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ABSTRACT

Techniques for receiving control channel for multiple
numerologies are disclosed. The UE receives a control
channel by using a first numerology and receives a first data
channel information by using a second numerology. The UE

also
first

receives a second data channel information by using the
numerology. Also, different numerologies and band-

width portions are used for communicating data channel
information and HARQ feedback respectively
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METHOD AND APPARATUS FOR
RECEIVING CONTROL CHANNEL FOR
MULTIPLE NUMEROLOGIES IN A
WIRELESS COMMUNICATIONS SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to and is a con-
tinuation of U.S. application Ser. No. 15/721,136, filed on
Sep. 29, 2017, entitled “METHOD AND APPARATUS FOR
RECEIVING CONTROL CHANNEL FOR MULTIPLE
NUMEROLOGIES IN A WIRELESS COMMUNICA-
TIONS SYSTEM”.

[0002] U.S. application Ser. No. 15/721,136 claims the
benefit of U.S. Provisional Application Ser. No. 62/402,292,
filed Sep. 30, 2016, and entitled “METHOD AND APPA-
RATUS FOR TRANSMITTING CONTROL CHANNEL
FOR MULTIPLE NUMEROLOGIES IN A WIRELESS
COMMUNICATION SYSTEM,” U.S. Provisional Applica-
tion Ser. No. 62/414,341, filed Oct. 28, 2016, and entitled
“METHOD AND APPARATUS FOR TRANSMITTING
HARQ ACKNOWLEDGEMENT FOR MULTIPLE
NUMEROLOGIES IN A WIRELESS COMMUNICATION
SYSTEM™, and U.S. Provisional Application Ser. No.
62/421,572, filed Nov. 14, 2016, and entitled “METHOD
AND APPARATUS FOR CONTROL CHANNEL TRANS-
MISSION FOR MULTIPLE NUMEROLOGIES IN A
WIRELESS COMMUNICATION SYSTEM”.

[0003] The entirety of U.S. application Ser. No. 15/721,
136, U.S. Provisional Application Ser. No. 62/402,292, U.S.
Provisional Application Ser. No. 62/414,341 and U.S. Pro-
visional Application Ser. No. 62/421,572 are expressly
incorporated herein by reference.

TECHNICAL FIELD

[0004] The subject disclosure relates generally to commu-
nications systems, and specifically to efficiently transmitting
controls channels in a wireless communications system that
uses multiple numerologies.

BACKGROUND

[0005] 5G, the next telecommunications standard, will
likely use the signal modulation format known as orthogonal
frequency divisional multiplexing (OFDM). The new radio
access technologies (NR), on which the 5G radio access will
be built, will provide networks that support multiple numer-
ologies. Numerology refers to the particular parameters that
are selected for performing a given OFDM communication
including, for example, subcarrier spacing, symbol duration,
cyclic prefix and resource block size. The simultaneous
usage of multiple numerologies will allow the NR networks
to communicate at higher data rates and lower latencies than
is presently possible. However, mobile devices are expected
to vary in their capabilities in accommodating the different
numerologies offered by a given network. The 3rd Genera-
tion Partnership Project (3GPP), which provides reference
designs and identifies issues that require consideration and
solutions for 5G, has noted that there are unresolved issues
related to resource allocation, resource control and trans-
mitting control channel information for 5G systems that use
multiple numerologies. Inventions presented in the subject
disclosure provide solutions to those issues including, for
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example, methodology for efficiently transmitting control
channel information for a cell that supports multiple numer-
ologies.

SUMMARY

[0006] Method and apparatus for receiving a control chan-
nel by a user equipment (UE) in a wireless communication
system are disclosed herein. The UE is configured to use a
first numerology for receiving a control channel. Also, the
UE receives information regarding using a second numer-
ology for receiving a first data channel. The UE receives the
control channel by using the first numerology and receives
the first data channel by using the second numerology.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] Various non-limiting embodiments are further
described with reference to the accompanying drawings in
which:

[0008] FIG. 1 illustrates an example, non-limiting wireless
communications system for transmitting control channel
information, in accordance with one or more embodiments
described herein;

[0009] FIG. 2 illustrates an example, non-limiting down-
link resource grid for OFDM transmission, in accordance
with one or more embodiments described herein;

[0010] FIG. 3 illustrates an example, non-limiting meth-
odology for transmitting control channel information and
data channel information, in accordance with one or more
embodiments described herein;

[0011] FIG. 4 illustrates an example, non-limiting meth-
odology for transmitting information related to bandwidth
partitions, in accordance with one or more embodiments
described herein;

[0012] FIG. 5 illustrates an example, non-limiting envi-
ronment in which bandwidths and frequency locations for
various numerologies are adjusted, in accordance with one
or more embodiments described herein;

[0013] FIG. 6 illustrates an example, non-limiting meth-
odology in which a control channel with a specific (given)
numerology schedules a data channel with a different numer-
ology, in accordance with one or more embodiments
described herein;

[0014] FIG. 7 illustrates an example, non-limiting meth-
odology for communicating data channel information and
HARQ feedback, in accordance with one or more embodi-
ments described herein;

[0015] FIG. 8 illustrates an example, non-limiting struc-
ture of downlink (DL) and uplink (UL) bandwidth partition,
in accordance with one or more embodiments described
herein;

[0016] FIG. 9 illustrates an example, non-limiting rela-
tionship between bandwidth portion for DL data and band-
width portion for HARQ feedback, in accordance with one
or more embodiments described herein;

[0017] FIG. 10 illustrates an example, non-limiting meth-
odology for managing frequency resources if a data channel
and a control channel, in accordance with one or more
embodiments described herein;

[0018] FIG. 11 illustrates an example, non-limiting struc-
ture for populating scheduling units of a data channel with
OFDM symbols, in accordance with one or more embodi-
ments described herein;
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[0019] FIG. 12 illustrates another example, non-limiting
structure for populating scheduling units of a data channel
with OFDM symbols, in accordance with one or more
embodiments described herein;

[0020] FIG. 13 illustrates a multiple access wireless com-
munication system, in accordance with one or more embodi-
ments described herein;

[0021] FIG. 14 illustrates a simplified block diagram of an
embodiment a MIMO system that includes of a transmitter
system and a receiver system, in accordance with one or
more embodiments described herein;

[0022] FIG. 15 illustrates an alternative simplified func-
tional block diagram of a communication device, in accor-
dance with one or more embodiments described herein;
[0023] FIG. 16 is a simplified block diagram of the pro-
gram code shown in FIG. 15, in accordance with one or
more embodiments described herein;

[0024] FIG. 17 illustrates an example, non-limiting meth-
odology by which a UE receives a control channel, in
accordance with one or more embodiments described herein;
and

[0025] FIG. 18 illustrates an example, non-limiting wire-
less communications system for transmitting control chan-
nel information including two UEs, in accordance with one
or more embodiments described herein.

DETAILED DESCRIPTION

[0026] One or more embodiments are now described more
fully hereinafter with reference to the accompanying draw-
ings in which example embodiments are shown. In the
following description, for purposes of explanation, numer-
ous specific details are set forth in order to provide a
thorough understanding of the various embodiments. How-
ever, the various embodiments can be practiced without
these specific details (and without applying to any particular
networked environment or standard).

[0027] Referring initially to FIG. 1 illustrated is an
example, non-limiting wireless communications system 100
including a mobile device (or UE) 102 and a network 104,
for configuring the mobile device 102 for using multiple
numerologies, appropriate control channels and partitioned
bandwidths, in accordance with one or more embodiments
described herein. As illustrated, a user equipment (UE) or
mobile device 102 (e.g., mobile device or other terminol-
ogy) can be in communication with a network node 104
(e.g., an eNodeB, eNB, network, cell or other terminology).
Further, the mobile device 102 and/or the network node 104
can be in communication with other mobile devices (not
shown) and/or other network nodes (not shown). A “link” is
a communications channel that connects two or more
devices or nodes. An uplink (UL 106) refers to a link used
for transmission of signals from the mobile device 102 to the
network node 104. A downlink (DL 108) refers to the link
used for transmission of signals from the network node 104
to the mobile device 102. It is noted that although various
aspects are discussed with respect to a single mobile device
and a single network node, the various aspects discussed
herein can be applied to one or more mobile devices and/or
one or more network nodes.

[0028] The mobile device 102 can include a numerology
component 110, a bandwidth partition component 112, a
transmitter component 114, and a receiver component 116.
Although illustrated and described with respect to separate
components, the transmitter component 114 and the receiver
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component 116 can be a single transmitter/receiver config-
ured to transmit to and/or receive data to/from the network
node 104, other network nodes, and/or other Mobile devices.
Through the transmitter component 114 and the receiver
component 116, the mobile device 102 can concurrently
transmit and receive data, the mobile device 102 can trans-
mit and receive data at different times, or combinations
thereof.

[0029] According to some implementations, the mobile
device 102 can include a control circuit and the processor
120 and the memory 118 can be installed on the control
circuit. Further, the processor 120 can be configured to
execute a program code stored in the memory 118 to perform
the various aspects discussed herein and especially with
respect to the methodologies illustrated in FIGS. 3-12. For
example, the processor 120 can execute the program code in
the memory 118 to select numerologies to be used for
various transmissions (e.g. transmissions via control chan-
nels and data channels) and to apportion partitioned band-
widths for those transmissions. The functionality of the
numerology component 110 and the bandwidth partition
component 112 is described in this disclosure with reference
to various methodologies.

