthogonal code of the pair orthogonal codes is equal to N.
{38). The user equipment according to (32), wherein the second uplink signals
comprises a pluralily of types of uplink reference signals, and wherein
for sach type of the uplink reference signals, the first processing comprises:
for sach frequency resource unit in the physical resource unif, grouping the
resource elements assigned with the type of uplink reference signals into a plurality of
groups, wherein one group comprises M nearest resource slements on time domain
and each of remaining groups comprises N nearest resource elemenis on fime domain,
wherein N is an integer which is greater than 1 and M is an integer which is greater
than 0 and less than N;
for each of the remaining groups, applying the one of the pair of orthogonal
codes to the type of uplink reference signals assigned on the resource element of the
group, wherein the other of the pair of orthogonal codes is applied o the first downlink
signals assigned on the resource elements of the group at the base station; and
for said one group, applying the one of the pair of orthogonal codes o the
type of uplink reference signals assigned on the M resource elements of said one
group and the second uplink signals assigned on N-M resource elements adjacent {o
the M resource slements on the lime domain, wherein the other of the pair of
orthogonal codes is applied o the first downlink signals assigned on the M resource
eglements of said one group and said N-M resource elements adjacent to the M
resource elements on the time domain at the base station.
{39). The user equipment according to (37} or (38), wherein the first downlink
signals comprises a plurality of types of downlink reference signals, and wherein
for each type of the downlink reference signals, the first processing further

comprises:
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for each frequency resource unit in the physical resource unit, grouping the
resource slements assigned with the type of downlink reference signals thereon into at
least one group, wherein each group comprises N nearest resource elements on time
domain; and

for each group, applying the one of the pair of orthogonal codes lo the
second uplink signals assigned on the rescurce element of the group, wherein the
other of the pair of orthogonal codes is applied (o the type of downlink reference signals
assigned on the resource elements of the group at the base station.

{40). The user equipment according to (37) or (38), the first downlink signals
comprises a plurality of types of downlink reference signals, and wherein
for each type of the downlink reference signals, the first processing further

comprises:

for sach frequency resource unit in the physical resource unif, grouping the
resource elements assigned with the type of downlink reference signals thereon into a
plurality of groups, wherein one group comprises P nearest resource elemenis on time
domain and each of remaining groups comprises N nearest resource elements on time
domain, wherein P is an integer which is greater than 0 and less than N;

for sach of the remaining groups, applying the one of the pair of orthogonal
codes to the second uplink signals assigned on the resource elementis of the group,
wherein the other of the pair of orthogonal codes is applied o the type of downlink
reference signals assigned on the resource element of the group at the base station;
and

for said one group, applying the one of the pair of orthogonal codes o the
second uplink signals assigned on the P resource elements of said one group and N-F
resource elements adjacent to the P resource elements on the time domain, wherein
the other of the pair of orthogonal codes is applied 1o the type of downlink reference
signals assigned on the P resource elements of said one group and the first downlink
signals assigned on said N-P resource elements adjacent o the P resource slements

on the time domain at the base station.
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{41}. The user sguipment according to (30), wherein the first processing is
performed on one of time domain, frequency domain and code domain.

{42}, The user sguipment according to (41), wherein the first processing is
performed on time domain, and the first processing is varied per TTL

{43). The user squipment according to (41), wherein the first processing is
performed on frequency domain, and the first processing is varied per frequency unit in
a same TTL

(44). The user equipment according to (30}, wherein said suppressing at least
part of the second uplink signals assigned on the resource elements assigned with first
downlink reference signals thereon in the collided resource elements comprises:

suppressing the second uplink signals assigned on the resource elements
assigned with only downlink reference signals of uplink and downlink reference signals
thereon in the collided resource elements; and

for each of the resource slements assigned with both downlink and uplink
reference signals thereon in the collided resource elements,

if the priority of the uplink reference signal assigned on the resource element
is lower than that of the downlink reference signal assigned on the resource element,
suppressing the uplink reference signal,
otherwise the downlink reference signal is suppressed at the base station.

{45). The user equipment according to (30), wherein said suppressing is
implemented by one of not allocating said signal on the resource slement by rate
matching; puncturing said signal on the resource element; reducing the power of said
signal on the resource element 1o zero; reducing the power of said signal on the
resource element o a less value.

{(48). The user equipment according to (45), wherein the suppressed signal is
further realiocated o another resource element different from said resource element.

