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Moptdonno 2,4 Iy,

Force 200 High Gain
Integrated Radio
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Integrated
non-synced Radio

Connectorized
non-synced Radio

Connectorized

Sector antenna 90°
GPS-synced Radio
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Sector antennas 90° and 120°

n O pTd) On M O 5 rrul Force 200 High Gain I AR

Integrated Radio

Integrated
non-synced Radio
Forcel80

Connectorized
non-synced Radio

Connectorized
GPS-synced Radio
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ePMP2000 (tonbko 5 Mu)

Smart antenna

ePMP2000
Access Point

New sector antenna
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Force200 (2.4 n 5 'u)

2402 — 2472 MTIu; 4910 - 5970 Mry
MHTerpMpoBaHHasn 3epKasibHas aHTeHHa
18 abu B 2.4 My, (17°x17°) |
25 nBu B 5 it (7°%7°) |
* T[lopt Gigabit Ethernet

e JlanbHocTb A0 40 Km
e CkopocTtb g0 200 M6éut/c

*  OnuuA — KoXyXx |
 bbicTpan cbopka! F

@ Cambium Networks"
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Forcel80 (tonbko 5 Mu)

* WHTerpnpoBaHHaA aHTeHHa 16 abu.
Bbinrpbiw 3 4b no cpaBHEHUIO CO
CTaHAapPTHbIM aboHeHToM (+40% K
NOKPbITUIO)

e [lopT Gigabit Ethernet

* [lonAapHOCTb NUTaHMA He BaXKHa, 10...30 B
e Peryanpyembin KPOHLUTENH B KOMMAEKTE

e [OPU3OHTANbHbIN AN3aNH ONA CYXKEHUA
TaBHOr0O NenecTka B rOPU30HTA/IbHOM
NNOCKOCTU U NOBbIWEHUA NPOCTPAHCTBEHHOWM
n3bmpatenbHOCTH:

— [lopusoHTanbHaa: 15° / sBeptukanbHana: 30°

(((9 Cambium Networks™
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AKceccyapbl

YHuBepcanbHoe aboHeHTCKoe
yctpouncteo cnPilot R200

e Wi-Fi 802.11n
e 2 TenedpOHHbIX NOPTA
e 4 nopta Ethernet

* 1 nopt USB ana cetesoro
XPaHUAULLA UKW NPUHTEPA

* PoE ana ePMP

RST »  mm( ] POWER WAN  LANI LANZ  LAN3  LANA  PHONE! PHONE2

@ Cambium Networks
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CNS Server — 10O ynpaBneHua cetblio

* MOHUTOPUHT
e O6bHOBNEHMe BCTpoeHHoro 10
e KoHpurypmpoBaHune obopyaoBaHusa

@ Cambium Networks"
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cnhnMaestro — o6n1a4HaA U I0KaZIbHaA cUCTema
ynpaBaeHuns

cnMaestro

Integrated. Intelligent. Easy.

= Manitor * Operate
« Configure * Manage

Your Network

MoceTtuTte cloud.cambiumnetworks.com ana nonyyeHna AONOAHUTE/IbHON
nHbopmauunn.

@ Cambium Networks
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MoppepXnuBaembie KOHOUTypaLnu

Point-to-point : Point-to-multipoint
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Ab6oHeHT Forcel80

6,5

4,6

2,6
2,1
1,4

KM
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MponyckHasa cnocobHOCTb ceKTopa
Moaynauus npu 50 aboHeHTax, M6ut/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) 34.5

C(
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Ab6oHeHT Force200

8,5

13,1

7,4
5,8
4,0

KM

= = = =2 2

S § 33 3

— — w W w0

MponyckHasa cnocobHOCTb ceKTopa
Moaynauua : ngu 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) 34.5

Copyright © 2016 Cambium Networks, Ltd. All rights reserved.
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OcHOBHble cneundumnKauuu

Frequency Bands 5 GHz: 4900 — 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 2.4GHz
Antenna Gains Integrated: 16 dBi 12 dBi
ePMP Force 25 dBi
90 deg Sector: 15 dBi 15 dBi
120 deg Sector: 14 dBi

