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UNITED STATES DISTRICT COURT 
FOR THE EASTERN DISTRICT OF TEXAS 

MARSHALL DIVISION 
 

COBBLESTONE WIRELESS, LLC, 
 
  Plaintiff, 
 
 v. 
 
CISCO SYSTEMS, INC.  
 

Defendant. 

 
 
Case No. 2:23-cv-00454 
(Lead Case) 

 

COBBLESTONE WIRELESS, LLC, 
 
  Plaintiff, 
 
 V. 
 
HEWLETT PACKARD 
ENTERPRISE COMPANY; ARUBA 
NETWORKS, LLC.  
 

Defendants. 

 
 
Case No. 2:23-cv-00457 
(Member Case) 
 

  
 

PLAINTIFF COBBLESTONE WIRELESS, LLC’S PRELIMINARY DISCLOSURE OF 
ASSERTED CLAIMS AND INFRINGEMENT CONTENTIONS  

 
I. Patent Rule 3-1: Disclosure of Asserted Claims and Infringement Contentions 

Pursuant to Patent Rule 3-1, Plaintiff Cobblestone Wireless, LLC submits the following 

Preliminary Disclosure of Asserted Claims and Infringement Contentions. This disclosure is based 

on the information available to Cobblestone as of the date of this disclosure, and Cobblestone 

reserves the right to amend this disclosure to the full extent permitted, consistent with the Court’s 

Rules and Orders.  

A. Patent Rule 3-1(a): Asserted Claims 

Cobblestone asserts that Defendant Cisco Systems, Inc. infringes the following claims 

(collectively, “Asserted Claims”): 
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(1) U.S. Patent No. 7,924,802 (the “’802 patent” or “Asserted Patent”), claims 1, 2-4,  

7-9. 

B. Patent Rule 3-1(b): Accused Instrumentalities of which Cobblestone is aware 

Cobblestone asserts that the Asserted Claims are infringed by the various instrumentalities 

used, made, sold, offered for sale, or imported into the United States by Defendant, including 

certain Cisco 802.11ac and 802.11ax-compliant station and access point products that support 

80+80 MHz channel width (“Accused Instrumentalities”). Defendant’s Accused Instrumentalities 

of which Cobblestone is presently aware are described in more detail in the accompanying 

preliminary infringement contention chart, Exhibit A. 

Cobblestone reserves the right to accuse additional products from Defendant to the extent 

Cobblestone becomes aware of additional products during the discovery process. Unless otherwise 

stated, Cobblestone’s assertions of infringement apply to all variations, versions, and applications 

of each of the Accused Instrumentalities, on information and belief, that different variations, 

versions, and applications of each of the Accused Instrumentalities are substantially the same for 

purposes of infringement of the Asserted Claims. 

C. Patent Rule 3-1(c): Claim Charts 

Cobblestone’s analysis of Defendant’s products is based upon limited information that is 

publicly available, and based on Cobblestone’s own investigation prior to any discovery in these 

actions. Specifically, Cobblestone’s analysis is based on certain limited resources that evidence 

certain products made, sold, used, or imported into the United States by Defendant. 

Cobblestone reserves the right to amend or supplement these disclosures for any of the 

following reasons: 

(1) Defendant and/or third parties provide evidence relating to the Accused 

Instrumentalities; 
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(2) Cobblestone’s position on infringement of specific claims may depend on the claim 

constructions adopted by the Court, which has not yet occured; and 

(3) Cobblestone’s investigation and analysis of Defendant’s Accused Instrumentalities is 

based upon public information and Cobblestone’s own investigations. Cobblestone 

reserves the right to amend these contentions based upon discovery of non-public 

information that Cobblestone anticipates receiving during discovery. 

Attached as Exhibit A, and incorporated herein in its entirety, is a chart identifying where 

each element of the Asserted Claims are found in the Accused Instrumentalities. 

Unless otherwise indicated, the information provided that corresponds to each claim 

element is considered to indicate that each claim element is found within each of the different 

variations, versions, and applications of each of the respective Accused Instrumentalities described 

above. 

D. Patent Rule 3-1(d): Literal Infringement / Doctrine of Equivalents 

With respect to the patents at issue, each element of each Asserted Claim is considered to 

be literally present. Cobblestone also contends that each Asserted Claim is infringed or has been 

infringed under the doctrine of equivalents in Defendant’s Accused Instrumentalities.  Cobblestone 

also contends that Defendant both directly and indirectly infringes the Asserted Claims. For 

example, the Accused Instrumentalities are provided by the Defendant to customers, who are 

actively encouraged and instructed (for example, through Defendant’s online instructions on its 

website and instructions, manual, or user guides that are provided with the Accused 

Instrumentalities) by the Defendant to use the Accused Instrumentalities in ways that directly 

infringe the Asserted Claims. Defendant therefore specifically intends for and induces its 

customers to infringe the Asserted Claims under Section 271(b) through the customers’ normal 

and customary use of the Accused Instrumentalities. In addition, Defendant is contributorily 
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infringing the Asserted Claims under Section 271(c) and/or Section 271(f) by selling, offering for 

sale, or importing the Accused Instrumentalities into the United States, which constitute a material 

part of the inventions claimed in the Asserted Claims, are especially made or adapted to infringe 

the Asserted Claims, and are otherwise not staple articles or commodities of commerce suitable 

for non-infringing use. 

E. Patent Rule 3-1(e): Priority Dates 

The Asserted Claims of the ’802 patent are entitled to a priority date at least as early as 

January 23, 2008, the filing date of Application No. 12/018,370.  

A diligent search continues for additional responsive information and Cobblestone reserves 

the right to supplement this response. 

F. Patent Rule 3-1(f): Identification of Instrumentalities Practicing the Claimed 
Invention 

At this time, Cobblestone does not identify any of its instrumentalities as practicing the 

Asserted Claims. A diligent search continues for additional responsive information and 

Cobblestone reserves the right to supplement this response. 

II. Patent Rule 3-2: Document Production Accompanying Disclosure 

Pursuant to Patent Rule 3-2, Cobblestone submits the following Document Production 

Accompanying Disclosure, along with an identification of the categories to which each of the 

documents corresponds. 

F. Patent Rule 3-2(a) documents: 

Cobblestone is presently unaware of any documents sufficient to evidence any discussion 

with, disclosure to, or other manner of providing to a third party, or sale of or offer to sell, the 

inventions recited in the Asserted Claims of the Asserted Patents prior to the application dates or 

priority dates for the Asserted Patents.  A diligent search continues for such documents and 
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Cobblestone reserves the right to supplement this response.  

G. Patent Rule 3-2(b) documents: 

Cobblestone  identifies the following non-privileged documents as related to evidencing 

conception and reduction to practice of each claimed invention of the Asserted Patent: 

COBB_CISCO_HPE_000001 - COBB_CISCO_HPE_000022. A diligent search continues for 

additional documents and Cobblestone reserves the right to supplement this response. 

H. Patent Rule 3-2(c) documents: 

Cobblestone identifies the following documents as being the file history for the Asserted 

Patent: COBB_CISCO_HPE_000023 - COBB_CISCO_HPE_000117. 

Dated: December 11, 2023           Respectfully submitted, 

 
 
 
 
 
 

/s/ Reza Mirzaie  
Reza Mirzaie 
CA State Bar No. 246953 
Marc A. Fenster 
CA State Bar No. 181067 
Neil A. Rubin 
CA State Bar No. 250761 
Christian W. Conkle 
CA State Bar No. 306374 
Amy E. Hayden  
CA State Bar No. 287026 
Jonathan Ma 
CA State Bar No. 312773 
Jacob R. Buczko 
CA State Bar No. 269408 
Peter Tong 
TX State Bar No. 24119042 
Matthew D. Aichele 
VA State Bar No. 77821 
RUSS AUGUST & KABAT 
12424 Wilshire Boulevard, 12th Floor 
Los Angeles, CA  90025 
Telephone: 310-826-7474 
Email: rmirzaie@raklaw.com 
Email: mfenster@raklaw.com 
Email: nrubin@raklaw.com 
Email: cconkle@raklaw.com 
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Email: ahayden@raklaw.com 
Email: jma@raklaw.com 
Email: jbuczko@raklaw.com 
Email: ptong@raklaw.com 
Email: maichele@raklaw.com 
 
ATTORNEYS FOR PLAINTIFF 
COBBLESTONE WIRELESS, LLC 
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CERTIFICATE OF SERVICE 

I certify that this document is being served upon counsel of record for Defendant 

on December 11, 2023 via e-mail. 

 
     
 /s/ Reza Mirzaie  
      Reza Mirzaie 
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U.S. Patent No. 7,924,802 (“’802 Patent”) 

Accused Instrumentalities: Cisco 802.11ac and/or 802.11ax-compliant station and access point products that support 80+80 MHz channel width, and 
all versions and variations thereof since the issuance of the asserted patent. 

Based upon publicly available information and without the benefit of discovery in this case, the Accused Instrumentalities include, but are not limited 
to the following products: 

Product Name 

Cisco C9130AX AP 

Cisco C9124AX AP 

Cisco C9136I AP 

Cisco CW9166D1 AP 

Cisco CW9166I AP 

Cisco IW9167 AP 

Cisco Catalyst 9163E AP 

Cisco Meraki CW9162 

Cisco Meraki CW9164 

Cisco Meraki CW9166 

Cisco Meraki CW9166D1 

Cisco Meraki MR36 
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Cisco Meraki MR44 

Cisco Meraki MR46(E) 

Cisco Meraki MR53 

Cisco Meraki MR55 

Cisco Meraki MR56 

Cisco Meraki MR57 

 
alone, or in combination, with the following: 
 

Product Name 

Cisco 3504 WLAN Controller  

Cisco 5520 WLAN Controller  

Cisco 8540 WLAN Controller  

Cisco Catalyst 9800-40 Wireless Controller  

Cisco Catalyst 9800-80 Wireless Controller 

Cisco Catalyst 9800 Cloud Wireless Controller  

Cisco Catalyst 9800-L Wireless Controller  

Cisco Catalyst 9800 Embedded Wireless Controller  

Cisco Catalyst 9800-L Wireless Controller  



Page 3 of 93 

Cisco Catalyst 9800-CL Wireless Controller  

 

Claim 1 

Claim 1 Public Documentation 

[1pre] A method of transmitting 
information in a wireless commu-
nication channel comprising: 

To the extent the preamble is found to be limiting, the Accused Instrumentalities perform a method of transmit-
ting information in a wireless communication channel. 
 
For example, Cisco’s Accused Instrumentalities support 80+80 MHz channel width, which transmits infor-
mation in a wireless communication channel. For example, at least Cisco-Meraki MR53 of the Accused Instru-
mentalities is based on 802.11ac Wave 2, which supports 80+80 MHz channel width. Cisco-Meraki MR56 and 
Cisco-Meraki MR55 products are based on 802.11ax, capable of 80+80 and 160MHz channels.  
 
See, e.g.: 
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Claim 1 Public Documentation 

 
https://meraki.cisco.com/solutions/80211ac 
 

 

' 

Feature 

PHY Rate 

# of Spatial 
Streams 

Modulation 

Channel 
Width 

MIMO 

802.11 
protocol 
SU Ort 

CHANNEL BANDWIDTH 

ifhe MR53 increases the 
channel bandwidth - the size 
of the pir:,e used to transmit 
data - ur:, to 160 MHz These 
widei channels enable faster 
transmissions and increase 
aggregate performance In 
dense multi-client 
environments. 

I 

1.3Gbps 1.3 Gbps 

3 3 

256QAM 256QAM 

20, 40, 80 MHz 20, 40, 80 MHz 

Single User 
Single User 
Multi User 

a,n,ac a, n,ac 

MODULATION SPECTRUM 

01::1erates exclusively In the 

• 

1.73 Gbps 2.6Gbps 3.5 Gbps 

4 3 4 

256QAM 256QAM 256QAM 

20, 40, 80 MHz 20, 40, 80, 20, 40, 80, 
80+80, 160 MHz 80+80, 160 MHz 

Single User Single User Single User 
Multi User Multi User Multi User 

a, n, ac a,n,ac a, n,ac 
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Claim 1 Public Documentation 

https://www.networxsecurity.org/members-area/glossary/i/ieee-80211ac.html 
 
Cisco-Meraki MR53 uses the Qualcomm QCA9994 SOC, which is capable of the 80+80 channel. 
 

 
https://fccid.io/UDX-60042010/Internal-Photos/UDX-60042010-Internal-Photos-2980467 
 

 

 
https://www.qualcomm.com/products/technology/wi-fi/qca9994 
 

QCA9994SoC 

Wave-2 802.llac Solution with MU-MIMO and 160MHz for Enterprise Networks 

The QCA9994 is a Wave-2 802.llac radio that enables premium Wi-Fi access points to support more devices and more 

demanding applications in the enterprise and carrier hotspots. The dual-band, 4x4 solution delivers peak data rates up to 1.7 

Gbps, and uses Multi-User MIMO to maintain faster connections on increasingly crowded networks. The QCA9994 also 

supports 160MHz and 80+80MHz channels to double the capacity at close range. 
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Claim 1 Public Documentation 

 
 

 
https://www.metapoint.in/product/cisco-meraki-mr56-wireless-access-point 

802.11 ax, 802.11 ac Wave 2, and 802.11 n Capabilities 

• UL/DL OFDMA, TWT support, BSS coloring 

Cisco Meraki MR56 - Wireless Access Point 

Wi-Fi 6 (802.11 ax) with Multigigabit Ethernet Wi-Fi 6 performance 

and efficiency, with a dedicated security radio 

Category : Cisco Wireless 

Brand : Cisco 

Model : MR56 

• 8x8 multiple input, multiple output (MIMO) with 8 spatial streams 

• 4x4 multiple input, multiple output (MIMO) with 4 spatial streams 

• UL/DL SU-MIMO and MU-MIMO Support 

• Maximal ratio combining (MRC) and beamforming 

• 20 and 40 MHz channels (802.11 n) 20, 40, and 80 MHz channels (802.11 ac Wave 2) 

• 160 MHz (80+80); 20, 40 and 80MHz channels (802.11 ax), 160 MHz (80+80) 

• Up to 1024 QAM on both 2.4 GHz and 5 GHz bands 

• Packet aggregation 
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Claim 1 Public Documentation 

 
http://en.techinfodepot.shoutwiki.com/wiki/Cisco_Meraki_MR55 
 

AX 2R 

Wikipedia 

8x8 802.11abgn/ac/ax Access Point 

Cisco Systems 

WikiDevi.wi-cat.ru 19 

Brand • Model • Rev 

FCCID 

ICID 

Board ID 

Type 

CPU1 

CPU1 Type 

CPU1 Speed 

Flash1 Chip 

Flash1 Size 

RAM1 Size 

RAM1 Chip 

ETH chlp1 

ETH chip2 

Ethernet Port Count 

Expansion IF types 

Power 

Connector type 

Cisco Meraki MR5519 

Platform 

Cisco Meraki MR55 HW 

RVA021 .SGD 

access point 

Qualcomm IPQ8078 

ARM Cortex-A53 

2.2 GHz ( 4 cores ) 

Wlnbond W29N02GZBJBF 

256 MIB 

2GIB 

SK hynlx H5AN8G6NAFR-UHC x 2 

Qualcomm IPO8078 

Aquantla AQR111C 

1-5GbE-LAN 

802dot11 DUI : none specified 

none specified 

12VDC 2.5A 

Flags: 

Wi-Fi 6, Bluetooth, VHT80+80, HE80+80, DFS (master) 

AddHlonal chips 

MCU;Silicon Labs;EFR32;EFR32, MG13P732HG;1; 

PMIC;Oualcomm;PMP8074;;1; 
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Claim 1 Public Documentation 

 
https://documentation.meraki.com/MR/Wi-Fi_Basics_and_Best_Practices/Wi-Fi_6_(802.11ax)_Technical_Guide 
 
Very high throughput (VHT) stations and access points have the 80+80 MHz channel capability and is made 
up of two 80MHz RF transmission frequency ranges. It is capable of high-throughput (HT) (for example, 
802.11n) features, and operates in 5GHz bands. A single physical layer protocol data unit (PPDU) is used for 
both 80+80 MHz RF frequency ranges.  
 

