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Agenda

*\Welcome & introduction

*Dimensioning very high density networks
*80-MHz vs. 40-MHz vs. 20-MHz channels
*Use of DFS channels

*Basic RF design for very high density areas
 Example: Adjacent large auditoriums
‘Q&A
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Based on Aruba’s Very High Density VRD

Technology & Methodology Scenarios

//_'___, Planning “WHAT” ‘

Guide Large Al
[ + Auditoriums Audiences
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| Customer Engineers \ R
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Install Technicians Guide
Theory . . Arenas
Guide WHY
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High-Densitv-802-11ac-Networks-Validated-Reference-Desian/ta-p ol
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How Far We’ve Come

—“Coverage” WLANs came first
—These evolved into “Capacity”
WLANSs (with limited HD zones)
—250m?2/ 2500 ft2 = 25 devices per cell

—BYOD made every capacity WLAN a
high-density network

—3 devices/person = 75 per cell

—HD WLANSs from 2015 are now very
high-density (VHD)

— 100+ devices per “cell’. Devices may

be associated to multiple BSS
operators in same RF domain.

Waltlng for the new Pope in St. Peter’s Square
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NBC Today Show, February, 2013, T -
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Dimensioning VHD Systems




Aruba VHD Dimensioning Methodology

Device Dimensioning WLAN Dimensioning Infrastructure Dimensioning

Choose Key Metrics Edge

x Dimensioning

Core
Dimensioning

Associated Device
Capacity

Server
Dimensioning

Address Space
Dimensioning

WAN Edge
Dimensioning

VHD_002

% AIRHEADS
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Step 1- Key Design Criteria for Typical VHD WLAN

Seating capacity Number of people the facility can hold. Varies

Average devices per person Typical number of discrete Wi-Fi enabled devices carried by a 1to5
person visiting the VHD facility.

Take rate Percentage of seating capacity with an active Wi-Fi device. 50% - 100%

Associated device capacity (ADC) Take rate multiplied by the average number of Wi-Fi enabled Varies

devices per person.

Seats or area covered per AP How many square meters (square feet) or seats each AP must Varies
serve - essentially the physical size of a radio cell.

Associated devices per radio The design target of how many associated devices should be 150
served by each radio on an AP.

Average single-user goodput What is the minimum allowable per-user bandwidth when multiple | 512 Kbps to 2 Mbps
users are attempting to use the same AP?

5 GHz vs. 2.4 GHz split Distribution of clients across the two bands. 5 GHz: 75%
2.4 GHz: 25%

- A ) ™ A c
'Na F.HCMDD
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Step 2 — Estimate ADC

« Start with the seating / standing capacity of the VHD area to be covered
 Then estimate the take rate (50% is a common minimum)

 Choose the number of devices expected per person. This varies by venue type.
It might be lower in a stadium and higher in a university lecture hall or
convention center salon.

— For example, 50% of a 70,000 seat stadium would be 35,000 devices assuming each user
has a single device

— 100% of a 1,000 seat lecture hall where every student has an average of 2.5 devices
would have an ADC equal to 2,500

 More users should be on 5-GHz than 2.4-GHz. ADC should be computed by
frequency band. In general you should target a ratio of 75% / 25%.

» Association demand is assumed to be evenly distributed throughout the
coverage space.
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Step 3 — Address Dimensioning

Table P2-2  Sample ADC and Address Space Estimates for Indoor 20,000 Seat Arena

Minimum
0, 0,
m Devices (Now) | Devices (Future) %5 GHz %2.4 GHz Subnet Size

GueSt £Fan (25%5t21(<):) rate) (509; Sacl)(gorate) /5% 25%
100 300 100% 0% /23
Ticketing 50 100 100% 0% /24
50 200 100% 0% /24
15 100 100% 0% 124
5,215 10,700 8,200 2,500 :

Y, AIRHEADS
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Step 4 — Estimate AP Count