@ Cambium Networks™
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[Mpenmywiectesa ePMP
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TexHonoruna Hypure

@ Cambium Networks™
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Hypure

* CynepretepoauHHbIN NpUeMHUK (nepectpamBaemblin pUAbTP)
Ha NpMem U nepeaavy

° YnpaBneHuve AMarpamMmon HanpaBAeHHOCTU aHTEHHbI
(TonbKo npuem)

@ Cambium Networks"

Copyright © 2016 Cambium Networks, Ltd. All rights reserved. \—“/




d;&‘TWinnmm Technologies

TDD/TDMA c noaaep»Kou
CUHXPOHU3AUUMN
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KaK 310 paboTtaet y KOHKYPEHTOB...

No data No data No data No data No data

No data
~A —~A ( A \ r A \ Y —— Yt

A A

DL 5TA1 g C/ﬁf DL STAS /%P/ C%

K K]

NN
&
el I
e

RS
= 0=

" o % %mm% /g/% o |3 g% wena | 137

PD: Propagation Delay PPD: Packet Preparation Delay Poll: Poll Frame to Request S5TA to TX UL data

e 3ajaep)KKa pacnpocTtpaHeHusa curHana (PD) npucywa KaxXaom nepenave,
kBuTaHumam ACK/NACK n noBTopHbiMm nepegadam B DL u UL.
* PD npucytctByeT Tpu pasa ans Kaxaon nepeaaun (Poll, data, ACK)

Yem mHe 310 rpo3ur?
 NnauBmnayanbHble 3a4ePKKM BeayT K CHUMKEHMIO 061Wero KaHaabHOro
BPEeMEHMU, AOCTYNHOro ANA nepeaavymn AaHHbIX.
* C poctom Konmnyectsa abOHEHTOB 3a/ieprKKa pacTeT B apndmeTUyecKkon
NPOrpeccuu, YTo CYLLLEECTBEHHO CHUXAET NPOMNYCKHY CNOCOOHOCTb.
e «lhyxon» abOHEHT MOXKeT HapywuTb paboty mexaHmnama CCA, BbI3BaTb
NOBTOPHbIE NEpeaayun U yBennunTb 3a4ePKKy A4/19 BCEro CeKTopa.

(((‘ Cambium Networks™
Copyright © 2016 Cambium Networks, Ltd. All rights reserve d. N—




d_QFWmncom Technologies

Kak 3To paboTtaet y Hac

e JNaHHble ana/oT Bcex aboHEHTOB NIOTHO «ynakoBaHbl» B UL & DL

* 3aaeprkKa pacnpocTpaHeHMA A0 BCEX CTaHLUMWN KOMMNEHCUpPYeTCA 3alUTHbIM
nHTepsanom — TTRG

DL DL DL / uL UL UL %
STA1 STAS STA3 STA10 || STA4 || sTA20 | [T
Frame Duration
i} o
H_J \ v J
LLinpokoBseLaTenbHoe [aHHble, KBUTAHLUUN, NOBTOPHbIE
coobuieHue — pacnucaHue nepegayu BbICTPANBAKOTCA NO
MmHorum SM

pacnucaHuio U nepepatorca
BMJIOTHYIO APYr K Apyry.

* bonee apdpekTMBHOE MCNONB30BAHNE AOCTYMHON EMKOCTM KaHana

°*  B03MOXKHOCTb HapawmBaHUA Yncia aboHeHToB 6€3 yuwepba KaHaNbHOM eMKOCTU

> CoxpaHeHme CTabU/IbHOCTU Aaxe B YC/ZTOBUAX NOMEX
@ Cambium Networks"

Copyright © 2016 Cambium Networks, Ltd. All rights reserve d. \‘—‘/
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KaK Ha cueT BHYTPUCUCTEMHDbIX NOmex?

e O6opynoBaHne ePMP1000 cnocobHO CMHXPOHW3UPOBATbL cOCeHUE
CeKTopa mexay coboit no curHanam GPS/IoHacc

