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Regulatory Notice

This equipmant has been tested and found to comply with the limits for a class B cigital device,
pursuant to Part 15 of the FCC Rules. These limits are designed to provide reasonable protection
against harmful interference in a residential installation. This equipment generates, uses and can
radiate radio frequency energy and, if not installed and used in accordance with the instructions, may
cause harmful interference to radic communications. However, there is no guarantee that interference
will not occur in a particular installation. If this equipment does cause harmful interference to radio or
television raception, which can be determined by turning the equipment off and on. the user is
encouraged to try to correct the interference by one or more of the following measures:

*  Reorient or relocate the receiving antenna.
Increase the separation between the equipment and raceiver.

Connect the equipment intc an outlet on a circuit different from that to which the receiver is
connected,

*  Consult the dealer or an experienced radio/TV technician for help.

Shielded cables and /O cords must be used for this equipment to comply with the relevant FCC
reguiations.

Changes or modifications not expressly approved in writing by Western Multipiex may void the user's
authority to oparate this equipment. '

This device complies with RSS-210 of Industry Canada. Operation is subject to the following two
conditions: (1) this device may not cause interference, and (2) this device must accept any
interference, including interference that may cause undesired operation of the device.

This device must be professionally installed.
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WARRANTY

GENERAL TERMS

Al Definitons contames in Western Multipex's Gonditions of Sale

{Westem Muliplex document number CS88-8), apply 1o the
Wiamanty.

1.2 Supjectio the provisicns of the YWarranty, Western Multiplex
warrants tha: the squipment describec in Paragraph 1.3 shail
conform to their specifications gescribed in Paragraph 1.4 ir all
material respects and that the eguipment shail be free fram
material gefects in materials ang workmanshio.

1.3 This Warranty apolies (¢ all original purchases of Westarn
Mutinlex manufactured equipmen? and accessonies (Coliectively
the "Equipment”}

14  This Wareanty applies to the specifications contained in the most
recent vession of the manual for the model of the Equipment
purchased (the "Specifications’).

1.5 This Wamrzanty does not apply to the foiowing items of Equipment

which are covered by the Qriginal Equipment Manufacturer's
warranty:

{8} antznnz systems including coax cable, waveguide, connectors

flex-sections, mounts, other pars of the antenna system and
installation materals;

0y non-Westermn Multiplex manufactured rack mounted equipment

that is assembled wired and tested al Western Multiplex's
factory or supplied as part of a system, including orderwire
items, cnannel banks, multiplexers, fuse/aiarm panals, remote
aiarm iterns; and

i©) eguipment which is not listed in Western Multiplex's price book.

18  The effective period of this VWarranty shall start on the oate of
snipment of the Equipment and shall end:
(8} for all spread spectrum unlicensed radic producis and for ail
licensed digital microwave rad« preducts, two {2) years later;

{b; for all analog microwave radio products, three (3) yaars later; or
{c) for all basaband products, five (5} years later (in each cass the

"Warranty Fericd".

17 The Customer acknowledges that Western #Multiplex does not
represent of warrani that the services provided py Western
Multiplex under this Wamranty wilt ensure uninterrupted or eror-
free operaticon of the Equipment,

RETURN OF EQUIPMENT UNDER WARRANTY

2.1 if an tem of Equipment maifunctions or fails in normat intended
usage and maintenance within the applicable Warranty Period.

(a) the Customer shal prompty netify Westerm Muttiplex of the
proplem and the senai number of the defective item;

&)} Westemr Multiplex shall, atits scle option. sither ~esolve the
problam over the telephone or provide the Customer with 3
Returned Maierials Authorization number (RMA #} and the
address of the ivcation to which the Customer may ship the
defective itam;

(c) Ifthe problem is not resolved over the teiephone, the Customer

snall attach a label ¢ each Retumed llem descrbing the faui

anc the Customer's Return agdress. The Cusiomer shall, at its

cost propery pack the iem t0 be Returned, prepay the
insurance and shipping charges, and ship the item to the
specified location,

{d) ifthe Western Multiplex product sha¥ prova to pe defective in
material or workmanship upon examinatoen by Yestamn
Multiplex, ¥Western Multiplex shail either rapair ¢r replace the