Associated Device Capacity (5 GHz)
Max Associations Per Radio

AP Count = 5-GHz Radio Count =

*Plan for 150 associations per radio, and 300 per AP

* ArubaOS supports up to 255 per radio
*150 = 60% loading with 40% headroom

* All VHD areas experience inrush/outrush
* Planning for extra headroom allows for user “breathing”

*Remember to increase max users in SSID profile

#ArubaAirheads 11



Step 5 — Dimension Controllers That Terminate APs

o 0w | ne
*Up to 32K users,

platform size must be
>=ADC

Maximum number of LAN-connected
. 512 1,024 2,048
Redundant PSU are s, | o 0 0 o 2 o L o 20

Maximum number of users 16,384 24,576 32,768 l

critical (do not use S menanzestons T T T T T
7205 Or 7OXX Serles) Firewall throughput 20 Ghps 40 Gbps 40 Ghps

AES encrypted firewall throughput 6 Gbps 20 Gbps 40 Gbps
° ACt i Ve/a Ct i Ve MAC Addresses per VLAN 64000 128000 128000
FW Sessmn Creatlon Rate (1000 sessions/sec) 249 326 481
| | | | |

TR

re d u n d a n Cy r;;oz 1x Auth Rate (transactlonlsec) EAP ON 169 219 297

802.1x Auth Rate (transaction/sec), EAP OFF 115 185 220

Captive Portals (transactions/sec), 2K bit 81 114 132 I

L | I | | | | | | | | | | | | |}
1000Base-T ports

10 Gigabit Ethernet ports (SFP+) 4

DI HHM-

meaTup o Redundant PSU Yes



Step 5 — Sizing for ADCs Over 32K

*VVHD areas with ADC >= 32K must be split across two or
more separate local controller HA pairs

Table P2-5 Example Controller Requirements for Stadiums of Different Size

Facility Example Associated Device Count Controller Solution

Basketball, Hockey 16K - 32K two pairs of Aruba 7210
Baseball, Soccer 32K - 48K two pairs of Aruba 7220
NFL Football, Soccer 48K - 64K two pairs of Aruba 7240
College Football, Soccer 65K - 96K three pairs of Aruba 7240
NASCAR 96K - 250K one pair of Aruba 7240
for every 32K devices
Y, AIRHEADS
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Step 5 — Sizing Master Controllers

* Terminating APs on master in master/local cluster is OK up
to 16K users (arbitrary threshold — use your judgment)

 Use dedicated masters for ADC > 48K users

7210 recommended for dedicated masters, otherwise size
based on ADC if terminating APs

#ArubaAirheads 14



Step 6 — Edge Dimensioning

* Full non-blocking 1GE ports downstream to APs
*Full 802.3at PoE with 30W on all ports
« Cat-6A cabling

*2x10GE uplinks for redundant core connects

 Most IDFs in stadiums serve 10-20 APs

*Highest rate 1 radio can generate with 4SS VHT20 is 346.7
Mbps

#ArubaAirheads 15



Step 7 — Core Dimensioning

*Verify that ARP cache and forwarding tables in core
switches are large enough to handle big flat user VLAN

* Controller-to-core uplinks are sized at 2X the WAN
throughput computed in the capacity plan
«1-2 Gbps OTA = 2-4 Gbps on controller uplink

*Do not make controller default gateway
*First hop redundancy is critical

#ArubaAirheads 16



Step 8 — Server Dimensioning

*DHCP/DNS — key metric is transaction time.
 Should be <= 5ms.

* This is MUCH more critical than transaction rate.

