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(54) COMMUNICATING IN A SECOND CHANNEL WHILE CEASING TRANSMISSION IN A FIRST 
CHANNEL

(57) In some examples, a wireless device receives,
from an access point (AP), information indicating that the
wireless device is to cease transmission in a first channel.
In response to the information, the wireless device com-

municates with the AP in a second channel that is a sub-
set of the first channel, during a time interval in which the
wireless device is to cease transmission in the first chan-
nel.
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Description

Background

[0001] Devices such as computers, handheld devices,
or other types of devices can communicate over wired
or wireless networks. Wireless networks can include a
wireless local area network (WLAN), which includes wire-
less access points (APs) to which devices are able to
wirelessly connect. Other types of wireless networks in-
clude cellular networks that comprise wireless access
network nodes to which devices are able to wirelessly
connect.

Brief Description Of The Drawings

[0002] Some implementations of the present disclo-
sure are described with respect to the following figures.

Fig. 1 is a block diagram of an example network ar-
rangement according to some implementations.

Fig. 2 is a flow diagram of an example process per-
formed by a wireless device according to some im-
plementations.

Fig. 3 is a message flow diagram of example inter-
actions between an access point (AP) and a wireless
device according to further implementations.

Fig. 4 illustrates transmissions by an AP according
to some implementations.

Figs. 5 and 6 illustrate formats of example informa-
tion elements according to various implementations.

Fig. 7 is a message flow diagram of example inter-
actions between a wireless device and an AP, ac-
cording to alternative implementations.

Fig. 8 is a flow diagram of an example process of an
AP, according to some examples.

Fig. 9 illustrates example transmissions by an AP
according to alternative implementations.

Fig. 10 is a block diagram of a wireless node accord-
ing to some examples.

Detailed Description

[0003] In a wireless local area network (WLAN), a wire-
less device may communicate with one or multiple wire-
less access points (APs). A wireless AP (or more simply,
an AP) can refer to a communication device to which a
wireless device can establish a wireless connection to
communicate with other endpoint devices. WLANs can
include wireless networks that operate according to the

Institute of Electrical and Electronic Engineers (IEEE)
802.11 Specifications. In other examples, WLANs can
operate according to other protocols. More generally,
techniques or mechanisms according to some imple-
mentations of the present disclosure can be used with
other types of wireless networks, such as cellular net-
works or other wireless networks. In a cellular network,
an AP can refer to a wireless access network node, such
as a base station or enhanced node B (eNodeB) in a
cellular network that operates according to the Long-
Term Evolution (LTE) standards as provided by the Third
Generation Partnership Project (3GPP). The LTE stand-
ards are also referred to as the Evolved Universal Ter-
restrial Radio Access (E-UTRA) standards.
[0004] Examples of wireless devices include comput-
ers (e.g. tablet computers, notebook computers, desktop
computers, etc.), handheld devices (e.g. smart phones,
personal digital assistants, etc.), wearable devices
(smart watches, electronic eyeglasses, etc.), game ap-
pliances, health monitors, vehicles (or equipment in ve-
hicles), or other types of endpoint or user devices that
are able to communicate wirelessly.
[0005] In some examples, the channel widths of a fre-
quency channel used in communications over a WLAN
that operates according to the IEEE 802.11 Specifica-
tions can be 20 megahertz (MHz) or 40 MHz. A WLAN
can employ 20MHz (or 40MHz) channels in the 2.4 gi-
gahertz (GHz) frequency band, in some examples. Al-
though reference is made to specific example channel
widths and frequency bands, it is noted that in other ex-
amples, techniques or mechanisms according to some
implementations can be used with other channel widths
and frequency bands.
[0006] In the present disclosure, a WLAN that operates
using 20 MHz or 40 MHz channels (or frequency chan-
nels of other widths) can be referred to as a wideband
WLAN. Channels used by a wideband WLAN can be re-
ferred to as wideband channels.
[0007] The Long Range Low Power (LRLP) technology
for WLAN communications has been proposed for IEEE
802.11. LRLP uses frequency channel widths that are
less than the channel width of a wideband WLAN. For
example, LRLP can employ channel widths of approxi-
mately 2 MHz. A frequency channel that has a channel
width less than that of the frequency channel used in a
wideband WLAN can be referred to as a narrowband
channel. In other examples, a narrowband channel can
have a channel width of approximately 1 MHz, 5 MHz,
10 MHz, or any other width that is less than the channel
width of a wideband channel.
[0008] More generally, a narrowband WLAN can refer
to WLAN in which communications between stations
(STAs) or between a STA and an AP can employ a fre-
quency channel having a channel width (or frequency
range) less than the channel width (or frequency range)
of a channel used by a wideband WLAN. According to
IEEE 802.11, a STA is a device that has the capability
to use the 802.11 protocol. A STA can be an AP, or al-
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ternatively, a STA can be a non-AP STA, such as any of
the wireless devices discussed above.
[0009] In some examples, a narrowband WLAN uses
a narrowband channel that is physically located within
the wideband channel of a wideband WLAN. In other
words, the narrowband channel of the narrowband
WLAN is a subset of a wideband channel of a wideband
WLAN. The narrowband channel can also be considered
to be a sub-channel of the wideband channel. In some
examples, the narrowband channel can be centered
around the same center frequency as the wideband
channel. In other examples, the narrowband channel
does not have to be centered around the same center
frequency as the wideband channel. In yet further exam-
ples, the narrowband channel may be an orthogonal fre-
quency-division multiple access (OFDMA) allocation
block.
[0010] Although reference is made to wideband
WLANs and narrowband WLANs, it is noted that tech-
niques or mechanisms according to some implementa-
tions can also be used with other types of wireless net-
works that can include wideband wireless networks and
narrowband wireless networks, with a wideband wireless
network using a wideband channel and a narrowband
wireless network using a narrowband channel that is a
subset of the wideband channel.
[0011] Fig. 1 shows an example WLAN 100 that in-
cludes an AP 102. Although just one AP is depicted in
Fig. 1, it is noted that the WLAN 100 can include multiple
APs. If the wireless network 100 is a cellular access net-
work, then the AP 102 can be considered a wireless ac-
cess network node, such as an eNodeB.
[0012] The AP 102 is able to serve both wireless de-
vices communicating in wideband channels and wireless
devices operating in narrowband channels. The AP 102
includes a wideband interface 104 to communicate with
wireless devices over wideband channels, and a narrow-
band interface 106 to communicate with wireless devices
over narrowband channels. The wideband interface 104
can include a physical layer (PHY) and a Medium Access
Control (MAC) layer (which is a layer 2 above the physical
layer). The MAC/PHY layers of the wideband interface
104 are configured to communicate over the wideband
channels. Similarly, the narrowband interface 106 in-
cludes a PHY and a MAC layer, which are configured to
operate in narrowband channels.
[0013] Several types of wireless devices are depicted
in Fig. 1. A legacy wireless device 108 includes a wide-
band interface 110 to communicate over wideband chan-
nels. The legacy wireless device 108 is a wireless device
that is able to operate in just the wideband channels, and
not in the narrowband channels. The legacy wireless de-
vice 108 may also be capable of operating in other chan-
nels (e.g. using other non-WLAN interfaces).
[0014] A narrowband wireless device 112 includes a
narrowband interface 114 to communicate with the AP
102 over narrowband channels. A narrowband wireless
device 112 is not able to communicate over wideband

