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Paguomoctbl / PP/1

Point-to-Multipoint,
PMP

Cetn poctyna

Mass Market PMP,
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Sector antennas 90° and 120°
Force 110 High Gain

I-I O pT¢ On M O 5 I-I-u Connectorized Radio Force 200 High Gain w |

Integrated Radio

Integrated
non-synced Radio

Connectorized
non-synced Radio 1
Integrated ‘
Connectorized non-synced Radio )
GPS-synced Radio Forcel80
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Force200 (2.4 n 5 I'u)

2402 — 2472 MIlu; 4910 - 5970 MTIy
NHTerpmpoBaHHaA 3epKasibHAA aHTEHHA
18 nbu B 2.4 Ty, (17°x17°)
25 abn B 5 My, (7°x7°)
MopT Gigabit Ethernet
HanbHocTb Ao 40 Km

CKopocTb Ao 200 M6éuT/c
OnuuAa — KoxKyx

BbicTpada cbopkal r

@ Cambium Networks”

3 Cambium Networks, Ltd. All rights reserved. Proprietary and Confidentia

N~



Forcel80 (tonbKo 5 NMu)

* WHTerpnposaHHaA aHTeHHa 16 abu.
Bbinrpbiw 3 ob no cpaBHeHUIo co
CTaHAapPTHbIM aboHeHTOM (+40% K
NOKPbITUIO)

* [lopT Gigabit Ethernet

* [lonApHOCTb NMTAHUA He BaXKHa, 10...30 B
* Perynmpyembi KPOHLUTENH B KOMMJIEKTE

* [OpM3OHTaNbHbIN AN3ANH ANA CYKEHUS
[MaBHOro NenecTka B rOPU30OHTaIbHOM
NNOCKOCTU M NOBbILWEHMA NPOCTPAHCTBEHHOM
n3bmnpaTenbHOCTU:

— TlopusoHTanbHaa: 15° / BeptmkanbHan: 30°
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AKceccyapbl

YHuBepcanbHoe aboHeHTCKoe
ycTpoucteso cnPilot R200

* Wi-Fi 802.11n
e 2 TenedoHHbIX NOpTa
* 4 nopta Ethernet

* 1 nopt USB ana cetesoro
XpaHUANLLA NN NPUHTEPA

* PokE pna ePMP

RST ¢ mm({ ) POWER WAN  LANI LAN2  LAN3  LAN  PHONE! PHONE2
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CNS Server — NO ynpasneHuna cetblo

* MOHUTOPWHT
* ObHOBNEHME BCTpoeHHoro MO
* KoHdUrypuposaHme obopyaoBaHuUA
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cnMaestro — 061a4HbIV cepBUC ynpaBaeHUA

chMaestro-

Integrated. Intelligent. Easy.

* Monitor * Operate
* Configure * Manage

Your Network

Mocetute cloud.cambiumnetworks.com ana nony4yeHus AONO/NHUTENbHOW
nHbopmaumu.

@ Cambium Networks

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



MoppeprkmBaemble KOHUTypaLnUmn

Point-to-point : Point-to-multipoint
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CTaHAapTHbIK abOHEeHT
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R MponyckHaa cnocobHOCTb cekTopa ¢ .
AYAL npu 50 aboHeHTax, M6uTt/c ﬁ -
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
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Ab6oHeHT Forcel80
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Ab6oHeHT Force110/200
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MonvAALMA MponyckHaa cnocobHOCTb ceKTopa
AynaL 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) 345

@ Cambium Networks”

Copyright © 2013 Cambium Networks, Ltd. All rights reserved.

Proprietary and Confidential

N~



OcHoBHble cneunduKkauum

5 GHz: 5150 — 5970 MHz*
2.4 GHz: 2402 — 2472 MHz

Frequency Bands

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 2.4GH:z

ey ERf 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.
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[Mpenmywiecrea ePMP
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TDD/TDMA c noaaep>KKou
CUHXPOHU3ALUN
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KaK 310 paboTtaeTt y KOHKYPEHTOB...

No data No data No data No data No data

~A —r r A \ r A \ —A—
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oo [ATHS o e gsjf,, - % %um% /g/% e g% ere

iy

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

* 3ajeprKkKa pacnpocTpaHeHmna curHana (PD) npucywa Kaxkaom nepenave,
kBuTaHumam ACK/NACK n nosTopHbim nepeaadvam B DL u UL.
* PD npucyTtcTBYeT Tpu pa3a Ana Kaxxaon nepeaaun (Poll, data, ACK)

Yem mHe 3710 rpo3uT?
* NHauBmayanbHble 3a4ePXKKN BeAYT K CHUXKEHUIO 0OLLEero KaHaNbHOro
BPeMEeHM, AOCTYNHOro ANA Nnepeaaym AaHHbIX.
* C pocTom Konmnyectsa abOHEHTOB 3a4€epKKa pacTeT B apuPpmeTnyeckomn
NPOrpeccmu, YTo CyLEeCTBEHHO CHUMXKAET NPOMNYCKHYH CNOCOBHOCTb.
* «lnyxomn» abOHEHT MOXKET HapywunTb paboTty mexaHnama CCA, Bbi3BaTb
NOBTOPHbIE Nepeaayvn U yBeNNYNTb 3aePKKY AN1A BCErO CEKTOPA.
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KaK 310 paboTtaert y Hac