* Model at 5% of seating capacity over 5 minutes
» 18K arena * 5% / 300 seconds = 3 discovers per second

« Carrier-grade DHCP/DNS servers strongly recommended (Infoblox)
* Lease times should be 2X duration of event (8 hours suggested)
» Model DNS at 1 request/device/second

« Captive portal rate = DHCP arrival rate
« RADIUS loads depend on whether guests using 802.1X

#ArubaAirheads 17



Step 9 — WAN Edge Dimensioning

* WAN uplink bandwidth is estimated using the Aruba Total
System Throughput process

Minimum BW is dual, load-balanced 1Gbps links for a
country with 20+ channels in 5-GHz using all/most DFS
channels

« Any VHD area with 20+ APs should easily be able to generate
1Gbps of load

* WAN uplinks >2Gbps may be required if RF spatial reuse is
being attempted

 All edge equipment must be fully HA

#ArubaAirheads 18



80-MHz vs. 40-MHz vs. 20-MHz
Channel Widths




Worldwide Channel Availability at 3/1/2015

United - i
M Scmtesd & Brazil &E%';g :y Klijn’gtt‘lidm LUEHE] Efa'ﬁ:‘ 15\2:52 Israel Japan Korea [Singapore| Taiwan | Australia Ze':?imd
anada
“m Indoors  Indoors Indoors ~ Indoors  Indoors Indoors  Indoors Yes No Indoors  Indoors 8 indoor

Indoors  Indoors Indoors  Indoors  Indoors Indoors  Indoors Yes No Indoors  Indoors
.
Indoors  Indoors Indoors  Indoors  Indoors Indoors  Indoors Yes No Indoors  Indoors C h a n n e I S I n
Indoors  Indoors Indoors  Indoors  Indoors Indoors  Indoors Yes Mo 7
Indoors/  Indoors/ Indoors/ = Indoors/  Indoors/ Elndccie:s — — E M E A
DFS/TPC  DFS/TPC DFS/TPC | DFS/TPC  DFS/TPC DiESAHE R s DFs/TpC | DP/TRC \ /

Indoors/

Indoors/  Indoors/ Indoors/ = Indoors/  Indoors/ Indoors/  neerpc | DES/TPC Yes Indoors’ DFs/TPC

DFS/TPC  DFS/TPC DFS/TPC = DFS/TPC  DFS/TPC DFS/TPC

Indoors/  Indoors/ Indoors/ = Indoors/  Indoors/ Indoors/
DFS/TPC  DFS/TPC DFS/TPC | DFS/TPC  DFS/TPC MIDFS/TPC | DFS/TPC |~ DFS/TPC | DFS/TPC

Indoors/  Indoors/ Indoors/ = Indoors/  Indoors/ Indoors/ Indoors/
DFS/TPC  DFS/TPC DFS/TPC | DFS/TPC  DFS/TPC MIDFS/TPC | DFS/TPC ~ DFS/TPC | DFS/TPC | Yes | pporpc  DFS/TPC 1 1 ou td oor
DFS/TPC  DFS/TPC DFS/TPC | DFS/TPC DFS/TPC  DFS/TPC | DFS/TPC  DFS/TPC | DFS/TPC  DFS/TPC

DFS/TPC  DFS/TPC DFS/TPC | DFS/TPC DFS/TPC  DFS/TPC | DFS/TRC  nro == - C h a n n e I S
DFS/TPC  DFS/TPC DFS/TPC | DFS/TPC No DFS/TPC | DFS/TPC | DFS/TPC | DFS/TPC | DFS/TPC | DFS/TPC \ /