Returned tem at ts sole option. The reptacement item may be

new or refurbished; if refurbished, it shall be eouivalent in
ooeration to new Equipmant, If a Returned ilern is replacec by

VWestern Multiplex, the Customer agrees that the Returned itemn

shall become the property of VWestern Multiplex.

fe)  Western Multiplex shall 8t its cost, ship the repaired itern or
replacemen: to any destination within the Unitad States of
Amenca by camier ana method of deivery chosen by VWestern
Multiplex. If the Cusicmer has requested some other form ¢!
conveyance, suzh s express snipping. or 's located beyond the
USA borders, then tha Customer shai! pay to the cost of rewm
shipment,

2.2 Equipmentwhich Is repaired af replaced v wWestern Muiliclex
under th:s Warranty shall be covereg under all of the provisions of
this Warranty fo- the remainder of the applicatle Waitanty Perice
or ninety (8C} days from the date of shipment of the repaiced item
or replacement, whichever period is .angey.

DEFAULT AND TERMINATION

3.1 Western Muitiplex may imrnediately terminate this Wamanty ang ai-
cf its performanse under this YVarranty, upen notifcation to the
Custames, if ihe Customer:

(ay makes any unauthorized modifications to the Equipment,

Dy assigns ar transfers the Customer's rights or abligafions uncar
this Warranty without the written consent of Western Muftiptex;

{cy  becomes bankruat or insoivent, or is put into receiversnip; or

dy has nct ogid Westem Multipiex all amounts for the Equipment,
sevices, or other additional charges within thirty {30) days of
receipl of written notice from Westem Multinlex.

3.2 lithis Warranty is terminated by Western Mukiplex, the Customer
shall remain liakle for all amounts due to Western Mulliglex,

FORCE MAJEURE

41 "Force Majeure' has the same meaning a3 definad i Westem
Muftiniex's Conditions of Sale {Western Multiptex documen:
number C3€6-8).

42 Wesiem Mueltipiex shall not be respensinle for "ailure tc discharge
‘ts obligations under this Warranty due to Force Majewre.

LIMITATIONS AND QUALIFICATIDONS OF WARRANTY

51 This Warranty doas not apply to any damage. Jdefect or failure

caused by:

{8; any par of the Equipment having been modified, adapted,
repaired, or improperty installed, nperated, maintained. ranspored
or relocated by any person cther than Westerm Muttipiex perscnnsl
or 2 Western Mwitipiex authonzed service agent, without Westem
Mudtiolex's orier written consent;

(b)  storage orenvironmen:al conditions which do not conform to the
applicable sections of the apprepnate Westem Multivlex
Equipmani Manual,

¢y failure to conform with the Equipment Installation, Operating and
Maintenance Instructions of the appropriate Aestern Multiplex
Equipmen; Manual

{d] extemal causes. including external elecTical stress or lightning, or
use in conjuaction witn incompatible equipment, unless sucn Jse
was with Western Muitiplex's prior written consent,

e} cosmetic damage:

{fi  accidental damage, negligence, neglecl mishancling, abuse or
misuse, other than by Wastam Muitiplex personnal or & Wesfem
Multiniex authorized service agent; or

{g) Force Majeure,

Please see reverse side for additional limitations on damages.

WICS97-1
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LIMITATIONS ON DAMAGES (North America)

6.1

6.2

6.3

5.4

THE WARRANTY STATED IN THIS DOCUMENT |18
THE CUSTOMER'S EXCLUSIVE WARRANTY FOR THE
EQUIPMENT; WESTERN MULTIPLEX SPECIFICALLY
DISCLAIMS ALL OTHER WARRANTIES OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING ANY
WARRANTIES OF FITNESS FOR A PARTICULAR
PURPOSE AND OF MERCHANTABILITY.

