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Title: Enhanced Downlink MU-MIMO Procedure Date: 2014/11/13

The present invention relates to an IEEE 802.11ax High Efficiecncy WLAN (HEW) PPDU format uscd with a
20-MHz above or 40/80/160MHz channel bandwidth in 2.4GHz or 5GHz. Particularly, the present invention
relates to simultaneous transmission from an AP to a plurality of STAs, that is, downlink MU-MIMO transmis-
sion. Downlink MU-MIMO transmission significantly increases downlink throughput by Orthogonal Frequency
Division Multiple Access (OFDMA) and Uplink MU-MIMO.

The following figure shows the HEW PPDP format proposed in the present invention.

HEW- | HEW- | HEW- HEW- | HEW . ,
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‘L-STF’ stands for ‘Legacy Short Training Field” which is used to perform frequency offset estimation and
phase offset estimation for preamble decoding of a legacy station (STA) such as that of IEEE 802.11a/g/n/ac.
‘L-LTF’ stands for ‘Legacy Long Training Field” which is used to perform channel estimation for preamble
decoding of a legacy STA, such as that of IEEE 802.11a/g/n/ac. ‘L-SIG’ stands for ‘Legacy Signal Field’
which provides the function of preamble decoding of the legacy STA, such as that of IEEE 802.11a/g/n/ac
and protection against PPDU transmission by a third party.

‘HEW SIG-A’ stands for ‘High Efficiency WLAN (HEW) Signal A Field’ which provides HEW PPDU mod-
ulation parameters or the like for HEW preamble decoding of a HEW STA. The parameters included in the
HEW SIG-A field include very high throughput (VHT) PPDU modulation parameters, which are transmitted
by the following ICEL 802.11ac terminals, so as to realize compatibility with the IEELE 802.11ac terminals.
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However, the HEW PPDU format proposed in the présent invention is intended to support MU MIMO-
OFDMA and, for this, information about sub-channels allocated to respective HEW STAs may be included in
the HEW SIG-A field.
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Title: Enhanced Downlink MU-MIMO Procedure Date: 2014/11/13

The sub-channcl information allocated to cach HEW STA is configurcd by including a group ID and Nyw in
the HEW SIG-A field. When each HEW STA accesses the HEW AP, the HEW AP allocates a group ID and
the STA position information of the corresponding HEW STA for the group ID to the HEW STA.

For example, the following table shows that STA position 1 is allocated to group ID 1, STA position 2 is allo-
cated to group 1D 2, STA position 4 is allocated to group ID 61, and STA position 1 is allocated to group 1D
62. The HEW STA to which the information of the table of the group IDs and STA positions is allocated re-
ceives an HEW PPDU and then determines its own sub-channel in the following manner.

Group ID 1 Group ID 2 Group ID 61 §{ Group ID 62

STA position 1 2 - 4 1

For exafnple, it is assumed that, in the received HEW PPDU, the group ID value of the HEW SIG-A field is
61 and the valucs of Ngw arc b001, b001, b001, and b010.

The Npw value is for notifying the HEW STAs corresponding to STA position 1, STA position 2, STA posi-
tion 3, and STA position 4 of sub-channel bandwidths respectively allocated thereto. If HEW PPDU trans-
mission of 5 MHz, 10 MHz, 20 MHz, 40 MHz, 80 MHz, and 160 MHz is permitted, Ngw is composcd of 12
bits to support a total of four HEW STAs in such a way as to include 3 bits of the sub-channel bandwidth of
the HEW STA corresponding to STA position 1, 3 bits of the sub-channel bandwidth of the HEW STA corre-
sponding to STA position 2, 3 bits of the sub-channel bandwidth of the HEW STA corresponding to STA po-
sition 3, and 3 bits ol the sub-channel bandwidth of the HEW STA corresponding 1o STA position 4.

In the above example, the corresponding HEW STA has been allocated as STA position 4 for group ID 61.
Therefore, the HEW STA is aware that sub-channel bandwidth allocated thereto is 10 MHz, with reference to
the Npw value oL b010 corresponding to the STA position 4 of the received HEW PPDU. Here, lor the encod-
ing of Nw, it is assumed that b000 is 0 MHz, b001 is 5 MHz, b010 is 10 MHz, b011 is 20 MHz, b100 is 40
MHz, b101 is 80 MHz, and b110 is 160 MHz. Howecvcr, the encoding scheme may be sct in different forms
depending on the implementation.

Further, in relation to the group ID and Npw, it can be seen from the above example that a sub-channel band-
width of 0 MHz is assigned to the HEW STA to which STA position 1 has been allocated for group ID 61.
That is, it means that no HEW PPDU transmission is performed. Further, it can be seen that a sub-channel
bandwidth of 5 MHz is assigned to the HEW STA to which STA position 2 has been allocated for group ID
61, and that a sub-channel bandwidth of 5 MHz is assigned to the HEW STA to which STA position 3 has
been allocated for group ID 61. The following figure shows the HEW PPDU transmission based on the above
example.

HEW- | HEW- | MEW- HEW-
5TF | LF | UTF e | Hew bSDU (10N
HEW- | HEW- | HEW: HEW- .
\ B F
L-TF | 1a7F | Leig | HEN L STE L LR LT LT

A [Tvew | HEW- | HEw- HEW- | HEW PEDU (SMH2)
ST | o3 | uF | 0 | uF | sies
HEW- | HEW- | HEW- HEW- | HEW s
st | e | e | | | sies PSDU {stkiz)

In such HEW PPDU transmission, sub-channels allocated to the respective HEW STAs must be sequential to
each other, and as a result, empty sub-channels, which are not allocated, must not be present within a single
20 MHz channel. Further, sub-channels allocated to the respective HEW STAs must be implemented only in
a single channel on a 20 MHz channel basis. Consequently, in each of multiple 20 MHz channels, the alloca-
tion of partially overlapping sub-channels must be prohibited.

The HEW PPDU format proposed in the present invention is intended to support MU MIMO-OFDMA. For
this, information about thc numbcrs of spatial strcams to be transmitted to HEW STAs that arc allocated to
respective sub-channels may be included in the HEW SIG-A field. The following figure illustrates an embod-
iment of such MIMO-OFDMA transmission.
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This figure shows that a first 5 MHz sub-channel is allocated to STA1 and STA2, and a total of four spatial
streams are transmitted to STA1 and STA2, two spatial streams for each STA, through the corresponding sub-
channel in a downlink MU-MIMO manner. Further, for this, it can be seen that, after the HEW SIG-A field, a
HEW-STF, a HEW-LTF, a HEW-LTF, a HEW-LTF, a HEW-LTF, and a HEW SIG-B field are transmitted
through the corresponding sub-channel. The HEW-STF is used to perform frequency offset estimation and
phasc offsct cstimation for the SMHz sub-channcl. The HEW-LTF is uscd to perform channcl cstimation for
the 5 MHz sub-channel. Since the total number of spatial streams that are transmitted is 4, a total of four
HEW-LTFs are transmitted in order to enable MIMO transmission. The present invention proposes a scheme
in which, when the total number of spatial streams to be transmitted is 2, a total of two HEW-LTFs are trans-
mitted, when the total number of spatial streams o be transmitted is 3, a total of four HEW-LTFs are trans-
mitted, when the total number of spatial streams to be transmitted is 4, a total of four HEW-LTFs are trans-
mitted, when the total number of spatial strecams to be transmitted is 5, a total of six HEW-LTFs arc transmit-
ted, when the total number of spatial streams to be transmitted is 6, a total of six HEW-LTFs are transmitted,
when the total number of spatial streams to be transmitted is 7, a total of 8 HEW-LTFs are transmitted, and
when the total number of spatial streams to be transmitted is 8, a total of eight HEW-LTFs are transmitted.

The above figure shows that a second 5 MHz sub-channel has been allocated to STA3 and STA4, and a total
of two spatial streams have been transmitted to STA3 and STA4, one spatial stream for each STA, through the
corresponding sub-channel in the downlink MU-MIMO manner. For this, it can be seen that, after the HEW
SIG-A field, the HEW-STF, HEW-LTF, HEW-LTF, HEW-LTF, HEW-LTF, and HEW SIG-B field are
transmitted through the corresponding sub-channel. In the above description, the rule related to the transmis-
sion of the HEW-LTFs of the present invention has been designated such that when the total number of spatial
streams to be transmitted is 2, a total of two HEW-LTFs are transmitted. However, it can be seen that, in the
second 5 MHz sub-channel transmitted to STA3 and STAA4, a total of four HEW-LTFs are transmitted. This
operation is intended to add a separate condition in relation to the HEW-LTF transmission, and is configured
to cause the starting times of transmission of Physical Layer Service Data Units (PSDUs) that are transmitted
in different sub-channels to coincide with each other. If a number of HEW-LTFs substantially required in the
second 5 MHz sub-channel, that is, only two HCW-LTFs, are transmitted, a problem arises in that the starting
times of PSDUs transmission in the first 5 MHz sub-channcl and in the sccond 5 MHz sub-channel differ
from each other. To solve this problem, the present invention adds the following HEW-LTF transmission
Tule.

For all HEW STAs allocated to respective sub-channels (for SU-MIMO transmission, meaning a single HEW
STA and, for MU-MIMO transmission, meaning multiple HEW STAs that are destination terminals of MU-
MIMO transmission), the numbers of HEW-LTFs to be transmitted through other sub-channels are set to the
same number as the number of HEW-LTFs in the sub-channel requiring the largest number of HEW-LTFs,
among all of the numbers of HEW-LTFs required depending on the numbers of spatial streams 10 be transmit-
ted through respective sub-channels (for SU-MIMO transmission, meaning the number of spatial streams to
be transmitted to a single HEW STA and, for MU-MIMO transmission, mcaning the total number of spatial
streams heading for multiple HEW STAs that are destination terminals of MU-MIMO transmission).

Through the application of this rule, in the above example, a third 5 MHz sub-channel is allocated to STAS
and onc spatial strcam is transmitted through the corresponding sub-channcl in an SU-MIMO manncr. How-
ever, it can be seen that, even if it is actually sufficient to transmit only a single HEW-LTF, a total of four
HEW-LTFs are transmitted to match the number of HEW-LTFs to be transmitted through other sub-channels.

Further, in the above example, a fourth 5 MHz sub-channel has been allocated to STA6, and one spatial
stream has been transmitted through the corresponding sub-channel in the SU-MIMO manner. However, it
can be seen that, even if it is actually sufficient to transmit only a single HEW-LTF, a total of four HEW-
LTFs are transmitted to match the number of HEW-LTFs to be transmitted through other sub-channels.
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Title: Enhanced Downlink MU-MIMO Procedure Date: 2014/11/13

Mcanwhile, in order for the HEW PPDU format proposcd in the present invention to cffectively support Mul-
ti-User (MU)-MIMO, independent signaling information needs to be transmitted through each sub-channel.
In the case of MU-MIMO, different numbers of spatial streams may be transmitted to multiple HEW STAs,
which are destination terminals of MU-MIMO transmission. For this, information about the number of spatial
streams to be transmitted to each of the HEW STAs must be transferred. If the maximum number of spatial
streams that can be transferred to a single HEW STA via MU-MIMO transmission is 4, and the maximum
number of destination terminals of MU-MIMO transmission is 4, a total of 12 bits is required for each sub-
channel. When a maximum of four sub-channels can be contigured in a 20 MHz channel, a total of 48 bits of
signaling information is required. Therefore, for the purpose of reducing protocol overhead, it is preferable to
independently transmit such spatial stream allocation information for each sub-channel. For this purpose, in
the following figure, the HEW SIG-B field includes spatial stream allocation information for each sub-
channel, and indicates the number of spatial streams (Ngrg) to be transmitted to STAs belonging to the corre-
sponding group (group ID) of MU-MIMO in the form of a group ID and Ngrs.

*f“:" Hi?‘: *ﬁ‘\ }j&;‘;'“ '*E":’ ) :?‘2 PSR (A6 4o STAK)
HEw NEW. | haw. | MEW- = L v G STae
V STE | 13w e Lo Lor e FAU AP I STRS, ST

Finally, the HEW-SIG field transmitted after the HEW-LTFs includes Modulation and Coding Scheme
(MCS) information and PSDU length information for each PSDU.

Each of the L-STF, L-LTF, L-SIG, and HEW SIG-A fields is composed of OFDM symbols having a length of
4.0 us based on 64-Fast Fourier Transform (FFT). At this time, a single OFDM symbol has a Guard Interval
(GI) value of 0.8 us, and this guard interval value is detined as G1 in the present invention.

Each of the HEW-STF, HEW-LTF, HEW SIG-B, and PSDU that are subsequently transmitted is composed of
OFDM symbols having a length of 16 us based on 256 FFT (but the duration of an OFDM symbol may vary
with the GI value). In this case, a single OFDM symbol may have two GI values for respective intervals. The
first guard Interval is the value applied to the OFDM symbols of the HEW-STF, HEW-LTF, and HEW SIG-
B, and is defined as G2 in the following figure. The second guard interval is the value applied to the OFDM
symbols of the PSDU, and is defined as G3 in the following figure. G2 and G3 may be either identical to
each other or different from each other. Further, unlike G1, the values of G2 and G3 are variable depending
on respective PPDU transmission vectors that are transmitted, without being fixed. For example, when G1 is
fixed at 0.8 ps, G2 may be randomly selected [rom among 3.2 us, 1.6 ps, 0.8 us, and 0.4 ps. Similarly, G3
may also be randomly selected [rom among 3.2 us, 1.6 ps, 0.8 ps, and 0.4 ps. Further, signaling information
for indicating the selected G2 and (G3 values may be included in the HEW SIG-A field. Once the G2 and G3
values are selected, they are applied in common to all OFDM symbols that are transmitted during the corre-
sponding interval, or to all sub-channels.

HEW- § HEW-. § HEW- | HEW- | HEW- | HEW
S7F £TF LIF LTF LTF | 8IGB

HEW- § HEW- § HEW- | HEW- | HEW. | HEW
HEW STE Y LTF § WTF | e | uF | sigs
SIG-A | Hew. § HEW- § HEW- § HEW- | HEW- | HEW
57F L ETE Y TR § O urE | urF | sies
HEW- | HEW- | HEW- | HEW- | HEW- § HEW
ST § LTF | LIF § LTF | LTF § 8IG-B

PSDU (AP to STAE)

PSOLU (AP ta STAS)
L-STF | LL7F | L-sia

PSDU (AP o BTAS, STAd)

PIDU (AP to STA1, S5TA2)

[——  Guard inierval = GF ¢ Guard ntarval = G2 3 Guard Iterve! B30 c—

In the present invention, when G2 and G3 values are different [rom each other, a problem arises in that, il the
transmission times of PSDUs do not coincide with each other, OFDM symbol timing, at which OFDM sym-
bols arc transmitted through respective sub-channcls, is not synchronized. Howcever, when the HEW PPDU
format proposed in the present invention is used, as shown in the above figure, the transmission times of
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Title: Enhanced Downlink MU-MIMO Procedure Date: 2014/11/13

PSDUs through the respective sub-channcls coincide with cach other, and thus no problem is causcd by the
G2 and G3 values.

