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Receiving, by a first STA, a first frame indicating a capability of a second
STA to receive more than two repetitions of a first signal field of a PPDU

Encoding the ppdu wherein the first signal field comprises more than
two repetitions based on the capability

/- 1720

Transmitting, to the second STA, the PPDU based on the encoding

/- 1730

FIG. 17
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Transmitting, by a first STA, to a second STA, a first frame indicating a
capability of the first STA to receive more than two repetitions of a first
signal field of a PPDU

Receiving, by the first STA, the PPDU, wherein the first signal field
comprises more than two repetitions based on the capability

/- 1820

FIG. 18
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ULTRA-HIGH RELIABILITY MILLIMETER
WAVE PHYSICAL LAYER RANGE
EXTENSION

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of U.S. Provi-
sional Application No. 63/434,801, filed Dec. 22, 2022,
which is hereby incorporated by reference in its entirety.

BRIEF DESCRIPTION OF THE DRAWINGS

[0002] Examples of several of the various embodiments of
the present disclosure are described herein with reference to
the drawings.

[0003] FIG. 1 illustrates example wireless communication
networks in which embodiments of the present disclosure
may be implemented.

[0004] FIG. 2 is a block diagram illustrating example
implementations of a station (STA) and an access point
(AP).

[0005] FIG. 3 illustrates example Physical Layer Protocol
Data Units (PPDUs) which may be used by a STA to
transmit on a wireless medium using Enhanced Distributed
Channel Access (EDCA).

[0006] FIG. 4 illustrates additional example PPDUs which
may be used by a STA to transmit on a wireless medium
using EDCA.

[0007] FIG. 5 illustrates an example High Efficiency (HE)
Extended Range (ER) Single User (SU) PPDU.

[0008] FIG. 6 illustrates an example portion of an EHT
PPDU including an EHT extended range preamble.

[0009] FIG. 7 illustrates examples of encoding of non-
UHR portions of a mmWave PPDU.

[0010] FIG. 8 illustrates examples of encoding of UHR
portions of a mmWave PPDU.

[0011] FIG. 9 illustrates additional examples of encoding
of UHR portions of a mmWave PPDU.

[0012] FIG. 10 illustrates an example of flexible time
domain repetition for a preamble according to aspects of the
present disclosure.

[0013] FIG. 11 illustrates an example channel access
operation using flexible frequency domain repetition tech-
niques according to aspects of the present disclosure.
[0014] FIG. 12 illustrates an example channel access
operation using flexible frequency domain repetition auto-
detection according to aspects of the present disclosure.
[0015] FIG. 13 illustrates an example channel access
operation using fixed frequency domain repetition and flex-
ible time domain repetition according to aspects of the
present disclosure.

[0016] FIG. 14 illustrates an example channel access
operation using flexible frequency domain repetition and
flexible time domain repetition according to aspects of the
present disclosure.

[0017] FIG. 15 illustrates an example channel access
operation using capability exchange according to aspects of
the present disclosure.

[0018] FIG. 16 illustrates an example channel access
operation using repetition feedback according to aspects of
the present disclosure.

[0019] FIG. 17 illustrates an example process according to
aspects of the present disclosure.
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[0020] FIG. 18 illustrates an example process according to
aspects of the present disclosure.

DETAILED DESCRIPTION

[0021] In the present disclosure, various embodiments are
presented as examples of how the disclosed techniques may
be implemented and/or how the disclosed techniques may be
practiced in environments and scenarios. It will be apparent
to persons skilled in the relevant art that various changes in
form and detail can be made therein without departing from
the scope. After reading the description, it will be apparent
to one skilled in the relevant art how to implement alterna-
tive embodiments. The present embodiments may not be
limited by any of the described exemplary embodiments.
The embodiments of the present disclosure will be described
with reference to the accompanying drawings. Limitations,
features, and/or elements from the disclosed example
embodiments may be combined to create further embodi-
ments within the scope of the disclosure. Any figures which
highlight the functionality and advantages, are presented for
example purposes only. The disclosed architecture is suffi-
ciently flexible and configurable, such that it may be utilized
in ways other than that shown. For example, the actions
listed in any flowchart may be re-ordered or only optionally
used in some embodiments.

[0022] Embodiments may be configured to operate as
needed. The disclosed mechanism may be performed when
certain criteria are met, for example, in a station, an access
point, a radio environment, a network, a combination of the
above, and/or the like. Example criteria may be based, at
least in part, on for example, wireless device or network
node configurations, traffic load, initial system set up, packet
sizes, traffic characteristics, a combination of the above,
and/or the like. When the one or more criteria are met,
various example embodiments may be applied. Therefore, it
may be possible to implement example embodiments that
selectively implement disclosed protocols.

[0023] In this disclosure, “a” and “an” and similar phrases
are to be interpreted as “at least one” and “one or more.”
Similarly, any term that ends with the suffix “(s)” is to be
interpreted as “at least one” and “one or more.” In this
disclosure, the term “may” is to be interpreted as “may, for
example.” In other words, the term “may” is indicative that
the phrase following the term “may” is an example of one of
a multitude of suitable possibilities that may, or may not, be
employed by one or more of the various embodiments. The
terms “comprises” and “consists of”, as used herein, enu-
merate one or more components of the element being
described. The term “comprises™ is interchangeable with
“includes” and does not exclude unenumerated components
from being included in the element being described. By
contrast, “consists of” provides a complete enumeration of
the one or more components of the element being described.
The term “based on”, as used herein, may be interpreted as
“based at least in part on” rather than, for example, “based
solely on”. The term “and/or” as used herein represents any
possible combination of enumerated elements. For example,
“A, B, and/or C” may represent A; B; C; A and B; A and C;
B and C; or A, B, and C.

[0024] If A and B are sets and every clement of A is an
element of B, A is called a subset of B. In this specification,
only non-empty sets and subsets are considered. For
example, possible subsets of B={STA1l, STA2} are:
{STA1}, {STA2}, and {STA1, STA2}. The phrase “based
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on” (or equally “based at least on”) is indicative that the
phrase following the term “based on” is an example of one
of'a multitude of suitable possibilities that may, or may not,
be employed to one or more of the various embodiments.
The phrase “in response to” (or equally “in response at least
t0”) is indicative that the phrase following the phrase “in
response t0” is an example of one of a multitude of suitable
possibilities that may, or may not, be employed to one or
more of the various embodiments. The phrase “depending
on” (or equally “depending at least to”) is indicative that the
phrase following the phrase “depending on” is an example
of one of a multitude of suitable possibilities that may, or
may not, be employed to one or more of the various
embodiments. The phrase “employing/using” (or equally
“employing/using at least”) is indicative that the phrase
following the phrase “employing/using” is an example of
one of a multitude of suitable possibilities that may, or may
not, be employed to one or more of the various embodi-
ments.

[0025] The term configured may relate to the capacity of
a device whether the device is in an operational or non-
operational state. Configured may refer to specific settings in
a device that effect the operational characteristics of the
device whether the device is in an operational or non-
operational state. In other words, the hardware, software,
firmware, registers, memory values, and/or the like may be
“configured” within a device, whether the device is in an
operational or nonoperational state, to provide the device
with specific characteristics. Terms such as “a control mes-
sage to cause in a device” may mean that a control message
has parameters that may be used to configure specific
characteristics or may be used to implement certain actions
in the device, whether the device is in an operational or
non-operational state.

[0026] In this disclosure, parameters (or equally called,
fields, or Information elements: IEs) may comprise one or
more information objects, and an information object may
comprise one or more other objects. For example, if param-
eter (IE) N comprises parameter (IE) M, and parameter (IE)
M comprises parameter (IE) K, and parameter (IE) K
comprises parameter (information element) J. Then, for
example, N comprises K, and N comprises J. In an example
embodiment, when one or more messages/frames comprise
a plurality of parameters, it implies that a parameter in the
plurality of parameters is in at least one of the one or more
messages/frames but does not have to be in each of the one
or more messages/frames.