* JlaHHble ana/oT Bcex aboHEeHTOB NMJIOTHO «ynakoBaHbI» B UL & DL

* 3aaeprkKa pacnpocTpaHeHUA A0 BCEX CTAaHLUUN KOMMNEHCUPYETCA 3aWMUTHbIM
nHTepsanom — TTRG

DL DL DL / UL uL UL %
STA1 STAS STA3 STA10 || STA14 || sTA20 || T
Frame Duration
- g
W_J A\ v J
LlinpokosewiaTenbHoe [JaHHble, KBUTAHLUMUUN, NOBTOPHbIE
coobuieHune — pacnucaHue nepepgayun BbiCTpanBaloTca No
MHorum SM pacnucaHuio u nepepatoTca
BN/IOTHYIO APYr K Apyry.

* bonee 3CI)CIDEKTVIBHOE MCrnosab3oBaHUe ,D,OCTYHHOVI €MKOCTHU KaHa1a
*  BO3MOXHOCTb HapalwmMBaHMA Ynucna aboHeHTOB 6€e3 yu1,ep6a KaHa/IbHOM eMKOCTH

® COXpaHeHl/Ie CTabUNbHOCTU Adaxe B YCZIOBUAX NOMeEX @
Cambium Networks”
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KaK Ha cueT BHYTPUCUCTEMHbDIX NOomeXx?

* O6opyaoBaHmne ePMP1000 cnocobHO CMHXPOHM3NPOBATbL COCEAHME
CeKTopa mexay coboi no curHanam GPS/IoHacc

* CUHXPOHM3ALUMA BO3MOXKHO OT BCTPOEHHOIO NPUEMHMKA (moaynun ¢
GPS-Sync), nnbo oT BHELWHUX CUHXPOHU3UPYIOLWMNX YCTPOUCTB
(CMM)

* CUHXPOHM3aUMA NO3BOAAET: @) CHU3UTb A0 MUHUMYMA 33aLLUTHbIN
NHTEPBA/l MeXay CMeXHbIMK cekTopamu (Ao 5 MTu); 6) noBTOpHO
MCMNO/Ib30BaTb YAaCTOTY B CEKTOPAX «CMMUHA K CMIUHEY

@ Cambium Networks
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B ceTax 6e3 cMHXpOHU3aLUUM...

AP4 AP1
... KaXXaaa AP HauuHaeTt \ -
nepegavyy He3aBMCUMO OT i1
APYrnx \
: AP2
AP3
|
CTERID
AP1
AP2
AP3
AP4
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B ceTAX ¢ CMHXpPOHM3aLUUEMN...

OAHOBPEMEHHO, @ NOTOM TaK e
O4HOBPEMEHHO MepPEeK/H0YAIOTCH
B PEXXUM Nnpuema

/
%

.. BCe AP HauMHaloT nepeaavy \

AP1

AP2

AP3

AP4
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ePMP 3KOHOMMUT YaCTOTHbLIU pecypc

8

CeTn KOHKYPEHTOB:

Cetn ePMP:

40 My,

5 Mly,
5 Mly,
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...BM1I0Tb A0 NOBTOPEHUA YacToT Ha bC

CeTn KOHKYPEHTOB:

Cetn ePMP:
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... B npeaenax cetu

* B ePMP Bo3MOKHO 006aBsATb HOBble 6a30Bble CTAHLMM C
NOBTOPHbIM UCMNO/Ib30BAHMEM YacCTOT.

* B 3aBMCMMOCTU OT NIOTHOCTU pa3melleHna bC pekomeHayeTca
OAHa U3 CXeM:

@ Cambium Networks”
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AfanTUBHLIU NNAHNPOBLLUK C
KOHTPO/NEeM BpemeHu BnaaeHus
cpepou (Air fairness)
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CnpaBegnnBOCTb NO BpeMeHU
i

lNnoxasa ckopocTb

® © © 0 0 0 0 0 0 0 0 0 0 0 O O 0 0 O O O O O 0 O O O O 0O O O O S O O O O O 0O O O 0O O O O O 0O O 0 O O 0 O O 0 O 0 0 00 0 0o

® ° 2 T T
L o o ® e, > ." h. s . B
= L . ” . ’ ady . rnyxas SM (Hu3kaa MCS)
.. * ° *e ° d - ."‘ € n3-3a PaccToAHMA
° °
Xopowasa e ° . .
CKOpOCTb L ® o rnyxas SM (Hu3kaa MCS)

n3-3a I'IpEI'IﬂTCTBVIVI

Nk

* Haw cnpaBeanBbi NJaHUPOBLUUK NPeAoTBPALLAET CHUKEHNE EMKOCTU CEKTOPA NpU
NOABNEHUMN KTIYXUX» CTAHLUMN

e «Inyxasa» SM moxeT noABUTCA M3-3a HO/IbLIOro PAaCcCTOAHMA, MOMEX UM NPENATCTBUMN

¢ Pacnpe,a,eneHme pecypcoB Begetcd oCHOBbIBAaACb Ha BPEMEHU, a HE I'IpOI'IVCKHOﬁ cnocobHocTH

a b c d e f abcdef a b c d e f abcdef
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Mpuoputesauua Tpadpumka u
noapaep»Ka ycayr Triple-Play
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[1aHHbIe + ronoc + suaeo