channels. The narrowband wireless device 112 may also
be capable of operating in other channels (e.g. using oth-
er non-WLAN interfaces).
[0015] A dual-capable wireless device 116 includes
both a wideband interface 118 and a narrowband inter-
face 120. The dual-capable wireless device 116 is able
to communicate over either wideband channels or nar-
rowband channels. The dual-capable wireless device
116 may also be capable of operating in other channels
(e.g. using other non-WLAN interfaces).
[0016] The narrowband wireless device 112 and the
dual-capable wireless device 116 can be referred to as
narrowband-capable wireless devices, since they are ca-
pable of narrowband operation in which communications
occur in narrowband channels.
[0017] Two issues can be associated with use of both
wideband and narrowband channels in the WLAN 100
or other type of wireless network.
[0018] Issue 1 relates to enabling coexistence among
wireless devices of the three different types depicted in
Fig. 1, including the legacy wireless device 108, the nar-
rowband wireless device 112, and the dual-capable wire-
less device 116. It would be desirable to enable such
coexistence without having to monitor, by the AP 102,
both the wideband and narrowband channels. Issue 1
also relates to ensuring that a dual-capable wireless de-
vice, such as the wireless device 116, can operate in just
one of the wideband mode (a mode in which the wireless
device communicates in a wideband channel) or narrow-
band mode (a mode in which the wireless device com-
municates in a narrowband channel) at any given time.
[0019] Issue 2 relates to enhancing operation by pro-
viding additional information to a wireless device operat-
ing in a first channel (e.g., a wideband channel) informa-
tion about operation in a second channel (e.g., a narrow-
band channel), and vice-versa. It is undesirable to have
a dual-capable wireless device frequently switching be-
tween wideband mode and narrowband mode, as doing
so is costly in terms of radio resources and can increase
power consumption at the dual-capable wireless device.

1. Coexistence of Narrowband Operation by Ceasing 
Wideband Operation

[0020] The solutions of this section (Section 1) can be
used to address Issue 1 discussed above.
[0021] Fig. 2 is a flow diagram of an example process
performed by a wireless device, such as the narrowband
wireless device 112 or the dual-capable wireless device
116, according to some examples. The wireless device
receives (at 202) from the AP 102, information indicating
that the wireless device is to cease transmission in a first
channel (e.g., the wideband channel). In response to the
information received from the AP 102, the wireless device
communicates (at 204) with the AP in a second channel
(e.g., a narrowband channel) that is a subset of the first
channel, during a time interval in which the wireless de-
vice is to cease transmission in the first channel.
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[0022] In some examples, the information received (at
202) by the wireless device from the AP 102 includes a
Quiet Element. The Quiet Element can be a legacy Quiet
Element as defined by the IEEE 802.11 Specifications.
Traditionally, the legacy Quiet Element is used to support
Dynamic Frequency Selection (DFS) channels of the
5GHz frequency band. In the DFS channels, an AP is to
cease operation if the AP detects a radar operating in
the DFS channel. A legacy Quiet Element can also be
used to silence STAs within a basic service set (BSS) to
allow an AP to make radio frequency (RF) measure-
ments, such as in the 2.4 and 5 GHZ frequency bands.
A BSS refers to a network that includes a single AP and
one or more client STAs (non-AP STAs) associated with
the AP.
[0023] The legacy Quiet Element defines a time inter-
val during which no transmission occurs in a current
channel. Other information can also be included in the
legacy Quiet Element, as provided by the IEEE 802.11
Specifications.
[0024] In accordance with some implementations of
the present disclosure, the legacy Quiet Element can be
used to suspend transmission in a wideband channel to
allow for transmission in a narrowband channel that is a
subset of the wideband channel. During a quiet interval
calculated using the information in the legacy Quiet Ele-
ment, both the AP 102 and wireless devices that are part
of the BSS of the AP 102 refrain from transmission in a
wideband channel. During a quiet interval, the AP 102
can transmit and receive from a wireless device (such
as the narrowband wireless device 112 or the dual-ca-
pable wireless device 116) in a narrowband channel us-
ing the narrowband interface 106 of the AP 102. Alter-
natively or additionally, during the quiet interval, the AP
102 and the wireless device can perform other opera-
tions, referred to as "different mode operation" in the dis-
cussion accompanying Fig. 3.
[0025] As a legacy Quiet Element has no extra infor-
mation beyond what is already defined by the IEEE
802.11 Specifications, a wireless device that is capable
of operation in both narrowband and wideband channels,
such as the dual-capable wireless device 116, may im-
plicitly use the legacy Quiet Element as an indication to
go into a narrowband listening mode during the quiet in-
terval. Additionally, the dual-capable wireless device 116
can use the reception of the legacy Quiet Element as a
trigger to start the process of discovering the narrowband
network and subsequently transition the wireless de-
vice’s mode of operation to narrowband communication.
Switching to narrowband operation can save power at
the wireless device as well as extend the range of com-
munications of the wireless device, since communica-
tions using a narrowband channel can have a greater
distance range.
[0026] During the quiet interval, the wireless device
116 can communicate using a narrowband channel di-
rectly with other narrowband-capable STAs that are able
to communicate in the narrowband channel, including