(47}, The user equipment according to (30), wherein the second processing is
varied per TTL

, wherein whether the first

(48). The user equipment according fo (30}

processing or the second processing is performed on a collided resource element in
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the physical resource unit is determined based on the type of reference signals
assigned on the collided resource element.

{49}. The user equipment according to {30}, wherein the first processing or the
second processing is performed by further taking a TA (Time Advance) value info
account.

(50). The user equipment according to {49), wherein the first processing is used
to be further performed such that CDM is applied belween the first downlink signal on
gsach of collided resource elemenis in the physical resource unit and the second uplink
signal assigned on a resource element al a position delayed from each of collided
resource elements by the TA value on time domain, and

wherein the second processing further comprises: suppressing second uplink
signals assigned on resource elements at positions delayed from the resource
elements assigned with downlink reference signals thereon in the collided resource
glements by the TA on time domain.

{51). The user equipment according o (27}, wherein whether the first downlink
signals and the second uplink signals are for a same user equipment or for different
user equipments is signaled from the base station {o the user equipment in an implict
way or in an explicit way.

{52). The user equipment according to (30), wherein whether the first processing
and/or the second processing is performed, the specific setling of the first processing or
the second processing and disabling of the first processing andfor the second
processing is signaled from the base station to the user equipment in an explicit way.

{53). The user equipment according 1o (27}, wherein the waveforms used by the
second uplink signals and the waveforms used by the first downlink signals are same
with or different from each other.

{54). The user equipment according to (30), wherein one or a plurality of
neighbor resource elements of the collided resource element to be performed the first
processing or the second processing is reserved based on a waveform technique.

(65). A wireless communication method for a physical resource unit in a full

duplex mode corresponding (o one Transmission Time Interval (TT1), the physical
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resource unit being assigned with uplink and downlink signals o be transmitted ina TTI,
the method comprising:

performing at least one of a first processing and a second processing on at least
the downlink signals of uplink and downlink signals before transmission; and

fransmitting the downlink signals on the physical resource unit in a TTI from a
base slation and transmitting the uplink signals on the physical resource unit in the TTH
from a user equipment, wherein

the first processing is used to be performed such that Code Division Multiplexing
(CDM) is applied between the downlink signal and the uplink signal assigned on each
of at least part of coliided resource elements in the physical resource unit, each of the
collided resource elements being assigned with both a downlink signal and an uplink
signal at least one of which is a reference signal, and

the second processing comprises suppressing at least part of the downlink
signals assigned on at least resource elemenis assigned with uplink reference signals
thereon in the collided resource elements.

{56). The wireless communication method according to (55}, wherein the first
processing or the second processing is different depending on whether the uplink
signals and the downlink signals are for a same user equipment or different user
squipments.

{57}. The wireless communication method according to (58), wherein the uplink
signals and the downlink signals are for different user equipments, and the at least part
of collided resource elements is only the resource elements assigned with uplink
reference signals thereon in the collided resource elements, and wherein

the first processing comprises:

grouping the resource elements assigned with uplink reference signals
thereon in the collided resource elements into at least one group; and

for each group, applying one of a pair of orthogonal codes (o the downlink
signals assigned on the resource elements of the group, and applying the other of the
pair of orthogonal codes to the uplink reference signals assigned on the resource

elements of the group.
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{58}. The wireless communication method according to (58), wherein the uplink
signals and the downlink signals are for a same user equipment, and the at least part of
collided resource elements is all of the collided resource elements, and wherein

the first processing comprises:

grouping the resource elements assigned with uplink reference signals
thereon in the collided resource elements inio at least one group, and for each group,
applying one of a pair of orthogonal codes to the downlink signals assigned on the
resource elements of the group, and applying the other of the pair of orthogonal codes
to the uplink reference signals assigned on the resource elements of the group; and

grouping the resource elements assigned with only downlink reference
signals of uplink and downlink reference signals thereon in the collided resource
slements into at least one group, and for sach group, applying the one of the pair of
orthogonal codes to the downlink reference signals assigned on the resource elements
of the group, and applying the other of the pair of orthogonal codes is applied o the
uplink signals assigned on the resource elements of the group.

{59). The wireless communication method according to (57) or (58), grouping the
resource elements is based on at least one of the positions of the resource elements in
the physical resource unit and the types of the reference signals assigned on the
resource slements.