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

* MoaaeprKKa AONONHUTENBHOM NpUopUTE3aLMN aBOHEHTCKOro
MoAayNA

* BO3MOXHOCTb LWWennuHra Tpapmka Ha abOHEHTCKMX MOAYNAX
(noppep:kaHue pasHbix TapmdoB B Npesenax o4HOro ceKkropa)

* MogaepKKa IPTV Ha ocHOBe IOHUKACTa U MynbTUKAcTa. [MoaaepKa
IGMP Snooping, MVR

@ Cambium Networks
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[Mpuoputesauma n ouyepeaou

* Y ePMP ectb Tpu ovepean B pagnoKaHane:
— VolIP priority (Tonbko ana naketos meHble 220 baunT)
— High priority
— Low priority
e Korga nakeT umeeT Knaccupunumnpyowmnim npnu3HaK, oH HanpasaAeTcs B
Ha3HA4YeHHYIO o4Yepenb:
— MpwusHaku L2: VLAN ID, CoS, EtherType, MAC address
— Mpwu3Haku L3: IP address, DSCP

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

* Korga pagnoKkaHan neperpy*KeH naketamm, U OHM HauMHAtOT OTOpacbIBaTLCA,
NNAHUPOBLUUK cTapaeTca coxpaHuTb VoIP & High nakeTtbl 3a cuer
oTbpacbiBaHua Low Priority

* Mpnoputesauma pabotaet B o6oux HanpasneHmnax: DL & UL

e [IONONIHUTE/IbHO MOXHO Ha3Ha4YUTb NPUOPUTET AaDOHEHTCKOMY MOAYIO:

Normal, High, Low
’ g ’ @Cambium Networks
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BHUMaHue Ha ronoc

ePMP ncnonb3syet cnegyrouwme mexaHmsmbl Mo AOCTaBKe ronoca:
* MpuopuTtesaums ronocosoro Tpadduka 8 DL/UL
* bonee yactoe BbigeneHme cnotTos Ana SM, obcnyKnBarowmx ronoc

* CnocobHocTb SM 3anpawunBaTb CEPBUC 3a04HO C Nepegadent OCHOBHOIO
TpaduKa

| Bowri I VT S—
e
5TA
DL DL DL AEFE:B STA4 VolP Pt ??
STA1 STAS STA3 BW Req) | | PONRese | | (PEEW %
Req) M
Frame Duration
- -

SM moxeT nepeaTb NakeT AaHHbIX
W F0/10Ca, @ 3a04HO0 3aNpPOCUTb

cepBuC ANA nepenayu cnegytoulero
ro/10COBOro rnakeTta. ITO NO3BOAAET
AP npenoctaBuTb cepBuc Takon SM

bbicTpee.
@ Cambium Networks
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MynbTUKACT B paagUOKaHane

MynbTUKAcT-TpaPUK HE UMEET MexaHn3Ma KBUTUPOBAHMA, MO3TOMY MHPPACTPYKTYPA
He B KypcCe, AOCTaB/IEH NAKeT NN HET

Pa3Hblie SM, abOHEHTbI KOTOPbIX CMOTPAT OAMH U TOT e TB-KaHan, yacto paboTatoT B
Pa3HbIX YCNOBUAX paanoBnammocTtu (auctaHuma go 6C, nomexm, npenaTcTeuna), 4to
O3Ha4yaeT pPa3IMyHble MOAYNALUU N UHTEHCUBHOCTb BUTOBbLIX OLLIMOOK.

I'IoaTo:v\y noaxod «oagnH K MHOrMmMm» He noaxoauT AnAa pagno, noToMy HYTO HET NrapPaHTUN
H8,£I,€)KHOI7I A0CTaBKU MNakKeTa BCEM YHAaCTHUKaM MYZIbTUKACT-Tpynnbl

Haw meton nepenaum — Reliable Multicast, 4To 03Ha4yaeT KOHBEPTALUIO MYNLTUKACT B
FOHMKACT C UCnonb3oBaHmem mexaHusma IGMP snooping

[NpenmyLiecTBa:
— KBuTaHUUK B pagmoKaHane
— Bo03MOXHOCTb NOBTOPHOM Nepeaayn Ansa KOHKPeTHOro aboHeHTa

— [lepeaaya Ha BbICLLIEN BO3MOXKHOM Moaynaumnm ans kaxgom SM

@ Cambium Networks
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bonbliaa eMKOCTb CEeKTOpa
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Ha uto BanaeT macwtabnpyemocrb?

ba3oBaAa cTaHUUA ba3oBaA cTaHUMUA
Ha KOHKYpPUPYIOLLLEN ePMP
nnatdopme
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106 SM

Quick Search.. v

-4" Quick Start
O Configuration ~
-*- Monitor «
/' Tools -

System Summary

Device Name

APSSID

Operating Frequency
Operating Channel Bandwidth
Transm itter Output Power
Antenna Gain

Country

Downlink/Uplink Frame Ratio
Wiire less Security

Ethernet Interface

Wire less Interface

Average Wire less Throughput

607
55
50
45
40
35
30
25
20
15
10

5

0

Mbps

Cambium Wireless MAC Address
Ethemet MAC Address
5865 Mhz IP Address 1032544
20 MHz Date and Time 04 Jan 1970, 19:40:32 GMT
23d8m System Uptime 3days, 19 hours
0ds System Description
Other Device Coordinates
Flexible DFS Status Not Available
Open (ch-stered Subscriber Modules 106 )
1000M bps/Full

. 106 aboHeHTOB/CceKkTOp!