WESTERN MULTIPLEX SHALL NOT BE LIABLE IN
TORT, INCLUDING LIABIUITY IN NEGLIGENCE OR
STRICT LIABILITY, AND SHALL HAVE NO LIABRLITY
AT ALL FOR INJURY TO PERSONS OR PROPERTY.
WESTERN MULTIPLEX'S LIABILITY FOR FAILURE TO
FULFIL ITS OBLIGATIONS UNDER THIS WARRANTY
OR ANY OTHER LIABILITY UNDER OR IN
CONNECTION WITH THE EQUIPMENT SHALL BE
LIMITED TO THE AMCUNT OF THE PURCHASE
PRICE-OF THE EQUHPMENT. THE REMEDIES
STATED !N THIS WARRANTY ARE THE CUSTOMER'S
EXCLUSIVE REMEDIES AGAINST WESTERN
MULTIPLEX REGARDING THE EQUIPMENT.

EVEN IF WESTERN MULTIPLEX HAS BEEN ADVISED
OF THE POSSIBILITY OF THEM, WESTERN
MULTIPLEX SHALL NOT BE LIAELE FOR ANY
INDIRECT, INCIDENTAL, SPECIAL OR
CONSEQUENTIAL DAMAGES, INCLUDING THE COST
OF LABOR BY THE CUSTOMER'S OWN EMPLOYEES,
AGENTS OR CONTRACTORS IN IDENTIFYING,
REMOVING OR REPLACING THE PEFECTIVE ITEM;
LOST PROFITS, AND REVENUES; FAILURE TC
REALIZE EXPECTED SAVINGS; ANY CLAIM AGAINST
A CUSTOMER BY A THIRD PARTY; OR ANY OTHER
COMMERCIAL OR ECONOMIC LOSSES OF ANY
KIND.

THESE LIMITATIONS AND DISCLAIMERS ARE NOT
MADE BY WESTERN MULTIPLEX WHERE
PRCHIBITED BY LAW.

LIMITATIONS ON DAMAGES {international)

61

6.2

6.3

THE WARRANTY STATED IN TH!IS DOCUMENT IS
THE CUSTOMER'S EXCLUSIVE WARRANTY FOR THE
EQUIPMENT; ALL OTHER WARRANTIES OF ANY
KIND, EXPRESS OR IMPLIED. INCLUDING ANY
WARRANTIES OF FITNESS FOR A PARTICULAR
PURPOSE AND OF MERCHANTABILITY ARE
EXCLUDED TO THE FULLEST EXTENT PERMITTED
BY LAW.

WESTERN MULTIPLEX'S LIABILITY FOR FAILURE TO
FULFIL ITS OBLIGATIONS UNDER THIS WARRANTY
OR IN TORT OR AS A RESULT OF STRICT LIABILITY
OR ANY OTHER LIABILITY UNDER OR IN
CONNECTION WITH THE EQUIPMENT OR ITS
SUPPLY SHALL BE LIMITED, EXCEPT IN RESFECT
OF DEATH AND PERSONAL INJURY CAUSED BY
WESTERN MULTIPLEX'S NEGLIGENCE, TO THE
AMOUNT OF THE PURCHASE PRICE OF THE
EQUIPMENT. THE REMEDIES STATED IN THIS
WARRANTY ARE THE CUSTOMER'S EXCLUSIVE
REMEDIES AGAINST WESTERN MULTIPLEX
REGARDING THE EQUIPMENT.

EVEN IF WESTERN MULTIPLEX HAS BEEN ADMISED
OF THE POSSIBILITY OF THEM, WESTERN
MULTIPLEX SHALL NOT BE LIABLE FOR ANY
INDIRECT, INCIDENTAL, SPECIAL OR
CONSEQUENTIAL DAMAGES, INCLUDING THE COST
OF LABCR BY THE CUSTOMER'S OWN EMPLOYEES.
AGENTS OR CONTRACTORS IN IDENTIFYING,
REMOVING OR REPLACING THE DEFECTIVE ITEM;
LOST PROFITS, AND REVENUES: FAILURE TO
REALIZE EXPECTED SAVINGS; ANY CLAIM AGAINST
A CUSTOMER BY A THIRD PARTY; OR ANY QTHER
COMMERCIAL OR ECONOMIC LOSSES OF ANY
KIND.