* CUHXPOHM3aLUMA BO3MOKHO OT BCTPOEHHOIO NpUemMHUKa (moaynm c
GPS-Sync), nnbo oT BHELWHUX CUHXPOHU3UPYIOLLLMX YCTPOWCTB
(CMM)

* CUHXPOHU3aLMA NO3BONAET: @) CHU3UTb A0 MUHUMYMA 3aLLUTHbIN
NHTEPBAN MeXay CMeXHbIMK ceKTopamm (Ao 5 MTu); 6) noBTOpHO
MCMONb30BaTb YAaCTOTY B CEKTOPAX «CMUHA K CMUHEY

@ Cambium Networks"
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B cetaAx 6€3 CMHXPOHU3ALUUM...

AP4 AP1

... KaxkaaAa AP HaunHaeT
nepeaavyy He3aBMCUMO OT

LPYTUX I \

AP3
1= i
AP1
AP2
AP3
AP4

@ Cambium Networks"
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B ceTAAX C CMHXPOHU3aLUEMN...

OAHOBPEMEHHO NepeKNYaloTCA
B PeXXUM npmnema

AP1
.. BCe AP HaumHaloT nepeaavy APN /
OHOBPEMEHHO, a MOTOM TaK Ke I
| AP2
AP3 H

AP1

AP2

AP3

AP4

@ Cambium Networks"
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ePMP 3KOHOMMT 4YaCTOTHbIU pecypc

8

CeTn KOHKYPEHTOB:

Cetn ePMP:

5 My,
5 Mly,

@ Cambium Networks"
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...BMNJ1IOTb A0 NOBTOPEeHUA 4acToT Ha bC

CeTn KOHKYPEHTOB:

Cetn ePMP:

@ Cambium Networks"
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...\ B npeaenax cetu

e B ePMP Bo3mo»KHO n06aBAATbL HOBble Ha30Bble CTaHLUUU C
NOBTOPHbIM UCNO/Ib30BAHMEM YACTOT.

* B 33aBMCMMOCTU OT NJIOTHOCTU pa3melleHnA bC peKoOMeHAYETCA
OAHa N3 CXeM.

@ Cambium Networks"

Copyright © 2016 Cambium Networks, Ltd. All rights reserved. \-._.-/
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AfanTUBHbLIN NNAHNPOBLLUK C
KOHTpOJ1IeMm BpeMeHU BNaaeHUA
cpepou (Air fairness)

@ Cambium Networks™
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CnpaBegnuBOCTb NO BpemeHU

Xopowaa e ° °
CKopoctb ® *

lnoxaa ckopocTb

f

o L fnyxaa SM (Hu3kaa MCS)
e n3-3a PaccToAHMUSA

Mnyxas SM (Hu3kasa MCS)
n3-3a NPenATCTBUN

LI ]
DI........
LI

a'o'sa N

* Haw CI'IpaBe,CI,fIMBbIﬁ NAAHNPOBLWHKUK NPeaoTBpalllaeT CHNXKEHNUE EMKOCTUN CEKTOPA Mpu

NOABNEHUN KTIYXUX» CTAHLUUMN

e «lnyxan

» SM MOXKeT NoaBUTCA 13-3a 6ONbLIOIO PACCTOAHMA, MOMEX UIN NPENATCTBUN

e PacnpepgeneHue pecypcoB BeAeTcs OCHOBbIBAACb HA BPEMEHMU, a He MPOMYCKHOM CNOCOBHOCTH

abcdef abcdef abcdef abcdef

@ Cambium Networks"
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Mpuoputesauma tpadpuka u
nopgaepXkKa ycayr Triple-Play

@ Cambium Networks™
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[1aHHble + ronoc + suaeo

 [loppneprKKa Tpex yposHeun npunoputeta (Voice, High, Low) Ha
ocHoBe VLAN ID, DSCP, TOS, EtherType, MAC, IP