[0030] In the example shown in FIG. 1, the numerology
component 110 contains only one numerology or multiple
numerologies. In various embodiments, numerologies can
be added or removed from the numerology component 110.
Numerology refers to the particular values that are selected
for parameters such as subcarrier spacing, symbol times,
Fast Fourier Transform (FFT) sizes, etc. for performing
orthogonal frequency division multiplexing (OFDM). That
is the case in some Long Term Evolution (LTE) complaint
mobile phones, wherein only one downlink (DL) numerol-
ogy is defined for initial access. Specifically, the numerology
is defined to include a 15 KHz subcarrier spacing and the
signal and channel to be acquired during initial access are
based on 15 KHz numerology. The OFDM symbols are
grouped into resource blocks. If the resource blocks have a
total size of 180 kHz spacing in the frequency domain, for
example, then at 15 kHz sub-spacing there would be 12
subcarriers. In time domain, each resource block would have
the length of 5 milliseconds and thus each 1 millisecond
transmission time interval (TTI) would transmit two slots
(Tslots) of OFDM symbols.

[0031] An overview of the LTE numerology and descrip-
tions of the OFDM resource grid, the resource elements and
the resource blocks are described in 3GPP TS 36.211 v13.
1.10 (“E-ULTA physical channels and modulation (Release
13)”) in sections 6.1 and 6.2. 3GPP Ts 36.211 v13.1.10 is
incorporated by reference here in its entirety and some
portions are reproduced below and in FIG. 2.

[0032] “6.2.1 Resource grid: The transmitted signal in
each slot is described by one or several resource grids
of NN, % subcarriers and N, ,”* OFDM sym-
bols. The resource grid structure is illustrated in FIG.
6.2.2-1. [Reproduced in FIG. 2] The quantity N, ;”*
depends on the downlink transmission bandwidth con-

figured in the cell and shall fulfill
NRBmin,DL SNRBDL SNRBmax,DL
where N ;"""?*=6 and N"**P =110 are the smallest

and largest downlink bandwidths, respectively, sup-
ported by the current version of this specification.
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[0033] The setof allowed values for N is given by 3GPP
TS 36.104 [6]. The number of OFDM symbols in a slot
depends on the cyclic prefix length and subcarrier
spacing configured and is given in Table 6.2.3-1 [repro-
duced below].

[0034] An antenna port is defined such that the channel
over which a symbol on the antenna port is conveyed
can be inferred from the channel over which another
symbol on the same antenna port is conveyed. For
MBSFN [multicast-broadcast single-frequency net-
work]| reference signals, positioning reference signals,
UE-specific reference signals associated with PDSCH
[physical downlink shared channel] and demodulation
reference signals associated with EPDCCH [enhanced
physical downlink control channel], there are limits
given below within which the channel can be inferred
from one symbol to another symbol on the same
antenna port. There is one resource grid per antenna
port. The set of antenna ports supported depends on the
reference signal configuration in the cell:

[0035] Cell-specific reference signals support a con-
figuration of one, two, or four antenna ports and are
transmitted on antenna ports p=0, p&{0,1}, and
pE4{0,1,2,3}, respectively.

[0036] MBSFN reference signals are transmitted on
antenna port p=4. The channel over which a symbol
on antenna port p=4 is conveyed can be inferred
from the channel over which another symbol on the
same antenna port is conveyed only if the two
symbols correspond to subframes of the same
MBSEFN area.

[0037] UE-specific reference signals associated with
PDSCH are transmitted on antenna port(s) p=5, p=7,
p=8, or one or several of p&{7,8,9,10,11,12,13,14}.
The channel over which a symbol on one of these
antenna ports is conveyed can be inferred from the
channel over which another symbol on the same
antenna port is conveyed only if the two symbols are
within the same subframe and in the same PRG when
PRB bundling is used or in the same PRB pair when
PRB bundling is not used.

[0038] Demodulation reference signals associated
with EPDCCH are transmitted on one or several of
p<{107,108,109,110}. The channel over which a
symbol on one of these antenna ports is conveyed
can be inferred from the channel over which another
symbol on the same antenna port is conveyed only if
the two symbols are in the same PRB pair.

[0039] Positioning reference signals are transmitted
on antenna port p=6. The channel over which a
symbol on antenna port p=6 is conveyed can be
inferred from the channel over which another symbol
on the same antenna port is conveyed only within
one positioning reference signal occasion consisting
of N, consecutive downlink subframes, where
Npgs is configured by higher layers.

[0040] CSI reference signals support a configuration
of one, two, four, eight, twelve, or sixteen antenna
ports and are transmitted on antenna ports p=15,
p=15, 16, p=15, ...,18,p=15,...,22,p=15, ...
, 26 and p=15, . . ., 30, respectively.

[0041] Two antenna ports are said to be quasi co-located
if the large-scale properties of the channel over which
a symbol on one antenna port is conveyed can be
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inferred from the channel over which a symbol on the
other antenna port is conveyed. The large-scale prop-
erties include one or more of delay spread, Doppler
spread, Doppler shift, average gain, and average delay.”

[0042] “6.2.2 Resource elements: Each element in the
resource grid for antenna port p is called a resource
element and is uniquely identified by the index pair
(k,]) in a slot where k=0, . . ., Nyz~*N_*?-1 and 1-0,

- » N,,.,2F~1 are the indices in the frequency and
time domains, respectively. Resource element (k1) on
antenna port p corresponds to the complex value o, 2
When there is no risk for confusion, or no particular
antenna port is specified, the index p may be dropped.”
[See FIG. 2].

[0043] “6.2.3 Resource blocks: Resource blocks are
used to describe the mapping of certain physical chan-
nels to resource elements. Physical and virtual resource
blocks are defined.

[0044] A physical resource block is defined as NsymeL
consecutive OFDM symbols in the time domain and
N, *Z consecutive subcarriers in the frequency domain,
where N, ,2F and N__*2 are given by Table 6.2.3-1. A

physical resource block thus consists of N, 2N, _**
resource elements, corresponding to one slot in the time
domain and 180 kHz in the frequency domain.

[0045] Physical resource blocks are numbered from O to
N-1 in the frequency domain. The relation between the
physical resource block number npzz in the frequency
domain and resource elements (k,1) in a slot is given by

TABLE 6.2.3-1

Physical resource blocks parameters

Configuration N, FE Nom Lr
Normal cyclic prefix Af =15 kHz 12 7
Extended cyclic prefix Af =15 kHz 6
Af =75 kHz 24 3

[0046] A physical resource-block pair is defined as the
two physical resource blocks in one subframe having
the same physical resource-block number n,z.
[0047] A virtual resource block is of the same size as a
physical resource block. Two types of virtual resource
blocks are defined:
[0048] Virtual resource blocks of localized type
[0049] Virtual resource blocks of distributed type
[0050] For each type of virtual resource blocks, a pair of
virtual resource blocks over two slots in a subframe is
assigned together by a single virtual resource block
number, Nypzz5.
[0051] The network node 104 can include a communica-
tion component 122 that can be a transmitter/receiver con-
figured to transmit to and/or receive data from the mobile
device 102, other network nodes, and/or other mobile
devices. Through the communication component 122, the
network node 104 can concurrently transmit and receive
data, the network node 104 can transmit and receive data at
different times, or combinations thereof. The network node
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104 can also comprise a memory 124 operatively coupled to
a processor 126. The memory 124 can facilitate action to
control communication between the network node 104 and
the mobile device 102, such that the non-limiting commu-
nications system 100 can employ stored protocols and/or
algorithms to achieve improved communications in a wire-
less network as described herein.

[0052] The network node 104 includes a numerology
database (or library) 128 and a UE configuration module 130
communicably and/or controllably coupled to the numerol-
ogy database 128. The numerology database 128 includes
numerologies N1-Nm that the network node 104 can pro-
cess. In one embodiment, one of the numerologies N1-Nm
is the default numerology. In one embodiment, one of the
numerologies N1-Nm is the network node’s 104 preferred
numerology. In one embodiment, numerologies can be
added or removed from the numerology database 128. The
UE configuration module 130 is tasked with selecting a
proper numerologies for the mobile device 102. The UE
configuration module 130 is also tasked with selecting
proper control channels for the mobile device 102 and
informing the mobile device about the selected control
channels and their respective numerologies. The function-
ality of the UE configuration module 130 is described in
detail below with references to various methodologies of the
subject disclosure.

[0053] FIG. 3 illustrates an example, non-limiting meth-
odology by which a UE receives control channel, in accor-
dance with one or more embodiments described herein. As
illustrated in flow diagram 300, at Step 304, a UE is
configured to use a first numerology for receiving a control
channel. At Step 306, the UE receives information regarding
using a second numerology for receiving a first data channel.
At Step 308, the UE receives the control channel by using
the first numerology. At Step 310, the UE receives the first
data channel by using the second numerology. In one
example, the first numerology is a default numerology. In
one example, the first numerology is a predefined numerol-
ogy. In one example, the first numerology is indicated by a
synchronization signal. In one example, the first numerology
is configured by a broadcast channel. According to an aspect
of the subject disclosure, at Step 312, the UE receives a
second data channel by using the first numerology. In one
example, the second data channel is a broadcast channel. In
one example, the second data channel is a paging channel.
In one example, the second data channel is a random access
response channel.

