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(57) ABSTRACT

Embodiments of the present disclosure relate to methods and
apparatuses of numerology multiplexing at a serving node
and a terminal device in a wireless communication system.
The method of numerology multiplexing comprises trans-
mitting information about at least two numerologies in
common downlink transmission resource, and multiplexing
the at least two numerologies in a same frequency band
based on the information about the at least two numerolo-
gies. With embodiments of the present disclosure, it is
possible to enable the different numerologies to be multi-
plexed in the same band.
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1
METHODS AND APPARATUSES FOR
NUMEROLOGY MULTIPLEXING

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a National Stage of International
Application No. PCT/CN2016/092809, filed on Aug. 2,
2016.

FIELD OF THE INVENTION

The non-limiting and exemplary embodiments of the
present disclosure generally relate to the field of wireless
communication techniques, and more particularly relate to
methods and apparatuses for numerology multiplexing.

BACKGROUND OF THE INVENTION

Orthogonal Frequency-Division Multiplexing (OFDM) is
a method of encoding digital data on multiple carrier fre-
quencies and it is a frequency-division multiplexing (FDM)
scheme used as a digital multi-carrier modulation method.
According to the OFDM, a large number of closely spaced
orthogonal subcarrier signals are used to carry datan several
parallel data streams or channels. Typically, design param-
eters for an OFDM system are derived according to system
requirements. Parameters to be considered include, for
example, subcarrier spacing, guard time/cyclic prefix and
symbol duration, transmission time interval (TTI), etc.

Recently, diverse requirements are constantly demanding,
and for different deployment scenarios and different carrier
frequencies, it may require different numerologies. Thus,
different numerologies are required in new radio (NR).

In a technical document “Mixed numerology in an OFDM
system”, Ericsson, 3GPP RAN1#85, 2016, May, there is
proposed a mixed numerology in an OFDM system wherein
it is proposed to introduce guard band between multiplexed
numerologies to reduce inter-numerology interference.
However, in this document, it only focus on the inter-
numerology interference and does not give any idea about
how to multiplex numerologies.

Thus, in existing solutions, there is no a solution about
how to support different numerologies in the same band yet
and therefore there is a need to enable numerology multi-
plexing to support multiplexing of different services with
diverse requirements in the same frequency band.

SUMMARY OF THE INVENTION

In the present disclosure, there is provided a new solution
for numerology multiplexing in a wireless communication
system, to mitigate or at least alleviate at least part of the
issues in the prior art.

According to a first aspect of the present disclosure, there
is provided a method of numerology multiplexing in a
wireless communication system. This method could be
performed at a serving node, for example a BS, like a node
B (NodeB or NB). The method comprises transmitting
information about at least two numerologies in common
downlink transmission resource; and multiplexing the at
least two numerologies in a same frequency band based on
the information about the at least two numerologies.

According to a second aspect of the present disclosure,
there is provided a method of numerology multiplexing in a
wireless communication system. This method can be per-
formed at a terminal device, for example UE, or other like
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2

terminal devices. The method comprises receiving informa-
tion about at least two numerologies in common downlink
transmission resource; and multiplexing the at least two
numerologies in a same frequency band based on the infor-
mation about the at least two numerologies.

According to a third aspect of the present disclosure, there
is provided an apparatus for numerology multiplexing in a
wireless communication system. This apparatus could be
implemented at a serving node, for example a BS, like a
node B (NodeB or NB). The apparatus comprises an infor-
mation transmission module and a numerology multiplexing
module. The information transmission module is configured
to transmit information about at least two numerologies in
common downlink transmission resource. The numerology
multiplexing module is configured to multiplex the at least
two numerologies in a same frequency band based on the
information about the at least two numerologies.

According to a fourth aspect of the present disclosure,
there is provided an apparatus of numerology multiplexing
in a wireless communication system. This apparatus could
be implemented at a terminal device, for example UE, or
other like terminal devices. The apparatus comprises an
information receiving module and a numerology multiplex-
ing module. The information receiving module is configured
to receive information about at least two numerologies in
common downlink transmission resource. The numerology
multiplexing module is configured to multiplex the at least
two numerologies in a same frequency band based on the
information about the at least two numerologies.

According to a fifth aspect of the present disclosure, there
is provided a computer-readable storage media with com-
puter program code embodied thereon, the computer pro-
gram code configured to, when executed, cause an apparatus
to perform actions in the method according to any embodi-
ment in the first aspect.

According to a sixth aspect of the present disclosure, there
is provided a computer-readable storage media with com-
puter program code embodied thereon, the computer pro-
gram code configured to, when executed, cause an apparatus
to perform actions in the method according to any embodi-
ment in the second aspect.

According to a seventh aspect of the present disclosure,
there is provided a computer program product comprising a
computer-readable storage media according to the fifth
aspect.

According to an eighth aspect of the present disclosure,
there is provided a computer program product comprising a
computer-readable storage media according to the sixth
aspect.

With embodiments of the present disclosure, it provides a
new solution for numerology multiplexing in a wireless
communication system, in which information about at least
two numerologies is transmitted in common downlink trans-
mission resource and the at least two numerologies are
multiplexed based on the information about at least two
numerologies. In such a way, it is possible to enable different
numerologies to be multiplexed in the same band and thus
support the numerology multiplexing in new radio system
like 5G.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other features of the present disclosure will
become more apparent through detailed explanation on the
embodiments as illustrated in the embodiments with refer-
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ence to the accompanying drawings, throughout which like
reference numbers represent same or similar components
and wherein:

FIG. 1 schematically illustrates a flow chart of a method
of numerology multiplexing at a serving node in a wireless
communication system according to an embodiment of the
present disclosure;

FIG. 2 schematically illustrates a diagram of different
numerology multiplexing patterns according to an embodi-

4

appreciated that these embodiments are presented only to
enable those skilled in the art to better understand and
implement the present disclosure, not intended to limit the
scope of the present disclosure in any manner.

In the accompanying drawings, various embodiments of
the present disclosure are illustrated in block diagrams, flow
charts and other diagrams. Each block in the flowcharts or
blocks may represent a module, a program, or a part of code,
which contains one or more executable instructions for

ment of the present. dlsclo.sure; . 10 performing specified logic functions, and in the present
FIG 3 schematically 111u.strates dlagra.ms of example disclosure, a dispensable block is illustrated in a dotted line.
positions of common downlink transmission resource for Besid lthoush these block. Tlustrated in particul
. - . . esides, although these blocks are illustrated in particular
carrying information about numerologies according to an .
: . : sequences for performing the steps of the methods, as a
embodiment of the present disclosure; . .