Another embodiment of the HEW PPDU format proposed in the present invention is intended to newly pro-
pose a method for synchronizing OFDM symbol timing at which OFDM symbols are transmitted through
respective sub-channels in the situation in which PSDU transmission times do not coincide with each other.
In the previous proposal (see the above figure), the length of the interval to which the guard interval G2 of the
HEW PPDU format is applied is designated to be variable. That is, the lengths of transmission intervals for
the HEW-STF, HEW-LTF, and HEW SIG-B field were variable depending on the PPDU transmission vectlors
to be transmitted. However, the new proposal is intended to fix the interval, to which the guard interval G2 of
the HEW PPDU format is applied, to the HEW-STF and HEW-LTF (depending on the implementation, the
interval to which the guard interval (32 is applied may be limited only to HEW-STF. Further, depending on
the implementation, the interval may be limited to the range above HEW-STF. Furthermore, depending on
the implementation, the interval to which guard interval G2 is applied may be limited to 0°). After the corre-
sponding interval to which the guard interval G2 is applied, guard interval G3 is equally applied to O or one or
more HEW-LTFs, the HEW SIG-B, and the PSDU for respective sub-channels depending on the transmission
vectors for respective sub-channels.

To reduce the decoding complexity of the destination terminal, the guard interval value for the first OFDM
symbol transmitted subsequent to the HEW SIG-A field, that is, guard interval (G2, must be set to a fixed val-
ue. However, unlike G1 and G2, G3 is a variable value depending on the individual PPDU transmission vec-
tors that are transmitted, rather than a fixed value. For example, when G1 is fixed at 0.8 us and G2 is fixed at
one of 3.2 us, 1.6 us, 0.8 us, and 0.4 us, G3 may be randomly selected from among 3.2 us, 1.6 us, 0.8 us, and
0.4 us, and signaling information for indicating the selected G3 value may be included in the HEW SIG-A
ficld.

HEW- | HEW. | HEW
P
B L HEW o PSOU (AP 10 STAG)
HEW- § HEW. § HEW PSDU (AR to 3TAS}
HEW | STF | LIF sicp
LETE | LETF | LSIS | sigA [Thew. | new. § HEW. | HEW
B | HEW. S HEW- L e PSDU (AP to STA3, STAG
HEW- | HEW- | HEW- | HEW- | HEW. | HEW
STF { LIF | «7F § LIF | LTF f siGB PSDU (AP1a 8TA1. STAZ)

¥

[——  Guard el = G ——wj— Gi= G2 — Crard Inlerval - G2

In the present invention, it has been specified that, depending on the implementation, the interval to which
guard interval G2 is applied may be limited to the range above the HEW-STF and HEW-LTF. The tollowing
figure shows the case where the interval to which guard interval G2 is applied is limited to the range of the
HEW SIG-B field. In this case, as shown in the following figure, guard interval G2 is used for some of the
PSDUs transmitted to STA3, STA4, STAS5, and STA6, and guard interval G3 is used for the remaining
PSDUs. In other words, it means that when a single PSDU is transmitted, different guard intervals may be
used for two or more transmission intervals. In the above embodiment, when the interval to which guard in-
terval G2 1is applied is limited to a specific range, the corresponding range may be previously fixed between
all terminals, or may be signaled via the HEW SI1G-A field.

HEW L HEW- § REW U (AP 0 BTAS)

STF EF | SiG-8 A
HEW- | OHEW. | HEW i a D meac
‘ - STF LE | osios {FEDU (AP o BYA5)
COABTE P LATE L L3NG B T S I J e e
; . . W : .
el e Baapd | PSDU AP 1o STAD. STAS
REW. | HOM @ HEGe oMWl RN PSINJ (AR fo STAL, STAZ)

The HEW PPDU format in 40/80/160 MHz channel bandwidth is described below.

The following figure shows that, of the above-proposed two types of HEW PPDU formats, the first HEW

5 Inventor: Yongho SEOK

DM_US 67088218-1.096809.0032

ZYXEL-1024
Page 007 (of 54)



Title: Enhanced Downlink MU-MIMO Procedure Date: 2014/11/13

PPDU format, proposcd to allow PSDU transmission times to coincide with cach other, is ¢xtended to the
format for two or more 20 MHz channels. When the format is extended to 40/80/160 MHz channel band-
width, no portion in the HEW PPDU format is revised. However, for respective 20 MHz channels, OFDM
Symbol durations and guard intervals must be identical.

In the 20 MHz channel, shown in the lower portion of the following figure, the OFDM symbol duration and
guard interval of L-STF, L-LTF, L-SIG, and HEW SIG-A are S1 and G1, respectively. In this case, it can be
seen that, in the 20 MHz channel in the upper portion of the following figure, the OFDM symbol duration and
guard interval of L-STF, L-LTF, L-SIG, and HEW SIG-A are S1 and G1, respectively, in the same manner.

In the 20 MHz channel in the lower portion of the following figure, the OFDM symbol duration and guard
interval of the HEW-STF, HEW-LTF, and HEW SIG-A are S2 and G2, respectively. In this case, it can be
seen that, in the 20 MHz channel in the upper portion, the OFDM symbol duration and guard interval of the
HEW-STF, HEW-LTF, and HEW SIG-A are S2 and 32, respectively, in the same manner.

In the 20 MHz channel in the lower portion of the following figure, the OFDM symbol duration and guard
interval of the PSDU are S3 and G3, respectively. In this case, it can be seen that, in the 20 MHz channel in
the upper portion, the OFDM symbol duration and guard interval of the PSDU are S3 and G3, respectively, in
the same manner.

It means that, il the OFDM symbol duration and guard interval are confligured and used for transmission
based on 64 FFT in any one 20 MHz channel, the OFDM symbol duration and guard interval must also be
configurcd and uscd for transmission bascd on 64 FFT in the remaining 20 MHz channcl. In other words, if
the OFDM symbol duration and guard interval are configured and used for transmission based on 64 FFT in
any one 20 MHz channel, it is impossible to configure and use the OFDM symbol duration and guard interval
for transmission based on 256 FFT in the remaining 20 MHz channel.

However, depending on the implementation, the OFDM symbol duration and guard interval values in the re-
spective 20 MHz channels, that is, S2 and G2 and S3 and G3 in the following figure, may be set to different
values for respective 20 MHz channels (for reference, S1 and G1 are always fixed for all 20 MHz channels).
However, even in this case, in a single 20 MHz channel, the same values are applied to S2, G2, S3, and G3 for
respective sub-channels.

Sympot Duration = 82 Symbel Duration = 83
Suard Intarval = 52 Gusrd Inlemval = G3 ’
HEW- § HEW- § HEW- | HEW- | HEW- | BEW N

st § 47F § uF | R | urF | sk PSDU (AR i0 STA12)

HEW- § HEW- § HEW- [ HEW- | HEW- | REW
HEW STF LTF LTF LTF LIF | 8IG-B

PaDU {AP to STATT)

L-3TF | L-LTF | L-SIG

SHE-A | pEw- § HEW- § HEW- § HEW- | HEW- | BEwW .
STF § LYF § LTE § LTF | LIF | sIGB PSDU (AF 10 STAS, STA10)
HEW- § HEW- | REW- § HEW- | HEW- § HEW
st L oF | uF § oF | uF §siés PSDU (AR 1o STAT. STAS)
HEW- § HEW- § HEW- | HEW- | HEW- | HEW
STE LTF LTF LTF LTFE 81G-B PEDU (AP to STAG)
HEW- § HEW- § HEW- | HEW- | HEW- [ HEW
: s PSDU (AP to STAR)
STF LTF LTF LTF LTF | SiG-8 PSDU (AP o STAS. STA4)
HEW- | HEW- | HEW- § HEW. | HEW- § HEW
STF LTF LTF LTF LTF SiG-B PSDU (AP fo STAL. §TAZ)
Syrmibol DBuretion = S1 N Symbol Duration = 82 - Symbol Duration =83

G interyval == G Guard interval = 32 Guard interval =

The following figure shows that, of the two types of proposed HEW PPDU formats, the second HEW PPDU
format, proposed in the situation in which the PSDU transmission times do not coincide with each other, is
extended to two or more 20 MHz channels. When the format is extended to 40/80/160 MHz channel band-
width, no portion in the HEW PPDU format is revised. However, for respective 20 MHz channels, OFDM
symbol durations and guard intervals must be identical.

In the 20 MHz channel, shown in the lower portion of the following figure, the OFDM symbol duration and
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guard interval of the L-STF, L-LTF, L-SIG, and HEW SIG-A arc S1 and G1, respectively. In this case, it can
be seen that, in the 20 MHz channel in the upper portion, the OFDM symbol duration and guard interval of
the L-STF, L-LTF, L-SIG, and HEW SIG-A are S1 and G1, respectively, in the same manner.

In the 20 MHz channel in the lower portion of the following figure, the OFDM symbol duration and guard
interval of the HEW-STF and HEW-LTF are S2 and G2, respectively. In this case, it can be seen that, in the
20 MHz channel in the upper portion, the OFDM symbol duration and guard interval of the HEW-STF and
HEW-LTF are S2 and G2, respectively, in the same manner.

In the 20 MHz channel in the lower portion of the following figure, the OFDM symbol duration and guard
interval are S3 and G3, respectively, for the period during which 0 or one or more HEW-LTFs, HEW SIG-B,
and PSDU are transmitted depending on the transmission vectors for respective sub-channels. In this case, it
can be seen that, in the 20 MHz channel in the upper portion, the OFDM symbol duration and guard interval
of the HEW-LTF, HEW SIG-B, and PSDU are also S3 and (33, respectively, in the same manner.

This means that, if the OFDM symbol duration and guard interval are configured and used for transmission
based on 64 FFT in any one 20 MHz channel, the OFDM symbol duration and the guard interval must be con-
figured and used for transmission based on 64 FFT in the remaining 20 MHz channel. In other words, this
means that when the OFDM symbol duration and the guard interval are configured and used for transmission
based on 64 FFT in any one 20 MHz channel, it is impossible to configure and use the OFDM symbol dura-
tion and the guard interval for transmission based on 256 FFT in the remaining 20 MHz channel.

Howecver, depending on the implementation, the OFDM symbol duration valucs and guard interval valucs in
the respective 20 MHz channels, that is, S2, G2, S3, and G3 in the following figure, may be set to difterent
values for respective 20 MHz channels (for reference, S1 and G1 are always fixed for all 20 MHz channels).
However, even in this case, in a single 20 MHz channel, the same values are applied to S2, G2, S3, and G3 for
respective sub-channels.
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In the case of HEW uplink PPDU transmission, in which multiple terminals perform simultaneous transmis-
sion to a single AP, the above-proposed HEW PPDU format may be utilized without change. However, a
point to be additionally considered is that, unlike downlink HEW PPDU transmission, information about the
numbers of spatial streams that are transmitted by HEW STAs, allocated to respective sub-channels, cannot
be included in the HEW SIG-A field. Generally, the HEW SIG-A field includes common transmission pa-
rameters related to simultaneously transmitted HEW PSDUs. The transmission parameters, such as spatial
streams, MCS, and Space-Time Block Coding (STBC), may have different values tor HEW PSDUs that are
transmitted. The above-proposed HEW PPDU format has presented a scheme in which, when the transmis-
sion parameters are different from each other for respective HEW PSDUSs that are transmitted, they are in-
cluded in the HEW SIG-B field transmitted just before the PSDU. MCS corresponds to such a scheme, and
the respective HEW PSDUs may have different MCS values. However, spatial streams and STBC play an
important role in checking the configuration information of preambles and PSDUs in the HEW PPDU format.
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The rcason for this is that the number of HEW-LTFs is determined bascd on the combination of spatial
streams and STBC. Theretore, spatial streams and STBC need to be transmitted prior to the HEW SIG-B
field.

In the HEW uplink PPDU transmission in which multiple terminals perform simultancous transmission to a
single AP, if a protocol is designed such that the AP designates the numbers of spatial streams that are trans-
mitted by HEW STAs allocated to respective sub-channels and such that the HEW STAs must conform to the
designated numbers, all HEW STAs may consider the protocol to be common information and transmit the
HEW SIG-A field containing the same information. In this case, no change to the above-proposed HEW
PPDU format is required.

Otherwise, the HEW PPDU format that will be described below must be used for uplink PPDU transmission.
The HEW PPDU [ormat proposed in the following [igure is intended to use the formats ol the above-proposed
HEW SIG-A, HEW SIG-B, and HEW SIG-C fields for uplink PPDU transmission. The HEW SIG-A field is
transmitted per 20 MHz channel, and includes common transmission parameters for HEW PSDUs that are
simultaneously transmitted. Therefore, for uplink PPDUs that are transmitted by HEW STAs allocated to the
respective sub-channels, the same information up to the HEW SIG-A field is transmitted, thus allowing the
AP 1o correctly receive overlapping signals. The HEW SIG-B field is transmitted on a sub-channel basis in
the 20 MHz channel, and may have different values for respective sub-channels in accordance with the trans-
mission characteristics of HEW PSDUs transmitted to the respective sub-channels. The HEW SIG-B field
must include information about the spatial streams and STBC of the HEW PSDUs that are transmitted
through the corresponding sub-channels. It MU-MIMO is used in a specitic sub-channel, the HEW SIG-B
field includes common transmission information for terminals belonging to an MU-MIMO transmission
group. The HEW SIG-C field is transmitted using the same sub-channel as the HEW SIG-B field, and has
information about MCS and packet length. If MU-MIMO is used in a specific sub-channel, the HEW SIG-C
field includes each piece of transmission information about the HEW PSDU of each terminal belonging to an
MU-MIMO transmission group.

