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(57) Abstract: Apparatuses, computer readable media, and methods for uplink and downlink sounding for wireless networks are dis-
closed. An apparatus of a wireless device is disclosed. The apparatus comprising processing circuity configured to: encode a trigger
frame for sounding (TF-S), the TF-S comprising an indication of whether a sounding is for uplink (UL) sounding or (DL) sounding,
and the TF-S comprising an indication of stations to participate in the UL sounding or the DL sounding; and configure the wireless
device to transmit the TF-S to the stations. The processing circuitry may be further configured to: it the sounding is for the DL
sounding, encode a null data packet announcement (NDP-A), encode a null data packet (NDP), contigure the wireless device to
transmit the NDP-A, and contigure the wireless device to transmit the NDP.
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UPLINK AND BOWNLINK SQUNDING FOR WIRELESS NETWORKS

PRIORITY CLAIM

[0001] This application claims the benefit of priority to United States
Provistonal Patent Application Serial No. 62/250,014, filed November 3, 2015, and
United States Provisional Patent Application Serial No. 62/261,992, filed December

2, 2015, both of which are incorporated herein by reference in its entirety.

TECHNICAL FIELD

[0002] Embodiments pertain to wireless networks and wireless
communications. Some embodiments relate to wireless local area networks
{(WLANs) and Wi-Ft networks including networks operating in accordance with the
IEEE 802 11 famuly of standards. Some embodiments relate to IEEE 802.11ax.
Some embodiments relate to methods, computer readable media, and apparatus for

uplink and downlink sounding for wireless networks.

BACKGROUND

18003} Efficient use of the resources of a wireless local-area network
(WLAN} 15 important to provide bandwidth and acceptable response times to the
users of the WLAN. However, often there are many devices trying to share the
same resources and some devices may be limited by the communication protocol
they use or by their hardware bandwidth. Moreover, wireless devices may need to

operate with both newer protocols and with legacy device protocols.
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BRIEF DESCRIPTION OF THE DRAWINGS

S j0004] The present disclosure 1s illustrated by way of example and not
hmitation in the figures of the accompanying drawings, in which like references
indicate similar elements and in which:

0005} FI1G. 1 ilustrates a WLAN in accordance with some embodiments;
[0006] FIG. 2 iHustrates a method for uplink (UL) and downlink (DL}

10 sounding in accordance with some embodiments;
0007} FIG. 3 iHustrates a trigger frame for sounding (TF-S) in accordance
with some embodiments;
[0008] FIG. 4 ilustrates a method for UL and DL sounding in accordance
with some embodiments;

1S [6009] FIG. 5 illustrates a method for DL sounding 1in accordance with some
embodiments;
{0010} FIG. 6 illustrates a method for UL sounding in accordance with some
embodiments;
{601 1} FIG. 7 iHustrates a high-efficiency (HE) null data packet

20 announcement { HE-NDP-A) frame n accordance with some ernbodiments;
{6612} FIG. 8 iHlustrates a method for UL and DL sounding i accordance
with some embodiments;
16613} FIG. 9 iHustrates a method for UL and DL sounding i accordance
with some embodiments; and

25 [0014] FIG. 10 illustrates a block diagram of an example machine upon
which any one or more of the technigues {(e.g., methodologies) discussed herein may

perform, 1in accordance with some embodiments.
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DESCRIPTION

001 5] The following description and the drawings sufficiently iHustrate
specific embodiments to enable those skilled in the art to practice them. Other
embodiments may incorporate structural, logical, electrical, process, and other
changes. Portions and features of some embodiments may be included in, or
substituted for, those of other embodiments. Embodiments set forth in the claims
encompass all available equivalents of those claims.

0016} FIG. 1 illustrates a WLAN 100 m accordance with some
embodiments. The WLAN may comprise a basis service set (BSS) 100 that may
mclude a master station 102, which may be an AP, a plurality of high-efficiency
(HE) (e.g., IEEFE 802.11ax) stations 104, and a plurality of legacy (e.g., IEEE
802.11n/ac) devices 106.

(96017} The master station 102 may be an AP using one of the IEEE 802.11
protocols to transmit and receive. The master station 102 may be a base station.
The master station 102 may use other communications protocols as well as the IEEE
802.11 protocol. The IEEE 802.11 protocol may be IEEE 802 11ax. The IEEE
802.11 protocol may include using orthogonal frequency division multiple-access
{OFDMA), time division multiple access {TDMA), and/or code division multiple
access {CDMA}. The IEEE 802,11 protocol may mclude a multiple access
technique. For example, the IEEE 802.11 protocol may include space-division
multiple access (SDMA} and/or multiple-user multiple-imput multiple-output (MU-
MIMQ). The master station 102 and/or HE station 104 may use one or both of MU-
MIMO and OFDMA. There may be more than one master station 102 that is part of
an extended service set {ESS). A controller (not llustrated} may store information
that is common to the more than one master station 102. The controller may have
access to an external network such as the Internet.

001 8] The legacy devices 106 may operate in accordance with one or more
of IEEE 802.11 a/b/g/n/ac/ad/af/ah/a}, or another legacy wireless communication

standard. The legacy devices 106 may be STAs or IEEE 802.11 STAs. The HE
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stations 104 may be wireless transmit and receive devices such as cellular
telephone, smart telephone, handheld wireless device, wireless glasses, wireless
watch, wireless personal device, tablet, or another device that may be transmitting
and receiving using the IEEE 80211 protocol such as IEEE 802 11ax or another
wireless protocol such as IEEE 802.11az. In some embodiments, the HE stations
104, master station 102, and/or legacy devices 106 may be termed wireless devices.
In some embodiments the HE station 104 may be a “group owner” (GO} for peer-to-
peer modes of operation where the HE station 104 may perform some operations of
a master station 102

(6019} The master station 102 may communicate with legacy devices 106 in
accordance with legacy IEEE 802 11 communication techniques. In example
embodiments, the master station 102 may also be configured to communicate with
HE stations 104 in accordance with legacy IEEE 802,11 communication technigques.
[0620] In some embodiments, a HE frame may be configurable to have the
same bandwidth as a channel. The bandwidth of a channel may be 20MHz, 40MHz,
or 80MHz, 160MHz, 320MHz contiguous bandwidths or an 80+80MHz (160MHz)
non-contiguous bandwidth. In some embodiments, the bandwidth of a channel may
be 1 MHz, 1.25MHz, 2.03MHz, 2 5MHz, SMHz and 10MHz, or a combination
thereof or another bandwidth that 1s less or equial to the available bandwidth may
also be used. In some embodiments the bandwidth of the channels may be based on
a number of active subcarriers. In some embodiments the bandwidth of the
channels are multiples of 26 (e.g., 26, 52, 104, etc.) active subcarriers or tones that
are spaced by 20 MHz. In some embodiments the bandwidth of the channels are 26,
52, 104, 242, etc. active data subcarriers or tones that are space 20 MHz apart. In
some embodiments the bandwidth of the channels is 256 tones spaced by 20 MHz.
In some embodiments a 20 MHz channel may comprise 256 tones for a 256 point
Fast Fourier Transform (FFT). In some embodiments, a different number of tones 1s
used. In some embodiments, the OFDMA structure consists of a 26-subcarrier
resource unit {RU}, 52-subcarrier RU, 106-subcarrier RU, 242-subcarrier RU, 484-

subcarrier RU and 996-subcarrier RU. Resource allocations for single user (SU)
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consist of a 242 subcarrier RU, 484-subcarrier RU, 996-subcarrier RU and 2x996-
subcarrier RU.

0021} A HE frame may be configured for transmutting a number of spatial
streams, which may be in accordance with MU-MIMO. In some embodiments, a
HE frame may be configured for transmitting in accordance with one or both of
OFDMA and MU-MIMO. In other embodiments, the master station 102, HE
station 104, and/or legacy device 106 may also implement different technologies
such as code division multiple access {CDMA) 2000, CDMA 2000 1X, CDMA
2000 Evolution-Data Optimized (EV-DQ), Interim Standard 2000 (IS-2000),
Interim Standard 95 (IS-95), Interim Standard 856 (1S-856), Long Term Evolution
(LTE), Global System for Mobile communications (GSM), Enhanced Data rates for
GSM Evolution (EDGE), GSM EDGE (GERAN), IEEE 802.16 (1.e., Worldwide
Interoperability for Microwave Access (WiMAX)), BlueTooth®, WiMAX, WiGig,
or other technologies.

10022} Some embodiments relate to HE communications. Tn accordance
with some IEEE 802.1 lax embodiments, a master station 102 may operate as a
master station which may be arranged to contend for a wireless medium (e g,
during a contention period} to receive exclusive control of the medium for an HE
control period. In some embodiments, the HE control period may be termed a
transmission opportunity {TXOP). The master station 102 may transmit a HE
master-syne transmission, which may be a trigger frame or HE control and schedule
transmission, at the beginning of the HE control period. The master station 102 may
transmit a time duration of the TXOP and channel information. During the HE
conirol period, HE stations 104 may communicate with the master station 102 1n
accordance with a non-contention based multiple access technique such as OFDMA
and/or MU-MIMO. This is unlike conventional WEAN commumications in which
devices communicate in accordance with a contention-based communication
technique, rather than a multiple access technique. During the HE control period,
the master station 102 may communicate with HE stations 104 using one or more

HE frames. During the HE control period, the HE STAs 104 may operate ona
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channel smaller than the operating range of the master station 102, During the HE
control period, legacy stations refrain from communicating,
0023} In accordance with some embodiments, during the master-sync
transmussion the HE STAs 104 may contend for the wireless medium with the

S legacy devices 106 being excluded from contending for the wireless medium during
the master-sync transnussion or TXOP. In some embodiments the trigger frame
may indicate an uplink (UL} UL-MU-MIMO and/or UL OFDMA control peried. In
some embodiments, the trigger frame may indicate a portions of the TXOP that are
contention based for some HE station 104 and portions that are not contention

10 based.