FIG. 4 schematically illustrates diagrams of example 15 matter pf fact, they.may not necessarily be performed strictly
positions of common downlink transmission resource and ac.cordmg to the 1111.15trated sequence. For f:xample, they
additional downlink transmission resource for carrying  might be performed in reverse sequence or simultaneously.
information about numerologies according to another which is dependent on natures of respective operations. It
embodiment of the present disclosure; should also be noted that block diagrams and/or each block

FIG. 5 schematically illustrates diagrams of example 20 in the flowcharts and a combination of thereof may be
positions of common downlink transmission resource and implemented by a dedicated hardware-based system for
additional downlink transmission resource for carrying  performing specified functions/operations or by a combina-
information about numerologies according to a further  tion of dedicated hardware and computer instructions.
embodiment of the present disclosure; Generally, all terms used in the claims are to be inter-

FIG. 6 schematically illustrates diagrams of example 25 preted according to their ordinary meaning in the technical
positions of common downlink transmission resource and field, unless explicitly defined otherwise herein. All refer-
additional downlink transmission resource for carrying ences to “a/an/the/said [element, device, component, means,
information about numerologies according to a still further step, etc.]” are to be interpreted openly as referring to at least
embodiment of the present disclosure; one instance of said element, device, component, means,

FIG. 7 schematically illustrates diagrams of example 30 unit, step, etc., without excluding a plurality of such devices,
positions of common downlink transmission resource and components, means, Units, steps, etc., unless explicitly stated
additional downlink transmission resource for carrying  otherwise. Besides, the indefinite article “a/an” as used
information about numerologies according to a yet further ~ herein does not exclude a plurality of such steps, units,
embodiment of the present disclosure; modules, devices, and objects, and etc.

FIG. 8 schematically illustrates diagrams of example 35  Additionally, in a context of the present disclosure, a user
positions of common downlink transmission resource and equipment (UE) may refer to a terminal, a Mobile Terminal
additional downlink transmission resource for carrying (MT), a Subscriber Station (SS), a portable subscriber
information about numerologies according to a still yet station, Mobile Station (MS), or an Access Terminal (AT),
embodiment of the present disclosure; and some or all of the functions of the UE, the terminal, the

FIG. 9 schematically illustrates diagrams of example 40 MT, the SS, the portable subscriber station, the MS, or the
positions of common downlink transmission resource and AT may be included. Furthermore, in the context of the
additional downlink transmission resource for carrying present disclosure, the term “BS” may represent, e.g., a node
information about numerologies according to a yet still B (NodeB or NB), an evolved NodeB (eNodeB or eNB), a
embodiment of the present disclosure; radio header (RH), a remote radio head (RRH), a relay, or a

FIG. 10 schematically illustrates a flow chart of a method 45 low power node such as a femto, a pico, and so on.
of numerology multiplexing at a terminal device in a wire- As mentioned hereinabove, in the existing solutions, there
less communication system according to an embodiment of is no a solution about how to support different numerologies
the present disclosure; in the same band yet. Thus, in the present disclosure, there

FIG. 11 schematically illustrates a block diagram of an  is provided a new solution of numerology multiplexing to
apparatus for numerology multiplexing at a serving node in 50 support different numerologies in the same band. In the
a wireless communication system according to an embodi- present disclosure, it is proposed to transmit information
ment of the present disclosure; and about different numerologies to terminal devices by using

FIG. 12 schematically illustrates a block diagram of an ~ common downlink transmission resource, like Physical
apparatus for numerology multiplexing at a terminal device =~ Broadcast Channel (PBCH), Primary Synchronization Sig-
in a wireless communication system according to an 55 nal (PSS), Secondary Synchronization Signal (SSS), etc.
embodiment of the present disclosure; Thus, the information about different numerologies can be

FIG. 13 further illustrates a simplified block diagram of an notified to terminal devices from the serving node and the
apparatus 1310 that may be embodied as or comprised in at numerologies can be multiplexed on the same band based on
a terminal device like UE and an apparatus 1320 that may be the information. Hereinafter, the solution of numerology
embodied as or comprised in a serving node like a base 60 multiplexing will be described in details with reference to
station in a wireless network as described herein. the accompany drawings as provided therein.

Reference is first made to FIG. 1, which schematically
DETAILED DESCRIPTION OF EMBODIMENTS illustrates a flow chart of a method 100 of numerology
multiplexing in a wireless communication system according

Hereinafter, the solution as provided in the present dis- 65 to an embodiment of the present disclosure. The method 100

closure will be described in details through embodiments
with reference to the accompanying drawings. It should be

can be performed at a serving node, for example a BS, like
a node B (NodeB or NB).
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As illustrated in FIG. 1, first in step S101, information
about at least two numerologies is transmitted in common
downlink transmission resource. Herein, the common down-
link transmission resource is resource which can be used to
notify all terminal devices of the information about the
numerologies, and it can be for example PBCH, PSS, SSS,
or the like etc. In the common downlink transmission
resource is contained information about at least two numer-
ologies. For a numerology, the related information at least
requires to include, for example, subcarrier spacing infor-
mation, and/or sub-band bandwidth information. Herein, the
information about at least two numerologies can include the
information for different numerologies, which can include,
for example, at least one of the number of numerologies to
be multiplexed, numerology multiplexing configuration
information, subcarrier spacing information for at least one
of the numerologies; sub-band bandwidth information for at
least one of the numerologies; position information about
additional downlink transmission resource for at least one of
the numerologies; or any other information. In different
cases, the information about the at least two numerologies
will be different and several examples will be described with
reference to FIGS. 3 to 9.

Hereinafter, only for illustration purposes, the PBCH will
be described as the example of the downlink transmission
resource for numerology information; however, the skilled
in the art shall be noticed that the present disclosure is not
limited to these specific examples and it can be applied to
any other suitable downlink common transmission resource,
like PSS, SSS, etc. as well.

For illustrative purposes, FIG. 2 illustrates a diagram of
different numerology multiplexing patterns according to an
embodiment of the present disclosure. As illustrated in FIG.
2, the numerologies can be multiplexed with one of fre-
quency spacings for the numerologies on the center fre-
quency f. of the system bandwidth. In the top pattern
illustrated in FIG. 2, two numerologies with subcarrier
spacing f; and subcarriers spacing f, are multiplexed on the
same band; the subcarrier £, is on the central frequency f,
or in other words, the central frequency f,. is within the
sub-band for the numerology with subcarrier spacing f,. In
the second pattern from the top as illustrated in FIG. 2, two
numerologies with the subcarrier spacing f, and subcarriers
spacing f; are multiplexed on the same band; the subcarrier
f, is on the central frequency f.. In the third pattern from the
top as illustrated in FIG. 2, three numerologies with the
subcarrier spacing f,, the subcarrier spacing f, and the
subcarriers spacing f, are multiplexed on the same band; the
subcarrier f; is on the central frequency f.. In the bottom
pattern as illustrated in FIG. 2, two numerologies with the
subcarrier spacing f; and subcarriers spacing f, are multi-
plexed on the same band; both the subcarrier f; and the
subcarriers spacing f, are on the central frequency f,, in
other word, the central frequency £ is the common boundary
of sub-bands for the numerologies with subcarrier spacing f,
and subcarrier spacing f,. Therefore, it can be seen that the
sub-band for the numerology with subcarrier spacing on the
central frequency f. can be evenly or non-evenly spread
around f,. In addition, the subcarrier spacing on the central
frequency £, could be the smallest one of frequency spacings
for the at least two numerologies, as illustrated in the third
pattern from the top. Or alternatively, this subcarrier spacing
can also be a subcarrier spacing designed for the band. Other
numerologies can be scheduled in sub-bands adjacent to the
sub-band with the subcarrier spacing on the central fre-
quency f..
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In FIG. 2, there are illustrated different numerology
multiplexing patterns, but these patterns are just given for
illustrative purpose and the present disclosure is not limited
thereto. The skilled in the art could conceive other different
patterns, for example those with more or less numerologies.
In addition, the numerologies can also be multiplexed with
one of fixed patterns which are predefined for example in 5G
specification. In other word, different numerologies can be
multiplexed based on a predetermined pattern.