[0054] In one example, the first data channel is for unicast
data. In one example, the first data channel is a DL data
channel. In one example, the control channel schedules the
first data channel. In one example, the second numerology is
configured by a radio resource control (RRC) message. In
one example, the second numerology is configured after the
UE enters a connected mode. In one example, the second
numerology is configured by a UE-specific message. In one
example, the second numerology is indicated by the control
channel. In one example, the second numerology can be
different for different time intervals. In one example, the first
numerology is cell-specific. In one example, the control
channel and the first data channel are in a same cell.
[0055] FIG. 17 illustrates an example, non-limiting meth-
odology by which a UE receives control channel, in accor-
dance with one or more embodiments described herein. As
illustrated in flow diagram 1700, at Step 1704, a UE is
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configured to use a first numerology for receiving a control
channel. At Step 1706, the UE receives information regard-
ing using a second numerology for transmitting a first data
channel. At Step 1708, the UE receives the control channel
by using the first numerology. At Step 1710, the UE trans-
mits the first data channel by using the second numerology.
In one example, the first numerology is a default numerol-
ogy. In one example, the first numerology is a predefined
numerology. In one example, the first numerology is indi-
cated by a synchronization signal. In one example, the first
numerology is configured by a broadcast channel. According
to an aspect of the subject disclosure, at Step 1712, the UE
receives a second data channel by using the first numerol-
ogy. In one example, the second data channel is a broadcast
channel. In one example, the second data channel is a paging
channel. In one example, the second data channel is a
random access response channel.

[0056] Inone example, the first data channel is for unicast
data. In one example, the first data channel is an UL data
channel. In one example, the control channel schedules the
first data channel. In one example, the second numerology is
configured by a radio resource control (RRC) message. In
one example, the second numerology is configured after the
UE enters a connected mode. In one example, the second
numerology is configured by a UE-specific message. In one
example, the second numerology is indicated by the control
channel. In one example, the second numerology can be
different for different time intervals. In one example, the first
numerology is cell-specific. In one example, the control
channel and the first data channel are in a same cell.

[0057] The NRs and the 5G networks based on them will
have diverse requirements in terms of data rates, latency, and
coverage. The NRs will support higher data rates, lower
latency and higher reliability than current systems, and the
devices and methodologies of the present inventions will
take advantage of those advanced capabilities. About data
rates, the enhanced mobile broadband (eMBB) is expected
to support a peak data rate of 20 Gbps for downlink and 10
Gbps for uplink, and the user experienced data rates
expected to be in the order of three times the rate of IMT
(international  mobile  telecommunications)-Advanced.
Simultaneously, the NR systems will support ultra low
latency and high reliability. For example, the ultra reliable
and low latency communication (URLLC) systems are
expected to provide an ultra-low latency of 0.5 milliseconds
for each of UL and DL for user plane latency and a high
reliability of 1-107> within 1 millisecond). Also, massive
machine type communication (mMTC) compliant devices
will require high connection density (e.g. 1,000,000 devices/
km? in urban environment), large coverage in harsh envi-
ronments ([164 dB] maximum coupling loss (MCL)), and
extremely long-life battery for low cost devices ([15 years]).

[0058] To meet the above demands, the 3GPP (3rd Gen-
eration Partnership Project) is considering the option is to
allow (frequency division multiplexing) FDM/TDM (time
division multiplexing) of different types of subframes and/or
subbands with different subcarrier numerologies (i.e., dif-
ferent subcarrier-spacing values and correspondingly differ-
ent OFDM symbol lengths) in a single system bandwidth,
where the different subcarrier values are chosen according to
the use-case specific requirements. In this case, a UE may be
configured with a single or multiple subcarrier numerolo-
gies, possibly depending upon UE capability or category as
well as the use cases the UE supports. Also, the numerolo-
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gies used for UL and DL transmission may be different due
to different service requirements.

[0059] The network may provide a given numerology with
certain bandwidth and certain frequency location within the
whole system bandwidth, e.g. 100 MHz or 200 MHz. The
bandwidth and frequency location may be adjusted accord-
ing to certain conditions, e.g. the traffic amount required for
each numerology, as shown in a example in FIG. 5. Note that
FIG. 5 is an example illustration in which the bandwidth for
a given numerology is shown to be contiguous. However, in
a different embodiment, the bandwidth for a given numer-
ology may be non-contiguous (e.g. in frequency domain).
Therefore, when a UE is configured with a given numerol-
ogy, whether or how UE knows the bandwidth partition (e.g.
bandwidth and/or frequency location) for that numerology,
and thus correctly derives resource allocation for data trans-
mission or reception, requires some consideration. Stated
differently, how the UE detects a control channel needs
consideration. The subject disclosure discloses numerous
inventions and alternatives for identifying (or selecting) a
message or a channel for carrying information regarding
bandwidth partition to a UE.

[0060] According to one aspect of the subject disclosure,
information regarding bandwidth partition is signaled by a
physical broadcast channel (PBCH) and/or a system infor-
mation block (SIB). In one embodiment, preferably, the
information regarding bandwidth partition for all numerolo-
gies is signaled on a specific numerology. More specifically,
the specific numerology is the numerology with which UE
detects the corresponding synchronization signal. Alterna-
tively, the information is signaled on a per numerology
basis, e.g. a numerology would provide its own bandwidth
partition in PBCH and/or SIB on the numerology. Moreover,
before getting the bandwidth partition information for a
numerology, UE assumes a default bandwidth partition on
the numerology. An example of default bandwidth partition
comprises a fixed bandwidth and a frequency location
derived from synchronization. For example, the frequency
location can be derived from system bandwidth (e.g. the
total bandwidth for all numerologies), in addition to syn-
chronization.

[0061] In one embodiment, synchronization would deter-
mine a first frequency location. The first frequency location
and an offset value would determine a second frequency
location. The default bandwidth is located in the second
frequency location (e.g. defined by center frequency or
starting frequency). More specifically, the offset value is
determined from the total system bandwidth. Alternatively,
the offset value is determined from information carried on
MIB or SIB. In another embodiment, MIB would indicate a
first bandwidth partition of a numerology. The first band-
width partition allows UE to receive some common signal-
ing, e.g. SIB, on the numerology. The common signal would
further indicate a second bandwidth partition of the numer-
ology. Thereafter, the following (or subsequent) UE recep-
tion would follow the second bandwidth partition.

[0062] According to another aspect of the subject disclo-
sure, information regarding bandwidth partition is signaled
by way of radio resource control (RRC). In one embodi-
ment, the MIB or SIB would indicate a first bandwidth
partition of a first numerology. The first bandwidth partition
allows the UE to receive at least some common signaling,
e.g. SIB, on the first numerology. The first bandwidth
partition would be utilized in the following (or subsequent)
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communication. After entering a connected mode, a UE-
specific RRC would further indicate a second bandwidth
partition of the numerology. The following UE reception
would follow the second bandwidth partition. If the second
bandwidth partition of the numerology is absent, UE will
continue to use the first bandwidth partition. In another
embodiment, MIB or SIB would indicate a first bandwidth
partition of a first numerology. The first bandwidth partition
allows the UE to receive at least some common signaling,
e.g. SIB, on the first numerology. The first bandwidth
partition would be utilized in the following communication.
After entering a connected mode, a UE-specific RRC would
further configure a second numerology and a second band-
width partition of the second numerology. The second UE
reception would be on the second numerology and would
follow the second bandwidth partition.

[0063] According to another aspect of the subject disclo-
sure, a physical control channel is used to carry the infor-
mation of bandwidth partition. In one embodiment, the
information can be used for a single transmission time
interval (TTI). Alternatively, the information can be used for
multiple TTIs. More specifically, the multiple TTIs are
within a fixed duration. Alternatively, the multiple TTTs start
at predefined timings. Alternatively, the multiple TTIs start
a specific number of TTIs (e.g. X TTIs) after receiving the
control channel information. Alternatively, the bandwidth
partition information can be used until new information is
received. Preferably, the information is transmitted together
with scheduling information. More specifically, the sched-
uling information is for DL data. Alternatively, the informa-
tion is transmitted on a specific channel. Preferably, the
information includes bandwidth partition for all available
numerologies. Alternatively, the information includes band-
width partition for a single numerology. More specifically,
the single numerology is the numerology UE is configured
with. Alternatively, the single numerology is the numerology
that the UE decodes a corresponding control channel with.
Alternatively, the single numerology is indicated in the same
control channel.

[0064] According to another aspect of the subject disclo-
sure, in one embodiment, the whole system bandwidth is be
considered as including potential candidates for a numerol-
ogy. In one embodiment, the maximum bandwidth that the
UE can receive with the numerology is less than the system
bandwidth. In one example, the network indicates to the UE
which resource blocks would be utilized for the data trans-
mission with the numerology that the UE is configured with.
Preferably, the UE can ignore a scheduling request if the
total resource allocated for the UE is larger than what UE is
able to receive, or if the bandwidth indicated is larger than
what the UE is able to receive. Alternatively, the UE can
receive data according to a scheduling request even if the
total resource allocated for the UE is larger than what UE is
able to receive, or if the bandwidth indicated is larger than
what UE is able to receive. In this alternative, the UE would
only receive the data within the maximum bandwidth that
can be received by the UE, and would not receive the data
outside the maximum bandwidth. The UE may need a way
to determine which part of the data includes the valid
resource to be counted within the maximum bandwidth. In
one example, UE counts the maximum bandwidth starting
from the resource block with lowest frequency within the
resource allocation. In another example, UE counts the
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maximum bandwidth starting from the resource block with
highest frequency within the resource allocation.

[0065] According an aspect of the subject disclosure, the
following embodiments can be considered for implementing
any of the above alternatives or any combinations of above
alternatives. In one preferred embodiment, a UE is config-
ured with a first numerology for a control channel and is
informed to use a second numerology for a data channel. The
data channel is a unicast data channel. The second numer-
ology is different form the first numerology. The first numer-
ology is a default/predefined numerology. The first numer-
ology is a cell-specific numerology. The first numerology is
the largest numerology. The first numerology is indicated on
a broadcast channel. In an example, the broadcast channel
does not have an associated control channel. Furthermore,
the broadcast channel can be transmitted with a fixed or
predefined numerology. In another example, the broadcast
channel does have an associated control channel, and the
associated control channel is transmitted with a default/
predefined numerology.

