Wireless Market Intelligence Proprietary * Accurate * Cutting Edge

Maury Wood o Hry H

+1-781-460-1577
mwood@ejlwireless.com

Wi-Fi Blasts Ahead with 11ac Wave 2 Chipsets

November 2014

Entire contents © 2014 EJL Wireless Research LLC. All Rights Reserved. Reproduction of this publication in any form without prior
written permission is strictly forbidden and will be prosecuted to the fully extent of US and International laws. The transfer of this
publication in either paper or electronic form to unlicensed third parties is strictly forbidden. The information contained herein has
been obtained from sources EJL Wireless Research LLC deems reliable. EJL Wireless Research disclaims all warranties as to the
accuracy, completeness, or adequacy of such information. EJL Wireless Research LLC shall have no liability for errors, omissions,
or inadequacies in the information contained herein or for the interpretation thereof. The reader assumes sole responsibility for the
selection of these materials to achieve its intended results. The opinions expressed herein are subject to change without notice.

© 2014 EJL Wireless Research LLC. All Rights Reserved



TABLE OF CONTENTS

EXECUTIVE SUMMARY . .ttttttiettaeeeeanseneenssnnsensennsnnesnesanssansenssnssessennennns 5
RESEARCH METHODOLOGY . uuttttae et eeaaeenaeeanaaeeaasenaasenaennasennaaeenanenns 19
CHAPTER 1: EVOLUTION OF THE IEEE 802.11 STANDARDS ....cvviviiiiiniannnnnn. 20
Brief Technical Overview of Gigabit Wi-Fi ... 20
The 802.11g Physical Layer — Wireless Innovation .........c..oovoiiiiiiiiiiiii i e 20
802.11n Physical Layer — Forward-Looking Innovation...........c.ccoooviiiiiiiiiiiinnnne.. 22
802.11n Media Access Control Sublayer — Efficiency Reigns..........cccovviiiiiniiiinn.... 26
Familiar 802.11n Enabled Devices — Beginning of the Boom ..., 26
IEEE 802.11-2012 — Major Milestone for Wi-Fi........cooiiiiiiiii i 26
CHAPTER 2: IEEE 802.11AC — THE NEXT GENERATION ..uvviiriierernereneennenns 27
802.11ac W1 and W2 Capabilities — All About the PHY ... 27
802.11ac Physical Layer — MOre Better ... ... e 27
802.11ac Media Access Control Layer — Optimized .......ccooiiiiiiiiiii i 34
5 GHz Band Plan — More Spectrum Opening UP ...coeiiiiiiii e eeeeeneee 34
Power Levels for Wi-Fi — GOING UP ... ueiiiiii et 34
Coexistence and Compatibility Mechanisms in 802.11ac — Play Nice ..................... 36
Summary — 802.11n and 802.11ac Differences .....cccovvviiiiiiiiiiiiii e 36
Rate at Range — Convergence at 100 MetersS ... ... aes 37
CHAPTER 3: SYSTEM SOFTWARE IN WI-FI ACCESS POINTS ..cvviiiiiiiiiiiinennnnn. 39
CHAPTER 4: WI-FI SEMICONDUCTOR CHIPSETS .uueitiiseeiiaeeennaaaeeennnaaaeennn 41
Broadcom Corporation’s Wi-Fi ProduCts ........cooiiiiiiiii e 42
Broadcom Access POINt ChiPSetS. ... et e 42
Broadcom AcCCESS POINT RAIOS ....uueiiit i aeen 42
Broadcom Wi-Fi Networking ProCeSSOrS . .... ..o 48
Broadcom Mobile DeVvice RATIOS .......oiiniiii it 53
Broadcom Wi-Fi ProducCt SUMMIAIY ......coii ittt e e e e e e eaaneees 55
Celeno Communications Wi-Fi ProducCts ..o 57
Celeno Access POINT RAMIOS. .. .ot e e ees 58
Celeno Wi-Fi ProduCt SUMIMAKY .. ...t et ettt e e e e e e e 60
Intel Corporation’s Wi-Fi ProduUCTS. ... e 61
Intel Mobile DeVice RAIOS. ... .o e 61
INtel Wi-Fi ProdUuCt SUMMAIY ... .. et aaes 64
Marvell Technology Group’s Wi-Fi Products ........cccoiiiiiiiiiii i 65
Marvell Access POINT RAAIOS ... e 65
Marvell Wi-Fi NetwoOrking PrOCESSOIS ... ...ttt e aaeens 67
Marvell Mobile DeVice RATIOS ......ciniiiii ittt aaeens 72
Marvell Wi-Fi ProdUCt SUMIMIANY ......eeiiiii et ettt e e e e e e e eaneees 73
MediaTek INC.’S Wi-Fi ProdUCTS ... e 74
MediaTek ACCESS POINT RATIOS ... .ciiniiiiit ittt ettt e eeaaeens 74
MediaTek Wi-Fi Networking ProCESSOIS ...t 77
MediaTek Wi-Fi ProdUCt SUMIMAIY ... ..o e 84
Qualcomm Technology INC.’s Wi-Fi Products.........ccoiiiiiiiii i 85
Qualcomm Access POINT RATiOS ..ottt ettt aaneee 85
Qualcomm Wi-Fi NetwOrking PrOCESSOIS ... ...ttt 89
Qualcomm Mobile DeVice RaAIOS ....oviiiiiiii it eeeeeeeeeaaaanns 95
Qualcomm Wi-Fi ProducCt SUMIMAIY ... e e eaes 96
Quantenna Communications, Inc.’s Wi-Fi Products..........ccccoiiiiiiiiiiiiiiiiiie e 97
Quantenna AcCeSS POINT RAOIOS ....ooiiiiiiiii it eeeeeeeeaaaanns 98
1