In numerology multiplexing, the common downlink trans-
mission resource for the numerologies, like PBCH/PSS/
SSS, can be located at the center of the whole system
bandwidth. FIG. 3 illustrates diagrams of example positions
of common downlink transmission resource and one or more
additional downlink transmission resource for carrying
information about numerologies according to an embodi-
ment of the present disclosure. In FIG. 3, for different
numerology multiplexing patterns, the PBCH/PSS/SSS is
located at the center of the system bandwidth. The resources
for the common PBCH/PSS/SSS may include n physical
resource blocks (PRBs) and has a fixed subcarrier spacing.
The fixed subcarrier spacing may include, for example, 15
KHz, similar to that in the legacy system and the number n
may be set as 6 or any other value which is depended on the
requirements. However, it shall be appreciated that the
required resource for PBCH/PSS/SSS depends on the defi-
nition of PRB and numerology, and the subcarrier spacing
can also be another predetermined value.

Next, it is assumed that 6 PRBs are scheduled for the
PBCH/PSS/SSS. In such a case, if a PRB is defined as 12
subcarriers, then the PBCH may still needs 4 symbols, and
can be transmitted in the second slot if there are two slots in
a TTI. On the other hand, if a PRB is defined as a 180 KHz
frequency resource block, the PBCH may need more sym-
bols depending on the numerology. The number of symbols
scales with the ratio of the current subcarrier spacing and the
predetermined subcarrier spacing 15 KHz. For example, for
a numerology with subcarrier spacing =30 KHz, the
required number of symbols for the PBCH is 4*(30/15)=8.
The required symbols for PSS/SSS can be determined
similarly as for the PBCH, the baseline is the required
symbol for a numerology with a subcarrier spacing f,=15
KHz as in LTE.

As illustrated in FIG. 3, there is a common PBCH/PSS/
SSS in the whole band, which carries all information
required for different numerologies. In a case of the PBCH,
it can include legacy information such as Master Informa-
tion Block (MIB), cell-specific antenna port, etc. In addition,
it could also include the information on the at least two
numerologies, which may include for example, a number of
multiplexed numerologies, numerology multiplexing con-
figuration information, subcarrier spacing information for
the numerologies; sub-band bandwidth information for the
numerologies.

The number of multiplexed numerologies can indicate the
number of numerologies to be multiplexed on the same
band, and it can be indicated explicitly or implicitly through
other information like subcarrier spacing for the numerolo-
gies; sub-band bandwidth information for the numerologies,
which will be described in details hereinafter.

The numerology multiplexing configuration information
can include a configuration index to indicate a particular
configuration or pattern for the numerology multiplexing.
For example, there can be a predetermined table showing
indexes and corresponding numerology multiplexing pat-
terns. A numerology multiplexing pattern may indicate a
number of numerologies to be multiplexed, the subcarrier
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spacing for each numerology, and the sub-band bandwidth
for each numerology. Thus, by means of a configuration
index, it is possible to indicate the numerology multiplex
pattern to be used. However, this information is not neces-
sary but can be omitted when the numerology multiplexing
pattern is a fixed one for a specific number of numerologies.

The subcarrier spacing information for the numerologies
indicates subcarrier spacings for respective numerologies. In
order to indicate subcarrier spacing information for each
numerology, it can use for example a bitmap. For example,
if candidate subcarrier spacings include {15 KHz, 30 KHg,
60 KHz}, the set of subcarrier spacings can be mapped to
{00, 01, 10}. The number of required bits for each subcarrier
spacing depends on the number of candidate subcarrier

8

spacing information, the maximum size of the bitmap for the
sub-band bandwidth information can be determined by the
number of candidate bandwidth and the number of numer-
ologies to be multiplexed as well.

In addition, if the number of multiplexed numerologies is
not contained in the information about the numerologies and
thus is unknown, then the sub-band bandwidth information
can also be used to implicitly indicate the number of the
numerologies to be multiplexed in a similar way. For illus-
tration purposes, Table 1 illustrates an example mapping
between sub-band bandwidths and mapped bits.

TABLE 1

example mapping between bandwidths and mapped bits

spacing. If the number of candidate subcarrier spacing is 3, 15

then 2 bits are need to indicated a subcarrier spacing, if the bandwidth

npmber is 5, then 3 bits are enough The re.:qulre(.i bits for the iy oM 15M Invalid bits
bitmap depend on the number of required bits for each

subcarrier spacing and the number of multiplexed numer- Mapped bits 00 01 10 1
ologies. In the above case, if the set of subcarrier spacings 20

can be mapped to {00, 01, 10} and there are two numer-
ologies to be multiplexed, then four bits are enough for the
bitmap. For example, the bitmap “0010” may indicate that
the first numerology is 15 KHz and the second numerology
is 60 KHz.

In addition, if the number of multiplexed numerologies is
not contained in the information about the numerologies and
thus is unknown, then the bitmap size and valid bits in the
bitmap can be used to indicate the number of the numer-
ologies to be multiplexed. For example, the bitmap size can
be determined by the maximum number of possible multi-
plexed numerologies. In such a case, the subcarrier spacing
of the multiplexed numerology will be indicated as above
but invalid bits for the numerologies that are not multiplexed
can be filed in the bitmap. Taking the above-mentioned case
as an example, the candidate subcarrier spacing can be {15
KHz, 30 KHz, 60 KHz}, the maximum number of possible
multiplexed numerology is 3, and the actual number of
multiplexed numerology is 2. In such a case, the bitmap
could be “001011”, wherein “00” and “10” indicate 15 KHz
for the first numerology and 60 KHz for the second numer-
ology and “11” are invalid bits for filling the bitmap. Thus,
the terminal device can only detect “00” and “10” and it can
readily learn that the number of numerologies to be multi-
plexed is 2. As another example, if the candidate subcarrier
spacing are {15 KHz, 30 KHz, 60 KHz, 120 KHz}, then we
can map the set to {000, 001, 010, 011}, and we can use
invalid bits like 111 or any other unused bits to fill the
bitmap.

