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Title

CFO PRE-COMPENSATION AND ITS MAC-PHY INTERFACE FOR UPLINK MULTI-USER
TRANSMISSION

Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications: No
PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent” and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).

LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184
Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
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set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call
+1-202-482-6800.
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INVENTION DISCLOSURE FORM

TITLE OF THE INVENTION:

CFO PRE-COMPENSATION AND ITS MAC-PHY INTERFACE FOR UPLINK MULTI-USER
TRANSMISSION

MOTIVATION OF THE INVENTION:
<Background of 802.11n (HT)>

Two formats are defined for the PPDU: HT-mixed format and HT-greenfield format. These two formats
are called HT formats. Figure 20-1 (PPDU format) shows the non-HT format47 and the HT formats.
There is also an MCS 32 format (specified in 20.3.11.11.5 (Transmission in MCS 32 format)) used for
MCS 32 that provides the lowest rate in a 40 MHz channel. In addition to the HT formats, there is a non-
HT duplicate format (specified in 20.3.11.12 (Non-HT duplicate transmission)) that duplicates the 20
MHz non-HT packet in two 20 MHz halves of a 40 MHz channel.
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Figure 20-1—PPDU format
The FORMAT parameter determines the overall structure of the PPDU as follows:

— Non-HT format (NON_HT): Packets of this format are structured according to the Clause 18

(Orthogonal frequency division multiplexing (OFDM) PHY specification) (OFDM) or Clause 19
(Extended Rate PHY (ERP) specification) (ERP) specification. Support for non-HT format is mandatory.

— HT-mixed format (HT MF): Packets of this format contain a preamble compatible with Clause 18
(Orthogonal frequency division multiplexing (OFDM) PHY specification) and Clause 19 (Extended

1/25
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INVENTION DISCLOSURE FORM

Rate PHY (ERP) specification) receivers. The non-HT-STF (L-STF), the non-HT-LTF (L-LTF), and the
non-HT SIGNAL field (L-SIG) are defined so they can be decoded by non-HT Clause 18 (Orthogonal
frequency division multiplexing (OFDM) PHY specification) and Clause 19 (Extended Rate PHY (ERP)
specification) STAs. The rest of the packet cannot be decoded by Clause 18 (Orthogonal frequency
division multiplexing (OFDM) PHY specification) or Clause 19 (Extended Rate PHY (ERP)
specification) STAs. Support for HT-mixed format is mandatory.

— HT-greenfield format (HT GF): HT packets of this format do not contain a non-HT compatible part.
Support for HT-greenfield format is optional. An HT STA that does not support the reception of an HT-
greenfield format packet shall be able to detect that an HT-greenfield format packet is an HT

transmission (as opposed to a non-HT transmission). In this case, the receiver shall decode the HT-SIG
and determine whether the HT-SIG cyclic redundancy check (CRC) passes.

<Background of 802.11ac (VHT)>

Clause 22 specifies the PHY entity for a very high throughput (VHT) orthogonal frequency division
multiplexing

(OFDM) system. In addition to the requirements in Clause 22, a VHT STA shall be capable of
transmitting and receiving PPDUs that are compliant with the mandatory PHY specifications defined in
Clause 20. The VHT PHY is based on the HT PHY defined in Clause 20, which in turn is based on the
OFDM PHY defined in Clause 18. The VHT PHY extends the maximum number of space-time streams
supported to eight and provides support for downlink multi-user (MU) transmissions. A downlink MU
transmission supports up to four users with up to four space-time streams per user with the total number
of space-time streams not exceeding eight.

NOTE—A VHT SU PPDU includes individually addressed and group addressed transmissions. The
VHT PHY provides support for 20 MHz, 40 MHz, 80 MHz and 160 MHz contiguous channel widths
and support for 80+80 MHz non-contiguous channel width. The VHT PHY data subcarriers are
modulated using binary phase shift keying (BPSK), quadrature phase shift keying (QPSK), 16-
quadrature amplitude modulation (16-QAM), 64-QAM and 256-QAM. Forward error correction (FEC)
coding (convolutional or LDPC coding) is used with coding rates of 1/2, 2/3, 3/4 and 5/6.