[0066] FIG. 4 summarizes the four alternative methodolo-
gies of the subject disclosure discussed above for transmit-
ting information related to bandwidth partition from the cell
402 to the UE 404. As illustrated in the environment 400,
four methodologies 406 are shown for carrying the band-
width partition information from the cell 402 to the UE 404.
The four methodologies 406 include signaling by way of
PBCH and/or SIB 408, signaling by way of RRC 410, using
a physical control channel 412 to carry information related
to bandwidth partition and providing information about the
bandwidth for the whole system bandwidth 414. As illus-
trated in FIG. 4, the cell 402 and the UE 404 also exchange
synchronization information 418 and information about data
channels and control channels 420. The synchronization
information 418 and the information about data/control
channels 420 may include numerologies related information
or indications.

[0067] In one embodiment, preferably, the first numerol-
ogy is indicated by a synchronization channel. More spe-
cifically, a broadcast channel is transmitted with the first
numerology. Preferably, the second numerology is UE spe-
cifically configured. Preferably, the second numerology is
configured after UE entering connected mode. Preferably,
the second numerology is indicated by a control channel
Preferably, the control channel is associated with a corre-
sponding unicast data channel which is transmitted with the
second numerology. Preferably, the second numerology is
applied to the unicast data channel associated with the
control channel. More specifically, “associated” means the
control channel providing scheduling information for the
data channel Preferably, the second numerology is selected
according to a service requirement for the unicast data
channel Preferably, the control channel can be used to
schedule unicast data. Preferably, the control channel can be
used to schedule common data, e.g. broadcast information,
paging information or random access response. Preferably,
the control channel and the data channel are multiplexed in
the time domain.

[0068] In one example, a first numerology is configured
for control channel reception. Meaning that the UE tries to
decode the control channel with the first numerology. If a
control channel is detected and there is a corresponding data
channel, the control channel may further indicate a second
numerology for data channel reception (DL) or transmission
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(UL). The second numerology may be the same as the first
numerology or different from the first numerology. A default
numerology can be defined for a certain type of data channel
so that extra indication of numerologies may not be needed
for that type of data channel. By doing so, numerologies for
data communication can be adapted dynamically to fulfill
different requirements while control channel reception can
be kept the same to avoid increase in complexity or latency
of decoding. Also, by doing so, a UE that does not have the
simultaneous processing capability of multiple numerolo-
gies can adapt a data numerology quickly and efficiently.
FIG. 6 illustrates an example methodology in which control
channel that is controlled with a specific numerology sched-
ules a data channel to be controlled with a different numer-
ology.

[0069] Inone embodiment, different frequency regions for
data channel scheduling are associated with different control
channel candidates. If a control channel candidate is suc-
cessfully decoded, the corresponding data channel would be
scheduled within the associated frequency region. More
specifically, the control channel would indicate which
resource within the associated frequency region would be
used for the data channel. In some examples, preferably, a
frequency region is a portion of a system bandwidth of a cell.
Preferably, UE is configured with the locations/ranges of
several frequency regions. Preferably, the frequency region
is implicitly derived from the system bandwidth of the cell.
In the following, how the association is done is described.
Preferably, a control channel candidate within a first fre-
quency region would be associated with the same first
frequency region. Alternatively, an index of a control chan-
nel candidate would be associated with an index of a
frequency region. More specifically, the index of the control
channel is an index of a control channel element. More
specifically, the index of the frequency region follows a
frequency order of the frequency region. Preferably, the
index of the associated frequency region is derived from the
index of the corresponding control channel candidate. More
specifically, an equation is used to derive the index. Alter-
natively, a look-up table is used to derive the index. Pref-
erably, a frequency region closest to a control channel
candidate in frequency domain would be associated with the
control channel candidate. Preferably, a control channel
candidate would determine a frequency location of a fre-
quency region, e.g. the center of the frequency location, and
the frequency location would have a configurable or pre-
defined bandwidth.

[0070] In one embodiment, a UE is configured with a first
numerology for DL data channel and a second numerology
for UL data channel and a third numerology for control
channel Preferably, the third numerology is derived from the
first numerology and the second numerology. More specifi-
cally, the third numerology is the smaller one between the
first numerology and the second numerology. Alternatively,
the third numerology is the larger one between the first
numerology and the second numerology. Preferably, the
third numerology is different from the first numerology and
the second numerology. Preferably, the third numerology is
a default or predefined numerology.

[0071] The various aspects described above can be applied
to or implemented in exemplary wireless communication
systems and devices described below. In addition, the vari-
ous aspects are described mainly in the context of the 3GPP
architecture reference model. However, it is understood that
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with the disclosed information, one skilled in the art could
easily adapt for use and implement aspects of the invention
in a 3GPP2 network architecture as well as in other network
architectures. The exemplary wireless communication sys-
tems and devices described in this disclosure employ a
wireless communication system, supporting a broadcast
service. Wireless communication systems are widely
deployed to provide various types of communication such as
voice, data, and so on. These systems may be based on code
division multiple access (CDMA), time division multiple
access (TDMA), orthogonal frequency division multiple
access (OFDMA), 3GPP LTE (Long Term Evolution) wire-
less access, 3GPP LTE-A (Long Term Evolution Advanced)
wireless access, 3GPP2 UMB (Ultra Mobile Broadband),
WiMazx, or some other modulation techniques.

[0072] FIG. 7 illustrates a methodology for transmitting
hybrid automatic repeat request (HARQ) feedback. As illus-
trated in flow diagram 700, at Step 704, a first UE receives
a first downlink (DL) data channel with a first numerology
within a first bandwidth portion. At Step 706, the first UE
transmits a HARQ feedback with a second numerology
corresponding to data in the first downlink data channel
within a second bandwidth portion. In one example, the
second bandwidth portion is located in the first bandwidth
portion. In one example, the first numerology and the second
numerology are different. In one example, the first UE
transmits the HARQ feedback in a cell in which the first UE
receives the first downlink data channel.

[0073] In one example, the first numerology and the
second numerology are the same. Another aspect of the
subject disclosure, at Step 708, a second UE receives a
second DL data channel with the first numerology within the
first bandwidth portion. At Step 710, the second UE trans-
mits a HARQ feedback with a third numerology correspond-
ing to data in the second downlink data channel within a
third bandwidth portion. In one example, the second numer-
ology and the third numerology are different. In one
example, the second bandwidth portion and the third band-
width portion do not overlap. In one example, the third
bandwidth portion is located in the first bandwidth portion.
In one example, a location of the first bandwidth portion is
configured (or programmed or determined). In one example,
a location of the first bandwidth portion is derived from a
first DL control channel associated with the first DL data
channel. In one example, the first downlink control channel
indicates a location of the first bandwidth portion. In one
example, a resource used to carry the first downlink control
channel determines the location of the first bandwidth por-
tion.

[0074] Inone example, a location of the second bandwidth
portion is fixed. In one example, a location of the second
bandwidth portion is configured. In one example, a location
of the second bandwidth portion is derived from the first
downlink control channel. In one example, a location of the
second bandwidth portion is adjusted if the third bandwidth
portion is adjusted. In one example, a relative location of the
second bandwidth portion within the first bandwidth portion
is fixed. In one example, a relative location of the second
bandwidth portion within the first bandwidth portion is
configured. In one example, a relative location of the second
bandwidth portion within the first bandwidth portion is
derived from the first downlink control channel information.
In various examples, a relative location can be the resource
block(s) with the lowest frequency, resource block(s) with
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the highest frequency, or resource block(s) starting from a
specific resource block, e.g. the fifth resource block counting
from the resource block with lowest frequency.

[0075] In one example, a resource allocation field allo-
cates the first DL data channel within the first bandwidth
portion. In one example, a resource allocation field allocates
the first DL data channel cannot schedule data outside the
first bandwidth portion. In one example, the first bandwidth
portion is the maximum resource that can be allocated for
the first downlink data channel. In one example, a resource
used to carry the HARQ feedback is fixed. In one example,
a resource used to carry the HARQ feedback is configured.
In one example, a resource used to carry the HARQ feed-
back is derived from the first downlink control channel
information. In one example, a relative location of resource
used to carry the HARQ feedback within the second band-
width portion is fixed. In one example, a relative location of
resource used to carry the HARQ feedback within the
second bandwidth portion is configured. In one example, a
relative location of resource used to carry the HARQ feed-
back within the second bandwidth portion is derived from
the first downlink control channel.

[0076] At Step 712, the first UE transmits an UL data
channel within a fourth bandwidth portion. In one example,
the information regarding the first bandwidth portion and
information regarding the fourth bandwidth portion are
separately signalled. In one example, the fourth bandwidth
portion does not overlap with the second bandwidth portion.
In one example, the fourth bandwidth portion does not
overlap with the first bandwidth portion. In one example, the
fourth bandwidth portion is the maximum resource that can
be used to schedule uplink data of the first UE. In one
example, the fourth bandwidth portion is configured. In one
example, the fourth bandwidth portion is derived from a
second downlink control channel associated with the uplink
data channel. In one example, the UE transmits uplink
control channel other than HARQ feedback on a fifth
bandwidth portion.

