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Moptdonno Cambium Networks

Mass Market PMP,

ePMP Rl

Point-to-Point, Point-to-Multipoint,

PTP PMP CeTtn goctyna

oC Hble CeTU
Hoctyn ! Wi-Fi

A0ocTyna

Pagmnomoctbl / PP/ CeTtun goctyna

PTP450, PTP650, PTP8xx PMP450, PMP450i ePMP1000 R200, e400, e500

@ Cambium Networks”
S =

Copyright © 2013 Cambium Networks, Ltd. All rights reserved. Proprietary and Confidential






MopTtdonuno 2,4 My

Force 200 High Gain
Integrated Radio

It

a1

Integrated
non-synced Radio

Connectorized
non-synced Radio

Connectorized Sector antenna 90°

GPS-synced Radio
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Sector antennas 90° and 120°

Force 110 High Gain

I-I O pT¢ On M O 5 rru Connectorized Radio Force 200 High Gain

Integrated Radio

Integrated
non-synced Radio

Connectorized
non-synced Radio

Integrated
Connectorized non-synced Radio ,
GPS-synced Radio Force180

@ Cambium Networks”
N A

Copyright © 2013 Cambium Networks, Ltd. All rights reserved. Proprietary and Confidential



Force200 (2.4 n 5 I'Tu)

e 2402 -2472 MTlu; 4910-5970 MTlu

*  WHTerpmpoBaHHanA 3epKasibHasg aHTeHHa
18 abu B8 2.4 'y, (17°x17°)
25 abn B 5 ', (7°x7°)

* [lopt Gigabit Ethernet

* JlanbHocTb A0 40 Km
e CkopocTtb go 200 Mbut/c /

*  OnumAa — KOXyx

* BbicTpas cbopka! | i r

@ Cambium Networks"

B

Copyright © 2013 Cambium Networks, Ltd . All rights reserved. Proprietary and Confidentia



Forcel80 (tonbKo 5 NMu)

* WHTerpmnpoBaHHaA aHTeHHa 16 abwu.
Bbinrpoiw 3 4b no cpaBHEHUIO CO
CTaHAAPTHbIM aboHeHTOM (+40% K
NOKPbITUIO)

* [lopT Gigabit Ethernet
* [lonapHocCTb NUTAaHUA He BaXKHa, 10...30 B
* Peryanpyembi KPOHLWITEMH B KOMMAEKTE

* [OPU3OHTaANbHbIN AN3aUH ANA CYKEHUA
[TaBHOrO /IenecTKa B rOPM30OHTaIbHOM
NAOCKOCTM U NOBbIWEHUA NPOCTPAHCTBEHHOM
n3bunpaTeNIbHOCTU:

— TopusoHTanbHana: 15° / BeptukansbHaa: 30°

@ Cambium Networks"
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AKceccyapbl

YHuBepcanbHoe aboHeHTCKoe
ycTtpoucTeo cnPilot R200

* Wi-Fi 802.11n
2 TenedpOHHbIX NOPTa
e 4 nopta Ethernet

* 1 nopt USB ana cetesoro
XpaHWAULWa Uan NpuUHTepa

* PoE ana ePMP

RST « i) POWER WAN  LAND LAMZ  LANZ  LANA  PHOME! PHONEZ
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CNS Server — NO ynpasneHua cetblo

* MOHUTOPUHT
e ObHOoBNeHMe BcTpoeHHoro 10
* KoHpurypmpoBaHmne obopyaoBaHuA
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S

Copyright © 2013 Cambium Networks, Ltd. All rights reserved. Proprietary and Confidential



cnMaestro — 06/1a4HbIN cepBUC yNpaBeHUsA

chMaestro-

Integrated. Intelligent. Easy.

* Monitor * Operate
+ Configure » Manage

Your Network

NoceTtute cloud.cambiumnetworks.com ana nonyyeHna 4ONONHUTE/IbHON
nHpopmauymu.