"LE,‘:" PEDU (BT84 fo &F)
REW- PEDU (STAZ 10 A
HEW- PREDU JSTAZ b AP
Hiw- PADLI (STAT 1o AP

The above figure illustrates an cxample of HEW uplink PPDU transmission, and shows that STA1, STA2,
STA3, and STA4 simultaneously transmit HEW PPDUs to the AP. The figure shows that STA1 transmits 4
spatial streams, STA2 transmits 2 spatial streams, STA3 transmits 1 spatial stream, and STA4 transmits 1 spa-
tial stream, to the AP. It can be seen that, compared to HEW downlink PPDU transmission, HEW-STF and
HEW-LTF are transmitted subsequent to the HEW SIG-A field, and the HEW SIG-B field is subsequently
transmitted. The HEW SIG-B field includes information about the number of spatial streams (or the number
of space-time streams) and information indicating whether STBC has been used. By means of this infor-
mation, the number of HEW-LTFs to be transmitted atter the HEW SI1G-B field may be detected. The present
invention proposes a scheme in which, when the total number of spatial streams to be transmitted is 2, a total
of two HEW-LTFs are transmitted, when the total number of spatial streams to be transmitted is 3, a total of
four HEW-LTFs are transmitted, when the total number of spatial streams to be transmitted is 4, a total of
four HEW-LTFs are transmitted, when the total number of spatial streams to be transmitted is 5, a total of six
HEW-LTFs are transmitted, when the total number of spatial streams to be transmitted is 6, a total of six
HEW-LTFs are transmitted, when the total number of spatial streams to be transmitted is 7, a total ot 8 HEW-
LTFs are transmitted, and when the total number of spatial streams to be transmitted is 8, a total of eight
HEW-LTFs are transmitted. The HEW SIG-C field includes an MCS value or the like as a transmission pa-
rameter for the HEW PSDU that is transmitted through the corresponding sub-channel.

In the same manner as the above-described HEW downlink PPDU transmission, a problem arises in that the
starting times of PSDU transmission are different from each other even in the case of HEW uplink PPDU
transmission (this causes misalignment between OFDM symbols, thus resulting in the problem of increasing
the implementation complexity of an AP that simultaneously receives multiple PSDUs). To solve this prob-
lem, a method of adjusting the numbers of HEW-LTFs that are transmitted in HEW uplink PPDU transmis-
sion so that thcy arc identical between respective sub-channcls may be used. In the above cxample, the
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transmission of 4, 2, 1, and 1 HEW-LTFs for rcspective sub-channcls is actually required, but it can be scen
that 0, 2, 3, and 3 HEW-LTFs are additionally transmitted to adjust all of the numbers of HEW-LTFs that are
transmitted to be identical.
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UF | 180 |
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Lap F | Sec | PEDU {RTAL to AR
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The above figure illustrates another example of HEW uplink PPDU transmission, and shows that STAI,
STA2, STA3, and STA4 simultaneously transmit HEW PPDUs to the AP. More specifically, STA1 transmits
4 spatial streams, STA2 transmits 2 spatial streams, STA3 transmits 1 spatial stream, and STA4 transmits 1
spatial stream, to the AP. Tt can be seen that, compared to the HEW downlink PPDU transmission, HEW-STF
and HEW-LTF are transmitted subsequent to the HEW SIG-A field, the HEW SIG-B field is subsequently
transmitted. The HEW SIG-B field includes information about the number of spatial streams (or the number
of space-time streams) and information indicating whether STBC has been used. By means of this, the num-
ber of HEW-LTFs that are transmitted after the HEW SIG-B field can be detected. The present invention
proposes a scheme in which, when the total number of spatial streams to be transmitted is 2, a total of two
HEW-LTFs are transmitted, when the total number of spatial streams to be transmitted is 3, a total of four
HEW-LTFs are transmitted, when the total number of spatial streams to be transmitted is 4, a total of four
HEW-LTFs arc transmittcd, when the total number of spatial strcams to be transmitted is 5, a total of six
HEW-LTFs are transmitted, when the total number of spatial streams to be transmitted is 6, a total of six
HEW-LTFs are transmitted, when the total number of spatial streams to be transmitted is 7, a total of 8 HEW-
LTFs are transmitted, and when the total number of spatial streams to be transmitted is 8, a total of eight
HEW-LTFs are transmitted. The HEW SIG-C field includes an MCS value or the like as a transmission pa-
rameter for the HEW PSDU that is transmitted through the corresponding sub-channel.

In the same manner as the above-described HEW downlink PPDU transmission, a problem arises in that the
starting times of PSDU transmission are different from each other even in the case of HEW uplink PPDU
transmission (this causes misalignment between OFDM symbols, thus resulting in the problem of increasing
the implementation complexity of an AP that simultancously rcccives multiple PSDUs). To solve this prob-
lem, as shown in the following figure, the interval to which the guard interval G2 of the HEW PPDU format is
applied is fixed at HEW-STF and HEW-LTF (depending on the implementation, the interval to which the
guard interval G2 is applied may be limited only to the HEW-STF. Further, depending on the implementa-
tion, the interval may be limited to the range above the HEW-STF. Furthermore, depending on the implemen-
tation, the interval to which guard interval G2 is applied may be limited to ‘0’). After the interval to which
guard interval G2 is applied, guard interval G3 is equally applied to O or one or more HEW-LTFs, the HEW
S1G-C, and the PSDU for respective sub-channels depending on the transmission vectors for respective sub-
channels. Depending on the implementation, the interval to which guard interval G2 is applied may extend to
the HEW SIG-C field. In this case, guard interval G2 is used for some of the PSDUs transmitted by STA2,
STA3, and STA4, and guard interval G3 is used for the remaining PSDUs.
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1If MU-MIMO technology is applied when multiple terminals perform simultaneous transmission to a single
AP, performance may be further improved. Uplink MU-MIMO technology is applicable to the case where the
AP is capable of simultaneously receiving multiple spatial streams through multiple antennas.
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The above figure illustrates an example in which STA1, STA2, STA3, and STA4 simultaneously transmit
uplink data framcs to thc AP. In a proccdurc for performing simultancous transmission via uplink MU-
MIMO technology, a signaling procedure is conducted in advance in which the AP determines the terminals
that are sources of uplink data frame transmission and designates both the numbers of spatial streams trans-
mittable by the corresponding terminals and the guard intervals to be used for PSDU transmission. The above
figure illustrates the case where the AP determines the terminals that are sources of uplink data frame trans-
mission to be STA1, STA2, STA3, and STA4, and designates the numbers of spatial streams transmittable by
the corrcsponding terminals as 4, 2, 1, and 1, respectively.

L-STFs, L-LTFs, L-SIG fields, and HEW SIG-A fields have common values when the STA1, STA2, STA3,
and STA4 simultancously transmit uplink data frames to the AP (otherwise, the AP is incapable of correctly
receiving the corresponding tields). The HEW SIG-A fields include information about terminals that are the
sources of uplink data frame transmission and the numbers of spatial streams transmittable by the correspond-
ing terminals, thus allowing destination terminals to correctly receive the HEW-STF, HEW-LTF, HEW SIG-
B, and PSDU.

In the above example, the AP designated the numbers of transmittable spatial streams of STA1, STA2, STA3,
and STA4 as 4, 2, 1, and 1, respectively. If the STA1, STA2, STA3, and STA4 transmit PSDUs in conformi-
ty with the numbers of transmittable spatial streams designated by the AP, spatial stream information such as
4 spatial streams, 2 spatial streams, 1 spatial stream, and 1 spatial stream needs (o be included only in the
HEW SIG-A fields. However, if the STA1, STA2, STA3, and STA4 may randomly select the numbers of
spatial strcams to be actually transmitted under the condition that the randomly sclected number docs not cx-
ceed the number of transmittable spatial streams designated by the AP, for example, if 2 spatial streams, 1
spatial stream, 1 spatial stream, and 1 spatial stream are respectively used for actual PSDU transmission, in-
formation about the corresponding spatial streams needs to be included in the HEW SIG-B fields for indicat-
ing user-specific information. In other words, pieces of information about the numbers of spatial streams, that
is, 4,2, 1, and 1, are included in the HEW SIG-A fields, and function to indicate the HEW-STF and the num-
bers of HEW-LTFs (as in the above example, when the numbers of HEW-LTFs transmitted by the terminals
are identical to each other, information about the total number of HEW-LTFs actually transmitted, that is, 4,
may be included in each HEW SIG-A field without individually indicating 4 spatial streams, 2 spatial streams,
1 spatial stream, and 1 spatial stream). Further, pieces of information about the 2 spatial streams, 1 spatial
stream, 1 spatial stream, and 1 spatial stream are included in respective HEW SIG-B fields, thus indicating the
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numbcrs of spatial strcams that arc actually uscd for PSDU transmission.

Even in uplink MU-MIMO transmission, when the starting times of PSDU transmission are dilferent [rom
cach other, the problem of misalignment between OFDM symbols arises. To solve this problem, a method of
causing the numbers of HEW-LTFs transmitted in uplink MU-MIMO for all terminals to be identical to each
other may be used. In the above example, the terminals require the transmission ot 4, 2, 1, and 1 HEW-LTFs,
respectively, in uplink data frame transmission, but it can be seen that 0, 2, 3, and 3 HEW-LTFs are addition-
ally transmitted, respectively, so as to adjust the numbers of HEW-LTFs that are transmitted to be identical to
each other.

In the above example, the L-STF, L-LTF, L-SIG, and HEW SIG-A fields are transmitted using guard interval
G1, the HEW-STF, HEW-LTF, and HEW SIG-B fields are transmitted using guard interval G2, and the
PSDU is transmitted using guard interval G3. The guard intlervals G2 and G3 may be implemented using
fixed values or variable values. If the guard intervals (G2 and 3 are variable, information indicating the val-
ues of the guard intervals G2 and G3 is included in the HEW SIG-A field.
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The above figure illustrates another example in which STA1, STA2, STA3, and STA4 simultaneously trans-
mit uplink data frames to the AP. In a procedure for performing simultaneous transmission via uplink MU-
MIMO technology, a signaling procedure is conducted in advance in which the AP determines terminals that
are sources of uplink data frame transmission, and designates both the numbers of spatial streams transmitta-
ble by the corresponding terminals and the guard intervals to be used for PSDU transmission. The above fig-
ure illustrates the case where the AP determines the terminals that are sources of uplink data frame transmis-
sion to be STA1, STA2, STA3, and STA4, and designates the numbers of spatial streams transmittable by the
corresponding terminals as 4, 2, 1, and 1, respectively.

In the above example, the AP designated the numbers of transmittable spatial streams of STA1, STA2, STA3,
and STA4 as 4, 2, 1, and 1, respectively. If the STA1, STA2, STA3, and STA4 transmit PSDUs in conformi-
ty with the numbers of transmittable spatial streams designated by the AP, spatial stream information such as
4 spatial streams, 2 spatial streams, 1 spatial stream, and 1 spatial stream needs to be included only in the
HEW SIG-A field. However, if the STA1, STA2, STA3, and STA4 may randomly select the numbers of spa-
tial streams to be actually transmitted under the condition that the randomly selected number does not exceed
the number of transmittable spatial streams designated by the AP, for example, if 2 spatial streams, 1 spatial
stream, 1 spatial stream, and 1 spatial stream are respectively used for actual PSDU transmission, information
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about the corrcsponding spatial strcams nceds to be included in the HEW SIG-B ficlds for indicating uscr-
specific information. That is, pieces of information about the numbers of spatial streams, such as 4, 2, 1, and
1, are included in the HEW SIG-A fic¢lds, and function to indicate the HEW-STF and the numbers of HEW-
LTFs (HEW-LTFs must be transmitted such that the number of HEW-LTFs is adjusted to be identical to the
number of transmittable spatial streams designated by the AP even if the number of spatial streams that are
actually transmitted by each of STA1, STA2, STA3, and STA4 is less than the number of transmittable spatial
streams designated by the AP. Even if 2, 1, 1, and 1 spatial streams have been respectively used for actual
PSDU transmission, the numbers of HEW-LTFs to be transmitted by the STA1, STA2, STA3, and STA4
must be 4, 2, 1, and 1, respectively). Further, pieces of information about the numbers of spatial streams, that
is, 2,1, 1, and 1, are included in respective HEW SIG-B fields, thus indicating the numbers of spatial streams
that are actually used for PSDU transmission.

Even in uplink MU-MIMO transmission, when the starting times of PSDU transmission are different from
each other, a problem of misalignment between OFDM symbols arises. To solve this problem, the interval to
which the guard interval G2 of the HEW PPDU format is applied is fixed at HEW-STF and HEW-LTF (de-
pending on the implementation, the interval to which the guard interval G2 is applied may be limited only to
the HEW-STF. Further, depending on the implementation, the interval may be limited to the range above the
HEW-STF. Furthermore, depending on the implementation, the interval to which guard interval G2 is applied
may be limited to ‘0°). After the interval to which guard interval G2 is applied, guard interval G3 is equally
applied to all terminals for 0 or one or more HEW-LTFs, the HEW SIG-B, and the PSDU depending on the
uplink MU-MIMO transmission vectors transmitted by the respective terminals. Depending on the implemen-
tation, the interval to which guard interval G2 is applied may extend to the HEW SIG-B field. In this case,
guard interval G2 is used for some of the PSDUs transmitted by STA2, STA3, and STA4, and guard interval
G3 is used for the remaining PSDUS.

If uplink MU-MIMO transmission is performed together with downlink MU-MIMO transmission, downlink
throughput can be increased significantly.

The basic operation of downlink MU-MIMO transmission will be described below. First, an AP exchanges an
RTS frame and a CST frame with one of the destination STAs of downlink MU-MIMO transmission. Subse-
quently, the AP transmits a downlink MU-MIMO PPDU to the destination STAs of the downlink MU-MIMO
transmission. Herein, the AP scts the Ack Policy of the downlink MU-MIMO PPDU to Block ACK. However,
the AP may set the Ack Policy to Implicit Block ACK Request only for one of the destination STAs of the
downlink MU-MIMO transmission. In this case, the STA replies to the AP with a Block ACK frame an SIFS
after receiving the downlink MU-MIMO PPDU. The STAs for which the Ack Policy of the downlink MU-
MIMO PPDU has been set to Block ACK reply to the AP with Block ACK frames an SIFS after receiving Block
ACK Request frames. If the Ack Policy is set to Implicit Block ACK Request for two or more of the destination
STAs of the downlink MU-MIMO transmission, the plurality of STAs transmit Block ACK framcs simultanc-
ously, thereby causing collision. To avoid collision, the Ack Policy is set to Implicit Block ACK Request only
for one or none of the destination STAs of the downlink MU-MIMO PPDU.
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The above figure illustrates the afore-described basic principle of downlink MU-MIMO transmission. Before a
downlink (DL) MU-MIMO DATA PPDU is transmitted on a 40-MHz channel, an RTS frame and a CTS frame
are transmitted in 20-MHz channel duplicated PPDUs on the 40-MHz channel. The destination STA of the RTS
frame is one of the destination STAs of the downlink MU-MIMO DATA PPDU, STA1 and STA1 replies with a
CTS frame after receiving the RTS frame. The downlink MU-MIMO DATA PPDU transmitted by the AP in-
cludes PSDUs directed to the destination STAs, STA1, STA2, STA3, and STA4, and the Ack Policy of each
PSDU is set to Block ACK except for the PSDU directed to STA1. STA1 determines that the Ack Policy of its
received PSDU of the downlink MU-MIMO DATA PPDU is Implicit Block ACK Request and transmits a Block
ACK PPDU to the AP after an SIFS. To receive Block ACK PPDUs from the other destination STAs of the
downlink MU-MIMO DATA PPDU, STA2, STA3, and STA4, the AP transmits Block ACK Request PPDUs
sequentially to STA2, STA3, and STA4.