DFS/TPC  DFS/TPC DFS/TPC | DFS/TPC DFS/TPC ~ DFS/TPC = DFS/TPC =~ DFS/TPC | DFS/TPC  DFS/TPC

Indoors/
Yes DFS/TPC DFS/TPC

DFS/TPC  DFS/TPC DFS/TPC | DFS/TPC DFS/TPC ~ DFS/TPC = DFS/TPC  DFS/TPC = DFS/TPC  DFS/TPC
DFS/TPC  DFS/TPC DFS/TPC | DFS/TPC DFS/TPC  DFS/TPC | DFS/TPC = DFS/TPC No DFS/TPC
DFS/TPC  DFS/TPC DFS/TPC | DFS/TPC DFS/TPC ~ DFS/TPC | DFS/TPC = DFS/TPC No DFS/TPC
DFS/TPC  DFS/TPC DFS/TPC | DFS/TPC DFS/TPC  DFS/TPC | DFS/TPC = DFS/TPC No DFS/TPC
DFS/TPC  DFS/TPC DFS/TPC | DFS/TPC DFS/TPC No DFS/TPC  DFS/TPC | DFS/TPC = DFS/TPC
DFS/TPC  DFS/TPC DFS/TPC = DFS/TPC DFS/TPC No DFS/TPC  DFS/TPC | DFS/TPC = DFS/TPC
DFS/TPC  DFS/TPC DFS/TPC | DFS/TPC DFS/TPC No DFS/TPC  DFS/TPC | DFS/TPC = DFS/TPC

Yes Licensed No Yes Yes Yes Yes Yes
Yes Licensed No Yes Yes Yes Yes Yes
- Yes Licensed No Yes Yes Yes Yes Yes
mm Yes Licensed No Yes Yes Yes Yes Yes
m Yes Licensed No Yes Yes Yes Yes Yes
TOTAL NON-DFS 9 4 8 9 9 9 9

- A , - A

) F H : I [ TOTAL DFS 121715 15 12 15 1" 13 15

meeTur 211/24 13 19 20 24 20 25 24 #ArubaAirheads 20

in 2013-2014 in the US. APs released from 2015 on may use these chan

1. These channels were temporarily disallowe s if they pass DFS certification.




Why 20-MHz Channels — Reuse Distance

* More channels = more distance between same-channel APs

9 Channel 23 Channel
3 Channel

meeTur #ArubaAirheads 21



Why 20-MHz Channels — More RF Reasons

*Reduced Retries — Bonded channels are more exposed to
interference on subchannels

* Using 20-MHz channels allows some channels to get through
even if others are temporarily blocked

*Higher SINRs — Bonded channels have higher noise floors
(3dB for 40-MHz, 6dB for 80-MHz)

« 20-MHz channels experience more SINR for the same data rate,
providing extra link margin in both directions

#ArubaAirheads 22



Why 20-MHz Channels - Performance

* Which Chariot test will deliver higher goodput?

Each test uses the
UCCCCCEC O L A00) DO@OOO@DOGOD@G exact same 80-MHz
1xVHT80 BSS DODGDDODDDOODDDDOGDDDDDG bandwidth
T s DDOODDDDDGDDDD
Each test uses the

88888888 iy H O [HTH GO
LLOLL LD W - Both VHT40 BSS will

DD DD GD T \B§ 1P2550 C’Jﬁﬂr?\'czz? each other
D[j ? g i o
All four VHT20 BSS

D[j
4xVHT20 BSS
will victimize each

. AIRHEADS other

meeTue

2xXVHT40 BSS




VHT20 Beats VHT40 & VHT80 — 1SS Client Example

DO0Mos

50Mops

DOMos

BO0Mo B

VOMo =

3 Mps

OMbps

Y, AIRHEADS

meeTur

. e
G S > ams o=

@rooo o::.o’bss;.‘»o.o.o‘... ° & - e p—

- VHTB8O0 falls off

~at 25 STAs
VHTA40 falls off
at 75 STAs
NG J
5 10 5 Y] I3 100
Clients

=g \HT20x4
o @e \H T20x4 Bili ect

| WHT40x2 W
© * WH T40x2 Bdi ect
WH T80x1 W
VH T80x1 Bdi ect
=@= Down
- v
e @ Biiect
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Use of DFS Channels




General Rule

Use DFS channels for VHD areas!!