A VHT STA shall support the following features:

— Non-HT and non-HT duplicate formats (transmit and receive) for all channel widths supported by
the VHT STA

— HT-mixed format (transmit and receive)

— VHT format (transmit and receive)

— 20 MHz, 40 MHz and 80 MHz channel widths

— Single spatial stream VHT-MCSs 0 to 7 (transmit and receive) in all supported channel widths

2/28
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INVENTION DISCLOSURE FORM

— Binary convolutional coding
A VHT STA may support the following features:

— HT-greenfield format (transmit and receive)

— 2 or more spatial streams (transmit and receive)

— 400 ns short guard interval (transmit and receive)

— Beamforming sounding (by sending a VHT NDP)

— Responding to transmit beamforming sounding (by providing compressed beamforming feedback)
— STBC (transmit and receive)

— LDPC (transmit and receive)

— VHT MU PPDUs (transmit and receive)

— Support for 160 MHz channel width

— Support for 80+80 MHz channel width

— VHT-MCSs 8 and 9 (transmit and receive)

Figure 22-4~-¥HT PPDU format

The Saldy of the WHT PPDU forvasd 2oy ssanmesnzed 2y Tabls 324 (Frelds of e VE

Table 28-4—Fislids of the ¥VHT PEDU

Freld Rescyiption
LRTF Nos-HT Shost Traseng Seid

£

T o
¥
b

o AINY

SRS -4 VT Sigial A Seld

VHISTE VH

YHTLIF ST Long Tonenug Sadd

Tista The Dty Sedd caevien the PRI

3/25



e

P

INVENTION DISCLOSURE FORM

3

inition

o

20.3.9.3.3 L-BTF def

FoVISIOn mw

T

¥

A

Sow

2
:

4/25



e

P

inition

INVENTION DISCLOSURE FORM

22.3.8.3.3 VHT-SIG-A et

5/28



Pl
e 5
S R 3 P
i . . 43 o, 44
o % ez s BEy = 7 : f e <
7% o DR iBta \x < ft o5 o
St s 4 T A
i 0k ] o T
i, LT Ay Rl
4 ~ Lo M P
g oo A t
54 re v B
i % o o i A :
o X o~ 0 o4 T at ¥
o P & ey < % PR o - g
O et i 104 X R P S T :
P - 40 = 27 2
o . o A A L ;
T poy o @ i : A
; . e o :
b & 7 W ao 5
- EF4 . - T o4y [ 1 e
e > = A tgn e o S
P ] % {Iah Ay, e LT B o v
s - R g P .
. X ey WD T ek WK
e = i d P e ]
& < p.\‘ \\w e 40 7% . b
o2 o - (e [ ; % e
= s % - 9 i g Z = 7
& o o o R v oA =
4§ 4 g Y ot T
% # oy [ - A ot e
s ol g P gt — et A kg TS
Y Rl ¢ Z R S
e ey 5 e i * e,
% 2 ot @ £ @ by o+ ) g B e
: G & ; S o] SR BV T
o - E [ & b v ool oo [ Gl A
%} o oy . # k. ey 7 o jos] o T -4
o 2 % g~ & 7 S - B
o - o Fsed P a3 o3y T
= - G @ Q # o IR N A
3 & B A o oG L4
o v ot & G H W o D=
= e o BOA = B
o & @ i L R Y A P
% - i o . =
o e . i~ —rt o B L R e
4] - [ie] " 9 on AL o L e e
o, el 7 - o & a5 g B
P - 5 2 A e . b
0 0] i : % / s B ows o W g ]
s & “Z 4] e A e pehg P
fss] )i i o e Y B
-4 I . b b & B b
e e [k A 3 [ ST <R 59 IR
U ] ; o = gh el U0 wo
“3 { & i O, I L Do e
ol : K b [ I oer]
L -~ | bl | 3 SRR R B S
= 7 i v B PRI v
C - =< & 0} - £ T e et 4, ot
HM? V et fn 2. =T
s cui e B
5 12 Pt el & a4
i % o e A ioda
y P o o4 e
D p 5] [%1] A e R G \\~
(3t Sy v = w Hom L F
N o >4 aOE e oy g
¥ R . 3 w1 : W
7 ™ A R e 75 R B
7 ] - ead
e % o eers
= o © 5 Sy TR Do
3 P P oo Do B e
3 P B } > L B2 gl LA
e < SHLE - 2 g 4 AR
ﬂv oec) ¢ Focd -, o e A
N e o P-4 T~ i o g Py
11 Vs e i Ly e B o T e
k& w o i 5
E O om A
> oo S e A A 4w
o DERIATES e o g Y = {
42 * & . i o i o4 s
o - h R d W et .
P N w s - aaed
7 e . b
= % S B E ; £
£ o0y & . e BTG 0% - P
» SNy o 4 { “
» s 1ot 1€y $5 i o oy ek o1
1o . & PGS B VIR & %o R D
e} oo h ot o
e Lot t brert
& s i AN s 2 et
] i pale s Lo g s
L [l

1 Codin

e
.
2
oal
b
vk -
[

. i e b 43
& v & o
o Wl e o
“ s o LR " ol o
2 & z sl ¢ 2w g
R & P R Z o
A Z P4 A B B e Do g

= < - 64 43 s ]
ol ool &% R
1 bz G A 1
i 2 poed T3 a5 - T

6/25
10



e

P

INVENTION DISCLOSURE FORM

,.