Improved performance of downlink MU-MIMO transmission can be expected from the use of uplink MU-
MIMO in a Block ACK PPDU reception procedure. For example, if all of the destination STAs of a downlink
MU-MIMO DATA PPDU support uplink MU-MIMO, the Block ACK PPDU reception procedure is simplified
as follows.
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The uplink MU-MIMO-based Block ACK PPDU reception procedure for downlink MU-MIMO transmission
will be described below in detail.

First of all, it may not be assumed that all of the destination STAs of a downlink MU-MIMO DATA PPDU sup-
port uplink MU-MIMO. Therefore, the destination STAs of the downlink MU-MIMO DATA PPDU need to be
classified into two types, Uplink MU-MIMO Supported STA and Uplink MU-MIMO Non-supported STA. Up-
link MU-MIMO-based Block ACK PPDU transmission may be requested to Uplink MU-MIMO Supported
STAs. On the contrary, only transmission of a legacy Block ACK PPDU (compared to MU-MIMO transmission,
it may be regarded as a Single User PPDU) may be requested to Uplink MU-MIMO Non-supported STAs. To
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rceeive Block ACK PPDUs from the Uplink MU-MIMO Supported STAs and the Uplink MU-MIMO Non-
supported STAs, the AP needs to sequentially transmit Block ACK Request PPDUs to the Uplink MU-MIMO
Supported STAs and the Uplink MU-MIMO Non-supported STAs.
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MU-MIMO Non-supported STA. If the destination STAs of a downlink MU-MIMO DATA PPDU include Up-
link MU-MIMO Supported STAs and an Uplink MU-MIMO Non-supported STA in this manner, the Ack Poli-
cies of PSDUs are set to Block ACK in the downlink MU-MIMO DATA PPDU. However, the AP may set the
Ack Policy to Implicit Block ACK Request only for one of the uplink MU-MIMO Non-supported STAs among
the destination STAs of the downlink MU-MIMO transmission. In this case, the STA replies to the AP with a
legacy Block ACK frame an SIFS after receiving the downlink MU-MIMO PPDU. Further, the AP may sct the
Ack Policy to Implicit Block ACK Request for one or more of Uplink MU-MIMO Supported STA s among the
destination STAs of the downlink MU-MIMO transmission. In this case, the one or more STAs reply to the AP
with uplink MU-MIMO Block ACK frames an SIFS after receiving the downlink MU-MIMO PPDU. The STAs
for which the Ack Policy of the downlink MU-MIMO PPDU has been set to Block ACK reply to the AP with
Block ACK frames an SIFS after receiving Block ACK Request frames from the AP.

If Uplink MU-MIMO Supported STAs are included in the destination STAs of downlink MU-MIMO transmis-
sion, the Ack Polices of PSDUs may be set to Implicit Block ACK Request for the Uplink MU-MIMO Support-
ed STAs. The AP may receive a plurality of Block ACK frames from the Uplink MU-MIMO Supported STAs
using different Channel Cstimation Sequences (HEW-STFs and HEW-LTFs) in uplink MU-MIMO, without
collision. However, it is still necessary to set the Ack Policy to Implicit Block ACK Request in the downlink
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MU-MIMO PPDU, only for onc or nonc of Uplink MU-MIMO Non-supportcd STAs includcd in the destination
STAs of the downlink MU-MIMO transmission.

In the above figure, the Ack Policies of PSDUs directed to the Uplink MU-MIMO Supported STAs, STAL, ST2,
and STA3 are set to Implicit Block ACK Request. On the contrary, the Ack Policy of a PSDU directed to the
Uplink MU-MIMO Non-supported STA, STA4 may not be set to Implicit Block ACK Request and thus is set to
Block ACK. The Uplink MU-MIMO Non-supported STA, STA4 replies to the AP with a Block ACK frame after
receiving a Block ACK Request frame from the AP.

If the Ack Policy of a PSDU in a downlink MU-MIMO DATA PPDU is Implicit Block ACK Request, the desti-
nation STA of the PSDU may transmit a Block ACK frame an SIFS after receiving the downlink MU-MIMO
PPDU using a PPDU type of Legacy PPDU or Uplink MU-MIMO PPDU. If the STA transmits the Block ACK
frame in an Uplink MU-MIMO PPDU, identification information that determines a dillerent Channel Estima-
tion Sequence (a HEW-STF, and a HEW-LTF) for use in uplink MU-MIMQO PPDU transmission is additionally
required. For this purpose, the present invention proposes that a UL MU-MIMO Sequence 1D field is included
in the QoS Control field of a PSDU in a downlink MU-MIMO DATA PPDU. If the UL MU-MIMO Sequence
ID field is 0 (or any predetermined value), Legacy PPDU is used as the PPDU type for transmission of a Block
ACK frame an SIFS after reception of the downlink MU-MIMO PPDU. On the other hand, if the UL MU-
MIMO Sequence ID field is 1 (or any predetermined value), UL MU-MIMO PPDU is used as the PPDU type
for transmission of a Block ACK frame an SIFS after reception of the downlink MU-MIMO PPDU. If a set of
Channel Cstimation Sequences (HEW-STFs and HEW-LTFs) is predefined for use in uplink MU-MIMO PPDU
transmission, a Channel Estimation Sequence (a HEW-STF and a HEW-LTF) is determined from the Channel
Estimation Sequence set based on the UL MU-MIMO Sequence ID, for use in UL MU-MIMO PPDU transmis-
sion.

In the above figure, the Ack Policies of PSDUs directed to Uplink MU-MIMO Supported STAs, STA1, STA?2,
and STA3 are set to Implicit Block ACK Request and UL MU-MIMO Sequence ID fields of the PSDUs are set
to 1, 2, and 3. STA1, STA2, and STA3 transmit Block ACK frames using different Channel Estimation Se-
quences based on the UL MU-MIMO Sequence ID, 1, 2 and 3, an SIFS after receiving a downlink MU-MIMO
PPDU.

‘When the Uplink MU-MIMO Supported STAs transmit the Block ACK frames in an uplink MU-MIMO PPDU,
the transmission times of the Block ACK frames should be same. This implies that the transmission MCSs
(Modulation Code Schemes) of the Block ACK frames transmitted in the uplink MU-MIMO PPDU should be
identical. For this purpose, the present invention proposes that a UL MU-MIMO MCS field is included in the
QoS Control field of a downlink MU-MIMO DATA PPDU. If the UL MU-MIMO MCS field is set, an Uplink
MU-MIMO Supported STA should transmit a Block ACK frame in an Uplink MU-MIMO PPDU, using a corre-
sponding MCS value. In addition, when the Uplink MU-MIMO Supported STAs transmit the Block ACK
frames in the uplink MU-MIMO PPDU, the Duration fields of the Block ACK frames have the same value. This
value is obtained by subtracting the transmission time ol a corresponding Block ACK [rame and an SIFS [rom
the value of the Duration field included in a previous received downlink MU-MIMO DATA PPDU.

The UL MU-MIMO Sequence ID field and the UL MU-MIMO MCS field proposed by the present invention
may be included in a VHT Control field, a HEW Control field, a Service field, etc. as well as the QoS Control
field depending on implementation.
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In the above figure, STA1, STA2, and STA3 are Uplink MU-MIMO Supported STAs, and STA4 is an Uplink
MU-MIMO Non-supported STA. Unlike the foregoing example, the AP sets the Ack Policy of a PSDU directed
to STA4 being an Uplink MU-MIMO Non-supported STA to Implicit Block ACK Request. In his case, the Ack
Policies of PSDUs directed to the Uplink MU-MIMO Supported STAs, STA1, ST2, and STA3 may not be set to
Implicit Block ACK Request and thus are set to Block ACK. The destination STA of a PSDU with an Ack Poli-
cy set to Implicit Block ACK Request, STA4 (ransmits a Block ACK [rame an SIFS aller receiving a corre-
sponding downlink MU-MIMO PPDU. In contrast, the destination STAs of PSDUs each having an Ack Policy
set to Block ACK, STA1, STA2, and STA3 reply to the AP with Block ACK frames after receiving Block ACK
Request frames transmitted later by the AP. Information indicating that the Block ACK frames transmitted by
the destination STAs may be configured in an Uplink MU-MIMO PPDU and identification information deter-
mining a Channel Estimation Sequence (a HEW-STF and a HEW-LTF) to be used in the Uplink MU-MIMO
PPDU may be additionally included in the Block ACK Request [rames transmitted by the AP. For this purpose,
the afore-proposed Uplink MU-MIMO Sequence 1D field and Uplink MU-MIMO MCS field may be included
in a Block ACK Request frame, and the information is included individually for the STAs that will transmit the
Block ACK frames in the uplink MU-MIMO PPDU. In the above figure, upon receipt of Block ACK Request
frames, STA1, ST2, and STA3 transmit Block ACK frames in an uplink MU-MIMO PPDU an SIFS after receiv-
ing the Block ACK Request frames. STA1, STA2, and STA3 use different Channel Estimation Sequences based
on UL MU-MIMO Sequence IDs 1, 2, and 3 in transmitting the Block ACK frames.
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This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
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technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call
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Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention ENHANCED DOWNLINK MU-MIMO PROCEDURE

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet
constitutes the claim for priority as required by 35 U.8.C. 119(b) and 37 CFR 1.55(d). When priority is claimed to a foreign application
that is eligible for retrieval under the priority document exchange program (PDX) lthe information will be used by the Office to
automatically attempt retrieval pursuant to 37 CFR 1.55(h){1) and (2). Under the PDX program, applicant bears the ultimate
responsibility for ensuring that a copy of the foreign application is received hy the Office from the participating foreign intellectual
property office, or a certified copy of the foreign priority application is filed, within the time period specified in 37 CFR 1.55(g)(1).

[ Remove |
Application Number Country i Filing Date (YYYY-MM-DD) Access Code (if applicable)
Additional Foreign Priority Data may be generated within this form by selecting the
Add button. Add

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition
Applications

This application (1) claims priority tc or the benefit of an application filed before March 16, 2013 and (2) also

contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March
[] 16, 2013.

NOTE: By providing this statement under 37 CFR 1.55 cr 1.78, this application, with a filing date on or after March

16, 2013, will be examined under the first inventor to file provisions of the AlA.

Authorization to Permit Access:

Authoerization to Permit Access to the Instant Application by the Participating Offices
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Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention ENHANCED DOWNLINK MU-MIMO PROCEDURE

If checked, the undersigned hereby grants the USPTO authority to provide the European Patent Office (EPO),

the Japan Patent Office (JPQ), the Korean Intellectual Froperty Office {(KIPQO), the World Intellectual Froperty Office {WIPO),
and any other intellectual property offices in which a foreign application claiming priority to the instant patent application

is filed access to the instant patent application. See 37 CFR 1.14(c) and (h). This box should not be checked if the applicant
does not wish the EPQO, JPO, KIPO, WIPO, or other intellectual property office in which a foreign application claiming priority
to the instant patent application is filed to have access to the instant patent application.

In accordance with 37 CFR 1.14(h){3), access will be provided to a copy of the instant patent application with respect

to: 1) the instant patent application-as-filed; 2) any foreign application to which the instant patent application

claims priority under 35 U.8.C. 119(a)-{d) if a copy of the foreign application that satisfies the cettified copy requirement of
37 CFR 1.55 has been filed in the instant patent application; and 3) any U.S. application-as-filed from which benefit is
sought in the instant patent application.

In accordance with 37 CFR 1.14(c}, access may be provided to information concerning the date of filing this Authorization.

Applicant Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 37 of CFR
to have an assignment recorded by the Office.

Applicant 1

If the applicant is the inventor (or the remaining joint inventor or inventors under 37 CFR 1.45), this section should not be completed.
The information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR
1.43; or the name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an
applicant under 37 CFR 1.46 {assignee, person to whom the inventor is obligated to assign, or person who otherwise shows sufficient
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should he

identified in this section.

(&) Assignee (O Legal Representative under 35 U.S.C. 117 (O Joint Inventor

O Person to whom the inventor is obligated to assign. O Person who shows sufficient proprietary interest

If applicant is the legal representative, indicate the authority to file the patent application, the inventor is:

Name of the Deceased or Legally Incapacitated Inventaor :

If the Applicant is an Organization check here.

Organization Name

NEWRACOM, INC.

Mailing Address Information:

Address 1 9008 Research Drive

Address 2

City Irvine State/Province CA
Country il us Paostal Code 92618
Phone Number Fax Number
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Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention ENHANCED DOWNLINK MU-MIMO PROCEDURE

Email Address

Additional Applicant Data may be generated within this form by selecting the Add button. Add

Assignee Information including Non-Applicant Assignee Information:

Providing assignment information in this section does not subsitute for compliance with any requirement of part 3 of Title 37 of CFR to
have an assignment recorded by the Office.

Assignee 1

Complete this section if assignee information, including non-applicant assignee information, is desired to be included on the patent
application publication . An assignee-applicant identified in the "Applicant Information" section will appear on the patent application
publication as an applicant. For an assighee-applicant, complete this section only if identification as an assignee is also desired on the
patent application publication.

If the Assignee or Non-Applicant Assignee is an Organization check here. []

Prefix Given Name Middle Name Family Name Suffix
Mailing Address Information For Assignee including Non-Applicant Assignee:

Address 1

Address 2

City State/Province

Country i Postal Code

Phone Number Fax Number

Email Address

Additional Assignee or Non-Applicant Assignee Data may be generated within this form by e
selecting the Add button.