* The number of collision domains is the primary constraint on VHD
capacity

* The number of STAs per collision domain is the second major
constraint on capacity

* VHD networks are ultimately about tradeoffs

meeTur #ArubaAirheads 26
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Balancing the Risks & Rewards

 Client capabilities

* As of 2018, the vast majority of mobile devices shipping now supports DFS
channels

* Non-DFS clients will be able to connect due to stacking of multiple
channels (although perhaps at lower rates)

* |t is easily worth it to provide a reduced connect speed to a an

unpredictable minority of clients, ip.exchange for higher connect speeds for
everyone else all the time

« Radar events

* It is worth having a small number of clients occasionally interrupted ip_
exchange for more capacity for everyone all the time

#ArubaAirheads 27



Basic RF Design for Very High
Density Coverage Areas




RF Coverage Strategies

* Radio coverage can be done in three ways, regardless of the type of
area to be served.

g

Overhead Coverage: APs are placed on a ceiling, catwalk, roof, or
other mounting surface directly above the users to be served.

5 Side Coverage: APs are mounted to walls, beams, columns, or
* other structural supports that exist in the space to be covered.

Eloor Coverage: This design creates picocells using APs mounted

~, in, under, or just above the floor of the coverage area.

* APs with integrated antennas are used for any VHD area of under
5,000 seats (very few exceptions)

#ArubaAirheads 29



Overhead Coverage

£ £
824 24
52 36 4

)  Overhead coverage is a good choice when uniform signal
Is desired everywhere in the room.

* No RF spatial reuse is possible because of the wide
antenna pattern and multipath reflections.

14

* Integrated antenna APs should always be used for ceilings
o 4 of 10 m (33 ft) or less.

O * Note the 20-MHz channel width, and that no channel
(o) (0)se number is used more than once.

» This is an example of a static, non-repeating channel plan intentionally
(o) | chosen by the wireless architect.

2[0} @ * Requires access the ceiling with minimal difficulty or
expense to pull cable and install equipment.

(]

Overhead View
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Examples — Overhead Coverage #1

¥, AIRHEADS

meeTur #ArubaAirheads 31



Examples — Overhead Coverage #2

= “ Ay % . v
- - \._ e = . v A
ﬁ___ — S—— i

| | “II .‘];t“'.‘f N | .
. '/ ’, | ———
\a s 2 1TV LT

R
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Side Coverage

« Wall, beam, and column installations with side-facing
5 5 coverage are very common in VHD areas.
36 40

e T « Some ceilings are too difficult to reach, others have
costly finishing that cannot be touched, or there may be
no ceiling such as open-air atriums.

Front View

» [ ]« *NoRF spatial reuse in indoor environments is possible

\goooo - cooae when mounting to walls or pillars.
| .
“ S s «50% of the wall-mounted AP signals are lost to the next
0 [ o 0 ] H
0000 Coooee room (and 75% of the signal in the corners).

52 O i I I [ jD 56
00000 OO0

= mee e Note that adjacent APs on the same wall always skip at
) = L] least one channel number.

Overhead View
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What Does No RF Spatial Reuse Mean?

I 1in.=10.39ft Dimensions (Xx Y): 72.73 ftx 138 50 ft 1in.=10.39ft Dimensions X Y): 72.73 ft # 138.50 ft 1in.=10.39ft Dimensions Xx Y): 72.73 ftx 138.50 ft
68 feet | |
J 68 feet 68 feet 68 feet
-Irx AUDITORIUM

..... ) Signal Signal

EQBU",:]' (B0 (dgum]

--------- 0 i 10
________________ 20 20 20
30 -30 -30

"""" a0 40 -40
----- 50 50 50

60 60 -0

70 70 70

-80 -80 80

90 90 -0

100 100 100

-55dBm Filter

Every AP can be heard everywhere in the room

“ A 15
'Na' RHCHUJ
meeTur

/
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Examples — Side Coverage

¥, AIRHEADS
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Overhead View

Floor Coverage

* Venues <= 10K seats should always use overhead or
side coverage.

» Above > 10K seats, a more exotic option called

“picocell” has been proven to deliver significant capacity
Increases.

* Density of picocell can be much higher than overhead
or side coverage.

» Picocell design leverages absorption that occurs to RF

signals as they pass through a crowd (known as “crowd
loss”).