22318 BHY tranamilt procedure

wrr
]
b, 5,
% K
M\.x 2533
53 -.uw\\
Lol vm
i
=
%
]
. .
bl
8 B
A . A
7
m

.

R

S

SISENY SR

oih %
P e
% S
wr .,
8
Lh B
s ~\\\

5,

%

o

;

ot

3

vty R0
Sepe 18
SRS

IR

X
. 3

k

EaRTR

i
{

Y
¥

R

i

o
;Y

thes

+

&

%
¥

3
R

5

N
TEa

f of

eonaly Wt oW

D AETNIL Y
HROTIRY

P
e

7
s

seion

:

¥ provedure for an SU transm

Figura 3238--FHY transny

7/28

11



4 7
it
i,
P
e
gy,
\\NM\.
P
. .
444 - -
e % y
B Z : 2 mu
o i 4 o
o .. P .
oz vt -
P A i
- P %
7 £
o
o
o
\W\

it

bomad

= % g =
e Py Z
e .
N fed n“
Eord “< 43
3 wM “
N A /
. %
7
M 4 2]
e
o A %
wn 4 % %
B 4 :
&g 7 = =
Lol 4
v, - P
) o . z
vy F74 L w\,.
AR v
0 3 . =
\\» “\\ L]
I ¥ ot -
: % o
%%
st e & P
3 by
“, P
P 24
s [y o 2
= 5 4
W m Y
- I y
et ., .
. »\» m
s Pl %
s e %
% “ psed Z
% 5 % 75 %
% oA g % %
2 73 k< 4 (51
rn Kl f5 :
ﬁ i % 7
4, bt
% et R
Z 2 4 %
5 &
i %4
45
E2
Z
13
= ,
P/ =
m\w P
o V\
& x.
4 -
I fre %
% o R
vl ot
; %
- 4, ]
. %2 5. ) \\m
¥ st % &
2 g g B %
& 2 o % »
At e : 2
4 B 5 %
4 % { ] P
z 4 i W R 3
% # ’ i T
# E % #
% A
Tiy ¥,

8/25
12



INVENTION DISCLOSURE FORM
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INVENTION DISCLOSURE FORM

Wireless LAN (WLAN) devices are currently being deployed in diverse environments. These
environments are characterized by the existence of many access points and non-AP stations in
geographically limited areas. Increased interference from neighboring devices gives rise to performance
degradation. Additionally WLAN devices are increasingly required to support a variety of applications
such as video, cloud access, and offloading. In particular video traffic is expected to be the dominant
type of traffic in many high efficiency WLAN deployments. With the real-time requirements of some of
these applications, WLAN users demand improved performance in delivering their applications,
including improved power consumption for battery-operated devices.

Unlike previous amendments where the focus was on improving aggregate throughput, this amendment
focuses on improving metrics that reflect user experience, such as average per station throughput, the 5th
percentile of per station throughput of a group of stations, and area throughput. Improvements will be
made to support environments such as wireless corporate office, outdoor hotspot, dense residential
apartments, and stadiums.

. The focus of this amendment is on WLAN indoor and outdoor operation in the 2.4 GHz and the

5 GHz frequency bands. Additional bands between 1 GHz and 6 GHz may be added as they become
available.

. The increase in average throughput per station is not limited to four times improvement.

Improvement values in the range of 5-10 times are targeted, depending on technology and scenario.

. Outdoor operation is limited to stationary and pedestrian speeds.

. Average throughput per station is directly proportional to both aggregate basic service set (BSS)

throughput and area throughput. The 5th percentile measure of the per station throughput may be used to
determine that the desired distribution of throughput among a number of stations in an area is satisfied.
These metrics, along with the satisfaction of the packet delay and the packet error ratio (PER)
requirements of applications, will directly correspond to user experience in identified scenarios.

. Since the values of the metrics of interest will depend on the scenario, the focus will be on the

relative improvement of these metrics compared to previous IEEE 802.11 amendments (IEEE 802.11n in
2.4 GHz and IEEE 802.11ac in 5 GHz).