The sub-band bandwidth information for the numerolo-
gies indicates sub-band bandwidths for respective numer-
ologies. In an embodiment of the present disclosure, the
sub-band bandwidth information indicates a bandwidth for
the sub-band of each numerology. The sub-band of each
numerology follows the same order as the subcarrier spacing
information. That is to say, the first sub-band bandwidth
corresponds to the first subcarrier spacing, the second band-
width corresponds to the second subcarrier spacing, and so
on. There may be a set of candidate bandwidths, and
similarly a bitmap can be used for bandwidth indication. As
an example, the set of candidate bandwidths may include {5
M, 10 M, 15 M}, this set can be mapped to {00, 01, 10}. If
there are two numerologies for multiplexing, then a bitmap
“0010” may indicate the first sub-band bandwidth is 5 M and
the second sub-band bandwidth is 15 M, the bitmap “0101”
indicates that both the first and the second sub-band band-
widths are 10 M. Similarly to the bitmap for the subcarrier
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In such a case, for a bitmp “001011”, it can be used to
indicate that the first sub-band has a width of 5 M, the
second sub-band has a width of 15 M and there is two
numerologies to be multiplexed since there is contained only
two valid bits

In another embodiment of the present disclosure, the
sub-band bandwidth information may include the start and
end of the bandwidth. Thus, a bandwidth can be indicated by
a start position of a sub-band and an end position of the
sub-band. The start of the first sub-band and the end of the
last sub-band may be ignored if they correspond to the start
and end of the system band. In a case that there is no guard
band introduced between numerologies or the guard band
between numerologies is fixed, only the end position of the
last sub-band or the start position of the current sub-band is
enough to distinguish the sub-band. Otherwise, both the end
position of last sub-band and the start position of current
sub-band should be indicated.

The start position and end position of the sub-band can be
at PRB level. If the PRB is defined as the same size for each
numerology, e.g., 180 KHz resource block, then the system
will have a constant number of PRBs. Thus, it is easy to
indicate the start position and end position with the PRB
number. For different numerologies, the PRB will have
different number subcarriers. For example, for 15 KHz, a
PRB has 12 subcarriers; for 60 KHz, a PRB has 3 subcar-
riers. If the PRB is defined as a 12-subcarrier resource block,
then the number of PRBs in the system will change accord-
ing to the multiplexed numerology and its bandwidth. Con-
sidering the PBCH resources with a 15 KHz subcarrier
spacing, it will be complicated for the UE to estimate the
number of PRBs. In another embodiment of the present
disclosure, it is possible to set the start position and the end
position at a plurality of potential positions on the system
bandwidth. That is to say, the start and end of a sub-band can
only be selected from a set of predetermined positions. Thus,
it may reduce the complexity and required resource for
indicating the sub-band bandwidth information

The information about the numerologies can be transmit-
ted in the MIB using spare 10 bits with or without additional
information bits. Alternatively, all the numerology related
information can also be transmitted with new information
bits.

Reference is made back to FIG. 1, at step 102, it may
multiplex the at least two numerologies in the same fre-
quency band based on the information about the numerolo-
gies.
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Besides, in FIG. 3, there is only one common downlink
transmission resource; however, in another embodiment of
the present disclosure, it is also possible to additionally or
optionally include one or more additional downlink trans-
mission resource. Thus in FIG. 1, it is possible to transmit,
in at least one additional downlink transmission resource,
information about at least one other numerology with a
sub-band not containing the common downlink transmission
resource That is to say, in addition to the common downlink
transmission resource, additional downlink transmission
resources can be used. FIG. 4 schematically illustrates
diagrams of example positions of common downlink trans-
mission resource and additional downlink transmission
resource for carrying information about numerologies
according to another embodiment of the present disclosure.
As illustrated in FIG. 4, for different numerology multiplex-
ing patterns, there is one common PBCH/PSS/SSS located
at the center of the system bandwidth and in addition to this,
for other sub-bands not containing the common downlink
transmission resource, there is an additional downlink trans-
mission resource like PBCH/PSS/SSS for each of the other
sub-bands, which can also be called as sub-band specific
transmission resource. In the illustrated embodiments, each
of the common PBCH/PSS/SSS and the one or more addi-
tional PBCH/PSS/SSS has a fixed subcarrier spacing f, (e.g.
15 KHz) and each the one or more additional PBCH/PSS/
SSS is located at a border of the system bandwidth.

The common PBCH/PSS/SSS located at the center of the
system bandwidth is a common resource that will be
detected by all terminal devices. Taking the PBCH as an
example, the common PBCH can include legacy informa-
tion such as MIB, cell-specific antenna port, etc. In addition,
the PBCH could also include the information on the numer-
ologies to be multiplexed, which may include for example,
a number of multiplexed numerologies, subcarrier spacing
information on a sub-band in wherein the common PBCH is
located and sub-band bandwidth information on the sub-
band (like the sub-band bandwidth, or the start and end
position of the sub-band). In view of the fact, the one or
more additional PBCHs are located at borders of the system
bandwidth, it is possible not to include position information
about the one or more additional PBCHs, since the system
bandwidth is known and the border can be readily known by
the terminal devices. Thus in such a case, the maximum
number of numerologies is limited to 3. If there are more
than three numerologies, and for additional PBCH/PSS/SSS
not located at the borders of the system bandwidth, for
example those located at a border of sub-band, their position
information can be included in the common PBCH. On the
other hand, for the one or more additional PBCH, the
information contained therein may include the subcarrier
spacing information for their respective sub-bands, and
sub-band bandwidth information for their respective sub-
bands (like the sub-band bandwidth, or the start and end
position of the sub-band).

Thus, in this case, all PBCHs use a fixed subcarrier
spacing f, (e.g., like 15 KHz) and additional PBCHs are
located at borders of the system bandwidth. Therefore, the
terminal devices can directly detect the common PBCH at
the center of the system bandwidth and then detect addi-
tional sub-band specific PBCHs at the borders of the system
bandwidth. Thus, compared with the legacy PBCH, the
additional PBCH further includes the subcarrier spacing,
sub-band bandwidth or the start and end position of the
sub-band of the corresponding numerology. Herein, the
system bandwidth may not be necessary anymore.
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In FIG. 4, all of the common PBCH/PSS/SSS and the one
or more additional PBCH/PSS/SSS use a fixed subcarrier
spacing f, like 15 KHz, but the present disclosure is not
limited thereto. FIG. 5 schematically illustrates diagrams of
example positions of common downlink transmission
resource and additional downlink transmission resource for
carrying information about numerologies according to a
further embodiment of the present disclosure. In FIG. 5, the
common PBCH/PSS/SSS located at the center of the system
bandwidth has a fixed subcarrier spacing f, but each of
additional PBCH/PSS/SSS located at the border of the
system bandwidth has a sub-band specific subcarrier spac-
ing. In other words, the common PBCH/PSS/SSS may be
transmitted by using a fixed subcarrier spacing (e.g. 15 KHz)
while the additional PBCH/PSS/SSS which are sub-band
specific transmission resource can use the subcarrier spacing
of the corresponding sub-band. In such a case, in addition to
the information contained in the common PBCH as in FIG.
4, it shall further include the subcarrier spacing information
for the other sub-bands in the common PBCH and the
addition PBCH does not need to include this information
any more.