[0027] Many features presented are described as being
optional through the use of “may” or the use of parentheses.
For the sake of brevity and legibility, the present disclosure
does not explicitly recite each and every permutation that
may be obtained by choosing from the set of optional
features. The present disclosure is to be interpreted as
explicitly disclosing all such permutations. For example, a
system described as having three optional features may be
embodied in seven ways, namely with just one of the three
possible features, with any two of the three possible features
or with three of the three possible features.

[0028] Many of the elements described in the disclosed
embodiments may be implemented as modules. A module is
defined here as an element that performs a defined function
and has a defined interface to other elements. The modules
described in this disclosure may be implemented in hard-
ware, software in combination with hardware, firmware,
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wetware (e.g. hardware with a biological element) or a
combination thereof, which may be behaviorally equivalent.
For example, modules may be implemented as a software
routine written in a computer language configured to be
executed by a hardware machine (such as C, C++, Fortran,
Java, Basic, Matlab or the like) or a modeling/simulation
program such as Simulink, Stateflow, GNU Octave, or
LabVIEWMathScript. It may be possible to implement
modules using physical hardware that incorporates discrete
or programmable analog, digital and/or quantum hardware.
Examples of programmable hardware comprise: computers,
microcontrollers, microprocessors, application-specific inte-
grated circuits (ASICs); field programmable gate arrays
(FPGAs); and complex programmable logic devices
(CPLDs). Computers, microcontrollers and microprocessors
are programmed using languages such as assembly, C, C++
or the like. FPGAs, ASICs and CPLDs are often pro-
grammed using hardware description languages (HDL) such
as VHSIC hardware description language (VHDL) or Ver-
ilog that configure connections between internal hardware
modules with lesser functionality on a programmable
device. The mentioned technologies are often used in com-
bination to achieve the result of a functional module.
[0029] FIG. 1 illustrates example wireless communication
networks in which embodiments of the present disclosure
may be implemented.

[0030] As shown in FIG. 1, the example wireless com-
munication networks may include an Institute of Electrical
and Electronic Engineers (IEEE) 802.11 (WLAN) infra-
structure network 102. WLAN infra-structure network 102
may include one or more basic service sets (BSSs), such as
BSS 110-1 and BSS 110-2 and a distribution system (DS)
130.

[0031] BSS 110-1 and BSS 110-2 each includes a set of an
access point (AP or AP STA) and at least one station (STA
or non-AP STA). For example, BSS 110-1 includes an AP
104-1 and a STA 106-1, and BSS 110-2 includes an AP
104-2 and STAs 106-2 and 106-3. The AP and the at least
one STA in a BSS perform an association procedure to
communicate with each other.

[0032] DS 130 may be configured to connect BSS 110-1
and BSS 110-2. As such, DS 130 may enable an extended
service set (ESS) 150. Within ESS 150, AP 104-1 and AP
104-2 are connected via DS 130 and may have the same
service set identification (SSID).

[0033] WLAN infra-structure network 102 may be
coupled to one or more external networks. For example, as
shown in FIG. 1, WLAN infra-structure network 102 may be
connected to another network 108 (e.g., 802.X) via a portal
140. Portal 140 may function as a bridge connecting DS 130
of WLAN infra-structure network 102 with the other net-
work 108.

[0034] The example wireless communication networks
illustrated in FIG. 1 may further include one or more ad-hoc
networks or independent BSSs (IBSSs). An ad-hoc network
or IBSS is a network that includes a plurality of STAs that
are within communication range of each other. The plurality
of STAs are configured so that they may communicate with
each other using direct peer-to-peer communication (i.e., not
via an AP).

[0035] Forexample, in FIG. 1, STA106-4, STA 106-5, and
STA 106-6 may be configured to form a first IBSS 112-1.
Similarly, STA 106-7 and STA 106-8 may be configured to
form a second IBSS 112-2. Since an IBSS does not include
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an AP, it does not include a centralized management entity.
Rather, STAs within an IBSS are managed in a distributed
manner. STAs forming an IBSS may be fixed or mobile.
[0036] A STA as a predetermined functional medium may
include a medium access control (MAC) layer that complies
with an IEEE 802.11 standard. A physical layer interface for
a radio medium may be used among the APs and the non-AP
stations (STAs). The STA may also be referred to using
various other terms, including mobile terminal, wireless
device, wireless transmit/receive unit (WTRU), user equip-
ment (UE), mobile station (MS), mobile subscriber unit, or
user. For example, the term “user” may be used to denote a
STA participating in uplink Multi-user Multiple Input, Mul-
tiple Output (MU MIMO) and/or uplink Orthogonal Fre-
quency Division Multiple Access (OFDMA) transmission.
[0037] A physical layer (PHY) protocol data unit (PPDU)
may be a composite structure that includes a PHY preamble
and a payload in the form of a PHY Convergence Protocol
(PLCP) service data unit (PSDU). For example, the PSDU
may include a PLCP preamble and header and/or one or
more MAC protocol data units (MPDUs). The information
provided in the PHY preamble may be used by a receiving
device to decode the subsequent data in the PSDU. In
instances in which PPDUs are transmitted over a bonded
channel (channel formed through channel bonding), the
preamble fields may be duplicated and transmitted in each of
the multiple component channels. The PHY preamble may
include both a legacy portion (or “legacy preamble™) and a
non-legacy portion (or “non-legacy preamble”). The legacy
preamble may be used for packet detection, automatic gain
control and channel estimation, among other uses. The
legacy preamble also may generally be used to maintain
compatibility with legacy devices. The format of, coding of,
and information provided in the non-legacy portion of the
preamble is based on the particular IEEE 802.11 protocol to
be used to transmit the payload.

[0038] A frequency band may include one or more sub-
bands or frequency channels. For example, PPDUs conform-
ing to the IEEE 802.11n, 802.11ac, 802.11ax and/or 802.
11be standard amendments may be transmitted over the 2.4
gigahertz (GHz), 5 GHZ, and/or 6 GHZ bands, each of
which may be divided into multiple 20 megahertz (MHZ)
channels. The PPDUs may be transmitted over a physical
channel having a minimum bandwidth of 20 MHz. Larger
channels may be formed through channel bonding. For
example, PPDUs may be transmitted over physical channels
having bandwidths of 40 MHz, 80 MHZ, 160 MHZ, or 320
MHz by bonding together multiple 20 MHz channels.
[0039] FIG. 2 is a block diagram illustrating example
implementations of a STA 210 and an AP 260. As shown in
FIG. 2, STA 210 may include at least one processor 220, a
memory 230, and at least one transceiver 240. AP 260 may
include at least one processor 270, a memory 280, and at
least one transceiver 290. Processor 220/270 may be opera-
tively connected to memory 230/280 and/or to transceiver
240/290.

[0040] Processor 220/270 may implement functions of the
PHY layer, the MAC layer, and/or the logical link control
(LLC) layer of the corresponding device (STA 210 or AP
260). Processor 220/270 may include one or more proces-
sors and/or one or more controllers. The one or more
processors and/or one or more controllers may comprise, for
example, a general-purpose processor, a digital signal pro-
cessor (DSP), a microcontroller, an application specific
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integrated circuit (ASIC), a field programmable gate array
(FPGA), a logic circuit, or a chipset, for example.

[0041] Memory 230/280 may include a read-only memory
(ROM), a random-access memory (RAM), a flash memory,
a memory card, a storage medium, and/or other storage unit.
Memory 230/280 may comprise one or more non-transitory
computer readable mediums. Memory 230/280 may store
computer program instructions or code that may be executed
by processor 220/270 to carry out one or more of the
operations/embodiments discussed in the present applica-
tion. Memory 230/280 may be implemented (or positioned)
within processor 220/270 or external to processor 220/270.
Memory 230/280 may be operatively connected to processor
220/270 via various means known in the art.