other dual-capable STAs and narrowband-only STAs.
Moreover, during the quiet interval, the wireless device
116 can have a high chance of being able to communi-
cate with narrowband-capable STAs at a longer range
than the range of the wideband network.
[0027] Fig. 3 is a message flow diagram that illustrates
interaction between the AP 102 and a wireless device,
according to some examples. As depicted in Fig. 3, the
AP 102 transmits (at 302) an indication of an upcoming
mode change (to change between communications in a
first channel, e.g., wideband channel, and communica-
tions in the second channel, e.g., narrowband channel).
More generally, the upcoming mode change indication
provides an indication to the wireless device that the wire-
less device can change its mode of operation or other-
wise can start a different mode of operation (such as
communicating in a narrowband channel) that the wire-
less device was unable to perform beforehand. In the
context of a WLAN, the upcoming mode change indica-
tion provides an indication that a BSS is able to support
a different mode of communication.
[0028] The upcoming mode change indication can be
in the form of a legacy Quiet Element that is carried in a
beacon or a Probe Response frame transmitted by the
AP 102. A beacon can refer to a signal or other informa-
tion that is periodically transmitted by the AP 102 at pe-
riodic time intervals. A Probe Response frame refers to
a response to a Probe Request frame sent by a wireless
device to discover or request further information about a
wireless network. In other examples, the legacy Quiet
Element can be transmitted in another message or infor-
mation element.
[0029] The wireless device receives and decodes the
beacon or Probe Response frame (or other message or
information element) that includes the upcoming mode
change indication. The wireless device can calculate the
start time and duration of the upcoming operation of the
BSS in the different mode by calculating the quiet interval
from the Quiet Count, Quiet Period, Quiet Duration and/or
the Quiet Offset fields in the legacy Quiet Element.
[0030] In some examples, immediately prior to operat-
ing in the different mode, the AP 102 can transmit (at
304) a legacy preamble to silence overlapping BSS (OB-
SS) STAs. OBSS refers to the concept where multiple
independent networks (including respective APs) within
radio range of each other may overlap in the same chan-
nel. OBSS STAs may attempt to access the same chan-
nel, which can lead to interference. The legacy preamble
can include information that is useable by the OBSS
STAs to remain quiet for a specified duration based on
the information of the legacy preamble.
[0031] In alternative implementations, the transmis-
sion (at 304) of the legacy preamble can be omitted. In
such implementations, instead of using a legacy pream-
ble, a wireless device can use energy detection to detect
if a medium is busy (e.g. by checking if detected energy
on the medium is above a threshold).
[0032] The wireless device and the AP 102 then pro-
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ceeds to perform (at 306) the different mode operation,
which can include communications in a narrowband
channel during the quiet interval. During the time period
the wireless device calculated as the quiet interval, the
wireless device does not transmit any information in a
wideband channel. In addition, during the quiet interval,
the wireless device can perform any one or more of the
following: (1) opportunistically reduce its power, such as
by turning off a transmitter and receiver and related hard-
ware, such as the transmitter and receiver and related
hardware for the wideband channel, (2) switch operating
modes (such as switching from communication over a
wideband channel to communication over a narrowband
channel), and (3) perform neighbor AP searching, which
can include active and passive scanning of other non-
overlapping channels. Active scanning can refer to a
wireless device sending a Probe Request to locate an
AP. Passive scanning can refer to a wireless device lis-
tening to advertisements from an AP, without the wireless
device sending any Probe Requests.
[0033] During the quiet interval, the AP 102 operates
in the narrowband channel to transmit and receive from
wireless devices that are performing narrowband com-
munications.
[0034] Following the quiet interval during which the dif-
ferent mode operation (306) occurs, the wireless device
and the AP 102 can switch back to an original mode of
operation (at 308), which is the mode of operation of the
AP 102 and the wireless device prior to the switch to the
different mode operation. In the original mode operation
(308), the AP 102 and the wireless device can commu-
nicate over a wideband channel.
[0035] Fig. 4 is a timing diagram showing communica-
tions in a wideband WLAN 402 and in a narrowband
WLAN 404. The example shows beacons that can be
transmitted by the AP 102 in a wideband channel. Such
beacons are referred to as wideband beacons. Fig. 4
shows two types of wideband beacons, including wide-
band beacons 406 that each contains a Quiet Element,
and wideband beacons 408 that do not include a Quiet
Element. In some examples, the wideband beacons 406
containing Quiet Elements can be sent once every spec-
ified number (N ≥ 1) of wideband beacons. For example,
the wideband beacons 406 containing Quiet Elements
can be sent once every four wideband beacons. The re-
maining wideband beacons are the wideband beacons
408 without Quiet Elements.
[0036] In other examples, a Quiet Element can be in-
cluded in each wideband beacon transmitted by the AP
102.
[0037] Fig. 4 also shows time intervals 410 of wideband
operation (in which communications between the AP 102
and the wireless device occurs over wideband channels)
and time intervals 412 of narrowband operation (in which
communications between the AP 102 and the wireless
device occurs over narrowband channels). A time interval
412 of narrowband operation can include the entirety or
a subset of the quiet interval discussed above.