30 19:35
@ Downlink  # Uplink

30

19:36 30 19:37 30

Time

19:38 30 19:39 30 19:40
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117 SM

Cambium Networks
ePMP 1000

C

Cambium ‘

System Summary

Access Point

Device Name Cambium Wireless MAC Address 00:04:56' "~
APSSID T Ethernet MAC Address 2
Operating Frequency 5855 MHz IP Address 10.3.254.4
Operating Channel Bandwidth 40 MHz Date and Time 03 Jan 1970, 14:29:07 GMT
Transmitter Output Power 23dBm System Uptime 2 days, 14 hours
Antenna Gain 0dsi System Description
Country Other Device Coordinates
Downlink/Uplink Frame Ratio Flexible DFS Status Not Available
Wire less Security Open Geg‘stered Subscriber Modules 117 )
Ethernet Interface 1000M bps/Full
2 117 aboHeHTOB/CekTOp!
P:
Average Wire less Throughput
802
8
70 4=
60
50
40
30
20
10 ¢ PO e e ——— e ———— i =
1421 14:22 14:23 14:24 14:25 14:26 14:27 14:28 '
@ Downlink  # Uplink me
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PaboTta B ychosuax nomex
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eFortify — Komnnekc mep, HanpaB/AeHHbIN HA
nosbileHne NPonycKHOMU cNOcobHOCTU B

YC/I0BUAX NOMEX
100 -

90 -
80 -
70 -
60 -
50 -
40 - Competitive

30 - Offerings
20 -

10 -
O 1 | | | | |

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

* Low Interference SM location:

— UBNT and ePMP have good comparable results

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

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

@ Cambium Networks
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OcobeHHOCTU HAaCTPOUKM
obopynosaHuna ePMP

@ Cambium Networks”

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



[lepBOHa4YanbHoe
NoAKNAIO4YEeHne K YCTPOUCTBY
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HacTpouKa KomnbloTepa

[na poctyna Ha yctponctea ePMP yepes Beb-uHTEpPPENC HacTpouTe
KOMMNbIOTEP aAMUHUCTPATOpPA caeayowmm obpasom:

1. HaCTpOl\;ITe IP'ap.peC ,Ellflﬂ AOCTyna B C€Tb rInternet Protocol Versiondf_l'CPﬂPM) Properties I. 2 &r

192.168.0.X, 3a UCKAtOYEeHUEM CieayoLLnX | Gener |

‘fou can get IP settings assigned automatically if your network supports

a e CO B . this capability. Otherwise, you need to ask your network administrator
,ﬂ.p . for the appropriate IP settings.

192.168.0.1, 192.168.0.2, 192.168.0.3

(@) Use the following IP address:

o IF address: 192,168 . 0 . 100
Xopouwwunun sapmaHT: 192.168.0.100 ot mack vs 2 2 b
Default gateway:

2. MackKa noacetn 255.255.255.0.

Obtain DMS server address automatically

(@ Use the following DMS server addresses:

LLinto3 no YMOJZTHaHUIKO OCTaBbTE MYCTbIM.

Preferred DNS server:

Alternate DNS server:

[ validate settings upon exit

[ OK H Cancel ]

@ Cambium Networks
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JlocTtyn Ha yctpouctsa ePMP

YCTpoMCTBO M3 KOPOHKKM Npun BKIKOYEHUM NONbITaeTcs nosaydunTtb agpec no DHCP. Ecav DHCP-
cepBep He HalAeH, YyCTPonCcTBO byaeT AOCTYNHO NO OA4HOMY U3 C/ieayoWmx agpPecos B

3aBUCMMOCTM OT TMMa YCTPOMCTBA:
— AP:192.168.0.1
— SM: 192.168.0.2
— Spectrum Analyzer: 192.168.0.3
Takxke poctyneH backdoor IP-agpec (Tonbko npu goctyne yepes nopt Ethernet):
169.254.1.1 (c Bepcum MO 2.1) nam 10.1.1.254 (po Bepcum MO 2.1)

Mpw poctyne yepes backdoor-aapec, urHopupyetca HactpoeHHbIn VLAN ynpaBaeHus.

MmeHa n naponu:
- Administrator (nonHbIM goctyn): admin / admin
- Installer (nonHbIl goctyn, 6e3 ao6aBneHna nonb3osartenei): installer / installer
- Home (OrpaHuyeHHbIV A0CTYN ANA yaaneHHOU noaaep»KKu): home / home

- Read Only (Tonbko npocmoTtp): readonly / readonly
@ Cambium Networks
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Bbi6bop cBo60aHOM YACTOTHI
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BcTpoeHHbIN cneKkTpoaHanusaTop

Ob6lwme 3ameyaHua

1na Bbibopa cBOOOAHOM YaCcTOTbl 3aNyCTUTE CNEKTPOaHaAU3aTop U
NPOCKaHUPYNTE apup B TeYEeHME BPEMEHMN, OCTAaTOYHOrO AN
onpeaeneHua NoCToOAHHbIX U BPEMEHHbIX MICTOYHUKOB U3/TYYEHMUS.