[0042] Transceiver 240/290 may be configured to trans-
mit/receive radio signals. In an embodiment, transceiver
240/290 may implement a PHY layer of the corresponding
device (STA 210 or AP 260). In an embodiment, STA 210
and/or AP 260 may be a multi-link device (MLD), that is a
device capable of operating over multiple links as defined by
the IEEE 802.11 standard. As such, STA 210 and/or AP 260
may each implement multiple PHY layers. The multiple
PHY layers may be implemented using one or more of
transceivers 240/290.

[0043] FIG. 3 illustrates examples of PPDUs which may
be used by a STA to transmit on a wireless medium using
Enhanced Distributed Channel Access (EDCA). Non-High
Throughput (non-HT) PPDU 310 may be used by STAs
conforming to the IEEE 802.11a standard amendment. Non-
HT PPDU 310 has a preamble duration of 20 us.

[0044] As shown in FIG. 3, Non-HT PPDU 310 includes
a Non-HT Short Training field (L-STF), a Non-HT Long
Training field (L-LTF), a Non-HT Signal field (I.-SIG), and
a Data field. Short training fields, such as the L-STF, are
used by a receiver of the PPDU to synchronize with the
carrier frequency and frame timing of a transmitter of the
PPDU and to adjust the receiver signal gain. Long Training
fields, such as the L-LTF, are used by the receiver of the
PPDU to estimate channel coefficients in order to equalize
the channel response (e.g., amplitude and phase distortion)
in both Signal fields and Data fields of the PPDU.

[0045] Signal fields, such as the L-SIG, contain param-
eters needed to demodulate the Data field, which contains a
payload of the PPDU. L-SIG may be equalized using the
channel coefficients estimated using the L-LTF and demodu-
lated to obtain the demodulation parameters of the Data
field.

[0046] The Data Field of non-HT PPDU 310 includes one
or more symbols each having a duration of 4 us, where 3.2
us carry symbol information and 0.8 us carry a Guard
Interval (GI). For Non-HT PPDUs, the only supported
bandwidth is 20 MHz, which is divided into 64 subcarriers.
This means that the PPDU is encoded with a subcarrier
spacing of 20 MHz/64 or 312.5 kHz.

[0047] Very High Throughput (VHT) PPDU 320 may be
used by STAs conforming to the IEEE 802.11ac standard
amendment. VHT PPDU 320 can support MIMO to up to 8
spatial streams, which enhances spectral efficiency eight
folds. VHT PPDU 320 has a minimum preamble duration of
39.6 ps, which may increase depending on the number of
spatial streams carried by the PPDU.

[0048] As shown in FIG. 3, VHT PPDU 320 includes an
L-STF, an L-LTF, an L-SIG, a VHT Signal A field (VHT-
SIG-A), a VHT Short Training field (VHT-STF), one or
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more VHT Long Training field (VHT-LTF), a VHT Signal B
field (VHT-SIG-B) and a Data field. The VHT-LTF and Data
fields of VHT PPDU 320 include one or more symbols each
having a duration of 3.6 ps or 4 us. In both cases, 3.2 ps carry
symbol information while the remaining 0.4 us or 0.8 us
carry of the GI. The 0.4 ps long GI is called the Short GI
while the 0.8 us long is called regular or normal GI. For
VHT PPDUs, four bandwidths, 20 MHz, 40 MHz, 80 MHz,
and 160 MHz, may be supported. When the PPDU band-
width is 20 MHz, the band is divided into 64 subcarriers.
When the PPDU bandwidth is 40 MHZ, the band is divided
into 128 subcarriers. When the PPDU bandwidth is 80 MHz,
the band is divided into 256 subcarriers. When the PPDU
bandwidth is 160 MHz, the band is divided into two 256-
subcarrier 80 MHz bands. In all cases, a subcarrier spacing
of 312.5 kHz is maintained.

[0049] Extremely High Throughput (EHT) Multi-user
(MU) PPDU 330 may be used by STAs conforming to the
IEEE 802.11be standard amendment. EHT MU PPDU 530
supports OFDMA up to a bandwidth of 320 MHz. EHT MU
PPDU 330 can improve spectral efficiency due to support of
a higher order modulation compared to other PPDUs (e.g.,
HE SU PPDU 410 and HE MU PPDU 420) while supporting
the same number of spatial streams. EHT MU PPDU 330 has
a minimum preamble duration of 47.2 ps, which may
increase depending on the number of spatial streams carried
by the PPDU.

[0050] As shown in FIG. 3, EHT MU PPDU 330 includes
an L-STF, an L-LTF, an L-SIG, a Repeated L-SIG (RL-SIG),
a Universal Signal field (U-SIG), an EHT Signal Field B
(EHT-SIG-B), an EHT Short Training Field (EHT-STF)
field, one or more EHT Long Training fields (EHT-LTF), a
Data field, and a Packet extension (PE) field. It is noted that
according to the IEEE 802.11be standard amendment, EHT
MU PPDU 330 may be used by a transmitting STA for both
SU and MU transmissions.

[0051] EHT-SIG in EHT MU PPDU 330 contains indica-
tions per STA of resource unit (RU) allocations. A STA may
use the indications in EHT-SIG to locate its payload in EHT
MU PPDU 530.

[0052] In addition, EHT MU PPDU 330 contains a U-SIG
that ensures forward compatibility of EHT MU PPDU 330.
This means that any future PPDUs that are backward
compatible to IEEE 802.11be will contain the same U-SIG
field and interpretation. Because of this, IEEE 802.11be
STAs will be able to understand at least in part a PPDU
developed in a future amendment.

[0053] The GI portion of the EHT-LTF and Data field of
EHT MU PPDU 330 may be one of: 0.8 ps, 1.6 us, or 3.2 ys.
An AP or STA may use a suitable GI duration depending on
the channel conditions or capability of the target STA or AP.
[0054] The information portion of the EHT-LTF may be
one of 3.2 us, 6.4 us, or 12.8 us. Depending on the infor-
mation portion duration, a subcarrier spacing of the EHT-
LTF may be one of: 312.5 kHz if the information potion is
3.2 ps, 156.25 kHz if the information portion is 6.4 us, or
78.125 kHz if the information portion is 12.8 ps.

[0055] The information portion of the Data field of EHT
MU PPDU 330 is always 12.8 us. Hence, a subcarrier
spacing of the Data field is always 78.125 kHz correspond-
ing to the duration of the information portion being 12.8 us.
[0056] When a 3.2 ps long or a 6.4 us long EHT-LTF is
used by a transmitting STA to transmit EHT MU PPDU 330,
a receiving STA is required to interpolate the channel
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estimates to a subcarrier spacing resolution of 78.125 kHz to
match the Data field subcarrier spacing.

[0057] FIG. 4 illustrates additional examples of PPDUs
which may be used by a STA to transmit on a wireless
medium using EDCA. High Efficiency (HE) Single User
(SU) PPDU 410 and HE MU PPDU 420 may be used by
STAs conforming to the IEEE 802.11ax standard amend-
ment.

[0058] HE SU PPDU 410 supports higher spectral effi-
ciency compared to VHT PPDU 320 due to increased
subcarrier spacing and higher order modulation support. HE
SU PPDU 410 has a minimum preamble duration of 44 ps.
[0059] As shown in FIG. 4, HE SU PPDU 410 includes an
L-STF, an L-LTF, an L-SIG, an RL-SIG, an HE Signal A
field (HE-SIG-A), an HE Short Training field (HE-STF)
field, one or more HE Long Training field (HE-LTF), a Data
field, and a PE field.

[0060] Similar to HE SU PPDU 410, HE MU PPDU 420
supports higher spectral efficiency compared to VHT PPDU
320. HE MU PPDU 420 also supports OFDMA. Due to
denser subcarrier spacing (as in HE SU PPDU 310), HE MU
PPDU 320 allows for payloads of multiple users to be
multiplexed in the frequency domain in the Data field. HE
MU PPDU 320 supports multiplexing the payload of up to
9 users in a single 20 MHz band. HE MU PPDU 420 has a
minimum preamble duration of 47.2 s, which may increase
depending on the number of spatial streams carried by the
PPDU.