[0038] The narrowband WLAN can operate at a much
lower duty cycle (lower frequency) than the beacon pe-
riod of the wideband WLAN, so the time interval 412 of
narrowband operation only has to occur every so often
(every specified number of beacons, for example) to
match the periodicity of the narrowband network opera-
tion. For example, a wideband beacon can be transmitted
every 100 time units, and a narrowband operation interval
412 can occur every 1000 time units and last a duration
of 5 time units.
[0039] As shown in Fig. 4, following the transmission
of a wideband beacon 406 that includes a Quiet Element,
the narrowband operation time interval 412 starts after a
time offset 414 (referred to as Quiet Offset) from the time
the Quiet Element was transmitted. The Quiet Offset val-
ue is a field in the Quiet Element. The narrowband oper-
ation time interval 412 can have a time duration 416 equal
to a value of a Quiet Duration field in the Quiet Element.
[0040] At the beginning of the narrowband operation
time interval 412, the AP 102 sends a narrowband down-
link frame that is essentially a beacon frame (referred to
as a narrowband beacon) which contains information for
discovery of the narrowband network and operation of
the narrowband network. The first transmission in a nar-
rowband channel during the narrowband operation time
interval 412 can be a transmission of the narrowband
beacon including polling information or other triggers.
This information may include information about the nar-
rowband network operation such as duration and perio-
dicity of the period at which the AP operates in the nar-
rowband. The information in the narrowband beacon can
also include information about the wideband network
(i.e., part of the information that the same AP transmits
in a wideband beacon). During a narrowband operation
time interval 412, the AP 102 does not listen on the wide-
band channel. At the end of the narrowband operation
time interval 412, the AP 102 resumes receiving on the
wideband operating channel.
[0041] In addition to the transmission of the narrow-
band beacon, during a narrowband operation time inter-
val 412, the AP 102 can transmit downlink data, transmit
a trigger for uplink data (to cause a wireless device to
send uplink data), receive uplink data, receive conten-
tion-based frames, receive a Probe Request, transmit a
Probe Response, and transmit narrowband Target Wake
Time (TWT) assignments. A TWT is a specific time or
set of times for individual STAs to wake in order to ex-
change frames with other STAs.
[0042] Communications of data during a narrowband
operation time interval 412 can include communications
of contention-based traffic, communications of traffic dur-
ing contention-free periods, communications of sched-
uled traffic, communications of triggered traffic, and so
forth.
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2. Coexistence of Narrowband Operation by Adding In-
formation to the Quiet Element

[0043] The solutions described in this section (Section
2) can be used to address Issue 2 discussed further
above.
[0044] In the solutions of this section, instead of using
a legacy Quiet Element as described in Section 1 above,
an Extended Quiet Element can be used instead. The
Extended Quiet Element includes the information of the
legacy Quiet Element as well as additional information
relating to narrowband operation (i.e., relating to com-
munication using a narrowband channel).
[0045] The information relating to communication us-
ing the narrowband channel in the Extended Quiet Ele-
ment can include one or more selected from among the
following:

• an indication of an operation to be performed during
a Quiet Period,

• a range of a narrowband network,

• a schedule relating to future Quiet Periods,

• a time duration within a Quiet Period to be used for
narrowband communication,

• an indication of a maximum transmit power of the
narrowband network,

• a set of supported communication rates of the nar-
rowband network,

• an indication relating to a power save mode when
communicating with the narrowband network, and

• a location of a narrowband channel within the wide-
band channel.

[0046] Although example types of information are list-
ed above as being possibly part of an Extended Quiet
Element, it is noted that other types of information can
be included in an Extended Quiet Element in other ex-
amples.
[0047] The additional information in the Extended Qui-
et Element can be used to assist a wireless device that
is capable of operating in both wideband and narrowband
channels, but is currently operating only in the wideband
channel, to learn more about the narrowband network
that operates during a Quiet Period and to make a deci-
sion of whether or not to switch to narrowband operation.
[0048] With techniques or mechanisms as described
in this section, the operation depicted in Fig. 3 can be
modified such that the upcoming mode change indication
transmitted (at 302) by the AP 102 to the wireless device
can be included in the Extended Quiet Element. Moreo-
ver, the operation according to Fig. 3 is modified such

that the wireless device decodes the Extended Quiet El-
ement that includes the additional information relating to
communication using a narrowband channel. During the
quiet interval, the wireless device can decide to switch
operating mode from wideband channel to the narrow-
band channel, based on the additional information in the
Extended Quiet Element.
[0049] The Extended Quiet Element is broadcast (or
unicast) by the narrowband-capable AP 102 in a wide-
band beacon (or Probe Response frame) on a wideband
channel. The wireless device receives the Extended Qui-
et Element in a broadcast or unicast beacon frame or a
Probe Response frame.
[0050] As shown in Fig. 5, an Extended Quiet Element
500 contains the various fields 502 (Quiet Count), 504
(Quiet Period), 506 (Quiet Duration), and 508 (Quiet Off-
set) of the legacy Quiet Element, as defined by the IEEE
802.11 Specifications, in addition to any or some combi-
nation of the following information fields, as also depicted
in Fig. 5.

Indication of an operation to be performed during a quiet 
interval

[0051] A Quiet Interval operation (QI Operation) indi-
cation 510 (in the form of a flag, a field, etc.) can be set
to one of multiple different values to indicate respective
different purposes of a quiet interval indicated by the Ex-
tended Quiet Element. For example, a first value of this
indication can specify that the quiet interval is for LRLP
operation, i.e., communication over narrowband chan-
nels. In other examples, the indication can have other
values to indicate other types of operations during the
quiet interval: DFS operation during the quiet interval,
whitespaces detection during the quiet interval, or coex-
istence measurement during the quiet interval.
[0052] The wireless device can use this indication to
determine what operations the wireless device may op-
portunistically perform during the quiet interval, such as
operate in a narrowband channel, scan for neighbor APs
in non-overlapping channels, and so forth.

Range of a narrowband network

[0053] A narrowband network range (NB range) indi-
cation 512 (in the form of a field, for example) provides
information about the range of the narrowband network.
One of the properties of narrowband LRLP is that a longer
wireless propagation distance of a wireless transmitted
signal from a wireless device is possible. A wireless de-
vice currently operating in wideband mode can use the
range information to determine if the wireless device may
have a better network connection, which can be benefi-
cial if the wireless device is at or near the edge of the
coverage area of a wideband WLAN. The wireless device
can use the narrowband network range indication in a
decision to switch communication modes (between wide-
band communication and narrowband communication).
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[0054] In some examples, the range indication can be
encoded as the range of the narrowband network relative
to the wideband network based on the transmission pow-
er level and adjusted for channel width gain. The range
indication can also be a single bit with a first value mean-
ing range of narrowband is same as the wideband net-
work, and a second value meaning the range of narrow-
band extends beyond the wideband network.
[0055] In further examples, the value of the range in-
dication can be described in dB of transmit power. Alter-
natively, the value of the range indication can be de-
scribed in a unit that takes into account dB of transmit
power and an adjustment for channel width gain, e.g.,
dB per MHz of channel bandwidth.