@ Cambium Networks"
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NMopaepkuBaembie KOHPUrypauum

Point-to-point : Point-to-multipoint

@ Cambium Networks"




CTaHAapTHbIK aboHeHT

160AM 1/2
16QAM 3/4
640QAM 2/3
64QAM 3/4
64QAM 5/6

MponyckHaa cnocobHOCTb ceKTopa

——— T T T, T, T, P, g, Ty
—

Moaynauua npu 50 aboHeHTax, M6ut/c .
64QAM 5/6 (MCS15) 88.0 g
64QAM 3/4 (MCS14) 78.0
64QAM 2/3 (MCS13) 70.5
16QAM 3/4 (MCS12) 515
16QAM 1/2 (MCS11) 34.5
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Ab6oHeHT Forcel80

6,5

4,6

2,6
2,1
1,4

KM

~ <t s W
e N, PR, e
— M N N
= 5 35%
O © S35
— - OO O
MoavAaLMs MponyckHaa cnocobHOCTb CeKTopa
AYAAL npu 50 aboHeHTax, Mbut/c
64QAM 5/6 (MCS15) 88.0
64QAM 3/4 (MCS14) 78.0
64QAM 2/3 (MCS13) 70.5
16QAM 3/4 (MCS12) 51.5
16QAM 1/2 (MCS11) 345
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Ab6oHeHT Force110/200

18,5

640AM 2/3
640AM 3/4

= =
3 3
o =

Moaynauua

640AM 5/6

7,4
5,8
4,0

KM

13,1

MponyckHaA cnocobHOCTb ceKTopa
npu 50 aboHeHTax, MbuT/c

64QAM 5/6 (MCS15) 88.0
640QAM 3/4 (MCS14) 78.0
640QAM 2/3 (MCS13) 70.5
16QAM 3/4 (MCS12) 51.5
16QAM 1/2 (MCS11) 34.5
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OcHoBHble cneuudumnKauuu

Frequency Bands 5 GHz: 5150 - 5970 MHz*
2.4 GHz: 2402 — 2472 MHz

Headline Throughput 200+ Mbps

(40 MHz Channel)

Maximum # SMs 120

Maximum Tx Power 5 GHz — Global: 30 dBm (5.8 - 5.4), 27 dBm (5.2 - 5.1 GHz)*

5 GHz — FCC: 23 dBm (5.8), 14 dBm (5.4-5.2), 20 dBm (5.1)
2.4 GHz: 30 dBm*

Power Consumption 8.5 W Maximum
Environmental -30C to +60C Operating Temp
5GHz 2.4 GH:z
R Eae Integrated: 13 dBi 12 dBi
Integrated + Ref 19 dBi 19 dBi
ePMP Force 25 dBi
90 deg Sector: 15 dBi 15 dBi
120 deg Sector: 14 dBi

Copyright © 2013 Cambium Networks, Ltd. All rights reserved. Proprietary and Confidential



[lpenmywiecrea ePMP
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TDD/TDMA c noaaep»<Koi
CUMHXPOHU3ALUNK
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KaK 310 paboTtaeTt y KOHKYPEHTOB...

No data No data No data No data No data No data

A —A / A \ ( A \ —A— 2

= 0
0

K

bl B

éf’; oL STA3 éﬂ ;% msw&% %i m‘aﬁﬂ?@, %M’“’?

DL S5TAd ; ggf DL STAE é

PD: Propagation Delay PPD: Packet Preparation Delay Poll: Poll Frame to Request 5TA to TX UL data

* 3aaeprkKa pacnpocTpaHeHus curHana (PD) npucywa Kaxkaom nepegave,
kBuTaHUmMam ACK/NACK n nostopHbim nepegavam B DL n UL.
* PD npucytctByeT Tpu pasa anda Kaxkaom nepenaydu (Poll, data, ACK)

Yem mHe 310 rpo3ur?
* UHamBuayanbHbie 3a4epPKKM BeayT K CHUXKEHMIO 06Lero KaHabHOro
BPeMeHMU, AOCTYNHOro ANA nepeaavyun AaHHbIX.
* C pocTom Konmn4yectsa aboOHEHTOB 3a4€epKKa pacTeT B apuPmMeTUyecKom
NPOrpeccumn, YTo CyLECTBEHHO CHUKAET NPOMYCKHYI CNOCOOHOCTb.
* «lnyxon» aboHEeHT MmoXeT HapywuTb paboTty mexaHnama CCA, BbI3BaTb
MNOBTOPHbIE Nepeaavyn 1 yBeIMUYNTb 3a[EPKKY A1 BCEro CEKTOPA.