[0061] As shown in FIG. 4, HE MU PPDU 420 includes
an L-STF, an L-LTF, an L-SIG, an RL-SIG, an HE-SIG-A,
an HE Signal B Field (HE-SIG-B), an HE-STF field, one or
more HE-LTF field, a Data field, and a PE field. It is noted
that compared to HE SU PPDU 410, HE MU PPDU 420
further includes HE-SIG-B. HE-SIG-B contains indications
per STA of RU allocations. A STA may use the indications
in HE-SIG-B to locate its payload in HE MU PPDU 420.
[0062] For HE SU PPDU 410 and HE MU PPDU 420, the
GI portion of the HE-LTF and Data field may be one of one
ot 0.8 us, 1.6 us, and 3.2 us. An AP or STA may use a suitable
GI duration depending on the channel conditions or capa-
bility of the target STA or AP.

[0063] For both HE SU PPDU 410 and HE MU PPDU
420, the information portion of the HE-LTF may be one of
3.2 us, 6.4 ps, or 12.8 us. Depending on the information
portion duration, a subcarrier spacing of the HE-LTF may be
one of: 312.5 kHz if the information potion is 3.2 us, 156.25
kHz if the information portion is 6.4 us, and 78.125 kHz if
the information portion is 12.8 ps.

[0064] Contrary to the HE-LTF however, the information
portion of the Data field for both HE SU PPDU 410 and HE
MU PPDU 420 is always 12.8 us. Hence, a subcarrier
spacing of the Data field is always 78.125 kHz correspond-
ing to the duration of the information portion being 12.8 ys.
[0065] When a 3.2 ps or 6.4 us long HE-LTF is used by a
transmitting STA to transmit HE SU PPDU 410 or HE MU
PPDU 420, a receiving STA is required to interpolate the
channel estimates to a subcarrier spacing resolution of
78.125 kHz to match the subcarrier spacing of the Data field.
[0066] FIG. 5 illustrates an example HE Extended Range
(ER) SU PPDU 500. Similar to the PPDUs discussed above,
HE ER SU PPDU 500 may be used by a STA to transmit on
the wireless medium using EDCA. As shown in FIG. 5, HE
ER SU PPDU 500 includes an L-STF, an L-LTF, an L-SIG,
an RL-SIG, an HE-SIG-A 510, an HE-STF, one or more
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HE-LTF, a Data field, and a PE field. It is noted that
compared to HE SU PPDU 410, HE ER SU PPDU 500 has
an HE-SIG-A 510 that is duplicated in the time domain (16
us long instead of 8 s long in HE SU PPDU 410). As such,
both L-SIG (duplicated using RL-SIG) and HE-SIG-A are
sent in duplicates, which allows a receiving STA to combine
the two copies to increase the energy of the received signal.
This results in an extended range of reception and increases
transmission reliability between the transmitting STA and
the receiving STA.

[0067] While not currently supported in the IEEE 802.
11be standard amendment, an EHT SU PPDU may also be
generated by duplicating the 8 us U-SIG field EHT MU
PPDU 330 to 16 ps.

[0068] Referring to FIG. 6, an example EHT PPDU 600
includes a preamble 602 that extends the range of the EHT
PPDU 600. In the example, the preamble 602 includes
legacy fields including an L-STF, an L-LTF, an L-SIG field.
The EHT PPDU 600 may include extended range fields 604
including an RL-SIG field and a U-SIG field 606 including
2 symbols: U-SIG symbol 1 (U-SIG1) and U-SIG symbol 2
(U-SIG2), and copies (or additional repetitions) of each of
the 2 symbols: U-SIG symbol 1 repetition (U-SIG1R) and
U-SIG symbol 2 repetition (U-SIG2R). Use of repetitions
may result in extending a range of reception and increasing
transmission reliability between an AP and STAs.

[0069] Determination of whether a preamble is an
extended range preamble or not by a receiving STA may be
based on the use of modulation schemes, interleaving, and
constellations, and other techniques may be used to encode
a signal field of a PPDU. In an aspect, one or more
modulation techniques, such as binary phase-shift keying
(BPSK) or quadrature BPSK (QBPSK), are used to encode
each symbol and repetition. A modulation scheme may
include an interleaving technique having a constellation,
and, for diversity different modulation schemes may be
applied to a symbol and the respective repetition of the
symbol. In an example, when encoding U-SIG field 606 with
a modulation scheme, constellations 610 are used. In this
example, a first modulation scheme (e.g., BPSK) having a
first constellation 612 is applied to U-SIG1, and a second
modulation scheme (e.g., QBPSK) having second constel-
lation 614 is applied to U-SIGIR to increase diversity. Use
of constellation switching (e.g., first constellation 612 to
second constellation 614) may indicate that U-SIGIR is a
copy (or repetition) of U-SIG1. Further, based on U-SIG1
having a same number of repetitions as a U-SIG, modulation
schemes and constellations between U-SIG2 and U-SIG2R
may remain the same.

[0070] In an aspect, ultra-high reliability (UHR) WLAN
may include millimeter wave (mmWave) operation that
includes 60 GHz interface for mainstream wireless signals.
A mmWave operation may reuse low band baseband and
design as much as possible to lower costs and case of
integration, and reach 6 G latency objectives with more
guarantees,

[0071] The IEEE 802.11ad standard may use the mmWave
operation to incorporate use of a 60 GHz spectrum. 60 GHz
propagation may result in a large free space path loss (e.g.,
22 dB higher than a 5 GHz spectrum), a lower transmit
power (e.g., -6 dB), and a higher noise figure (e.g., -3 dB),
as compared to other propagations used by the IEEE 802.11
standards.
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[0072] Inan aspect, a physical layer design for orthogonal
frequency division multiple (OFDM) operation for different
bandwidths (e.g., between 160 MHz and 1280 MHZ) may
reuse lower band design as much as possible through
uplocking. The physical layer design may include simple
beamforming training sequences and minor adaptations to
multi-link operation. Beamtraining (or beamforming train-
ing) may include a bidirectional sequence of frame trans-
missions (or beamforming frame transmissions) that provide
the necessary signaling to allow each STA to determine
appropriate antenna system settings for both transmission
and reception in the mm Wave bands. After successful
completion, beamtraining is said to be established. Use of
mmWave operation may also build on lower band channel-
ization and use a base (e.g., smallest) channel bandwidth of
80 MHz, 160 MHZ, or 320 MHz.

[0073] In an aspect, a preamble design for UHR support-
ing mmWave operation may contain a non-UHR portion and
a UHR portion. The non-UHR portion may be similar to
preamble 602 shown in example EHT PPDU 600 in FIG. 6.
The encoding procedure for each symbols of the non-UHR
portion may also be similar to the encoding of corresponding
symbols of an EHT PPDU but may include further process-
ing (e.g. uplocking or repetition to increase the preamble
bandwidth). Following the non-UHR portion, a UHR por-
tion may follow which may include new preamble symbols
to support a future UHR feature. The encoding procedure for
the UHR portion of a UHR preamble may be different from
the encoding procedure for the non-UHR portion. Referring
to FIG. 7, different techniques may be used to encode
non-UHR fields of a mmWave PPDU. In an example,
encoding U-SIG1 700 (e.g., non-UHR field) for transmitting
in a higher bandwidth (e.g., 80 MHZ) than a 20 MHZ PPDU
bandwidth may be performed by an upclocking operation, a
frequency duplication operation, or a combination of
upclocking operations and frequency duplication operations.
For example, U-SIG1 700 is upclocked to 80 MHz by
increasing the subcarrier spacing to generate upclocked
symbol U-SIG1 702. In comparison to frequency duplica-
tion, uplocking may result in lower robustness, due to lower
power spectral density, but may be less complex to imple-
ment. In another example, U-SIG1 700 is duplicated in the
frequency domain to generate frequency duplicated symbol
U-SIG1 704 totaling 80 MHZ (e.g., four frequency dupli-
cates of U-SIG1 700). As compared to upclocking, fre-
quency duplicating may result in higher robustness, when
maximal ratio combining is used, but may be more complex
to implement. Further, for high bandwidths, U-SIG1 700
may be upclocked and then frequency duplicated or U-SIG1
700 may be frequency duplicated and then upclocked to
generate upclocked and frequency generated symbol
U-SIG1 706 that is 320 MHz. When combining operations,
both upclocking and frequency duplication may be per-
formed simultaneously to generate U-SIG1 706.