W/CSg7-+
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CONDITIONS OF SALE
DEFINITIONS TERMS OF PAYMENT
1.1 In these Conditions uniess there i3 something in the subject 5.1 The Customer shail pay fo- all Tquiomen:. inzluding snipmng and

a)
b
e}
id]

let

igh
ih)

U]
1]
1.2

matter or context necessarily :rconsistent

"“Western Multiplex" means Western Multiplex (d.b.a. ‘Western
Muitiniex), Sunnyvaie, CA;

"Equpment’ means the equipment itemized on the
Quaiatien/Order Acknow/sugmerst

"International” means any locaton other than Unilea States of
america and Canads, including their territcries and possessions
"Nerth Amenca’ means any location in the United States of
America and Ganada, including their terntories and pessessions
"Orger Acknowledgment' means the sales order acknowledgment
provided oy Western Multiplex 1o the Customer.

"Payment Insiructions” means Western Muitiplex's payment
Instrections, (Western Mulfiplex documens P187-13;

'Quotaton” means the gJuotation signed by an  authorizec
representative of YWestern Multiplex and provided to the Customer,
“Shipping Date” mears the acluat date on whch the Equipment
led Western Muit:plex's factory at Sunnyvale. CA U.5.A
“Warranty” means Westem Multip.ex 5 warmanty, gocLimeant ¥ay-1,
“Inveice" means the pill of goods prepared by Western Muitipiex
for the equipment with the shipping and any insurance costs
Heagings have heen insertad in these Conditions for convenience
ef reference only ang will rot effect their construction.

ENTIRE AGREEMENT

21

22

23

24

The Quotatian, these Conditions of Sale the Orger
Acxnowlzdgment, the Payment Instructions and the Warranty shall
apply to all sales made by Western Multiplex and shall constituis
the entire agreemen: by Viastern Multipiex and the Custamer (the
“Agreement ).

Any tarms andior conditions of saie, whish may bg nctuded on the
Custcmer's purchase aorder form or any communication from the
Customear. that are not identical with the terms anc conditions
stead in this document shall NOT becornz a part of the agresment
¢f saie Unless exgressly agread 1o in wriling in the Quotation.
Western Multinlex's failurs to object to any terms and/or cond.fions.
¢f sale contained in any commumeation frem the Customer shall
not be considered as acceptance of such terms andfor conditions
or as a waiver of the terms and conditions of sale contained
herein

Westerr. Multipiex shail sell to :he Custorner, and the Customer
shall purchase from Western MuMidiex, the Equipment in
accordance with the Agreement. Western Muitiplex accerpts the
Cusiomers purchase orders for Eguipment and agrees 1o daliver
the Equipment to the Customer only on the terms of the
Agreement.

No varation of the Agreemen: shall be binding uniess agreed 1 in
writing by authorized representatives of VWestern Multipiex and the
Customer

PRICING

31
3.2
{a}
€3]

3.3

All prices in the Quetation are exclusive of all shipping charges
ad all appiicatle taxes :ncluding but net limited 1o, federa:, state,
local, excise. sales anc use taxes.

All prices in the Quotation unlass otherwisa stated:

for North American customers are FOB Sunnyvale. CA, USA.
(New York Uniform Gommercial Codei; or

for imternational customess are Ex-VWorks, Sunnyvale, CA, LLSA
{Ireoterms 19900

All prices in the Quotation include standare domestic packing,
unless a separate :ine item 1s provided getailing export er special
packing charges. .

SHIPPING AND INSURANCE

4.1

VWestern Multiplex shall arange shipoing and insurance when
reguested by the Custormer, and shall bill the Customer for the
Eguipment with the shipping and any irsurarce cosls as sapa-ate
items, on an invaice (the “Invoice™.

Delivery dates quoted by Western Multinlex are t¢ be considered
estimates only. In no event will Western Multiplex be diadle for any
loss or damiage ~esuiting from is failure to celiver progucts within a
specified time.

insurance in accordance with the terrns of the (nvewe.

52 Al inveices for North American Customers are due and payabie in
thirty {30 days fror the date ¢f the Invoke

5.3 International Customers shall maxe payments in sccordance with
Western Multiprex's Payment insiructions by either.

{a) providing @ wite transfer (ielegraghic transfen for the Full amaunt of
the Eguipment, shipping and Msurance charpes centaired in the
Quoiation or the pro-forma inveice sent o the Customer, pnor 1o
*he Shipning Date; or

(b} establishing an acceptable Letter of Credit {(LE] for the full amount
of the Equpment, shipping and insurance charges corlzined in the
Quotation prior io the order being bookes and accentes Oy
Western Muibplex.

