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How Large i1s My Cell?
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How Large i1s My Cell?

A5 years ago, your clients were tl'

AANd your APs were thesi

AToday, your clients are thegg
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AANd your APs are thes~ .
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Cell Shape and Cell Size

A Your cell shape depends on the antenna you use:

A Directional

A Omnidirectional

2014 CWNP \AEi Conference ~ 15 Years in Wireless



Cell Shape and Cell Size

A Your cell shape depends on the antenna you use:

A Directional

A Omnidirectional

A The cell size depends on 3 parameters:

A The AP Power level
A The protocol you use (802.11a/b/g/n/ac)

A The Data rates you allow
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What Does 802.11 say?

A802.11 does not dictate power levels
AThis is the job of the FCC, ETSI etc.

ABut, 802.11 (up to 2007) was quoting (Annex J in 862001) the
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The Power Limits5 GHz

\\
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Channel Channel Transmit
Regulatory starting s. acin Channel set uwer. limit Emissions Behavior
class frequency (I{IE[zig ' P (mW) limits set limits set
(GHz) '
1 5 20 36,40, 4448 40 1 1.2
2 s 20 52. 56, 60, 64 200 1 1
3 s 20 149, 153, 157, 800 1 1
161
4 5 20 100, 104, 108, 200 1
12, 116,129, Channel Channel Transmit
124, 128, 132, Regulatory starting X — Emissions Behavior
136. 140 . . . spacing Channel set power limit A .
. class frequency . limits set limits set
(GHz) (MHz) (EIRP)
5 5 20 165 1000 4
- _ _ 1 5 20 36, 40, 44, 48 200 1 2,3
FCQimits (Txpower, assuming a 6 dBi antenna) |, - > 5 56 60,64 00 ) L34
3 5 20 100, 104, 108, 1W 1 1.3.4
112, 116, 120,
124,128, 132,
136, 140
ETSI|m|tS (EIRP] 4-255 Reserved Reserved Reserved Reserved Reserved Reserved
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Can you tell the Range from the Power?

A802.11 also tells you about the expected receive performances

AE.g. 802.12014 table 2225,
non-STBC modes, 800 ns GI, BCC
andVHTPSDUength of 4096octets,
expected packeerror ratio (PER)
should beless than 10%

Minimum Minimum Minimum zﬂzﬂﬁ
. Rate sensitivity sensitivity sensitivity (160 MHz or
Modulation ®) (20 MH {40 MHz (50 MHz 30480 MHz
PPDU) PPDU) PPDL) PPDU)
{dBm) {(dBm) {dBm) (dBm)
BPSK 12 —82 -79 —76 73
QPSK 12 -79 -76 =73 70
QPSK 3/4 =77 —74 =71 —68
16-QAM 12 -74 -71 —68 —65
16-QAM 3/4 -70 —67 —64 —61
64-QAM 2/3 —66 —63 —60 -57
64-QAM 3/4 —65 —62 —59 -56
64-QAM 5/6 —64 —61 —58 -55
256-QAM 3/4 —59 —56 —53 =50
256-QAM 5/6 -57 —54 =51 —48
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Did the Power Rules Change?

AEach country regulates the EIRP

Aln Nov 2011, the FCC | cable
. . Transmitter Loss (-dB)
mandated that for multiradio power@em | -(j NSNS
APs (802 1 1n/802 1 1ac) , EIRP = TX power (dBm) + Antenna Gain (dBi) - Loss (dB)
EIRP wo_uld be the total &5 = ‘ S omw
of all radiated Access Point &?Le?dn;) éréinzi'oaf gl- 0 =16 dBm

energy (from all antennas)

AThis changes the power levels (APs like the Cisco 1260 or 3500 use the
system, Cisco APs 3600/2600/2700/3700 use the new system)
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How can you tell the AP Power level?

AThe actual power per radio chain is modulated based on the number of
chains you enable:

Wireless .
1 08:cci68:bd:d6:c0 - Enable UF (40,38) Disable DOWN M/A 1¥ m“m | [~ |

* Access Points
All APs
= Radios
802.11a/nfa

802.11bfa/n
Dual-Band Radios
Global Configuration

Detail

202.11aTSM

4 Tx Antennas

Op

Channel 44:_Srﬁgle Tx antenna Channel 44, Dual Tx antennas  Channel 44, Triple Tx antennas Channel 44, Quad Tx antennas

1‘2‘3'4‘5‘6‘7

Antenna Type Internal - BEFORE
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/
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Can you tell the Range from the Power?