A schedule relating to future Quiet Periods

[0056] A transmission schedule (TX Sched) informa-
tion 514 (in the form of a field, for example) can provide
a schedule relating to future Quiet Periods. The trans-
mission schedule information can provide wireless de-
vices with period information with which the wireless de-
vices can expect future Quiet Periods. Power save wire-
less devices (wireless devices that can transition to a
lower power mode during inactive periods) do not listen
to and decode every single beacon. The power save wire-
less devices can use this information to save power and
still respect future Quiet Periods (i.e., coexist with the
narrowband network by not coming out of power save
and transmitting during a Quiet Period).

A time duration within a quiet interval to be used for nar-
rowband communication

[0057] A transmission window duration (TX Window)
information 516 (in the form of a field, for example) pro-
vides a time duration within a quiet interval to be used
by wireless devices for narrowband communication. The
transmission window duration information provides a
wireless device with the duration of a future window within
which narrowband communication is possible. The AP
102 can set this duration to be the same as the quiet
interval, but in some cases the AP may want only a subset
of the quiet interval to be used for narrowband commu-
nication. The remaining time within the quiet interval can
be used for other operations such as AP channel moni-
toring or DFS detection.

An indication of a maximum transmit power

[0058] A maximum transmit power (Max TX Power)
indication 518 (in the form of a field, for example) provides
the maximum transmit power of the AP 102 when oper-
ating the narrowband network. It can also contain the
maximum power that STAs are allowed to operate in the
narrowband channel during the quiet interval. The indi-
cation can be encoded as a 2s compliment signed integer
one octet in length in units of dBm, in some examples.

A set of supported communication rates of the narrow-
band network

[0059] The set of supported communication rates
(Supported Rates) 520 (in the form of a field including
multiple values, for example) refers to communication
rates that are supported by a narrowband network during
a quiet interval. In some examples, the set of supported
communication rates can be encoded as a bitmap of
rates, where each rate specifies a channel bandwidth,
modulation and coding scheme. The set of supported
communication rates may include a basic rate set that
has to be supported by any wireless device attaching to
the narrowband network, as well as additional optional
communication rates.

An indication relating to a power save mode

[0060] A power save mode (Power Save Mode) indi-
cation 522 (in the form of a field, for example) relating to
a power save mode when communicating with a narrow-
band network can be used by wireless devices currently
operating in the wideband network that may want to use
the Target Wake Time (TWT) power save feature on the
narrowband network. This indication provides an indica-
tion for wireless devices supporting implicit TWT or wire-
less devices supporting individual TWT agreements that
the narrowband network operating during the quiet inter-
val is capable of TWT operation. A TWT is a specific time
or set of times for individual STAs to wake in order to
exchange frames with other STAs.

A location of a narrowband channel within a wideband 
channel

[0061] A narrowband channel (NB Channel) informa-
tion 524 (in the form of a field, for example) provides
information regarding a location (e.g., a center frequency,
or an OFDMA allocation block) of a narrowband channel
within a wideband channel. The narrowband channel is
a subset of the wideband channel. The center frequency
of the narrowband channel can be the same center fre-
quency of the wideband channel. Alternatively, the center
frequency of the narrowband channel can be at a different
frequency within the frequency band of the wideband
channel. The narrowband channel information describes
where to find the narrowband channel either as an ab-
solute value or relative to the wideband channel. The
narrowband channel information may also indicate the
channel width of the narrowband channel. WLAN Chan-
nel numbers in 2.4GHz band are spaced every 5 MHz.
For describing narrowband channels as channel num-
bers fractional numbers may be used.
[0062] The Extended Quiet Element may be transmit-
ted by the AP 102 with each wideband beacon whenever
the AP 102 decides that wireless devices associated with
the AP 102 are to cease transmission on wideband chan-
nels. Alternatively, the AP 102 can detect whether legacy
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wireless devices and/or wireless devices capable of nar-
rowband operation are present in the BSS of the AP 102.
The determination by the AP 102 of whether or not a
given wireless device associated with the AP 102 is a
legacy wireless device or a wireless device that is capa-
ble of narrowband operation can be based on the capa-
bility information transmitted from the given wireless to
the AP 102 during an association procedure to associate
the given wireless device with the AP 102. The capability
information can include a field set to a specific value to
indicate that the given wireless device is capable of nar-
rowband operation. If this field is set to a null value or a
different value, or if the field does not exist, then that is
an indication to the AP 102 that the given wireless device
is a legacy wireless device capable of just wideband op-
eration. For example, the AP 102 may transmit only the
Extended Quiet Element if all wireless devices associat-
ed with the AP 102 are capable of performing narrowband
operation. Alternatively, the AP 102 may transmit only
the legacy Quiet Element if any legacy wireless device(s)
is (are) associated with the AP 102. More generally, the
AP 102 can switch between sending a legacy Quiet El-
ement and an Extended Quiet Element depending upon
whether or not any legacy wireless device(s) is (are) as-
sociated with the AP 102.
[0063] A dual-capable wireless device (such as the
wireless device 116 of Fig. 1) can use the additional fields
(fields in addition to those of the legacy Quiet Element)
in the Extended Quiet Element to (1) discover the exist-
ence of a narrowband network, (2) decide whether or not
to transition to the discovered narrowband network (e.g.
based on the wireless device’s capabilities matching the
requirements of the wireless device), and (3) set the wire-
less device’ operating parameters when the wireless de-
vice does transition to the narrowband network.
[0064] Some of the elements in the Extended Quiet
Element may be duplicated in the narrowband beacon.
This allows dual-capable wireless devices currently op-
erating in wideband mode to only decode the wideband
beacon, and dual-capable wireless devices and/or nar-
rowband wireless devices currently operating in narrow-
band mode to only decode narrowband beacons.