10024} In some embodiments, the multiple-access technique used during the
HE control period may be a scheduled OFDMA technique, although this s nota
requirement. In some embodiments, the multiple access technique may be a time-
division multiple access (TDMA) technique or a frequency division multiple access
1S (FDMA) technique. In some embodiments, the multiple access technique may bea
space-division multiple access (SDMA) technique.
[0025] In example embodiments, the HE device 104 and/or the master
station 102 are configured to perform the methods and operations herein described
i conjunction with FIGS. 1-10,

20 [0926] FIG. 2 dlustrates a method 200 for uplink (UL} and downlink (DL)
sounding 1n accordance with some embodiments. Hlustrated m FIG. 2 1s time 202
along a horizontal axis, frequency and space 206 along a vertical axis, beamformees
204, and beamformer 202, The beamformees 204 and beamformer 202 may be
master stations 102 and/or HE stations 104. The frequency and space 206 may bea

25  bandwidth for a channel as described herein and spatial streams. The frequencies
and space 206 may overlap or be the same frequency. For example, frequency and
space 206.3 may be a primary 20 MHz channel, and frequency and space 206.2 and
frequency and space 206.1 may be secondary 20 MHz channels.

(6027} The method 200 may begin with the beamformer 202 transmitting a

30 mull data packet announcement (NDP-A) 230 packet. The NDP-A 230 packet may
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be an announcement to the beamformees 204 of a DL sounding. The method 200
may continue with the beamformer 232 transmitting a null data packet (NDP} 232.
The beamformees 204 receive the NDP 232 and perform channel measurements or
sounding. In some embodiments, the beamformees 204 determine one or more of a
signal to notse ratio, a received signal strength, a feedback or steering matrix, and
channel state information (CSI). In some embodiments, the type of feedback to
provide is included in the NDP-A 230, an information element of a frame before the
NDP-A 230, or inthe TF-8 2341,

[0028] The method 200 continues with the beamformer 202 transmitting a
trigger frame for sounding (TF-8) 234 1. The TF-S 234.1 may include an UL/DL
mdication 318.1 (see FIG. 3) and a resource allocation 242.1 for the beamformuees
204 to transmut the feedback 236, The UL/DL indication 318.1 indicates a DL
sounding. The resource allocation 242 may include a channel, duration, spatial
streams, modulation and coding scheme, etc., for the beamformees 204 to use to
transmit the feedback 236.

60291 The method 200 continues with the beamformees 204 transnmutting
the feedback 236 in accordance with the resource allocation 242. The beamformees
204 may transmit the feedback 236 in accordance with OFDMA and/or MU-MIMO.
8030} The method 200 continues with the beamformer 202 transmitting the
TF-5 2342 The TF-8 234.2 may mclude a resource allocation 242.1 and a UL/BL
mdication 318.2. The UL/DL indication 318.2 indicates a UL sounding. The
resource allocation 242, 1 may mclude a channel, duration, spatial streams,
modulation and coding scheme, etc., for the beamformees 204 to use to transmit the
NDP 238

6031} The method 200 continues with the beamformees 204 transmitting
the NDP 238 in accordance with the resource allocation 242.1. The beamformer
202 may receive the NDP 238 and determine how better to transmit to the
beamformees 204, e.g., the beamformer 202 may determine new steering matrixes

to use to transmit to the beamformees 204
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0032} The TF-S 234.1 and TF-8 234.2 may be in accordance with TF-8
300. In some embodiments the order of the transmission of the frames may be
different. For example, in some embodiments, the TF-S 234.1 may be transmitted
before the NIDP 232, or before NDP-A 230 and NDP 232,

[0033) FIG. 3 iHustrates a trigger frame for sounding (TF-8) 300 in
accordance with some embodiments. Hiustrated in FIG. 3 1s frame control 302,
duration 304, receiver address (RA} 306, transmitter address {TA) 308, STA 1
mformation 310.1 through STA N information 310.n, and frame check sequence
(FCS) 316

(0034} The frame control 302 may include an UL/DL indication 318. The
UL/DL indication 318 may be one bit and may indicate whether the trigger frame 13
for a DL sounding or an UL sounding. Wireless devices {(e.g., HE station 104
and/or master stations 102} transmut UL beamforming feedback reports upon
receiving the TF-5 300 with the UL/DL indication 318 mdicating DL sounding, in
accordance with some embodiments. Wireless devices transmit NDP frames upon
receiving the TF-5 300 with the UL/DL indication 318 mdicating UL sounding, in
accordance with some embodiments.

[0035] In some embodiments, the UL/DL indication 318 may be one bit in
the frame control 302. In some embodiments, 1f UL/DL indication 318 s set to |
bit, UL/DL mdication 318 indicates DL sounding, and if the bit 13 set to 0, the
UL/DL mndication 318 indicates UL sounding. The roles of 0 and 1 may be
reversed. In some embodiments, the UL/DL indication 318 may be n a media
access control (MAC) header, e.g., the frame control 302 or another field of the
MAC header. In some embodiments, the UL/DL indication 318 may bein a
physical (PHY} header {not illustrated} of the TF-S 300

6036} In some embodiments, the STA information 310 may include
response and segment information, an AID 312 (e.g., the AID of STA 1) and
feedback segment retransmission bitmap 314, The 8TA 1 information 310 may
mclude a resource allocation and wireless parameters for STA 1 to use to transmit

the NDP or the feedback report. The STA 1 information 310 may include an
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mdication of the type of feedback report, e.g. signal to noise ratio, a received signal
strength, a feedback or steering matrix, and channel state information (CSI). The
feedback segment retransmission bitmap 314 may indicate that if a bit is set that it
mdicates a request for retransmission of a specific segment of the feedback or
S steering matrix.

(6037} The duration 304 may be a duration for other wireless devices to
defer. RA 306 may be an association identification {AID) of a wireless device to
receive the TF-5 300, which may be multi-cast or broadcast. The TA 308 may bea
AID of the wireless device that transmitted the TF-S 300, e.g., the beamformer. The

10 FCS 316 may be a checksum appended to the TF-S 300 frame for error detection
and/or correction.
[0038] FIG. 4 illustrates a method 400 for UL and DL sounding in
accordance with some embodiments. [lHustrated in FIG. 4 1s time 202 along a
horizontal axis, frequency and space 206 along a vertical axis, beamformees 204,

1S and beamformer 202.
6039 The method 400 begins with the beamformer 202 transmitting the
TF-S 234.1. The TF-S 234.1 may wnclude a resource allocation 442.1 and a UL/DL
mdication 318.1. The UL/DL ndication 318.1 indicates a UL sounding. The
resource allocation 442.1 may nclude a channel, duration, spatial streams,

20 modulation and coding scheme, etc., for the beamformees 204 to use to transmit the
NP 4338,
08040} The method 400 continues with the beamformees 204 transnutting
the NDP 438 in accordance with the resource allocation 442.1. The beamformer
202 may receive the NDP 438 and determine how better to transmit to the

25  beamformees 204, e g., the beamformer 202 may determine new steering matrixes
to use to transmit to the beamformees 204,
16041} The method 400 may continue with the beamformer 202 transmitting
a NDP-A 430 packet. The NDP-A 430 packet may be an announcement to the
beamformees 204 of a DL sounding. The method 400 may continue with the

30 beamformer 232 transmitting a NDP 432, The beamformees 204 receive the NDP

o
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232 and perform channel measurements or sounding. In some embodiments, the
beamformees 204 determine one or more of a signal to noise ratio, a received signal
strength, a feedback or steering matrix, and CSE In some embodiments, the type of
feedback to provide is included in the NDP-A 430, an information element of a
frame betore the NDP-A 430, or in the TF-S 434.2.

(06042} The method 400 continues with the beamformer 202 transmitting a
TF-S 4342, The TF-S 434 2 may include an UL/DL indication 318 2 (see FIG. 3)
and a resource allocation 442.1 for the beamformees 204 to transmit the feedback
436. The UL/DL indication 318.2 indicates a DL sounding. The resource allocation
442 may include a channel, duration, spatial streams, modulation and coding
scheme, etc., for the beamformees 204 to use to transmit the feedback 436,

8043} The method 400 continues with the beamformees 204 transnmutting
the feedback 436 n accordance with the resource allocation 442, The beamformees
204 may transmit the feedback 436 in accordance with OFDMA and/or MU-MIMO.
[0044] In some embodiments, the NDP-A 430 may be transmitted before the
TF-5 4341 to announce both the UL sounding and the DL sounding. The method
would have the following sequence NDP-A 430, TF-S 4341, NDP 438, NDP 432,
and TF-5 434.2. In some embodiments the sequence may be NDP-A 430, TF-S
434 1, NDP 438, TF-5 434.2, and NDP 432,

[0045] In some embodiments, the NDP-A or the TFS may imclude an
mdication of one of the following: announcement of DL sounding in one or multiple
phases, DL sounding followed by UL sounding (e.g., FIG. 2}, UL sounding
followed by DL sounding {e.g., FIG. 4}, and only UL sounding. The DL sounding
only may be NDP-A 430, NDP 432, and TF-5 434.2; or, NDP-A 430, TF-8 434 2,
and NDP 432, The DL sounding only may have multiple phases, e.g., there may be
multiple NDPs 432 and TF-S 434, The UL sounding only may be TF-S8 4341 and
NDP 438; or, NDP-A 430, TF-8 4341, and NDP 448.1.