[0074] UHR mmWave operation may reach up to 1.28
GHz. In existing technologies, a fully duplicated signal field
of'a preamble of a mmWave PPDU will need as many as 64
duplicates of U-SIG, UHR-SIG, etc. For example, referring
to FIG. 8, signal field 802 may be generated when U-SIG1
has a base bandwidth of 20 MHZ and is duplicated 64 times,
which may result in a significant amount of parallel com-
putations. Uplocking OFDM symbols, according to existing
technologies, may reduce parallel computations. For
example, as shown by FIG. 8, signal field 804 may be
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generated when U-SIG1 has a base bandwidth of 80 MHZ
and is duplicated 16 times, resulting in 75% less complexity
than encoding for signal field 802, and signal field 806 may
be generated when U-SIG1 has a base bandwidth of 320
MHZ and duplicated 4 times resulting in 94% less com-
plexity than encoding for signal field 802. However,
upclocking may come at the expense of lower reliability. for
example, as compared to signal field 802, signal field 804
may result in 6 dB less reliability and signal field 806 may
result in 12 dB less reliability. Accordingly, there is a need
in encoding technologies to reduce the complexity of encod-
ing without losing reliability.

[0075] The present disclosure provides techniques for
flexible frequency domain and time domain repetitions of
signal fields. In an aspect, an AP (or transmitting STA) may
perform repetitions of both time and frequency of header
symbols depending on capabilities of a receiving STA as
well as channel conditions, to maintain reliability and lower
complexity while encoding. Referring to FIG. 9, example
techniques may be used to encode signal fields of a preamble
to reach a PPDU bandwidth (e.g., 1.28 GHZ) according to
a combination of AxB, where A is a number of frequency
domain duplications and B is a number of time domain
repetitions. Signal field 902 is an example of U-SIG1, at a
base bandwidth of 20 MHZ, being encoded with 64x1
duplicates (e.g., 64 frequency domain duplications, 1 time
domain repetition). Signal field 904 is an example of
U-SIG1, at a base bandwidth of 80 MHz, being encoded
with 16x4 duplicates (e.g., 16 frequency domain duplica-
tions, 4 time domain repetitions). Signal field 906 is an
example of U-SIG1 being encoded with 4x16 duplicates
(e.g., 4 frequency domain duplications, 16 time domain
repetitions). In comparison with signal field 902, signal field
904 and signal field 906 may maintain the same reliability
and lower encoding complexity by 75% and 94%, respec-
tively. Further, implementation of embodiments provided by
this disclosure allow a receiving STA to autodetect how
many repetitions are sent by a transmitting STA, as disclosed
below.

[0076] Referring to FIG. 10, an example of flexible time
domain repetition allows an EHT extended range signal field
1002 to flexibly extend to a UHR mmWave preamble. For
example, EHT extended range signal field 1002, having a 20
MHz base bandwidth and 2 repetitions of each symbol, may
extend to signal field 1004 and/or to preamble 1006. In an
aspect, a transmitting STA or AP generates signal field 1004
by upclocking the 20 MHz bandwidth of U-SIG1, U-SIGIR,
U-SIG2, and U-SIG2R of the signal field 1002 four times to
reach 80 MHZ. Due to the upclocking, the duration of signal
field 1004 will be four times shorter than signal field 1002.
The transmitting STA or AP also applies a first modulation
scheme (e.g., BPSK) to U-SIG1, U-SIG2, and U-SIG2R,
and applies a second modulation scheme (e.g., QBPSK) to
U-SIGIR. Based on this example, a receiving STA deter-
mines the U-SIGIR is a repetition based on the change in
modulation schemes. Further, the receiving STA determines
that the U-SIGIR has finished based on a subsequent
symbol, U-SIG2, starting with a different modulation
scheme. The receiving STA also determines U-SIG2R is a
repetition of U-SIG2 based on U-SIG2 having the same
number of repetitions (e.g., two repetitions) as U-SIG1.

[0077] To generate signal field 1006, the transmitting STA
or AP upclocks U-SIG1, U-SIGIR, U-SIG2, and U-SIG2R
of the signal field 1002 four times to reach 80 MHz or
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maintains the base bandwidth at 80 MHz if transitioning
from signal field 1004. Further, the transmitting STA or AP
generates seven time domain repetitions of U-SIG1 and
U-SIG2. U-SIG1, U-SIG2, and each of the repetitions of
U-SIG2 (e.g., U-SIG2R1-U-SIG2R7) are also encoded by
the transmitting STA or AP using the first modulation
scheme (e.g., BPSK) and U-SIGI1R1-U-SIGIR7 are
encoded using the second modulation scheme (e.g.,
QBPSK). Based on this example, a receiving STA deter-
mines U-SIGIR1 is a repetition of U-SIG1 based on the
change in modulation schemes. Further, the receiving STA
determines that the U-SIGIR2-U-SIG1R7 are additional
repetitions as they maintain the same modulation scheme as
U-SIGIR1. The receiving STA also determines the repeti-
tions of U-SIG1 have finished based on a subsequent sym-
bol, U-SIG2, of U-SIG1R7 starting with a different modu-
lation scheme. The receiving STA determines U-SIG2R1-
U-SIG2R7 are repetitions of U-SIG2 based on U-SIG2
having the same number of repetitions (e.g., 8 repetitions) as
U-SIG1.

[0078] In an example, to increase diversity, interleaving
may also be applied by the transmitting STA or AP to
increase diversity. For example, the transmitting STA or AP
may use a second interleaving scheme (e.g., not interleav-
ing) for at least one repetition of U-SIG that is different from
a first interleaving scheme (e.g., interleaving) for the first
U-SIG. In this example, a receiving STA may determine a
repetition of U-SIG1 (e.g., U-SIGIR or U-SIGIR2) is a
repetition of U-SIG1 based on the interleaving switching
(e.g., interleaved to not interleaved) between U-SIG1 and
the repetition. The receiving STA may determine additional
symbols are additional repetitions of U-SIGl (e.g.,
U-SIG1R2-U-SIG1R7) based on the same interleaving (e.g.,
not interleaved) being used for each of the these repetitions.
The receiving STA may also determine when the repetitions
of U-SIG1 are finished due to the interleaving switching
(e.g., not interleaved to interleaved) between a last repetition
(e.g., U-SIGIR or U-SIG1R7) and U-SIG2.

[0079] Referring to FIG. 11, an example channel access
operation using flexible frequency domain repetition may be
performed by AP 104, STA1 106, and STA2 106. In an
example, STA1 106 may have a stronger channel to and
from AP 104 compared to STA2 106. In an example, AP 104
may transmit a mmWave PPDU1 1100, having a preamble
with a signal field 1102 with frequency domain repetitions
(e.g., four), and STA1 may subsequently transmit ACK1
1104 to acknowledge mmWave PPDU1 1100. In another
example, the AP 104 may subsequently transmit a mmWave
PPDU2 1110, having a signal field 1112 with no frequency
domain repetitions, and STA2 may subsequently transmit
ACK2 1114 to acknowledge mmWave PPDU2 1110.

[0080] Referring to FIG. 12, a receiving STA may auto-
detect frequency domain repetitions of a signal field of a
mmWave PPDU. In an aspect, a receiving STA may look at
sequential symbols to determine if there is a correlation of
these symbols, and, based the correlation(s) of the symbols
being greater than a threshold, determine which symbols are
repeated in the frequency domain.