. The amendment will be evaluated with a set of typical deployment scenarios representative of

the main expected usage models that are likely to suffer bottlenecks in the coming years: residential,
enterprise, indoor and outdoor hotspots. HEW SG has initiated the creation of a high-level simulation
scenario working document (ref: 11-13/1001r5) to model these scenarios. The simulation scenarios may
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include system characteristics extracted from measured IEEE 802.11 operations in the field.

. These scenarios highlight three categories of objectives to improve WLAN efficiency:

0 Make more efficient use of spectrum resources in scenarios with a high density of STAs per
BSS.

0 Significantly increase spectral frequency reuse and manage interference between neighboring

overlapping BSS (OBSS) in scenarios with a high density of both STAs and BSSs.

0 Increase robustness in outdoor propagation environments and uplink transmissions.

. This project may include the capability to handle multiple simultaneous communications in both

the spatial and frequency domains, in both the uplink (UL) and downlink (DL) direction.

. Power efficiency is intended to measure consumption of devices which can reasonably be

assumed to be powered by batteries and will take into account average power consumption for a given
scenario

OFDMA (Orthogonal frequency-division multiple access)

OFDMA is a multi-user version of the popular orthogonal frequency-division multiplexing OFDM
digital modulation scheme. Multiple access is achieved in OFDMA by assigning subsets of subcarriers
to individual users as multi-user diversity. Different users perceive different channel qualities, a deep
faded channel for one user may still be favorable to others.

MU-MIMO(Multi-User Multiple Input Multiple Output)

MU-MIMO is a transmission method for point-to-multipoint and multipoint-to-point scenario, €.g.,
downlink (an AP to multiple STAs) and uplink (Multiple STAs to an AP). By using the proper
beamforming matrices (or vectors), multiple space-time streams from an AP can be transmitted to the
associated STAs without interference. To this end, channel sounding process which acquires channel
information from an AP to a STA is needed in a DL cases. In an UL case, however, channel sounding is
not required because an AP with multiple receive antennas can decode and separate the data streams
from each STA.

For the next generation of WLAN, 802.11ax (so called HEW, High Efficiency WLAN) requires
robustness in outdoor channels, higher indoor efficiency. Technically, UL MU-MIMO and UL/DL
OFDMA can be included as key technologies to achieve high efficiency in IEEE 802.11ax. In DL MU
transmissions, one source, i.¢., an AP, transmits the same packet to all STAs and then single CFO (carrier
frequency offset) and timing offset are needed to be resolved at each STA. However, in UL MU
transmissions, multiple sources, i.e., STAs, transmit their own packet to one destination, the AP, and
cach packet has different CFO, timing offset, and power level. Then, these mismatches cause the
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performance degradation. To avoid or minimize the degradation, CFO and SFO pre-compensation at
transmitter, transmission timing adjustment and transmit power control are needed. In this intention, we
propose the way to resolve the CFO and SFO precompensation issue in IEEE 802.11ax.

DETAILED DESCRIPTION:

In the following detailed description, only certain embodiments of the present invention have been
shown and described, simply by way of illustration. As those skilled in the art would realize, the
described embodiments may be modified in various different ways, all without departing from the spirit
or scope of the present invention. Accordingly, the drawings and description are to be regarded as
illustrative in nature and not restrictive. Like reference numerals designate like elements throughout
the specification.

In a wireless local areca network (WLAN), a basic service set (BSS) includes a plurality of WLAN
devices. The WLAN device may include a medium access control (MAC) layer and a physical (PHY)
layer according to IEEE (Institute of Electrical and Electronics Engineers) 802.11 standard. In the
plurality of WLAN devices, at least one WLAN device may be an access point and the other WLAN
devices may be non-AP stations (non-AP STAs). Alternatively, all the plurality of WLAN devices may
be non-AP STAs in Ad-hoc networking. In general, the AP STA and the non-AP STA may be
collectively called the STA. However, for easy description, only the non-AP STA may be called the
STA.

The below drawing is a schematic block diagram exemplifying a WLAN device.

hiy

BASRHAND PROCESSOR

i 200

afgoeed SEMOGRY

Referring the above drawing, the WLAN device 1 includes a baseband processor 10, a radio frequency
(RF) transceiver 20, an antenna unit 30, a memory 40, an input interface unit 50, an output interface unit
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60, and a bus 70.

The baseband processor 10 performs baseband signal processing, and includes a MAC processor 11 and
a PHY processor 15.