3. Narrowband Network Information Element

[0065] The solutions of this section can be used to ad-
dress Issue 2 discussed further above.
[0066] In alternative implementations, instead of using
the Extended Quiet Element as described in Section 2,
solutions according to this section (Section 3) employ a
different information element, referred to as a "Narrow-
band Network Information Element." Solutions of Section
3 make use of both the legacy Quiet Element as well as
the Narrowband Network Information Element. As shown
in Fig. 6, a Narrowband Network Information Element
600 can include the additional information fields (one or
more of fields 510, 512, 514, 516, 518, 520, 522, and
524) added to the Extended Quiet Element discussed

above, except that the Narrowband Network Information
Element 600 does not include the fields 502, 504, 506,
and 508 of the legacy Quiet Element.
[0067] In yet further implementations, one or more of
the additional information fields mentioned above can be
included into an existing information element, such as a
Very Hight Throughput (VHT) Capabilities information el-
ement, or a VHT Operations information element, or oth-
er information element.
[0068] In this mode of operation, the legacy Quiet El-
ement is used in a wideband beacon to inform both nar-
rowband-capable and legacy wireless devices of the Qui-
et Period during which narrowband operation will occur.
The wideband beacon transmitted by the AP 102 can
contain both the Narrowband Network Information Ele-
ment 600 as well as the legacy Quiet Element. The legacy
Quiet Element provides information to cause wireless de-
vices to cease communicating over a wideband channel,
to support basic coexistence of wideband and narrow-
band operations, while the Narrowband Network Infor-
mation Element provides additional information to en-
hance the support for coexistence of wideband and nar-
rowband operations.
[0069] Since the Extended Quiet Element of Section 2
will not be decoded by legacy wireless devices, for the
purpose of supporting coexistence of legacy wireless de-
vices operating in wideband mode and narrowband-ca-
pable wireless devices operating in narrowband mode,
the information fields of the Extended Quiet Period are
separated into the legacy Quiet Element and the Narrow-
band Network Information Element 600.
[0070] A dual-capable wireless device can use the leg-
acy Quiet Element in the manner described in Section 1
for legacy coexistence and can use the Narrowband Net-
work Information Element 600 to support narrowband op-
eration. In some examples, the AP 102 can transmit a
beacon containing two elements: (1) the legacy Quiet
Element, and (2) the Narrowband Network Information
Element 600 containing information about the narrow-
band network that the AP 102 (or another AP in an ex-
tended service set or ESS) will be operating during the
quiet interval.
[0071] With solutions according to Section 3, the op-
eration of Fig. 3 can be modified as follows. In transmis-
sion 302 of Fig. 3, the AP 102 transmits two indicators
within a wideband beacon or a Probe Response frame.
A first indicator (including the legacy Quiet Element) of
the mode change period including the offset and duration,
and a second indicator (including the Narrowband Net-
work Information Element 600) containing information
about the operation in the different mode.
[0072] The wireless device decodes the indicators in
the wideband beacon or the Probe Response frame.
[0073] During the quiet interval, the wireless device
may decide, based on information in the Narrowband
Network Information Element 600, to switch operating
mode to operate in the narrowband channel.
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4. Polled Narrowband Network Information

[0074] Solutions as described in this section are mod-
ified from the solutions described in Section 3. With the
solutions of Section 4, instead of sending the Narrow-
band Network Information Element 600 automatically to
a wireless device, the AP 102 first waits for a query from
the wireless device before sending the Narrowband Net-
work Information Element 600 to the wireless device.
[0075] As shown in Fig. 7, the AP 102 can transmit (at
702) a wideband beacon or Probe Response frame that
contains a legacy Quiet Element and a flag, which can
be a field in an Extended Capabilities Information Ele-
ment or other information element. This flag can be a
single-bit flag or some other type of indicator. If the flag
is set to a first value, then that indicates that narrowband
operation is not supported, but if set to a second value,
that indicates the narrowband operation is supported. In
response to the flag, the wireless device can decide
whether or not to request additional information relating
to communication using a narrowband channel. This de-
cision can be based on the value of the flag. If the flag is
set to the first value, then the wireless device does not
request the additional information relating to communi-
cation using the narrowband channel. However, if the
flag is set to the second value, then the wireless device
can send (at 704) a query for the additional information
relating to communication using the narrowband chan-
nel. In response to the query, the AP 102 sends (at 706)
a response that contains the Narrowband Network Infor-
mation Element 600.

5. AP Operation

[0076] The legacy Quiet Element, Extended Quiet El-
ement, and Narrowband Network Information Element
as described above can be used in different scenarios
to enable backwards compatibility.
[0077] Fig. 8 shows a process of the AP 102 to decide
which solution (according to Section 1, 2, or 3) to use
depending on what type of wireless devices are currently
associated with the AP 102. This results in the AP 102
selecting from among use of the legacy Quiet Element,
Extended Quiet Element, and Narrowband Network In-
formation Element to use for narrowband operation co-
existence with wideband operation. Note that a legacy
wireless device (such as the wireless device 108 in Fig.
1) is able to decode and use a legacy Quiet Element, but
not an Extended Quiet Element or a Narrowband Net-
work Information Element.
[0078] The process of Fig. 8 assumes that narrow-
band-capable wireless devices are capable of both wide-
band and narrowband operations, and the narrowband-
capable wireless devices perform network discovery by
first scanning and associating with the AP in the wide-
band channel. A wireless device that is only capable of
narrowband operation may have difficulties in scanning
and discovering an AP on the narrowband channel. The

AP 102 may still send narrowband beacons when no
wireless devices are currently connected in any wide-
band channel to enable narrowband-only wireless devic-
es to discover the AP 102.
[0079] The AP 102 starts the process of Fig. 8 based
on known capabilities of all wireless devices that are as-
sociated with the AP 102. The AP 102 determines (at
802) whether any narrowband-capable wireless devices
are associated with the AP 102. If there is no narrowband-
capable wireless device associated with the AP 102, then
the AP 102 can decide (at 804) to not communicate in
any narrowband channel, and thus the AP 102 does not
send any information element, such as the Extended Qui-
et Element or Narrowband Network Quiet Element to pro-
tect narrowband communications.
[0080] If the AP 102 determines (at 802) that there is
at least one narrowband-capable wireless device asso-
ciated with the AP 102, then the AP 102 determines (at
806) whether there is any legacy wireless device asso-
ciated with the AP 102. If the AP 102 determines (at 806)
that there are no legacy wireless devices associated with
the AP 102, then the AP 102 transmits (at 808) an Ex-
tended Quiet Element according to solutions described
in Section 2.
[0081] If the AP 102 determines (at 806) that there is
at least one legacy wireless device associated with the
AP 102, then the AP 102 transmits (at 810) both a legacy
Quiet Element and a Narrowband Network Information
Element according to solutions described in Section 3.