@ Cambium Networks'
-
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Kak 3To paboTtaert y Hac

* [aHHble ansa/oT Bcex aboHEHTOB NIOTHO «ynakoBaHbi» B UL & DL

* 3a/ieprKKa pacnpocTpaHeHUsa 40 BCeX CTaHLUN KOMMNeHcMpyeTca 3alUTHbIM

nHTepsasom — TTRG

Downink ORI Dok
DL DL DL / LV N I VA ?
STA1 STAS STA3 STA10 || sTA14 || STA20 | |7
7 %
Frame Duration

- -

W_J L\ v J
LlinpokoBewjatenbHoe [ aHHble, KBUTAHUUU, NOBTOPHbLIE
coobuieHne — pacnucaHue nepeaayun BbICTPanUBaOTCA NO
MHormm SM

pacnucaHuIo U nepeaaroTca
BMJIOTHYIO APYr K ApYry.

* bonee sappeKTUBHOE NCNONb30BAHNE AOCTYNHON EMKOCTM KaHana

*  BO3MOXHOCTb HapaWMBaHMA YMCNa aboHeHTOB be3 yuepba KaHaIbHOW EMKOCTU
* CoxpaHeHue CTabnnbHOCTU AaXKe B YCZIOBUAX MOMEX

@ Cambium Networks”
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KaK Ha cueT BHYTPUCUCTEMHbIX NomeXx?

e O6opynoBaHne ePMP1000 cnocobHO CMHXPOHM3NPOBATb COCeAHME
ceKTopa mexay cobon no curHanam GPS/InoHacc

* CUHXPOHM3aLMA BO3MOXKHO OT BCTPOEHHOIO NpMeMHMKa (moaynm ¢
GPS-Sync), nmbo oT BHELIHUX CUHXPOHU3NPYIOLLIUX YCTPOMCTB
(CMM)

* CUHXPOHM3aLMA NO3BONAET: @) CHU3UTb A0 MUHUMYMA 3aLLUUTHbIN
NHTEPBAN MEXKAY CMeXXHbIMK cekTopamu (Ao 5 Mrlu); 6) nosBTopHO
MCNO/Ib30BaTb YACTOTY B CEKTOPAX «CMMUHA K CIUHEY

@ Cambium Networks'
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B ceTtax 6e3 CMHXpOHM3aUUM...

AP4 A7
... Kaxkaaa AP HaunHaeT \ o
nepegayy He3aBUCMMO OT ’jl%
Apyrux : \
: AP2
AP3
1c-
I
AP1
AP2
AP3
AP4
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B ceTAX ¢ CMHXpPOHM3aLUEMN...

... Bce AP HauuHaloT nepegayy

APN
OAHOBPEMEHHO, a MOTOM TaK e leL
AP3
0

B peXum npuema

/ AP1

]
o4HOBPEMEHHO NEPERTIOYAOTCA [

Mpz

o)

=

AP1

AP2

AP3

AP4
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ePMP 3KOHOMMUT YaCTOTHbLIU pecypc

o

CeTn KOHKYpPEHTOB:

Cetn ePMP:

{5 My
5 MTly,
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...BMJIOTb A0 NoBTOpeHusa YactoT Ha BC

CeTn KOHKYPEHTOB:

Cetn ePMP:

5 MIy,

@ Cambium Networks"
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...\ B Npeaenax cetu

* B ePMP BO3mMOXHO A06aBNATb HOBble 6a30Bble CTaHLUUN C
NMOBTOPHbIM MCNO/b30BAaHUEM YACTOT.