In one embodiment, the MAC processor 11 may include a MAC software processing unit 12 and a MAC
hardware processing unit 13. The memory 40 may store software (hereinafter referred to as "MAC
software") including at least some functions of the MAC layer. The MAC software processing unit 12
executes the MAC software to implement the some functions of the MAC layer, and the MAC hardware
processing unit 13 may implement remaining functions of the MAC layer as hardware (hereinafter
referred to "MAC hardware"). However, the MAC processor 11 is not limited to this.

The PHY processor 15 includes a transmitting signal processing unit 100 and a receiving signal
processing unit 200.

The baseband processor 10, the memory 40, the input interface unit 50, and the output interface unit 60
may communicate with each other via the bus 70.

The RF transceiver 20 includes an RF transmitter 21 and an RF receiver 22.

The memory may further store an operating system and applications. The input interface unit 50
receives information from a user, and the output interface unit 60 outputs information to the user.

The antenna unit 30 includes one or more antennas. When multiple-input multiple-output (MIMO) or
multi-user MIMO (MU-MIMO) is used, the antenna unit 30 may include a plurality of antennas.

The below drawing is a schematic block diagram exemplifying a transmitting signal processor in a
WLAN.

100
110 120 130 3 140 150 21
! . T I s Yoo = e - RF ______
ENCODER »{ INTERLAEVER [—w MAPPER - {Fr » Gl INSERTER > TRANEMITTER

Referring the drawing, a transmitting signal processing unit 100 includes an encoder 110, an interlacver
120, a mapper 130, an inverse Fourier transformer (IFT) 140, and a guard interval (GI) inserter 150.

The encoder 110 encodes input data. For example, the encoder 100 may be a forward error correction
(FEC) encoder. The FEC encoder may include a binary convolutional code (BCC) encoder followed
by a puncturing device, or may include a low-density parity-check (LDPC) encoder.

The transmitting signal processing unit 100 may further include a scrambler for scrambling the input
data before the encoding to reduce the probability of long sequences of Os or 1s. If BCC encoding is
used in the encoder, the transmitting signal processing unit 100 may further include an encoder parser
for demultiplexing the scrambled bits among a plurality of BCC encoders. If LDPC encoding is used
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in the encoder, the transmitting signal processing unit 100 may not use the encoder parser.

The interleaver 120 interleaves the bits of each stream output from the encoder to change order of bits.
Interleaving may be applied only when BCC encoding is used. The mapper 130 maps the sequence of
bits output from the interleaver to constellation points. If the LDPC encoding is used in the encoder,
the mapper 130 may further perform LDPC tone mapping besides the constellation mapping.

When the MIMO or the MU-MIMO is used, the transmitting signal processing unit 100 may use a
plurality of interleavers 120 and a plurality of mappers corresponding to the number of Ngg of spatial
streams. In this case, the transmitting signal processing unit 100 may further include a stream parser
for dividing outputs of the BCC encoders or the LDPC encoder into blocks that are sent to different
interleavers 120 or mappers 130. The transmitting signal processing unit 100 may further include a
space-time block code (STBC) encoder for spreading the constellation points from the Ngg spatial
streams into Ngsrs space-time streams and a spatial mapper for mapping the space-time streams to

transmit chains. The spatial mapper may use direct mapping, spatial expansion, or beamforming.

The IFT 140 converts a block of the constellation points output from the mapper 130 or the spatial
mapper to a time domain block (i.e., a symbol) by using an inverse discrete Fourier transform (IDFT) or
an inverse fast Fourier transform (IFFT). If the STBC encoder and the spatial mapper are used, the

inverse Fourier transformer 140 may be provided for each transmit chain.

When the MIMO or the MU-MIMO is used, the transmitting signal processing unit 100 may insert
cyclic shift diversities (CSDs) to prevent unintentional beamforming. The CSD insertion may occur
before or after the inverse Fourier transform. The CSD may be specified per transmit chain or may be
specified per space-time stream.  Alternatively, the CSD may be applied as a part of the spatial mapper.

When the MU-MIMO is used, some blocks before the spatial mapper may be provided for each user.

The GI inserter 150 prepends a GI to the symbol. The transmitting signal processing unit 100 may
optionally perform windowing to smooth edges of each symbol after inserting the GI. The RF
transmitter 21 converts the symbols into an RF signal and transmits the RF signal via the antenna unit 30.
When the MIMO or the MU-MIMO is used, the GI inserter 150 and the RF transmitter 21 may be
provided for each transmit chain.

The below drawing is a schematic block diagram exemplifying a receiving signal processing unit in the
WLAN.