[0081] In an example, as illustrated by FIG. 12, a mini-
mum number of repetitions of frequency domain repetitions
is one and a maximum number of frequency domain rep-
etitions is four. Based on this example, a number of fre-
quency domain repetitions for a UHR symbol is one (e.g., 1x
repetition of U-SIG1), two (e.g., 2x repetitions of U-SIG1),



US 2024/0214120 A1

or four (e.g., 4x repetitions of U-SIG1). For autodetection,
the receiving STA determines correlations between symbol
1 and symbol 2, symbol 2 and symbol 3, and symbol 3 and
symbol 4. A correlation between symbols may be deter-
mined, for example, based on an inner product (i.e., X7Y
where X and Y are column vectors of two symbols and H is
the Hermitian transpose) of the time domain samples of the
symbols. Further, each correlation is compared to a thresh-
old to determine the likelihood of the symbols being the
same. If a correlation between symbols is greater than the
threshold, the outcome (e.g., X, Y, Z) of the threshold
comparison is 1, otherwise the outcome is 0. Accordingly,
the receiving STA may autodetect a number of frequency
domain repetitions according to Table 1.

[0082] Referring to FIG. 13, an example channel access
operation for fixed frequency domain, flexible time domain
repetition is illustrated. In an aspect, an AP may transmit,
and a STA may receive, a PPDU at a minimum PPDU
bandwidth with an increased/reduced number of signal field
time domain repetitions based on a link quality. When the
link quality is low, an AP may choose to transmit using the
minimum PPDU bandwidth. Aside from using the minimum
PPDU bandwidth, the AP can further improve the link
quality by transmitting with increased time domain repeti-
tions. In an aspect, the number of time domain repetitions
that an AP may use may depend on the capability of the
receiving STA. In an example, a 60 GHz signal field (e.g.,
U-SIG) is received with a minimum 80 MHz bandwidth.
Further, the allowed time domain repetitions may be from
one up to eight repetitions. STA1 106, STA2 106, and STA3
106 provide examples of stations receiving a PPDU with
increased (e.g., 60 GHZ) link quality and based on fixed
frequency domain, flexible time domain repetitions. In a first
example, the 60 GHz link between AP 104 and STA1 106
has a low power concentration (e.g., low received signal
strength indicator (RSSI)) and is not 60 GHz beamtrained.
In other words, STA1 106 has not successfully determined
appropriate antenna system settings to communicate in the
60 GHz bandwidth. Accordingly, AP 104 may transmit
PPDU1 1300 to STA1 106 with the minimum PPDU band-
width (e.g., 80 MHz PPDU bandwidth) and eight time
domain repetitions (e.g., maximum time domain repetitions)
of the signal field of the preamble of PPDU1 1300 for
maximum boosting of the link quality. As shown in FIG. 13,
the use of eight time domain repetitions is based on AP 104
knowing that STA1 106 is capable of receiving eight rep-
etitions, as indicated by STA1 106 in framel 1324. STA1
106 may subsequently transmit ACK1 1302 to acknowledge
PPDU1 1300.

[0083] As illustrated by FIG. 13, in a second example, the
60 GHz link between AP 104 and STA2 106 also has a low
power concentration (e.g., low RSSI) but is 60 GHz
beamtrained. In other words, STA2 106 has successfully
determined appropriate antenna system settings to commu-
nicate in the 60 GHz bandwidth. In this case, AP 104 may
transmit PPDU2 1310 to STA2 106 with a PPDU bandwidth
80 MHz because of a low power concentration (e.g., low
RSSI) but the time domain repetitions of signal field may be
two. As shown in FIG. 13, the use of two time domain
repetitions is based on AP 104 knowing that STA2 106 is
capable of receiving two repetitions, as indicated by STA2
106 in frame3 1328. STA2 106 may subsequently transmit
ACK2 1312 to acknowledge PPDU2 1310. In a third
example, the 60 GHz link between AP 104 and STA3 106
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has a high power concentration (e.g., high RSSI) and is 60
GHz beamtrained. In other words, STA3 106 has success-
fully determined appropriate antenna system settings to
communicate in the 60 GHz bandwidth. Accordingly, STA3
106 receives PPDU3 1320 at 1.28 GHz PPDU bandwidth
with one time domain repetition of the signal field of the
preamble. As shown in FIG. 13, the use of one time domain
repetition is based on AP 104 knowing that STA3 106 is
capable of receiving one repetition, as indicated by STA3
106 in frame2 1326. STA3 106 may subsequently transmit
ACK3 1322 to acknowledge PPDU3 1320. In this example,
PPDU3 1320 may result in a better quality signal with the
least amount of overhead, as compared to the operation
between AP 104 and STA1 106 and the operation of AP 104
and STA2 106.

[0084] Referring to FIG. 14, example channel access
operations for flexible frequency domain, flexible time
domain repetition allow an AP to transmit, and a STA to
receive, a PPDU at a reduced/increased PPDU bandwidth
with an increased/reduced number of preamble frequency
domain and time domain repetitions based on a link quality.
When the link quality is low, an AP may choose to transmit
with increased frequency domain repetitions by using a
smaller base bandwidth. Aside from using increased fre-
quency domain repetitions, the AP can further improve the
link quality by transmitting with increased time domain
repetitions. In an aspect, the number of frequency domain
repetitions and time domain repetitions that an AP may use
may depend on the capability of the receiving STA. In an
example, frequency domain repetitions in an 80 MHz band-
width may be one, two, or four repetitions (e.g., base
bandwidth is 80 MHz, 40 MHz or 20 MHZ) and time
domain repetitions may be up to eight time domain repeti-
tions. STA1 106, STA2 106, and STA3 106 provide
examples of stations reacting differently according to
increasing mmWave (e.g., 60 GHZ) link quality, based on
flexible frequency domain, flexible time domain repetition
techniques. In a first example, the 60 GHZ link between AP
104 and STA1 106 has a low power concentration (e.g., low
received signal strength indicator (RSSI)) and is not 60 GHz
beamtrained. In other words, STA1 106 has not successfully
determined appropriate antenna system settings to commu-
nicate in the 60 GHZ bandwidth. In this example, PPDU1
1400 may be transmitted by AP 104, and received by STA1
106, with an 80 MHz PPDU bandwidth and with four
frequency domain repetitions (e.g., 20 MHz base band-
width) of a signal field of a preamble of the PPDU1 1400,
and eight time domain repetitions (e.g., maximum time
domain repetitions) of the signal field for maximum boost-
ing of the link quality. As shown in FIG. 14, the use of four
frequency domain repetitions and eight time domain repeti-
tion is based on AP 104 knowing STA1 106 is capable of
receiving four frequency domain repetitions and eight time
domain repetitions, as indicated by STA1 106 in framel
1424. STA1 106 may subsequently transmit, and AP 104
may receive, ACK1 1402 to acknowledge PPDU1 1400.
Compared to PPDU1 1300 shown in FIG. 13 which only has
an effective eight time domain repetitions, PPDU1 1400
having an effective 32 total repetitions (i.e., eight time
domain repetitions and four frequency domain repetitions)
may increase reception success.