« Cost and complexity of picocells may not always justify
the extra capacity generated.
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Examples - Picocell

Y, AIRHEADS
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Aruba 802.11ac Indoor APs
I T S e

Model AP-204 / AP-205 AP-214 / AP-215 AP-224 / AP-225

* Buy the highest =
performance AP that s
you can afford for

;
g

I

{
{
(

I
MU0

I

o,

MIMO 2x2:2 3x3:3 3x3:3
CPU Broadcom 53014A Freescale P1010 Freescale P1020 I
* Th e reSt Of yo u r I Single core, 1 GHz Single core, 800 MHz Dual core, 800 MHz
Memory SDRAM - 128 MB SDRAM - 256 MB SDRAM - 512 MB I
deployment may use ‘ Flash - 32 MB Flash - 32 MB Flash - 32 MB
I I I I I I I S I S I S S S S -
Broadcom BCM43460

Broadcom BCM43520

a more economical Radio

Antenna / Connectors Integrated downtilt antenna; or

m Od e I . 3 diplexed RP-SMA connectors
Max Conducted +21 dBm +23 dBm +23 dBm
° U se th e rig ht t00| fo r Power (18dBm per chain) (18dBm per chain) (18dBm per chain)
Maximum EIRP +25 dBm (2.4-GHz) +28 dBm +26.5 dBm (2.4-GHz)

(both bands) +27.5 dBm (5-GHz)

the jOb. +27 dBm (5-GHz)

Operating Temp 0°C to +50°C

Power 802.3af POE 802.3at POE

RHEADS
| ! - r
e #ArubaAirheads 38



Choosing an AP Model for VHD Areas

AP-225 is best
beyond 50 clients
3SS Laptop — VHT80 2SS Laptop — VHT®Y
800 Mbps 2205 |
1AP-215 |
llAP-ZZS.

| mAp-215| 600 Mops 1
W AP-225

700 Mbps

__ 600 Mbps

a —i 400 Mbps
£ 500 Mbps - ¢ P
g 400 Mbps §. 300 Mbps
[

8 300 Mbps ?

- = 200 Mbps

200 Mbps

VR AP-225 is faster with

50
Clients

AP-205 works well up to
. AIRHEADS 25 concurrent clients

2 meetue #ArubaAirheads 39



AP Placement for Adjacent VHD Areas

-10 dBi

Second Floor
Classrooms

Classrooms |

AIRH-

meaTur

4dh -
/L@\ /@\ LOJ\ b
[ T/ \j // )
o i 4ah 4

10 dB
loss

1D_266

——6 dB loss——

Second Floor
Classrooms

o

W -

/\

@
G

“ y
:O

-10 dBi

A
L

W

Classrooms |

VHD_259
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Example:
Adjacent Large Auditoriums