54 |t a Customer fails to pay an Invaice when due Westem Multiplex
may, without prejudice to am other remeady, postpene shipments,
ajter payment terms. tervnate the Agreement and charge interest
on all overdue amounts the rate of 1.5% per menth compoundec
manthiy (of if l2ss, the maximum altowed by law). Upon demand.
the Customer shall pay al such interest charges ano all
reasonable collection fees, including reasonable legal expenses.

SECURITY FOR PAYMENT

8.1 If the Customer is locatec in North Amenca, the Customer grants
to Westermn Multiplex a purchase money secunty interest in the
Equipment o secure the payment of the purchase pnee of the
Equipment and a!l other amoumts due from the Customer

E.2 Ifthe Cusiomer is not located in Norh America:

{2y cespite delivery and passing of risk in the Equipment and any
othar provisien of these Conditions. the titte 'n the Equipment snall
not pass to the Cusiomer untii Western Muitiplex has recaived
payment in fuil of the purchase price of the Eguipment and zit
other amounts then due from the Cusiomer, and

iy until the title inthe Equipmeni passes to the Customer:

iy the Customer shall hoid the equipmen: as Westem Multipiex 's
fiduciary agent ang “eiles, ang shall properly store, protect ard
insure the Equipment anc shal! identify the Equipment as Westem
Muttiplex property;

{iil  if the Customer fails v pay Western Muitipiex in aczordance with
the agreed payment ferms, Western Mulliplex may require the
Cusiomer to delver up the Equipment to Westem Mu-tiolex, ang, f
the Customer doss not, Wesiern Multiplex may entar on the
premises where the Equipment is stored anc repossess the
Eguipment: and

{iiy ke Customer shall not pledge the Eguipment by way of security
for any, indebtedness of the Customer, but if the Customer does
50 all meneys awed by the Customer to Western Multiplex shafi,
without prejudice 1o any other remedy of Westerm Mulliplex,
immediately become dug.

CHANGES TO PRODUCT SPECIFICATIONS

71 Wesfem Muliplex may, withoul notice to the Customer, make
changes 10 the spacifications of Equipment which de not materially
affect the gquality or parformance of the Equipment.

EQLIPMENT CONFIGURATION AND EXPEDITING CHARGES

8.1 At the Customers request, Westem Multiplex may for a Tee
agreed in advance:

{2) raconfigure the Equipment; or

{b) expedite the Customers order.

vii
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SHORTAGES

91 The cuslemer shal nol make any claim for shortages {wnich are
iterns that the Invoice coes not show are on Lack-arder) after
twenty-one {21) days after the dale of the Invoice.

RETURNS AND EXCHANGES
10 1 The rewrn of defective Equipment 's covered by the Warranty .
10.2 The Custormer may only returr Equipment thal is not gefective if:

(z) tne Equipmeni does not correspenc wilh the Customer's purchase
order, or
{ty the Equipment has been ortered in error by the Customer anc

Western Multipiex hias permitied the Custemer to remecy the
mistake by ordering the comec: equipmeni and resuming the
Ecuipmeni and the Customer cobteins a Returned Materials
Authonzation number ("EMA #71 from Wesiarm BMultiplex prior to
returning any Equipment,

10.3 Western Multiplex reserves the righl to charge a fee for returnen
equipment under Subparagraph 1C.2 (b1 with the amount of the fee
being determined pricr to &an RVIA # beirg given by VWestsmr
Multipex,

104 Authorzed returns of eguipment unadgr Paragrapn 10.2 must be ir

an undamaged condition, in the original configuration, in the

origina. packing materizls and witnin a time pericd agreed to wher
the RMA # was issued

If the Customer does not comply with the provis:ons of Paragraphs

©0.2 403, and 104, the Customer shall pay the full amount of the

Invoice.

1G.6 The party liable for all shipping, nsurange and any oiner expenses
ncurred by the Customar in refurning the Equipment unge:
Paragraph 10.2 and for all ioss or damage to the Eguipment uniil
received by Westem Multiplex, shall be: (a} for all items returned
under Subparagraoh 1G.2ia). Weslern Multipiex and () for all
items resumed under Sukparagrapr 10 2{0], the Custome:.