[0077] According to an aspect of the subject disclosure, a
UE receives a first DL data channel with a first numerology.
The UE transmit a HARQ feedback with a second numer-
ology. The second numerology is within a subset of avail-
able uplink numerologies. In one example, the subset of
available uplink numerologies includes numerologies with
subcarrier spacing larger than or equal to the subcarrier
spacing of the first numerology. In one example, the subset
of available uplink numerologies includes numerologies
with subcarrier spacing smaller than or equal to the subcar-
rier spacing of the first numerology. In one example, the
subset of available uplink numerologies is configured. In
one example, the number of numerologies within the subset
cannot exceed X, e.g. X=3. In one example, the subset of
available uplink numerologies is X numerologies with sub-
carrier spacing closet to the subcarrier spacing of the first
numerology, e.g. X=3.

[0078] According to an aspect of the subject disclosure, a
base station transmits a first DL data channel with a first
numerology within a first bandwidth portion to a first UE.
The base station receives a HARQ feedback with a second
numerology corresponding to data in the first downlink data
channel within a second bandwidth portion. The base station
transmits a second DL data channel with the first numerol-
ogy within the first bandwidth portion to a second UE. The
base station receives a HARQ feedback with a third numer-
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ology corresponding to data in the second downlink data
channel within a third bandwidth portion. In one example,
the first numerology and the second numerology are differ-
ent. In one example, the first numerology and the third
numerology are the different. In one example, the second
bandwidth portion and the third bandwidth portion do not
overlap. In one example, the second bandwidth portion is
located in the first bandwidth portion. In one example, the
third bandwidth portion is located in the first bandwidth
portion. In one example, the second bandwidth portion and
the first bandwidth portion are multiplexed in time domain.
In one example, the third bandwidth portion and the first
bandwidth portion are multiplexed in time domain.

[0079] According to an aspect of the subject disclosure,
another methodology of receiving HARQ feedback is dis-
closed. In the methodology, a base station transmits a first
DL data channel with a first numerology to a UE. The base
station receives a HARQ feedback with a second numerol-
ogy. The second numerology is within a subset of available
uplink numerologies. In one example, the subset of available
uplink numerologies includes numerologies with subcarrier
spacing larger than or equal to the subcarrier spacing of the
first numerology. In one example, the subset of available
uplink numerology includes numerologies with subcarrier
spacing smaller than or equal to the subcarrier spacing of the
first numerology. In one example, the subset of available
uplink numerologies is configured. In one example, the
number of numerologies within the subset cannot exceed X,
e.g. X=3. In one example, the subset of available uplink
numerologies includes X numerologies with subcarrier
spacing closet to the subcarrier spacing of the first numer-
ology, e.g. X=3. In one example, the methodology is applied
to a time division duplex (TDD) system.

[0080] According to an aspect of the subject disclosure,
for a TDD structure, network may need to further understand
how to partition the DL bandwidth as well as the UL
bandwidth, as the UL bandwidth and DL bandwidth may
have some relationship, e.g. receiving DL data in a DL
bandwidth and transmitting a corresponding UL HARQ
feedback in the UL bandwidth. In some embodiments of the
subject disclosure, numerology refers to subcarrier spacing
and/or cyclic prefix length. According to an aspect of the
subject disclosure, a first numerology is configured for DL
control/data a second numerology is configured for UL
control/data. According to another aspect of the subject
disclosure, a first numerology configured for DI data and
uplink control and a second numerology configured for DL,
control and uplink data. According to another aspect of the
subject disclosure, a first numerology is configured for DL
control, DL data and uplink control and a second numerol-
ogy configured for uplink data. According to another aspect
of'the subject disclosure, a first numerology is configured for
DL data and uplink control, a second numerology configured
for uplink data and a third numerology configured for DL
control.

[0081] In one embodiment, preferably, the base station
would partition bandwidth for downlink transmission for
multiple numerologies with a first partition, e.g. assigning
frequency resource for multiple numerologies, and partition
bandwidth for uplink transmission with a second partition.
Preferably, the first partition and the second partition are
different. Preferably, within a bandwidth portion of a given
numerology for DL transmission, more than one numerol-
ogy for UL transmission would locate in the bandwidth
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portion. Preferably, the UL transmission is HARQ feedback
transmission. Preferably, the UL transmission cannot be
used for UL data transmission. Preferably, for a UE there is
a first UL bandwidth portion for an UL data transmission and
there is a second UL bandwidth portion for a HARQ
feedback transmission. More specifically, the second UL
bandwidth portion is located in a third bandwidth portion
which is used to receive a corresponding downlink data of
the HARQ feedback. Preferably, there is a fourth bandwidth
portion for transmitting UL control information other than
HARQ feedback.

[0082] Preferably, the UL control information other than
HARQ feedback includes channel state information. Pref-
erably, UL control information other than HARQ feedback
is a scheduling request. Preferably, the UE realizes the
location of the third bandwidth portion according to a
downlink control channel associated with the downlink data.
Preferably, the UE realizes the location of the third band-
width portion according to a configuration. Preferably, the
second bandwidth portion is located in a configured location
of the third bandwidth portion. Preferably, the second band-
width portion is located in a configured location of the third
bandwidth portion which is derived from an associated
downlink control channel. Preferably, the location is derived
from a resource occupied by a downlink control channel.
Preferably, the third bandwidth portion and second band-
width portion are multiplexed in time domain. Preferably, a
resource for transmitting the HARQ feedback is selected
from resources within the second bandwidth portion. Pref-
erably, a resource for transmitting the HARQ feedback is
selected according to a predefined rule.

[0083] Preferably, a resource for transmitting the HARQ
feedback is selected according to a configuration. Preferably,
a resource for transmitting the HARQ feedback is indicated
by a downlink control channel. Preferably, the first band-
width portion and the second bandwidth portion do not
overlap in the frequency domain. Preferably, a first UE
transmits UL data on the first bandwidth portion and trans-
mits HARQ feedback on the second bandwidth portion, with
the same numerology. Preferably, a first UE transmits UL
data on the first bandwidth portion and transmits HARQ
feedback on the second bandwidth portion, with different
numerologies. Preferably, the first bandwidth portion is
indicated by another signaling. Preferably, the resource
allocated for UL data is a subset of the first bandwidth
portion. Preferably, the first bandwidth portion and the third
bandwidth portion are independently signaled. Preferably,
the first bandwidth portion and the third bandwidth portion
are different. Preferably, the base station operates in TDD
mode. FIG. 8 illustrates an example of downlink and uplink
bandwidth partition.

[0084] The DL data channel and the corresponding HARQ
feedback channel may use different numerologies. Prefer-
ably, there is a restriction between the numerology used for
DL data and the numerology used for corresponding HARQ
feedback. Preferably, for a downlink data channel with a
given numerology, a subset of UL numerologies can be used
for HARQ feedback transmission. Meaning that not all UL
numerologies used by a base station can be used for HARQ
feedback transmission for a DL data channel with a given
numerology. Preferably, the subset of UL numerologies
includes numerologies with subcarrier spacing larger than or
equal to a subcarrier spacing of a numerology used for DL
data. Preferably, the subset of UL numerology includes
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numerologies with subcarrier spacing twice of or equal to a
subcarrier spacing of a numerology used for DL data.
Preferably, the subset of UL numerology is numerologies
with subcarrier spacing half of or equal to a subcarrier
spacing of a numerology used for DL data. Preferably, the
subset of UL numerology is numerologies with subcarrier
spacing smaller than or equal to a subcarrier spacing of a
numerology used for DL data.

[0085] FIG. 9 illustrates example relationships between
bandwidth portions for DL data and corresponding band-
width portions for HARQ feedbacks. As illustrated in FIG.
9, in some examples, edge(s) of some bandwidth portions
for HARQ feedbacks are aligned with edge(s) of bandwidth
portions for DL data. In another example, edge(s) of some
bandwidth portions for HARQ feedbacks are not aligned
with edge(s) of bandwidth portions for DL data. According
to an aspect of the subject disclosure, there can be multiple
bandwidth portions for HARQ feedbacks which are trans-
mitted with the same numerology for a given instance, and
which correspond to DL data channels with different numer-
ologies. With proper allocation of bandwidth portion for
downlink data and bandwidth portion for HARQ feedback,
the frequency separation between DL data and HARQ
feedback can be minimized, so as to avoid any RF retune
between DL data transmission and HARQ feedback trans-
mission. It is to be appreciated that the bandwidth portion
mentioned in this disclosure relates to a set of resources in
a frequency domain which may be described by their
respective location(s) and bandwidth(s).

[0086] When a single numerology is adopted for downlink
control channel, how to arrange the OFDM symbols for the
control channel becomes a cause of concern. For a given
time duration, e.g. 1 millisecond (ms), the number of OFDM
symbols used for different numerologies are different. That
means that there would be a limitation on how many OFDM
symbols are available to be used for control based on the
OFDM symbol length of the data channel, when integral
number of OFDM symbols (in view of the numerology of
data channel) are used for control. For example, if a sub-
carrier spacing of 4*X kHz is used for the control channel
and a subcarrier spacing of X kHz is used for the data
channel, there will be at least 4 OFDM symbols with 4*X
kHz spacing used for control (which corresponds to 1
OFDM symbol with X kHz spacing). That means that there
is four times the overhead when using X kHz subcarrier
spacing for both control and data compared to one OFDM
symbol used for control.

[0087] In some examples, the required control signaling
overhead may be similar for two numerologies, e.g. when
same or similar number of UEs are scheduled to use each of
the two numerologies. In conventional systems, the granu-
larity (or preset increment) of the number of OFDM symbols
for a frequency resource for a data channel with X kHz
subcarrier spacing is 4, 8, 12 OFDM symbols. That is
restrictive and wasteful when compared with the variant
control overhead that is actually/really required. Inventions
of' the subject disclosure provide solutions for using only the
needed or desired number of OFDM symbols are used for a
control channel, e.g. using only 2 OFDM symbols out of the
4 available ones.