{60). The wireless communication method according to (89), wherein the first
processing comprises:

for sach frequency resource unit in the physical resource unil, grouping the
resource elements assigned with uplink reference signals thereon into at least one
group, wherein each group comprises N nearest resource elements on time domain,
wherein N is an integer which is greater than 1; and

for each group, applying the one of the pair of orthogonal codes to the downlink
signals assigned on the resource elements of the group, and applying the other of the
pair of orthogonal codes to the uplink reference signals assigned on the resource
glements of the group, wherein the length of each orthogonal code of the pair of

orthogonal codes is equal to N.
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{61). The wireless communication method according to (59), wherein the first
processing comprises:

for sach frequency resource unit in the physical resource unil, grouping the
resource elements assigned with uplink reference signals thereon into a plurality of
groups, wherein one group comprises M nearest resource slements on time domain
and sach of remaining groups comprises N nearest resource elements on lime domain,
wherein N is an integer which is greater than 1 and M is an integer which is greater
than 0 and less than N;

for each of the remaining groups, applying the one of the pair of orthogonal
codes fo the downlink signals assigned on the resource elements of the group, and
applying the other of the pair of orthogonal codes to the uplink reference signals
assigned on the resource elements of the group, wherein the length of each orthogonal
code of the pair of orthogonal codes is equal to N; and

for said one group, applying the one of the pair of orthogonal codes to the
downlink signals assigned on the M resource elements of said one group and N-M
resource elements adjacent to the M resource slements on the time domain, and
applying the other of the pair of orthogonal codes to the uplink reference signals
assigned on the M rescurce elements of said one group and uplink signals assigned on
said N-M resource elements adjacent to the M resource elements on the time domain.

{62}, The wireless communication method according to (60} or (61), wherain the
first processing further comprises:

for sach frequency resource unit in the physical resource unil, grouping the
resource elements assigned with only downlink reference signals of uplink and
downlink reference signals thereon into al least one group, wherein each group
comprises N nearesi resource slements on time domain; and

for each group, applying the one of the pair of orthogonal codes to the downlink
reference signals assigned on the resource elements of the group, and applying the
other of the pair of orthogonal codes o the uplink signals assigned on the resource

glements of the group.
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{63). The wireless communication method according to (60} or (61), wherain the
first processing further comprises:

for sach frequency resource unit in the physical resource unil, grouping the
resource elements assigned with only downlink reference signals of uplink and
downlink reference signals into a plurality of groups, wherein one group comprises P
nearest resource elements on time domain and each of remaining groups comprises N
nearest resource elements on time domain, wheregin P is an inleger which is greater
than 0 and less than N;

for each of the remaining groups, applying the one of the pair of orthogonal
codes to the downlink reference signals assigned on the resource slements of the
group, and applying the other of the pair of orthogonal codes to the uplink signals
assigned on the resource elements of the group; and

for said one group, applying the one of the pair of orthogonal codes 1o the
downlink reference signals assigned on the P resource elements of said one group and
downlink signals assigned on N-P resource elements adjacent o the P resource
glements on the time domain, and applying the other of the pair of orthogonal codes {o
the uplink signals assigned on the P resource elements of said one group and said N-P
resource elementis adjacent to the P resource elements on the time domain.

{64). The wireless communication method according to (58}, wherein the uplink
signals received on the physical resource unil comprises a plurality of types of uplink
reference signals, and wherein

for each type of the uplink reference signals, the first processing comprises:

for each frequency resource unit in the physical resource unit, grouping the
resource elements assigned with the type of uplink reference signals thereon into at
least one group, wherein each group comprises N nearest resource slements on time
domain, wherein N is an integer which is grealer than 1; and

for each group, applying the one of the pair of orthogonal codes to downlink
signals assigned on the rescurce slement of the group, and applying the other of the

pair of orthogonal codes to the type of uplink reference signals assigned on the
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resource elements of the group, wherein the length of each orthogonal code of the pair
orthogonal codes is equal to N.