[0046] FIG. 5 illustrates a method 500 for DL sounding in accordance with

some embodiments. IHustrated in FIG. 5 is time 202 along a horizontal axis,
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frequency and space 206 along a vertical axis, beamformees 204, and beamformer
202,

16047} The method 500 begins with the beamformer 202 transmitting a HE-
NDP-A 530 The HE-NDP-A 530 packet may be an announcement to the
beamformee 204 of a DL sounding. The HE-NDP-A 530 may be a HE-NDP-A 700
As disclosed in conjunction with FIG. 7, the number of stations may be indicated as
1, and the RA 706 may be equal to the AID 720 to indicate that the sounding 1s 3 SU
sounding.

[0045] An UL/DL indication 718 of the HE-NDP-A 530 may indicate that
this 1s DL sounding. Assigned RU 712 may indicate a resource unit for the
beamformee 204 to use to transmit the feedback 536, The NC index 724 field
mdicates a number of columns for the feedback matrix minus 1. The STA 1
mformation 710.1 (e g, the feedback type 722) may include an indication of the
type of feedback report, e.g signal to noise ratio, a recetved signal strength, a
feedback or steering matrix, and channel state information (CSI).

80491 The method 500 may continue with the beamformer 202 transmitting
NDP 532 g SIFS 334 after the HE-NDP-A 530, The beamformee 204 receives the
NDP 532 and performs channel measurements or sounding. In some embodiments,
the beamformee 204 determine one or more of a signal to noise ratio, a recetved
signal strength, a feedback or steering matrix, and CS1, as indicated by the HE-
NDP-A 530, In some embodiments, the type of feedback to provide 1s meluded in
an imformation element of a frame before the NDP-A 530,

8050} The method 500 continues with the beamformee 204 transmitting the
feedback 5306 in accordance with the resource allocation indicated in the HE-NDP-A
530. The beamtormee 204 may transmit the feedback 536 in accordance with
OFDMA and/or MU-MIMO. The beamformer 202 may use the feedback 53610
mmprove the beamforming of the beamformer 202 for transmitting to the
beamformee 204

0051} FIG. 6 illustrates a method 600 for UL sounding in accordance with

some embodiments. IHustrated in FIG. 6 15 time 202 along a horizontal axis,
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frequency and space 206 along a vertical axis, beamformees 204, and beamformer
202.
6052} The method 600 begins with the beamformer 202 transmitting a
NEP-A 630 frame to the beamformee 204, The HE-NDP-A 630 packet may be an
S announcement to the beamformee 204 of a UL sounding. The HE-NDP-A 630 may
be a HE-NDP-A 700, As disclosed in conjunction with FIG. 7, the number of
stations may be indicated as 1, and the RA 706 may be equal to the AID 720 to
mdicate that the sounding is a SU sounding.
[8053] An UL/DL indication 718 of the HE-NDP-A 530 may indicate that
10 this1s UL sounding. The sounding dialog number 714 field indicates an RU for the
beamformee 704 to use to transmit the NDP. The Nc index 724 field indicates a
number of UL NDPs (e.g., number HE-LTFs 636) to be transmitted by the
beamformee 204
[0054] The method 600 continues with the beamformee 204 transmitting
1S HE-LTFs 636 a SIFS 632 after NDP-A 630. The beamformee 204 may transmott the
HE-LTFs 636 in accordance with the resource allocation in the NDP-A 630 The
beamformee 204 may, for example, transmit one HE-LTF 636 per antenna of the
beamformee 204 on a channel indicated in the NDP-A 630,
Ky FIG. 7 iHustrates a high-efficiency (HE) null data packet
20 announcement { HE-NDP-A) 700 frame n accordance with some embodiments.
THustrated in FIG. 7 1s frame control 702, duration 704, RA 706, TA 708, sounding
dialog token 709, STA 1 mformation 710.1 through STA N information 710.0, and
FC8 716.
|8056] The frame control 702 may include an UL/DL indication 718, The
25  UL/DL indication 718 may be one bit and may indicate whether the trigger frame is
for a DL sounding or an UL sounding. Wireless devices {¢.g., HE station 104
and/or master stations 102} transmit UL beamforming feedback reports upon
receiving the HE-NDP-A 700 with the UL/DL indication 718 indicating DL

sounding, in accordance with some embodiments. Wireless devices transmit NDP
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frames upon receiving the HE-NDP-A 700 with the UL/DL indication 718
mdicating UL sounding, in accordance with some embodiments.

0057} In some embodiments, the UL/DL indication 718 may be one bit in
the frame control 702. In some embodiments, if UL/DL indication 718 is set to 1
bit, UL/DL indication 718 indicates DL sounding, and if the bit is set to 0, the
UL/DL indication 718 indicates UL sounding. The roles of 0 and 1 may be
reversed. In some embodiments, the UL/DL indication 718 may be in a MAC
header, e g., the frame control 702 or another field of the MAC header. In some
embodiments, the UL/DL indication 718 may be in a PHY header (not illustrated) of
the HE-NDP-A 700.

[0058] In some embodiments, the STA information 710 may include an AID
720 (e.g., the ATD of STA 1) and feedback type 722, and Ne index 724, The AID
720 may be an ATD of the corresponding STA. The feedback type 722 may mdicate
a type of feedback, e.g. single user or multiple user. The Nc index 724 may indicate
which spatial streams the corresponding STA 1s to transmit on.

[0059] The duration 704 may be a duration for other wireless devices to
defer. RA 706 may be an AID of a wireless device to receive the HE-NDP-A 700,
which may be multi-cast or broadeast. The TA 708 may be a AID of the wireless
device that transmitted the HE-NDP-A 700, e.g., the beamformer. The FCS 716
may be a checksum appended to the HE-NDP-A 700 frame for ervor detection
and/or correction.

(8060} In some embodiments, if a STA information field indicates 1 and the
RA 306 1s equal to the AHD 720, (e.g., 730 indicates the RA 700 is equal to the AID
720}, then the HE-NDP-A 700 1s for a single user (SU}. In some embodiments, the
feedback type 722 may indicate whether it 1s SU or MU.

18061} For UL sounding, wireless device {e.g., HE station 104} 1s to transmit
UL NDP {e.g., 238, 438, and 636} in SIFS time after the HE-NDP-A 700

transmission by the second wireless device (e.g., master station 102}
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10062} For DL sounding, wireless device {e.g., HE station 104} 1s to transmit
UL feedback report frame in SIFS time after NDP frame {e.g., 232, 432, and 532}
transmitted by the second wireless device {e.g., master station 102},

18063} For UL sounding, assigned wireless device 1s signaled assigned
resource unit (RU) 712 allocation in sounding dialog token 709 for UL NDP frame
{e.g., 636).

[0064) For UL sounding, value of N¢ index 724 indicates number of UL
NDPs (e g., number of LTFs and UL NDP 636} to be sent by the wireless device
(e.g., HE station 104},

0065} For DL sounding, assigned wireless device {e.g., HE station 104} 1s
signaled assigned RU 712 in sounding dialog token 709 field for UL feedback
report frame {e.g., feedback 536).

(0066} For DL sounding assigned wireless device (e.g., HE station 104),
value in Ne index 724 field indicates number of columns in feedback matrix minus
1. The sounding dialog token 709 may include assigned RU 712 and sounding

dialog token number 714.

10067} In some MU embodiments, if number of STAs information field is
greater than 1 and value of RA 706 1s broadcast address, then HE-NDP-A 700 1s for

MU STAs (e.g., HE stations 104) are to wait for TF-5 300 {e.g., 234) in SIFS time
after the NDP (e g., 232) frame sent by the master station 102 for RU and NSS
assignment. In some MU embodiments, the assigned RU 712 ts reserved bits for
MU HE-NDP-A 700,

8068} In some MU embodiments, STAs indicated {e.g., AID 720} m STA 1
mfo 710.1 through STA N info 710.n are scheduled for either DL sounding or UL
sounding. In some MU embodiments, a TF-S 300 will indicate whether the STAs
are to transmit UL NDP (e.g., 238) or UL feedback (e.g., 236}

(8069} The value indicated in sounding dialog token number 714 field s
signaled in UL feedback report frame for DL sounding by SUSTA or MU STAs, in
accordance with some embodiments. In some embodiments, for SU 8TA in UL

sounding, the sounding dialog token number 714 field may be mcluded in the UL
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NDP frame to indicate that this frame 15 a response of the HE-NDP-A 700 frame
with the same sounding token value. In some embodiments, for SU STA in UL
sounding, if the sounding dialog token number 714 13 indicated in UL NDP frame,
this number of the sounding token is indicated in the HE preamble or implicitly
indicated in the legacy preamble.