Thus, in such case, the terminal device first detect the
common PBCH at the center of the system bandwidth and
then detect additional sub-band specific PBCHs at the bor-
ders of the system bandwidth according to the subcarrier
spacing for respective sub-bands as indicated in the common
PBCH. Thus, compared with the legacy PBCH, the addi-
tional PBCH could further include the sub-band bandwidth
or the start and end position of the sub-band of the corre-
sponding numerology. At the same time, the system band-
width may not be necessary anymore.

Similarly, for the cases as illustrated in FIGS. 4 and 5, the
information about the numerologies can be transmitted in
the MIB using the spare 10 bits with or without additional
information bits. Alternatively, all the numerology related
information can also be transmitted with new information
bits as well. In addition, it shall be appreciated that in FIGS.
4 and 5, the indication about information such as the
subcarrier spacing information, the sub-band bandwidth, etc.
and other related aspect can be similar to those in FIG. 3 and
thus will be not elaborated herein.

FIG. 6 schematically illustrates diagrams of example
positions of common downlink transmission resource and
additional downlink transmission resource for carrying
information about numerologies according to a still further
embodiment of the present disclosure. In FIG. 6, the com-
mon PBCH/PSS/SSS and the additional PBCH/PSS/SSS
both have a fixed subcarrier spacing (e.g. 15 KHz). Different
from the case illustrated in FIG. 4, the additional PBCH/
PSS/SSS as illustrated in FIG. 6 is not located at the border
of the system bandwidth but located at a center of a
corresponding sub-band. In such a case, in addition to the
mentioned legacy information and the mentioned informa-
tion on the numerologies (such as the number of the numer-
ologies to be multiplexed, the subcarrier spacing informa-
tion on a sub-band in wherein the common PBCH/PSS/SSS
is located and sub-band bandwidth information on the
sub-band) as in FIG. 4, the information on the numerologies
to be multiplexed contained in the common PBCH may
further include position information on respective additional
downlink transmission resources.

Thus, the terminal devices first detect the common PBCH
at the center of the system bandwidth and then detect
additional sub-band specific PBCHs at the center of a
respective sub-band according to position information on
respective additional downlink transmission resource indi-
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cated in the common PBCH. Thus, compared with the
legacy PBCH, the additional PBCH further includes the
subcarrier spacing, the sub-band bandwidth or the start and
end position of the sub-band of the corresponding numer-
ology. At the same time, the system bandwidth may not be
necessary anymore.

FIG. 7 further schematically illustrates diagrams of
example positions of common downlink transmission
resource and additional downlink transmission resource for
carrying information about numerologies according to a yet
further embodiment of the present disclosure. The difference
between the case in FIG. 7 and the case in FIG. 6 lies in that
the additional PBCH uses sub-band specific subcarrier spac-
ing. In other words, the common PBCH/PSS/SSS may be
transmitted by using a fixed subcarrier spacing (e.g. 15 KHz)
while the additional PBCH/PSS/SSS which is sub-band
specific transmission resource can use the subcarrier spacing
of the corresponding sub-band. In such a case, in addition to
the information contained in the common PBCH in FIG. 6,
it shall further include the subcarrier spacing information for
the other sub-bands in the common PBCH. On the other
hand, compared with the legacy PBCH, the additional
PBCH may further include the sub-band bandwidth or the
start and end position of the sub-band of the corresponding
numerology. At the same time, the system bandwidth may
not be necessary anymore.

Similarly, for the cases as illustrated in FIGS. 6 and 7, the
information about the numerologies can be transmitted in
the MIB using the spare 10 bits with or without additional
information bits. Alternatively, all the numerology related
information can also be transmitted with new information
bits. In addition, it shall be appreciated that in FIGS. 6 and
7, the indication about information such as the subcarrier
spacing information, the sub-band bandwidth, etc. and other
related aspect can be similar to those in FIG. 3 and thus will
be not elaborated herein.

FIG. 8 schematically illustrates diagrams of example
positions of common downlink transmission resource and
additional downlink transmission resource for carrying
information about numerologies according to a yet still
embodiment of the present disclosure. In FIG. 8, all of the
common PBCH/PSS/SSS and the additional PBCH/PSS/
SSS have a fixed subcarrier spacing (e.g. 15 KHz) and there
are illustrated an even number of numerologies to be mul-
tiplexed in the system bandwidth and the system band is
evenly divided for the numerologies. That is to say, the
numerologies will be equally multiplexed on the system
bandwidth. In this case, the common PBCH/PSS/SSS is still
located at the center of the system bandwidth and it is not
located within any of the sub-band but across two sub-bands.
Thus, the common PBCH can obtain the number of numer-
ologies to be multiplexed. In addition, the common PBCH
may further comprise position information of the additional
PBCHs if they are transmitted not at the borders of the
system bandwidth but at borders of sub-bands or at the
sub-band center. However, this information can also be
deduced by UE according to the system bandwidth and the
number of multiplexed numerologies For example, for 20
MHz bandwidth and 4 equally multiplexed numerologies,
the terminal device then can know that the PBCHs will be
located at the center of each 5 MHz bandwidth. In this case,
it is enough to include the number of multiplexed numer-
ology in the PBCH and position information of the addi-
tional PBCH is unnecessary. In such a case, compared with
the legacy PBCH, the additional sub-band specific PBCH
can further include the subcarrier spacing, sub-band band-
width or the start and end position of the sub-band of the
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corresponding numerology (if the related information is not
provided in the common PBCH). The system bandwidth
may not be necessary anymore, either.

FIG. 9 schematically illustrates diagrams of example
positions of common downlink transmission resource and
additional downlink transmission resource for carrying
information about numerologies according to another
embodiment of the present disclosure. In this case, each of
the additional PBCHs uses sub-band specific subcarrier
spacing. In such a case, in addition to the information
contained in the common PBCH in FIG. 8, subcarrier
spacing information for respective numerologies shall be
further included in the common PBCH. Compared with the
legacy PBCH, the additional PBCH can include further the
sub-band bandwidth or the start and end position of the
sub-band of the corresponding numerology (if related infor-
mation is not provided in the common PBCH). At the same
time, the system bandwidth may not be necessary anymore.