Mo aepKa AONOAHUTENIbHOW NpuopuTesaumMm aboHEeHTCKOro
Moayna

* BO3MOXXHOCTb LWWennuHra TpadmnKka Ha abOHEHTCKMX MOoAYAX
(noaaeprkaHue pasHbix TapndoB B npeaenax oaHOro cektopa)

* [logaeprka IPTV Ha oCHOBe OHUKACTa U MyNbTUKacCTa. [logaeprkka
IGMP Snooping, MVR

@ Cambium Networks
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[MpuopuTtesaumna n oyepegu

* Y ePMP ectb Tpu o4epeaun B pagmoKaHane:
— VolIP priority (Tonbko ana naketos meHblie 220 bainT)
— High priority
— Low priority
e Korga nakeT MMeeT KNaccuPpuumpytowmim npmn3Hak, OH HanpasBaseTca B
Ha3Ha4YeHHYIO o4vepeb:
— MpwusHaku L2: VLAN ID, CoS, EtherType, MAC address
— Mpwu3Hakum L3: IP address, DSCP

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

e Korga pagnoKaHan neperpy*KeH naketamum, U OHM Ha4YMHAKT OTOPaCbIBATbCH,
NNAaHMPOBLUKUK cTapaeTca coxpaHuTb VoIP & High nakeTbl 3a cuer
oTbpacbiBaHMA Low Priority

* [lpuoputesauma pabotaet B 06ounx Hanpasnenmax: DL & UL

e [10NONIHUTENBbHO MOKHO HAa3HaYUTb NPUOPUTET ADOHEHTCKOMY MOAYAIO:

Normal, High, Low
’ g ’ @ Cambium Networks

/
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BHMMaHue Ha ronoc

ePMP UCNOob3yeT ciegyrowume mexaHm3mbl Mo 4OCTAaBKeE rosiocCa:

* MpuopuTtesaums ronocosoro Tpadpduka 8 DL/UL

* bonee yactoe BbligeneHne cnotos ana SM, O6CI’Iy)-Kl/IBaI-OLLI,VIX ronoc

e CnocobHocTb SM 3anpawmnBaTtb CcepBuUC 3a04HO C nepep,aqeﬁl OCHOBHOTO

TpaduKa

| Gowrin I T —

e

DL oL DL hg:‘;:n 5TA4 vi?rrm ?’?

STA1 STAS STA3 BW Req) | | PONRese | | (PEEW %

Req) 'A

Frame Duration
- o

SM morkeT nepegaTtb NakeT AaHHbIX
WM TON0Ca, @ 3a04HO0 3aNpoCUTb

cepBUC 4S9 Nepenaydn cneqytoLlero
r0/10COBOrO NMakeTa. TO NO3BOAAET
AP npenoctaBuTb cepBuC Takon SM
bbicTpee.

@ Cambium Networks"
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MynbTUKaACT B paguoKaHane

e MynbTUKacT-TPadUK HE UMeeT MexaHU3Ma KBUTUPOBAHUA, MOSTOMY MHPPACTPYKTYpa
He B Kypce, A0CTAaBAEH NaKeT UAN HeT

e Pa3Hble SM, abOHEeHTblI KOTOPbIX CMOTPAT OAUH U TOT e TB-KaHan, yacto paboTatoT B
Pa3HbIX YCNOBUAX paanoBnamMmocTu (ancrtaHuma go bC, nomexu, npenaTcTeus), 4To
O3HayaeT Pa3IMYHble MOAYIALUUN N UHTEHCUBHOCTb OBUTOBLIX OLLINOOK.

e [ToaTOMy NOAX0A «OANH K MHOTMM» HE NOAXOAUT ANA Paano, NOTOMY YTO HET rapaHTUn
Ha[EeKHOM AOCTAaBKM NaKeTa BCEM YY4aCTHMKAM MYAbTUKACT-TPynnbl

* Haw meTtoa nepenaum — Reliable Multicast, 4to o3HayaeT KOHBepTaLUIO MY/IbTUKACT B
FOHMKACT C UCnosb3oBaHnem mexaHmama IGMP snooping