[0088] FIG. 10 illustrates an example non-limiting meth-
odology for using OFDM symbols in data and control
channels, according to an aspect of the subject disclosure. As
illustrates in the flow diagram 1000, at Step 1004, different
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numerologies used for the different frequency resources of a
data channel. At Step 1006, only one numerology is used for
the different frequency resources of a control channel. In one
example, the numerology used for the control channel is the
numerology with the largest subcarrier spacing. At Step
1008, within a specific time duration, the number of sched-
uling units for data channels, e.g. TTI, slot, or mini slot, are
the same for all the frequency resources. At Step 1010, the
starting position of the OFDM symbols for numerology of
the data channel, within a given time period, is shifted by
one OFDM symbol in comparison with the OFDM symbol
for the numerology of the control channel. At Step 1012, the
one OFDM symbol for the numerology for the control
channel is placed at the beginning of each scheduling unit of
the data channel. Furthermore, in some examples, each
scheduling unit of the data channel’s different frequency
resources would comprise different number of OFDM sym-
bols corresponding with the different subcarrier spacings for
the data channel.

[0089] FIG. 11 illustrates an example structure in which
the OFDM symbols are arranged. As can be observed from
FIG. 11, the number of OFDM symbols within a scheduling
unit for a data channel can be different for different fre-
quency resources. laking a data channel with subcarrier
spacing X kHz as an example, the number of OFDM
symbols within a scheduling unit can be 3 or 4. Note that in
this example, the number of OFDM symbols within different
scheduling units within a frequency resource may be differ-
ent. It is also possible that the number of OFDM symbols
within different scheduling units within a frequency resource
are equal (every scheduling unit can comprise 3 OFDM
symbols).

[0090] FIG. 12 illustrates an example alternative structure
in which the OFDM symbols are arranged. As illustrated,
within a specific duration, the number of scheduling units for
a data channel, e.g. TTI, slot, or mini slot, would be different
for different frequency resources. For example, the differ-
ence between the number of scheduling units used by two
frequency resources can be in the order of power of two
multiple. Furthermore, the starting position of OFDM sym-
bols for numerology of data, within a given period, would be
shifted by one from the OFDM symbol for control. Further-
more, there can be different numbers of OFDM symbols for
the numerology for control at the beginning of each sched-
uling unit of a data channel. Furthermore, the scheduling
units of the data channel for different frequency resources
would comprise the same number of OFDM symbols cor-
responding to subcarrier spacings for the data channel More
specifically, the control channel on different OFDM symbols
would be used for different beams. For example, there are 4
OFDM symbols for control for frequency resource for data
channel with subcarrier spacing X kHz. More specifically,
different base station/TRP beams would be applied for the 4
OFDM symbols. In one embodiment, the four symbols
comprise the same control information. In another embodi-
ment, the four symbols comprise different control informa-
tion.

[0091] FIG. 18 illustrates an example wireless communi-
cation system in which two UEs are interacting with the
network node, in accordance with one or more embodiments
described herein. Components and functions of the network
node 104 and the mobile device 102 have been described
herein with reference to FIG. 1. Mobile device 1812 has
similar components and functions as the mobile device 102.
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The mobile device 102 is communicatively coupled with the
network node 104 by way of the uplink (UL) 106 and the
downlink (DL) 108. As illustrated in FIGS. 3, 7 and 17, at
least the following communications occur between the net-
work node 104 and the mobile devices 102, 1812. By way
of the downlink 108, the network node 104 transmits and the
mobile device 102 receives the control channel by using the
first numerology, the first data channel by using the second
numerology, and the second data channel (e.g. a DL data
channel) by using the first numerology. By way of the uplink
106, the UE 102 transmits and the mobile device 102
receives the HARQ feedback using the second numerology
(in response to receiving the first data channel), and the first
data channel using the second numerology. By way of the
downlink 1808, the network node 104 transmits and the
mobile device 1812 receives the second data channel using
the first numerology. In response, by way of the uplink 1806,
the mobile device 1812 transmits and the network node 104
receives the HARQ feedback by using the third numerology.
[0092] FIG. 13 illustrates a multiple access wireless com-
munication system in accordance with one or more embodi-
ments described herein. An access network 1300 (AN)
includes multiple antenna groups, one including 1302 and
1304, another including 1306 and 1308, and an additional
including 1310 and 1313. In FIG. 13, only two antennas
illustrated for each antenna group, however, more or fewer
antennas may be utilized for each antenna group. Access
terminal 1314 (AT) is in communication with antennas 1310
and 1313, where antennas 1310 and 1312 transmit informa-
tion to access terminal 1314 over forward link 1316 (e.g.,
DL) and receive information from access terminal 1314 over
reverse link 1318 (e.g., UL). Access terminal (AT) 1316 is
in communication with antennas 1304 and 1306, where
antennas 1304 and 1306 transmit information to access
terminal (AT) 1320 over forward link 1322 (e.g., DL) and
receive information from access terminal (AT) 1320 over
reverse link 1324 (e.g., UL). In a FDD system, communi-
cation links 1316, 1318, 1322, and 1324 may use different
frequency for communication. For example, forward link
1316 may use a different frequency than that used by reverse
link 1318.

[0093] Each group of antennas and/or the area in which
they are designed to communicate is often referred to as a
sector of the access network. In the embodiment, antenna
groups each are designed to communicate to access termi-
nals in a sector of the areas covered by access network 1300.
[0094] In communication over forward links 1316 and
1320, the transmitting antennas of access network 1300 may
utilize beamforming in order to improve the signal-to-noise
ratio of forward links for the different access terminals 1314
and 1320. Also, an access network using beamforming to
transmit to access terminals scattered randomly through its
coverage normally causes less interference to access termi-
nals in neighboring cells than an access network transmitting
through a single antenna to all its access terminals.

[0095] An access network (AN) may be a fixed station or
base station used for communicating with the terminals and
may also be referred to as an access point, a Node B, a base
station, an enhanced base station, an eNodeB, or some other
terminology. An access terminal (AT) may also be called
user equipment (UE), a wireless communication device,
terminal, access terminal or some other terminology.
[0096] FIG. 14 illustrates a simplified block diagram of an
embodiment a MIMO system 1400 that includes of a trans-
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mitter system 1402 (also known as the access network) and
a receiver system 1404 (also known as access terminal (AT)
or user equipment (UE)) in accordance with one or more
embodiments described herein. At the transmitter system
1402, traffic data for a number of data streams is provided
from a data source 1406 to a transmit (1X) data processor
1408.

[0097] Inoneembodiment, each data stream is transmitted
over a respective transmit antenna. TX data processor 1408
formats, codes, and interleaves the traffic data for each data
stream based on a particular coding scheme selected for that
data stream to provide coded data.

[0098] The coded data for each data stream may be
multiplexed with pilot data using OFDM techniques. The
pilot data is typically a known data pattern that is processed
in a known manner and may be used at the receiver system
to estimate the channel response. The multiplexed pilot and
coded data for each data stream is then modulated (e.g.,
symbol mapped) based on a particular modulation scheme
(e.g., BPSK, QPSK, M-PSK, or M-QAM) selected for that
data stream to provide modulation symbols. The data rate,
coding, and modulation for each data stream may be deter-
mined by instructions performed by processor 1410.

[0099] The modulation symbols for all data streams are
then provided to a TX MIMO processor 1412, which may
further process the modulation symbols (e.g., for OFDM).
TX MIMO processor 1412 then provides N, modulation
symbol streams to N, transmitters (TMTR) 1414a through
1414¢. In certain embodiments, TX MIMO processor 1412
applies beamforming weights to the symbols of the data
streams and to the antenna from which the symbol is being
transmitted.

[0100] Each transmitter 1414 receives and processes a
respective symbol stream to provide one or more analog
signals, and further conditions (e.g., amplifies, filters, and
upconverts) the analog signals to provide a modulated signal
suitable for transmission over the MIMO channel. N, modu-
lated signals from transmitters 1414a through 1414¢ are then
transmitted from N, antennas 1416a through 1416¢, respec-
tively.

[0101] At receiver system 1404, the transmitted modu-
lated signals are received by N antennas 1418« through
14187 and the received signal from each antenna 1418 is
provided to a respective receiver (RCVR) 1420a through
14207. Each receiver 1420 conditions (e.g., filters, amplifies,
and downconverts) a respective received signal, digitizes the
conditioned signal to provide samples, and further processes
the samples to provide a corresponding “received” symbol
stream.

[0102] An RX data processor 1422 then receives and
processes the N, received symbol streams from N receivers
1420 based on a particular receiver processing technique to
provide N, “detected” symbol streams. The RX data pro-
cessor 1422 then demodulates, deinterleaves, and decodes
each detected symbol stream to recover the traffic data for
the data stream. The processing by RX data processor 1422
is complementary to that performed by TX MIMO processor
1412 and TX data processor 1408 at transmitter system
1402.

[0103] A processor 1424 periodically determines which
pre-coding matrix to use (discussed below). Processor 1424
formulates a reverse link message comprising a matrix index
portion and a rank value portion.
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[0104] The reverse link message may comprise various
types of information regarding the communication link
and/or the received data stream. The reverse link message is
then processed by a TX data processor 1426, which also
receives traffic data for a number of data streams from a data
source 1428, modulated by a modulator 1430, conditioned
by transmitters 1420a through 14207, and transmitted back
to transmitter system 1402.