Typical Multi-Auditorium Scenario

| —
 Hotel conference center st
NANNANNANANNANANANS ANNNANANNANNNNN
WANANANANANANNAANNS ANANANANNAANNANNN
WANANANNANANANNANANANS ANANANANNAANNNNANS
n n n n n \NNANNANNANNNANNNS ANNNANNNNANNNNN
ANANANNNANNNNANANNS ANNNANNNANNNNNNY
or university building with — - —
. . NNANANANNNANAN) WANNAANNNNAN) WNNANNNNANNNS WNANANNANANNNS
CHAAOAAN D LD AT AT AT TR/ IS S ASATA S ATASATASATATAY] AT ATATATATA AT B VAN ATTATATATAYAAT
mu Ip e a Jacen nnnnnnnnnnnnnnnnnnnnnn T rvTTTTrY rrvrvevrvrvvil [T ere Yy v v ey
WANANANANANAANNS WNANAANANNANNNNS
" n WANAAAANRAANS AN AANNANS LAAAAARNAAANNT  LNAAANANNANANAS LAANAANANNNS LAAANAANNNS
ANNANNANNNAN ANNNANNNNAN LANANNAANAN LA ANNNNANNNNS 0 AN AN NN
ANNNANANNANAN ANNNANNNAN LANANANANANAN A WNANAANNNANANNNNS AN I LNANANNANANNNS
ANNNNANNNAN ANNNANNNNAN ANNANANNNNNANNS NNANNNNNNNANNT ] NAANNAANANNT \AAANANNANNS
LA PN PN PN PN PN
L ] L ] n n
n
 Dimensioning metrics:
V] [ [V [V
iaanaaanaan! aaaaaaanaal Iaaaaanaanal ianaaanaaanl
iaan'aaanaan! aaaaaaanaal Iaa'aaanaanal anaaanaaan!
Take Rate 100% AR
Averagedevicesperperson Work/study—s QHHHH: ASAAAAAAAY ;ﬂu;”””: LS_‘UH:HH:
Fan/guest - 2 R mannnnnen o
- - - = — &
Associated devices per radio 150 H
Average single-user goodput 1 Mbps .
ge e goo® i Physical Layout
5 GHz vs. 2.4 GHz split 5 GHz: 75%
2.4 GHz: 25%
AIRHEA .
| - — -
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Understanding Offered Load in Auditoriums

Table S1-1  VHD Spatial Stream Blend Lookup Table CO mmon a p pS are
VHD Devices / Person | Devices / Person 1SS 2SS 3SS 1
Work/Study 30% 60% 10% e m a I I y a n d Offl Ce
Fan/Guest 50% 50% 0% Collaborat|on .
« Class presentation
Table S1-2  Network Characteristics of Common Auditorium Applications an d exam
software, are
Work/Study Play courseware (non video) 500 Kbps Medium Medium . .
Play courseware (video streaming) 1 Mbps+ Low High b u rSty W Ith h Ig h
Under50Kkeps | Restaime | SYChonzed concurrent usage.
\ Fan/Guest General internet usage 500 Kbps Medium Low .
s [ ]
Email Under 250 Kbps High Low C IO u d S_e rVI Ce
Social media 500 Kbps Medium Low Iate n Cy |S n Ot
Photo/video cloud sync 1 Mbps+ High Low V i S i b I e to u Se rS ]

. AIRHEADS
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Step 2/3 - Estimate Associated Device Capacity

N Y
Table S1-4 and Subnet Plan for \llrooms

Room Number ADC 2.4-GHz ADC Minimum
(Future) (Future) (Future) Subnet Size

250 /22
250 /22
625 /20
250 /122
250 /122
0 124
GUEST ADC 4,875 1,625 /19
STAFF ADC -- 25 75 75 0 /24

TOTAL ADC \ - 1,300 3,925 6,575 4,950 1,625

N
. AIRHEADS
meeTur #ArubaAirheads 44
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Step 4 - Estimate the AP Count

Active Device Capacity (5 GHz)
Max Associations Per Radio

AP Count = 5-GHz Radio Count =

Table S1-5 AP Count for Five Ballrooms

Room Total 5-GHz Devices per
750 15 765 6

Room A 150

Room B 750 15 765 150 6
1,875 15 1,890 150 13
750 15 765 150 6
750 15 765 150 6
500 15 515 / 150 4
TOTAL o 5,375 90 5,465 ‘ / 41

Vs AIRHE

meeTur #ArubaAirheads 45
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Calculate System Throughput (Excluding CCI)

Table S1-8  System Throughput Calculation Excluding CCI

Room
Number

Room A

Channels -
USA (DFS)

Channels -
China

(no DFS)

Avg. Channel
Bandwidth

Aggregate

Bandwidth -

USA

603 Mbps

Aggregate

Bandwidth -

China

603 Mbps

J

Room B 6 9 9 67 Mbps 603 Mbps 603 Mbps
13 16 12 67 Mbps 1,072 Mbps 804 Mbps
6 9 9 67 Mbps 603 Mbps 603 Mbps
6 9 9 67 Mbps 603 Mbps 603 Mbps
4 7 7 67 Mbps 469 Mbps 469 Mbps
TOTAL 41 \ 3,953 Mbps 3,685 Mbps
4 E N
O \ Y <« s .
Y AIRHEADS
meeTur
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Total System Throughput Formula