3anycK cnekTpoaHanmMsaTtopa HeobxoaMMo NPoM3BOAUTb Ha TOYKE
0CTyNna, CMOHTUPOBAHHOM Ha NpeanoaaraeMom mecte paboTbl

Tpe6boBaHMA K KOMNblOTEPY

YcTaHoB/IEHHOE npunoxeHue Java Run-time Environment (JRE):
java.com/en/download

@ Cambium Networks
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http://java.com/en/download

3anyck cnekTpoaHaan3aTopa

1. 3angute Ha ycTpouncTeo Yepe3 Beb-nHtepdenc: Configure -
System

Mepekntounte pexxum Radio Mode 8 Spectrum Analyzer

CoxpaHuTte nameHeHus Save (1) n neperpysunte yCTpomcTBo
Reboot (2)

T — e
1) ()

4. Ecnwn IP-agpec yCcTpOMUCTBA BaMU HE MEHSANCA, TO 3anauTe no
agpecy 192.168.0.3, 3atem Tools - Spectrum Analyzer

HaxXmunte kHonKky Download Spectrum Analyzer Tool

KomnbloTep npeanoxut ckadatb dpann ePMP-1000-Spectrum-
Analyzer-Tool.jnlp. CkauyaunTte u 3anyctute ero.

@ Cambium Networks
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3anycK cnekTpoaHaaus3aTopa

7. WrHopupyiTe Bce npeaynpexaeHna cuctem 6e3onacHocTy,
HaxkmuTe «3anyck»/«Run»

8. B nosBuBLUEMCA OKHE aHaNM3aToOpa BblbepeTe ANMAaNAa30H YacToT,
KOTOpPbIM Bbl cOBMpaeTecb CKaHMpPoBaTb (MeHto Range). B 2.4 Ty
3TOro Aenatb He TpebyeTca, T.K. NoAANaNA30H OAUH.

5160-5240 MHz
5260-5320 MHz
5350-5470 MHz
5500-5600 MHz
® 5600-5700 MHz
5745.5825 MHz
5825-5860 MHz
5860-5970 MHz
Custom...

Statistics

S610 S620 G630 a6 S650 SEE0 G670 G650 G690 hiHz
a -125 100 75 -50 25 dBm

@- Cambium Networks




3anyck cnekTpoaHaan3aTopa

9. TMocnepoBaTenibHO BblbUpanTe noaamanasoH (5 I'My), 3aTem Start Scan

{® Cambium Spectrum Analyser 2.1 o |[=8 ==

OTobpaxaeT cpeagHee

(6enbin rpaduk), NnuKoBoe
(KpacHbIN rpadouk) n
Tekyuwee (CMHUK rpaduk)
3Ha4YeHNsa YPOBHS BXOAHOTO
curHana.

CtaTuCcTNYecKmn
aHanusaTop CrekTpa,
NoKasbIiBalOLMN Ha
ogHOM rpaduke Bce
NOMNbITKN CKAHMPOBaHUS

Cnektporpamma,
NoKasblBaloLLasa ypOBHM
CUrHana Bo BPEMEHU B

GE00 MHz

Connected to 169.254.1.1 00:08:17 | Stop Scan LlBeTOBOM KOﬂMpOBaHMM
{ N\ )
1

MoaxoanTt ana Bbibopa

. He noaxoaut
HeCyL,Een 4acToTbl

@ Cambium Networks
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Ecau npunoxXeHue Java He 3anycKaeTcA...

-

Application Error ﬂ

Unable to launch the application. o

Name: Cambium Spectrum Analyser
Publisher: Cambium Networks
Location: http://169.254.1.1

ok | [Detais” |

MaHenb ynpasneHna - Java - Bknaaka General
Temporary Internet File > Settings
OTkntounTb “Keep temporary files on my computer”

General | Update [ Java | Security | Advanced|

About

View version information about Java Control Panel,

Network Settings

Metwork settings are used when making Internet connections. By default, Java will use the network
settings in your web browser. Only advanced users should modify these settings.

MNetwork Settings...

Files you use in Java applications are stored in a spedal folder for quick execution later. Only

adwanced users should delete files or modify these settings.
Settings...

Temporary Internet Files

Temporary Files Settings

Select the location where temporary files are kept:

Jsers\sgo001\appData'Locallow\5un'JavaDeployment\cache Change...

Disk Space
Select the compression level for JAR. files: None

Set the amount of disk space for storing temporary files:

Delete Files... ] [ Restore Defaults ]

@ Cambium Networks”
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MoTpeHnpyemca B BbiIbope 4YacToThl
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3aBepLlueHne paboTbl CneKTpoaHaausaTopa

Korga ckaHMpoBaHMe 3aBepLUeHO, BEPHUTE YCTPOMUCTBO B pexkum AP
nnmn SM.