Signature:

NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4 for signature requirements and
certifications

Signature |/Steve Y. Cho/ Date (YYYY-MM-DD)| 2014-11-14

First Name | Steve Last Name | Cho Registration Number | 44612

Additional Sighature may be generated within this form by selecting the Add button. Add
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Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention ENHANCED DOWNLINK MU-MIMO PROCEDURE

This collection of information is required by 37 CFR 1.76. The information is required to obtain or retain a benefit by the public which
is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This
collection is estimated to take 23 minutes to complete, including gathering, preparing, and submitting the completed application data
sheet form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark OCffice, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the attached form related to
a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised that: (1) the general authority for the collection
of this information is 35 U.5.C. 2(b)(2); (2) furnishing of the information sclicited is voluntary; and (3) the principal purpose for which the information is
used by the U.S. Patent and Trademark Office is to process and/or examine your submission related to a patent application or patent. If you do not
furnish the requested information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act (5 U.S5.C. 552)
and the Privacy Act (& U.S.C. 552a). Records from this system of records may be disclosed to the Department of Justice to determine
whether the Freedom of Information Act requires disclosure of these records.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a court, magistrate, or
administrative tribunal, including disclosures to opposing counsel in the course of settlement negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a request involving an
individual, to whom the record pertains, when the individual has requested assistance from the Member with respect to the subject matter of
the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for the information in
order to perform a contract. Recipients of information shall be required to comply with the requirements of the Privacy Act of 1974, as
amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records may be disclosed,
as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of National Security
review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U_.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or his/her designee,
during an inspection of records conducted by GSA as part of that agency's responsibility to recommend improvements in records
management practices and programs, under authority of 44 U.5.C. 2904 and 2906. Such disclosure shall be made in accordance with the
GS8A regulations governing inspection of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such
disclosure shall not be used to make determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of the application pursuant
to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37
CFR 1.14, as a routine use, to the public if the record was filed in an application which became abandoned or in which the proceedings were
terminated and which application is referenced by either a published application, an application open to public inspections or an issued
patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law enforcement agency, if the
USPTO becomes aware of a violation or potential violation of law or regulation.
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HEW STA ©] HEW AP ol 3 %814 =8, HEW AP &= 8% HEW STA oIl A Group ID 2+ 2+2+2] Group ID
H 2 & HEW STA ©] STA Position 3 H.& gg-gh},
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sub-channel H 2 =@ o HEske Zlo] uhgA st ojeldh f4 o oty Z1¥ el HEW-SIG-B
= Z+7+9] sub-channel ' & spartial stream g A B S E 335, Group ID, Ngrs 9 &2 HE &2 MU-
MIMO 2] 19 group (Group ID)oll &3l STA Eol thaA HEE spatial stream |5 Ngg)E
vheERA T

1

mui
o,

1

N
A3
1o

rd N oy de
N

2R &

e g

HEW- | HEW- HEW HEW- § HEW- | HEW- | HEW- HEW
STF LTF SIG-B LTF LTF LTF LIF SIG-C

HEW- | HEW- HEW HEW. § HEW- | HEW- | HEW- HEW
HEW STF LTF SIG-B LTF LTE LTF e SIG-C

SIGA | ppw- | HEW- | HEW  { HEW- § BEW- § HEW- | HEW- [ HEW
sve | orF | sioB §outE Louwe § e | or | osiGo

HEW- | HEW- HEW HEW- | HEW- § HEW- | HEW- HEW
STF LTF SIG-&8 LTE LTF LTE LTF SIG-C

to & HEW-LTF ©| 39l %%+ HEW-SIG field & PSDU ¥ & MCS % B 9} PSDU Length A H &
=3

PSDU (AP to STAS)

PSDU (AP to STAS)
L-8TF | LLTF | L-8IG

PSDU (AP to STAZ, STA4)

PSDU (AP to STA1T, STAZ)

=154

14

b

a}
=

ot

L-STF, L-LTF, L-SIG, HEW SIG-A ¥, 64 FFT < H}%2 2 40us 2 °]¢ OFDM symbol B8 T4 F )
o], lr}+2] OFDM sysmbol < 0.8us & Guard Interval (GI) t< 712 ™, o]s} FH oM = o] ¥ %t Guard
Interval 1< Gl &2 A o3} ¢t}

olo]Aq A4, HEW-STF, HEW-LTF, HEW SIG-B, PSDU + 256 FFT < nlgo & 3 l6us 4o]g
OFDM symbol 2 T4 ¥ (314 %, Guard Interval 7ol v}&} OFDM symbol duration & ®74 & <
ATh. olm, 3] OFDM symbol & F+3F M2 F &7 Guard Interval (GI) &t 712 5= slth A
WA, Guard Interval & HEW-STE, HEW-LTF, HEW SIG-B ©] OFDM symbol ©| % €5+ gkolw] o}z
O E o]83F Guard Interval #4S G2 B AT F WA, Guard Interval & PSDU ¢ OFDM
symbol | H&¥ = gholH, ot T oM o235l Guard Interval 7HS G3 2 A&t th G2 ¢ G3
#e AR DAY, BE O 5 vk B3 6L 3 O E2A G2, G3 © 2AH #hol ohdef 4z
&5 PPDU A5 HE o whef 7bHd 5 Utk ol & 91, Gl ©] 0.8us & ZAFHATHHE, G2 ¥ 3.2us,

4 AT EREE X
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1.6us, 0.8us, 0.4us o] dJ=2 AE H 4 o} vFR IR 2, G3 E3F 3.2us, 1.6us, 0.8us, 0.4us 59l
g A8 4 otk aE|ar, AEE G2, G3 ahs AAISH] $1%F Al1E % JEE HEW SIG-A
ZkE 4 9ok G2,G3 el A" HA HH, W G2, G3 32 #ld it AE%H= BE OFDM sym-
bol ©l| th3l], 23+ =& sub-channel ol T3l FE4 o2 A 8w}

HEW- § HEW- | HEW- | HEW. | REW- | HEW
e L urF § urF | wF | R | sice PSDY (AP o STAS)
HEW- | HEW- | HEW- | HEW- | HEW- | HEW
mew | stF § o L uE | uoF | TF | siee
SIGA | HEw- § HEW- | HEW- | HEW- | HEW. | HEW « ‘

STF L L7F \ LTF § L7F | 1TF | 8168 PSDU {AP to STAS, STA4)
HEW- § HEW- | HEW- | HEW- | HEW- | HEW
stF § LtF | ute § uF | urF fsies

PIDU (AP to STAS)

L-8TF | LLTF | L-BIG

PSRV (AP to STAT, STAZ}

l—— Coard interval = G ——el——o——— Guard Interval = QF > Gulard Intorval = 88—

&

ol

E dbgol A, G2, G3 gko] o] A2 tE A PSDU Ab A& o] HAsl#] oo 7+7Fo] gub-channel
% =] hu]

R

vt} AE% 5 OFDM symbol timing ©] A2 4|3} Iy (L I A= R0 P et
o] B wbrgol A A ¢kl HEW PPDU format < AF8-3FA ®W, Z+2+e] sub-channel © t$t PSDU
HAE Aol Td3te] G2, G3 #holl 9§k o w g A4l = EAY kA A H

E by o)l A A ¢kslE HEW PPDU format & TFHE A A ¢ & PSDU A5 A o] B AFFA] &8 AF3lo] A
Z+7} 9] sub-channel P} T} %145 & OFDM symbol timing ©] 43 A F2 @ 5 A& FHE A5
Aokttt o] A A ekoll (1] 1™ #3) HEW PPDU foramt 2] Guard Interval G2 7F 283 & 7719
Aol 7I3te ZAo® Fo] Qv &, HEW-STF, HEW-LTF, HEW SIG-B ¢ A& T3] Zol&=
A& == PPDU A& ¥ o wha} 7}%% T UATE SFAIRE, AN FA Al A2, off 2H T o)
HEW PPDU foramt ¢ Guard Interval G2 7} 48 % & F3HS HEW-STF, HEW-LTF & 31733t 3loltt
(& el WEkA Guard Interval G2 71 483+ 7S HEW-STF Tho & 3hgah 4= gl HEgh 3

kA o]kl thE grew A F vk w3, el WA Guard Interval G2 7t A8-¥ =
TS 022 34 3 4 9lth). Guard Interval G2 7} A8 HE | T7F ©] 2, Guard Interval G3 7
7}7}9] sub-channel ¥ A% WE el wel 7] EE 1) ©]4ke] HEW-LTF, HEW SIG-B, PSDU ol t3]
sub-channel ¥ & 5 A 3}A 4w},

HEW SIG-A v} 2 T}l A3+ A A OFDM symbol ©l| th$F Guard Interval %, & Guard Interval G2
+ 2" gog Aste Fo] 4 @] decoding complkity & &Y 5 ATh AL G1, G2 9
T EA G3 & 2AH gho] o e Z2be] MEE = PPDU A% #Eo whef /b E 4= Stk d & &
Gl ©] 0.8us & LA FAIL G2 7} 3.2us, 1.6us, 0.8us, 0.4us Z-ol| shvhe] gro s A HJATHAE, G3 &
3.2us, 1.6us, 0.8us, 0.4us =l o2 A= Hu AHE G3 S AASH7] 93 Al 289% FE7F HEW
SIG-A o] £5E =+ it

”SET";’ H&‘Q’ g‘lé"\é PSDIU (AP to STAS)
W HS‘ETVg" “&‘2’ ;g"\a PSDU (AP 1o STAS)
PRI ESE siea ugw Vhew. | Hew. | aEw PSDU (AP lo STA3, STA4
STF § LYF ) LTE § 3168 ATIe SEAS, }
HSETV;’" Hﬁf‘{vg “fr": Hg‘g H&‘g" ;E“"é PSDU (AP 1o STA%, STAZ)
l——  Guard intoival = G —— = Gl = G2 —ee Guuanrd intarval = (52 -

$1o] Eel A Tl wheEl, Guard Interval G2 71 485 & F7HS HEW-STF, HEW-LTF ©]/42] t}

il

5 YA A § 5

d
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&

T Ata HAES T o) 282 Guard Interval G2 7} -85+ T7Fo] HEW SIG-B
5 Kol T3 ik o] A9, obg] 1™ elA & 4 9ol STA3, STA4, STAS, STA6

A X = Guard Interval G2 7} AF8-5H 2, Y X PSDU + Guard Interval G3 7}
ARE-E A ok o] A S thEA At
M2 & Guard Interval ©] AHEE 4
TFRrol 54 o2 kg H F9, T
AL Bl A2E™ € 5 ol

shte] PSDU &l ololA] 5= 7 o] 9] dE -3k 3|
S on|gitt 2] W oll A, Guard Interval G2 7} A&+
L BE GadETTe AbA ve] A 5 A B HEW SIG-

Fpsin AR to STAG)

RSB AP 10 STAS)

DLSTE | LLTF LG
1 HEW
SiG-B

| OPEDU (AR o §TAS, STAS

HEDW- HEW- HEW- HEW- HEW- HESA!
ERES

STF LTF LTF LTF LTF FISDLE (AR 1o STAT, STAZ)

40/80/160MHz channel bandwidth ol 5] HEW PPDU format <& T&-3 72t}

ol 1, 2bA AekgE T 71X HEW PPDU format % PSDU <5 A o] U =S Aekgk A HA
HEW PPDU format < 2 7] ©]42] 20MHz channel Sl W&} &3k Fo|t} 40/80/160MHz channel
bandwidth 2 &% wl, HEW PPDU format ©| =A%+ F&& gtk skx| v, Z-2Fe] 20MHz channel
E¢ll i8] A, OFDM Symbol Duration, Guard Inteverl < A] & 5 3]

ol 1¥ 9] o} % 20MHz channel |41, L-STF, L-LTF, L-SIG, HEW SIG-A 2] OFDM Symbol Duration
< S1, Guard Interval & G1 ©] 31t} ©] 4%, £1%: 20MHz channel /\1 L-STE, L-LTF, L-SIG, HEW SIG-A
2] OFDM Symbol Duration, Guard Interval Al 5 L34 S1, Gl 7F 2 = 5

ol 23 9] o}gf|& 20MHz channel ©ll 4, HEW-STF, HEW-LTF, HEW SIG-A 2] OFDM Symbol Duration
2 82, Guard Interval <= G2 ©] it} ¢] -5, $1%: 20MHz channel °l| /\1 HEW-STF, HEW-LTF, HEW SIG-A
2] OFDM Symbol Duration, Guard Interval 9 Al 5 UskA 82, G2 7F HE & 4 9}

ole]l 1 9] o}&ll%: 20MHz channel &l 41, PSDU 2] OFDM Symbol Duration <= S3, Guard Interval < G3
173t} o] A% 145'7: 20MHz channel °|4] PSDU ¢] OFDM Symbol Duraton, Guard Interval < A]
TYUBA S3,G3 7 HE B 5 ATk

%]

o

1718 o] sli}be] 20MHz channel ©l| 4] OFDM Symbol Duration, Guard Intervl ©] 64 FFT 7|Hko &
T o] AFHETH, ©-E %] 20MHz channel ©l| A OFDM Symbol Duratlon Guard Intervl & A] 64
FFT 7|Wo 2 g o] dFHofof & on| gt} o] A& th2 A H3hd, o] = 3Fvhe] 20MHz channel

ol 4] OFDM Symbol Duration, Guard Intervl ¢] 64 FFT 7|HFo & ?‘J‘JQ‘H HAEHEGH, thE oA
20MHz channel 4] OFDM Symbol Duration, Guard Intervl 2 256 FFT 7|¥to & A o] HEE
e or et

SRR, FE el whet Z-2b2] 20MHz channel ©f] o) 8k OFDM Symbol Duration, Guard Interval &, = 0]—%
™A S2, G2, 83, G3 #e Z-7be] 20MHz channel ©f] thel] 24 AAE &% 9. GFuE, =2
20MHz channel | tha] S1, GL & 34 ZAH gholth) 28y, o] A-$ol%= 3}+2] 20MHz channel
oFoll A 82, G2, S3, G3 72 Z+2+e] sub-channel P}C} 54 3 ghol ] &-H ),

6 iz A8
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Symibol Duration = 81 Symboi Duration « 82 Symbol Duration = S8
- —_— - s —
Guard intarval = G1 Gus coval = G2 Guard Interval = G3

HEW- | HEW- | HEWS | HEW- | HEW- | HEW .
STF } L7F | UIF | LTF | L7F |SIG-B PSDU (AP o 5TAIZ)
HEW- § HEW. | HEW- | HEW- | HEW- | HEW
mew | sTE §oaF L 3F | oF | OF | sies PSDU (AP0 STAM)
LSTE | LRI LS6 1 giga [Thew §new. ) HEW. ¥ HEW. | HEW. | HEW
STF L 17F } 4TF | LTF | L7F |SIG-B PEDU (AP 1o STAS, STA10)
HEW- § HEW. | HEW- § HEW- | HEW. § HEW o v
stF § 43F | 7§ u7F | LTF {sies PSDU (AP to STAZ, STAS)
HEW- \ HEW. | HEW. | HEW- | HEW- | HEW ,
stF § L7F § uTF | uF | uF | sies PSDU (AP ta STAG)
HEW- } BEW- | MEW- | HEW. | HEW- | HEW
| owew | ste e} oF | wF | uF | sies PSDU (AP to 8TAS)
LOTP | LATE | LS8 | SicA [Thew. U new. § Rew. § HEW. | HEW. | HEW
sTF \ LTF Y t¥F § uF | LT | sieB PSDU (AP to STA3, STA4)
HEW- \ REW- | HEW. ) HEW. | HEW. | HEW T,
STF { F | &7F { LTF | WF {SIGB PSDU (AP 1o STAT. STAZ)