* B 3aBUCUMOCTM OT NNIOTHOCTU pasmelleHmna bC pekomeHayeTcA
OAHa N3 CXeM:

@ Cambium Networks"
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AfanTUBHLIU NNAHNPOBLLUK C
KOHTpPO/Z1IeM BpeMeHU BNaAeHUA
cpepom (Air fairness)
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CnpaBseasinBoOCTb NO BpemMeHu

P lNnoxaa ckopoct
[ ;-;-...'00-......'... f
@ ® e e \
e O ® ® & e g |
L] °e *, e, . | [nyxas SM (Hu3skas MCS)
" R - ® 8 d € M3-3a PacCTOAHUA
=Y L]
® °
Xopowaa e e ™
cKopocTb  © ® & Mnyxana SM (Hu3kas MCS)

n3-3a I'IpEI'IFlTCTBMIz

N

* Haw cnpaBea/nBbIi NNaHMPOBLIMK NPeAoTBPaLlaeT CHUKEHNE EMKOCTU CEKTOpPaA Npu
NOABNIEHUN KTNTYXUX» CTaHLUMN

* «nyxaa» SM moxeT noABUTCA 13-3a 60/1bLIOrO PacCTOAHUA, MOMEX UM NPENATCTBUMN

* PacnpepeneHue pecypcos BeaeTca OCHOBbIBAACb HA BPEMEHMU, a He I'IpOI'IyCKHOl';I cnocobHocTn

a b ¢ d e f abcdef aERCc d e f abecdef
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Mpuopurtesauuna tpadpuka u
noapepXkKa ycnyr Triple-Play
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[1aHHble + ronoc + suageo

* [lopgpeprKkKa Tpex ypoBHen npmuoputeta (Voice, High, Low) Ha
ocHoBe VLAN ID, DSCP, TOS, EtherType, MAC, IP

* [Mopaep»Ka AONONHUTENbHOW NpuopuTesaLmm aboHEeHTCKOro
MmoayNs

* BO3MOKHOCTb WWennuHra Tpadpmnka Ha aboOHEHTCKUX MOAYNAX
(noppep*aHue pa3HbiX Tapudos B npeaenax oaHOro CEKTopa)

* MogaepxKa IPTV Ha ocHOBe HOHUKACTa U MynbTUKacTa. [logaeprkka
IGMP Snooping, MVR

@ Cambium Networks’
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Mpuopurtesauma n oyepeau

* Y ePMP ecTb Tpu ovepeamn B pagmoKaHane:
— VolIP priority (Tonbko ana naketos meHblue 220 baiT)
— High priority
— Low priority
* Koraa nakeT umeeT Knaccupuumpyowmm npm3Hak, OH HanpasaseTca B
Ha3HA4YEHHYIO o4vepelb.
— T[pun3Hakm L2: VLAN ID, CoS, EtherType, MAC address
— [pwu3Hakm L3: IP address, DSCP

* OTaenbHo Tpaduk Broadcast/Multicast moxkeT 6bITb 06cny»KeH Kak High nau
Low Priority

» Korga pagmnokaHan neperpyxeH naketamu, M OHKU Ha4YMHaT OTOpacbIBaTbCA,
NNAaHMPOBLUUK CTapaeTca coxpaHuTb VolP & High nakeTbl 3a cuer
oTbpacbiBaHMA Low Priority

* [pnoputesaumus pabotaet B obomx HanpasneHuax: DL & UL

* [10NONHUTENIbHO MOYXHO Ha3HauYnUTb NPUOPUTET aDOHEHTCKOMY MOAYNIO:

Normal, High, Low
’ g ’ @Cambiumrﬂetworks'

N =
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BHUMaHUe Ha ronoc

ePMP ncnonbsyet cneayrowme mexaHnM3mbl Mo AOCTaBKe rosoca:
* Mpuoputesauus ronocosoro Tpadduka 8 DL/UL
* bonee yacrtoe BbiaeneHmne cnotos ana SM, ob6cayKmnBatoLLKUX ronoc

* CnocobHocTb SM 3anpalumnBaTb CEPBUC 3a04HO C Nepeaavyen 0OCHOBHOIO
TpaduKa

Gomri e W T
8TAT
DL DL DL / ngmis STA4 VolP Pkt %
STA STAS S5TA3 Poll Rasp (PBEW
BW Req) R (<
Frame Duration
-+ .