Capabilities MR44 MR45 MRSS MR36 MR46 MR56 

802.11ax 

Compliance 
Compatible Compatible Compatible Compatible Compatible Compatible 

Wi-Fi6-
Certified Certified Certified Certified 

Certified 

2 .4 GHz 

Radio 802.11b/g/n/ax 2x2:2 
802.11b/g/n/ax 802.11b/g/n/ax 

802.11b/g/n/ax 2x2:2 
802.11b/g/n/ax 

802.11b/g/n/ax 4x4:4 

Information 
4x4:4 4x4:4 4x4:4 

5 GHz 
802.11a/n/ac/ax 802 .11a/n/ac/ax 802.11a/n/ac/ax 802.11a/n/ac/ax 

Radio 802.11a/n/ac/ax 4x4:4 802.11a/n/ac/ax 2x2 :2 
4x4:4 8x8:8 4x4:4 8x8:8 

Information 
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Claim 1 Public Documentation 

 
IEEE 802.11-2016, Part 11: Wireless LAN MAC and PHY Specifications (Dec. 7, 2016) at 4.3.14.  
 

 

 
IEEE 802.11-2016, Part 11: Wireless LAN MAC and PHY Specifications (Dec. 7, 2016) at 4.3.13.  
 

4.3.14 Very high throughput (VHT) STA 

The IEEE 802.11 VHT STA operates in frequency bands below 6 GHz excluding the 2.4 GHz band. 

A VHT STA is an HT STA that, in addition to features supported as an HT STA, supports VHT features 
identified in Clau e 9, Clause 10, Clause 11 , Clause 14, Clause 1 , and Clause 21. 

The main PHY features in a VHT STA that are not present in an HT STA are the following: 

- Mandatory support for 40 MHz and 80 MHz channel widths 

- Mandatory support for VHT single-user (SU) PPDUs 

- Optional support for 160 MHz and 80+80 MHz channel v. idths 

- Optional support for VHT sounding protocol to support beamfonning 

- Optional support for VHT multi-user (MU) PPDUs 

- Optional support for VHT-MCSs 8 and 9 

4.3.13 High-throughput (HT) ST A 

The IEEE 802.11 HT STA provides PHY and MAC features that can support a throughput of 100 Mb/s and 
greater, as measured at the MAC data serv ice access point (SAP). An HT STA supports HT features as 

identified in Clause 10 and Clause 19. An HT STA operating in the 5 GHz band supports transmission and 
reception of frames that are compliant with mandatory PHY specifications as defined in Clause 17. An HT 
STA operating in the 2.4 GHz band supports transmission and reception of frames that are compliant with 
mandatory PHY specifications as defined in Clause 16 and Clause 18. An HT STA is also a QoS STA. The 
HT features are available to HT ST As associated with an HT AP. A subset of the HT features is available for 
use between two HT ST As that are members of the same IBSS. Similarly, a subset of the HT features is 
available for use between two HT STAs that have established mesh peering (see 9.4.2.56 for details). 
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Claim 1 Public Documentation 

 

 
IEEE 802.11-2016, Part 11: Wireless LAN MAC and PHY Specifications (Dec. 7, 2016) at 3.1.   
 

 
IEEE 802.11ax-2021, Part 11: Wireless LAN MAC and PHY Specifications (Feb. 9, 2021) at 4.3.15a.   
 

 

3. Definitions, acronyms, and abbreviations 

3.1 Definit ions 

80+80 MHz mask physical layer (PHY) protocol data unit (PPDU): A PPDU that is transmitted using 
the 80+80 MHz transmit spectral mask defined in Clause 21 and that is one of the following: 

a) An 80+80 MHz ve1y high throughput (VHT) PPDU (TXVECTOR parameter CH_BANDWIDTH 
equal to CBW80+80) 

b) An 80+80 MHz non-high-throughput (non-HT) duplicate PPDU (TXVECTOR parameter 
CH_BANDWIDTH equal to CBW80+80) 

4.3.15a High-efficiency (HE) STA 

The IEEE 802.11 HE STA operates in frequency bands between 1 GHz and 7.125 GHz. 

In the 5 GHz and 6 GHz bands, the following apply: 

- An HE STA is also a VHT STA if operating in the 5 GHz band, except that a 20 MHz-only HE STA 
does not support 40 MHz and 80 MHz channel widths 

- An HE ST A is also a STA that supp011s the OFDM PHY defined in Clause 17 if operating in 
the 6 GHz band 

- Support for 20 MHz operating channel width is mandatmy in an HE STA 

- Suppo11 for 40 MHz and 80 MHz operating channel width is mandatory in an HE STA that is not a 
20 MHz-only non-AP HE STA 

- Supp011 for 160 MHz and 80+80 MHz operating channel width is optional in an HE ST A 

3.2 Definitions specific to IEEE 802.11 
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Claim 1 Public Documentation 

 
 

 

 
IEEE 802.11ax-2021, Part 11: Wireless LAN MAC and PHY Specifications (Feb. 9, 2021) at 3.2 
 

[1a] transmitting first information 
across a first frequency range us-
ing a wireless transmitter, the first 
frequency range having a first cen-
ter frequency, a first highest fre-
quency, and a first lowest 
frequency; and 

The Accused Instrumentalities perform a method including transmitting first information across a first fre-
quency range using a wireless transmitter, the first frequency range having a first center frequency, a first high-
est frequency, and a first lowest frequency. 

For example, the Accused Instrumentalities transmit first information across a first frequency range, through 
the first 80MHz RF channel using a wireless transmitter, the first frequency range having a first center fre-
quency, a first highest frequency, and a first lowest frequency. The values of lower and higher frequencies are 
defined by the spectral masks.  

 

80+80 MHz mask physical layer (PHY) protocol data unit (PPDU) : A PPDU that is transmitted using 
the 80+80 :MHz transmit spectral mask defined in Clause 21) and that is one One of the following PPDUs: 

a) An 80+80 MHz very high throughput (VHT) PPDU (TXVECTOR parameter CH_BANDWIDTH 
equal to CBW80+80) transmitted using the 80+80 MHz transmit spectral mask defined in 
Clause 21. 

b) An 80+80 MHz non-high-throughput (non-HT) duplicate PPDU (TXVECTOR parameter 
CH_BANDWIDTH equal to CBW80+80) transmitted using the 80+80 MHz transmit spectral mask 
defined in Clause 21. 

_0 An 80+80 MHz hicl1-efficiency (HE) PPDU (TXVECTOR parameter CH BANDWIDTH equal to 
CBW80+80) transmitted using the 80+80 MHz transmit spectral mask defined in Clause 27. 

80+80 MHz physical layer (PHY) protocol data unit (PPDU): A Clause 21 80+80 MHz very high 
throughput (VHT) PPDU (TXVECTOR parameter CH_BANDWIDTH equal to CBW80+80), or a 
Clause 21 80+80 MHz non-high-throughput (non-HT) duplicate PPDU (TXVECTOR parameter 

CH_BANDWIDTH equal to CBW80+80). or a Clause 27 80+80 MHz high-efficiency (HE) PPDU with the 
TXVECTOR parameter CH BANDWIDTH equal to CBW80+80. 

21.3.17 VHT transmit specification 

21.3.17 .1 Transmit spectrum mask 
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Claim 1 Public Documentation 

 

 
IEEE 802.11-2016, Part 11: Wireless LAN MAC and PHY Specifications (Dec. 7, 2016) at 21.3.17.1 and Figure 
21-31 
 

For an 80 MHz mask PPDU of non-HT, non-HT duplicate, HT or VHT fonnat, the interim transmit 
spectral mask shall have a 0 dBr (dB relative to the maximum spectral density of the signal) bandwidth of 
78 MHz, -20 dBr at 41 MHz frequency offset, -28 dBr at 80 MHz frequency offset, and -40 dBr at 

120 MHz frequency offset and above. The interim transmit spectral mask for frequency offsets in betv.reen 
39 and 41 MHz, 41 and 80 MHz, and 80 and 120 MHz shall be linearly interpolated in dB domain from the 
requirements for 39 MHz, 41 MHz, 80 MHz, and 120 MHz frequency offsets. The transmit spectmm shall 
not exceed the maximum of the interim transmit spectmm mask and-59 dBm/MHz at any frequency offset. 
Figure 21-31 show an example of the resulting overall spectral ma k when the -40 dBr specllum level is 
above-59 dBm/MHz. 

PSD 

. ; .. ... ... . ... ...... -.20. P.8f ........ ; .. 

. . . . . . . . . . . . . . . . ; . ; ... .. .... ...... ... -.2e. P.8r. ....... ; .. ( ... .... .... .. .. . 

--"'·· · ···· · ··· ···· ·· ·· :·· ···· ·· ·· ·· ·· · ··: · ·=·· ·· · · ·· · ·· ·· ·· ·· ·--:49. J:11;1.r. . . . . . ... : .. ; .... .. . ... ... . ... ; ... ... .... .. .... ... '\. --. . . . . . 
: : : : : : Freq [MHz] 

-120 -80 -41 -39 39 41 80 1 0 

Figure 21-31-Example transmit spectral mask for 80 MHz mask PPDU 
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Claim 1 Public Documentation 

 
IEEE 802.11-2016, Part 11: Wireless LAN MAC and PHY Specifications (Dec. 7, 2016) at 21.3.17.1 and Figure 
21-33 
 

 

I 
I 
I 
I 

0dBr 

1 -20d6r -1----
1 I 
I 1 -28 dBr ----i --1- --- -
1 I 
I I 
I I 
I I 
I I 
I I 
I I 

I I I 
I I I 

--+---~-11~~!. 
I 

I I I 

-120 -80 -41 -39 0 

PSD 

I 

: 80 MHz Mask 1 
I 
I ----I-
I I 
I I ___ -4_T ___ _ 

I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I ----1-T----r---

I 

39 41 
I 

80 

0dBr 

' 120 

PSD 

I 
I 
I 
I 

0dBr 

1 -20 dBr ,.. ___ _ 
I I 
I 1 -28dBr -- - -i- -1-- -- -
1 I 

PSD 

I 
: 80 MHz Mask 2 
I 
I ----I-
I I 
I I _ __ -4_T ___ _ 

I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 

I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 

---:----~-l~~!. 
I 

I I I 
I I I ----1-T----r---

' ' I 

-120 -80 -41 -39 0 
I 

39 41 ' 80 
I 

120 

Overall transmit spectral mask 
(bold line) 

neiller olthe two 80 
MHz masks have 

values greater than 
or equal to -20 dBr 

and less than or 
equal to 0 dBr 

Figure 21-33-Example transmit spectral mask for 80+80 MHz mask PPDU 

21 .3.14 Channelization 
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Claim 1 Public Documentation 

 

 
IEEE 802.11-2016, Part 11: Wireless LAN MAC and PHY Specifications (Dec. 7, 2016) at 21.3.14 
 

 

 

For an 80+80 MHz channel, any two channels that would each be allowed as 80 MHz channels and ·whose 
center frequencies are separated by greater than 80 MHz (difference between 
dotl lCt11TentChannelCenterFrequencyindex0 and dotl lCunentChannelCenterFrequencylndexl 
coffesponds to a frequency difference greater than 80 MHz) may be used. 

A channel specified by 
channel stai1ing frequency = 5000 MHz 
dotl 1 Ct11TentChannelWidth = 80+80 MHz 
dotl 1 Ct11TentChannelCenterFrequencylndex0 =155 
dotl lCtmentChannelCenterFrequencyindexl = 106 
dotl lCtmentPrima1yChannel = 161 

is an 80+80 MHz channel in which frequency segment 0 has 80 MHz bandwidth and center frequency of 
5 5 MHz. Frequency segment 1 also has 80 MHz bandwidth and center frequency of 5530 MHz. The 
pri:ma1y 20 MHz channel is centered at 5805 MHz. 

27.3.19 Transmit specification 

27.3.19.1 Transmit spectral mask 

For an 80 MHz mask PPDU of HE format, the interim transmit spectra l mask shall have a 0 c!Br bandwidth 
of 79 MHz, - 20 c!Br at 40.5 MHz frequency offset, -28 c!Br at 80 MHz frequency offset, and -40 c!Br 
at 120 MHz frequency offset and above. The interim transmit spectral mask for frequency offsets 
between 39.5 MHz and 40.5 MHz, 40.5 MHz and 80 MHz, ai1d 80 MHz and 120 MHz shall be linearly 
interpolated in dB domain from the requirements for 39.5 MHz, 40.5 MHz, 80 MHz, and 120 MHz 
frequency offsets. The transmit spectrum shall not exceed the maximum of the interim transmit spectrum 
mask and - 59 dBm/MHz at any frequency offset. Figure 27-49 shows an example of the resulting overall 
spectral mask when the -40 c!Br spectrum level is above - 59 dBm/MHz. 
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Claim 1 Public Documentation 

 
 

 
 

PSD 

0 dBr 

.•. . . .• ... ... -.2.&liB.r ... 

:40 _qE)[. 
Freq [MHz) 

-120 -80 -40.5 -39.5 39.5 40.5 80 120 

Figure 27-49-Example transmit spectral mask for an 80 MHz mask PPDU 

and -59 dBm/MHz at any frequency offset. Figure 27-51 shows an example of a transmit spectral mask for 
a noncontiguous trnnsmission using two 80 MHz charmels where the center frequency of the two 80 MHz 
channels are separated by 160 MHz and the -40 dBr spectnun level is above - 59 dBm/MHz. 

Different center frequency separation between the two 80 MHz frequency segments of the spectral mask and 
different peak levels of each 80 MHz frequency segment of the spectral mask are possible. In such cases, a 
similar procedure in detemrining the spectral mask as in Figure 27-51 is followed. 
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(IEEE 802.11ax-2021, Part 11: Wireless LAN MAC and PHY Specifications (Feb. 9, 2021) at 27.3.19.1, Figure 
27-49, Figure 27-51).   
 

[1b] simultaneously transmitting 
second information across a sec-
ond frequency range using the 
same wireless transmitter, the sec-
ond frequency range having a sec-
ond center frequency greater than 

The Accused Instrumentalities perform a method including simultaneously transmitting second information 
across a second frequency range using the same wireless transmitter, the second frequency range having a 
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Figure 27-51-Example transmit spectral mask for an 80+80 MHz mask PPDU 
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the first center frequency, a second 
highest frequency, and a second 
lowest frequency. 

second center frequency greater than the first center frequency, a second highest frequency, and a second lowest 
frequency. 

For example, the Accused Instrumentalities simultaneously transmit second information across a second fre-
quency range, through the second 80MHz RF channel, using the same wireless transmitter, the second fre-
quency range having a second center frequency greater than the first center frequency, a second highest 
frequency, and a second lowest frequency. The values of lower and higher frequencies are defined by the spec-
tral masks. The same station / access point provides supports to concurrent 80+80 MHz RF channels. 
 

 

21 .3.17 VHT transmit specification 

21.3.17 .1 Transmit spectrum mask 
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(IEEE 802.11-2016, Part 11: Wireless LAN MAC and PHY Specifications (Dec. 7, 2016) at 21.3.17.1 and 
Figure 21-33).   
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Figure 21-33-Example transmit spectral mask for 80+80 MHz mask PPDU 
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(IEEE 802.11-2016, Part 11: Wireless LAN MAC and PHY Specifications (Dec. 7, 2016) at 4.3.14).   
 

 

 

4.3.14 Very high throughput (VHT) STA 

The IEEE 802.11 VHT STA operates in frequency bands below 6 GHz excluding the 2.4 GHz band. 

A VHT STA is an HT STA that, in addition to features suppo1ted a an HT STA, suppo1ts VHT features 
identified in Clause 9, Clause 10, Clause 11 , Clause 14, Clause 1 , and Clause 21. 

The main PHY features in a VHT ST A that are not present in an HT STA are the following: 

- Mandat01y supp011 for 40 MHz and 80 MHz channel widths 

- Mandato1y support for VHT single-user (SU) PPDUs 

- Optional suppo1t for 160 MHz and 80+80 MHz channel -widths 

- Optional supp01t for VHT sounding protocol to supp01t beamfonning 

- Optional suppo1t for VHT multi-user (MU) PPDUs 

- Optional supp011 for VHT-MCS 8 and 9 

21.3.14 Channelization 

For an 80+80 MHz cham1el, any two channels that would each be allowed as 80 MHz channels and whose 
center frequencies are separated by greater than 80 MHz (difference between 
dotl lCuITentChannelCenterFrequencyindex0 and dotl 1 CunentChannelCenterFrequencylndex l 
conesponds to a frequency difference greater than 80 MHz) may be used. 
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(IEEE 802.11-2016, Part 11: Wireless LAN MAC and PHY Specifications (Dec. 7, 2016) at 21.3.14).   
 