Licensed to First Name Last Name, Company Name
© 2014 EJL Wireless Research LLC. All Rights Reserved



Quantenna Wi-Fi ProducCt SUMMIAIY .....coiiiiii it e e aaaanas 101

Realtek Semiconductor Corp.’s Wi-Fi Products........cccoviiiiiiiiiiiiii i eeeeaaes 102
Realtek Access POINt RAMIOS.....cooi et 102
Realtek Wi-Fi Networking PrOCESSOrS. ...ciii ettt eei e eaanas 105
Realtek Wi-Fi Product SUMMIAKY .. ...ttt 110
Redpine Signals’ Wi-Fi ProdUCTES. . ... 111
Redpine Signals Access POINt RAAIOS ...cvviiuiiiiii it 111
Redpine Signals Mobile Device RadiOS .......o..iiiiiiiii i 114
Redpine Signals Wi-Fi Product SUMMAIY ........coiiiiiiiiiiiiiiii i e eeiae e eeaaas 115
RESEARCH REPORT FINDINGS . ... ttttttetetaeeetaaeeaaeeaaaeaaaeenaaennaaennaeennnns 116
APPENDIX A — REFERENCES ..t ttttitteeaeteeeeeaeseeaaeeasseaasenaeeaaaeeaaennnnns 118
APPENDIX B — ABBREVIATIONS ... ttteettteaaaaea e e e e e eeemmaeaaeaa e e e e e eennaa e 119
2

Licensed to First Name Last Name, Company Name
© 2014 EJL Wireless Research LLC. All Rights Reserved



Table 1:
Table 2:
Table 3:
Table 4:
Table 5:
Table 6:
Table 7:
Table 8:
Table 9:

Table 10:
Table 11:
Table 12:
Table 13:
Table 14:
Table 15:
Table 16:
Table 17:
Table 18:
Table 19:
Table 20:

TABLES

Best-in-Class Wi-Fi Radios from Nine Leadership SUPPHErS .......cuviiiiiiiiiii e 9
Best-In-Class Wi-Fi SoCs from Five Leadership Suppliers
802.11N MCS INdeX NUMDETS. .. ...ttt e e
802.11ac Single Spatial Stream MCS IndexX NUMDEIS ...t
Maximum Spectral Efficiency of Wi-Fi Standards.........ccoooiiiiiiiii e eaeaaens
Primary Differences Between the 11n and 11ac Standards...........ooiiiiiiiiiiii i eaeaeaaeaes 37
Broadcom BCM43462 Features
Broadcom StrataGX BCM58625 Features
(O] =T g T O B2 V0 I == |
INtel Wireless ACT7260 FEATUIES ....... .ttt ettt ettt ettt et et e et e e e e aeanenn
Marvell Avastar 88WBB864 FEATUIES ...... ..ttt ettt et et e e eeeaas
Marvell ARMADA 385 88F6828 Features
MediaTeK MT7BL2E FEATUIES ...ttt ettt ettt ettt ettt et et e e e e e aneeaas
MediaTeK MT7B2LA FEATUIES ... ...ttt et et ettt ettt ettt e et e e e e e aaanas
Qualcomm VIVE QCA9990 Features .......c.ccvveveeeneriennnnnns

Qualcomm Internet Processor IPQ8064 Features
Quantenna QSR1000 FeaturesS.......cvvoeviieiinieiiienaaananans

Realtek RTLB8BL3 FEATUIES ...ttt ettt ettt ettt et ettt et ettt e e e e e e aeeaenn
Realtek RTLBLOTD FEATUIES . ...ttt ettt e ettt ettt ettt ettt e e e e
Redpine Signals RSO333 FRaATUIES .. ..ttt ettt ettt ettt et et et e e e e e aaeaenn

3

Licensed to First Name Last Name, Company Name
© 2014 EJL Wireless Research LLC. All Rights Reserved



Exhibit 1:
Exhibit 2:
Exhibit 3:
Exhibit 4:
Exhibit 5:
Exhibit 6:
Exhibit 7:
Exhibit 8:
Exhibit 9:

Exhibit 10:
Exhibit 11:
Exhibit 12:
Exhibit 13:
Exhibit 14:
Exhibit 15:
Exhibit 16:
Exhibit 17:

EXHIBITS

Global IP Traffic by Local ACCESS TECHNOIOQY . uuuueiiiiiiie et e e eaeaaas
Typical 2015 802.11ac Wi-Fi Access Point Top-Level System Diagram
Typical RF Front-End FUNCTIONAl Diagram . ......u.eie ittt et e e e e e ee e aneaneaneaaanes
Typical 11n/ac Radio (1x1:1 Slice) 2.4 or 5 GHz Functional Diagram............c.ccoiviiiiiiieniann..
Typical 802.11ac Wi-Fi Networking System-on-Chip Processor Functional Diagram ................ 18
Frequency Domain View — OFDM Waveform with Orthogonal Subcarriers
Simplified 802.11g OFDM TranSMIitter ......cveiieiie e e e aeeanenaeas

Simplified 802.11g OFDM RECEIVET .. ...ttt e e e e
£310 )220 K oY £ 1 4 o T @1 o F= T a1 1= IS o F= Tox [ T [0

64-QAM and 256-QAM Constellation MappPings .. ... aaas
5 GHz Wi-Fi Channelization and POWEr LEVEIS.........co.iiiiiiiii e
Simulated Downlink Rate at Range for 802.11n, 802.11ac W1 & W2 (AP -> Client).............. 38
Broadcom’s XStream 802.11ac System ArchiteCture ........c.ocviiiiiiiii i 45

Marvell ARMADA XP MV78260 System Diagram ... ... aae e
Marvell 88W8797 802.11n Radio
MediaTek MT7620 Block Diagram
Redpine Signals NetCombo RS9333 Block Diagram

4

Licensed to First Name Last Name, Company Name
© 2014 EJL Wireless Research LLC. All Rights Reserved