80764 FIG. 8 illustrates a method 800 for UL and DL sounding in
accordance with some embodiments. The method 800 begins at operation 802 with
encoding a TF-S, the TF-S comprising an indication of whether a sounding s for
UL sounding or DL sounding, and the TF-S comprising an indication of stations to
participate in the UL sounding or the DL sounding. For example, TF-8 234.1, TF-S
2342, TF-8 4341, and TF-S 434.2. In some embodiments the method continues
with an apparatus configuring the wireless device to transiit the TF-S. For
example, an apparatus of the beamformer 202 may configure the beamformer 202 to
transmit the TF-S.

10071} The method 800 continues at operation 804 with 1s the sounding for
the DL sounding. If the sounding 15 for the DL sounding, then the method 800
continues at operation 806 with encoding a NDP-A and encoding a NDP. For
example, NDP-A 230, NDP 232, NDP-A 430, and NDP 432, In some
embodiments, the method 800 continues with configuring the wireless device to
transmit the NDP-A, and configuring the wireless device to transmit the NDP. For
example, an apparatus of the beamformer 202 may configure the beamformer 202 to
transout NDP-A 230, NDP 232, NDP-A 430, and NDP 432, The method 800 may
continue at operation 810 with continuing.

10672} The method 800 continues at operation 808 if the sounding s not for
DL sounding with encoding the TF-8 to comprise resource allocations for the
stations to transmit NDPs to the wireless device, and decoding NDPs from the
stations, where the NDPs are to be received in accordance with the resource
allocations. For example, resource allocations 242.2 and resource allocations 442.1.
As further examples, NDPs 238 and NDPs 438 may be decoded by beamformer

202. The method 800 may continue at operation 810 with continuing.
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0673} FIG. 9 illustrates a method 900 for UL and DL sounding in
accordance with some embodiments. The method 900 begins at operation 902 with
decode a TF-S, the TF-S comprising an indication of whether the sounding 1s for
UL sounding or DL sounding, and the TF-8 comprising an indication of stations to
participate in the UL sounding or the DL sounding. For example, beamformees 204
may decode TF-Ss 234.1, 2342, 434 1, and 434 2.

1007 4) The method 900 may continue at operation 904 with is the sounding
for the DL sounding, and if the sounding 1s for the DL sounding, the method 900
conitnues at operation 906 with decoding the TF-S that further comprises a resource
allocation for the station to transmit feedback and comprises an indication of a type
of feedback, decode a NDP-A, decode a NDP, determine feedback based on the type
of feedback and the NDP, encode a feedback frame with the feedback, and
configure the station to transmit the feedback frame in accordance with the resource
allocation. For example, beamformees 204 may decode NDP-A 230 or 430, decode
NDP 332 or 432, deternmune feedback based on the type of feedback 3421 or 442.2
and the NDP 332 or 432, encode the feedback frame 336 or 436, and an apparatus of
the beamformees 204 may configure the beamformees 204 to transmit the feedback
336 or 436 in accordance with the corresponding resource allocation 3421 or 4422,
{6675} Returning to operation 904, If the sounding s for the UL sounding,
the method 900 continues at operation 908 with decoding the TF-S that further
comprises a resource allocation for the station to transnut NDPs, encoding the
NDPs, and configuring the station to transmit the NDPs in accordance with the
resource allocation. For example, beamformees 204 may further decode TH-S 2342
or TF-8 434.1 to comprises resource allocations 242 2 and 442 1, respectively. The
beamformees 204 may further encode NDPs 238 and NDPs 438, An apparatus of
the beamformees 204 may configure the beamformees 204 to transmit the NDPs
238 and 338 in accordance with the resource allocations 242.2 and 442.1,
respectively.

(8076} FIG. 10 dlustrates a block diagram of an example machine 1000

upon which any one or more of the techniques {(e.g., methodologies) discussed

16



WO 2017/078803 PCT/US2016/040391

16

15

20

30

herein may perform, in accordance with some embodiments. In alternative
embodiments, the machine 1000 may operate as a standalone device or may be
connected (e.g., networked) to other machines. In a networked deployment, the
machine 1000 may operate in the capacity of a server machine, a client machine, or
both in server-client network environments. In an example, the machine 1000 may
act as a peer machine in peer-to-peer {P2P) {or other distributed) network
environment. The machine 1000 may be a master station 102, HE station 104,
personal computer (PC), a tablet PC, a set-top box (STB), a personal digital assistant
(PDA), a mobile telephone, a smart phone, a web appliance, a network router,
switch or bridge, or any machine capable of executing instructions {sequential or
otherwise) that specify actions to be taken by that machine. Further, while only a
single machine 1s tlustrated, the term “machine” shall also be taken to include any
collection of machines that individually or jointly execute a set {or multiple sets) of
mstructions to perform any one or more of the methodologies discussed herein, such
as cloud computing, software as a service {8aaS), other computer cluster
configurations.

[0001] Examples, as described herein, may include, or may operate on, logic or
a number of components, modules, or mechamsms. Modules are tangible entities
{e.g., hardware} capable of performing specified operations and may be configured
ot arranged 1 a certain manner. In an example, circuits may be arranged (e g,
mternally or with respect to external entities such as other circuits) in a specified
manner as a module. In an example, the whole or part of one or more computer
systems {(e.g., a standalone, client or server computer system) or one or more
hardware processors may be configured by firmware or software {e.g., instructions,
an application portion, or an application) as a module that operates to perform
specified operations. In an example, the software may reside on a machine readable
medium. In an example, the software, when executed by the underlying hardware
of the module, causes the hardware to perform the specified operations.

0002} Accordingly, the term “module” 1s understood to encompass a tangible

entity, be that an entity that 1s physically constructed, specifically configured {e.g.,
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hardwired), or temporarily (e.g., transitorily) configured (e.g., programmed) to
operate in a specified manner or to perform part or all of any operation described
herein. Considering examples in which modules are temporarily configured, each
of the modules need not be instantiated at any one moment in time. For example,
where the modules comprise a general-purpose hardware processor configured
using software, the general-purpose hardware processor may be configured as
respective different modules at different times. Software may accordingly configure
a hardware processor, for example, to constitute a particular module at one instance
of time and to constitute a different module at a different instance of time.

0003} Machine {e.g., computer system) 1000 may include a hardware processor
1002 {e.g.. a central processing unit {CPU), a graphics processing unit {GPU), a
hardware processor core, or any combination thereof), a mam memory 1004 and a
static memory 1006, some or all of which may communicate with each other via an
mterlink (e g, bus) 1008, The machine 1000 may further include a display device
1010, an input device 1012 (e.g., a keyboard), and a user interface (Ul) navigation
device 1014 {e.g., a mouse). In an example, the display device 1010, input device
1012 and Ul navigation device 1014 may be a touch screen display. The machine
1000 may additionally include a mass storage {(e.g., drive unit) 1016, a signal
generation device 1018 (e.g., a speaker}, a network interface device 1020, and one
or more sensors 1021, such as a global positioning system (GPS) sensor, compass,
accelerometer, or other sensor. The machine 1000 may inchide an output controller
1028, such as a serial (e.g., universal serial bus {(USB}, parallel, or other wired or
wireless {(e.g., infrared(IR), near field commumnication (NFC), eic.) connection to
communicate or control one or more peripheral devices (e.g., a printer, card reader,
etc. ). In some embodiments the processor 1002 and/or instructions 1024 may
comprise processing circuitry and/or transceiver circuitry.

16004} The storage device 1016 may include a machine readable medium 1022
on which is stored one or more sets of data structures or instructions 1024 {e.g.,
software} embodying or utilized by any one or more of the techniques or functions

described herein. The instructions 1024 may also reside, cormpletely or at least
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partially, within the main memory 1004, within static memory 1006, or within the
hardware processor 1002 during execution thereof by the machine 1000, Inan
example, one or any combination of the hardware processor 1002, the main memory
1004, the static memory 1006, or the storage device 1016 may constitute machine
readable media.