* [lpenmyuiecrtsa:
— KBUTaHUMU B pagmnoKaHane
— BO3MOKHOCTb NOBTOPHOM Nepeaayn A1a KOHKpeTHoro aboHeHTa

— [lepepaya Ha BbiCLLIEN BO3MOXKHOM MoAaynAUUM Ansa Kaxgonm SM

@ Cambium Networks
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bonbliaa eMKOCTb CeKTopa

@ Cambium Networks™
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Ha yto BAnaeT macwutabupyemoctb?

ba3oBaAa CTaHUMUA ba3oBaA CTaHUMUA
Ha KOHKYpupYtoLen ePMP
nnatdopme

@ Cambium Networks™
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106 SM

Quick Sesrch.. v

& quick start
L configuration ~
4L monitor ~
& ools -

System Summary
Device Name
APSSID
Operating Frequency
Operating Channel Bandwidth
Transm itte r Qutput Power
AntennaGain
Country
Downlink/Uplink Frame Ratio
Wire less Security
Ethernet interface

Wire less interface
Average Wire less Throughput

o
g
55 |8

Cam bium

5865 Mhz

20 MHz

23 dBm

0 dB

Other

Fle xible

Open

10000 bpsi/Full

Up

Wireless MAC Address
Ethe met MAC Address
IP Address

Date and Time

System Uptime
System Description
Device Coordinates

DFS Status

10.3.254.4
04 Jan 1970, 19:40:32 GMT

3 days, 19 hours

Mot Available

(hgi:tered Subscriber Modules

106 )

106 aboHeHTOB/ceKTOp!

30 1935
@ Downlink 8 Uplink

30 19:36

30 19:37 30
Time

19:38 30

19:39 30 19:40

@ Cambium Networks™
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117 SM

@ Cambium Networks
) ePMP 1000

Cambium ‘ Access Point

System Summary

Device Name Cambium Wireless MAC Address 00:04:56~

APSSID T Ethemet MAC Address =

Operating Frequency 5855 MHz P Address 10.3.254.4

Operating Channel Bandwidth 40 MHz Date and Time 03 Jan 1970, 14:29:07 GMT
Transmitter Output Power 23 dBm System Uptime 2 days, 14 hours

Antenna Gain 0 dBi System Description

Country Other Device Coordinates -

Downlink/Uplink Frame Ratio Flexible DFS Status Mot Available

Wire less Security Open G&g'stered Subscriber Modules 117 )

Ethernet Interface 10000 bps/Full

. 117 aboHeHTOB/CeKTOp!

Average Wireless Throughput
807
70 4
G0
50
40
30
20
10

Mbps

@ —_— - — —

1421 14:22 14:23 14:24 = 14:25 14:26 1427 14:28
ime
@ Downlink @ Uplink

@ Cambium Networks"
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PaboTa B ycnoBuax nomex

@ Cambium Networks™
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eFortify — KomnnaeKkc mep, HanpaB/eHHbIU HA
NoBbILLEHUE NPONYCKHOU CNOCOOBHOCTU B
YC10BUAX NOMeEX

100
90
80
70
60
50
40
30
20
10

0

Throughput - Mbps

ePMP R2.0
with

eFortify

ePMP R1.X

Competitive
Offerings

LOW

MODERATE HIGH SEVERE
Interference Levels
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Outdoor Interference Testing: ePMP vs UBNT

e 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

e 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 =-751t0-90 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

\

Sp(eed Test Results (Mbps) \
Distance Ubiqq{ti ePI\)‘P
DL L u
54.47 26.33
1.1 miles 52.53 36.10
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

Copyright © 2016 Cambium Networks, Ltd. All rights reserved.

@ Cambium Networks
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PMP Testing — Case #1 Moderate Interference

e 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 7.2 13.03
Average 6.1 14.6

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

* Only 7 locations testing due to UBNT equipment restrictions (@ c..ium 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
e ePMP Average tput > 10X UBNT Average tput

@ Cambium Networks
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