Mpoueaypa:

1. B npunoxeHnn cnekTpoaHanmnsatopa Haxkmute Stop Scan
3akpounTte npunoxeHue File, Exit

Configure - System

MNepekntounte pexxum Radio Mode 8 AP

wlge gy e

CoxpaHUTE USMEHEHMA U Neperpy3nTe YyCTPOMCTBO

@ Cambium Networks
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Hactpounka pexxuma pabotbl
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PexXxumbl paboTbl

ObopynoBaHne MoXeT bbITb HACTPOEHO B OAHOM M3 TPEX PEXUMOB:

1. PMP (ToyKka-mHoroto4yKka), AP + mHoro SM

2. PTP (Touka-TouKa), AP + SM

3. ePTP (Touka-To4Ka c manow 3aaepxkoi), ePTP-master + ePTP-slave

OcobeHHOCTU PEXUMOB:

T T L T

WupuHa KaHana 5, 10, 20, 40 My, 5, 10, 20, 40 My, 20, 40 MTly,
3apeprKKa 6...8 mc (flexible) 6...8 mc (flexible) 1..3 mc
14...16 mc (fixed) 14...16 mc (fixed)
YctraHOBKa mowHOCTU  BpyuyHyto Ha AP, BpyuHyto Ha AP, Bpy4Hyto c 0benx
aBTOMaTM4yeCcKn Ha SM  aBTomaTtuyeckum Ha SM  CTOpOH
QoS [a [a Het
ABTOMAaTHUUYECKUM [a [a Het

BblI6Op YacToThI
“ campium Networks
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Bbibop pexxuma pabortbl

AP — Configuration — Radio SM - Configuration — Radio

General

General
O radio Mode @ Access Point O radio Mode @) Access Point
@) Subscriber Module @ Subscriber Module
(@) Spectrum Analyzer @) Spectrum Analyzer
@ Access Point Mode @ TDD () ePTP Master () TDD PTP O subscriber Module Mode @ TDD (©) Standard WiFi () ePTP Slave
Country Other v Country Follow AP's Country
Range Unit @) Miles @ Kilometers Length Unit @ Miles @ Kilometers
_-ﬂ__ ePTP
Hactpowuka AP Access Point Access Point Access Point
« TDD  TDDPTP * ePTP Master
HacTtpoitka SM * Subscriber module ¢ Subscriber module ¢ Subscriber module

e TDD e TDD e ePTP Slave

@ Cambium Networks”
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«TpyaHOCTU»
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NMomexwm

B3rnaHem Ha TMNUYHbIN cneKkTp 2,4 Tu,

Average MW average — peak current — min

-51dBm

[MocKkonbKy AnanasoH 2.4 Ty, oueHb y3Kui (AocTtynHaa nonoca okono 70
Mrlu), a obopyaoBaHume obbiyHO paboTaet c MNaY 20 nam 40 Mrlu, cnekTp
NPaKTUYECKU BCEraa neperpyeH nomexamm. YpoBHM MeLlatoLWmx CUrHaN0B
MOTYT AoCTuUratb -25 abm!

@ Cambium Networks
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Yem Ham 310 rpo3ut?

Bo3bmem Haw TUNKUYHbIN NponeT B 2.4 Tu;:

Pnpa, Gnpa Gnpm

©

Prpm =2

*  KOHOUrypauma: ToYKa-TOUKa

*  Moaynu c MHTerpnupoBaHHbIMK aHTeHHamu 11 abu
*  BbIxogHaa mowHoOCTb 25 obm

* 3anac Ha 3amupanua (SOM) 6 ab

Monyynm cneayoLyto 3aBUCMMOCTb MOLLLHOCTM Ha BXOAE NPUEMHUKA OT PacCTOAHUA:

27 33 -37 -39 -41 -43 -44 -45 47 -53 -59 -63 -65
MOLYHOCTb, AbM

@ Cambium Networks”
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Ha uto A mory paccuutbiBaTb?

Makc. . C *

MonvasLus MchH;:TI: YyBCTBUTENbH., Tpebyemblii DucraHuymna* DucraHuymna* KSS_OJII’
A Shlsaly c/w(c/n), a6 |  LOS, km NLOS, Km 7
Abm Mé6wurt/c

MCS15 64QAM 5/6 27 -69 29 3.51 0.62 109.6

MCS14 64QAM 3/4 27 -70 28 3.94 0.70 98.8
MCS13 64QAM 2/3 28 -73 27 6.24 1.11 87.6
MCS12 16QAM 3/4 28 -80 24 13.98 2.49 65.8
MCs11 16QAM 1/2 29 -84 14 24.85 4.42 44.0

MCS10 QPSK 3/4 29 -88 10 39.39 7.00 32.8
MCS9 QPSK 1/2 30 -90 8 55.64 9.89 22.0

MCS7 64QAM 5/6 SS 27 -69 29 3.51 0.62 54.8
MCS6 64QAM 3/4 SS 27 -70 28 3.94 0.70 49.4
MCS5 64QAM 2/3 SS 28 -73 27 6.24 1.11 44.0
MCS4 16QAM 3/4 SS 28 -80 24 13.98 2.49 32.8
MCS3 16QAM 1/2 SS 29 -84 14 24.85 4.42 22.0
MCS2 QPSK 3/4 SS 29 -88 10 39.39 7.00 16.6
MCS1 QPSK 1/2 SS 30 -90 8 55.64 9.89 10.8

* AMCTAHLWM U CKOPOCTU paccymUTaHbl ANs CheayroWwmx UCXOAHbIX AaHHbIX: Ananas3oH 2.4 Mu,
KOHPUIypaums: TOYKa-TOUKA, MHTErpuUpoBaHHble aHTeHHbI 11 Abu ¢ 06enx cTOPOH, BbIXoAHaA MOLLLHOCTb
25 pbm, 3anac Ha 3amupaHua (SOM) 6 ab
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CurHan/wym u curHan/nomexa

YpoBeHb YpoBeHb
nonesHoro MoneaHoro

CWrHana CUrHana

YpoBeHb YpoBeHb
noMexu Wwymos

curHan/momexa

OTHolueHWe
OTHolueHwe
curHan/Lwym

YacroTa

e OTHoOweHuA curHan/wym (curHan/nomexa), NOKasbIiBalOT BO CKO/IbKO pa3 YpOBEHb
NMO/IE3HOrO CUTHa/a Bbllle YPOBHA WyMma (momexu).