1€.5

CANCELLATION

111 IF the Customer cancels ar order before the Shipping Date,
Western Mulipiex reserves th right to charge the Cusiomer a
cancellztor charge up to 100% of the amount of the order

11.2 The Cusicmer shall pay al: cancellation charges within thity (30
aays from date o! the Invoice

FORCE MAJEURE

12,1 Westem Muitiplex shall not be lable if ils perfformance of the
Agreeman: becomes commercially impracticet due to  any
contingengy beyord Western Multiplex's reasonatle  comtrol,
including acts of God, fires, floods, wars, sebotage. civil Lunrest,
accidents. labor disputes of shortages, government laws, risles ang
reguiations, whether vaiid or invalid, inability to cbtain material,
equipment o transpertation, incorrect, delayed or ancormplete
specifications, drawings or data supplied by the Customer or
others [collectively “Force Majeure"]. In no event of Force Majeure
shall Westerr Multiplex be reguired 1o purchase goods from otners
1c enatie it to deliver the Equipment under the Agreement

ENGINEERING AND SYSTEM DESIGN

13.1 The Customer 15 solely responsible for the engineering, design,
imtegration and norma! preventative and remedial manterance of
ihe Customers system for which \Western Mulliplex supplies
Equipment.

13.2 Wastern Multiplex is not responsible for the satsiactory operation of
the Equipmert 1 conjurction with other manufacturer's equigment,
nor for ary tosses which may ccour as 2 result of & failure of tne
Egquipment to operate in conjunction with other manufacturers
equinment.

WARRANTY

141 All Equipment is covered by the Warranty.

14.2 THE WARRANTY CONTAINS LIMITATIONS ON THE
CUSTOMER'S RIGHTS AND REMEDIES AGAINST WESTERN
MULTIPLEX UNDER THE AGREEMENT.
THE  CUSTOMER  ACKNOWLEDGES HAVING READ,
UNDERSTOOD AND AGREED TO THOSE LIMITATIONS.

DAMAGES FOR BREACH OF AGREEMENT

156.1

i ether pary is suecessfu’ in any litigatior between ‘he parties
tased or fhe Agreemen;, the successful party shall recover from
the other, in additicn to girect damages, the successful party's
re2sonatle atiomey's fees and otner costs of likigation

INSOLVENCY QF CUSTOMER, ETC.

16.°

Western Multiplex may cancel the Agreement ant suspens any
further deliveries under the Agreemen: without any bability to the
Customer, and, f Equipmeni has beer delivered bu: not paid far
the price snall become immediately due and payanle despite any
oiher agreement to the convrary if

any proceedings in bankruptcy, insolvency, receivershio or
liguidation are taker: against the Customer:

the Customer makes an assignment for the benefit of
creditors cr commits 2n act of barkruptsy or insolvency

the Customer czases, Or threatens io cease, to carry on the
ordinary course of its business, or transters all or substantially al,
©f IS property

the Equipment is seized under any egal process or
confiscaled; o

Western Multinlex in good faith be ieves that the ability of the
Customer to pay or perform any provision of the Agreement is
impzired, ¢r thal any of the events mentioned above is about 1o
e,

NCTICE
7.1 Al reguests instructions ang notices from one pany 1¢ the otner

must De in whting and may be given vie registered post of
favsimile transmission ¢ the address of ihe parties shown o the
Quotation or Order Acknowledgment

EXPORT PROVISIONS

18.1

The Customer snzl not, wnether girectly or indirectly {incluging
faciitating a third party} export or re-expor the Eguipment outsids
tre country In whicn the Tustamer has stated these items are 1o be
usec without gbiaining the licenses required under zil applicable
rules. The Customer shall inoemnify Western Multiplex against any
liznility incumed oy VWestern Multiplex due to anv violation by the
Customer of any of the provisions of this Section, but this
indemnity snall not apply if the Customer reasongbly relies on
information suppiled t© it by Vvestern Multipiex with respect to
export licenses. Upan receipt of & governmental consent to expott
the receiving parly shall immediately notify the other in writing.