Syrnhod Duration = 51 Symhol Duration = 52 Symbol Duration = $3
‘ ) e »le S
Guard Inlerval = G Guard intarval = G2 Guard interval = 838

olg 2L, g A¢rst T 71A] HEW PPDU format 5 PSDU A% A o] S U3 A FL Asho] A
Alekgt T WA HEW PPDU format = 2 7 ©]4e] 20MHz channel ol os &4
40/80/160MHz channel bandwidth 2 242 w], HEW PPDU format ol <= = 382 gl 5hA
Z}2} 2] 20MHz channel £ °l| t&}4, OFDM Symbol Duration, Guard Intever] < /\1 2 Fdsfof gk

ol 1¥ 9] o} % 20MHz channel |41, L-STF, L-LTF, L-SIG, HEW SIG-A 2] OFDM Symbol Duration
& S1, Guard Interval & G1 ©] 1t} o] 75, $1% 20MHz channel ]| /\1 L-STF, L-LTF, L-SIG, HEW SIG-A
2] OFDM Symbol Duration, Guard Interval & A 54317 S1, Gl 7F H& & & A}

olg] 1 2] o}#l| & 20MHz channel °ll 4, HEW-STF, HEW-LTF 2] OFDM Symbol Duration 2 S2, Guard
Interval < G2 ©]$it}. o] 49, $1%; 20MHz channel ©l 4] HEW-STF, HEW-LTF 2] OFDM Symbol Dura-
tion, Guard Interval 9] 5 A3}IA 82, G2 7} B & <= A}

obgf] 13 9] o} @& 20MHz channel ol A, Z-2}2] sub-channel ¥ 4 e ol wle} 0 7] = 1 7] o] A9
HEW-LTF, HEW SIG-B, PSDU 7} #5531 ©] 7]|Zkel| tha4 OFDM Symbol Duration < 83, Guard Inter-
val & G3 °o|%lt} o] A, $1% 20MHz channel oﬂ/\i HEW-LTF, HEW SIG-B, PSDU 2] OFDM Symbol
Duration, Guard Tnterval 9 A] T 3kA 83,G3 71 HE & vk

o] A& o= &}l 20MHz channel °l| 4 OFDM Symbol Duration, Guard Intervl ©] 64 FFT 7|HFo &
TAHo] AEEThE, o2 U x] 20MHz channel ol 4 OFDM Symbol Duratlon Guard Intervl G A] 64
FFT 7|Wo 2 g o] dFHofof & on| gt} o] A& th2 A H3hd, o] = 3Fvhe] 20MHz channel
ol 4] OFDM Symbol Duration, Guard Intervl ¢] 64 FFT 7|4l & ?‘J‘JQ‘H HAEHEGH, thE oA
20MHz channel |41 OFDM Symbol Duration, Guard Intervl < 256 FFT 7|92 FAE o] HFd 4
e or et

SRR, FE el whet Z-2b2] 20MHz channel ©f] o) 8k OFDM Symbol Duration, Guard Interval &, = 0]—%
™A S2, G2, 83, G3 wbS Z7+] 20MHz channel o W3l o2 A AAE 7% vy (AR, 2
20MHz channel T3] S1, Gl & 34 ZAHH gholth) T8y, o] F$-ol= 3t 20MHz channel
Qtell A 82, G2, 83, G3 7+ 7+7}9] sub-channel P10} 54 & ko] A &-H T}

7 WA 4 g%
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Syrabol Duration = 51 SO =52 Symbol Duration = 82 .
Guard iInterval « G1 < ci-g2 " Guard Interval < G8 -
HEW. § HEW- § HEW .
Ps
B MR- e SDU (AP fo STATZ)
HEW HSE‘IYg- Hfrvg é’.i"‘g PSDU (AP Lo STATT)
LSTR | LATF | LSIG | gian [Tegwe T hews ¥ omwe Y HEW
. ) 3 R .
e Ve LA Lsios PSOL (AR to STAD, STA1D)
HEW- § HEW- | HEW- § HEW- | REW- § HEW .
stF | t1F | 17F { uIF | LtF { sicB PSOU A% 1o STA, STAR)
HEW- § HEW- | HEW A "
STF § LTF | SIG-B FSDU (A fo STAB)
HS‘;";" HET"FV gg"‘é PSDU (AP to STAS)
LSTF | LLTF | LSIG gg’\; YETTR B s gy
STF LTF LTF SIG-B PSDU (AP 1o STA3, STA4)
HEW- § HEW- | HEW- § HEW- | HEW- § HEW
STF § LTF | LTF § LTF | LTE § SIGB PSDU (AP o STA1, STAZ)
Symiad Duration = 81 . S0 =82 Syrmnad Duration = 6:0 .

Guard interval = G Gi=@2 o Guard Inferval = G38

o] vho] sjuhe] AP 2 M & FA] AEE 8= HEW Uplink PPDU Aol 45, oA #|eksk
HEW PPDU format < e @83 4 o} ot 2718082 g sfoksts ﬁt, Downhnk HEW
PPDU %3} th= 7 7L7LQ sub-channel °l ¥ HEW STA E©] X35} spatial steam <ol th gl
B 7} HEW SIG-A °] Z&4 & fithe slo|th R4 22 HEW SIG-A o+, 54 d45 ¥ HEW
PSDU ° tigk s 5H dF FefelgEc] EZHT}. Spatial stream, MCS, STBC 53 #& A%
s E E& 455 HEW PSDU 2t2tel| djal] A& th& k& 712 4 Stk kA AQkgk HEW
PPDU format 9|4 % s}etrlE{ S o] A<$5 = HEW PSDU ZHz}bo]| te] M &2 th& 49 PSDU & Aol
A5 %= HEW SIG-B o 28E 7S A ¢tsisltt. MCS 7) olel &l g3, HEW PSDU 272 A&
THE MCS #= 7F2 4= it} 18y, spatial stream, STBC 9 2 7%, HEW PPDU format °l| 4] pre-
amble ¥} PSDU ol thgh +4 HRE Zlsted 2.5 J&S kot Spatial stream, STBC &] F3¢ol]
w2}, HEW-LTF ] 7<=7F 27 % 7] o]t} v}k, spatial stream, STBC $F 22 - HEW SIG-B
olde] dEdE Hart 3l

ok W-420] whbo] ko] AP B M E BA] AFE 42305+ HEW Uplink PPDU A4 A, AP
7}+2] sub-channel ©l| ¥ HEW STA £ ©¢| #<538} spatial steam & XA 51 HEW STA E0] o] &
ZA WEEE TREZS U0 3tpd, BE HEW STA & o8& 3% AR 155t 5Y
BE 74 HEWSIG-A & AT 4 vt o] 45, A #|¢FgF HEW PPDU format ©l] ofw ¢k ¥ 7
TE A e

ook mm X

a2 %] gvpbd, T3} 7S HEW PPDU format ©] Uplink PPDU A 4ol AL-g & o] of glt}, o}l 17 ol A
A ks HEW PPDU format &, ¢hA #|ekst HEW SIG-A, HEW SIG-B, HEW SIG-C & Bl& Uplink
PPDU Aol A5l A o) th. HEW SIG-A ¥ 20MHz channel ©$] & A4 Y, BA] A45 = HEW
PSDU ©| th3l T2 At sete e ES La3ith whabd, 21219 sub-channel o] 3% HEW STA
Eo] A535FE Uplink PPDU ©ll thell Al HEW SIG-A 7HA & 543k A B 7} A5 o] AP & dtol &
SEE A TEYES vl 518 4 914 3t} HEW SIG-B += 20MHz channel ol 4] sub-channel
G2 A, Z+2-9] sub-channel 2 A% = HEW PSDU A% S]] %A sub-channel 7} o} A &
oE #E @S 71 4 9tk HEW SIG-B ©l & 3| sub-channel & 5%+ HEW PSDU 2] spartial
stream, STBC o 3t AR E Fasfof 3t} wtek EA sub-channel o4 MU-MIMO 7} ARg-F o]
ZIthH, HEW SIG-B & MU-MIMO A% 250 &3¢ 92S o ¥5H dd Jurt 2gH
HEW SIG-C +, HEW SIG-B ¢} 54 %l sub-channel & AF-&3 A% ™, MCS 9 Packet Length 9} 2
AW E 7HAT whek 54 sub-channel o4 MU-MIMO 7} AR8-% o] At HEW SIG-C £ MU-MIMO
Ad aFol £33 s i e 2 247+e] HEW PSDU ol t8h A 2 78 A< A% F R 7} E3tec)

8 A A g
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HEW-
LTF

HEW-
LYF

PESDU{STAL WwAP)

PROU STAS 10 AP}

LS | wE | oews |
: | : 3 HEW.
LIF

HEW-
LTF

PEOUSTAZ th AP

PSDU {STAT tn AR)

219 132, HEW Uplink PPDU “d&ol] #3F o Al 24 STAL, STA2, STA3, STA4 7} ‘5 A]ol| AP & HEW
PPDU & AE3l 31& Ho] £1) STAL = 4 spatial stream, STA2 £ 2 spatial stream, STA3 & [ spatial
stream, STA4 £ 1 spatial stream S AP & A3ttt Z L Ho] £t} HEW Downlink PPDU <53}

"] a3 A, HEW SIG-A ©]$-o HEW-STF, HEW-LTF 7} %45 3l oJojA HEW SIG-B 7} &% & A&
& < 31t} HEW SIG-B l|i= number of spatial streams (or number of space time streams), STBC A}-8-
o] 75 YeR &= J By ZEHTh o] & B8] HEW SIG-B ©| $-o &% & HEW-LTF 9] /|58 & ¢
Atk E Ao AA HAEHE spartial stream 57 F 2 ) A AE, HEW LTF + = 2 7§17}
A, A4 AE 9 spartial stream 57 & 37] & 49 HEW-LTF ¥+ % 4717} d$9w, A4
X% %+ spartial stream 7} & 47 & ﬁ—r HEW-LTF © % 417} A5 ™, A4 A53 5 spartial
stream 77F & 570 & A HEW-LTF + % 6 7117} A= w, A 5%+ spartial stream 57} % 6 71|
4 A9 HEW-LTF & % 6717} A45H, Xdiﬂ A% 5 spartial stream 571 & 7 7] & 7% HEW-LTF
= F 8707 AeH, AA A$H = spartial steam 7F F 8 7] ¥ F$- HEW-LTF += & 8 7|7}
AEHe 2L A bt HEW SIG-C =, 313 sub-channel & &%= HEW PSDU o thgh %
atehe B 2 MCS k5 e] Z3E T

94 HEW Downlink PPDU < 3 & 3tA|, HEW Uplink PPDU &l A %= PSDU & A 2F 213 o]
A2 FE A= TA4 7 AT (0] 72 OFDM symbol mis-alignment 58510 &54=2] PSDU < 5 4] <
TFASE AP 9 T BT S E EPXﬂ & HAAZIT) o] 2 gk EA41E S 20}7] $138l, HEW Up-
link PPDU ol 4 A%%+= HEW LTF ¢ =& sub-channel B & T Y3} A W HE AMEE 5= 9t
1] oAl A, Z2+¢] sub-channel tﬂif 4,2, 1, 1 71e] HEW-LTF d¥o] A4 8FHA|TH HA
FAE == HEW-LTF & & A5t 2t57] 919 0, 2,3, 3718 HEW-LTF 7} F7}4 02 HAEH &=
e & UTh

REW. | HEW e .
priil PEON (5784 10 AP
: i : : - e S (STAS 10 AP}
P | O siee |
DLETE | AT |00 | o e e s s
: : i P HEW. | REW. : ot e
! aF e sien | PEDU (STAT 0 AP)
HEW- | HEW. | HEW. | HEW- | HEW | T TSRS 1 B
LTF | 4TF | UF | LTF | 50 FEDU (STAT I A

219l 192, HEW Uplink PPDU <ol #3gk o} 2 oA 24 STAL, STA2, STA3, STA4 7} T Aloll AP &2
HEW PPDU & 53l 78 X o] S0} STAL &= 4 spatial stream, STA2 &= 2 spatial stream, STA3 & 1
spatial stream, STA4 £ 1 spatial stream S AP & A 53l 31S Hof £} HEW Downlink PPDU <53}

H] 1L 3|4, HEW SIG-A ©]$-¢ll HEW-STF, HEW-LTF 7} ﬂ—gﬂ o]o] Al HEW SIG-B 7} &5+ A&
& < 31t} HEW SIG-B l|i= number of spatial streams (or number of space time streams), STBC A}-8-
o2& el & ARyt LT o] & 58] HEW SIG-B o] -0 A% 5= HEW-LTF 9] /|55 <&
Atk E Ao AA HAEHE spartial stream 57 F 2 ) A AE, HEW-LTF = % 2 77
A+, A4 AL spartial stream 57 2 37] & 49 HEW-LTF &+ % 4717} A$9w, A4
X% %+ spartial stream 7} & 47 & ﬁ—r HEW-LTF & % 4 717} Xq—&—ﬂﬂﬂ A A== spartial
stream 57} & 5 7] 4 4% HEW-LTF &+ % 6 7|7} A%, A A A% 5 & spartial stream =71 & 6 7]
4 A9 HEW-LTF & % 6717} A45H, Xdiﬂ A% 5 spartial stream 571 & 7 7] & 7% HEW-LTF
= F 8/ AgHY, AA AEHE spartial stream =7F F 8 7} 2 F$- HEW-LTF & & 8 7|7}
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A5 AL A¢kdtd HEW SIG-C +, 31% subchannel 2 A% %+ HEW PSDU o tf3t A%
stebr B & MCS 3h5-o) 323