0005} While the machine readable medium 1022 is illustrated as a single
medium, the term "machine readable medium" may include a single medium or
multiple media {e g., a centralized or distributed database, and/or associated caches
and servers) configured to store the one or more instructions 1024

(0006} An apparatus of the machine 1000 may be one or more of a hardware
processor 1002 {e.g., a central processing unit (CPU), a graphics processing unit
{GPU), a hardware processor core, or any combination thereof), a main memory
1004 and a static memory 1006, some or all of which may communicate with each
other via an interlink {e.g., bus) 1008,

0007} The term “machine readable medium” may nclude any medium that 1s
capable of storing, encoding, or carrying nstructions for execution by the machine
1000 and that cause the machine 1000 to perform any one or more of the techniques
of the present disclosure, or that 1s capable of storing, encoding or carrying data
structures used by or associated with such nstructions. Non-limiting machine
readable medium examples may include solid-state memories, and optical and
magnetic media. Specific examples of machine readable media may include: non-
volatile memory, such as semiconductor memory devices (e.g., Electrically
Programmable Read-Only Memory (EPROM}, Electrically Erasable Programmable
Read-Only Memory (EEPROM]}) and flash memory devices; magnetic disks, such
as internal hard disks and removable disks; magneto-optical disks; Random Access
Memory (RAM]); and CD-ROM and DVD-ROM disks. In some examples, machine
readable media may inchide non-transitory machine readable media. In some
examples, machine readable media may include machine readable media that 1s not

a transitory propagating signal.
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[ 0008] The instructions 1024 may further be transmitted or received over a
communications network 1026 using a transmission medium via the network
mierface device 1020 utilizing any one of a number of transfer protocols {e.g., frame
relay, internet protocol (IP), transmission control protocol (TCP), user datagram
protocol (UDP), hypertext transfer protocol (HTTP), etc.}. Example communication
networks may include a local area network (LAN), a wide area network (WAN), a
packet data network {e.g., the Internet), mobile telephone networks {e.g., cellular
networks), Plain Old Telephone (POTS) networks, and wireless data networks {e g,
Institute of Electrical and Flectronics Engineers (IFEE) 802.11 family of standards
known as Wi-Fi®, IEEE 802,16 fanuly of standards known as WiMax®), IEEE
802.15.4 family of standards, a Long Term Evolution (LTE) family of standards, a
Universal Mobile Telecommunications System (UMTS) famuly of standards, peer-
to-peer {(P2P) networks, among others.

6009 In an example, the network interface device 1020 may include one or
more physical jacks {e.g., Ethernet, coaxial, or phone jacks) or one or more antennas
to connect to the communications network 1026, In an example, the network
miterface device 1020 may nclude one or more antennas 1060 to wirelessly
communicate using at least one of single-input multiple-cutput (§SIMQO), multiple-
mput multiple~output (MIMO), or multiple-input single-output (MISO) technigues.
In some examples, the network mterface device 1020 may wirelessly communicate
ssing Multiple User MIMO techniques. The term “transmission medium” shall be
taken to inchide any intangible medium that 13 capable of storing, encoding or
carrying instructions for execution by the machine 1000, and includes digital or
analog commumnications signals or other intangible medium to facilitate
communication of such software.

001 0] Various embodiments may be implemented fully or partially in software
and/or firmware. This software and/or firmware may take the form of instructions
contained 1n or on a non-transitory computer-readable storage medium. Those
mstructions may then be read and executed by one or more processors to enable

performance of the operations described herein. The instructions may be in any
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suitable form, such as but not limited to source code, compiled code, interpreted
code, executable code, static code, dynamic code, and the like.  Such a computer-
readable medium may include any tangible non-transitory medium for storing
mformation in a form readable by one or more computers, such as but not limited to
read only memory (ROM); random access memory (RAM); magnetic disk storage
media; optical storage media; flash memory, etc.

[0011] The following examples pertain to further embodiments. Example 1 15
an apparatus of a wireless device, the apparatus including: memory; and processing
circuttry coupled to the memory, the processing circuity configured to: encode a
trigger frame for sounding (TF-S), the TF-S including an mdication of whether a
sounding 1s for uplink (UL) sounding or downlink (DL) sounding, and the TF-8
mcluding an indication of stations to participate in the UL sounding or the DL
sounding; and configure the wireless device to transmit the TF-S 1o the stations.
[6612] In Example 2, the subject matter of Example 1 optionally includes where
a field indicates whether the sounding 1s for UL sounding or the DL sounding, and
where the field s a part of one of the following group: a media access control
{(MAC) portion of the TF-S, a frame control of the TF-5, and a physical preamble of
the TF-S.

1601 3] In Example 3, the subject matter of any one or more of Examples 1-2
optionally include where the processing circuitry 13 further configured to: if the
sounding 1s for the DL sounding, encode a null data packet announcement (NDP-A),
encode a null data packet (NDP), configure the wireless device to transmit the NDP-
A, and configure the wireless device to transmit the NDP,

001 4] in Example 4, the subject matter of Example 3 optionally includes where
the processing circuitry is further configured to: encode the TF-S to comprise
resource allocations for the stations to transmit feedback and to comprise an
mdication of a type of feedback, and receive feedback frames from the stations in

accordance with the resocurce allocations.
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001 5] in Example 5, the subject matter of Example 4 optionally includes where
the indication of the type of feedback is one from a signal to noise ratio, a received
signal strength, a feedback or steering matrix, and channel state information (CSI).
16616} in Example 6, the subject matter of any one or more of Examples 4-5
optionally include where the processing circuitry is further configured to: determine
a beamforming matrix based on the feedback frames from the stations.

0017} In Example 7, the subject matter of any one or more of Examples 1-0
optionally include where the processing circutiry 1s further configure to: if the
sounding is for the UL sounding, encode the TF-S to comprise resource allocations
for the stations to transmit null data packets (NDPs) to the wireless device, and
decode NDPs from the stations, where the NDPs are to be recetved in accordance
with the resource allocations.

{001 8] In Example 8, the subject matter of Example 7 optionally includes where
the NDPs from the stations are high-efficiency long training fields (HE-LTFs).
{0619} In Example 9, the subject matter of any one or more of Examples 7-8
optionally include where the resource allocations for the stations comprise an
mdication of a frequency and bandwidth, a number of spatial streams, and an index
of the spatial streams.

16028} In Example 10, the subject matter of any one or more of Examples 7-9
optionally include where the processing circuttry 13 further configured to: determme
a beamforming matrix based on the NDP from the stations.

18021} In Example 11, the subject matter of any one or more of Examples 7-10
optionally include where the NDPs from the stations are to be received a short
mierframe space (SIFS) after the transmission of the TF-S.

16022} in Example 12, the subject maiter of any one or more of Examples 111
optionally include where the processing circuitry is further configured to: encode a
null data packet announcement (NDP-A) including an indication of the 1L
sounding followed by the DL sounding; and configure the wireless device to

transmit the NDP-A.
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6023} in Example 13, the subject matter of any one or more of Examples 1-12
optionally include where the wireless device and the stations are each one from the
following group: an Institute of Electrical and Electronic Engineers (IEEE} 13 15
missing parent: 13 is missing parent: 802.1 lax access point, an IEEE 802 Tlax
statton, an IEEE 13 is missing parent: 13 is nussing parent: 802.11 station, and an
IEEE 802.11 access point.

[0024) In Example 14, the subject matter of any one or more of Examples 1-13
optionally include transceiver circuitry coupled to the processing circuitry.

[0025] Example 15 1s a non-transitory computer-readable storage medium that
stores instructions for execution by one or more processors, the instructions to
configure the one or more processors 1o cause a wireless device 1o encode a trigger
frame for sounding (TF-8), the TF-S including an indication of whether the
sounding 1s for uplink (UL) sounding or downlink (DL) sounding, and the TF-8
mcluding an indication of stations to participate in the UL sounding or the DL
sounding; and configure the wireless device to transmit the TF-S to the stations.
[6626] In Example 16, the subject matter of Example 15 optionally includes
where the instructions further configure the one or more processors to cause the
wireless device to: if the sounding 1s for the DL sounding, encode a null data packet
announcement (NDP-A), encode a null data packet (NDP), configure the wireless
device to transmit the NDP-A, configure the wireless device to transmit the NDP,
encode the TF-8 to comprise resource allocations for the stations to transmit
feedback and to comprise an ndication of a type of feedback, and receive feedback
frames from the stations in accordance with the resource allocations.

16027} in Example 17, the subject matter of any one or more of Examples 15-16
optionally include where the instructions further configure the one or more
processors to cause the wireless device to) 1if the sounding is for the UL sounding,
encode the TF-8 to comprise resource atlocations for the stations to transmit null
data packets (NDPs) to the wireless device, and decode NDPs from the stations,

where the NDPs are 1o be recetved i accordance with the resource allocations.
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0028} Example 18 1s a method performed by a wireless device, the method
mcluding: encoding a trigger frame for sounding (TF-S), the TF-8 including an
mdication of whether the sounding 1s for uphink (UL) sounding or (BL) sounding,
and the TF-S including an imdication of stations to participate in the UL sounding or
S the DL sounding; and configuring the wireless device to transmit the TF-S to the
stations.
[0029} In Example 19, the subject matter of Example 18 optionally includes the
method further including: if the sounding is for the DL sounding, encoding a nuil
data packet announcement (NDP-A), encoding a null data packet (NDP),

10 configuring the wireless device to transnut the NDP-A configuring the wireless
device to transmit the NDP, encoding the TF-S to comprise resource allocations for
the stations to transmit feedback and to comprise an indication of a type of
feedback, and recetving feedback frames from the stations in accordance with the
resource allocations.

1S [0603¢] In Example 20, the subject matter of any one or more of Examples 18-19
optionally include the method further including: if the sounding is for the UL
sounding, encoding the TF-S to comprise resource allocations for the stations to
transmut null data packets (NDPs) to the wireless device, and decoding NDPs from
the stations, where the NDPs are to be recetved in accordance with the resource

20 allocations.