*  Wnn B paeumbenax: Ha CKO/IbKO Aeunben nosesHbii curHan bonblue cUrHana
wyma (nomexun).

« Ob6opynoBaHue, NocTpoeHHoe Ha umncete Atheros ctaHgapTta 802.11n He BblgaeT
oTHouweHue C/MN. JocTtynHo Tonbko oTHoweHue C/LL. MosTtomy Bceraa
NCNO/Ib3yNTe CNeKTpoaHaam3aTop!

@ Cambium Networks”
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bonblle ypoBeHb NTOMEXU — MeHblUe CKOPOCTb

Useful signal level Useful signal level

Unwanted
signal level .

.........

Unwanted
signal level

.......

Bigger SIR

.....

Frequency Frequency

MpX OAHOM M TOM e YPOBHE NoNe3HOro CUrHana, ypoBeHb MOMeX BIAET Ha KayecTBo
cBA3U. Yem Bbille YPOBEHb NOMEX, TEM MEHbLUME Moaynsauum byaeT BbibnpaTb YyCTPOMUCTBO
(ckopocTb KaHana nagaeT), BN/OTb A0 NOJIHOM HECNOCOOHOCTM YCTAaHOBUTbL KaHan.

Makc. BbIX. CKopoctb*
YyBCTBUTE/IbH., OuctaHuymna* OucrtaHuymna*
Moaynauua MOLLHOCTb, DL+UL,
LOS, km NLOS, Km
Abm Meéwut/c

64QAM 5/6 27 -69 29 3.51 0.62 109.6
64QAM 3/4 27 -70 28 3.94 0.70 98.8
64QAM 2/3 28 -73 27 6.24 1.11 87.6
16QAM 3/4 28 -80 24 13.98 2.49 65.8
16QAM 1/2 29 -84 14 24.85 4.42 44.0
QPSK 3/4 29 -88 10 39.39 7.00 32.8
QPSK 1/2 30 -90 8 55.64 9.89 22.0
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«f BUXXY nomexy
Ha APYron 4yacrorte, no4emy OHa
BCE paBHO MHe meLwlaeT?»
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TununyHbin cnektp 802.11n

Mkr2 5.600 0 GHz
Ref Offset 11.3 dB
1Ln dBldiv RZf 215.?30 dBm -52.592 dBm

Span 200.0 MHz
#/BW 30 kHz Sweep 35.27 ms (1001 pts)

TunuyHbIn cneKkTp curHana 802.11n moxeTte gocTuratb WnpuHbl 80 MIy,y
OCHOBaHMA. BHENONOCHOE N3/1lyYeHNEe OT MeLLAKOLLEro YCTPOMCTBA MOXKETE
NPOHMUKATb B HAall MPUEMHMUK B CNyYae, eCNM Mellarolee YCTPOMCTBO

PACMONOMKEHO 3HAYNTENBHO BAMMKE HaLLero yaaseHHoro yctpomcrea. Cm.
cneayoLwmn cnana.
Aytoul A C



Momexu oT coceaHUX YCTPOMUCTB

2442 MI'y
[Nomexa oT

OnnxHero
yCTpOUCTBA

2412 My
CwurHan oT Hawero
yAaneHHoro aboHeHTa

YacTtoTta

* HecmoTps Ha TO, YTO cocefiHee YCTPOICTBO paboTaeT Ha ApYro YacToTe, ero
CUTHaN OKa3bIBAETCA CYLLECTBEHHO CU/IbHEE CUMHA/a, KOTOPbIN NPUXOAUT OT
Hawero aboHeHTCKOro moayna. BHenosocHble n3ny4eHua NPOxXoasT B HaLL
NPUEMHbIN TPAKT U CHUMKAIOT OTHOLLEHUE CUTHaN/LLYM.
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CunbHble BHegMana3oHHble CUrHanbl

34ecb Ha KapTUHKeE 3aneyaT/ieHa
6a3oBan ctaHUmMAa GSM/3G/LTE u
MHTErPUPOBAHHbIM Mmoaynb 2.4
[T, yCTAaHOBAEHHbIN NPAMO
nepes aHTEHHaMM.

[MorKanymncra, He genanmTe Tak.

CunbHble curHano! (~0 abm m
bonee), Aarke BHeAMANA30HHbIE,
MOTYT OKa3blBaTb BAIUAHUE HaA
NPUEMHbIN TPAKT N ABNATLCA
MCTOYHUKOM npobnem.

Jlydwinim cnocob yruTn oT nomexu
— BEPTUKA/IbHOE pa3HeceHue.