{65). The wireless communication method according to (59), wherein the uplink
signals received on the physical resource unit comprises a plurality of types of uplink
reference signals, and wherein

for each type of the uplink reference signals, the first processing comprises:

for each frequency resource unit in the physical resource unil, grouping the
resource elements assigned with the type of uplink reference signals into a plurality of
groups, wherein one group comprises M nearest resource slements on time domain
and each of remaining groups comprises N nearest resource elements on fime domain,
wherein N is an integer which is greater than 1 and M is an integer which is greater
than 0 and less than N;

for each of the remaining groups, applying the one of the pair of orthogonal
codes to downlink signals assigned on the resource element of the group, and applying
the other of the pair of orthogonal codes {o the type of uplink reference signals
assigned on the resource slements of the group; and

for said one group, applying the one of the pair of orthogonal codss o
downlink signals assigned on the M resource slements of said one group and N-M
resource elements adjacent to the M resource elements on the time domain, and
applying the other of the pair of orthogonal codes 1o the type of uplink reference signals
assigned on the M resource elements of said one group and uplink signals assigned on
said N-M resource elements adjacent o the M resource elements on the time domain.

{66). The wireless communication method according to (64) or (65), whersin the
downlink signals transmitied on the physical resource unit comprises a plurality of types
of downlink reference signals, and wherein

for each type of the downlink reference signals, the first processing further
comprises:

for each frequency resource unit in the physical resource unil, grouping the

resource elements assigned with the type of downlink reference signals thereon into at
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least one group, wherein each group comprises N nearest resource elements on time
domain; and

for each group, applying the one of the pair of orthogonal codes to the type
of downlink reference signals assigned on the resource slement of the group, and
applying the other of the pair of orthogonal codes to the uplink signals assigned on the
resource elements of the group.

{67). The wireless communication method according to (64) or (65), wherein the
downilink signals transmitted on the physical resource unit comprises a plurality of types
of downlink reference signals, and wherein

for each iype of the downlink reference signals, the first processing further
comprises:

for each frequency resource unit in the physical resource unit, grouping the
resource elements assigned with the type of downlink reference signals thereon info a
plurality of groups, wherein one group comprises P nearest resource elements on time
domain and each of remaining groups comprises N neares! resource slements on time
domain, wherein P is an inleger which is greater than § and less than N;

for each of the remaining groups, applying the one of the pair of orthogonal
codes to the type of downlink reference signals assigned on the resource elements of
the group, and applying the other of the pair of orthogonal codes o the uplink signals
assignead on the resource slement of the group; and

for said one group, applying the one of the pair of orthogonal codes o the
type of downlink reference signals assigned on the P resource elements of said one
group and downlink signals assigned on N-P rescurce elements adjacent to the P
resource slements on the time domain, and applying the other of the pair of orthogonal
codes to the uplink signals assigned on the P resource elements of said one group and
said N-P resource elements adjacent to the P resource elements on the time domain.

{68). The wireless communication method according to (55), wherein the first
processing is performed on one of ime domain, frequency domain and code domain.

{69). The wireless communication method according to (68), wherein the first

processing is performed on time domain, and the first processing is varied per TTL
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{70}. The wireless communication method according to (68), whersin the first
processing is performed on frequency domain, and the first processing is varied per
frequency unit ina same TTL

{71). The wireless communication method according to (56), wherein the uplink
signals and the downlink signals are for different user equipments, and said
suppressing at least part of the downlink signals assigned on the resource elements
assigned with uplink reference signals therson in the collided rescurce slements
comprises:

suppressing all of the downlink signals assigned on the resource elements
assigned with uplink reference signals thereon in the collided resource elements.

{72). The wireless communication method according o (58}, wherein the uplink
signails and the downlink signals are a same user equipmenti, and said suppressing at
least part of the downlink signals assigned on the resource elementis assigned with
uplink reference signals thereon in the collided resource elements comprises:

suppressing the downlink signals assigned on the resource elements assigned
with only uplink reference signals of uplink and downlink reference signals thereon in
the collided resource elements;

suppressing the uplink signals assigned on the resource elements assigned with
only downlink reference signals of uplink and downlink reference signals thereon in the
collided resource elements; and

for each of the resource elements assigned with both downlink and uplink
reference signals therson in the collided resource elements,

if the priority of the downlink reference signal assigned on the resource
glement is lower than that of the uplink reference signal assigned on the resource
glement, suppressing the downlink reference signal,

otherwise suppressing the uplink reference signal.

{(73). The wireless communication method according to (55), whersin said
suppressing is implemented by one of: not allocaling said signal on the resource

glement by rate malching; puncluring said signal on the resource element; reducing the
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power of said signal on the resource element to zero; reducing the power of said signal
on the resource element 1o a less value.