18031} Hxample 21 18 an apparatus of a station, the apparatus including:

memory; and processing circuitry coupled to the memory, the processing circuity
contigured to: decode a trigger frame for sounding {TF-8), the TF-S including an
indication of whether the sounding s for uplink (UL} sounding or downlink (DL)

25  sounding, and the TF-8 inchuding an indication of stations to participate in the UL
sounding or the DL sounding; if the sounding is for the DL sounding, decode the
TF-S that further comprises a resource allocation for the station to transmit feedback
and comprises an indication of a type of feedback, decode a null data packet
announcement (NDP-A), decode a null data packet (NDP), determine feedback

30 based on the type of feedback and the NDP, encode a feedback frame with the
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feedback, and configure the station to transmit the feedback frame in accordance
with the resource allocation; and if the sounding is for the UL sounding, decode the
TF-S that further comprises a resource allocation for the station to transnut null data
packets (NDPs), encode the NDPs, and configure the station to transmit the NDPs in
accordance with the resource allocation.

0032} in Example 22, the subject matter of Example 21 optionally includes
transcetver circuitry coupled to the processing circuitry.

(0033} Example 23 1s an apparatus of a wireless device, the apparatus including;
memory; and processing circuitry coupled to the memory, the processing circuity
configured to: encode a null data packet announcement (NDP-A), the NDP-A
mcluding an indication of whether a sounding 15 for uplink (UL) sounding or
downlink (DL} sounding, and the NDP-A further including an indication if the
sounding 18 a single user (SU) sounding or a multiple-user (MU} sounding; and
configure the wireless device to transnut the NDP-A to one or more stations.

(08034} In Example 24, the subject matter of Example 23 optionally includes the
processing circuitry further configured to: if the sounding s the SU sounding and
the sounding 1s for UL sounding, encode the NDP-A to further comprise a resource
allocation for one station of the one or more stations to transmit one or more null
data packets (NDPs} to the wireless device, and decode the one or more NDPs from
the one station, where the one or more NDPs are {0 be received 1n accordance with
the resource allocation.

8035} In Example 25, the subject matter of any one or more of Examples 23-24
optionally include the processing circuitry further configured to: if the sounding is
the SU sounding and the sounding s the DL sounding, encode the NDP-A to further
comprise a resource allocation for one station of the one or more stations to transmit
a feedback frame to the wireless device and to further comprise a type of feedback
for the one station, encode a high-efficiency (HE)} null data packet (HE-NDP},
configure the wireless device to transmit the HE-NDP, and decode the feedback

frame from the one station.

[\
(v



WO 2017/078803 PCT/US2016/040391

16

15

20

30

6036} In Example 26, the subject matter of any one or more of Examples 23-25
optionally include transceiver circuitry coupled to the processing circuitry.

18037} Example 27 1s an apparatus of a station, the apparatus including:
memory; and processing circuitry coupled to the memory, the processing circuity
configured to: decode a null data packet announcement (NDP-A}, the NDP-A
mcluding an indication of whether a sounding is for uplink (UL} sounding or
downlink (DL) sounding, and the NDP-A further including an indication if the
sounding 15 a single user (SU) sounding or a multiple-user (MU} sounding; if the a
receiver address of the NDP-A and a station one address of the NDP-A are both the
address of the station, and the sounding 1s for UL sounding, decode the NDP-A that
further comprise a resource allocation for the station to transmit one or more null
data packets (NDPs), and configure the station to transmit the one or more NDPs in
accordance with the resource allocation; if the a receiver address of the NDP-A and
a station one address of the NDP-A are both the address of the station, and the
sounding 1s the DL sounding, decode the NDP-A to further comprise a resource
allocation for the station to transmit a feedback frame and to further comprise a type
of feedback for the station to determine feedback, decode a high-efficiency (HE)
null data packet (HE-NDP),determine feedback based on the HE-NDP and the type
of feedback, encode a feedback frame including the feedback, and configure the
station to transmit the feedback frame in accordance with the resource allocation.
8038} In Example 28, the subject matter of Example 27 optionally includes
transceiver circuitry coupled to the processing circuitry.

18039} Hxample 29 is an apparatus of a wireless device, the apparatus inchuding:
means for encoding a trigger frame for sounding (TF-8), the TF-8 inchiding an
mdication of whether a sounding is for uplink (UL} sounding or downlink {DL)
sounding, and the TF-S icluding an indication of stations to participate in the UL
sounding or the DL sounding; and means for configuring the wireless device to
transmit the TF-S to the stations.

(0040} in Example 30, the subject matter of Example 29 optionally includes

where a field indicates whether the sounding 1s for UL sounding or the DL
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sounding, and where the field 15 a part of one of the following group: a media access
control (MAC) portion of the TF-S, a frame control of the TF-S, and a physical
preamble of the TF-S.

16041} in Example 31, the subject matter of any one or more of Examples 29-30
optionally include if the sounding is for the DL sounding, encode a null data packet
announcement (NDP-A), encode a null data packet (NDP), means for configuring
the wireless device to transmit the NDP-A | and configure the wireless device to
transmit the NDP.

[0042] In Example 32, the subject matter of Example 31 optionally includes
where the processing circuitry is further configured to: means for encoding the TF-S
to comprise resource allocations for the stations to transmit feedback and 1o
comprise an idication of a type of feedback, and means for receiving feedback
frames from the stations in accordance with the resource allocations.

[0043] In Example 33, the subject matter of Example 32 optionally includes
where the indication of the type of feedback s one from a signal to noise ratio, a
received signal strength, a feedback or steering matrix, and channel state
mformoation (CSI).

[0044] In Example 34, the subject matter of Example 33 optionally includes
means for determining a beamforming matrix based on the feedback frames from
the stations.

1604 5] In Example 35, the subject matter of any one or more of Examples 29-34
optionally include if the sounding 13 for the UL sounding, means for encoding the
TF-S to comprise resource allocations for the stations to transmit null data packeis
(NDPs} to the wireless device, and decode NDPs from the stations, where the NDPs
are to be recetved in accordance with the resource allocations.

[0046] In Example 36, the subject matter of Example 35 optionally includes
where the NDPs from the stations are high-efficiency long training fields (HE-

LTFs).

27



WO 2017/078803 PCT/US2016/040391

16

15

20

30

0047} In Example 37, the subject matter of Example 30 optionally includes
where the resource allocations for the stations comprise an indication of a frequency
and bandwidth, a number of spatial streams, and an index of the spatial streams.
004 8] In Example 38, the subject matter of Example 37 optionally includes
means for determining a beamforming matrix based on the NDP from the stations.

7-38

(0049} in Example 39, the subject matter of any one or more of Examples 3
optionally include where the NDPs from the stations are to be received a short
mterframe space (SIFS) after the transmission of the TF-S.

[0050) In Example 40, the subject matter of any one or more of Examples 29-39
optionally include encode a null data packet announcement (NDP-A) including an
mdication of the UL sounding followed by the DL sounding; and configure the
wireless device to transnut the NDP-A.

[0051] In Example 41, the subject matter of any one or more of Examples 29-40
optionally include where the wireless device and the stations are each one tfrom the
following group: an Institute of Electrical and Electronic Engineers (IEEE) 41 15
missing parent: 41 15 missing parent; 8021 lax access point, an IEEE 802 1 lax
station, an IEEE 41 1s missing parent: 41 is nussing parent: 802,11 station, and an
TEEE 802.11 access pont.

[06052] In Example 42, the subject matter of any one or more of Examples 1-41
optionally include means for transmitting and recetving radio waves.

[8053] Example 43 15 a non-transitory computer-readable storage medium that
stores instructions for execution by one or more processors, the mstructions to
contigure the one or more processors 1o cause a wireless device to: decode a trigger
frame for sounding (TF-S), the TF-S mcluding an indication of whether the
sounding is for uplink {(UL) sounding or downlink (DL} sounding, and the TF-S
mcluding an indication of stations to participate i the UL sounding or the DL
sounding; if the sounding is for the DL sounding, decode the TF-S that further
comprises a resource allocation for the station to transmit feedback and comprises

an indication of a type of feedback, decode a null data packet announcement (NDP-

A}, decode a null data packet (NDP), determine feedback based on the type of
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feedback and the NDP, encode a feedback frame with the feedback, and configure
the station to transmit the feedback frame in accordance with the resource
allocation; and if the sounding is for the UL sounding, decode the TF-S that further
comprises a resource allocation for the station to transmit null data packets (NDPs},
encode the NDPs, and configure the station to transmit the NDPs i accordance with
the resource allocation.

[0054) Example 44 1s a method performed by an apparatus of a wireless device,
the method including: decoding a trigger frame for sounding (TF-S), the TF-8
including an indication of whether the sounding is for uplink (UL} sounding or
downlink (DL) sounding, and the TF-S including an indication of stations to
participate in the UL sounding or the DL sounding; if the sounding is for the DL
sounding, decoding the TF-8 that further comprises a resource allocation for the
station to transmit feedback and comprises an indication of a type of feedback,
decoding a null data packet announcement (NDP-A), decoding a null data packet
(NDP), determining feedback based on the type of feedback and the NDP, encoding
a feedback frame with the feedback, and configuring the station to transmit the
feedback frame in accordance with the resource allocation; and if the sounding 1s for
the UL sounding, decoding the TF-S that further comprises a resource allocation for
the station to transmit null data packets (NDPs), encode the NDPs, and configuring
the station to transmit the NDPs 10 accordance with the resource allocation.