6. Setting an Indicator of a Time Period During which 
Wireless Transmission by a Wireless Device is not Initi-
ated

[0082] In some implementations, the AP 102 can send
further information to a wireless device to set an indicator
of a time period during which wireless transmission by
the wireless device is not initiated, to protect communi-
cation in the narrowband channel from interference. As
shown in Fig. 9, the further information can be sent in
addition to a Quiet Element included in a wideband bea-
con 902. In alternative examples, the Quiet Element can
included in a Probe Response frame. The Quiet Element
included in the wideband beacon 902 can be a legacy
Quiet Element or an Extended Quiet Element.
[0083] Following transmission of the wideband beacon
902, the further information 904 is transmitted by the AP
102. The further information 904 can be in the form of a
legacy preamble (as discussed further above) or a clear
to send (CTS)-to-self message. A CTS is a response
message sent by an AP in response to a request to send
(RTS) from a wireless device; the RTS and CTS are used
as part of a procedure according to the IEEE 802.11
Specifications to reduce collisions.
[0084] The further information 904 is used to set an
indicator of a time period during which wireless transmis-
sion by the wireless device is not initiated. The indicator
can include a network allocation vector (NAV), which is

15 16 



EP 3 829 229 A1

10

5

10

15

20

25

30

35

40

45

50

55

an indicator maintained by each STA of time periods
when transmission onto the wireless medium is not initi-
ated by the STA regardless of whether the STA’s clear
channel assessment (CCA) function senses that the
wireless medium is clear or busy.
[0085] The NAV is set in OBSS STAs for protection of
narrowband communications, in addition to the various
elements related to the quiet interval used for narrow-
band-wideband coexistence as described in Sections 1,
2, and 3.
[0086] The narrowband operation can be protected
from OBSS STAs by the AP 102 sending the further in-
formation 904 immediately before the narrowband oper-
ation during the interval 908. Fig. 9 also shows the trans-
mission of a narrowband beacon 906 in the narrowband
WLAN 404. The narrowband beacon 906 can contain
information about the duration of the narrowband oper-
ation time (i.e., the same duration as transmitted in the
wideband Quiet Element), as well as other information
as discussed further above.

7. System architecture

[0087] Fig. 10 is a block diagram of a wireless node
1000, which can be a wireless device (e.g., a non-AP
STA) or an AP. The wireless node 1000 includes a proc-
essor (or multiple processors) 1002, which can be cou-
pled to one or more communication interface(s) 1004 to
communicate over a wireless link, and to a non-transitory
machine-readable or computer-readable storage medi-
um 1006 storing machine-readable instructions 1008 ex-
ecutable on the processor(s) 1002 to perform various
tasks as described above.
[0088] A processor can include a microprocessor, a
core of a multi-core microprocessor, a microcontroller, a
programmable integrated circuit, a programmable gate
array, or another hardware processing circuit.
[0089] The storage medium 1006 can include one or
multiple different forms of memory including semicon-
ductor memory devices such as dynamic or static random
access memories (DRAMs or SRAMs), erasable and pro-
grammable read-only memories (EPROMs), electrically
erasable and programmable read-only memories (EEP-
ROMs) and flash memories; magnetic disks such as
fixed, floppy and removable disks; other magnetic media
including tape; optical media such as compact disks
(CDs) or digital video disks (DVDs); or other types of
storage devices. Note that the instructions discussed
above can be provided on one computer-readable or ma-
chine-readable storage medium, or alternatively, can be
provided on multiple computer-readable or machine-
readable storage media distributed in a large system hav-
ing possibly plural nodes. Such computer-readable or
machine-readable storage medium or media is (are) con-
sidered to be part of an article (or article of manufacture).
An article or article of manufacture can refer to any man-
ufactured single component or multiple components. The
storage medium or media can be located either in the

machine running the machine-readable instructions, or
located at a remote site from which machine-readable
instructions can be downloaded over a network for exe-
cution.
[0090] In the foregoing description, numerous details
are set forth to provide an understanding of the subject
disclosed herein. However, implementations may be
practiced without some of these details. Other implemen-
tations may include modifications and variations from the
details discussed above. It is intended that the appended
claims cover such modifications and variations.
[0091] The application further comprises the following
aspects:

1. A method of a wireless device, comprising:

receiving, by the wireless device from an access
point (AP), information indicating that the wire-
less device is to cease transmission in a first
channel; and
in response to the information, communicating,
by the wireless device with the AP in a second
channel that is a subset of the first channel, dur-
ing a time interval in which the wireless device
is to cease transmission in the first channel.

2. The method of aspect 1, wherein communicating
in the second channel during the time interval com-
prises receiving, by the wireless device from the AP,
a narrowband beacon.

3. The method of aspect 1, further comprising:
communicating, by the wireless device with the AP
outside the time interval, in the first channel.

4. The method of aspect 1, wherein the first channel
is a wideband channel, and the second channel is a
narrowband channel that has a frequency range less
than a frequency range of the wideband channel.

5. The method of aspect 4, wherein receiving the
information comprises receiving a Quiet Element.

6. The method of aspect 5, wherein the Quiet Ele-
ment is an Extended Quiet Element that includes
information of a legacy Quiet Element and informa-
tion relating to communication using the narrowband
channel.

7. The method of aspect 6, wherein the information
relating to communication using the narrowband
channel in the Extended Quiet Element includes one
or more selected from among:

an indication of an operation to be performed
during a Quiet Period,
a range of a narrowband network,
a schedule relating to future Quiet Periods,
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a time duration within a Quiet Period to be used
for narrowband communication,
an indication of a maximum transmit power of
the narrowband network,
a set of supported communication rates of the
narrowband network,
an indication relating to a power save mode
when communicating with the narrowband net-
work, and
a location of the narrowband channel within the
wideband channel.

8. The method of aspect 7, further comprising:
deciding, by the wireless device based on the infor-
mation in the Extended Quiet Element relating to
communication using the narrowband channel, to
switch to a narrowband communication mode to
communicate in the narrowband channel.

9. The method of aspect 5, further comprising:

receiving, by the wireless device from the AP, a
further information element; and
deciding, by the wireless device based on the
information in the further information element,
to switch to a narrowband communication mode
to communicate in the narrowband channel.