ASo the only question is: how far do you get those Rx numbers?
Aln a lab, the answer is simple:

- T

2 YL @1 m-46 dB k | ;

/ \ % m-- d 2d Distance

{ AP ) Received signal = X know | will get 1/4 of that at 2d

,—s\\\ /I Eg-od R.Y 4 mn FSSaGX
NN @ 20 feet?About-45 dBm
\ @ 40 feet?About-52 dBmetc.
% ) For the same reasorf,

! @1 m-46 dB E.g.: AP at 17 dBm, RS dBm @ 100 feet

A 't | 0 wmwmsighl avoXit63 dBm at 50 feet
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This Range vs Power works for Each Stream

ABut in fact, the AP dynamically adjusts its individual chain transmit power:
based on modulation, and also aligns its transmissibaarfiforming to
offer the best signal for each frame at each modulation, at any distance:

80.00
70.00
_— with dynamic optimization II
s ' For_ upllnl_<, we use another
5000 | / Uplink T optimization technique
\ . called MRC
4000 | 1 : 1 2
| 3
s5ib. | Uplink L/ W" | £
w/o dynamic optimization [ ¢ d%.-gap
2000 | " v ‘ 1.5 times Coverage (1D)
Downlink' 2 times Coverage (2D
10.00 ~
0.00 *
-60 -65 -70 -75 -80 -85 -90 -95 -100 -105

Path Loss (dB)
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AMultiple chains dramatically improve error correction! What you miss on

one.chain is captured on the other chain
>0 o] sy |
- O G lII: ......... Threshold Combined Eﬁ:ect
AL (Adding all Rx Paths)

Channel Quality (dB)

— Antennal3

— vre | 3 Antennas Rx Signals

Frequency (MHz)
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Clients vs Clients

T R— Y A—
AClientsTxand RX capabilities vary i aae =

5:47-5.7.25 -0:83

5725-5850 -2.85

(a) Folded inverted-L

(b) Tapped inverted-L — an inverted-F

|
_I_
]
? ) | ! (c) Planar inverted-L antenna
L —L

(d) Planar inverted-L antenna with a
folded top

o — -

Inverted L 4 dBi (2.4) / 6 dBi (5 GHz)
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Clients vs APs

AThere is of course no comparison between a small, batierwered
BYOD, and an AP:
Example: 3700i AP : Exampleiphone5 g
(+4 dBi antenna on 2.4 GHz, J

+6 dBi antenna on > GHZ) . This is what the phone can actually send

tronsmipower | w2110 Samia (out of the antenna) —

=23 dBm, 4 antennas =23 dBm, 4 antennas

= 23 dBm, 4 antennas = 23 dBm, 4 antennas 24 GHZ ISM 146 dBm

302110 (HT20) 302110 (HT40)

+23 49m,  antennas UNIHL 14.2 dBm
802 11ac
= han-HTE0: 23 dBm, 4 antennas UN”'2 12 dBm
«YHT20 23 dBm, 4 antennas
=YHT40: 23 dBrm, 4 antennas UN”-2e 11 dBm
=YHT80: 23 dBm, 4 antennas UN I |_3 10 dBm
o WHT20-5TBC: 23 dBm, 4 antennas
=YHT40-5TBC: 23 dBrm, 4 antennas ISM Ch165) 10 dBm
«WHTEO0-5TBC: 23 dBm, 4 antennas Source: FCC

This is the maXxpower
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Why Does it Matter?

ARF is symmetricaln paper: {f

AGLFT @2dzNJ !t &A 3yhe AP shoald e | & I yiz )
the client signalsymmetricallg 66 SOl dzaS (U KS | Tkga®)y yl wE YI G§OKS

O
ALY NBIFf ¢62NIRX GKA&a Aa (NHzSX SEOS
Lt Ol yQU Y/ ft%nlessytisRlesRBEzpecs dre identical
A2 causes:

A Client rate decision is based on CLIENT perception of AP GiggA& signal is strong, client will use
high rate

A The client reaches the AP mixed in surrounding nQiS&IR too low and AP cannot demodulate

8wl (90),

Iﬂ-ﬂii

This is the AP signal (at phone level

This is the
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phone signal (at AP level)




Your cell will NOT Like Power Mismatches
ABad design example: Client @ 12 dBm, AP @20 dBm

But client message is too weak,

Based on Rx AP signal, BYOD thinks 54 Mbps ra{e IS okay and AP does not ACK
Rety @54
and Again
Okaytry36 . .
2 2g f SUQa

Now | get an ACK
{ Ul NI 20SNJI

Each message takes 8 times more to be transmitted
(including EIFS and retries)
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