Similarly, for the cases as illustrated in FIGS. 8 and 9, the
information about the numerologies can be transmitted in
the MIB using the spare 10 bits with or without additional
information bits. Alternatively, all the numerology related
information can also be transmitted with new information
bits. In addition, it shall be appreciated that in FIGS. 8 and
9, the indication about information such as the subcarrier
spacing information, the sub-band bandwidth, etc. and other
related aspect can be similar to those in FIG. 3 and thus will
be not elaborated herein.

In addition, FIG. 10 schematically illustrates a flow chart
of'a method of numerology multiplexing at a terminal device
in a wireless communication system according to an
embodiment of the present disclosure. The method 1000 can
be implemented at a terminal device, for example UE, or
other like terminal devices.

As illustrated in FI1G. 10, the method 1000 starts from step
1001, in which information about at least two numerologies
in common downlink transmission resource is received. In
an embodiment of the present disclosure, the common
downlink transmission resource is located at the center of
the system bandwidth. In another embodiment of the present
disclosure, the common downlink transmission resource has
a fixed subcarrier spacing.

Then, in step 1002, the at least two numerologies are
multiplexed in a same frequency band based on the infor-
mation about the at least two numerologies. In an embodi-
ment of the present disclosure, the at least two numerologies
can be multiplexed with a smallest one of frequency spac-
ings for the at least two numerologies on a central frequency
of a system bandwidth. In another embodiment of the
present disclosure, the at least two numerologies are multi-
plexed based on a predetermined pattern.

Additionally and optionally, the method may further com-
prise step 1003, in which information about at least one
other numerology with a sub-band not containing the com-
mon downlink transmission resource is further received in at
least one additional downlink transmission resource. In an
embodiment of the present disclosure, the at least one
additional downlink transmission resource has a fixed sub-
carrier spacing or has a sub-band specific subcarrier spacing.
In another embodiment of the present disclosure, the at least
one additional downlink transmission resource is located at
a border of a system bandwidth or at a sub-band center.

In an embodiment of the present disclosure, the informa-
tion about the at least two numerologies may comprise at
least one of: the number of numerologies to be multiplexed;
numerology multiplexing configuration information; subcar-
rier spacing for at least one of the numerologies; sub-band
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bandwidth information for at least one of the numerologies;
and position information about additional downlink trans-
mission resource for the at least one of the numerologies.

In another embodiment of the present disclosure, the at
least one additional downlink transmission resource com-
prises at least one of: sub-band bandwidth for the at least one
additional downlink transmission resource and subcarrier
spacing for the at least one additional downlink transmission
resource.

14

prise at least one of: the number of numerologies to be
multiplexed; numerology multiplexing configuration infor-
mation; subcarrier spacing information for at least one of the
numerologies; sub-band bandwidth information for at least
one of the numerologies; and position information about
additional downlink transmission resource for at least one of
the numerologies.

In a further embodiment of the present disclosure, the at
least one additional downlink transmission resource may

Hereinabove, the method of numerology multiplexing at 10 comprise at least one of: sub-band bandwidth information
a terminal device is briefly described with reference to FIG. for the at least one additional downlink transmission
10 and many details about the operations and features in the resource and subcarrier spacing information for the at least
method are similar to the method at the severing node. Thus, one additional downlink transmission resource.
for details, reference can be made to corresponding descrip- FIG. 12 further schematically illustrates a block diagram
tion with reference to FIGS. 1 to 10. 15 of an apparatus 1200 for numerology multiplexing at a

Thus, with embodiments of the present disclosure, it is terminal device in a wireless communication system accord-
possible to enable different numerologies to be multiplexed ing to an embodiment of the present disclosure. The appa-
in the same band and thus support the numerology multi- ratus 1200 can be implemented at a terminal device, for
plexing in new radio system like 5G. example UE, or other like terminal devices.

Besides, in the present disclosure, there are also provided 20  As illustrated in FIG. 12, the apparatus 1200 comprises an
apparatuses for numerology multiplexing at the serving node information receiving module 1201 and a numerology mul-
and terminal device in a wireless communication system tiplexing module 1202. The information receiving module
respectively, which will be described next with reference to 1101 may be configured to receive information about at least
FIGS. 11 and 12. two numerologies in common downlink transmission

FIG. 11 schematically illustrates a block diagram of an 25 resource. The numerology multiplexing module 1202 may
apparatus 1100 for numerology multiplexing at a serving be configured to multiplex the at least two numerologies in
node in a wireless communication system according to an a same frequency band based on the information about the
embodiment of the present disclosure. The apparatus 1100 at least two numerologies.
can be implemented at a serving node, for example a BS, In an embodiment of the present disclosure, the numer-
like a node B (NodeB or NB). In the embodiment as 30 ology multiplexing module 1202 may be further configured
illustrated in the FIG. 11, the apparatus 1100 may comprise to multiplex the at least two numerologies with a smallest
an information transmission module 1101 and a numerology one of frequency spacings for the at least two numerologies
multiplexing module 1102. The numerology multiplexing on a central frequency of a system bandwidth,
module 1102 may be configured to multiplex the at least two In another embodiment of the present disclosure, the
numerologies in a same frequency band based on the infor- 35 numerology multiplexing module 1202 may be further con-
mation about the at least two numerologies. figured to multiplex the at least two numerologies based on

In an embodiment of the present disclosure, the numer- a predetermined pattern.
ology multiplexing module 1102 may be further configured In a further embodiment of the present disclosure, the
to multiplex the at least two numerologies with a smallest common downlink transmission resource may be located at
one of frequency spacings for the at least two numerologies 40 a center of a system bandwidth. In a further embodiment of
on a central frequency of a system bandwidth. In another the present disclosure, the common downlink transmission
embodiment of the present disclosure, the numerology mul- resource has a fixed subcarrier spacing.
tiplexing module is further configured to multiplex the at In another embodiment of the present disclosure, the
least two numerologies based on a predetermined pattern. apparatus 1200 may further comprise an additional infor-

In a further embodiment of the present disclosure, the 45 mation receiving module 1203. The additional information
common downlink transmission resource may be located at receiving module 1203 may be configured to receive, in at
a center of a system bandwidth. Additionally or alterna- least one additional downlink transmission resource, infor-
tively, the common downlink transmission resource may mation about at least one other numerology with a sub-band
have a fixed subcarrier spacing. not containing the common downlink transmission resource.