Ky Example 45 13 an apparatus of a wireless device, the apparatus including:
means for decoding a trigger frame for sounding (TF-S), the TF-8 including an
mdication of whether the sounding 1s for uplink (UL) sounding or downhink (BL)
sounding, and the TF-S icluding an indication of stations to participate in the UL
sounding or the DL sounding; if the sounding is for the DL sounding, means for
decoding the TF-S that further comprises a resource allocation for the station to
transmit feedback and comprises an indication of a type of feedback, means for
decoding a null data packet announcement (NDP-A), means for decoding a null data
packet (NDP), deternining feedback based on the type of feedback and the NDP,

means for encoding a feedback frame with the feedback, and means for configuring
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the station to transmit the feedback frame in accordance with the resource
allocation; and if the sounding 1s for the UL sounding, means for decoding the TF-S
that further comprises a resource allocation for the station to transnut null data
packets (NDPs), means for encode the NDPs, and means for configuring the station
to transmit the NDPs 1n accordance with the resource allocation.

(0056} Example 46 is a non-transitory computer-readable storage medium that
stores instructions for execution by one or more processors, the instructions to
configure the one or more processors to cause a wireless device to: encode a null
data packet announcement (NDP-A), the NDP-A including an indication of whether
a sounding is for uplink (UL} sounding or downlink (DL} sounding, and the NDP-A
further including an ndication if the sounding is a single user {(SU} sounding or a
multiple-user (MU) sounding; and configure the wireless device to transnut the
NDP-A to one or more stations.

(0657} In Example 47, the subject matter of Example 46 optionally includes the
mstructions to further configure the one or more processor to cause the wireless
device to: 1f the sounding is the SU sounding and the sounding is for UL sounding,
encode the NDP-A to further comprise a resource allocation for one station of the
one or more stations to transmit one or more null data packets (NDPs} to the
wireless device, and decode the one or more NDPs from the one station, where the
one or more NDPs are to be received m accordance with the resource allocation.
[0058] In Example 48, the subject matter of any one or more of Examples 46-47
optionally include the mnstructions to further configure the one or more processor to
cause the wireless device to: if the sounding 1s the SU sounding and the sounding is
the DL sounding, encode the NDP-A to further comprise a resource allocation for
one station of the one or more stations to transmit a feedback frame to the wireless
device and to further comprise a type of feedback for the one station, encode a high-
efficiency (HE) null data packet (HE-NDP), configure the wireless device to
transmit the HE-NDP, and decode the feedback frame from the one siation.

{0059 Example 49 1s a method performed by an apparatus of a wireless device,

the method including: encoding a null data packet announcement (NDP-A), the
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NDP-A including an indication of whether a sounding 1s for uplink {(UL) sounding
or downlink {DL) sounding, and the NDP-A further mcluding an indication if the
sounding is a single user (SU) sounding or a multiple-user (MU} sounding; and
contiguring the wireless device to transmit the NDP-A to one or more stations.

[ 0060} In Example 50, the subject matter of Example 49 optionally includes the
method further including: if the sounding 1s the SU sounding and the sounding 1s for
UL sounding, encoding the NDP-A to further comprise a resource allocation for one
station of the one or more stations to transmit one or more null data packets (NDPs)
to the wireless device, and decoding the one or more NDPs from the one station,
where the one or more NDPs are to be recetved in accordance with the resource
allocation.

18061} In Example 51, the subject matter of any one or more of Examples 49-30
optionally include the method further including: if the sounding s the SU sounding
and the sounding 1s the DL sounding, encoding the NDP-A to further comprise a
resource allocation for one station of the one or more stations to transmit a feedback
frame to the wireless device and to further comprise a type of feedback for the one
station, encoding a high-efficiency (HE) null data packet (HE-NDP), configuring
the wireless device to transmit the HE-NDP, and decode the feedback frame from
the one station.

[8062] Example 52 1s an apparatus of a wireless device, the apparatus mcluding:
means for encoding a null data packet ansouncement (NDP-A), the NDP-A
meluding an indication of whether a sounding 1s for uphink (UL} sounding or
downlink (BL) sounding, and the NDP-A further including an indication if the
sounding is a single user (SU) sounding or a multiple-user (MU} sounding; and
means for configuring the wireless device to transmit the NDP-A to one or more
stations.

10063} in Example 53, the subject matter of Example 52 optionally includes the
apparatus further including: if the sounding 1s the SU sounding and the sounding is
for UL sounding, means for encoding the NDP-A to further comprise a resource

allocation for one station of the one or more stations to transmit one or more null
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data packets (NDPs) to the wireless device, and means for decoding the one or more
NDPs from the one station, where the one or more NDPs are to be recetved in
accordance with the resource allocation.

106064} In Example 54, the subject matter of Example 53 optionally includes the
apparatus further including: if the sounding 1s the SU sounding and the sounding s
the DL sounding, encoding the NDP-A to further comprise a resource allocation for
one station of the one or more stations to transmit a feedback frame to the wireless
device and to further comprise a type of feedback for the one station, means for
encoding a high-effictency (HE) null data packet (HE-NDP), means for configuring
the wireless device to transmit the HE-NDP, and decode the feedback frame from
the one station.

[0065] Example 55 s a non-transitory computer-readable storage medium that
stores instructions for execution by one or more processors, the mstructions to
configure the one or more processors to cause a wireless device to: decode a null
data packet announcement (NDP-A), the NDP-A including an indication of whether
a sounding is for uplink (UL} sounding or downlink (DL} sounding, and the NDP-A
further including an ndication if the sounding is a single user {(SU} sounding or a
multiple-user (MU) sounding; if the a receiver address of the NDP-A and a station
one address of the NDP-A are both the address of the station, and the sounding s
for UL sounding, decode the NDP-A that further comprise a resource allocation for
the station to transmuit one or more null data packets (NDPs), and configure the
station {0 transmit the one or more NDPs in accordance with the resource allocation;
if the a receiver address of the NDP-A and a station one address of the NDP-A are
both the address of the station, and the sounding 1s the DL sounding, decode the
NEP-A to further comprise a resource allocation for the station to transmit a
feedback frame and to further comprise a type of feedback for the station to
determine feedback, decode a high-efficiency (HE) null data packet (HE-

NDP} determine feedback based on the HE-NDP and the type of feedback, encode a
feedback frame mcluding the feedback, and configure the station to transmit the

feedback frame 1n accordance with the resource allocation.
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0066} Example 56 1s a method performed by an apparatus of a wireless device,
the method including: decoding a null data packet announcement (NDP-A), the
NDP-A including an indication of whether a sounding 1s for uplink {(UL) sounding
or downlink {DL) sounding, and the NDP-A further mcluding an indication if the
sounding 1s a single user (SU) sounding or a multiple-user (MU} sounding; if the a
receiver address of the NDP-A and a station one address of the NDP-A are both the
address of the station, and the sounding is for UL sounding, decoding the NDP-A
that further comprise a resource allocation for the station to transmit one or more
null data packets (NDPs), and configuring the station to transmit the one or more
NDPs in accordance with the resource allocation; if the a receiver address of the
NDP-A and a station one address of the NDP-A are both the address of the station,
and the sounding s the DL sounding, decode the NDP-A to further comprise a
resource allocation for the station to transmit a feedback frame and to further
comprise a type of feedback for the station to determine feedback, decoding a high-
efficiency (HE) null data packet (HE-NDP),determine feedback based on the HE-
NDP and the type of feedback, encoding a feedback frame including the feedback,
and configuring the station to transmit the feedback frame 10 accordance with the
resource allocation.

{8067} Example 57 13 an apparatus of a wireless device, the apparatus including:
means for decoding a null data packet announcement (NDP-A), the NDP-A
mcluding an indication of whether a sounding 1s for uplink (UL) sounding or
downlink (BL) sounding, and the NDP-A further including an indication if the
sounding is a single user (SU) sounding or a multiple-user (MU} sounding; if the a
receiver address of the NDP-A and a station one address of the NDP-A are both the
address of the station, and the sounding 1s for UL sounding, decoding the NDP-A
that further comprise a resource allocation for the station to transmit one or more
null data packets (NDPs}, and means for configuring the station to transmit the one
or more NDPs in accordance with the resource allocation, if the a receiver address
of the NDP-A and a station one address of the NDP-A are both the address of the

station, and the sounding 1s the DL sounding, decode the NDP-A to further
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comprise a resource allocation for the station to transmut a feedback frame and to
further comprise a type of feedback for the station to determine feedback, means for
decoding a high-effictency {HE) null data packet (HE-NDP),determine feedback
based on the HE-NDP and the type of feedback, means for encoding a feedback
frame including the feedback, and configuring the station to transnut the feedback
frame 1n accordance with the resource allocation.

[00638] The Abstract is provided to comply with 37 CF R, Section 1.72(b)
requiring an abstract that will allow the reader to ascertain the nature and gist of the
technical disclosure. 1t is submitted with the understanding that it will not be used to
himit or interpret the scope or meaning of the claims. The following claims are
hereby incorporated into the detaded description, with each claim standing on its

own as a separate embodiment.
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CLAIMS

‘What is claimed 1s:

1. An apparatus of a wireless device, the apparatus comprising:
memory; and processing circuitry coupled to the memory, the processing circuity
configured to:

encode a trigger frame for sounding (TF-S), the TF-8 comprising an
indication of whether a sounding is for uplink (UL) sounding or downlink {(DL)
sounding, and the TF-S comprising an indication of stations to participate in the UL
sounding or the DL sounding; and

configure the wireless device to transnut the TF-S to the stations.