{74). The wireless communication method according to (73), wherein the
suppressed signal is further reallocated o another resource element different from said
resource slement.

{75). The wireless communication method according o {55}, wherein the second
processing is varied per TTL

{76). The wireless communication method according to (55), wherein whether
the first processing or the second processing is performed on a collided resource
slement in the physical resource unit is determined based on the type of reference
signals assigned on the collided resource element.

{77). The wireless communication method according to (58) or (72), wherein the
first processing or the second processing is performed by further taking a TA (Time
Advance) value into account.

{78). The wireless communication method according to (77), wherein the first
processing is used to be further performed such that COM is applied bstween the
downlink signal on sach of collided resource elements in the physical resource unit and
the uplink signal assigned on a resource element at a position delayed from each of
collided resource elements by the TA value on time domain, and

wherein the second processing further comprises: suppressing uplink signals
assigned on resource elements at positions delayed from the resocurce slements
assigned with downlink reference signals thereon in the collided resource slements by
the TA value on time domain.

{79). The wireless communication method according o (55), wherein whether
the uplink signals and downlink signals are for a same user equipment or for different
user squipmentis is signaled from a base slation transmilting the downlink signals o a
user equipment transmitling the uplink signals in an implicit way or in an explicit way.

{80). The wireless communication method according o (55), wherein whether
the first processing and/or the second processing is performed, the specific selting of

the first processing or the second processing and disabling of the first processing
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and/or the second processing is signaled from a base station transmitting the downlink
signals to a user equipment transmitting the uplink signals in an explicit way.

{81}, The wireless communication method according to (55), wherein the
waveforms used by the uplink signals and the waveforms used by the downlink signals
are same with or different from each other.

{82). The wireless communication method according o (81), wherein one or a
plurality of neighbor resource elements of the collided resource element to be
performed the first processing or the second processing is reserved based on a

waveform technique.

In addition, embodiments of the present disclosure can also provide an inlegraled
circuit which comprises module(s) for performing the step(s) in the above respective
communication methods. Further, embodiments of the present can also provide a
computer readable storage medium having stored thereon a compuler program
containing a program code which, when execuied on a computing device, performs the

step(s) of the above respective communication methods.
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CLAIMS

1. A base station comprising:

circuitry operalive o perform al least one of a first processing and a second
processing on downlink signals (o be transmitted on a physical resource unit in a full
duplex mode corresponding o one Transmission Time interval (TT1);

a transmitier operative to transmit the processed downlink signals on the
physical resource unit to a first user equipment in a 1T and

a receiver operative to receive uplink signals on the physical resource unit from
a second user equipment, wherein

the first processing is use o be performed such that Code Division Multiplexing
(CDM) is applied between the downlink signal and the uplink signal assigned on each
of at least part of collided resource elements in the physical resource unit, each of the
collided resource elements being assigned with both a downlink signal and an uplink
signal at least one of which is a reference signal, and

the second processing comprises suppressing at least part of the downlink
signals assigned on the resource slements assigned with uplink reference signals

thereon in the collided resource slements.

2. The base station according to claim 1, wherein the first processing or the
second processing is different depending on whether the first user equipment is same

with or different from the second user equipment.

3. The base siation according o claim 2, wherein the first user equipment is
different from the second user equipment, and the at least part of collided resource
glements is only the resource elemenis assigned with uplink reference signals thereon
in the collided resource elements, and whersin

the first processing comprises:
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grouping the resource slements assigned with uplink reference signals
thereon in the collided resource elements into at least one group; and

for each group, applying one of a pair of orthogonal codes to the downlink
signals assigned on the resource elements of the group, wherein the other of the pair of
orthogonal codes is applied (o the uplink reference signals assigned on the resource

glements of the group at the second user equipment.

4. The base station according to claim 2, wherein the first user equipment and
the second equipment are a same user equipment, and the at least part of collided
resource elements is all of the collided resource elements, and whersin

the first processing comprises:

grouping the resource slements assigned with uplink reference signals
thereon in the collided resource elemenis into at least one group, and for sach group,
applying one of a pair of orthogonal codes 1o the downlink signals assigned on the
rasource elements of the group, wherein the other of the pair of orthogonal codes is
applied to the uplink reference signals assigned on the resource elements of the group
at the second user equipment; and

grouping the resource elements assigned with only downlink reference
signals of uplink and downlink reference signals thereon in the collided resource
elements into at least one group, and for sach group, applying the one of the pair of
orthogonal codes to the downlink reference signals assigned on the resource elements
of the group, wherein the other of the pair of orthogonal codes is applied o the uplink

signals assigned on the resource elements of the group at the second user equipment.