%4 HEW Downlink PPDU &3 -5 317, HEW Uplink PPDU <ol A = PSDU A5 A& A5 o]
A2 geA & TA7F A (01 22 OFDM symbol mis-alignment - 331o] &2] PSDU & & A<l
FASHE AP o 7 BRI SUFEE HAE EAAIZI) o8k EAlS ddsty] e, o
a# 3} zho] HEW PPDU foramt € Guard Interval G2 7} A 8§35 F+7+& HEW-STE, HEW-LTF &
a2 sk Zolth (FH| wWERbA Guard Interval G2 7 A 8% & F3H& HEW-STF WHo & ST 4
ATk gk FFE o waka o] e gro R dA T g vk Hgh, ol Wb Guard Interval
G2 7t AEHE 1S 0 o2 34 & 4= 9lvh). Guard Interval G2 7} A 8-% &= d) 73 0] 52, Guard
Interval G3 7} Z2+2+2] sub-channel 'H <5 #HEo] whel 07 £+ 1 7] ©]42] HEW-LTF, HEW SIG-C,
PSDU ¢l th3] sub-channel B2 T A3tA A8Hth F+dol walA Guard Interval G2 7} &85+
T3Zre] HEW SIG-C 7HA &= & = 9lo, o] Z-$- STA2, STA3, STA4 7} H%3}= PSDU 9] U+
Guard Interval G2 7} AF8-% 12, =] PSDU & Guard Interval G3 7} AR5 Al F T

AN HEW- HEW HEW- HEW
FF

Loer SiG-8 oF | osieo PEDU ST 0 AR}

DopEwe 1oHEW HEW REW- | HEW
e 5

P et e A PS1U {§TAS 10 AP)

HEW
834 HEW- | HEW. § Rew
LTF | ATF | S0

HEWG- | HEW.- | REW- | HEW. }
LTE LTF LTF LF

PE0L (STAZ tn APy

PSDUTSTAY to A

B9 gito] sfube] AP R MR FA AE5S ST MU MIMO 7] =& A88H Hd Bo} 5
A% S o] 2 §° 9tk Uplink MU-MIMO 7] 48, AP 7} B5:¢] ¢t U & S8 E529] spartial stream
< Ao A S 9l A 9ol 8 7hEsih
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§L~~:-TF TF s HEw - m-\.z' MEVL R RN L ey

PSR (5TAD 12 AR

LeLTE L8z

PRI (ETAS s A7)

HEW MEW- BEW. § HEW EW R M

REW HE- HEW- MEW. §OHEWY R WEwe
BIG-A 8IF ire WTE [As3 LT SiGE

LSTF | LATE D LS

P30UL (5TAZ 0 AR

HEW FHEW- HEW- HEW. RN L

sGa LostE § oA Doive o PECUIRTA I A

D LatF | oLiIr | oLaens

o] 19 &, STAIL, STA2, STA3, STA4 7} 5 Aol AP & Uplink DATA frame & A&t A& WO
3L At} Uplink MU-MIMO 7|&& B3 54 AES Fdste gl A, AP 7} Uplink DATA frame
A didde] HE 9dHES A4 Y dHES] AS 7153} spartial stream 75 2 PSDU A 5]
AH8-E Guard Interval B A% 3 signaling 33 o] A H otk ¢ ZHE, AP 7} Uplink DATA
frame A& tdo] ¥ WiES STAL, STA2, STA3, STA4 52 2433 @ ©HEe AL 7153
spartial stream 7| =5 212} 4 spartial stream, 2 spartial stream, 1 spartial stream, 1 spartial stream = =] g F
780l th,

STAIL, STA2, STA3, STA4 7} 5 Aol AP & Uplink DATA frame 5 <% W, L-STF, L-LTF, L-SIG,
HEW SIG-A field 52 25 58 #& 7Pddh (2297 ZtdE, AP & 83 field 85 202 21814
S350} ) HEW SIG-A field ©l & Uplink DATA frame <5 tiAbo] B bis a8l s dZE9] g
7}& &t spartial stream 7| = g W7} A 8HE o] 5% @& o] HEW-STF, HEW-LTF, HEW-SIG-B, PSDU &

2ube a8 5 oA sk

$ o] o Alol A, AP 7} STAIL, STA2, STA3, STA4 ol Al 22} 4 spartial stream, 2 spartial stream, 1 spartial
stream, 1 spartial stream & A% 715 3 spartial stream 75 = =] A 3FH T 72k, STAL, STA2, STA3, STA4
7} AP 7} A7 F A< 715 $) spartial stream 7H <ol BH=0] PSDU & #5381t} | 4 spartial stream, 2 spar-
tial stream, 1 spartial stream, 1 spartial stream 3} 752 spartial stream 7 B 1= HEW SIG-A |5+ 2 &=
Ha7F At} sHA R STAL STA2, STA3, STA4 7} AP 7} A A43 A% 7153 spartial stream /|55
23R b 27 A A A AE T spatial stream 5 Y2 HET 4= gvbd, o & £ 2 spartial
stream, 1 spartial stream, 1 spartial stream, 1 spartial stream ©] 2 #] PSDU Z %ol Z}2t AL-8-E QIobHE | d
spartial stream “d X 7} user-specific information & #| A3l HEW-SIG-B o &2 HQ 7} 9t} &, 4
spartial stream, 2 spartial stream, 1 spartial stream, 1 spartial stream & “J B 7} HEW SIG-A ol X &% o]
HEW-STF, HEW-LTF ¢] 7|58 A3t H&E st (919 oAl o] ddEo] HAFsh= A4
HEW-LTF &] 7|57} 5438t 79 4 spartial stream, 2 spartial stream, 1 spartial stream, 1 spartial stream &
R AAEA] 3 A A A o7 e WA HEW-LTF 7155, & 4 7} HEW SIG-A o] Z3HE 4= 9lth
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Z1¥] 1, 2 spartial stream, 1 spartial stream, 1 spartial stream, 1 spartial stream © U<t % X 7} HEW-SIG-B il
N A o g 742}y 3w o] PSDU A& oll A8 A A spartial steam 5 LFERI T

Uplink MU-MIMO ol A &= PSDU & A2k Algd o] A& Zelx¥, OFDM symbol mis-alignment
FA7F A} o) dk FAS A8 Y8, Uplink MU-MIMO ©l| 4 <5+ HEW LIF 2 +&
RE g Fdst Bt WS AR 5 ATh A9 oAl A, Z4H2Fe] T@bE S Uplink DATA
frame &l 9lo] 4,2, 1, 1 7§ 2] HEW-LTF Z& o] AA] 8FHA R, A A &5 = HEW-LTF ] &
FUsA w7 9180 0,2, 3, 37019 HEW-LTF 7} 714 0 2 A58 48 & 5 gt

o] oAl A, L-STF, L-LTF, L-SIG, HEW SIG-A fields ¥ Guard Interval Gl < AR&3lo] A5,
HEW-STF, HEW-LTF, HEW-SIG-B = Guard Interval G2 & AF8-3}] %% 2, PSDU &+ Guard Interval
G3 & AF&-3te] AFHT) Gurad Interval G2, G3 & A3l ghs AFESHAY 7 9 5 Aok whef,
Gurad Interval G2, G3 7} 7P 2 7%, Gurad Interval G2, G3 3 A A5l A E7} HEW SIG-A field 9|
ZEET

S I
RN RN —
NN R S
%‘\\“‘-TF VVVVV R ol o

|

9ol 17 &, STAL, STA2, STA3, STA4 7} TAlo]l AP & Uplink DATA frame & 43t thE o4&
He] F3 9t} Uplink MU-MIMO 7| &S B35 T4 A5S T3t 3ol A, AP 7} Uplink DATA

-

frame F5 djdo] B GHES AAI A ST dHES AF 715 spartial stream 7] 2 PSDU
Aol Ab8-2 Guard Interval S A 3} signaling ¥Hg 0] Aol th 912 2H-E AP 7} Uplink
DATA frame < tldbe] &&= ©@ihES STAL, STA2, STA3, STA4 £2 A3ty g s dd
7}g$F spartial stream 718 212} 4 spartial stream, 2 spartial stream, 1 spartial stream, 1 spartial stream =
A A gk 7 -0},

c

$ o] o Alol A, AP 7} STAIL, STA2, STA3, STA4 ol Al 22} 4 spartial stream, 2 spartial stream, 1 spartial
stream, | spartial stream S # <& 7} %l spartial stream 7} =2 =] 43} t} 7ok STAIL, STA2, STA3, STA4
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7} AP 7} A7 8t < 715 $) spartial stream 7H <ol BE=0] PSDU & #5310} | 4 spartial stream, 2 spar-
tial stream, 1 spartial stream, 1 spartial stream 3} 752 spartial stream 7 B 1= HEW SIG-A |5+ 2 &=
" a7}t ot} sHA R STAL STA2, STA3, STA4 7} AP 7} A 43 A% 7153 spartial stream /|55
Z 3R] G A0 A A A HEE = spatial stream 5 Y2 AHE 4= QThH, ol & S0 2 spartial
stream, 1 spartial stream, 1 spartial stream, 1 spartial stream ©] 2 #] PSDU Z %ol Z}2t AL-8-E QIobHE | d
spartial stream “d X 7} user-specific information & #| A3}l HEW-SIG-B o &2 HQ 7} 9t} &, 4
spartial stream, 2 spartial stream, 1 spartial stream, 1 spartial stream & “§ B 7} HEW SIG-A o X &% o]
HEW-STF, HEW-LTF ¢] 75& d@3l& 9 &8 53317 (STAL, STA2, STA3, STA4 7} 24| W53t
spatial stream 57} AP 7} 2|7 gt H g 7153 spartial stream 7 <FH. U} A& 7 9-o| = HEW-LTF & 5+
AP 7} XA HF 7153 spartial stream 7f<Fol] B0 H g ook gt} 2 spartial stream, 1 spartial
stream, 1 spartial stream, 1 spartial stream ©] A PSDU H <ol Z+2F ARSI} = STAI, STA2, STA3,
STA4 7} A3+ HEW-LTF ¢ 74+ 22} 4 HEW-LTF, 2 HEW-LTE, 1 HEW-LTF, 1 HEW-LTF 7}
T ojof gttty 18] 3L, 2 spartial stream, 1 spartial stream, 1 spartial stream, 1 spartial stream I t$t % B 7}
HEW-SIG-B °l| 7§ 2 o & Z}7} 315 o] PSDU A ol AL&-H A A spartial steam =5 LFEFI T}

Uplink MU-MIMO # 5ol A= PSDU & A& AlF o] A2 ZEk#H, OFDM symbol mis-alignment
FA 7} dAs Y o3k EAS Ay $93), Uplink MU-MIMO ©ll4 HEW PPDU foramt ©| Guard
Interval G2 7} -85 & 7318 HEW-STF, HEW-LTF = A3} Aot (3ol wakA Guard Interval
G2 7} &=+ F41& HEW-STF RFo & shd e 4= oIt} Bk, 3ol upeba] 7 o] o] thE gho=
A == Qv Bk F3 el whEbd Guard Interval G2 7F A& HE L 002 34 & 5 QTh.
Guard Interval G2 7} A 83+ g F+3F ©] &2, Guard Interval G3 7} 242+2] @ E-¢] A3l Uplink
MU-MIMO A5 d AE e w0 7] =+ 17 ©]4-e] HEW-LTF, HEW-SIG-B, PSDU °f| tja] Z&
S-S A sdstA HEHY. P el Guard Interval G2 7 B85 T3] HEW-SIG-B
MAE E 4 lom, o] A9 STA2, STA3, STA4 7} %3} PSDU ¢ U5+ Guard Interval G2 7+
AFE- % 51, U™ %] PSDU £ Guard Interval G3 7} AR5 A ® T}

Uplink MU-MIMO %1 ©] Downlink MU-MIMO -3} §7] AF8-E %9, Downlink throughput & 7|

T A A

Downlink MU-MIMO ol o gk 7]22 Q] T2& AHR W th&3 2t} 94, AP ¥ Downlink MU-
MIMO A% 9] 53 dHE o 3k @i} RTS frame, CTS frame < 53 WF=T}. ©] o] 4], Downlink
MU-MIMO #%9] 24 @& )42 2 Downlink MU-MIMO PPDU < <53k}, o nf, 8 & Down-
link MU-MIMO PPDU ©] Ack Policy £ Block ACK ©.& A3t} 34| %k AP 7} Downlink MU-MIMO
AE) 23 gs Fo| shhe) whtel] $Fs) A4 Implicit Block ACK Request < Ack Policy & A A gt 4
Atk o] A%, alE v 3y Downlink MU-MIMO PPDU & 52413} o] 5o SIFS 4] 7} 5= Block ACK
frame < AP 2 §H3HA Bv. 2 9| Downlink MU-MIMO PPDU 2] Ack Policy 7} Block ACK 2. &
AAH GHELS AP 25-F Block ACK Request frame & =413+ ©] %o SIFS AlZF & Block ACK frame
£ AP 2 §H T} Downlink MU-MIMO 9] 54 ghibE ol 5 7)) o] 4¢] ekl djal] Implicit
Block ACK Request 7} Ack Policy & A4 =W, 52 ©Eo] Block ACK frame & 5 Aol & &3
%] collision ©] A g} wji-of, o)) gt o] WAYSIA] 2 =S Downlink MU-MIMO PPDU ©ll A Tm-
plicit Block ACK Request & Ack Policy & 7[A& A9 23 g @S gido® ALY 184
2F 0T AR8-H A] gFotof gt
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! RTSPPDU | CTS PPOU |
DO iAPte 1 (STAlte |
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Reguest PFOU
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w219] duplicated PPDU &2 © & 40 MHz channel & Z<5EHTE RTS frame o] &4 @4 Downlink
MU-MIMO DATA PPDU ] 54 @& Z-of skt STAL o 3l @5 ", STAL ©] RTS frame & 5°41%F
°] & CTS frame & 3= 21& & & ot} AP 7} A 53F= Downlink MU-MIMO DATA PPDU + 5%
b S & STAL, STA2, STA3, STA4 & &3l PSDU &4 E3sh, olm Zkzhe] pSDU ol th3dh Ack
Policy ¥ STAl ©. & 3} PSDU < #19]8}aL =% Block ACK ©.2 AAH A& £ 5 9t} STAL 9
9, AAlo] =A% Downlink MU-MIMO DATA PPDU ©] PSDU 24-E Ack Policy 7} Implicit Block
ACK Request & 3218132 SIFS 4171 %-0] Block ACK PPDU < AP & A%3l= AL & 4 gtk AP 7}
Downlink MU-MIMO DATA PPDU ¢] t}-& 54 ©HE T STA2, STA3, STA4 275 Block ACK PPDU
S FAISH7] §8), &34 2 2 Block ACK Request PPDU 2 STA2, STA3, STA4 ol Al A3l AS &