 
 

 
 

A channel specified by 
channel stru1ing frequency = 5000 MHz 
dotl 1 CunentChannelWidth = 80+80 MHz 
dotl lCtmentChannelCenterFrequencylndex0 =155 
dotl lCunentChannelCenterFrequencylndexl = 106 
dotl lCunentPrima1yChannel = 161 

is an 80+80 MHz channel in which frequency segment 0 has 80 MHz bandwidth and center frequency of 
5775 MHz. Frequency segment 1 also has 80 MHz bandwidth and center frequency of 5530 MHz. The 
p1ima1y 20 MHz chrumel is centered at 5805 MHz. 

27.3.19 Transmit specification 

27.3.19.1 Transmit spectral mask 

For an 80 MHz mask PPDU of HE fonnat, the interim transmit spectral mask shall have a 0 dBr bandwidth 
of 79 MHz, - 20 dBr at 40.5 MHz frequency offset, - 28 dBr at 80 MHz frequency offset, and -40 dBr 
at 120 MHz frequency offset and above. The interim transmit spectral mask for frequency offsets 
between 39.5 MHz and 40.5 MHz, 40.5 MHz and 80 MHz, and 80 MHz and 120 MHz shall be linearly 
interpolated in dB domain from the requirements for 39.5 MHz, 40.5 MHz, 80 MHz, and 120 MHz 
frequency offsets. The transmit spectrum shall not exceed the maximum of the interim transmit spectnun 
mask and -59 dBm/MHz at any frequency offset. Figure 27-49 shows an example of the resulting overall 
spectral mask when the -40 dBr spectrum level is above -59 dBm/MHz. 
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For an 80+80 MHz mask PPDU of HE fonnat, the overall transmit spectral mask is constructed in th~ 
following manner. First, the 80 MHz interim spectral mask is placed on each of the two 80 MHz segments. 
For each frequency at which either of the 80 MHz interim spectral mask has a value equal to 0 dBr, then 
0 dBr shall be taken as the overall interim spectral mask value. Then, for each frequency at which both of 
the 80 MHz interim spectral masks have values greater than --40 dBr and less than - 20 dBr, the sum of the 
two interim mask values (summed in linear domain) shall be taken as the overall interim spectral mask 
value. Next, for each frequency at which neither of the two 80 MHz interim masks has a value greater than 
or equal to - 20 dBr, the higher value of the two interim masks shall be taken as the overall interim spectral 
mask value. Finally, for any frequency region where the overall interim spectral mask value has not been 
defmed yet, linear interpolation (in dB domain) between the nearest two frequency points with the 
overall interim spectral mask value defined shall be used to define the overall interim spectral mask 
value. The transmit spectrnm shall not exceed the maximum of the overall interim transmit spectrnm mask 
and-59 dBm/MHz at any frequency offset. Figure 27-51 shows an example ofa t1ansmit spectral mask for 
a noncontiguous transmission using two 80 MHz channels where the center frequency of the two 80 MHz 
channels are separated by 160 MHz and the --40 dBr spectrum level is above - 59 dBm/MHz. 

Different center frequency separation between the two 80 MHz frequency segments of the spectral mask and 
different peak levels of each 80 MHz frequency segment of the spectral mask are possible. In such cases, a 
similar procedure in detennining the spectral mask as in Figure 27-51 is followed. 

PSD 

. . :-40.cler. ... . -:-_:_ .. 
Freq [MHz] 

-120 -80 -40.5 -39.5 39.5 40.5 80 120 

Figure 27-49-Example transmit spectral mask for an 80 MHz mask PPDU 
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(IEEE 802.11ax-2021, Part 11: Wireless LAN MAC and PHY Specifications (Feb. 9, 2021) at 27.3.19.1, Figure 
27-49, Figure 27-51).   
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Figure 27-51-Example transmit spectral mask for an 80+80 MHz mask PPDU 
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(IEEE 802.11ax-2021, Part 11: Wireless LAN MAC and PHY Specifications (Feb. 9, 2021) at 4.3.15a).   
 

 

 
(IEEE 802.11ax-2021, Part 11: Wireless LAN MAC and PHY Specifications (Feb. 9, 2021) at 27.3.19.3).   
 

 

 
(IEEE 802.11ax-2021, Part 11: Wireless LAN MAC and PHY Specifications (Feb. 9, 2021) at 27.3.12.11).   
 

 

4.3.15a High-efficiency (HE) STA 

The IEEE 802.11 HE STA operates in frequency bands between 1 GHz and 7.125 GHz. 

In the 5 GHz and 6 GHz bands, the following apply: 

- An HE STA is also a VHT STA ifoperating in the 5 GHz band, except that a 20 MHz-only HE STA 
does not suppmi 40 MHz and 80 MHz channel widths 

- An HE STA is also a STA that suppmis the OFDM PHY defmed in Clause 17 if operating in 
the 6 GHz band 

- Suppori for 20 MHz operating channel width is mandatory in an HE STA 

- Support for 40 MHz and 80 MHz operating channel width is mandatmy in an HE STA that is not a 
20 MHz-only non-AP HE STA 

- Suppori for 160 MHz and 80+80 MHz operating channel width is optional in an HE ST A 

27.3.19.3 Transmit center frequency and symbol clock frequency tolerance 

Transmit signals with TXVECTOR parameter CH_ BANDWIDTH set to CBWl 60 or CBW80+80 may be 
generated using two separate RF LOs, one for each of the lower and upper 80 MHz frequency pmtions. 

27 .3.12.11 Segment deparser 

NOTE-As per Table 21-7 (center frequency for frequency segment iSeg = O). //l is always less than fc1l in the case of 

an 80+80 MHz HE PPDU. Hence, d\ , ;, n, o, r, u (frequency subblock 0) is always transmitted in the frequency segment 

lower in frequency, while d\ ;, n, 1• r, 11 (frequency subblock 1) is always transmitted in the frequency segment higher in 

frequency. 
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[2] The method of claim 1 wherein 
frequency difference between the 
first center frequency and the sec-
ond center frequency is greater 
than the sum of one-half the first 
frequency range and one-half the 
second frequency range. 

The Accused Instrumentalities perform a method wherein frequency difference between the first center fre-
quency and the second center frequency is greater than the sum of one-half the first frequency range and one-
half the second frequency range. 
 
See, e.g.: 
 

 
 

 
 
 
(IEEE 802.11-2020, Part 11: Wireless LAN MAC and PHY Specifications (Dec. 3, 2020) at 21.1.1).   
 

 
 

21 . Very high throughput (VHT) PHY specification 

21.1 Int roduction 

21.1.1 Introduction to ttle VHT PHY 

Clause 21 specifies the PHY enti: r for a very high throughput (VI-IT) orthogonal frequency divisi n 
m1Uiplexing (OFDM) stem operating in the 5 GHz barul 

bi addition to ffle requirements in Clause 1 a VHf STA shall be capable of transmitting and recei ring 
PPD s tha are compliant ·with the mandatory PHY specifications defined in C use 19 in the 5 GHz band. 

The VHf PHY provides support for 20 MHz, 40 MHz. 80 ~ md 160 MHz IIl:iguous chmnel M_dths 
d po foc 8o+80 MHz nooconfuruous cnainnet width. 

21.3.14 Cha elization 
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Table 21-22--Flelds to specify VITT channels 

Field 

mz,so l!lllOtes 

frequency. 
IB.z chaxmel, de.not e center ..,.,,, .. 'TV.,, of 
euc O which is the frequency segment containing 

l 

' nin e prim dwmel. 
range is l to 200. 
qum ·on (2 1-
20 .ffiz, 40 

do l CurrentPrima1yChann s the ocari 
ge is l to 200. 

See Equation 1- 03). 

s et to 0. 

A channel center frequen of 5 GHz shall indicated by do 11 ChannelStartingF actor = 8000 and 
dotllCurrentPrimaryCbmmel = 00. 

F r an Si 80 ~ cbmnel, any ~.-o channels would each allm1,·ed as 80 :MHz channels and ·whose 
center frequencies are separated by greater than 80 MHz (difference between 
dotllCurrentChannelCenterfl'e(JUenc ilndexO and dot l lCmrentChann Centafleqllencylndexl 
cmresponds to a frequenc difference greater than 80 MHz) may be used. 
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(IEEE 802.11-2020, Part 11: Wireless LAN MAC and PHY Specifications (Dec. 3, 2020) at 21.3.14, Table 21-
22).   
 
Thus, for the example 80+80 MHz channel above, from clause 21.3.14, the frequency difference between the 
first and second center frequencies is 275 MHz, which is greater than 80 MHz, which is the sum of one-half the 
first frequency range (40 MHz) and one-half the second frequency range (40 MHz). 
 

 
 

 
 

 
 

A channel specified by 
Channel stilting frequency = SOOO MHz 
dotl 1 CurremChannelWi.dth = 8o+80 MHz 
dotl lCurremChannelCenterFrequeocylndexO =l SS 
dotl 1 CurremChannelCenterFrequeocy Indexl = 106 
dotl l CurrentPri.m:uyCbannel = 161 

is an 8o+80 MHz chmnel in \\irich frequency segment O bas 80 MHz bandwidth md center frecpiency 
ofS77S MHz.. Frequency egment 1 also has 80 MHz bandwidth and center frequency of 5530 MHz. The 
primary 20 MHz channel is centered at 5805 MHz.. 

27. High-efficiency (HE) PHY specification 

27.1 Introduction 

27.1.1 Introduction to the HE PHY 

Clause 27 ~cifies the PHY entity for a high-efficiency (HE) orthogonal frequency cii.-ision multiplexmg 
(0FD f ) system. In addition to the requirements in Oause 27, an HE STA shall be capab e of transmitting 
and rec-m"ing PPDUs that are compliant with the mandatory requirl!.ments of the following PHY 
specifications: 

- Clause 19 and Clause 21 if the HE STA supports an operating channel width greater than or equal o 
80 MHz and is operating in the 5 GHz band. 

For 5 GHz band operatio the HE PHY is based on the VHT PHY defined in Clause 21 which in tum is 
based on the HT PHY efined in Clause 19 which in tum is further based on the 0FDM PHY defined in 
Clause 1 . 
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(IEEE 802.11ax-2021, Part 11: Wireless LAN MAC and PHY Specifications (Feb. 9, 2021) at 27.1.1).   
 
For example, the following Cisco document illustrates 80+80 MHz channel combinations. 

 
https://www.cisco.com/c/dam/en/us/products/collateral/wireless/aironet-3600-series/white-paper-c11-713103.pdf (accessed Dec. 
11, 2023) 

The HE PHY pro.ides support for 0 MHz, 40 :MHz 80 IB:z., a d 160 MHz co . guo channel widths and 
suppo or 80+80 MHz no contiguous chann width, epending on the frequenc band and capab· · . For 

Figure 6. Channel options for 160 MHz and 80+80 MHz 
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[3] The method of claim 1 wherein 
the first and second information 
are transmitted using the same 
power amplifier in said wireless 
transmitter. 

The Accused Instrumentalities perform a method wherein the first and second information are transmitted using 
the same power amplifier in said wireless transmitter. 
 
For example, Cisco’s Accused Instrumentalities support 80+80 MHz channel width, which transmits infor-
mation in a wireless communication channel. For example, at least Cisco-Meraki MR53 of the Accused Instru-
mentalities is based on 802.11ac Wave 2, which supports 80+80 and 160 MHz channels. Cisco-Meraki MR53 
further uses Skyworks PA: SKY85405, which supports 80+80 and 160MHz channels. Thus, there is evidence 
that the PA modules in the phone use a single PA for UL CA. Cisco-Meraki MR56 and Cisco-Meraki MR55 
products are based on 802.11ax, capable of 80+80 and 160MHz channels.  
 
See, e.g.: 
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https://meraki.cisco.com/solutions/80211ac  
 

 

' 

Feature 

PHY Rate 

# of Spatial 
Streams 

Modulation 

Channel 
Width 

MIMO 

802.11 
protocol 
SU Ort 

CHANNEL BANDWIDTH 

ifhe MR53 increases the 
channel bandwidth - the size 
of the pir:,e used to transmit 
data - ur:, to 160 MHz These 
widei channels enable faster 
transmissions and increase 
aggregate performance In 
dense multi-client 
environments. 

I 

1.3Gbps 1.3 Gbps 

3 3 

256QAM 256QAM 

20, 40, 80 MHz 20, 40, 80 MHz 

Single User 
Single User 
Multi User 

a,n,ac a, n,ac 

MODULATION SPECTRUM 

01::1erates exclusively In the 

• 

1.73 Gbps 2.6Gbps 3.5 Gbps 

4 3 4 

256QAM 256QAM 256QAM 

20, 40, 80 MHz 20, 40, 80, 20, 40, 80, 
80+80, 160 MHz 80+80, 160 MHz 

Single User Single User Single User 
Multi User Multi User Multi User 

a, n, ac a,n,ac a, n,ac 
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https://www.networxsecurity.org/members-area/glossary/i/ieee-80211ac.html 
 
Cisco-Meraki MR53 uses the Qualcomm QCA9994 SOC, which is capable of the 80+80 channel. 
 

 
https://fccid.io/UDX-60042010/Internal-Photos/UDX-60042010-Internal-Photos-2980467 
 

 

 
https://www.qualcomm.com/products/technology/wi-fi/qca9994  
 

QCA9994SoC 

Wave-2 802.llac Solution with MU-MIMO and 160MHz for Enterprise Networks 

The QCA9994 is a Wave-2 802.llac radio that enables premium Wi-Fi access points to support more devices and more 

demanding applications in the enterprise and carrier hotspots. The dual-band, 4x4 solution delivers peak data rates up to 1.7 

Gbps, and uses Multi-User MIMO to maintain faster connections on increasingly crowded networks. The QCA9994 also 

supports 160MHz and 80+80MHz channels to double the capacity at close range. 
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https://fccid.io/UDX-60042010/Internal-Photos/UDX-60042010-Internal-Photos-2980467  
 

 
https://investors.skyworksinc.com/news-releases/news-release-details/skyworks-ramps-production-precision-analog-ics-supporting 
 

 

Skyworks Ramps Production of Precision Analog ICs Supporting Enterprise Access Points. Cable Set-Top Boxes and Wireless Video Systems 

WOBURN, Mass .. Mar 08, 2011 (BUSINESS WIRE) -- Skyworks Solutions, Inc. (NASDAO:SWKS), an innovator of high reliability analog and mixed signal 

semiconductors enabling a broad range of end markets, is ramping production of various precision analog ICs in support of several customers launching 

fiber to the curb (mC). fiber to the home (mH). cable set- top boxes and wireless video systems. Cisco and Motorola, among others. are leveraging 

Skyworks' industry-leading power amplifiers, LNAs, gain blocks, attenuators, pin and varactor diodes, as well as switches to enable greater network reliability. 

SKY85405-211 
High-Power ( +19 dBm) 802.llac WLAN Power Amplifier with Integrated Power Detector 

Skyworks SKY85405- 211 is a 5 GHz M icrowave M onolithlc Integrated Circuit (MMIC) power ampl!ficr (PA) with superior 

output power, linearity, and efficiency. These features make the SKY85405-211 ideal for Wireless Local Area Network 

(WLAN IEEE 802.llac) applications in Power over Ethernet (PoE) devkes. 