Referring to the drawing, a receiving signal processing unit 200 includes a GI remover 220, a Fourier

transformer (FT) 230, a demapper 240, a deinterleaver 250, and a decoder 260.
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An RF receiver 22 receives an RF signal via the antenna unit 30 and converts the RF signal into the
symbols. The GI remover 220 removes the GI from the symbol. When the MIMO or the MU-MIMO
is used, the RF receiver 22 and the GI remover 220 may be provided for each receive chain.

The FT 230 converts the symbol (i.c., the time domain block ) into a block of the constellation points by
using a discrete Fourier transform (DFT) or a fast Fourier transform (FFT). The Fourier transformer
230 may be provided for each receive chain.

When the MIMO or the MU-MIMO is used, the receiving signal processing unit 200 may a spatial
demapper for converting the Fourier transformed receiver chains to constellation points of the space-
time streams, and an STBC decoder for despreading the constellation points from the space-time streams
into the spatial streams.

The demapper 240 demaps the constellation points output from the Fourier transformer 230 or the STBC
decoder to the bit streams. If the LDPC encoding is used, the demapper 240 may further perform
LDPC tone demapping before the constellation demapping. The deinterleaver 250 deinterleaves the
bits of each stream output from the demapper 240. Deinterleaving may be applied only when BCC
encoding is used.

When the MIMO or the MU-MIMO is used, the receiving signal processing unit 200 may use a plurality
of demappers 240 and a plurality of deinterleavers 250 corresponding to the number of spatial streams.
In this case, the receiving signal processing unit 200 may further include a stream deparser for
combining the streams output from the deinterleavers 250.

The decoder 260 decodes the streams output from the deinterleaver 250 or the stream deparser. For
example, the decoder 100 may be an FEC decoder. The FEC decoder may include a BCC decoder or
an LDPC decoder. The receiving signal processing unit 200 may further include a descrambler for
descrambling the decoded data. If BCC decoding is used in the decoder, the receiving signal
processing unit 200 may further include an encoder deparser for multiplexing the data decoded by a
plurality of BCC decoders. If LDPC decoding is used in the decoder, the receiving signal processing
unit 100 may not use the encoder deparser.

The below drawing exemplifies interframe space (IFS) relationships.

- o TTTT |

Immediate access when i DIFS | i

Medium is idle > DIFS or AIFS[] | prpg . e Contention Window
. | |
- P !

if Busy Medium ﬂsﬂ : //////Backof‘f Slots /y Next Frame

! | 'Slot time

Select Slot and Decrement Backoff
as long as medium is idle

Defer Access

A data frame, a control frame, or a management frame may be exchanged between WLAN devices.
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The data frame is used for transmission of data forwarded to a higher layer. The WLAN device
transmits the data frame after performing backoff if a distributed coordination function IFS (DIFS) has
clapsed from a time when the medium has been idle. The management frame is used for exchanging
management information which is not forwarded to the higher layer. Subtype frames of the
management frame include a beacon frame, an association request/response frame, a probe
request/response frame, and an authentication request/response frame. The control frame is used for
controlling access to the medium. Subtype frames of the control frame include a request to send (RTS)
frame, a clear to send (CTS) frame, and an acknowledgement (ACK) frame. In the case that the control
frame is not a response frame of the other frame, the WLAN device transmits the control frame after
performing backoff if the DIFS has elapsed. In the case that the control frame is the response frame of
the other frame, the WLAN device transmits the control frame without performing backoff if a short IFS
(SIFS) has elapsed. The type and subtype of frame may be identified by a type field and a subtype
field in a frame control field.

On the other hand, a Quality of Service (QoS) STA may transmit the frame after performing backoff if
an arbitration IFS (AIFS) for access category (AC), i.e., AIFS[AC] has clapsed. In this case, the data
frame, the management frame, or the control frame which is not the response frame may use the
AIFC[AC].

The below drawing is a schematic diagram explaining a CSMA (carrier sense multiple access)/CA
(collision avoidance) based frame transmission procedure for avoiding collision between frames in a

channel.
. DIFS
;4—»
1 RTS DATA
STAL
| STFS SIFS | | SIFS
o cTS | ACK
STAZ ‘DIFS;
| NAV(RTS) ‘ | |
STA3 1 _—
! | NAV(CTS) W

Referring the drawing, STA1 is a transmit WLAN device for transmitting data, STA2 is a receive
WLAN device for receiving the data, and STA3 is a WLAN device which may be located at an areca
where a frame transmitted from the STA1 and/or a frame transmitted from the STA2 can be received by
the WLAN device.

The STA1 may determine whether the channel is busy by carrier sensing. The STA1 may determine
the channel occupation based on an energy level on the channel or correlation of signals in the channel,
or may determine the channel occupation by using a network allocation vector (NAV) timer.