5. The base station according o claim 3 or 4, wherein grouping the resource
elements is based on at leasl one of the positions of the resource elements in the
physical resource unit and the types of the reference signals assigned on the resource

elements.

8. The base station according o claim 5, wherein the first processing comprises:
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for sach frequency resource unit in the physical resource unil, grouping the
resource elements assigned with uplink reference signals thereon into at least one
group, wherein each group comprises N nearest resource elements on time domain,
wherein N is an integer which is greater than 1; and

for each group, applying the one of the pair of orthogonal codes to the downlink
signals assigned on the resource elements of the group, wherein the other of the pair of
orthogonal codes is applied (o the uplink reference signals assigned on the resource
glements of the group at the second user equipment, wherein the length of each

orthogonal code of the pair of orthogonal codes is equal o N.

7. The base station according o claim 2, wherein the first user equipment is
different from the second user equipmenti, and wherein said suppressing at least part of
the downlink signals assigned on the resource elements assigned with uplink reference
signals thergon in the collided resource elements comprises:

suppressing all of the downlink signals assigned on the resource elements

assigned with uplink reference signals thereon in the collided resource elements.

8. The base station according o claim 2, wherein the first user equipment and
the second equipment are a same user equipment, and wherein said suppressing at
least part of the downlink signals assigned on the resource elements assigned with
uplink reference signals thereon in the collided resource elements comprises:

suppressing the downlink signals assigned on the resource elements assigned
with only uplink reference signals of uplink and downlink reference signals thereon in
the collided resource elements; and

for each of the resource slements assigned with both downlink and uplink
reference signals thereon in the collided resource slements,

if the priority of the downlink reference signal assigned on the resource
element is lower than that of the uplink reference signal assigned on the resource

glement, suppressing the downlink reference signal,
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otherwise the uplink reference signal is suppressed at the second user
equipment, and wherein
when the second processing is performed, the uplink signals assigned on the
resource elements assigned with only downlink reference signals of uplink and
downlink reference signals thereon in the collided resource elements is suppressed at

the second user equipment.

8. The base station according to claim 1, wherein whether the first processing or
the second processing is performed on a collided rescurce element in the physical
resource unit is determined based on the type of reference signais assigned on the

collided resource element.

10. A user equipment comprising:

a receiver operative 1o receive first downlink signals from a base station; and

a transmitier operative to transmit second uplink signals to the base station,
wherein

when the first downlink signals are received and/or the second uplink signals are
fransmitted on a physical resource unit in a full duplex mode corresponding to one
Transmission Time Interval (TTH, at least one of Code Division Multiplexing (CDM) and
signal suppression is applied (o at least part of collided resource elemenis in the
physical resource unil, each of the collided resource slements being assigned with both

a downlink signal and a uplink signal at least one of which is a reference signal.

11. The user equipment according to claim 10, wherein the receiver receives the
first downlink signals on the physical resource unit from the base slatlion, wherein first
uplink signals are fransmitted on the physical resource unit from a second user
gquipment different from the user equipment, and whersin

before being transmitied from the base slation, the first downlink signals are
performed atl leasl one of a first processing and a second processing at the base

station, wherein
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the first processing is used to be performed such that CDM is applied between
the first downlink signal and the first uplink signal assigned on each of at least part of
collided resource glements in the physical resource unit, each of the collided resource
glements being assigned with both a first downlink signal and a first uplink signal at
least one of which is a reference signal, and

the second processing comprises suppressing the first downlink signals
assigned on the resource elemenis assigned with uplink reference signals thereon in

the collided resource elemenis.