2. The apparatus of claim 1, wherein a field indicates whether the
sounding 1s for UL sounding or the DL sounding, and wherein the field 1s a part of
one of the following group: a media access control (MAC) portion of the TF-5, a
frame control of the TF-S, and a physical preamble of the TF-S.

3. The apparatus of claim 1, wherein the processing circuitry 15 further
configured to:

if the sounding 15 for the DL sounding, encode a null data packet
announcement (NDP-A), encode a null data packet (NDP), configure the wireless
device to transmit the NDP-A, and configure the wireless device to transmit the

NEP.

4. The apparatus of claim 3, wherein the processing circuiry s further
configured to:
encode the TF-S to comprise resource allocations for the
stations to transmit feedback and to comprise an indication of a type of feedback,

and

W
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receive feedback frames from the stations in accordance with

the resource allocations.

5. The apparatus of claim 4, wherein the indication of the type of
feedback 1s one from a signal to noise ratio, a received signal strength, a feedback or

steering matrix, and channel state information {CSI).

6. The apparatus of claim 4, wherein the processing circutiry is further
configured to:
determine a beamforming matrix based on the feedback frames from

the stations.

7. The apparatus of claim 1, wherein the processing circuitry s further
configure to:
if the sounding 1s for the UL sounding, encode the TF-S to comprise
resource allocations for the stations to transmit null data packets (NDPs) to the
wireless device, and decode NDPs from the stations, wherein the NDPs are to be

received 10 accordance with the resource allocations.

3. The apparatus of claim 7, wherein the NDPs from the stations are

high-efficiency long training fields (HE-LTFs).

9. The apparatus of claims 7, wherein the resource allocations for the
stations comprise an indication of a frequency and bandwidth, a number of spatial

streams, and an index of the spatial streams.

10. The apparatus of claim 7, wherein the processing circuiry s further
configured to:
determine a beamforming matrix based on the NDP from the

stations.
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1t The apparatus of claim 7, wherein the NDPs from the stations are to

be received a short interframe space (SIFS) after the transmission of the TF-S.

12. The apparatus of claim 1, wherein the processing circuitry is further
configured to:
5 encode a null data packet announcement (NDP-A) comprising an

mdication of the UL sounding followed by the DL sounding; and

configure the wireless device to transmit the NDP-A.

13 The apparatus of claim 1, wherein the wireless device and the
stations are each one from the following group: an Institute of Electrical and
10 FElectronic Engineers (IEEE) 802. 11ax access pout, an IEEE 802.11ax station, an
TEEE 802.11 station, and an IEEE 802.11 access point.

14, The apparatus of claim 1, further comprising transceiver circuitry

coupled to the processing circuitry.

15 A non-transitory computer-readable storage medium that stores

oy
(]

mstructions for execution by one or more processors, the instructions to configure
the one or more processors to cause a wireless device to:

encode a trigger frame for sounding (TF-5), the TF-8 comprising an
mdication of whether the sounding is for uplink (UL} sounding or downlink (L)
sounding, and the TF-S comprising an indication of stations to participate in the UL
20 sounding or the DL sounding; and

configure the wireless device to transnut the TF-S to the stations.

16. The non-transitory computer-readable storage medium of claim 15,
wherein the instructions further configure the one or more processors to cause the

wireless device to:
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if the sounding is for the DL sounding,

encode a mull data packet announcement (NDP-A),

encode a null data packet (NDP),

configure the wireless device to transmit the NDP-A,

S configure the wireless device to transmit the NDP,

encode the TF-S to comprise resource allocations for the
stattons to transmit feedback and to comprise an indication of a type of feedback,
and

receive feedback frames from the stations in accordance with

10 the resource allocations.

17. The non-transitory computer-readable storage medium of claim 15,
wherein the instructions further configure the one or more processors to cause the
wireless device to:

if the sounding 1s for the UL sounding, encode the TF-S to comprise

Ju—
LA

resource allocations for the stations to transmit null data packets (NDPs) to the
wireless device, and decode NDPs from the stations, wherein the NDPs are to be

received 10 accordance with the resource allocations.

18 A method performed by a wireless device, the method comprising:
encoding a trigger frame for sounding (TF-8}, the TF-S comprising
20 an mdication of whether the sounding 1s for uplink (UL} sounding or (BL)
sounding, and the TF-8 comprising an indication of stations to participate in the UL

sounding or the DL sounding; and

configuring the wireless device to transmit the TF-S to the stations.

19. The method of claim 18, the method further comprising:
25 if the sounding is for the DL sounding, encoding a null data packet
announcement (NDP-A), encoding a null data packet (NDP}, configuring the

wireless device to transmit the NDP-A configuring the wireless device to transmit
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the NDP, encoding the TF-8 to comprise resource allocations for the stations to
transmit feedback and to comprise an indication of a type of feedback, and recetving

feedback frames from the stations in accordance with the resource allocations.

20. The method of claim 18, the method further comprising:
if the sounding is for the UL sounding, encoding the TF-S to
comprise resource allocations for the stations to transmit null data packets (NDPs)
to the wireless device, and decoding NDPs from the stations, wherein the NDPs are

to be received 1n accordance with the resource allocations.

21 An apparatus of a station, the apparatus comprising: memory; and

processing circuitry coupled to the memory, the processing circuity configured to:

decode a trigger frame for sounding (TF-8), the TF-8 comprising an
mdication of whether the sounding s for uplink (UL} sounding or downlink (DL)
sounding, and the TF-S comprising an indication of stations to participate n the UL
sounding or the DL sounding;

if the sounding 1s for the DL sounding, decode the TF-S that further
comprises a resource allocation for the station to transmit feedback and comprises
an mndication of a type of feedback, decode a null data packet announcement (NDP-
A}, decode a null data packet (NDP), determine feedback based on the type of
feedback and the NDP, encode a feedback frame with the feedback, and configure
the station to transmit the feedback frame in accordance with the resource
allocation; and

if the sounding is for the UL sounding, decode the TF-S that further
comprises a resource allocation for the station to transmit null data packets (NDPs},
encode the NDPs, and configure the station to transmit the NDPs in accordance with

the resource allocation.

22. The apparatus of claim 21, further comprising transceiver circuitry

coupled to the processing circuitry.

39



WO 2017/078803 PCT/US2016/040391

10

15

25

23. An apparatus of a wireless device, the apparatus comprising:
memory; and processing circuitry coupled to the memory, the processing circuity
configured to!

encode a null data packet announcement (NDP-A), the NDP-A
comprising an indication of whether a sounding 1s for uplink (UL) sounding or
downlink (DL) sounding, and the NDP-A further comprising an indication if the
sounding 15 a single user (SU) sounding or a multiple-user (MU) sounding; and

configure the wireless device to transmit the NDP-A to one or more

stations.

24, The apparatus of claim 23, the processing circuitry further configured
to!
if the sounding 15 the SU sounding and the sounding s for UL
sounding, encode the NDP-A to further comprise a resource allocation for one
station of the one or more stations to transmit one or more null data packets (NDPs)
to the wireless device, and
decode the one or more NDPs from the one station, wherein the one

or more NDPs are to be received m accordance with the resource allocation.

25 The apparatus of claim 23, the processing circuitry further configured
to:
if the sounding is the SU sounding and the sounding is the DL
sounding, encode the NDP-A to further comprise a resource allocation for one
station of the one or more stations to transmit a feedback frame to the wireless
device and to further comprise a type of feedback for the one station, encode a high-
efficiency (HE) null data packet (HE-NDP), configure the wireless device to

transmit the HE-NDP, and decode the feedback frame from the one siation.
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26. The apparatus of claim 23, further comprising transcetver circuitry

coupled to the processing circuitry.

27. An apparatus of a station, the apparatus comprising: memory; and

processing circuitry coupled to the memory, the processing circuity configured to:

decode a null data packet announcement (NDP-A), the NDP-A
comprising an indication of whether a sounding is for uplink (UL) sounding or
downlink (DL) sounding, and the NDP-A further comprising an indication if the
sounding 1s a single user (SU) sounding or a multiple-user (MU} sounding;

if the a recetver address of the NDP-A and a station one address of
the NDP-A are both the address of the station, and the sounding 1s for UL sounding,
decode the NDP-A that further comprise a resource allocation for the station to
transmit one or more null data packets (NDPs), and configure the station to transmit
the one or more NDPs in accordance with the resource allocation;

if the a receiver address of the NDP-A and a station one address of
the NDP-A are both the address of the station, and the sounding 15 the DL sounding,
decode the NDP-A to further comprise a resource allocation for the station to
transnt a feedback frame and to further comprise a type of feedback for the station
to determine feedback, decode a high-efficiency (HE} null data packet (HE-
NDP},determine feedback based on the HE-NDP and the type of feedback, encode a
feedback frame comprising the feedback, and configure the station to transmat the

feedback frame m accordance with the resource allocation.

28. The apparatus of claim 27, further comprising transcetver circuitry

coupled to the processing circuitry.
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