The device Is fabricated using Indium Gallium Phosphide (lnGaP) Heterojunc'tion Bipolar Transistor (HBT) technology. The 

devk:e is internally m;:itched and mounted in a 20-pin, 4 x 4 mm Quad Flat No-Lead (OFN) surface-mount technology ... 
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https://www.skyworksinc.com/en/Products/Amplifiers/SKY85405-211  
 

 

Specifications 

Product Lifecycle In Production Frequency Range (GHz) 5.15-5.93 

Test Frequency (GHz) TBD Gain Typ. (dB) 31 

Power Added Efficiency(%) TBD OIP3(dBm) 

P1ds(dBm) 28 VccCV) 3.3 

Quiescent Current Typ. (mA) 170 Noise Figure Typ. (dB) TBD 

Package QFN, 20- pin Package (mm) 4x4 

Cisco Meraki MR56 - Wireless Access Point 

Wi-Fi 6 (802.11 ax) with Multigigabit Ethernet Wi-Fi 6 performance 

and efficiency, with a dedicated security radio 

Category : Cisco Wireless 

.. ,,.,1,, 
<•sco 

Brand : Cisco 

Model : MR56 
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https://www.metapoint.in/product/cisco-meraki-mr56-wireless-access-point  

802.11 ax, 802.11 ac Wave 2, and 802.11 n Capabilities 

• UL/DL OFDMA, TWT support, BSS coloring 

• 8x8 multiple input, multiple output (MIMO) with 8 spatial streams 

• 4x4 multiple input, multiple output (MIMO) with 4 spatial streams 

• UL/DL SU-MIMO and MU-MIMO Support 

• Maximal ratio combining (MRC) and beamforming 

• 20 and 40 MHz channels (802.11 n) 20, 40, and 80 MHz channels (802.11 ac Wave 2) 

• 160 MHz (80+80); 20, 40 and 80MHz channels (802.11 ax), 160 MHz (80+80) 

• Up to 1024 QAM on both 2.4 GHz and 5 GHz bands 

• Packet aggregation 
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http://en.techinfodepot.shoutwiki.com/wiki/Cisco_Meraki_MR55 
 

AX 2R 

Wikipedia 

8x8 802.11abgn/ac/ax Access Point 

Cisco Systems 

WikiDevi.wi-cat.ru 19 

Brand • Model • Rev 

FCCID 

ICID 

Board ID 

Type 

CPU1 

CPU1 Type 

CPU1 Speed 

Flash1 Chip 

Flash1 Size 

RAM1 Size 

RAM1 Chip 

ETH chlp1 

ETH chip2 

Ethernet Port Count 

Expansion IF types 

Power 

Connector type 

Cisco Meraki MR5519 

Platform 

Cisco Meraki MR55 HW 

RVA021 .SGD 

access point 

Qualcomm IPQ8078 

ARM Cortex-A53 

2.2 GHz ( 4 cores ) 

Wlnbond W29N02GZBJBF 

256 MIB 

2GIB 

SK hynlx H5AN8G6NAFR-UHC x 2 

Qualcomm IPO8078 

Aquantla AQR111C 

1-5GbE-LAN 

802dot11 DUI : none specified 

none specified 

12VDC 2.5A 

Flags: 

Wi-Fi 6, Bluetooth, VHT80+80, HE80+80, DFS (master) 

AddHlonal chips 

MCU;Silicon Labs;EFR32;EFR32, MG13P732HG;1; 

PMIC;Oualcomm;PMP8074;;1; 
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https://documentation.meraki.com/MR/Wi-Fi_Basics_and_Best_Practices/Wi-Fi_6_(802.11ax)_Technical_Guide 
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[4] The method of claim 3 wherein 
the bandwidth of said power am-
plifier is greater than the differ-
ence between the first lowest fre-
quency and the second highest fre-
quency. 

The Accused Instrumentalities perform the method of claim 3 wherein the bandwidth of said power amplifier 
is greater than the difference between the first lowest frequency and the second highest frequency. 
 
For example, the Accused Instrumentalities perform the method of claim 3 wherein the bandwidth of said power 
amplifier is greater than the difference between the first lowest frequency and the second highest frequency, at 
least when transmitted using the identified power amplifier. 
 
See, e.g. 

Capabilities MR44 MR45 MRSS MR36 MR46 MR56 

802.11ax 

Compliance 
Compatible Compatible Compatible Compatible Compatible Compatible 

Wi-Fi6-
Certified Certified Certified Certified 

Certified 

2 .4 GHz 

Radio 802.11b/g/n/ax 2x2:2 
802.11b/g/n/ax 802.11b/g/n/ax 

802.11b/g/n/ax 2x2:2 
802.11b/g/n/ax 

802.11b/g/n/ax 4x4:4 

Information 
4x4:4 4x4:4 4x4:4 

5 GHz 
802.11a/n/ac/ax 802 .11a/n/ac/ax 802.11a/n/ac/ax 802.11a/n/ac/ax 

Radio 802.11a/n/ac/ax 4x4:4 802.11a/n/ac/ax 2x2 :2 
4x4:4 8x8:8 4x4:4 8x8:8 

Information 
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IEEE 802.11-2020, Part 11: Wireless LAN MAC and PHY Specifications (Dec. 3, 2020) at 21.1.1.   
 

 
 

 
 

 
 

21 . Very high throughput (VHT) PHY specification 

21.1 Introduction 

21.1.1 Introduction to the VHT PHY 

Clause 21 specifies the PHY enti: r for a very high throughput orthogonal frequency divi.si n 
mwtiplexing (OFDM) em operating in the 5 GHz band. 

In addition to lhe requirements in Clause 21, a VHf STA shall be capable o transmitting and receiving 
PPD tha are compliant with the mandatory PHY specifications defined in C use 19 in the 5 GHz band. 

The VHf PHY provides support for 20 MHz, 40 MHz, 80 MHz, md 160 MHz contiguous chmnel widths 
and po far 80+-80 MHz runcontiguous channel ,,idth.. 

27. High-efficiency (HE) PHY specification 

27.1 Introduction 

27.1.1 Introduction to the HE PHY 

Clause 2 ~cifies the PHY entity for a high-efficil!llcy (HE) orthogonal frequl!llcy cii.-ision multiplexing 
(OFDM) system. In additio to the requireml!llts in Oause 27, an HE STA shall be capab e of transmitting 
and reeeiving PPDUs that a.re compliant with the mandatory req1llll!.ment5 of the following PHY 
specifications: 

Clause 19 and Clause 21 if the HE ST A suppo an open ting ch.amt width greater than or equal .o 
SO MHz and is operating in the 5 GHz band. 

For 5 GHz band operation., the HE PHY is based on the VHT PHY defined in Clause 21 which in tum is 
based on e HT PHY efined in Clause 19 which in turn is further based on the OFDM PHY defined in 
Clause 1 . 
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IEEE 802.11ax-2021, Part 11: Wireless LAN MAC and PHY Specifications (Feb. 9, 2021) at 27.1.1.   
 

 
https://fccid.io/UDX-60042010/Internal-Photos/UDX-60042010-Internal-Photos-2980467 
 

 
 

The HE PHY pro.ides support for 0 MHz, 40 :MHz 80 IB:z., a d 160 MHz co roo channel widths and 
suppo or 80+80 MHz no contiguous chann width, epending on the frequenc band and capab· · . For 

SKY85405-211 
High-Power ( +19 dBm) 802.llac WLAN Power Amplifier with Integrated Power Detector 

Skyworks SKY85405-211 ls a 5 GHz Microwave Monolithlc Integrated Circuit (MMIC) power amplifier (PA) with superior 

output power, linearity, and cttlclency. These features make the SKY85405-211 Ideal for Wireless Local Area Networic 

(WLAN IEEE 802.llac) applications in Power over Ethernet (PoE) devk:es. 

The device Is fabricated using Indium Ga Ilium Phosphide (lnGaP) Hetcrojunction Bipolar Transistor (HBD technology. The 

devk:e is intern.illy m.itche-d and mounted in a 20-pin, 4 x 4 mm Quad Flat No-Lead (OFN) surface-mount technology ... 
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https://www.skyworksinc.com/en/Products/Amplifiers/SKY85405-211 
 

Specifications 

Product Lifecycle In Production Frequency Range (GHz) 5.15-5.93 

Test Frequency (GHz) TBD Gain Typ. (dB) 31 

Power Added Efficiency(%) TBD OIP3(dBm) 

P1ds(dBm) 28 Vcc(V) 3.3 

Quiescent Current Typ. (mA) 170 Noise Figure Typ. (dB) TBD 

Package QFN,20-pin Package (mm) 4x4 



Page 39 of 93 

Claim 4 Public Documentation 

 
https://www.skyworksinc.com/en/Products/Amplifiers/SKY85405-211 
 
For example, the total frequency range of all 80 MHz channels falls within the frequency range of the power 
amplifier shown above.   
 
Therefore, the bandwidth of said power amplifier is greater than the difference between any allowable lowest 
frequency of the lower 80 MHz segment of any 80+80 MHz channel, and any allowable highest frequency of 
the upper 80 MHz segment of any 80+80 MHz channel under 802.11ac, or any such channel in the 5GHz band 
under 802.11ax. 

 

Figure 4. 802.1 lac channelization (United States) 

160 MHz charv,els 

80 MHz channels 

40 MHz charv,els 

Channel number 36 40 44 48 52 56 60 

Example of a channel-set for a BSS: 
- primary 20 MHz on ch60 (beacons, virtual carrier 

sense and 802.1 la devices) 
- primary 40 MHz on ch60+64 {802.11 n devices) 
- primary80 on ch52-64 and 160 MHz on ch36-64 

(802. 11 ac devices) 

l-uN11-1 - J - uN11-2-1 i 5150 5250 5350 

40 MHz = adjacent 20 MHz 
channels grouped Into pairs; 
80 MHz • adjacent 40 MHz 
channels grouped Into pairs; 
160 MHz = adjacent 80 MHz 
channels grouped into pairs 

160 MHz channels 

80 MHz channels 

40 MHz channels 

20 MHz channels 

Channel number 

Weather radar 
Issue 

Spans UNll-2 and 
U 11-2-extended 

149 153 157 161 165 

J +--------- UNll-2 ---------- 1- UNll-3 - 1 

~ro ----~---·-I 
5725 5825 5850 
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[7] The method of claim 1 
wherein the first information and 
the second information are the 
same data transmitted across two 
different frequencies. 

The Accused Instrumentalities perform a method wherein the first information and the second information are 
the same data transmitted across two different frequencies. 
 
For example, signals are transmitted on 80+80 MHz, one for the lower 80MHz frequency segment and one for 
the upper 80 MHz frequency segment with the same PPDU transmission, where the center frequency of frequency 
segment (0) is less than the center frequency of frequency segment (1). An 80+80MHz NON-HT Duplicate 
PPDU transmitted using the 80+80 MHz (i.e. different frequencies) transmit spectral mask sends copies of the 
same data on each of the 80MHz segments. 
 
See, e.g.: 

  

 

21 .3.17 VHT transm it specification 

21.3.17.1 Transmit spectrum mask 

For an 80 MHz mask PPDU of non-HT, non-HT duplicate, HT or VHT fonnat, the interim transmit 
spectral mask shall have a 0 dBr (dB relative to the maximum spectral density of the signal) bandwidth of 
78 MHz, -20 dBr at 41 MHz frequency offset, -28 dBr at 80 MHz frequency offset, and -40 dBr at 
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IEEE 802.11-2016, Part 11: Wireless LAN MAC and PHY Specifications (Dec. 7, 2016) at 21.3.17.1 and Figure 
21-31  
 

 

 

120 MHz frequency offset and above. The interim transmit spectral mask for frequency offsets in between 
39 and 41 MHz, 41 and 80 MHz and 80 and 120 MHz shall be linearly interpolated in dB domain from the 
requirements for 39 MHz, 41 MHz, 80 MHz, and 120 MHz frequency offsets. The transmit spectrum shall 
not exceed the maximum of the interim transmit spectrum mask and-59 dBm/MHz at any frequency offset. 
Figure 21 -31 shows an example of the resulting overall spectral mask when the -40 dBr spectrum level is 
above-59 dBm/MHz. 

PSD 

. . 
. : .... ... ...••. .. .... -20. 11.er .. . .... . : .. 

................ :. ; ... .. ........... . . -2e.11.er. ....... ; .. i ... ............ . 

__ .., __ ...... . .......... :· . ......... . ..... ;. ·:· .. .. . .. . ...... .. . ::49. ~l;l.r. ..... .. ·:·.: . . ... ... .. ..... . ·: .......... .. . ... . ''"" --
: : : : : : Freq [MHz] 

-120 -80 -41 -39 39 41 80 120 

Figure 21-31-Example transmit spectral mask for 80 MHz mask PPDU 

21.3.14 Channelization 

For an 80+80 MHz cham1el, any two channels that would each be allowed as 80 MHz cham1els and whose 
center frequencies are separated by greater than 80 MHz (difference between 
dotl 1 CurrentChannelCenterFrequencylndex0 and dotl 1 CunentCham1elCenterFrequencylndexl 
corresponds to a frequency difference greater than 80 MHz) may be used. 
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IEEE 802.11-2016, Part 11: Wireless LAN MAC and PHY Specifications (Dec. 7, 2016) at 21.3.14.   
 

 

A channel specified by 
channel starting frequency = 5000 MHz 
dotl 1 CunentChannelWidth = 80+80 MHz 
dotl lCurrentChannelCenterFrequencylndex0 =155 
dot 11 CurrentChannelCenterFrequency Index 1 = 106 
dotl l CunentPrima1yChannel = 161 

is an 80+80 MHz channel in which frequency segment 0 has 80 MHz bandwidth and center frequency of 
5775 MHz. Frequency segment 1 also has 80 MHz bandwidth and center frequency of 5530 MHz. The 
prima1y 20 MHz chaimel is centered at 5805 MHz. 

21 .3.17 VHT transmit specification 

21 .3.17 .1 Transmit spectrum mask 
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IEEE 802.11-2016, Part 11: Wireless LAN MAC and PHY Specifications (Dec. 7, 2016) at 21.3.17.1 and Figure 
21-33   
 

I 
I 
I 
I 

O <llr 

1 -20 dBr -1----
1 I 
I I -28 dBr ---.,-~----
1 I 
I I 
I I 
I I 
I I 
I I 
I I 

I I I 
I I I 

--+---~-l~'2.~~ 
I 

I I I 

-120 -80 -41 -39 0 

PSD 

I 

: 80 MHz Mask 1 
I 
I ____ ,_ 
I I 
I I ----4-"t----
l I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I ----1-1"----r---

I 

39 41 
I 

80 

OdBr 

I 

120 ~MHz] 

PSD 

I 
I 
I 
I 

OdBr 

I -20 dBr -t----
1 I 
I I -28d8r ---.,-~----

PSD 

I 

: 80 MHz Mask 2 
I 
I ____ ,_ 
I I 
I I ----4-"t----
l I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 

1 I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 

--+---~-l~<!.8!. 
I 

I I I 
I I I ----1-1"----r---

I I I 

-120 -80 -41 -39 0 
I 

39 41 
I 

80 
I 

120 

Overan transmit spectral mask 
(bold line) 

neiller oflhe two 80 
MHz masks have 

values greater than 
ex equal to -20 dBr 

and less than or 
eq uallo O dBr 

~MHz] 

Figure 21-33-Example transmit spectral mask for 80+80 MHz mask PPDU 

~MHz] 
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IEEE 802.11-2016, Part 11: Wireless LAN MAC and PHY Specifications (Dec. 7, 2016) at 3.1.   
 

 

 

3. Definitions, acronyms, and abbreviations 

3.1 Definitions 

80+80 MHz mask physical layer (PHY) protocol data unit (PPDU): A PPDU that is transmitted using 
the 80+80 MHz transmit spectral mask defined in Clause 21 and that is one of the following: 

a) An 80+80 MHz ve1y high throughput {VHT) PPDU (TXVECTOR parameter CH_BANDWIDTH 
equal to CBW80+80) 

b) An 80+80 MHz non-high-throughput (non-HT) duplicate PPDU (TXVECTOR parameter 
CH_BANDWIDTH equal to CBW80+80) 

multi-user multiple input, multiple output (MU-M™O): A technique by which multiple stations 
(STAs). each with one or more antennas. either simultaneously transmit to a single STA or sinmltaneously 
receive from a single STA independent data streams over the same radio frequencies. 

3.2 Definitions specific to IEEE Std 802.11 

downlink multi-user multiple input, multiple output (DL-M -M™O): A technique by which an access 
point (AP) with more th.an one antenna transmits a physical layer (PHY) protocol data unit (PPDU) to 
multiple receiving non-AP stations (STAs) over the same radio frequencies. wherein each non-AP STA 
simultaneously receives one or more distinct space-time streams. 
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non-high-throughput (non-HT) duplicate: A transmission format of the physical layer (PHY) that 
duplicates a 20 MHz non-HT transmission in two or more 20 MHz channels and allows a station (STA) in a 
non-HT basic service set (BSS) on any one of the 20 MHz channels to receive the transmission. A non-HT 
duplicate format is one of the fo llowing: 

a) 40 MHz non-HT duplicate: A transmission format of the PHY that replicates a 20 MHz non-HT 
transmission in two adjacent 20 MHz channels. 

b) 80 MHz non-HT duplicate: A transmission format of the PHY that replicates a 20 MHz non-HT 
transmission in four adjacent 20 MHz channels. 

c) 160 MHz non-HT duplicate: A transmission fom1at of the PHY that replicates a 20 MHz non-HT 
transmission in eight adjacent 20 MHz channels. 

d) 80+80 MHz non-HT duplicate : A transmission fo1111at of the PHY that replicates a 20 MHz non-HT 
transmission in two frequency segments of four adjacent 20 MHz channels where the nvo frequency 
segments of channels are not adjacent. 