T Atk

Downlink MU-MIMO &0l A A% &F
link MU-MIMO 7|H& &8sl Folty. 9%

At F-2, Block ACK PPDU 41 Az}l Up-
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,,,,,,,,,,,,,,,,,,,, / DL MU-AMIMO DATA PPOU I UL MU-MIMO Block ACK PPDU
(AP'ta STA1, STA2, STA3, §TA%) | (STAT, STA2. STA3, STAY to AP}

i RrseRDU || CTS PPDU |
L (apto (STA1to
AP) H

Downlink MU-MIMO 49| 4 Uplink MU-MIMO 7]1%+¢] Block ACK PPDU 541 dx}el] s Bt}
TA A W8-S AE B oh S 2o

74, Downlink MU-MIMO DATA PPDU ©] &% @& <] 55 Uplink MU-MIMO 719 & A dghthar
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714 4= gltk weEbA | Downlink MU-MIMO DATA PPDU 9] &% ©+@5& % 714 54, Uplink MU-
MIMO Supported STA, Uphnk MU-MIMO Non-supported STA ©. & 83t # 37} o), Uplink MU-
MIMO Supported STA < t4}© &&= Uplink MU- MIMO 7]%ke] Block ACK PPDU A4S 243 4

ATh  ZL#1}, Uplink MU-MIMO Non-supported STA S o 2 7]E2] Legacy Block ACK PPDU
(MU-MIMO H ol AkE = oJu] & Single User PPDU 2 & 4= &) AE7HE 243 4= 9t} Uplink
MU-MIMO Supported STA, Uplink MU-MIMO Non-supported STA £ 42 2+ Block ACK PPDU &
FAIE7] $18), o214 2 & Block ACK Request PPDU -2 Uplink MU-MIMO Supported STA, Uplink MU-
MIMO Non-supported STA ol A] HE3}+= o] H 8.3t}

PSDY (5TAT to AP)
(20 by UL MU_MIMO Sequuncs 19 1

ey |

| Header | FSDU (STAZ to AP)

transmitted by UL MU_MWMO Saquence 1D 2

Copmy
| Headar : PEDU (STAS to AR)

transimitiod by UL MUY_MIMO Sequenca I0 3

RTS BPDU | TS FPDU
(APl | (STA1to
STAY | AR

;;;;;;;;;;;;;;;; DL MU-MIRO DATA PRDU C1 UL MRU-IMO Block ACK PPDU | Blonk AGK Request PPOU -
““““““““““““““““ , 1AP 1o STA1, STAZ. 5TA2, STAS) L (STAL STALSTAIGAP) | (AP to STA% i} Bieck AK PROU (STA4 t2 AP}

RTSPAOY | CT5 PRDU |
(AP to {sTAtio |
BTA1) APy

PSDU (AP to STA)

1 Q08 Control Fisld
-Ack Poticy = rplick Block ACK Request
MLU-RRIMO Soguence 10 =1

PSDU (AP to STAZ)

QoS Control Froid
« Ack Policy = implicit Block ACK Reguest
~ UL BU-MIMO Sequence 3 = 2

PSDU (AP fo BTAZ]

QoS Cantrol Fiald
- Ack Policy = implicit Block ACK Request
~ UL MU-RBIMO Sequence D= X

PSDU AP to STAY)

. 108 Cordyot Fiehd
- Ack Policy = Block ACK
- UL MIU-RRIMO Seguence i =0

19 19 oﬂﬂ STA1, STA2, STA3 & Uplink MU-MIMO Supported STA ©ll &1 335, STA4 + Uplink
MU-MIMO Non-supported STA ol 3] @<gtc} o] ¢F o] Downlink MU-MIMO DATA PPDU ¢ 574
Wik E-o] Uplink MU-MIMO Supported STA, Uplink MU-MIMO Non-supported STA E2 &4 74 ¥
732, Downlink MU-MIMO DATA PPDU °l| PSDU ¢ Ack Policy + Block ACK 2.2 A $lt} slx|qt

AP 7} Downlink MU-MIMO 49 54 G%E Fo Uplink MU-MIMO Non-supported STA ¢ ?’5&
ol g8 A Implicit Block ACK Request S Ack Policy 2 243t 4= 9lt} o] 49 dd @& sFufe=
Downlmk MU-MIMO PPDU & =418} o] 5o SIFS A3+ & Legacy Block ACK frame < AP & &4 317
Hr} E3F AP 7} Downlink MU-MIMO A 49 54 ¢E Fl| Uplink MU-MIMO Supported STA <]
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3l o) Ake] ©del 318 Implicit Block ACK Request 2 Ack Policy & A3 4= it} o] A9,
I3k sk o] Ake] ©Ehe Downlink MU-MIMO PPDU < 524131 o] 3-of] SIFS A1 7F 3= Uplink MU-
MIMO Block ACK frame & AP & %34 ®t} 21 99l Downlink MU-MIMO PPDU 2] Ack Policy 7}
Block ACK ©. 2 A ¥ GiES AP 25 B Block ACK Request frame & =A131 o] 3o] SIFS A|3T 5
Block ACK frame & AP & & & 3HT}

Uplink MU-MIMO Supported STA E©] Downlink MU-MIMO #<5¢] &4 wibo] Z3td 7% s st
Uplink MU-MIMO Supported STA €& th4 S & PSDU ] Ack Policy 7} Implicit Block ACK Request &
AAE 4 Aot Uplink MU-MIMO Supported STA £©] %43} Block ACK frame £+ Uplink MU-
MIMO 719 & 53] & thE Channel Estimation Sequence (HEW-STF, HEW-LTF) & &8 AP Z 3l
579] Block ACK frame &% collision §l©] 5741 7}&3FA RSt 3FA]¥E, Downlink MU-MIMO 6 €]
=4 el Z£34¥ Uplink MU-MIMO Non-supported STA E-°l] t8]4 &, eI 3] Downlink MU-MIMO
PPDU ©ll 4 Implicit Block ACK Request & Ack Policy & 7FA & 7 %7} 22 3 vrk-& thato g 3174
A eF o RS E A e Slo] gkt

$e] 2ol A, Uplink MU-MIMO Supported STA ol 3| &3} STAL, ST2, STA3 ©. & &3} PSDU 9
Ack Policy ¥ Implicit Block ACK Request 7} A ¥ S & 4 ot 824, Uplink MU-MIMO Non-
supported STA ©l| 3|3+ STA4 &2 &3} PSDU 9] Ack Policy ¥ Implicit Block ACK Request < Ack
Policy & A4 & 4= glen wlebA Block ACK © & Ack Policy 7} 2 A H A4S & 4= ¢t} Uplink MU-
MIMO Non-supported STA ol 3] @3} STA4 &= ©] 5ol AP Z5-E Block ACK Request frame = =41 &t
%ol Block ACK frame & AP 2 S 93 AL & = vt

Downlink MU-MIMO DATA PPDU ©ll PSDU 2] Ack Policy 7} Implicit Block ACK Request & 74-%-, S| &
PSDU ¢ % wiko] 8] Downlink MU-MIMO PPDU & =413 o] $-ol SIFS A 7F § Block ACK frame
< A48t o) A3 PPDU 32 Legacy PPDU or Uplink MU-MIMO PPDU & <= 21t} FE3H Block
ACK frame & #53 ] A}8-3 PPDU 3 ©] Uplink MU-MIMO PPDU & 4 -$-, Uplink MU-MIMO
PPDU %ol AFE-E A2 ThZ Channel Estimation Sequence (HEW-STF, HEW-LTF) & 2 43} &=
B 7} FrlH o8 QTFHT o] & 3], £ & ol A4 = Downlink MU-MIMO DATA PPDU ©f] PSDU &]
QoS Control field ° UL MU-MIMO Seugnece ID field < X33t S Al¢+gitt. UL MU-MIMO
Seugnece ID field 7} 0 (£&= 2] As)g zh € 4%, dlE Downlink MU-MIMO PPDU & 41k
o] %ol SIFS AlZF & Block ACK frame & %15 % W AF8-3 PPDU 32 Legacy PPDU 7} Ht}. 3hA| 1,
UL MU-MIMO Seugnece ID field 7} 0 (3= 4219 A3 7h) o] obd 45, sl % Downlink MU-MIMO
PPDU < =413k o] 5o SIFS AlZF - Block ACK frame < 5% wj A}8-& PPDU % -& UL MU-
MIMO PPDU 7} Ht} 18] 3, Uplink MU-MIMO PPDU <%l A}F€-2 Channel Estimation Sequence
(HEW-STF, HEW-LTF) H &o] AFAe] A2 & o] ¢1-& |, Channel Estimation Sequence 7 &ollA 2}41¢]
UL MU-MIMO PPDU # <ol A}83F Channel Estimation Sequence (HEW-STF, HEW-LTF) < ZA A3}
A& UL MU-MIMO Seugnece ID ol 2] &} o] Fof Rt}

$ el 2ol A, Uplink MU-MIMO Supported STA ol 3|3} STAL, ST2, STA3 ©.& &3+ PSDU <
Ack Policy ¥ Implicit Block ACK Request 7} A7 = %1 1, UL MU-MIMO Seugnece ID field £ 1,2,3 &2
A = 21T}, 3 E Downlink MU-MIMO PPDU < 7413k ©]$-of] SIFS A7} & Block ACK frame < Uplink
MU-MIMO PPDU 2 1<% u] STAIL, STA2, STA3 ©] ZZ UL MU-MIMO Seuqnece ID 1, 2, 3 &
uhgl © 2 A & t}E Channel Estimation Sequence = A8 A &8t 1S 2 4= 9t}

Uplink MU-MIMO Supported STA ©] Block ACK frame & Uplink MU-MIMO PPDU & H5& wjo|, & &
Block ACK frame €] Transmission Time = X5 5 Q3o $+t}. o] 22, Uplink MU-MIMO PPDU =
A%+ Block ACK frame 2| Transmission MCS (Modulation Code Scheme) 7} Z5F Fddjof &&
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om) gt} o] & $8AM, B 2ol A= Downlink MU-MIMO DATA PPDU | PSDU 2] QoS Control field
ol UL MU-MIMO MCS field & X 3$tslE 2 & Aottt UL MU-MIMO MCS field 7} 44 3 1& 4%,
Uplink MU-MIMO Supported STA ©] Block ACK frame = Uplink MU-MIMO PPDU & A% T 3|3
MCS #ko] Abg-mo]ok gt} 3 Uplink MU-MIMO Supported STA ©] Block ACK frame & Uplink MU-
MIMO PPDU & #<=3F o], 3] Block ACK frame °ll 3 38+% = Duration field & =% 43 4&
7R, 2e)ar o] ke, o]de] 42418k Downlink MU-MIMO DATA PPDU ol X388 Duration field
kol A & & Block ACK frame ©] Transmission Time ¥ SIFS A] 7+ #| €] 3+ gko] ®© T}

E gkl A A ¢kl UL MU-MIMO Seugnece ID tield, UL MU-MIMO MCS field ¥ T3 w2}, QoS
Control field €] © VHT Control field, HEW Control field, Service field 5-oll £3F o] & 4= 9it}.

A PSOU (STAZ to AP}
i by UL MU _BHMO Sequence 10 2

RTS PPOY | | CTS PPOU |
(AFte | (STAtto |
STAl) i1 AP} |

Black ACK Request PPDU
(AP to STAL. STAZ, STAY)

DL MU-MIMQ DATA PPOU ; H UL MUMMO Slock ACK PPOU
tAP tn STAY, STAZ, STA3, 3TA4) | Block AGK PPRU{STAGtO AP} ' yy iy a0 Sequense 10 for STAY = 1 | (STAS, 5TAZ, 5TAS to AP)

h | UL MU-MIMO Sequence 1D for STA2 =2
I U MU-MIMQ Sequense 1D for STA3 = 3 |

RTSPPDU | | €T3 PPDU §
(AP to L STAt e

PSDU (AP fn STAT)

{08 Contral Fisid
- Ack Puficy = Bluch ACK
- LU MUMIMO Sequence iD= 1

PSDLU (AP to STAZ)

QoS Control Field
- Ak Poticy = Block ACK
« U MU-MIMO Segquence 10 = 2

PSOU (A to STA3)

a8 Control Fleld
- Ack Policy = Block ACK
- UL MU-MIMO Seauence 1 =3

PSDU [AP to STA)

QoS Controt Fisld :
< Auk Poficy = Impticit Block ACK Rexqiost 3
- L MUSMIMO Sequence i) = :

99 29 oﬂ/\i STAL, STA2, STA3 & Uphnk MU-MIMO Supported STA ©ll &} 33}H, STA4 + Uplink
MU-MIMO Non-supported STA ol s &gt} ek oAl & =], AP 7} Uplink MU-MIMO Non-supported
STA °l| &3t STA4 E 33} PSDU 9] Ack Policy < Implicit Block ACK Request & 444 8} % T}, o
73-%-, Uplink MU-MIMO Supported STA ©l| 33} STAL, ST2, STA3 & & &3+ PSDU 9| Ack Policy
1= Implicit Block ACK Request 7} & = gl 2.1, w}#}4 Block ACK ©.& Ack Policy 7} @A E A& & &
Tk Ack Policy 7} Implicit Block ACK Request 2 447 ¥ PSDU 2] &4 ¢ STA4 + 39 Downlink
MU-MIMO PPDU & =413+ o] 3.0 SIFS A7t ¥ Block ACK frame & 23t} 34| 7F Ack Policy 7}
Block ACK ©.2 A% PSDU o] 23 o STAL 2,3 & AP & 5§ o] 39 A4 H Block ACK Request
frame & GA1%F F-o Block ACK frame < = &34 ®tl ojul, AP 7} %3 Block ACK Request
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frame ol 54 GHEER slo]F S HSIE Block ACK frame ©] Uplink MU-MIMO PPDU &Y 4=

At AT 283 Uplink MU-MIMO PPDU & 2] o]l 4] AF-8-3 ©F& Channel Estimation Sequence (HEW-
STE, HEW-LTF) & ZA3lE 28 ARy} Fr71Hog LTdd 4= 9tk o] & g8 oA Aeksk Uplink
MU-MIMO Sequence ID field, Uplink MU-MIMO MCS field 7} Block ACK Request frame | = ¥ &4 4=
oer g A HE Block ACK frame & Uplink MU-MIMO PPDU ® 2 0.2 $H3 STA &2 Ao g
72V AExR o g FEHET Y9 a3 oA, Block ACK Request frame S =413+ STAIL, ST2, STA3 <=
Block ACK Request frame =41 3F ©]%-of| SIFS A3t $ Block ACK frame < Uplink MU-MIMO PPDU %
#4351, STAL, STA2, STA3 ©] 7-.]'7]' UL MU-MIMO Seugnece ID 1, 2,3 & wlgto & A & thE Channel
Estimation Sequence & AH8-3l &3+ 31& & 5 St

18 g 2p A8 T
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