When determining that the channel is not used by other devices during DIFS (that is, the channel is idle),
the STA1 may transmit an RTS frame to the STA2 after performing backoff. Upon receiving the RTS
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frame, the STA2 may transmit a CTS frame as a response of the CTS frame after SIFS.

When the STA3 receives the RTS frame, it may set the NAV timer for a transmission duration of
subsequently transmitted frames (for example, a duration of SIFS + CTS frame duration + SIFS + data
frame duration + SIFS + ACK frame duration) by using duration information included in the RTS frame.
When the STA3 receives the CTS frame, it may set the NAV timer for a transmission duration of
subsequently transmitted frames (for example, a duration of SIFS + data frame duration + SIFS + ACK
frame duration) by using duration information included in the RTS frame. Upon receiving a new frame
before the NAV timer expires, the STA3 may update the NAV timer by using duration information
included in the new frame. The STA3 does not attempt to access the channel until the NAV timer
expires.

When the STA1 receives the CTS frame from the STA2, it may transmit a data frame to the STA2 after
SIFS eclapses from a time when the CTS frame has been completely received. Upon successfully

receiving the data frame, the STA2 may transmit an ACK frame as a response of the data frame after
SIFS elapses.

When the NAV timer expires, the STA3 may determine whether the channel is busy by the carrier
sensing. Upon determining that the channel is not used by the other devices during DIFS after the NAV
timer has expired, the STA3 may attempt the channel access after a contention window according to
random backoff elapses.

To begin the UL transmission, any kind of a trigger frame from an AP should initiate the UL
transmission of STAs. This trigger frame is sent by the AP and TXOP for UL transmission will start.
With this trigger frame, each UL STA can estimate the carrier frequency offset with L-STF and L-LTF,
and further track the frequency offset with pilots in each DATA OFDM symbols as shown in Fig. 1. This
CFO estimate is calculated in PHY layer and this value can be used as a pre-compensation CFO without
any aid of MAC layer when the next transmitted packet is sent to an AP, i.e. an UL MU packet. However,
we cannot guarantee that the UL frame from a STA is always transmitted right after the UL trigger frame.
In some cases, the STAs can transmit multiple UL frames without any feedback frame from the AP. In
another case, the packet from neighboring BSS can interrupt a normal frame exchange. In PHY layer,
there is no information about the source of the packet because the source address is in the MAC header.
PHY layer just decodes the payload and delivers it to MAC layer with additional information, including
RCPI and control information in L-SIG and VHT-SIG, via a TXVECTOR. Therefore, we can decide
which packet requires CFO and SFO precompensation and the value of CFO with an aid MAC layer if
the decoded packet is delivered to MAC layer with the estimated CFO value corresponding to the packet.
To this end, the estimated CFO value should be included in RXVECTOR delivered by PHY layer to
MAC layer. Then, MAC layer can know which packet comes from an AP based on source address in a
MAC header and CFO value in RXVECTOR associated with AP’s packet. Next, MAC layer delivers the
CFO value to PHY layer for CFO and SFO precompensation. By pre-compensateing the CFO and SFO
at ecach UL STAs, CFOs and SFOs of multiple UL packets can have the same CFO and SFO values,
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respectively, as in Fig. 2. When non-zero CFO value is delivered from MAC, PHY performs pre-
compensation of CFO and SFO (sampling frequency offset) with the value in time and frequency
domains, respectively, as shown in Fig. 3. In IEEE 802.11, carrier frequency and sampling frequency are
generated with the same oscillator. Based on this fact, SFO can be obtained with the CFO value if carrier
frequency (channel frequency) is known. If a CFO value is defined as an incremental phase between two
consecutive samples in time domain, its relative value in ppm is given by

SFO = CFO*Af *(f/fo)*Torpm

where Af is a subcarrier spacing, f, is an operating frequency CFO estimation, i.¢., an inverse of sample
duration, f; is a carrier frequency and Torpym is an OFDM symbol duration. This detail equation can be
different depending on the implementation.

Then CFO in TXVECTOR can be used both SFO precompensation block and CFO precompensation
block. These two precompensation can be applied in time domain (after IDFT) and frequency domain
(before IDFT). Because CFO is an incremental phase in time domain, it can be applied in time domain
as in Fig. 3. SFO is an incremental phase in frequency domain if the accumulated offset does exceed the
sample boundary, i.e., SFO is in fractional sample level. Therefore, SFO pre-compensation is done in
frequency domain. In a case where accumulated time offset exceed the one sample, we add or delete the
one sample in the GI insertion block after an IDFT block.