21.3.3 Transmitter block diagram 
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IEEE 802.11-2016, Part 11: Wireless LAN MAC and PHY Specifications (Dec. 7, 2016) at 21.3.3 and Fig. 21-
6.   

 

 
IEEE 802.11-2016, Part 11: Wireless LAN MAC and PHY Specifications (Dec. 7, 2016) at 21.3.10.9.3.   

 

Figure 21-6 and Figure 21-7 show the transmit process for generating the VHT-SIG-B field of a VHT SU 
PPDU and VHT MU PPDU, respectively, in 20 MHz, 40 MHz, and 80 MHz channel widths. Figure 21-8 
and Figure 21 -9 show the transmit process for generating the VHT SIG-B field of a 160 MHz and 
80+80 MHz VHT SU PPDU, respectively. 
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and 

Window 

Insert GI 
and 

Window 

N"' Transmit Chains 

Analog 
and RF 

Analog 
and RF 

Analog 
and RF 

Figure 21-6-Transmitter block diagram for the VHT-SIG-B field of a 20 MHz, 40 MHz, and 
80 MHz VHT SU PPDU 

21.3.10.9.3 Segment deparser 

NOTE- As per Table 21-7, /;,°l (center frequency for frequency segment is,g=0) is always less than fc 1l in case of 

80+80 MHz VHT PPDU transmissions. Hence, d\, ;,n,o,,, (frequency subblock 0) is always transmitted in the frequency 

segment lower in frequency, while d",, ;, n, 1, ,, (frequency subblock I) is always transmitted in the frequency segment 

higher in frequency. 

21 .3.10.12 Non-HT duplicate transmission 
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IEEE 802.11-2016, Part 11: Wireless LAN MAC and PHY Specifications (Dec. 7, 2016) at 21.1.1.   

 

In an 80+80 MHz non-HT duplicate transmission, data transmission in each frequency segment shall be as 
defined for an 80 MHz non-HT duplicate transmission in Equation (2 1-100). 

21 . Very high throughput (VHT) PHY specification 

21 .1 Introduction 

21.1 .1 Introduction to the VHT PHY 

Clause 21 specifies the PHY e.ntity £or • , ·e,y high throughput (VHT) orthogonal frequency di,-isioo 
multiplexing (OFDM) system. 

lo addition to the requiremenls in Clause 21, a VHT STA shall be capable of transmitting and receiving 
PPDUs that are compliant with the mandatory PHY specifications defined in Clause 19. 

The VHT PHY is based on the HT PHY~ in Clause 19, whic:h in turn is based on the OFDM PHY 
defined in Clause 17. The VHT PHY exte.nds the maximum number of space-time streams supported to 
eight and pro~~des support for dol\'lllink multi-user (MU) transmissions. A downlink MU transmission 
supports up to four users with up to fonr space-time streams per user with the total number of space-time 
streams not exceeding eight. 

NOTI-MU IJ"8DSmission is differem from VHT SU goup addressed lr2llSDlission. 

The VHT PHY provides support for 20 MHz, 40 MHz, 80 l\.lliz, and 160 MHz contiguous c:hanoel widths 
and support for 80+80 MHz noncooti~ous c:haonel width. 

The VHT PHY data subc:arriers are modulated using binary phase shift keying (BPSK), quadrature phase 
shift keying (QPSK), 16-<!ll"drature amplitnde modulation (1 6-QAM), 64-QAM., and 256-QAM_ Forward 
error correction (FEC) coding (coDVolution.al or LDPC coding) is used with coding rates of l 3, 314, 
and 516. 

A VHT STA shall support the follo"~ features.: 

- Non-HT and non-HT duplicate formats (transmit and receive) for all c:hanoel ~ihs supported by 
the VHTSTA 

- HT-mixed format (transmit and receive) 

- VHT format (transmit and recein) 

- 20 MHz, 40 l\fHz, and 80 .1Hz channel widths 

- Single spatial stream VHT-MCSs 0 to 7 (transmit and receive) in all supported c:hanoel widths 

- Binary coovolutional codmg 

19.2.4 Effect of CH_BANDWIDTH, CH_OFFSET, and MCS parameters on PPDU format 



Page 48 of 93 

Claim 7 Public Documentation 

 
IEEE 802.11-2016, Part 11: Wireless LAN MAC and PHY Specifications (Dec. 7, 2016) 19.2.4, Table 19-2.   

 

 
 
IEEE 802.11ax-2021, Part 11: Wireless LAN MAC and PHY Specifications (Feb. 9, 2021) at 9.4.2.249.   

 

Table 19-2--tnterpretation of FORMAT, CH_BANDWIDTH, and 
CH_OFFSET parameters (continued) 

FORMAT CH_BA .. 'IDWIDIB CH_OFFSET 

NON_HT NON_HT_CBW20md CH_OFF_20L:40Mlbnon-HTlowerJan,iaJ-TheSTAlnnsmilsan 
e ERP-DSSS ERP-CCK, ERP-OFDM, or OFDM fo:ana.t PPDU, in the 

SECONDARY_ CHANN lcnnr 0 :r,.mz of a 40 MHz clwlnel. 
EL_OFFSETpanimeterof 
lhe 
PHYCONFIG_ VECTOR 
is 
SECONDARY_ CHANN 
EL_ABOVE 

NON_HT NON_HT_CBW40 CH_OFF _40: Non-HT duplicar fonttat--The A trammits :m ERP­
OFD:!>f or OFDM format PPDU in exh of lhe 20 :!>fHz c:h:mnels of a 
40 MHz chazmel. The npper cbimel (hi~er freqneocy) is romted by 
+90° relam·e m the lower c:h:mnel See 19J.l l.12. 

9.4.2.249 HE Oper tion element 

The Chmnel Center Frequency Segment 0 field indicates the ch=el center frequency index for the 
20 MHz, 40 MHz, 80 MHz 160 MHz, or 80+80 MHz ch=el on which the BSS operates in the 6 GHz 
ba:nd. If the BSS channel width is 160 MHz or 80+80 MHz, then the Channel Center Frequency Segment 0 
field indicates e ch=el center frequency index of the primary 80 MHz.. 

The Cbanne.l Center Frequency Segment 1 fi. d indicates the c.banne.l center frequency index of the 
160 MHz ch.umel on which the BSS operates in the 6 GHz ba:nd. lfthe chann width is 80+80 MHz., then it 
indicates the channel center frequency index of the secondary 80 lliz.. 

26.17.2 HE BSS operation in the 6 GHz band 

26.17.2.1 General 
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IEEE 802.11ax-2021, Part 11: Wireless LAN MAC and PHY Specifications (Feb. 9, 2021) at 26.17.2.1. 

 
 

 
IEEE 802.11ax-2021, Part 11: Wireless LAN MAC and PHY Specifications (Feb. 9, 2021) at 27.3.2.2.   

the 6 GHz Open -on Inform.a -on din the HE Opera ·o 
o b set the Cha idth 51.lb eld. rter 

Fre C requ e 6 GHz Opera · o 
Info in Ta _ ,,.ed on the Rx Rx HE-MCS fap 
1 MHz. and R..'t Map 8 80 ub elds ?f e e 
HE Capab· - ·es elem tran5 - d by the AP_ 

T ble 26-15-6 GHz BSS channel width 

bllJld Width field t:atu- Frtq ui.cy Se-_gmui.t l field 

0 0 

l 0 

0 

0 fie d, and 

27.3.2.2 Resource unit guard nd DC subcarriers 

BSS cbu.nel width 
(Ylh) 

80 

160 

pecti -el . The same stru ture 
using OFD {A trammissio · 

80 fHz HE _ PPD fonna o HE TB PPD 
fo ooth primary 80 MHz and ... econdary 80 MHz c ....... .<Uc a,;> m e 

1 MHz and 8 80 zHE PPDU o HE TB PPD fonna using OFD 1 
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IEEE 802.11ax-2021, Part 11: Wireless LAN MAC and PHY Specifications (Feb. 9, 2021) at 27.3.10. 
 

 

 
IEEE 802.11ax-2021, Part 11: Wireless LAN MAC and PHY Specifications (Feb. 9, 2021) at 27.3.19.3. 
 

 

27.3.10 M them tical description of signals 

Fo a MHz HE PPD • ·~ ·on or a no con ·guous 80+80 
bandwidth B dfrided . rt 

80 . . i t:lll.JL'l.:<SJ Dl.1:.5 10 

OFD · ~·on '\\rithin the correspo 

u<1LU1.u..usion. each 8 0 MHz 
e signal i:; tra?umi d in each 
epending on no -OFD 1 or 

27.3.19.3 Transmit center frequency and symbol c lock frequency tolerance 

Transmit . gc.ah . CTOR arame r H_BA.ND 'lDTH set CB r 60 o CB rg SO m be 
generated 

. 
mg osep e LO o 

27.3.19 Tr nsmit specific tion 

27.3.19.1 Transmit spectral mask 

fo each of the lo er and upper 80 z frequency po ·ons. 
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IEEE 802.11ax-2021, Part 11: Wireless LAN MAC and PHY Specifications (Feb. 9, 2021) at 27.3.19.1. 
 

 

 
IEEE 802.11ax-2021, Part 11: Wireless LAN MAC and PHY Specifications (Feb. 9, 2021) at 27.3.12.11. 
 

80 :MHz mask PPD of HE format. the o erall mit spectral m ask is con.,-tru ted in e 
fo o · g manner_ Firs the 8-0 rim spectral mask - pla ed on each of the two 80 segmen _ 

en y at which either of the 80 interim ec mask has a e equal o 0 dBr. 
be as the o - interim spectral m ask -alue . Then. for e ch en y a hich both of 

e 80 MHz interim spec 1 mas.ks ha'\-e v es greater -40 d.Br d ~ than- 0 dBr 
ro interim mm (summed in line.u domain) sh be the o -enll interim spec 

v e. _ e or each frequenc at -ch -th.er of e two 80 MHz - erim maili has a Y e greater 

or equal to -_0 r. the higher value of e o interim m - shall be taken the o erall - eri:m spec 
mask " e. p - 11 -on where o ·erall interim spectral mcl v ue ha:; no b 

ed ·et. linear omain) betwee e earest m-o frequency points wi 
interim spec ma - - b e used e o ·erall · erim spec m ask 

v e. The transmit spectrnm shall ot exceed the maximum o o · interim transmit spectrum m ask 
and-59 m IBz at my frequency o t. figure_ - s o -s an example ofa transmit spec mask o 
a no con -guous transmJ.Ss10 g o 80 MHz eh where e ter frequenc o the o 80 lliz 
channels are separa ed by 60 lliz evel · abo ·e - 59 m 1H 

er itce er 

· erent peak 

27.3.12.11 Segment deparser 

OTE-_ per able_ I - (cente fr 

8 80 illz HE P D . H e ti' 

e m-o 80 . 1Hz frequency egme of esp tral m.151' and 
... egment of the spectral mask are pos ible . 

spectral mas in Fi gu:.re _ is fo o ed. 

cy ir fre - segment · ~ = 0) c is atw 15 less 

(fri ency subb 0) is mulS!lllim~ in 

block 1) is alwa ,s trn:llSDru·ned in e 

such cases 

e case of 

gm 

• segment higher- i:n 
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IEEE 802.11ax-2021, Part 11: Wireless LAN MAC and PHY Specifications (Feb. 9, 2021) at 3.2. 
 

 

 
IEEE 802.11ax-2021, Part 11: Wireless LAN MAC and PHY Specifications (Feb. 9, 2021) at 27.1.4. 

3.2 Definitions specific to IEEE 802.11 

a) 80+80 1Hz very high throu 
equal to CBV. 80+80) .tralCLSlltWl~....ll.SiJ.ll:~te..._.ML:illLillllLILllli.smJL,Slli~a.L...m.aL5.l......Jltl~.ea......m 

b) oon-high-throughp 
equ 1 o CB 80+80) tl'..all:il:Ellllli~L:illl:...Ui.e..Jlt.l.ttili.l.l.J~I.Z...llr.an:i:WlLSlltKIW.maS. 

27.1.4 PPDU formats 

edb • anHE T CTOR parameters ~ 

T e FORM.AT parame er etennines o ·e:ra struc of the PPD and c_an take o one of the fo owmg 

V 

_ on-HT forma (NO __ H ha:5 on Clause or Clause 8 and · ding oon-HT dup ·cate 

forma . 

ed. in use 19. 

HT-greenfield a,:; cified in use 19. 

format ) as de . Clau,:;e _ . 
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IEEE 802.11ax-2021, Part 11: Wireless LAN MAC and PHY Specifications (Feb. 9, 2021) at 27.2.2, Table 27-
1. 
 

 

27.2.2 TXVECTOR and RXVECTOR parameters 

Table 27-1 - TXVECTOR and RXVECTOR p rameters 

ondition Vale 

forma o the y 

E 

19.2.2 TXVECTOR · nd RXVECTOR parameters 
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IEEE 802.11-2020, Part 11: Wireless LAN MAC and PHY Specifications (Feb. 9, 2021) at 19.2.2, Table 19-1. 
 

T le 19-1-TXVECTORand RXVECTOR parameters 

onditioa \ ala~ 

Dot:1.J= 

Enumerated type: 
·o ·_HT D 
non- tes 

etennined by the 
HT_ 1F indka es · 
HT_ GF indicates HT-greiellf:ield 

P_OFD 1 

y 

or 

y 
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IEEE 802.11-2020, Part 11: Wireless LAN MAC and PHY Specifications (Feb. 9, 2021) at 21.1.1. 
 

 

21 . Very high throughput (VHT) PHY specification 

21.1 Introduction 

21.1.1 lntroduotion to the VHT PHY 

C e 
multiple 

In a · · to the · · C a STA fJiall be apable o tnmsmI and receiving 
PPD are c mandato , PHY tio defined in C 19 in the 5 GHz band. 

e is ed on the Hf PHY de.fined in 'VL<l.u.x:. 19 n the OFDM PHY 
defined in Gaus 1 . P ext . port d o 

supp<> d 
o users 

streams not ding eight. 

19.2.4 Effect of CH_BANDWIDTH CH_OFFSET and MCS p ameters on PPDU form t 
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T ble 19-2--lnteriretation of FORMAT CH_BANDWIDTH and 
CH_ OFFSET p ameters 

FOR..\fA.T CH_BA .. 1WWIDTH 

HF_ ,n; HT_CBW_O 
HF GF 

HT_CB\"\40 

e_te of 

G_'RCTO 

SECONDARY_ HANK 
E 0 

CH_OFFSET 

HT-mixed 
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IEEE 802.11-2020, Part 11: Wireless LAN MAC and PHY Specifications (Feb. 9, 2021) at 19.2.4, Table 19-2. 
 

FOIL\iAT 

T ble 19-2--lnterpretation of FORMAT CH_BANDWIDTH and 
CH_OFFSET p ameters (conlinued) 

CH_B.A .. 'ID WIDTH 

G fECTO 
is 

ECONDARY _ HANK 
_BELOW 

et of 

G_ fECTO 

CH_OFF __ o : 40 
SS ERP-C 

_ ffizo 

CH_OFFSET 
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[8] The method of claim 1 wherein 
the first information and the sec-
ond information are from the same 
data stream. 

The Accused Instrumentalities perform a method wherein the first information and the second information are 
from the same data stream. 
 
For example, the 80+80MHz transmission has first and second information with the same PPDU transmission. 
A single STA transmits independent data streams over different groups of subcarriers. An 80+80MHz HE 
PPDU is equal to CBW 80+80 (i.e. same data stream) transmitted using the 80+80 MHz transmit spectral mask. 
 