SM moKeT nepenatb NakeT AaHHbIX
WAN ronoca, a 3a04HO0 3anpPoCUTb

cepBUC 4014 nepenayu cneayrouero
r0/1I0COBOro nakerta. 3T0 NO3BOANAET
AP npenoctaBuTb cepBuc Takon SM

bbicTpee.
@ Cambium Networks’
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MynbTUKacCT B paguoKaHane

MynbTUKacT-TpaPpurK HEe MUMEET MeXaHU3Ma KBUTUPOBAHUSA, NO3ITOMY MHPPACTPYKTYpPa
He B Kypce, AOCTaBAEH NAKET UN HET

Pa3Hble SM, abOHEHTbI KOTOPbIX CMOTPAT OAUH U TOT e TB-KaHan, yacto paboTatoT B
Pa3HbIX YCNOBUAX paanoBnammoctu (anctaHuma ao 6C, nomexu, npenaTcTBmsA), 4to
O3HA4YaeT Pa3/INYHbie MOAYALUN U UHTEHCUBHOCTb BUTOBLIX OLUMOOK.

MoaTomy noaxoa «OAMH K MHOTMM» HEe NOAXOAUT ANA PaAno, MOTOMY YTO HET rapaHTUM
HaJeXKHOM A0CTaBKM NaKeTa BCEM YY4aCTHUKAM MYAbTUKACT-rpynnbl

Haw meTton nepeaaumn — Reliable Multicast, 4to o3HauyaeT KOHBepPTALUIO MYNbTUKACT B
FOHMKACT C NCNOAb30BaHUEM mexaHn3ama IGMP snooping

[NpenmyulecTsa:
— KBuTaHUUM B paanOKaHane
— BO3MOXKHOCTb MOBTOPHOM Nepeaavn AnA KOHKPETHOro aboHeHTa

— [lepepaya Ha BbICWIEN BO3MOXHOW MOAYNALUN ANA Kaxkaon SM

@ Cambium Networks’
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bonbllaa eMKOCTb CeKTopa
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Ha yto BAuAeT macwutabmnpyemoctb?

ba3oBaA cTaHUMA ba3oBaA cTaHUMUA
Ha KOHKypUpYytoLweu ePMP
nnatpopme

@ Cambium Networks"
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120 aboHeHTOB Ha ceKTop!
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106 SM

Quick Search.. v

A Quick start
€ configurstion ~
A wonitor ~

F oot -

System Summary

Device Name Cambium Wireless MAC Address .
APSSID Ethemet MAC Address
Operating Frequency 5865 Mhz P Sddress 1032544
Operzting Channel Bandwidth 20MHz Date and Time 04 Jan 1970, 19:40x32 GMT
Transm itte r Qutput Power 23 dam System Uptime 3days, 1% hours
Antenna Gain O dBi System Description
Cowintry Other Device Coordinates
Downlink/Uplink Frame Ratio Fle xible DFS Status Mot Available
Wiraless Security Open (Hegistered Subscriber Modules 1086 )
Ethernst interface 10000 bpsiFull l
e . 106 aboHeHTOB/CceKTOp!
Average Wire less Throughput
601 é
55 =
50
45
40
35
30
25
20
15
10 b
& - — — - " —_—
0 1
30 19:35 30 19:36 30 19'.3;_ 230 19:38 30 19:39 30 19:40
me
@ Downlink  # Uplink
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117 SM

Cambium Networks
&PMP 1000

(f('i

System Summary

Cambium ‘ Acecess Point

Device Name Cambium Wireless MAC Address 00:04:56 7™
APSSID T Ethernet MAC Address =
Opergting Frequency 5855 MHz IP Address 103254 4
Operating Channe! Bandwidth 40 MHz Date and Time 03 Jan 1970, 14:29:07 GMT
Transmitter Qutput Power 23dBm System Uptime 2 days, 1& hours
Artennz Gain o dBi System Description
Country Other Device Coordinates
Downlink/Uplink Frame Ratic Flexible DFS Status Mot Available
W ire less Security Open G&gistered Subscriber Modules 1z )
Ethernet interface 10000 bps/Full
Wireless Interface up 6 I
117 aboHeHTOB/CceKTOp!
Average Wire less Throughput
g0 &
=