12. user equipment according to claim 10, wherein the iransmitter transmits the
second uplink signals on the physical resource unit to the base station, wherein second
downlink signals are fransmitted on the physical resource unit 1o a second user
equipment different from the user equipment from the base station, and wherein the
user equipment further comprising:

a circuitry operative o perform a first processing on the second uplink signals
before transmission when the first processing is performed on the second downlink
signals at the base station, and wherein

before being transmiited from the base station, the second downlink signals are
performed at least one of the first processing and a second processing at the base
station, wherein

the first processing is used o be performed such that COM is applied between
the second downlink signal and the second uplink signal assigned on sach of collided
resource elements in the physical resource unit, each of the collided resource elemenis
being assigned with both a second downlink signal and a second uplink signal at least
one of which is a reference signal, and

the second processing comprises suppressing the second downlink signals
assigned on the resource elements assigned with uplink reference signals thereon in

the collided resource elemenis.
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13. user equipment according to claim 10, wherein the receiver receives the first
downlink signals on the physical resource unit from the base station and the transmitter
transmits the second uplink signals on the physical resource unit 1o the base station,
and wherein the user equipment further comprises:

a circuitry operalive to perform at least one of a first processing and a second
processing on the second uplink signals before transmission, wherein

the first processing is used to be performed such that COM is applied between
the first downlink signal and the second uplink signal assigned on each of collided
resource slements in the physical resource unit, each of the collided resource elements
being assigned with both a first downlink signal and a second uplink signal at least one
of which is a reference signal, and

the second processing comprises suppressing al least part of the second uplink
signals assigned on the resource elements assigned with first downlink reference

signals thergon in the collided resource slements.

14. The user equipment according to claim 13, wherein the first processing
comprises:
grouping the resource elements assigned with the downlink reference signals
thereon in the collided resource elements info at least one group, and for each group,
applying one of a pair of orthogonal codes o the second uplink signals assigned on the
resource elements of the group, wherein the other of the pair of orthogonal codes is
applied to the downlink reference signals assigned on the resource eslements of the
group at the base station; and
grouping the resource slements assigned with only uplink reference signals
of uplink and downlink reference signals thereon in the collided resource elements inlo
at least one group, and for each group, applying the one of the pair of orthogonal codes
o the uplink reference signals assigned on the resource slements of the group,
wherein the other of the pair of orthogonal codes is applied 1o the first downlink signals

assigned on the resource slements of the group at the base siation.
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15. The user equipment according to claim 13, wherein said suppressing at least
part of the second uplink signals assigned on the resource elements assigned with first
downlink reference signals thereon in the collided resource elements comprises:

suppressing the second uplink signals assigned on the resource elements
assigned with only downlink reference signals of uplink and downlink reference signals
thereon in the collided resource elements; and

for each of the resource elements assigned with both downlink and uplink
reference signals thereon in the collided resource elements,

if the priority of the uplink reference signal assigned on the resource element
is lower than that of the downlink reference signal assigned on the resource element,
suppressing the uplink reference signal,

otherwise the downlink reference signal is suppressed at the base station.

16. The user equipment according to claim 13, wherein whether the first
processing or the second processing is performed on a collided rescurce element in
the physical resource unit is determined based on the type of reference signals

assigned on the collided resource element.

17. The user equipment according to claim 13, wherein the first processing or
the second processing is performed by further taking a TA (Time Advance) value into

account

18. The user sgquipment according o claim 17, wherein the first processing is
used to be further performed such that CDM is applied between the first downlink
signal on each of collided resource elements in the physical resource unit and the
second uplink signal assigned on a resource element al a position delayed from each
of collided resource elements by the TA value on time domain, and

wherein the second processing further comprises: suppressing second uplink

signals assigned on rescurce elements at positions delayed from the resource
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elements assigned with downlink reference signals thereon in the collided resource

elements by the TA value on time domain.

19. A wireless communication method for a physical resource unit in a full
duplex mode corresponding (o one Transmission Time Interval (TT1), the physical
resource unit being assigned with uplink and downlink signals to be transmitted ina TTH,
the method comprising:

performing at least one of a first processing and a second processing on at least
the downlink signals of uplink and downlink signals before transmission; and

transmiiling the downlink signals on the physical resource unit in a TTI from a
base station and transmitting the uplink signals on the physical resource unit in the TTI
from a user equipment, wherein

the first processing is used to be performed such that Code Division Mulliplexing
(CDM) is applied betwsen the downlink signal and the uplink signal assigned on each
of at least part of collided resource elements in the physical resource unit, each of the
collided resource slements being assigned with both a downlink signal and an uplink
signal at least one of which is a reference signal, and

the second processing comprises suppressing at least part of the downlink
signals assigned on at least resource elements assigned with uplink reference signals
thereon in the collided resource slements.

20. The wireless communication method according to claim 19, wherein the first
processing or the second processing is different depending on whether the uplink
signals and the downlink signals are for a same user equipment or different user

gquipments.
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