10. The method of aspect 9, wherein the Quiet Ele-
ment is received in a message that includes a flag
set to a specified value indicating that narrowband
communication is supported, the method further
comprising:

responsive to the flag set to the specified value,
sending, by the wireless device to the AP, a que-
ry for narrowband communication information;
and
receiving, by the wireless device from the AP in
response to the query, the narrowband commu-
nication information.

11. The method of aspect 1, further comprising re-
ceiving, by the wireless device from the AP, a pre-
amble to silence the wireless device, wherein the
preamble is received after receipt of the information
indicating that the wireless device is to cease trans-
mission in the first channel, and prior to the wireless
device performing an operation during the time in-
terval.

12. An access point (AP) comprising:

a communication interface to communicate
wirelessly with a wireless device; and
at least one processor configured to:

send, to the wireless device, information in-

dicating that the wireless device is to cease
transmission in a first channel;
send, to the wireless device, further infor-
mation relating to communication in a sec-
ond channel that is a subset of the first chan-
nel, to cause the wireless device to commu-
nicate in the second channel during a time
interval in which the wireless device is to
cease transmission in the first channel.

13. The AP of aspect 12, wherein the at least one
processor is configured to further:

determine whether the AP is associated with any
wireless device that is capable of communica-
tion in the second channel,
wherein the sending of the further information is
responsive to determining that one or more wire-
less devices associated with the AP are capable
of communicating in the second channel.

14. The AP of aspect 13, wherein the at least one
processor is configured to further:

determine whether the AP is associated with any
wireless device that is a legacy wireless device
capable of communication in the first channel
but not in the second channel,
wherein the sending of the further information
occurs in an Extended Quiet Element in re-
sponse to determining that one or more wireless
devices associated with the AP are capable of
communicating in the second channel and de-
termining that no wireless device associated
with the AP is the legacy wireless device, and
wherein the sending of the further information
occurs in a narrowband network information el-
ement separate from a legacy Quiet Element in
response to determining that one or more wire-
less devices associated with the AP are capable
of communicating in the second channel and de-
termining that at least one wireless device as-
sociated with the AP is the legacy wireless de-
vice.

15. The AP of aspect 12, wherein the at least one
processor is configured to send further information
to set an indicator of a time period during which wire-
less transmission by the wireless device is not initi-
ated, to protect communication in the second chan-
nel from interference.

16. The AP of aspect 15, wherein the further infor-
mation is in a legacy preamble or a clear to send
(CTS)-to-self message, and wherein the indicator
comprises a network allocation vector (NAV).

17. The AP of aspect 12, wherein the at least one
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processor is configured to cause the AP to commu-
nicate in the second channel but not the first channel
during the time interval.

18. A non-transitory storage medium storing instruc-
tions that upon execution cause an access point (AP)
to:

determine whether the AP is associated with a
wireless device that is able to perform narrow-
band communication in a narrowband channel
that is a subset of a wideband channel; and
in response to determining that the AP is asso-
ciated with the wireless device that is able to
perform narrowband communication:

send, to the wireless device, information in-
dicating that the wireless device is to cease
transmission in the wideband channel, and
send, to the wireless device, further infor-
mation relating to communication in the nar-
rowband channel, to cause the wireless de-
vice to communicate in the narrowband
channel during a time interval in which the
wireless device is to cease transmission in
the wideband channel.

19. The non-transitory storage medium of aspect 18,
wherein the instructions upon execution cause the
AP to further:
in response to determining that the AP is not asso-
ciated with any wireless device that is able to perform
narrowband communication, decline to send the fur-
ther information.

20. The non-transitory storage medium of aspect 18,
wherein the further information is included in:

an Extended Quiet Element that includes infor-
mation of a legacy Quiet Element and the further
information, or
a narrowband network information element that
is distinct from the legacy Quiet Element..

Claims

1. A method of a wireless device, comprising:

transmitting a narrowband downlink frame in a
narrowband channel, the narrowband downlink
frame comprising a first beacon that is transmit-
ted periodically, wherein the narrowband chan-
nel has a frequency range that is less than and
within a frequency range of a wideband channel;
transmitting, in the narrowband channel, infor-
mation about a wideband network comprising
the wideband channel; and

prior to transmitting the narrowband downlink
frame, transmitting further information contain-
ing a time period during which stations in range
of the wireless device are not to initiate wide-
band transmissions, the time period being for
narrowband communications comprising the
transmitting of the first beacon and the informa-
tion about the wideband network.

2. The method of claim 1, wherein the narrowband
downlink frame comprises discovery information re-
lating to discovery or operation of a narrowband net-
work.

3. The method of claim 2, wherein the wireless device
is a first wireless device, and wherein the discovery
information is useable by a second wireless device
to discover the first wireless device.

4. The method of any previous claim, wherein a fre-
quency of transmission of first beacons in the nar-
rowband channel is less than a frequency of trans-
mission of second beacons in a wideband channel
such that the wireless device transmits the first bea-
cons less frequently than the second beacons.

5. The method of any previous claim, wherein the wire-
less device is an access point that operates accord-
ing to Institute of Electrical and Electronic Engineers
(IEEE) 802.11.

6. The method of any previous claim, further compris-
ing:
prior to transmitting the narrowband downlink frame,
transmitting, by the wireless device, the further in-
formation useable to avoid overlapping transmis-
sions by multiple wireless devices on a wireless me-
dium.

7. The method of claim 6, wherein the further informa-
tion comprises a legacy preamble.

8. The method of claim 7, wherein the legacy preamble
contains the further information.

9. The method of claim 8, wherein the time period con-
tained in the legacy preamble is to protect a commu-
nication in the narrowband channel from interference
by communication in the wideband channel.

10. The method of any previous claim, further compris-
ing:
sending, by the wireless device, an indication relat-
ing to Target Wake Time (TWT) operation.

11. The method of claim 10, wherein the indication re-
lating to the TWT operation is useable by another
wireless device that a narrowband network is capa-
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ble of the TWT operation during a time period.

12. A first wireless device comprising:

a communication interface to communicate
wirelessly with a second wireless device; and
at least one processor configured to perform the
method of any of claims 1 to 11.

13. A machine-readable storage medium storing instruc-
tions that upon execution cause an access point (AP)
to perform the method of any of claims 1 to 11.
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