[0105] At transmitter system 1402, the modulated signals
from receiver system 1404 are received by antennas 1416,
conditioned by receivers 1414, demodulated by a demodu-
lator 1432, and processed by a RX data processor 1434 to
extract the reserve link message transmitted by the receiver
system 1404. Processor 1410 then determines which pre-
coding matrix to use for determining the beamforming
weights then processes the extracted message.

[0106] Memory 1436 can be used to temporarily store
some buffered/computational data from 1432 or 1434
through processor 1430, store some buffed data from 1406,
or store some specific program codes. Further, memory 1438
may be used to temporarily store some buffered/computa-
tional data from 1422 through processor 1424, store some
bufferedd data from 1428, or store some specific program
codes.

[0107] Turning to FIG. 15, illustrated is an alternative
simplified functional block diagram of a communication
device 1500 in accordance with one or more embodiments
described herein. As illustrated in FIG. 15, the communica-
tion device 1500 in a wireless communication system can be
utilized for realizing the Mobile devices (or ATs) 1314 and
1320 in FIG. 13, and the wireless communications system
can be the LTE system. The communication device 1500 can
include an input device 1502, an output device 1504, a
control circuit 1506, a central processing unit (CPU) 1508,
a memory 1510, a program code 1512, and a transceiver
1514. The control circuit 1506 executes the program code
1512 in the memory 1510 through the CPU 1508, thereby
controlling an operation of the communications device
1500. The program code can be executed to perform the
techniques illustrated in FIGS. 3-12. The communications
device 1500 can receive signals input by a user through the
input device 1502, such as a keyboard or keypad, and can
output images and sounds through the output device 1504,
such as a monitor or speakers. The transceiver 1514 is used
to receive and transmit wireless signals, delivering received
signals to the control circuit 1506, and outputting signals
generated by the control circuit 1506 wirelessly.

[0108] FIG. 16 is a simplified block diagram of the pro-
gram code 1512 shown in FIG. 15, in accordance with one
or more embodiments described herein. In this embodiment,
the program code 1512 includes an application layer 1600,
a Layer 3 portion 1602, and a Layer 2 portion 1604, and is
coupled to a Layer 1 portion 1606. The Layer 3 portion 1602
generally performs radio resource control. The Layer 2
portion 1604 generally performs link control. The Layer 1
portion 1606 generally performs physical connections. For
LTE or LTE-A system, the Layer 2 portion 1604 may include
a Radio Link Control (RLC) layer and a Medium Access
Control (MAC) layer. The Layer 3 portion 1602 may include
a Radio Resource Control (RRC) layer.

[0109] Various aspects of the disclosure have been
described above. It should be apparent that the teachings
herein may be embodied in a wide variety of forms and that
any specific structure, function, or both being disclosed
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herein is merely representative. Based on the teachings
herein one skilled in the art should appreciate that an aspect
disclosed herein may be implemented independently of any
other aspects and that two or more of these aspects may be
combined in various ways. For example, an apparatus may
be implemented or a method may be practiced using any
number of the aspects set forth herein. In addition, such an
apparatus may be implemented or such a method may be
practiced using other structure, functionality, or structure
and functionality in addition to or other than one or more of
the aspects set forth herein. As an example of some of the
above concepts, in some aspects concurrent channels may be
established based on pulse repetition frequencies. In some
aspects, concurrent channels may be established based on
pulse position or offsets. In some aspects, concurrent chan-
nels may be established based on time hopping sequences.
In some aspects, concurrent channels may be established
based on pulse repetition frequencies, pulse positions or
offsets, and time hopping sequences.

[0110] Those of skill in the art would understand that
information and signals may be represented using any of a
variety of different technologies and techniques. For
example, data, instructions, commands, information, sig-
nals, bits, symbols, and chips that may be referenced
throughout the above description may be represented by
voltages, currents, electromagnetic waves, magnetic fields
or particles, optical fields or particles, or any combination
thereof.

[0111] Those of skill would further appreciate that the
various illustrative logical blocks, modules, processors,
means, circuits, and algorithm steps described in connection
with the aspects disclosed herein may be implemented as
electronic hardware (e.g., a digital implementation, an ana-
log implementation, or a combination of the two, which may
be designed using source coding or some other technique),
various forms of program or design code incorporating
instructions (which may be referred to herein, for conve-
nience, as “software” or a “software module”), or combi-
nations of both. To clearly illustrate this interchangeability
of hardware and software, various illustrative components,
blocks, modules, circuits, and steps have been described
above generally in terms of their functionality. Whether such
functionality is implemented as hardware or software
depends upon the particular application and design con-
straints imposed on the overall system. Skilled artisans may
implement the described functionality in varying ways for
each particular application, but such implementation deci-
sions should not be interpreted as causing a departure from
the scope of the present disclosure.

[0112] In addition, the various illustrative logical blocks,
modules, and circuits described in connection with the
aspects disclosed herein may be implemented within or
performed by an integrated circuit (“IC”), an access termi-
nal, or an access point. The IC may comprise a general
purpose processor, a digital signal processor (DSP), an
application specific integrated circuit (ASIC), a field pro-
grammable gate array (FPGA) or other programmable logic
device, discrete gate or transistor logic, discrete hardware
components, electrical components, optical components,
mechanical components, or any combination thereof
designed to perform the functions described herein, and may
execute codes or instructions that reside within the IC,
outside of the IC, or both. A general purpose processor may
be a microprocessor, but in the alternative, the processor
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may be any conventional processor, controller, microcon-
troller, or state machine. A processor may also be imple-
mented as a combination of computing devices, e.g., a
combination of a DSP and a microprocessor, a plurality of
microprocessors, one or more MiCroprocessors in conjunc-
tion with a DSP core, or any other such configuration.
[0113] It is understood that any specific order or hierarchy
of steps in any disclosed process is an example of a sample
approach. Based upon design preferences, it is understood
that the specific order or hierarchy of steps in the processes
may be rearranged while remaining within the scope of the
present disclosure. The accompanying method claims pres-
ent elements of the various steps in a sample order, and are
not meant to be limited to the specific order or hierarchy
presented.

[0114] The steps of a method or algorithm described in
connection with the aspects disclosed herein may be embod-
ied directly in hardware, in a software module executed by
a processor, or in a combination of the two. A software
module (e.g., including executable instructions and related
data) and other data may reside in a data memory such as
RAM memory, flash memory, ROM memory, EPROM
memory, EEPROM memory, registers, a hard disk, a remov-
able disk, a CD-ROM, or any other form of computer-
readable storage medium known in the art. A sample storage
medium may be coupled to a machine such as, for example,
a computer/processor (which may be referred to herein, for
convenience, as a “processor”’) such the processor can read
information (e.g., code) from and write information to the
storage medium. A sample storage medium may be integral
to the processor. The processor and the storage medium may
reside in an ASIC. The ASIC may reside in user equipment.
In the alternative, the processor and the storage medium may
reside as discrete components in user equipment. Moreover,
in some aspects any suitable computer-program product may
comprise a computer-readable medium comprising codes
relating to one or more of the aspects of the disclosure. In
some aspects, a computer program product may comprise
packaging materials.

[0115] While the invention has been described in connec-
tion with various aspects, it will be understood that the
invention is capable of further modifications. This applica-
tion is intended to cover any variations, uses or adaptation
of the invention following, in general, the principles of the
invention, and including such departures from the present
disclosure as come within the known and customary practice
within the art to which the invention pertains.

[0116] Reference throughout this specification to “one
embodiment,” or “an embodiment,” means that a particular
feature, structure, or characteristic described in connection
with the embodiment is included in at least one embodiment.
Thus, the appearances of the phrase “in one embodiment,”
“in one aspect,” or “in an embodiment,” in various places
throughout this specification are not necessarily all referring
to the same embodiment. Furthermore, the particular fea-
tures, structures, or characteristics can be combined in any
suitable manner in one or more embodiments.

[0117]

the terms “component,” “system,” “interface,” and the like
are intended to refer to, or comprise, a computer-related
entity or an entity related to an operational apparatus with
one or more specific functionalities, wherein the entity can
be either hardware, a combination of hardware and software,
software, or software in execution, and/or firmware. As an

As used in this disclosure, in some embodiments,
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example, a component can be, but is not limited to being, a
process running on a processor, a processor, an object, an
executable, a thread of execution, computer-executable
instructions, a program, and/or a computer. By way of
illustration and not limitation, both an application running
on a server and the server can be a component

[0118] One or more components can reside within a pro-
cess and/or thread of execution and a component can be
localized on one computer and/or distributed between two or
more computers. In addition, these components can execute
from various computer readable media having various data
structures stored thereon. The components can communicate
via local and/or remote processes such as in accordance with
a signal having one or more data packets (e.g., data from one
component interacting with another component in a local
system, distributed system, and/or across a network such as
the Internet with other systems via the signal). As another
example, a component can be an apparatus with specific
functionality provided by mechanical parts operated by
electric or electronic circuitry, which is operated by a
software application or firmware application executed by
one or more processors, wherein the processor can be
internal or external to the apparatus and can execute at least
apart of the software or firmware application. As yet another
example, a component can be an apparatus that provides
specific functionality through electronic components with-
out mechanical parts, the electronic components can com-
prise a processor therein to execute software or firmware
that confer(s) at least in part the functionality of the elec-
tronic components. In an aspect, a component can emulate
an electronic component via a virtual machine, e.g., within
a cloud computing system. While various components have
been illustrated as separate components, it will be appreci-
ated that multiple components can be implemented as a
single component, or a single component can be imple-
mented as multiple components, without departing from
example embodiments.