STA; | CFO, = £4,

STA& CFO;\:{“fz

Camier Freg. = ¥

STAP\ CFO}(: {"f],;

Carvier Freq. = §

Fig. 1. CFO estimation at UL STAs with an UL trigger frame.

22 /28
26



INVENTION DISCLOSURE FORM

for Preq. = §-0F 0 =f

STA, | CFO,=f1,

CFOpp = 0

Carrder Freq. = f AT

Fig. 2. UL MU transmission with CFO precompensation. (SFO precompensation is not included in this
figure.)
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Fig. 3. An example of TX block diagram with CFO and SFO pre-compensation for IEEE 802.11ax.

As mentioned previously, CFO value should be defined in TXVECTOR and RXVECTOR in addition to
them in IEEE 802.11ac. Moreover, SFO value for precompensation is calculated with the carrier
frequency information (channel information), sample duration and other OFDM parameters (OFDM
symbol duration and subcarrier spacing) and then SFO value used for SFO pre-compensation in a TX
block diagram in Fig. 3. Therefore, only CFO is needed in TXVECTOR and RXVECTOR in addition to
current TXVECTOR and RXVECTOR in IEEE 802.11ac.
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Table. 1. TXVECTOR and RXVECTOR for IEEE 802.11ax

Parameter Condition Value TXVECTOR RXVECTOR
CFO_value FORMAT is HE This in|Y Y
RXVECTOR

indicates the value
of CFO estimated
in the receiver.
This in
TXVECTOR
indicate the value
of CFO pre-
compensated in a
transmitter.

Otherwise Not present N N

In addition to PHY MIB values in IEEE 802.11ac, this CFO value can be defined as HE PHY MIB value
as follows:

dotl11PHYHETable

Managed Object Default value/range Operational semantics
dot1 1CFOSFOprecompensationActivated | False/Boolean Dynamic
dot11CFOvalue Implementation dependent Dynamic

Based on the these MIB entities, PHY can applied the CFO and SFO precompensation. Only when
dot1 1CFOSFOprecompensationActived is true, the precompensation blocks are operating with the value
of dot11CFOvalue.

In receiver operation, PHY layer calculates the CFO value to decode the received packet. This CFO
value is delivered to MAC with other information of TXVOCTOR and received data. RX MAC can
know what kind of packet is associated with this CFO value. If the CFO is from AP which triggers UL
MU transmission, the value is used for precompensation in UL MU transmission. Otherwise, the CFO
value is ignored.

The transmit operation can be described as follows. To inform the proper CFO value to PHY layer, MAC
uses TXVECTOR with the UL MU data frame. The CFO wvalue is nonzero (it means
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dot1 1CFOSFOprecompensationActivated is ture), the CFO value in RXVECTOR (it is equal to
dot11CFOvalue) is used for CFO precompensation. In detail, the transmit samples are rotated with an
incremental phase of “-CFO”, i.e., -CFO*t (t is sample time index). In addition to CFO precompensation,
SFO is also precompensated in a SFO precompendation block and a GI inversion block. In detail, SFO
value is calculated with CFO and operation frequency of CFO estimation block, carrier frequency
(channel frequency), and OFDM parameter. An example of the conversion formula is as follows:

SFO = CFO*(operation frequency of CFO block)/(carrier frequency)*(subcarrier spacing)*(OFDM
symbol duration)

Then, timing offset at a given sample index (time index) t, is SFO*t. Then “~SFO*t” is the
precompensation value. If this quantity is in the range of [0.5, 0.5], i.c., timing offset does not exceed
the half of sample duration, the frequency domain compensation is enough. The frequency domain
precompensation is phase rotation of “-SFO*t*k” where k denotes a subcarrier index, i.e., the ration of
incremental phase in frequency domain with a subcarrier index. If the value of “-SFO*t” is exceed the
half of sample duration, add or drop of one sample of IDFT output in the GI addition process and the
phase of SFO precompensation is corrected by subtracting or add 0.5, i.¢., -SFO*t+0.5 or -SFO*t+0.5.

ABSTRACT:

In this invention, CFO and SFO pre-compensation method is proposed for UL MU transmission. To
implement this function in IEEE 802.11ax, the MAC-PHY interface signal in TXVECTOR and
RXVECTOR is defined. PHY MIB is also defined. Furthermore, we explain the procedure of
transmission and reception, i.e., how to use CFO value in TXVECTOR and RXVECTOR. By defining
such parameters in the standard and implementing them, all UL MU packet can be synchronized in
terms of CFO and SFO.
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