70 A=

G0

50

40

30

20

10 S s e ————— —

¢——— —d ———— @ — —_— - -
’ 14:21 14:22 14:23 14:24 . 14:25 14:26 1427 1428 '
B Downlink 8 Uplink Time
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PaboTa B ychosBuax nomex
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eFortify — Komnnekc mep, HanpaB/IeHHbIU HA
noBbiLLEeHUe NPONYCKHOU cNOocobHOCTH B

YC/I0BUAX NOMEX
100 -

90 -
80 -
70 -
60 -
50 -

40 - Competitive
30 - Offerings
20 -

10 -
O | | | | | |

ePMP R2.0
with

eFortify

ePMP R1.X

Throughput - Mbps

LOW MODERATE HIGH SEVERE
Interference Levels



Outdoor Interference Testing: ePMP vs UBNT

* Head to Head testing of ePMP vrs UBNT
— PTP (1 SM) and PMP (10 SM) Testing

— Varying Interference Levels

¢ ePMP:

— GPS Sync AP + 15 dBi Sector 90
— 10 Integrated SM
— Flexible Frame Ratio Mode

* UBNT:
— Titanium AP + “19 dBi” Sector 90
— 10 NanoStation M5
— airMax Mode

@ Cambium Networks"
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Measured Interference Levels

CH = 5660 MHz CH = 5735 MHz

AP — Zurich Tower Avg = -90, peak = -82 Avg = -77 , peak = -67
SM Locations Avg =-75to -90 Avg = -65 to -80
Peak = -67 to -80 Peak =-60 to -72

Moderate Interference _

~10 to 15 dB Higher

@ Cambium Networks"
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Point to Point Testing

e Low Interference SM location:

— UBNT and ePMP have good comparable results

Sy{eed Test Results (Mbps) \
Distance Ubiqlﬁti ePI\)]P
DL UL DL UL

61.67 17.03 54.47 26.33
1.1 miles 61.71 13.80 52.53 36.10
68.22 14.74 51.99 33.31
44.83 36.26
2.6 miles 42.00 32.69
46.16 36.57

High Interference SM location:

UBNT throughput near zero — double negative impact of interference & retransmit collisions

— ePMP throughput is excellent

@ Cambium Networks’
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PMP Testing — Case #1 Moderate Interference

- CH=5660 MHz (DFS Band)

Speed Test Results (Mbps)
Distance Ubiquiti ePMP
DL UL DL UL

0.5 miles 9.98 6.61 10.11 21.09
0.55 miles 0.26 0.2 13.56 24.94
1.1 miles 1.3 22.09 8.04 22.2
1.3 miles 1.29 43.18 12.53 17.2
1.5 miles 0.08 0.11 8.57 15.67
2.6 miles 0.11 0.23 7.12 22.71
2.6 miles 0.08 0.26 72 13.03
Average 6.1 14.6

 ePMP had superior throughput in all cases except one
* ePMP Average tput >2X UBNT Average tput

* Only 7 locations testing due to UBNT equipment restrictions (@ cambium Networks
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PMP Testing — Case #2 High Interference

* CH=5735 MHz

Speed Test Results (Mbps)
Distance Ubiquiti ePMP
DL UL DL UL

0.5 miles 1.24 1.29 6.99 16.03
0.55 miles 0.06 0.14 10.5 30.95
1.1 miles 1.34 0.57 6.62 10.98
1.3 miles 0.27 1.73 5.66 5.91
1.3 miles 0.27 1.5 6.09 10.19
1.5 miles 0.06 0.02 6.49 16.33
2.5 miles 6.18 0.29 6.18 10.61
2.5 miles 0.05 0.02 5.84 9.7
2.6 miles 0.1 0.02 4.36 6.12
2.6 miles 0.09 0.04 4.14 5.72
Average 0.8 9.3

e ePMP tput reduced, but much higher than UBNT in all cases
* ePMP Average tput > 10X UBNT Average tput

@ Cambium Networks’
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