In a still further embodiment of the present disclosure, the 50  In a further embodiment of the present disclosure, the at
apparatus 1100 may further comprise an additional infor- least one additional downlink transmission resource may
mation transmission module 1103. The additional informa- have a fixed subcarrier spacing or has a sub-band specific
tion transmission module 1103 may be configured to trans- subcarrier spacing. In a still further embodiment of the
mit, in at least one additional downlink transmission present disclosure, the at least one additional downlink
resource, information about at least one other numerology 55 transmission resource may be located at a border of a system
with a sub-band not containing the common downlink bandwidth or at a sub-band center.
transmission resource. In a yet further embodiment of the present disclosure, the

In a yet further embodiment of the present disclosure, the information about the at least two numerologies may com-
at least one additional downlink transmission resource may prise at least one of the number of numerologies to be
have a fixed subcarrier spacing or has a sub-band specific 60 multiplexed; numerology multiplexing configuration infor-
subcarrier spacing. mation; subcarrier spacing information for at least one of the

In a still yet further embodiment of the present disclosure, numerologies; sub-band bandwidth information for at least
the at least one additional downlink transmission resource one of the numerologies; and position information about
may be located at a border of a system bandwidth or at a additional downlink transmission resource for at least one of
sub-band center. 65 the numerologies.

In another embodiment of the present disclosure, the
information about the at least two numerologies may com-

In still yet embodiment of the present disclosure, the at
least one additional downlink transmission resource com-
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prises at least one of: sub-band bandwidth information for
the at least one additional downlink transmission resource
and subcarrier spacing information for the at least one
additional downlink transmission resource.

Hereinbefore, the apparatuses 1100 and 1200 are
described with reference to FIGS. 11 and 12. It is noted that
the apparatuses 1100 and 1200 may be configured to imple-
ment functionalities as described with reference to FIGS. 1
to 10. Therefore, for details about the operations of modules
in these apparatuses, one may refer to those descriptions
made with respect to the respective steps of the methods
with reference to FIGS. 1 to 10.

It is further noted that the components of the apparatuses
1100 and 1200 may be embodied in hardware, software,
firmware, and/or any combination thereof. For example, the
components of apparatuses 1100 and 1200 may be respec-
tively implemented by a circuit, a processor or any other
appropriate selection device. Those skilled in the art will
appreciate that the aforesaid examples are only for illustra-
tion not limitation and the present disclosure is not limited
thereto; one can readily conceive many variations, additions,
deletions and modifications from the teaching provided
herein and all these variations, additions, deletions and
modifications fall the protection scope of the present dis-
closure.

In some embodiment of the present disclosure, appara-
tuses 1100 and 1200 may comprise at least one processor.
The at least one processor suitable for use with embodiments
of the present disclosure may include, by way of example,
both general and special purpose processors already known
or developed in the future. Apparatuses 1100 and 1200 may
further comprise at least one memory. The at least one
memory may include, for example, semiconductor memory
devices, e.g., RAM, ROM, EPROM, EEPROM, and flash
memory devices. The at least one memory may be used to
store program of computer executable instructions. The
program can be written in any high-level and/or low-level
compliable or interpretable programming languages. In
accordance with embodiments, the computer executable
instructions may be configured, with the at least one pro-
cessor, to cause apparatuses 1100 and 1200 to at least
perform operations according to the method as discussed
with reference to FIGS. 1 to 10 respectively.

It shall be appreciated that although PBCH is mainly
described as the downlink transmission resource for carrying
numerology related information, the present disclosure, it
not limited thereto, it is also possible to use another suitable
downlink transmission resource, like PSS, SSS, etc. In
addition, although in the description, the PBCH is described
as including the example legacy information and the infor-
mation about the numerologies, the present disclosure is not
limited thereto. It is possible to include other information;
for example, the PBCH can include the system information
block (SIB) information as well.

FIG. 13 further illustrates a simplified block diagram of an
apparatus 1310 that may be embodied as or comprised in a
terminal device such as UE in a wireless network and an
apparatus 1320 that may be embodied as or comprised in a
base station such as NB or eNB as described herein.

The apparatus 1310 comprises at least one processor
1311, such as a data processor (DP) and at least one memory
(MEM) 1312 coupled to the processor 1311. The apparatus
1310 may further comprise a transmitter TX and receiver
RX 1313 coupled to the processor 1311, which may be
operable to communicatively connect to the apparatus 1320.
The MEM 1312 stores a program (PROG) 1314. The PROG
1314 may include instructions that, when executed on the
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associated processor 1311, enable the apparatus 1310 to
operate in accordance with embodiments of the present
disclosure, for example the method 100. A combination of
the at least one processor 1311 and the at least one MEM
1312 may form processing means 1315 adapted to imple-
ment various embodiments of the present disclosure.

The apparatus 1320 comprises at least one processor
1321, such as a DP, and at least one MEM 1322 coupled to
the processor 1321. The apparatus 1320 may further com-
prise a suitable TX/RX 1323 coupled to the processor 1321,
which may be operable for wireless communication with the
apparatus 1310. The MEM 1322 stores a PROG 1324. The
PROG 1324 may include instructions that, when executed
on the associated processor 1321, enable the apparatus 1320
to operate in accordance with the embodiments of the
present disclosure, for example to perform the method 1000.
A combination of the at least one processor 1321 and the at
least one MEM 1322 may form processing means 1325
adapted to implement various embodiments of the present
disclosure.

Various embodiments of the present disclosure may be
implemented by computer program executable by one or
more of the processors 1311, 1321, software, firmware,
hardware or in a combination thereof.

The MEMs 1312 and 1322 may be of any type suitable to
the local technical environment and may be implemented
using any suitable data storage technology, such as semi-
conductor based memory devices, magnetic memory
devices and systems, optical memory devices and systems,
fixed memory and removable memory, as non-limiting
examples.

The processors 1311 and 1321 may be of any type suitable
to the local technical environment, and may include one or
more of general purpose computers, special purpose com-
puters, microprocessors, digital signal processors DSPs and
processors based on multicore processor architecture, as
non-limiting examples.

In addition, the present disclosure may also provide a
carrier containing the computer program as mentioned
above, wherein the carrier is one of an electronic signal,
optical signal, radio signal, or computer readable storage
medium. The computer readable storage medium can be, for
example, an optical compact disk or an electronic memory
device like a RAM (random access memory), a ROM (read
only memory), Flash memory, magnetic tape, CD-ROM,
DVD, Blue-ray disc and the like.

The techniques described herein may be implemented by
various means so that an apparatus implementing one or
more functions of a corresponding apparatus described with
one embodiment comprises not only prior art means, but
also means for implementing the one or more functions of
the corresponding apparatus described with the embodiment
and it may comprise separate means for each separate
function, or means that may be configured to perform two or
more functions. For example, these techniques may be
implemented in hardware (one or more apparatuses), firm-
ware (one or more apparatuses), software (one or more
modules), or combinations thereof. For a firmware or soft-
ware, implementation may be made through modules (e.g.,
procedures, functions, and so on) that perform the functions
described herein.

Exemplary embodiments herein have been described
above with reference to block diagrams and flowchart illus-
trations of methods and apparatuses. It will be understood
that each block of the block diagrams and flowchart illus-
trations, and combinations of blocks in the block diagrams
and flowchart illustrations, respectively, can be implemented
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by various means including computer program instructions.
These computer program instructions may be loaded onto a
general purpose computer, special purpose computer, or
other programmable data processing apparatus to produce a
machine, such that the instructions which execute on the
computer or other programmable data processing apparatus
create means for implementing the functions specified in the
flowchart block or blocks.