See, e.g.: 

  

 

21 .3.17 VHT transm it specification 

21.3.17.1 Transmit spectrum mask 

For an 80 MHz mask PPDU of non-HT, non-HT duplicate, HT or VHT fonnat, the interim transmit 
spectral mask shall have a 0 dBr (dB relative to the maximum spectral density of the signal) bandwidth of 
78 MHz, -20 dBr at 41 MHz frequency offset, -28 dBr at 80 MHz frequency offset, and -40 dBr at 
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IEEE 802.11-2016, Part 11: Wireless LAN MAC and PHY Specifications (Dec. 7, 2016) at 21.3.17.1 and Figure 
21-31.   
 

 

 

120 MHz frequency offset and above. The interim transmit spectral mask for frequency offsets in betv.1een 
39 and 41 MHz, 41 and 80 MHz, and 80 and 120 MHz shall be linearly interpolated in dB domain from the 
requirements for 39 MHz, 41 MHz, 80 MHz, and 120 MHz frequency offsets. The transmit spectmm shall 
not exceed the maximum of the interim transmit spectmm mask and -59 dBm/MHz at any frequency offset. 
Figure 21 -31 shows an example of the resulting overall spectral mask ~hen the -40 dBr spectrum level is 
above-59 dBm/MHz. 

PSD 

. . 
. ; . . .. ..•.. ... ...... -.20. 11.er. .. ..... ; .. 

__ _, __ ..... ........ .. .. :· ....•.. ........ . :· ·:· ..... ........ .... .-:49. ~l;l.r. ..... .. ·:· . ; .... . .. ..... . . .. ·: . ..... .. ..... .... ··-----
: : : : : : Freq [MHz] 

-120 -80 -41 -39 39 41 80 1 0 

Figure 21-31-Example transmit spectral mask for 80 MHz mask PPDU 

21 .3.14 Channelization 

For an 80+80 MHz cham1el, any two channels that would each be allowed as 80 MHz channels and whose 
center frequencies are separated by greater than 80 MHz (difference between 
dotl 1 CuITentChannelCenterFrequencyindex0 and dotl 1 CunentCham1elCenterFrequencylndexl 
conesponds to a frequency difference greater than 80 MHz) may be used. 
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IEEE 802.11-2016, Part 11: Wireless LAN MAC and PHY Specifications (Dec. 7, 2016) at 21.3.14.   
 

 

 
 

 
IEEE 802.11-2016, Part 11: Wireless LAN MAC and PHY Specifications (Dec. 7, 2016) at 3.1.   
 

 

A channel specified by 
channel stru1ing frequency = 5000 MHz 
dotl 1 CunentChannelWidth = 80+80 MHz 
dotl lCtmentChannelCenterFrequencylndex0 =155 
dotl lCunentChannelCenterFrequencylndexl = 106 
dotl lCunentPrima1yChannel = 161 

is an 80+80 MHz channel in which frequency segment 0 has 80 MHz bandwidth and center frequency of 
5775 MHz. Frequency segment 1 also has 80 MHz bandwidth and center frequency of 5530 MHz. The 
p1ima1y 20 MHz chrumel is centered at 5805 MHz. 

3. Definitions, acronyms, and abbreviations 

3.1 Definitions 

80+80 MHz mask physical layer (PHY) protocol data unit (PPD ): A PPDU that is transmitted using 
the 80+80 MHz transmit spectral ma k defined in Clause 21 and that is one of the follo-wing: 

a) An 80+80 MHz ve1y high throughput (VHT) PPDU (TXVECTOR pru·ameter CH_BANDWIDTH 
equal to CBW80+80) 

b) An 80+80 MHz non-high-throughput (non-HT) duplicate PPDU (TXVECTOR parameter 
CH_BAND\VIDTH equal to CBW80+80) 

multi-user multiple input, multiple output (MU-MIMO): A technique by which multiple stations 
{STAs). each with one or more antennas. either simultaneously transmit to a single STA or simultaneously 
receive from a single ST A independent data streams over the same radio frequencies. 

3.2 Definitions specific to IEEE Std 802.11 
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IEEE 802.11-2016, Part 11: Wireless LAN MAC and PHY Specifications (Dec. 7, 2016) at 3.2.   
 

 

downlink multi-usl'l' multiple input, multiple output (DL-M -MIMO): A technique by which an access 
point (AP) with more than one ante1ma transmits a physical layer (PHY) protocol data unit (PPDU) to 
multiple receiving non-AP stations (STAs) over the same radio frequencies. wherein each non-AP STA 
simultaneously receives one or more distinct space-time streams. 

non-high-throughput (non-HT) duplicate: A transmission format of the physical layer (PHY) that 
duplicates a 20 MHz non-HT transmission in two or more 20 MHz channels and allows a station (STA) in a 
non-HT basic service set (BSS) on any one of the 20 MHz channels to receive the transmission. A non-HT 
duplicate format is one of the following: 

a) 40 MHz non-HT duplicate : A transmission format of the PHY that replicates a 20 MHz non-HT 
transmission in t\;vo adjacent 20 MHz channels. 

b) 80 MHz non-HT duplicate: A transmission format of the PHY that replicates a 20 MHz non-HT 
transmission in four adjacent 20 MHz channels. 

c) 160 MHz non-HT duplicate: A transmission fonnat of the PHY that replicates a 20 MHz non-HT 
transmission in eight adjacent 20 MHz channels. 

d) 80+80 MHz non-HT duplicate: A transmission fonnat of the PHY that replicates a 20 MHz non-HT 
transmission in two frequency segments of four adjacent 20 MHz channels where the two frequency 
segments of channels are not adjacent. 

21.3.3 Transmitter block diagram 
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IEEE 802.11-2016, Part 11: Wireless LAN MAC and PHY Specifications (Dec. 7, 2016) at 21.3.3 and Fig. 21-
6.   

 

 
IEEE 802.11-2016, Part 11: Wireless LAN MAC and PHY Specifications (Dec. 7, 2016) at 21.3.10.9.3.   

 

Figure 21 -6 and Figure 21 -7 show the transmit process for generating the VHT-SIG-B field of a VHT SU 
PPDU and VHT MU PPDU, respectively, in 20 MHz, 40 MHz, and 80 MHz channel widths . Figure 21-8 
and Figure 21 -9 show the transmit process for generating the VHT SIG-B field of a 160 MHz and 
80+80 MHz VHT SU PPDU, respectively. 

I!, 
<! 

C J:: 
0 

,. 
:2 cu Q 
W N 

~ 
C. 0 

C. I cu ~ C 
&!::a u "" ::a E 8 (1) 
-o ~ C ::, 
CDN C 0 0 
C!l /\ w .E ~ u 
·~ u u -.; ~ S2 C!l u u 1ii C!l >, CJ?':t. C!l C -" 

I- 0 >, 
I u u 
> :;;, 

::, 
::a 

Single Spatial Stream 

CSD 
Cl 

per C 

STS ·c. 
C. 

~ 
"iii 
-~ 
C. 

Cf) 

CSD 
per 

STS 

Nsrs Space-T ime 
Strea-ns 

IDFT 

IDFT 

IDFT 

Insert GI 
and 

Window 

Insert GI 
and 

Window 

Insert GI 
and 

Window 

N,x Transmit Chains 

Analog 
and RF 

Analog 
and RF 

Analog 
and RF 

Figure 21-6-Transmitter block diagram for the VHT-SIG-B field of a 20 MHz, 40 MHz, and 
80 MHz VHT SU PPDU 

21.3.10.9.3 Segment de parser 

NOTE- As per Table 21-7, /;,°> (center frequency for frequency segment is,g=0) is always less than /,;'l in case of 

80+80 MHz VHT PPDU transmissions. Hence, d"k,i,n,O, u (frequency subblock 0) is always transmitted in the frequency 

segment lower in frequency, while d"k, ,, "· , . ,, (frequency subblock I) is always tra nsmitted in the frequency segment 

higher in frequency. 

21.3.1 0.12 Non-HT duplicate transmission 



Page 63 of 93 

Claim 8 Public Documentation 

 
IEEE 802.11-2016, Part 11: Wireless LAN MAC and PHY Specifications (Dec. 7, 2016) at 21.3.10.12   
 

 

 

In an 80+80 MHz non-HT duplicate transmission, data transmission in each frequency segment shall be as 
defined fo r an 80 MHz non-HT duplicate transmission in Equation (2 1-100). 

21.3.17 VHT transmit specification 

21 .3.17 .1 Transmit spectrum mask 
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Figure 21-33-Example transmit spectral mask for 80+80 MHz mask PPDU 
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IEEE 802.11-2016, Part 11: Wireless LAN MAC and PHY Specifications (Dec. 7, 2016) at 21.3.17.1 and Figure 
21-33.   
 

 

 
IEEE 802.11ax-2021, Part 11: Wireless LAN MAC and PHY Specifications (Feb. 9, 2021) at 9.4.2.249.   

 

 

9.4.2.249 HE Operation element 

The Channel Center Frequency Segment O field indicates the channel center frequency index for the 
20 MHz, 40 MHz, 80 MHz, 160 MHz or 80+80 MHz channel on which the BSS operates in the 6 GHz 
band. If the BSS channel width is 160 MHz or 80+80 MHz then the Channel Center Frequency Segment 0 
field indicates the channel center frequency index of the prima1y 80 MHz. 

The Channel Center Frequency Segment 1 field indicates the channel center frequency index of the 
160 MHz channel on which the BSS operates in the 6 GHz band. If the channel width is 80+80 MHz then it 
indicates the channel center frequency index of the seconda1y 80 MHz. 

26. 17.2 HE BSS operation in the 6 GHz band 

26. 17.2.1 General 

A 6 GHz AP or 6 GHz mesh STA shall include the 6 GHz Operation Info1mation field in the HE Operation 
elements it transmits. The AP or mesh ST A shall set the Channel Width subfield, the Channel Center 
Frequency Segment 0, and the Channel Center Frequency Segment 1 subfields of the 6 GHz Operation 
Inf01mation field as defined in Table 26-15, based on the Rx HE-MCS Map ~ 80 MHz, Rx HE-MCS Map 
160 MHz, and Rx HE-MCS Map 80+80 MHz subfields of the Supp01ted HE MCS And NSS Set field in the 
HE Capabilities element transmitted by the AP. 
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IEEE 802.11ax-2021, Part 11: Wireless LAN MAC and PHY Specifications (Feb. 9, 2021) at 26.17.2.1 and 
Table 26-15.   
 

 

 
IEEE 802.11ax-2021, Part 11: Wireless LAN MAC and PHY Specifications (Feb. 9, 2021) at 27.3.2.2.   
 

 

 
IEEE 802.11ax-2021, Part 11: Wireless LAN MAC and PHY Specifications (Feb. 9, 2021) at 27.3.10.  

 

Table 26-15-6 GHz BSS channel width 

Channel Width field Center Frequency Segment 1 field 

0 0 

0 

2 0 

3 CCFSl > 0 and ICCFSl - CCFS0I = 8 

3 CCFSl > 0 and ICCFSl - CCFS0I > 16 

BSS channel width 
(MH z) 

20 

40 

80 

160 

80+80 

OTE-CCFS0 represents the value of the Channel Center Frequency Segment 0 field, and CCFS 1 represents the 
value of the Cha1mel Center Frequency Segment 1 fie ld. 

27.3.2.2 Resource unit, guard, and DC subcarriers 

respectively. The same strncture as used in the 80 MHz HE MU PPDU fo1mats or HE TB PPDU fo1mats 
using OFDMA transmission is used for both the Prirna1y 80 MHz and Secondary 80 MHz channels in the 
160 MHz and 8o+80 MHz HE MU PPDU fo1mats or HE TB PPDU fo1mats using OFDMA transmission. 

27.3.10 Mathematical description of signals 

For a 160 :MHz HE PPDU h·ansmission or a noncontiguous 80+80 MHz h·ansmission, each half 80 :MHz 
bandwidth is divided into 1024 subcaniers, and the subcaniers on which the signal is h·ansnutted in each 
80 MHz bandwidth is identical to an 80 :MHz HE PPDU transmission, depending on non-OFDMA or 
OFDMA transnussion within the conesponding 80 MHz. 

27.3.19.3 Transmit center frequency and symbol clock frequency tolerance 
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IEEE 802.11ax-2021, Part 11: Wireless LAN MAC and PHY Specifications (Feb. 9, 2021) at 27.3.19.3.   
 
 

 
 
IEEE 802.11ax-2021, Part 11: Wireless LAN MAC and PHY Specifications (Feb. 9, 2021) at 27.3.19.1.   
 

 

 
IEEE 802.11ax-2021, Part 11: Wireless LAN MAC and PHY Specifications (Feb. 9, 2021) at 27.3.12.11.   
  

 

 
 
IEEE 802.11ax-2021, Part 11: Wireless LAN MAC and PHY Specifications (Feb. 9, 2021) at 3.1.   

 

Transmit signals with TXVECTOR parameter CH_ BANDWIDTH set to CBWl 60 or CBW80+80 may be 
generated using two separate RF LOs, one for each of the lower and upper 80 MHz :frequency po1t ions. 

Different center frequency separation between the two 80 MHz frequency segments of the spectral mask and 
different peak levels of each 80 MHz frequency segment of the spectral mask are possible. In such cases, a 
similar procedure in determining the spectral mask as in Figure 27-51 is followed. 

27 .3.12.11 Segment deparser 

NOTE- As per Table 21-7 (center frequency for frequency segment iSeg = 0). //l is always less than fc1 l in the case of 

an 80+80 MHz HE PPDU. Hence, d "-J,_;, n, o, r, u (frequency subblock 0) is always transmitted in the frequency segment 

lower in frequency, while d''k. i. n. i. r. u (frequency subblock 1) is always u-ansmitted in the frequency segment higher in 

frequency. 

3. Definitions, acronyms, and abbreviations 

3.1 Definitions 

orthogonal frequency division multiple access (OFDMA): An 01ihogonal frequency division multiple 
(OFDM)-based multiple access technique by which multiple stations (STA.s) either simultaneously transmit 
to a single STA or simultaneously receive from a single STA independent data streams over different groups 
of subcan-iers. 

3.2 Definitions specific to IEEE 802.11 
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IEEE 802.11ax-2021, Part 11: Wireless LAN MAC and PHY Specifications (Feb. 9, 2021) at 3.2.   
 

 
 

Claim 9 

Claim 9 Public Documentation 

[9 pre] The method of claim 1 
wherein first information and sec-
ond information comprise a plural-
ity of OFDM symbols, 

The Accused Instrumentalities perform a method wherein first information and second information comprise a 
plurality of OFDM symbols. 
 
See, e.g.: 

80+80 MHz mask physical layer (PHY) protocol data unit (PPDU) : A PPEH:t that is transmitteEI using 
the 80+80 :MHz transmit spectral mask ElefineEI in Clause 21) anEI that is one One of the following PPDUs: 

a) An 80+80 MHz very high throughput (VHT) PPDU (TXVECTOR parameter CH_ BANDWIDTH 
equal to CBW80+80) transmitted using the 80+80 MHz transmit spectral mask defined in 
Clause 21. 

b) An 80+80 MHz non-high-throughput (non-HT) duplicate PPDU (TXVECTOR parameter 
CH_BANDWIDTH equal to CBW80+80) transmitted using the 80+80 MHz transmit spectral mask 
defined in Clause 21. 

.0 An 80+80 MHz hicl1-efficiency (HE) PPDU (TXVECTOR parameter CH BANDWIDTH egual to 
CBW80+80) transmitted using the 80+80 MHz transmit spectral mask defined in Clause 27. 

CH_BANDWIDTH equal to CBW80+80). or a Clause 27 80+80 MHz high-efficiency (HE) PPDU with the 
TXVECTOR 2arameter CH BANDWIDTH egual to CBW80+80. 
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IEEE 802.11-2016, Part 11: Wireless LAN MAC and PHY Specifications (Dec. 7, 2016) at 17.3.2.1 and Figure 
17-1   

17.3.2 PPDU format 

17.3.2.1 General 

Figure 17-1 shows the format for the PPDU including the OFDM PHY pre.amble, OFDM PHY header, 
PSDU, tail bits, and pad bits . The PHY header contains the following fi ds : LENGTH, RA TE, a reserved 
bit, an enn parity bit, and the SERVICE field. In rums of modulation, the LENGTH, RA TE resen-ed bit, 
and parity bit (with 6 zero tail bits appended) constitute a separate single OFDM symbol, denoted SIGNAL 
which is transmitted with the most robust c_ombination of BPSK modulation and a coding rate of R = l . 
The SERVICE fie d of the PHY header and the PSD (with 6 zero tail bits and pad bits appended), denoted 
as DATA, are transmitted at the data rate described in the R.O..TE field and may constitute multiple OFDM 
symbols. The tail bits in the SIGNAL symbol enable decoding of the RA TE and LENGTH fields 
immediately after the reception of the tail bits. The RA TE and LENGTH fields are reqw:red for decoding the 
DATA part of the packet In addition, the CCA mechani.sm is augmented by predicting the duration of the 
packet from the contents of the RA TE and LENGTH fields, even if the data. rate is not supported by the 
STA. Each offhese fields is descnoed in detail in 173 .3, 17.3.4, and 17.35. 