O6bI4HO 1...3 meTpa A0CTATOYHO.
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[pyrue npobaembl. 30Ha PpeHenn
- d

* [oBOpA 0 30He PpeHens, 06bIYHO MMEIOT B BUAE NepByto 30HY PpeHens —
3NNUNCONA N TEOMETPUYECKOE MECTO TOUYEK, OTPAXKAACb OT KOTOPbIX, CUFHAN
MPUXOANT B NPUEMHUK B NpoTuBodase.

* Hanunume npenatcTtemin B 30He OpeHena — A0NONHUTENbHbIN GaAKTOP, BAUAOLWMN
Ha KayecTBO cBA3M. Camble ONacHble NPENATCTBUA — HaxoaALMeca B bamKHeNn
30He.
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Hannuue npamoun BUAMMOCTH

Mpamasa suaumocTb (Line of Sight, LOS)

OrpaHuyeHHan suammocTb (nLOS)

OtcytcTBme npamon suammoctm (NLOS)

@ Cambium Networks”

Copyright © 2013 Cambium Networks, Ltd. All rights reserved. Proprietary and Confidentia \'_/



MpenartcTBmA, 0 KOTOPbIX Mbl 0ObIYHO He
nopo3peBaem

[N0CKas Kpblla MOXKET ABMATLCA OTPaXKaloLWe NoBEPXHOCTbIO U NPENATCTBUEM,
nonagatowmm B nepsyto 30Hy PpeHens.

SM
1st Fresnel Zone

N S S N [y Ny

SM B AaHHbIX YCNIOBUAX MOXET UCTIbITbIBATb I'IpOGJ'IEMbI CO CBA3bHO: NMepeKrocC
YPOBHA CUITHA/1Aa MO KaHa/1aMm, nageHune MO,CI,W'IFILI,VIIZ U, Kak cneacrtene, CHmxeHme
NPOMNYCKHOM cnocobHoCTH.
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Yto penatb?

Jlydwinin nyTb — CMEeCTUTb abOHEHTCKMIN MoAay b BANMKE K Kpato KpbIlK. TakkKe MOXKeT
NMOMOYb NOABLEM MOAYNSA.

e

.
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NMutaHue
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CraHpapTHbIM 6NOK NUTAHUA

B ePMP ncnonb3yetca 610K nUTaHUA ¢ 06paTHOW nonAapHocTbio (ronybas napa -U,
KopuyHeBaAa napa +U) n HomMHanbHbIM HanpaxkeHuem 30 B.

e © 6 6 © ¢ 6 6 © 6 6 6 © o o6 o W

) .. 2

3 3
From Cambium [ 4} _U
POE adapter -U { [JKe 6 6 6 6 6 6 6 6 6 6 6 6 o o o I

To Cambium radio

6 6
e o 6 6 6 60 0 06 6 6 0 0 0 6 o6 o0 I
+U { g } +U

G 2

AnanasoH NUTalWmuxX HaNPaXXeHU N NONAPHOCTb

i —
oy GPS-sync Radio ’ iy Non-sync Radios
24..56 B . 10..308B
ntobon nonapHocTU ronybas napa -U,
f\ \ Kopu4HeBad napa +U
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Ucnonb3oBaHue CTOPOHHUX 610KOB NUTaAHUA

Boobuie-To, 3T0 He pekomeHayeTcsi. Ho ecnm No KaKoOM-TO NPUYMHE Bbl NAAHUpPYETE
NCNONb30BaTb HECTAHAAPTHbIM BNOK NUTAHUA, MOXKET NOTPeboBaTbCA N3rOTOBUTH
Kabenb ¢ nepekpoccnpoBaHHbiM POE. Bceraa NoOMHUTE O AMana3oHe HanpaXKeHUn u
NONAPHOCTMW.

Power cross-over

) © © 6 6 o o o I
2

1c

3

From non-Cambium +U { ;1 R
POE adapter o

Ly { ] I O s

3

4} -U To Cambium radio
5

6
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Cnacubo 3a BHMMaHue!

Bonpocobl?
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UHPopmauma ana ceasu

Cepreit [on0BaHOB, perMoHanbHbIN TEXHUYECKUN MeHeaKep
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ePMP 2000

The Next Generation

* Dynamic Filtering - Provides Best
in Class Interference Tolerance

e Uplink Beam Steering - Best in
Class Uplink Throughput ]
Performance in a High
Interference Environment
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ePMP 2000: The Last Piece in the

Interference Tolerance Puzzle

h = B
& L =

Downlink i. Downlink

L
e )0
Interferer | Interferer
o 5

PMP Behaves like PTP for | uplink | ?pljcnk
nt r nterrerer
Interference Tolerance /_e\ =\
ZN I X
Can reduce UL Interference by 10 dB y \
= X\ L

3 — 4 x UL throughput improvement
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ePMP 2000 Components

Optional

i " 7 )
L_,;,g* Camblum Networks™
ePMP 2000 ePMP 200 ePMP 2000 Beam
Access Point Sector Antenna Forming Antenna

{I
"

* The ePMP 2000 Access Point connects to both the ePMP 2000 Sector Antenna and the
ePMP 2000 Beam Forming Antenna

* The ePMP 2000 Sector Antenna is used for the downlink and in the uplink when sector
wide coverage is needed such as network entry

e The ePMP 2000 Beam Forming Antenna is used for the uplink in order to optimize
throughput for Subscriber Modules.
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