[0085] As illustrated by FIG. 14, in a second example, the
60 GHz link between AP 104 and STA2 106 also has a low
power concentration (e.g., low RSSI) but is 60 GHz
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beamtrained. In other words, STA2 106 has successfully
determined appropriate antenna system settings to commu-
nicate in the 60 GHz bandwidth. In this case, the bandwidth
for PPDU2 1410, when transmitted by AP 104 and received
by STA2 106, may be 80 MHz without frequency domain
repetitions (e.g., 80 MHz base bandwidth) because of the
beamtraining gain. Hence, a signal field of a preamble of
PPDU2 1410 may include eight time domain repetitions and
one frequency domain repetition. As shown in FIG. 14, the
use of one frequency domain repetition and eight time
domain repetitions is based on AP 104 knowing that STA2
106 is capable of receiving one frequency domain repetition
and eight time domain repetitions, as indicated by STA2 106
in frame3 1428. STA2 106 may subsequently transmit, and
AP 104 may receive, ACK2 1412 to acknowledge PPDU2
1410. In a third example, the 60 GHz link between AP 104
and STA3 106 has a high power concentration (e.g., high
RSSI) and is 60 GHZ beamtrained. In other words, STA3
106 has successfully determined appropriate antenna system
settings to communicate in the 60 GHz bandwidth. Accord-
ingly, AP 104 transmits, and STA3 receives, PPDU3 1420 at
1.28 GHz PPDU bandwidth with the signal field of the
preamble of PPDU3 1420 having one time domain repetition
and 16 frequency domain repetitions. As shown in FIG. 14,
the use of 16 frequency domain repetitions and one time
domain repetition is based on AP 104 knowing that STA3
106 is capable of receiving 16 frequency domain repetitions
and eight time domain repetitions, as indicated by STA3 106
in frame?2 1426. In this example, PPDU3 1420 may result in
a better quality signal with the least amount of overhead, as
compared to the examples of PPDU1 1400 and PPDU2
1410. STA3 106 may subsequently transmit, and AP 104
receives, ACK3 1422 to acknowledge PPDU3 1420.

[0086] In an aspect, a capability exchange may occur
between a STA and an AP to indicate the STA’s capability
to communicate with a range (or number) time domain
repetitions and/or a range (or number) frequency domain
repetitions and/or the AP’s designated range (or number)
time domain repetitions and/or range (or number) frequency
domain repetitions to be used for all transmissions. In an
example, a STA provides capability information, to an AP,
indicating the STA’s capabilities to receive a signal field of
a preamble of a PPDU with a range (or number) of time
domain repetitions and/or a range (or number) of frequency
domain repetitions. The capability information may be
transmitted during an association phase of the STA and the
AP. For example, the STA transmits capability information
to the AP in an association request (or frame including an
association request).

[0087] In response to the capability information, the AP
may transmit all subsequent transmissions based on the
indicated a range (or number) of time domain repetitions
and/or a range (or number) of frequency domain repetitions.
Alternatively, in response to the capability information and
based on a capability information from a plurality of STAs,
the AP may transmit a beacon (or frame) indicating a
designated range (or number) of time domain repetitions
and/or range (or number) of frequency domain repetitions
for transmitting signal fields of a PPDU. In this case, the AP
may take into account, for example, the capabilities of a
STA, of the plurality of STAs, having a lowest range (or
number) of time domain repetitions and/or a lowest range
(or number) of frequency domain repetitions.
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[0088] Referring to FIG. 15, an example of STA1 106,
STA2 106, and STA3 106 associating with AP 104, includes
each of these stations transmitting an association request (or
AReq or frame) to AP. The association request may include
capability information indicating a respective STA’s capa-
bility to communicate with time domain repetitions and/or
frequency domain repetitions. For example, STA1 106 ini-
tiates an association with the AP 104 by transmitting AReq1
1500, which indicates STA1’s capability to receive a signal
field, of a PPDU, with 1-4 frequency domain repetitions and
1-8 time domain repetitions. STA2 106 initiates an associa-
tion with the AP 104 by transmitting, for example, AReq2
1510, which indicates capabilities of STA2 106 to receive a
signal field, of a PPDU, with 1-4 frequency domain repeti-
tions and 1-4 time domain repetitions. STA3 106 initiates an
association with the AP 104 by transmitting, for example,
AReq3 1520, which indicates capabilities of STA3 106 to
receive 1-2 frequency domain repetitions and 1-2 time
domain repetitions.

[0089] In response to each association request, AP 104
may transmit respective associating responses, ARespl
1502, Assoc. Resp2 1512, and Assoc. Resp3 1522, to
confirm associations with STA1 106, STA2 106, and STA3
106. Subsequently, transmissions from AP 104 to STA1 106,
STA2 106, and STA3 106 may be encoded according to
respective capability information indicated by AReql 1500,
ARcq2 1510, and ARcq3 1520.

[0090] Alternatively, in response to the associating
request, AP 104 may transmit a beacon 1530 to inform STA1
106, STA2 106, and STA3 106 of a number of time domain
repetitions and/or frequency domain repetitions or a range of
time domain repetitions and/or frequency domain repetitions
to use for all transmission. In an example, beacon 1530 is
transmitted based on STA1 106, STA2 106, and STA3 106
being within a BSS. As an example, AP 104 may transmit
beacon 1530, to all stations in the BSS, which indicates that
all transmissions in the BSS should stay within 1-2 fre-
quency domain repetitions and 1-2 time domain repetitions
in order to accommodate the capabilities of STA3 1520 for
all transmissions.

[0091] In an aspect, a STA may provide repetition feed-
back, in response to receiving a PPDU from an AP, to inform
the AP of a preferred time domain repetition and/or fre-
quency domain repetition. The repetition feedback may be in
response to the STA determining the received PPDU has a
low signal strength (e.g., RSSI). For example, referring to
FIG. 16, AP 104 transmits, and STA1 106 receives, PPDU1
1600 with a time domain repetition of 2 and a frequency
domain repetition of 1. Upon receipt of PPDU1 1600, STA1
106 determines the signal has a low RSSI. Based on the low
RSSIof PPDU1 1600, STA1 106 may transmit PPDU2 1602
to inform AP 104 to transmit subsequent transmissions with
a preferred time domain repetition of 4 and a preferred
frequency domain repetition of 4. In response to PPDU2
1602, AP 104 may transmit subsequent transmissions,
including PPDU3 1604, to STA1 106 with a time domain
repetition of 4 and a frequency domain repetition of 4.
[0092] FIG. 17 an example process 1700 is provided for
the purpose of illustration only and is not limiting of
embodiments. Process 1700 may be performed by an AP or
a STA (e.g., transmitting STA). In an example, the AP is a
UHR AP. Process 1700 may be performed by the STA when
transmitting a PPDU in a link with carrier frequencies higher
than 10 GHz such as 45 GHz or 60 GHz.
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[0093] As shown in FIG. 17, process 1700 may include
operations 1710, 1720, and 1730. Operation 1710 may
include receiving by a first STA, a first frame indicating a
capability of a second STA to receive a number of repetitions
of a first signal field of a PPDU. In an example, the number
of repetitions is greater than two. The first STA may be a
UHR AP while the second STA may be a non-AP STA
associated with the UHR AP. Likewise, the first STA may be
a UHR non-AP STA while the second STA may be a UHR
AP to which the UHR non-AP STA is associated with.

[0094] In an example, the first signal field may include a
first universal signal symbol (U-SIG 1) and a second uni-
versal signal symbol (U-SIG 2) both having a same number
of repetitions. In an example, a first copy of the U-SIG1 may
be based on a first modulation scheme and the subsequent
repetitions may be based on a second modulation scheme
different from the first modulation scheme. For example, the
first modulation scheme may use BPSK modulation while
the second modulation scheme may use QBPSK modula-
tion.

[0095] In an example, the PPDU may include a second
signal field, and the second signal field may be encoded with
the same number of repetitions as the first signal field. For
example, the second signal field may have the same number
of repetitions as the repetitions of the U-SIG 1 or U-SIG 2.
The second signal field may include at least one UHR signal
field.

[0096] In an example, the first frame may include a first
maximum number of time domain repetitions for the first
signal field that the second STA can receive.

[0097] In an example, process 1700 may further include
receiving by the first STA, from the second STA, a frame
indicating a capability of the second STA to receive two or
more repetitions in the frequency domain of the first signal
field. This frame can be the first frame or a second frame
different from the first frame. In an example, the first frame
or the second frame further indicates a maximum number of
frequency domain repetitions for the first signal field that the
second STA can receive.