TST = Channels x Average Channel Throughput » Reuse Factor

Where:

* Channels = Number of channels in use by the VHD network

*Average Chapnpnel Throughput = Weighted average goodput

achievable in one channel by the expected mix of devices for that
specific facility

 Reuyse Factor = Number of RF spatial reuses possible. For all but
the most exotic VHD networks, this is equal to 1 (e.g. no reuse).
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Estimating Unimpaired Channel Throughput

VHD Lab Test Results - TCP Bidirectional Blended Throughput - VHT20 Aggregate
(MBA/MBP - AP225 (6.4.0.3-hdms), G54 - AP215 (6.4.2.3), 7220-US, Ch 100, IxChariot 8.1)

200 Mbps ; .
- Choose spatial stream mix
s .
that approximates expected
160 Mbps . .
device population
140 Mbps NG
g 120 MbOS w——L00% 355 Lagt
E 100 Mbps v 100% 255 Lagtop
tg = SONISSJEONSS T 20N B8
‘E o —— 75\:;; zs\ss
60 Mbps ——100% 153 Sn arizhene
40 Mbps .
Choose estimated
20 Mbps
number of
0 Mbps
10 2 50 ” simultaneously
Clents \ transmitting clients

#ArubaAirheads 48



Understanding CCIl & Estimating Reuse Factor

Same-channel APs
are widely spaced

| E—

A ANAANANNNAS
M MANNANANANS  AAANNAAANNNAS
MMM NANANNN A AANAA AN

(ﬁl\n’]\nin .......... ) VHS YOS }

\
Yoy Room'C

D))

N

VAN RN
TR
Hillv:‘ay //--/ \\\\:_

o Ay S e

DFS ' M A - i Avoiding DFS

channels Y R e i Reome T M) AR channels
minimize stk ((elrnee means greatly

reuse increased CCI

VHD_026a

jmated 5-GHz CCl with 21-Channel DFS Plan Figure S1-4  Estimated 5-GHz CCI with 9-Channel Non-DFS A

AP Count 2.4-Gi.. “hannels 2.4-GHz Channels 5-GHz Channels
Room A 6 1,6, 11 36, 52, 100, 116, 140, 149 Room A 6
Room B 6 1,6, 11 36, 52,100, 116, 140, 153 Room B 6
Room C 13 1,611 40, 48,104, 108, 112, 132, 44, 56, 60, 64, 161, 165, 136 Room C 13
Room D 6 1.6,11 40, 48,104, 108, 112, 136 Room D 6
Room E 6 1,6, 11 44, 56, 60, 64, 161, 157 Room E 6
o Hallway 4 1,611 149, 154, 157, 165 Hallway 4

IR IN IV
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Calculate Total System Throughput (Including CCI)

Table S1-9  System Throughput Calculation Including CCI

_ Channels - Aggregate Aggregate
Reuse Factor CLT::?;;SS) China A;gnzlx:::l:l Bandwidth - | Bandwidth -
(no DFS) USA China
67 Mbps 1,608 Mbps
ki, Most likely

3,216 Mbps No reuse outcomes

41 24 12 67 Mbps

67 Mbps

Model Revised Revised

different capacity capacity for
reuse for DFS non-DFS
factors scenario scenario

The TST directly dimensions the required WAN uplink.
V. AIRRees
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End-to-End Architecture

1Gbps+
WAN Uplink

AIRWAVE

DHCP/DNS
Server

- Master
Controller
Z

pa N\

(LLLL11)) = as e i
Local

Controller

ClearPass

009
gceope AAA

Non-redundant
edge

Vs AIRHEADS
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Questions?