PHY Header 

RATE Re~en·ed LENGTH Parity Ta.ii 
4 bits I bit 12 bits l bit 6 bits 

-... .._ Coded.lOFDM 
-... .._ i- (BPSK, r = l ) 

1• .. 1 

PHY Pre.amble SIG AL 
12 Symbols One OFDM Symbo 

PSDU 

Coded/OFDM 

Tail Pad Bits 
6 bits 

(RATE is indioted in SlG. AL) 

DATA 
Variable Number of OFDM S bols 

Figure 17-1-PPDU format 
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For an 80+80 MHz mask PPDU of HE format, the overall transmit spectral mask is constructed in the 
following manner. First, the 80 MHz interim spectral mask is placed on each of the h¥o 80 MHz segments. 
For each frequency at which either of the 80 MHz interim spectral mask has a value equal to 0 dBr, then 
0 dBr shall be taken as the overall interim spectral mask value. TI1en, for each frequency at which both of 
the 80 MHz interim spectral masks have values greater than -40 dBr and less than -20 dBr, the smn of the 
1'1/o interim mask values (smnmed in linear domain) shall be taken as the overall interim spectral mask 
value. ext, for each frequency at which neither of the 1'1/o 80 MHz interim masks has a value greater than 
or equal to -20 dBr, the higher value of the h¥o interim masks shall be taken as the overall interim spectral 
mask value. Finally, for any frequency region where the overall interim spectral mask value has not been 
defined yet, linear interpolation (in dB domain) beh¥een the nearest 1'1/o frequency points with the 
overall interim spectral mask value defined shall be used to define the overall interim spectral mask 
value. The transmit spectrum shall not exceed the maximum of the overall interim transmit spech1.11n mask 
and-59 dBm/MHz at any frequency offset. Figure 27-51 shows an example of a transmit spectral mask for 
a noncontiguous h·ansmission using 1'1/o 80 MHz cham1els where the center frequency of the h¥o 80 MHz 
channels are separated by 160 MHz and the -40 dBr spechl.1111 level is above-59 dBm/MHz. 
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IEEE 802.11ax-2021, Part 11: Wireless LAN MAC and PHY Specifications (Feb. 9, 2021) at 27.3.19.1, Figure 
27-51.   
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Figure 27-51-Example transmit spectral mask for an 80+80 MHz mask PPDU 

27.3.21 HE transmit procedure 
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IEEE 802.11ax-2021, Part 11: Wireless LAN MAC and PHY Specifications (Feb. 9, 2021) at 27.3.21, Figure 
27-54. 

   

 
IEEE 802.11ax-2021, Part 11: Wireless LAN MAC and PHY Specifications (Feb. 9, 2021) at 27.4.4, Table 27-
54.   
 

MAC 

PHY 

L-STF 

E 

hie H~ 
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X con, n, <O X 
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I A-MPDU induding EOF padding I 

Tail Bits r needed 
PSDU 

' ~:bing+ 
"~ng 
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i. OFOM.j j. OFOM.j 

I :e~ I I ::e~ I 
Coded Coded r OFOM7 r OFO M1 BPSK, BPSK, 
Rate ½ Rate ½ 

Data (Variable number of OFDM 
symools) 

f.---Coded OFOM, HE+MCS indlC&ted in-----...J 

I HE-SIG-A I 

Figure 27-54--PHY transmit procedure for an HE SU PPDU 

27.4.4 HE PHY 

Post-FEC pad dng & 
Packet Extersicn & 
Sigrel Eldensioo {I 

i;l'e&en ) 

OTE-This is the maximum length in octets for an HE SU PPDU with a bandwidth of 160 MHz or 80+80 MHz 
using 2x996 R , HE-MCS 11 , 8 spatia l streams, 0.8 ~ts GI duration lx HE-LTF, LDPC coding, 0 µs duration of the 
PE field. pre-FEC padding factor value of 4 and limited by 398 possible Data field OFDM symbols in 
aPPDUMaxTime. This is the maxinmm PSDU length an HE PHY could support assuming no restrictions in MAC. 
See 10.3.2 and 9.2.4.7.1 for additional restrictions on the maximum number of octets the MAC could support. 
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[9a] wherein a first symbol is 
transmitted during a first time slot 
across the first frequency range 
and a second symbol is transmitted 
during the first time slot across the 
second frequency range, and 

The Accused Instrumentalities perform a method wherein a first symbol is transmitted during a first time slot 
across the first frequency range and a second symbol is transmitted during the first time slot across the second 
frequency range. 
 
For example, 80+80MHz has PHY transmission time (PHY TXSTART). “first symbol” is transmitted in first 
time slot in the first frequency range and  PHY transmission time (PHY TXSTART). “second symbol” is trans-
mitted in the first time slot in the second frequency range. 
 
 
See, e.g., 
 

 
10.3.7 DCF timing relaUons 
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IEEE 802.11-2016, Part 11: Wireless LAN MAC and PHY Specifications (Dec. 7, 2016) at 10.3.7 and Figure 
10-19.   
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21.3.19 PHY tr nsmit procedure 
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There are two paths for the transmit PHY procedure: 

The first path, for which typical transmit procedures are shown in Figure 1-34 is selected if the 
FOIU.1:AT parameter of the PHY-TXSTART.request(TXVECTOR) primitfre is VHT. These 
transmit procedures do no descnoe the operation of optio fe.atures such as LDPC, STBC or MU. 

The second path is to follow the transmit procedure in Clause 1 if the FORMAT parame er of the 

PHY-TXSTART.request(TXVECTOR) primitive is NO _HT and the NO _HT_MOD ATIO 
parameter is set to NON_HT_DUP _OFDM e..,cep that the signal referred to in Clause l is instead 
genera ed simultmeously on each of the O 1:Hz chann that are indica ed by the 
CH_BANDWIDTH parameter as defined in 2L3.8 and 21.3.10.12. 

NOTE 1- FOT a VHT MU PPDU die A-~fPDU is per user in the MAC mblayer and the VHT TTilining Symbols, VHT­
SIG~B, and Dam are per UieT m PHY in Figme 1-34, v.,j the number VHT Training Symbols dependjng on the 
roml number of space-time ro-eams a.cross all users. 

NOTE 2-The mmsmit procedure fOT NO _HT fomw ere ON_HT_. iODULATION is OFDM is specified in 
2 1 .5.2. The ttansmitprocedme forHT_:MF and HT_GF foIIDat5 is specified m - 1.2.53 . 

In both paths, in order to transmit data, the 1'.fAC generates a PHY-TXSTART.request primifa· which 
causes the PHY entity to enter the transmit state . Further, the PHY is set to operate at e appropriate 
frequency through station management ,-ia the PLME as specified in 1.4. Other transmit parameters, such 
as VHT-MCS Coding types and transmit power are se ,-ia the PHY SAP using the PHY­
TXST ART .request(TXVECTOR) primifa·e, as escribed in 2L .2. The remainder of the clause applies to 
the fir:st path. 

The PHY indicates the state of the primary channel and other channels (if any) via the PHY-CCA.indicatio 
primiti,·e (see 21.3.18.5 and 8.3.5.12) . Transmission of the PPDU shall be initiated by the PHY after 
recei,-ing the PHY-TXSTART.request(TXVECTOR) primitive. The TXVECTOR elements for the PHY­
TXSTART.request p1-imitin are specified in Tab e 21-1. 

Transmission of the PHY preamble may start ifTIME_OF_DEPARTURE_REQUESTED is false, and shall 
start immediately ifTIME_OF _DEPAR _REQUESTED is true, based on the parameters pas~d in the 
PHY-TXSTART.request primitii.-e. 
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IEEE 802.11-2016, Part 11: Wireless LAN MAC and PHY Specifications (Dec. 7, 2016) at 21.3.19 and Figure 
21-34.   
 

 

 

C 

PHY 

l«)T'E-' $ Jl'0Cal.le cJog not ~ C. 

Figure 21-J4---.pHY transmit procedure for SU transmission 

21.3.17 VHT transmit specification 

21.3.17 .1 Transmit spectrum mask 

For an 80 MHz mask PPDU of non-HT, non-HT duplicate, HT or VHT fonnat the inte1im transmit 
spectral mask shall have a 0 dBr (dB relative to the maximmn spectral density of the signal) bandwidth of 
78 MHz, -20 dBr at 41 MHz frequency offset, -28 dBr at 80 MHz frequency offset, and -40 dBr at 
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IEEE 802.11-2016, Part 11: Wireless LAN MAC and PHY Specifications (Dec. 7, 2016) at 21.3.17.1 and Figure 
21-31.   
 

120 MHz frequency offset and above. The interim transmit spectral mask for frequency offsets in betv.1een 
39 and 41 MHz, 41 and 80 MHz, and 80 and 120 MHz shall be linearly interpolated in dB domain from the 
requirements for 39 MHz, 41 MHz, 80 MHz, and 120 MHz frequency offsets. The transmit spectmm shall 
not exceed the maximum of the interim transmit spectmm mask and -59 dBm/MHz at any frequency offset. 
Figure 21 -31 shows an example of the resulting overall spectral mask ~hen the -40 dBr spectrum level is 
above-59 dBm/MHz. 

PSD 

. . 
. ; . . .. ..•.. ... ...... -.20. 11.er. .. ..... ; .. 

__ _, __ ..... ........ .. .. :· ....•.. ........ . :· ·:· ..... ........ .... .-:49. ~l;l.r. ..... .. ·:· . ; .... . .. ..... . . .. ·: . ..... .. ..... .... ··-----
: : : : : : Freq [MHz] 

-120 -80 -41 -39 39 41 80 1 0 

Figure 21-31-Example transmit spectral mask for 80 MHz mask PPDU 
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IEEE 802.11-2016, Part 11: Wireless LAN MAC and PHY Specifications (Dec. 7, 2016) at 21.3.17.1 and Figure 
21-33.   
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Figure 21-33-Example transmit spectral mask for 80+80 MHz mask PPDU 

21 .3.14 Channelization 
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IEEE 802.11-2016, Part 11: Wireless LAN MAC and PHY Specifications (Dec. 7, 2016) at 21.3.14.   

 

 
 

For an 80+80 MHz channel, any two channels that would each be allowed as 80 MHz channels and ·whose 
center frequencies are separated by greater than 80 MHz (difference between 
dotl lCtmentChannelCenterFrequencyindex0 and dotl lCunentChannelCenterFrequencylndexl 
coffesponds to a frequency difference greater than 80 MHz) may be used. 

27.3.21 HE transmit procedure 
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Figure 27-54-PHY transmit procedure for an HE SU PPDU 
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IEEE 802.11ax-2021, Part 11: Wireless LAN MAC and PHY Specifications (Feb. 9, 2021) at 27.3.21, Figure 
27-54. 

 

In all options, in order to transmit data, the MAC generates a PHY-TXSTART.request primitive, which 
causes the PHY entity to enter the transmit state. Fmther, the PHY is set to operate at the appropriate 
frequency through station management via the PLME, as specified in 27.4. Other transmit parameters, such 
as HE-MCS, coding types, and transmit power, are set via the PHY-SAP usmg the 
PHYTXSTART.request(TXVECTOR) primitive, as described in 27.2.2. After transmitting a PPDU that 
ca1Ties a Trigger frame, the MAC sublayer issues a PHY-TRIGGER.request with a TRIGVECTOR 
parameter that provides the PHY entity with the inf01mation needed to demodulate the expected HE TB 
PPDU response. The remainder of this subclause applies to the fast four options. 

The PHY indicates the state of the primaiy channel and other chaimels (if any) via the PHY-CCA. indication 
primitive (see 21.3. 18.5 and 8.3.5.1 2) . Transmission of the PPDU shall be initiated by the PHY after 
receiving the PHY-TXST ART.request(TXVECTOR) primitive. The TXVECTOR parameters for the PHY­
TXSTART.request primitive are specified in Table 27-1. 

A packet extension and/or a signal extension may be present in the PPDU. The PHY-TXEND.confinn 
primitive is generated at the latest of the actual ending time of the PPDU, the end of the packet extension if 
present, and the end of the signal extension if present. 

27.4.4 HE PHY 
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IEEE 802.11ax-2021, Part 11: Wireless LAN MAC and PHY Specifications (Feb. 9, 2021) at 27.4.4, Table 27-
54.   
 

Table 27-54-HE PHY characteristics 

Characteristic Value 

aTxPHYDelay Implementation dependent 

aRxPHYDelay Implementation dependent 

aSignalExtension O ps if operating in the 5 GHz or 6 GHz band 
6 ps if operating in the 2.4 GHz band 

aSlotTime If operating in the 2.4 GHz band: 
If dot 11 OperatingClassesRequired is false , long = 20 ps 
If dotl 1 OperatingClassesRequired is trne. long = 20 r1s plus any coverage-
class-dependent aA.irP.ropagationTime (see Table 9-95) 
If dot 11 OperatingClassesRequired is false , sh011 = 9 r1s 
If dotl 1 OperatingClassesRequ.ired is trne , shon = 9 r1s plus any 
coverage-class-dependent aA.irP.ropagationTime (see Table 9-95) 

If operating in the 5 GHz or 6 GHz band: 
If dotllOperatingClassesRequired is fa lse, 9 ps 
If dotl 1 OperatingClassesRequired is true, 9 r1s plus any coverage-class-
dependent aAi.rP.ropagationTime (see Table 9-95) 

aSIFSTime 10 11s ifopera ting in the 2.4 GHz band 
16 r1s ifoperating in the S GHz or 6 GHz band 

aCCAMidTime 25 fl S 

aPPDUMaxTime 5.484 ms 

aPSDUMax.Length 6 500 631 octets (see OTE) 

aRxPHYStanDelay 32 fl S for HE SU and HE TB PPDUs. 
40 fl S for HE ER SU PPDUs. 
32 + 4 x N HE-SIG-B fl S for HE MU PPDUs. where N HE-SIG-B is the number of 
OFDM symbols in the HE-SIG-B field. 

OTE- This is the maximum length in octets for an HE SU PPDU with a bandwidth of 160 MHz or 80+80 MHz 
using 2x996 RU. HE-MCS 11 , 8 spatial streams, 0.8 ft S GI duration, Ix HE-LTF. LDPC coding. 0 fl S duration of the 
PE field. pre-FEC padding factor value of 4. and limited by 398 possible Data field OFDM symbols in 
aPPDUMaxTime. TI1is is the maximum PSDU length an HE PHY could supp011 assuming no restrictions in MAC. 
See 10.3 .2 and 9.2.4 .7. 1 for additional restrictions on the maximum m1mber of octets the MAC could supp011. 
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27.3.19 Transmit specification 

27.3.19.1 Transmit spectral mask 

For an 80 MHz mask PPDU of HE format, the interim transmit spech·al mask shall have a 0 dBr bandwidth 
of 79 MHz, -20 dBr at 40.5 MHz frequency offset, -28 dBr at 80 MHz frequency offset, and -40 dBr 
at 120 MHz frequency offset and above. The interim h·ansmit spectral mask for frequency offsets 
between 39.5 MHz and 40.5 MHz, 40.5 MHz and 80 MHz, and 80 MHz and 120 MHz shall be linearly 
interpolated in dB domain from the requirements for 39.5 MHz, 40.5 MHz, 80 MHz, and 120 MHz 
frequency offsets. The transmit spech11m shall not exceed the maximum of the interim transmit spectrum 
mask and - 59 dBm/MHz at any frequency offset. Figure 27-49 shows an example of the resulting overall 
spech·al mask when the -40 dBr spectrum level is above - 59 dBm/MHz. 

PSD 

0 dBr 

,:?9.<11;lr . . . . . .. . 