[0098] In an example, the second STA is a non-AP STA
and the first STA is an AP. In this example, the first frame
may be a beacon, association request, or an authentication
response. Further, first STA may receive two or more first
frames from two or more second STAs with indications of
first maximum number of time domain repetitions. Based on
these indications, the first STA may transmit a frame indi-
cating to the one or more second STAs, comprising the
second STA, of a second maximum number of time domain
repetitions to use for all transmissions by the second STAs.

[0099] As shown in FIG. 17, operation 1720 may include
encoding the PPDU such that the first signal field comprises
up to the number of repetitions based on the capability
indicated in the first frame. In an example, the first signal
field is repeated in a frequency domain based on the maxi-
mum number of frequency domain repetitions indicated in
the first frame or in the second frame. In another example,
the repetitions of the first signal field is done in both time
domain and frequency domain based on the indications in
the first and second frames.

[0100] As shown in FIG. 17, operation 1730 may include
transmitting, to the second STA, the PPDU, based on the
encoding. In an example, process 1700 may further include
receiving, by the first STA, from the second STA, a repeti-
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tion feedback indicating a suggested number of repetitions
of the first signal field for a subsequent PPDU transmission.
[0101] Referring to FIG. 18, an example process 1800 is
provided for the purpose of illustration only and is not
limiting of embodiments. Process 1800 may be performed
by an AP or a STA (e.g., receiving STA). The AP may be a
UHR AP for example. Process 1800 may be performed by
the STA when transmitting a PPDU in a link with carrier
frequencies higher than 10 GHz such as 45 GHz or 60 GHz
for example.

[0102] As shown in FIG. 18, process 1800 may include
operations 1810 and 1820. In an example, operation 1810
includes transmitting by a first STA, to a second STA, a first
frame indicating a capability of the first STA to receive a
number of repetitions of a first signal field of a PPDU. In an
example, the number of repetitions is more than two. The
first STA may be a UHR non-AP STA while the second STA
may be a UHR AP to which the UHR non-AP STA is
associated with. Likewise, the first STA may be a UHR AP
while the second STA may be a non-AP STA associated with
the UHR AP.

[0103] In an example, the first signal field may include a
first universal signal symbol (U-SIG 1) and a second uni-
versal signal symbol (U-SIG 2) both having a same number
of repetitions. In an embodiment, the encoding of a first copy
of the U-SIG 1 may be based on a first modulation scheme
and the subsequent copies may be based on a second
modulation scheme different from the first modulation
scheme. For example, the first modulation scheme uses
BPSK modulation while the second modulation scheme uses
QBPSK modulation.

[0104] In an example, the PPDU may include a second
signal field, the second signal field may be encoded with the
same number of repetitions as the first signal field. For
example, the second signal field may have the same number
of repetitions as the repetitions of U-SIG 1 or U-SIG 2. The
second signal field may include at least one UHR signal
field.

[0105] In an example, the first frame may include a first
maximum number of time domain repetitions for the first
signal field that the first STA can receive.

[0106] Inan example, process 1800 further includes trans-
mitting by the first STA, to the second STA, a frame
indicating a capability of the first STA to receive two or more
repetitions in the frequency domain of the first signal field.
This frame can be the first frame or a second frame different
from the first frame. In an example, the first frame or the
second frame further indicates a maximum number of fre-
quency domain repetitions for the first signal field that the
first STA can receive.

[0107] Inan example, the first STA may be a non-AP STA
while the second STA is an AP. In this example, the first
frame may be an association response or an authentication
response. Further, the first STA may receive a frame from the
second STA indicating a second maximum number of time
domain repetitions to be used by the first STA.

[0108] As shown in FIG. 18, operation 1820 includes
receiving, by the first STA, a PPDU wherein the first signal
field comprises up to the number of repetitions based on the
capability indicated in the first frame. In an example, process
1800 further includes transmitting, by the first STA, to the
second STA, a repetition feedback indicating a suggested
number of repetitions of the first signal field for a subsequent
PPDU transmission.
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What is claimed is:

1. A first station (STA) comprising:

one or more processors; and

memory storing instructions that, when executed by the
one or more processors, cause the first STA to:
receive a first frame indicating a capability of a
second STA to receive a first number of repetitions
of a first signal field of a Physical Layer Protocol
Data Unit (PPDU), wherein the first number of
repetitions comprises more than two;
encode the PPDU such that the first signal field
comprises up to the first number of repetitions
based on the capability of the second STA; and
transmit, to the second STA, the PPDU, based on the
encoding.
2. The first STA of claim 1, wherein the first signal field
comprises a first universal signal symbol and a second
universal signal symbol.
3. The first STA of claim 2, wherein the encoding of the
PPDU comprises encoding:
a first copy of the first universal signal symbol based on
a first modulation scheme; and

one or more subsequent copies of the first universal signal
symbol based on a second modulation scheme, differ-
ent from the first modulation scheme.

4. The first STA of claim 3, wherein the first modulation
scheme comprises binary phase-shift keying (BPSK) and the
second modulation scheme comprises quadrature BPSK
(QBPSK).

5. The first STA of claim 1, wherein the PPDU comprises
a second signal field, the second signal field being encoded
with a same number of repetitions as the first number of
repetitions of the first signal field.

6. The first STA of claim 5, wherein the second signal field
comprises at least one ultra-high reliability (UHR) signal
field (UHR-SIG).

7. The first STA of claim 1, wherein the first number of
repetitions comprises a maximum number of time domain
repetitions for the first signal field that the second STA is
able to receive.

8. The first STA of claim 1, wherein the instructions, when
executed by the one or more processors, further cause the
first STA to receive, from the second STA, a second frame
indicating a capability of the second STA to receive a second
number of repetitions, in frequency, of the first signal field.

9. The first STA of claim 8, wherein the first signal field
is repeated, in frequency, based on the second number of
repetitions.

10. A first station (STA) comprising:

one or more processors; and

memory storing instructions that, when executed by the

one or more processors, cause the first STA to:
transmit, to a second STA, a first frame indicating a
capability of the first STA to receive a first number
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of repetitions of a first signal field of a Physical
Layer Protocol Data Unit (PPDU); and

receive the PPDU, wherein the first signal field com-
prises up to the first number of repetitions based on
the capability.

11. The first STA of claim 10, wherein the first signal field
comprises a first universal signal symbol and a second
universal signal symbol.

12. The first STA of claim 11, wherein a first copy of the
first universal signal symbol is based on a first modulation
scheme, and wherein one or more subsequent copies of the
first universal signal symbol are based on a second modu-
lation scheme, different from the first modulation scheme.

13. The first STA of claim 12, wherein the first modulation
scheme comprises binary phase-shift keying (BPSK) and the
second modulation scheme comprises quadrature BPSK
(QBPSK).

14. The first STA of claim 10, wherein the PPDU com-
prises a second signal field, the second signal field being
encoded with a same number of repetitions as the first
number of repetitions of the first signal field.

15. The first STA of claim 14, wherein the second signal
field comprises at least one ultra-high reliability (UHR)
signal field (UHR-SIG).

16. The first STA of claim 10, wherein the first number of
repetitions is a maximum number of time domain repetitions
for the first signal field that the first STA is able to receive.

17. The first STA of claim 10, further comprising trans-
mitting, by the first STA to the second STA, a second frame
indicating a capability of the first STA to receive a second
number of repetitions in a first frequency domain of the first
signal field.

18. The first STA of claim 17, wherein the first signal field
is repeated, in frequency, based on the second number of
repetitions.

19. A non-transitory computer-readable medium compris-
ing instructions that, when executed by one or more pro-
cessors, cause a first station (STA) to:

receive a first frame indicating a capability of a second

STA to receive a first number of repetitions of a first
signal field of a Physical Layer Protocol Data Unit
(PPDU), wherein the first number of repetitions is more
than two;

encode the PPDU such that the first signal field comprises

up to the first number of repetitions, based on the
capability of the second STA; and

transmit, to the second STA, the PPDU, based on the

encoding.

20. The non-transitory computer-readable medium of
claim 19, wherein the first signal field comprises a first
universal signal symbol and second universal signal symbol.
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