While this specification contains many specific imple-

5

mentation details, these should not be construed as limita- 10

tions on the scope of any implementation or of what may be
claimed, but rather as descriptions of features that may be
specific to particular embodiments of particular implemen-
tations. Certain features that are described in this specifica-

18

wherein the at least one additional downlink transmission
resource has a sub-band specific subcarrier spacing.
6. The method of claim 4, wherein the at least one
additional downlink transmission resource is located at a
border of a system bandwidth; or
wherein the at least one additional downlink transmission
resource is located at a sub-band center.
7. The method of claim 1, wherein the information about
the at least two numerologies comprises at least one of:
the number of numerologies to be multiplexed;
numerology multiplexing configuration information;
subcarrier spacing information for at least one of the
numerologies;
sub-band bandwidth information for at least one of the

tion in the context of separate embodiments can also be 15 .
implemented in combination in a single embodiment. Con- numerologies; and - ) )
versely, various features that are described in the context of position information about additional downlink transmis-
a single embodiment can also be implemented in multiple sion resource for at least one of the numerologies.
embodiments separately or in any suitable sub-combination. 8. The method of claim 4, wherein the at least one
Moreover, although features may be described above as 20 additional downlink transmission resource comprises at
acting in certain combinations and even initially claimed as least one of: sub-band bandwidth information for the at least
such, one or more features from a claimed combination can one additional downlink transmission resource and subcar-
in some cases be excised from the combination, and the rier spacing information for the at least one additional
claimed combination may be directed to a sub-combination downlink transmission resource.
or variation of a sub-combination. 25 9. The method of claim 1, wherein the least two numer-
It will be obvious to a person skilled in the art that, as the ologies are adjacent to each other in the same frequency.
technology advances, the inventive concept can be imple- 10. A method of numerology multiplexing in a wireless
mented in various ways. The above described embodiments communication system, the method comprising:
are given for describing rather than limiting the disclosure, receiving information about at least two numerologies in
and it is to be understood that modifications and variations 30 common downlink transmission resource;
may be resorted to without departing from the spirit and multiplexing the at least two numerologies in a same
scope of the disclosure as those skilled in the art readily frequency band without a guard period between the at
understand. Such modifications and variations are consid- least two numerologies based on the information about
ered to be within the scope of the disclosure and the the at least two numerologies; and
appended claims. The protection scope of the disclosure is 35  performing wireless communication based on the at least
defined by the accompanying claims. two numerologies multiplexed in the same frequency
What is claimed is: band,

1. A method of numerology multiplexing in a wireless wherein downlink transmission resource information
communication system, the method comprising: common to both the at least two numerologies is
transmitting information about at least two numerologies 40 located at a center frequency of the frequency band.

in common downlink transmission resource; 11. The method of claim 10, wherein the at least two
multiplexing the at least two numerologies in a same numerologies are multiplexed with a smallest one of fre-
frequency band without a guard period between the at quency spacings for the at least two numerologies on a
least two numerologies based on the information about central frequency of a system bandwidth, or
the at least two numerologies; and 45  wherein the at least two numerologies are multiplexed
performing wireless communication based on the at least based on a predetermined pattern.
two numerologies multiplexed in the same frequency 12. The method of claim 10,
band, wherein the common downlink transmission resource has
wherein downlink transmission resource information a fixed subcarrier spacing.
common to both the at least two numerologies is 50  13. The method of claim 10, further comprising:
located at a center frequency of the frequency band. receiving, in at least one additional downlink transmission
2. The method of claim 1, wherein the at least two resource, information about at least one other numer-
numerologies are multiplexed with a smallest one of fre- ology with a sub-band not containing the common
quency spacings for the at least two numerologies on a downlink transmission resource.
central frequency of a system bandwidth, or 55 14. The method of claim 13, wherein the at least one
wherein the at least two numerologies are multiplexed additional downlink transmission resource has a fixed sub-
based on a predetermined pattern. carrier spacing, or wherein the at least one additional down-
3. The method of claim 1, wherein the common downlink link transmission resource has a sub-band specific subcarrier
transmission resource has a fixed subcarrier spacing. spacing; and/or
4. The method of claim 1, further comprising: 60  wherein the at least one additional downlink transmission
transmitting, in at least one additional downlink transmis- resource is located at a border of a system bandwidth,
sion resource, information about at least one other or wherein the at least one additional downlink trans-
numerology with a sub-band not containing the com- mission resource is located at a sub-band center.
mon downlink transmission resource. 15. The method of claim 13, wherein the at least one
5. The method of claim 4, wherein the at least one 65 additional downlink transmission resource comprises at

additional downlink transmission resource has a fixed sub-
carrier spacing; or

least one of: sub-band bandwidth information for the at least
one additional downlink transmission resource and subcar-
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rier spacing information for the at least one additional
downlink transmission resource.
16. The method of claim 10, wherein the information
about the at least two numerologies comprise at least one of:
the number of numerologies to be multiplexed;
numerology multiplexing configuration information;
subcarrier spacing information for at least one of the
numerologies;
sub-band bandwidth information for at least one of the

5

20

perform wireless communication based on the at least two
numerologies multiplexed in the same frequency band,
wherein downlink transmission resource information
common to both the at least two numerologies is
located at a center frequency of the frequency band.
19. The apparatus of claim 18, wherein the processor is
further configured to multiplex the at least two numerologies
with a smallest one of frequency spacings for the at least two
numerologies on a central frequency of a system bandwidth,

: 10 or
numerologies; and . . .
position information about additional downlink transmis- wherein the processor is futher configured to multlplex
sion resource for at least one of the numerologies the at least two numerologies based on a predetermined
17. The method of claim 10, wherein the least two » Op%tltlem. " £ claim 18
numerologies are adjacent to each other in the same fre- - Lhe apparatus of claum 19, .
quency. 15 wherein the common downlink transmission resource has
18. An apparatus for numerology multiplexing in a wire- a fixed subcarrier spacing. . .
less communication system, the apparatus comprising: 21. The apparatus of claim 18, wherein the processor is
a memory storing one or more instructions; and further cqnﬁgured to: . . .
at least one processor configured to execute the one or transmit, in at least one additional downlink transmission
more instructions to: 20 resource, information about at least one other numer-
transmit information about at least two numerologies in Zlogy l'gliﬂtl a su.b -l?and not containing the common
common downlink transmission resource; 2 OTV;IIIII rarismlsiﬂlorll resolugce. herein the least tw
multiplex the at least two numerologies in a same fre- - e apparatus of cilm 18, WACTElL the teast tvo
quency band without a guard period between the at numerologies are adjacent to each other in the same fre-
25 quency.

least two numerologies based on the information about
the at least two numerologies; and
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