[0119] In addition, the words “example” and “exemplary”
are used herein to mean serving as an instance or illustration.
Any embodiment or design described herein as “example”
or “exemplary” is not necessarily to be construed as pre-
ferred or advantageous over other embodiments or designs.
Rather, use of the word example or exemplary is intended to
present concepts in a concrete fashion. As used in this
application, the term “or” is intended to mean an inclusive
“or” rather than an exclusive “or.” That is, unless specified
otherwise or clear from context, “X employs A or B” is
intended to mean any of the natural inclusive permutations.
That is, if X employs A; X employs B; or X employs both
A and B, then “X employs A or B” is satisfied under any of
the foregoing instances. In addition, the articles “a” and “an”
as used in this application and the appended claims should
generally be construed to mean “one or more” unless
specified otherwise or clear from context to be directed to a
singular form.

[0120] Moreover, terms such as “mobile device equip-
ment,” “mobile station,” “mobile,” subscriber station,”
“access terminal,” “terminal,” “handset,” “communication
device,” “mobile device” (and/or terms representing similar
terminology) can refer to a wireless device utilized by a
subscriber or mobile device of a wireless communication
service to receive or convey data, control, voice, video,
sound, gaming or substantially any data-stream or signaling-
stream. The foregoing terms are utilized interchangeably
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herein and with reference to the related drawings. Likewise,
the terms “access point (AP),” “Base Station (BS),” BS
transceiver, BS device, cell site, cell site device, “Node B
(NB),” “evolved Node B (eNode B),” “home Node B
(HNB)” and the like, are utilized interchangeably in the
application, and refer to a wireless network component or
appliance that transmits and/or receives data, control, voice,
video, sound, gaming or substantially any data-stream or
signaling-stream from one or more subscriber stations. Data
and signaling streams can be packetized or frame-based
flows.

[0121] Furthermore, the terms “device,” “communication
device,” “mobile device,” “subscriber,” “customer entity,”
“consumer,” “customer entity,” “entity” and the like are

employed interchangeably throughout, unless context war-
rants particular distinctions among the terms. It should be
appreciated that such terms can refer to human entities or
automated components supported through artificial intelli-
gence (e.g., a capacity to make inference based on complex
mathematical formalisms), which can provide simulated
vision, sound recognition and so forth.

[0122] Embodiments described herein can be exploited in
substantially any wireless communication technology, com-
prising, but not limited to, wireless fidelity (Wi-Fi), global
system for mobile communications (GSM), universal
mobile telecommunications system (UMTS), worldwide
interoperability for microwave access (WiMAX), enhanced
general packet radio service (enhanced GPRS), third gen-
eration partnership project (3GPP) long term evolution
(LTE), third generation partnership project 2 (3GPP2) ultra
mobile broadband (UMB), high speed packet access
(HSPA), Z-Wave, Zigbee and other 802.XX wireless tech-
nologies and/or legacy telecommunication technologies.

[0123] Systems, methods and/or machine-readable storage
media for facilitating a two-stage downlink control channel
for 5G systems are provided herein. Legacy wireless sys-
tems such as LTE, Long-Term Evolution Advanced (LTE-
A), High Speed Packet Access (HSPA) etc. use fixed modu-
lation format for downlink control channels. Fixed
modulation format implies that the downlink control channel
format is always encoded with a single type of modulation
(e.g., quadrature phase shift keying (QPSK)) and has a fixed
code rate. Moreover, the forward error correction (FEC)
encoder uses a single, fixed mother code rate of 4 with rate
matching. This design does not taken into the account
channel statistics. For example, if the channel from the BS
device to the mobile device is very good, the control channel
cannot use this information to adjust the modulation, code
rate, thereby unnecessarily allocating power on the control
channel. Similarly, if the channel from the BS to the mobile
device is poor, then there is a probability that the mobile
device might not able to decode the information received
with only the fixed modulation and code rate. As used
herein, the term “infer” or “inference” refers generally to the
process of reasoning about, or inferring states of, the system,
environment, user, and/or intent from a set of observations
as captured via events and/or data. Captured data and events
can include user data, device data, environment data, data
from sensors, sensor data, application data, implicit data,
explicit data, etc. Inference can be employed to identify a
specific context or action, or can generate a probability
distribution over states of interest based on a consideration
of data and events, for example.
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[0124] Inference can also refer to techniques employed for
composing higher-level events from a set of events and/or
data. Such inference results in the construction of new
events or actions from a set of observed events and/or stored
event data, whether the events are correlated in close tem-
poral proximity, and whether the events and data come from
one or several event and data sources. Various classification
schemes and/or systems (e.g., support vector machines,
neural networks, expert systems, Bayesian belief networks,
fuzzy logic, and data fusion engines) can be employed in
connection with performing automatic and/or inferred action
in connection with the disclosed subject matter.

[0125] In addition, the various embodiments can be imple-
mented as a method, apparatus, or article of manufacture
using standard programming and/or engineering techniques
to produce software, firmware, hardware, or any combina-
tion thereof to control a computer to implement the dis-
closed subject matter. The term “article of manufacture” as
used herein is intended to encompass a computer program
accessible from any computer-readable device, machine-
readable device, computer-readable carrier, computer-read-
able media, machine-readable media, computer-readable (or
machine-readable) storage/communication media. For
example, computer-readable media can comprise, but are
not limited to, a magnetic storage device, e.g., hard disk;
floppy disk; magnetic strip(s); an optical disk (e.g., compact
disk (CD), a digital video disc (DVD), a Blu-ray Disc™
(BD)); a smart card; a flash memory device (e.g., card, stick,
key drive); and/or a virtual device that emulates a storage
device and/or any of the above computer-readable media. Of
course, those skilled in the art will recognize many modi-
fications can be made to this configuration without departing
from the scope or spirit of the various embodiments
[0126] The above description of illustrated embodiments
of the subject disclosure, including what is described in the
Abstract, is not intended to be exhaustive or to limit the
disclosed embodiments to the precise forms disclosed.
While specific embodiments and examples are described
herein for illustrative purposes, various modifications are
possible that are considered within the scope of such
embodiments and examples, as those skilled in the relevant
art can recognize.

[0127] In this regard, while the subject matter has been
described herein in connection with various embodiments
and corresponding FIGs, where applicable, it is to be under-
stood that other similar embodiments can be used or modi-
fications and additions can be made to the described embodi-
ments for performing the same, similar, alternative, or
substitute function of the disclosed subject matter without
deviating therefrom. Therefore, the disclosed subject matter
should not be limited to any single embodiment described
herein, but rather should be construed in breadth and scope
in accordance with the appended claims below.

What is claimed is:
1. A method, comprising:

configuring, by a user equipment (UE), use of a first
numerology for receiving a control channel, wherein
the control channel is indicative of a second numerol-
ogy, wherein the first numerology is determined based
upon the second numerology;

receiving, by the UE, information regarding using the
second numerology for receiving a first data channel,
wherein the control channel associated with the first
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numerology schedules the first data channel associated
with the second numerology; and

receiving, by the UE, the control channel by using the first

numerology and receiving by the UE the first data
channel by using the second numerology.

2. The method of claim 1, wherein the first numerology is
a predefined numerology.

3. The method of claim 1, wherein the second data
channel is a common data channel.

4. The method of claim 1, wherein the first data channel
is for unicast data.

5. The method of claim 1, wherein the second data
channel is a broadcast channel.

6. The method of claim 1, wherein the second numerology
is configured by a radio resource control (RRC) message.

7. The method of claim 1, wherein the control channel and
the first data channel are in a same cell.

8. The method of claim 1, comprising receiving, by the
UE, information regarding using a third numerology for
receiving a third data channel, wherein the first numerology
is determined based upon the second numerology and the
third numerology.

9. The method of claim 1, wherein the second numerology
is different for different time intervals.

10. A method, comprising:

receiving, by a user equipment (UE), information regard-

ing using a first numerology for receiving a first data
channel;

configuring, by the UE, use of a second numerology for

receiving a control channel, wherein the control chan-
nel is indicative of a third numerology, wherein the
second numerology is determined based upon the first
numerology and the third numerology;

receiving, by the UE, information regarding using the

third numerology for transmitting a second data chan-
nel, wherein the control channel associated with the
second numerology schedules the second data channel
associated with the third numerology; and

receiving, by the UE, the control channel by using the

second numerology and transmitting by the UE the
second data channel by using the third numerology.
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11. The method of claim 10, wherein the third numerology
is configured by a radio resource control (RRC) message.
12. The method of claim 10, comprising receiving, by the
UE, information regarding using a fourth numerology for
receiving a third data channel.
13. A method, comprising:
configuring, in association with a user equipment (UE),
use of a first numerology for receiving a control chan-
nel, wherein the control channel is indicative of a
second numerology, wherein the first numerology is
determined based upon the second numerology;
providing, to the UE, information regarding using the
second numerology for receiving a first data channel,
wherein the control channel associated with the first
numerology schedules the first data channel associated
with the second numerology; and
providing, to the UE, the control channel by using the first
numerology and providing to the UE the first data
channel by using the second numerology.
14. The method of claim 13, wherein the first numerology
is a predefined numerology.
15. The method of claim 13, wherein the second data
channel is a common data channel.
16. The method of claim 13, wherein the first data channel
is for unicast data.

17. The method of claim 13, wherein the second data
channel is a broadcast channel.

18. The method of claim 13, wherein the second numer-
ology is configured by a radio resource control (RRC)
message.

19. The method of claim 13, wherein the control channel
and the first data channel are in a same cell.

20. The method of claim 13, comprising providing, to the
UE, information regarding using a third numerology for
receiving a third data channel, wherein the first numerology
is determined based upon the second numerology and the
third numerology.