, ... ... .. •. . .. . '40 .<lElr ... ......... .. . . . . ... , •... . 
Freq [MHz] 

. . 
-120 -80 -40.5 -39.5 39.5 40.5 80 120 

Figure 27-49-Example transmit spectral mask for an 80 MHz mask PPDU 
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For an 80+80 :MHz mask PPDU of HE fonnat, the overall transmit spectral mask is constructed in the 
following manner. First, the 80 MHz interim spectral mask is placed on each of the two 80 MHz segments. 
For each frequency at which either of the 80 :MHz interim spectral mask has a value equal to 0 dBr, then 
0 dBr shall be taken as the overall interim spectral mask value. Then, for each frequency at which both of 
the 80 MHz interim spectral masks have values greater than -40 dBr and less than - 20 dBr, the smn of the 
two interim mask values (slllllllled in linear domain) shall be taken as the overall interim specu·al mask 
value. Next, for each frequency at which neither of the two 80 MHz interim masks has a value greater than 
or equal to - 20 dBr, the higher value of the two interim masks shall be taken as the overall interim spectral 
mask value. Finally, for any frequency region where the overall interim spectral mask value has not been 
defined yet, linear interpolation (in dB domain) between the nearest two frequency points with the 
overall interim specu·al mask value defined shall be used to define the overall interilll spectral mask 
value. The u·ansmit specl:!1.1111 shall not exceed the maxi..ll.lu.ll.l of the overall interilll u·ansmi.t specl:!mn mask 
and - 59 dBm/MHz at any frequency offset. Figure 27-51 shows an example of a transmit spectral mask for 
a noncontiguous u·ansmi.ssion using two 80 :MHz cham1els where the center frequency of the two 80 MHz 
channels are separated by 160 :MHz and the -40 dBr specl:!1.11n level is above - 59 dBm/:MHz. 
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IEEE 802.11ax-2021, Part 11: Wireless LAN MAC and PHY Specifications (Feb. 9, 2021) at 27.3.19.1, Figure 
27-49, Figure 27-51.   
 

[9b] wherein a third symbol is 
transmitted during a second time 
slot across the first frequency 
range and a fourth symbol is trans-
mitted during the second time slot 
across a second frequency range. 

The Accused Instrumentalities perform a method wherein a third symbol is transmitted during a second time 
slot across the first frequency range and a fourth symbol is transmitted during the second time slot across a 
second frequency range. 
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Figure 27-51-Example transmit spectral mask for an 80+80 MHz mask PPDU 
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For example, the 80+80MHz has PHY transmission time (PHY TXSTART). “third symbol” is transmitted in 
the second slot in the first frequency range and PHY transmission time (PHY TXSTART). “fourth symbol” is 
transmitted in the second time slot in the second frequency range.  
 
See, e.g., 
 

 

 

21.3.19 PHY tr nsmit procedure 

There are two paths for the transmit PHY procedure: 

The first path, for which typical transmit procedures are shown in Figure 21-34, is selected if the 
FORMAT parameter of the PHY-TXSTART.request(TXVECTOR) primitfre is VHT. These 
transmit procedures do no describe the operation of optio features such as lDPC, S TBC or ~fU. 

The second path is to fo ow the transmit procedure in Clause 1 if the FORMAT parame er of the 
PHY-TXSTART.request(TXVECTOR) primitive is NO _HT and the NO _HT_MOD ATIO 
parameter is set to NON_HT _DUP _ OFDM excep that the !rignal referred to in Clause l is instead 
generated simultaneously on each of the _Q iHz chann that are indicated by the 
CH_BAND\VIDTH parameter as defined in 13.8 and -13 .10.l . 

NOTE 1-For a VHT MU PPDU die A-~fPDU is per user in the ~iAC S11blayer and the VHT Training Symbols, VHT­
SIG-B, and Data are per meT m PHY in Figure 1-34 wi the number VIIT Training Symbols depencllilg on the 

ml nnmber of space-time streams across all nsers. 

NOTE 2-The mmsmit procedure for NO _HT fomw ere ON_HT_~fODUI.ATIO is OFDM is specified in 
2L.5.2. The ttansmit procedme forHT_ll1F and HT_GF fonwru is specified m _l.2 .53. 

In both paths, in order to transmit cl.a.ta, the MAC generates a PHY-TXSTART.request primiti\·e, which 
causes the PHY entity to enter the transmit state . Further, the PHY is set to opera e at the appropriate 
frequency through station management ,-ia the PLME as specified in 2 1.4. Other transmit parameters such 
as VHT-MCS Coding types and transmit power are set Yia the PHY SAP using the PHY­
TXSTART .request(TXVECTOR) primitfre, as described in 21.2.2. The remainder of the clause applies to 
the first path. 

The PHY indicates the state of the primary channel and other channels (if an•) "-ia the PHY-CCA.iod.icatio 
pri:miti.-e (see 21.3.18.S and 8.3.S.12). Transmission of the PPDU shall be initiated by the PHY after 
recei....-ing the PHY-TXSTART.request(TXVECTOR) primitive. The TXVECTOR elements for the PHY­
TXSTART.request primitive are specified in Tab e 21-1. 

Transmission of the PHY preamble may start ifTIME_OF_DEPARTURE._REQUESTED is false and sh.all 

start immediately ifTIME_OF _DEPARTURE_REQUESTED is true, based on the parameters passed in the 
PHY-TXSTART.request primiti,.-e . 
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IEEE 802.11-2016, Part 11: Wireless LAN MAC and PHY Specifications (Dec. 7, 2016) at 21.3.19 and Figure 
21-34.   
 

 

 

21.3.17 VHT transmit specification 

21.3.17.1 Transmit spectrum mask 

For an 80 MHz mask PPDU of non-HT, non-HT duplicate, HT or VHT fonnat, the interim transmit 
spectral mask shall have a 0 dBr (dB relative to the maximum spectral density of the signal) bandwidth of 
78 MHz, -20 dBr at 41 MHz frequency offset, -28 dBr at 80 MHz frequency offset, and -40 dBr at 
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IEEE 802.11-2016, Part 11: Wireless LAN MAC and PHY Specifications (Dec. 7, 2016) at 21.3.17.1 and Figure 
21-31.   
 

120 MHz frequency offset and above. The interim transmit spectral mask for frequency offsets in betv.1een 
39 and 41 MHz, 41 and 80 MHz, and 80 and 120 MHz shall be linearly interpolated in dB domain from the 
requirements for 39 MHz, 41 MHz, 80 MHz, and 120 MHz frequency offsets. The transmit spectmm shall 
not exceed the maximum of the interim transmit spectmm mask and -59 dBm/MHz at any frequency offset. 
Figure 21 -31 shows an example of the resulting overall spectral mask ~hen the -40 dBr spectrum level is 
above-59 dBm/MHz. 
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Figure 21-31-Example transmit spectral mask for 80 MHz mask PPDU 
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IEEE 802.11-2016, Part 11: Wireless LAN MAC and PHY Specifications (Dec. 7, 2016) at 21.3.17.1 and Figure 
21-33.   
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Figure 21-33-Example transmit spectral mask for 80+80 MHz mask PPDU 

21 .3.14 Channelization 
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IEEE 802.11-2016, Part 11: Wireless LAN MAC and PHY Specifications (Dec. 7, 2016) at 21.3.14.   
 

 

 
 

For an 80+80 MHz channel, any two channels that would each be allowed as 80 MHz channels and ·whose 
center frequencies are separated by greater than 80 MHz (difference between 
dotl lCtmentChannelCenterFrequencyindex0 and dotl lCunentChannelCenterFrequencylndexl 
coffesponds to a frequency difference greater than 80 MHz) may be used. 

27.3.21 HE transmit procedure 
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IEEE 802.11ax-2021, Part 11: Wireless LAN MAC and PHY Specifications (Feb. 9, 2021) at 27.3.21, Figure 
27-54. 

 

In all options, in order to transmit data, the MAC generates a PHY-TXSTART.request primitive, which 
causes the PHY entity to enter the transmit state. Fmther, the PHY is set to operate at the appropriate 
frequency through station management via the PLME, as specified in 27.4. Other transmit parameters, such 
as HE-MCS, coding types, and transmit power, are set via the PHY-SAP usmg the 
PHYTXSTART.request(TXVECTOR) primitive, as described in 27.2.2. After transmitting a PPDU that 
ca1Ties a Trigger frame, the MAC sublayer issues a PHY-TRIGGER.request with a TRIGVECTOR 
parameter that provides the PHY entity with the inf01mation needed to demodulate the expected HE TB 
PPDU response. The remainder of this subclause applies to the fast four options. 

The PHY indicates the state of the primaiy channel and other chaimels (if any) via the PHY-CCA. indication 
primitive (see 21.3. 18.5 and 8.3.5.1 2) . Transmission of the PPDU shall be initiated by the PHY after 
receiving the PHY-TXST ART.request(TXVECTOR) primitive. The TXVECTOR parameters for the PHY­
TXSTART.request primitive are specified in Table 27-1. 

A packet extension and/or a signal extension may be present in the PPDU. The PHY-TXEND.confinn 
primitive is generated at the latest of the actual ending time of the PPDU, the end of the packet extension if 
present, and the end of the signal extension if present. 

27.4.4 HE PHY 
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IEEE 802.11ax-2021, Part 11: Wireless LAN MAC and PHY Specifications (Feb. 9, 2021) at 27.4.4, Table 27-
54.   
 

Table 27-54-HE PHY characteristics 

Characteristic Value 

aTxPHYDelay Implementation dependent 

aRxPHYDelay Implementation dependent 

aSignalExtension O ps if operating in the 5 GHz or 6 GHz band 
6 ps if operating in the 2.4 GHz band 

aSlotTime If operating in the 2.4 GHz band: 
If dot 11 OperatingClassesRequired is false , long = 20 ps 
If dotl 1 OperatingClassesRequired is trne. long = 20 r1s plus any coverage-
class-dependent aA.irP.ropagationTime (see Table 9-95) 
If dot 11 OperatingClassesRequired is false , sh011 = 9 r1s 
If dotl 1 OperatingClassesRequ.ired is trne , shon = 9 r1s plus any 
coverage-class-dependent aA.irP.ropagationTime (see Table 9-95) 

If operating in the 5 GHz or 6 GHz band: 
If dotllOperatingClassesRequired is fa lse, 9 ps 
If dotl 1 OperatingClassesRequired is true, 9 r1s plus any coverage-class-
dependent aAi.rP.ropagationTime (see Table 9-95) 

aSIFSTime 10 11s ifopera ting in the 2.4 GHz band 
16 r1s ifoperating in the S GHz or 6 GHz band 

aCCAMidTime 25 fl S 

aPPDUMaxTime 5.484 ms 

aPSDUMax.Length 6 500 631 octets (see OTE) 

aRxPHYStanDelay 32 fl S for HE SU and HE TB PPDUs. 
40 fl S for HE ER SU PPDUs. 
32 + 4 x N HE-SIG-B fl S for HE MU PPDUs. where N HE-SIG-B is the number of 
OFDM symbols in the HE-SIG-B field. 

OTE- This is the maximum length in octets for an HE SU PPDU with a bandwidth of 160 MHz or 80+80 MHz 
using 2x996 RU. HE-MCS 11 , 8 spatial streams, 0.8 ft S GI duration, Ix HE-LTF. LDPC coding. 0 fl S duration of the 
PE field. pre-FEC padding factor value of 4. and limited by 398 possible Data field OFDM symbols in 
aPPDUMaxTime. TI1is is the maximum PSDU length an HE PHY could supp011 assuming no restrictions in MAC. 
See 10.3 .2 and 9.2.4 .7. 1 for additional restrictions on the maximum m1mber of octets the MAC could supp011. 
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27.3.19 Transmit specification 

27.3.19.1 Transmit spectral mask 

For an 80 MHz mask PPDU of HE format, the interim transmit spech·al mask shall have a 0 dBr bandwidth 
of 79 MHz, -20 dBr at 40.5 MHz frequency offset, -28 dBr at 80 MHz frequency offset, and -40 dBr 
at 120 MHz frequency offset and above. The interim h·ansmit spectral mask for frequency offsets 
between 39.5 MHz and 40.5 MHz, 40.5 MHz and 80 MHz, and 80 MHz and 120 MHz shall be linearly 
interpolated in dB domain from the requirements for 39.5 MHz, 40.5 MHz, 80 MHz, and 120 MHz 
frequency offsets. The transmit spech11m shall not exceed the maximum of the interim transmit spectrum 
mask and - 59 dBm/MHz at any frequency offset. Figure 27-49 shows an example of the resulting overall 
spech·al mask when the -40 dBr spectrum level is above - 59 dBm/MHz. 

PSD 

0 dBr 

,:?9.<11;lr . . . . . .. . 

, ... ... .. •. . .. . '40 .<lElr ... ......... .. . . . . ... , •... . 
Freq [MHz] 

. . 
-120 -80 -40.5 -39.5 39.5 40.5 80 120 

Figure 27-49-Example transmit spectral mask for an 80 MHz mask PPDU 
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For an 80+80 :MHz mask PPDU of HE fonnat, the overall transmit spectral mask is constructed in the 
following manner. First, the 80 MHz interim spectral mask is placed on each of the two 80 MHz segments. 
For each frequency at which either of the 80 :MHz interim spectral mask has a value equal to 0 dBr, then 
0 dBr shall be taken as the overall interim spectral mask value. Then, for each frequency at which both of 
the 80 MHz interim spectral masks have values greater than -40 dBr and less than - 20 dBr, the smn of the 
two interim mask values (slllllllled in linear domain) shall be taken as the overall interim specu·al mask 
value. Next, for each frequency at which neither of the two 80 MHz interim masks has a value greater than 
or equal to - 20 dBr, the higher value of the two interim masks shall be taken as the overall interim spectral 
mask value. Finally, for any frequency region where the overall interim spectral mask value has not been 
defined yet, linear interpolation (in dB domain) between the nearest two frequency points with the 
overall interim specu·al mask value defined shall be used to define the overall interilll spectral mask 
value. The u·ansmit specl:!1.1111 shall not exceed the maxi..ll.lu.ll.l of the overall interilll u·ansmi.t specl:!mn mask 
and - 59 dBm/MHz at any frequency offset. Figure 27-51 shows an example of a transmit spectral mask for 
a noncontiguous u·ansmi.ssion using two 80 :MHz cham1els where the center frequency of the two 80 MHz 
channels are separated by 160 :MHz and the -40 dBr specl:!1.11n level is above - 59 dBm/:MHz. 
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IEEE 802.11ax-2021, Part 11: Wireless LAN MAC and PHY Specifications (Feb. 9, 2021) at 27.3.19.1, Figure 
27-49, Figure 27-51.   
 

 
 

PSD 

OdBr 

I 

: 80 MHz Mask 1 
I I 

J.:~ j ~r ___ _ J_ 
: : -28 dBr : : ----~,---- ----T-~---
1 I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I I 

I I I I I I 
1 I I -40 dBr I I I ---r----ri---- ----i-t----r---

I 

-120 -80 -40.5 ·39.5 39.5 40.5 80 ijMHz] 

OdBr 

-20 dBr ---- - --
boltl of the 60 MHz 

PSD 

PSD 

OdBr 

I I 

: : 80 MHz Mask 2 
I I 

J..:~_E~r ____ J_ 
I I I I 

----~~ ,:~ ~~r ----f-~---
1 I I 
I I I 
I I I 
I I I 

' ' ' I I I 
I I I 

I I I I I I 
I I I I I I 

---~----L ... '_-4_!1_E~r I L 1 
I I I ----i-• ----r---

I 

-80 -40.5 -39.5 39.5 40.5 80 120 f(MHZ] 

------
-- - ----

I 

' ' ' ' 
' -25d r I 

' 

Overall transmit spectral mask 
(bold line) 

spectral masks have 7- - - - - - - -

valJes9""eatertnan - - - - -,:---~- ~---1{-,~l•~~~
2

-

8~d-B~rt~~~~i~t;t~~½H--t--H-~!~~==== -40 dBr and less 1 
than -20 dBr I 

' ' ' ' ' 

---- ---7-, ' 
' ' ' ' ' 

ne l her of the two 80 
MHz masks have 

va lJes !)'"eater thc11 
or equal to -20 dBr 
a,d less ltlan or 
equal to O dBr 

' ' ' ___ J ____ J _~~q_~B! 
' ' ' 

-200 -160 -120.5-119.5 -80 -40.5 -39.5 39.5 40.5 80 11 9.5 120.5 160 200 ~ Hz] 

Figure 27-51-Example transmit spectral mask for an 80+80 MHz mask PPDU 
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