MISCELLANEOUS

181

182

8.3

154

195

Ne waiver by Viestern Multizlex of any breach of this Agreemen.
shall pe considered as a waiver of any subseoyent breach ¢f the
same or any other provision.

Any provision of tne Agreement which is, or 5 deemed fo be.
unenforceable in amy Jurisiction shall be severable from the
Agreement in that jurisdiction without in any way invalidating tne
ramaining porttons of the Agresment, and that urenforceability
shall not make that provision unenforcesbie in any other
jursdiction.

The rights which accrue to Western Mulliplex by vitue of the
Agraemert shall irure for the benefit ¢f and be Binding upon tne
SUcoessoTs and assigns of Weslemn Mullipex.

The agreement shall be govemned by the laws of the State of
Califormniz including the California Uniform Commerciai Code
However Western Mulbplex may en‘orce the prowvisions of the
Agraement tr accordance with the laws of the junsdiction in which
the Equipment :& situated The United Nations Convention on the
Sale of Goods {The Viennz Convention: shali no: apply to the
Agraement

Les parties ont exigés cue cette entende soil rédigée en arglais.

WWHCS87-1
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1. How to Use This Manual

1.1 Manuai Crganization

The Instaliation and Maintenance Manual provides information required to install and maintain
Tsupami and to use its many features to the fullest advantage. This manual is divided nto the

following sections:

Section 1

Section 2
Section 3

Section 4

Provides instructions on how to most effectively utilize the information in
this manual.

Provides a brief description and specificatians of the Tsunami.
Explains the Tsunamiinstallation and adjustments in detail.

Brovides maintenance, repair and troubleshooting information for the
Tsunami Fast Ethernet radios.

Appendices Charis and diagrams are provided for radic connections and DIP swiich

settings along with other general information.

This device must be professionally instailed. Instructions on
salting the Mtransmitter RF oufput power are confained in
Section 3 of this Manual.

This device is fo be used exciusively for fixed point-to-point
operation that employs directional antennas.

SECTION 1: HOW TC USE THIS MANUAL
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1.2 Icons

Throughout this manual, the foliowing icons are used to highlight areas of special interest and
imporiance.

- Q @

Note Practica! Tip Caution

PAGE 1-2 SECTION 1: HOW TO USE THIS MANUAL
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2. Product Description

2.1 General Description

The Tsunami license-free radics provide a new level of control and convenience in a digital
communications network.

These Tsunami radios provide 100BaseT inteiligent bridging between two locations without the delay
and expense of installing cable or traditionail microwave.

Because each owner controls the operation of the link, there is no reliance on any cutside services.
Tsunami radio operators are able to operate instant links whenever needed, and tc be in control of their
own network. '

The Tsunams cffers two primary benefits:

«+» CONVENIENCE Easy to install and operate with no user license
requirements or frequency coordination in the USA
(Other countries may require 2 user license andfor
frequency coordination).

< CAPABILITY Full transparent Fast Ethernet connections with no
throughput reduction over any line-of-sight distance (within
legal limits of government regulation)

'@ Tsunami radios are |30 Layer 2 Data Link Layer {use MAC address for fiitering) devices where they
provide thair full stated throughput. At level 2 (bridges) or 3/4 {routers) where hardware plays the major
part, the most common tester is the SmartBits 200 product from NetCom Systems. At Application Layer
7. you will see less than 40% throughput from tha maximum capacity measured with SmartBits due to
the increased protocolfsoftware overhead at ihat level. Laver 7 can be tesled with software such as
Ganymede's Chariot or Qcheck product (www.gqcheck.net/index.himb). Use Qcheck (or equivaient), do
NOT use PING for throughput testing {www.qchack.net/whygcheck htmi}!

As an example: testing copper CATS cable with SmartBits will test 100% throughput (let's say you can
send/rcv a full 100Mbps). At Layer 7 you will be transferring bits at the 100Mbps rate, but approximately
only 45Mbps of user data will transfer (Ethernet has a high overhead of bytes added to each data packet
frame each time you go up a layer). The advantage is the more complex overhead makes the data
virtually resilient to corruption and minor errors (i.e. collisions). it's easy to reroute and the network can
use inexpensive plugfplay devices like hubsiswitches instead of multiplexers as used in the telco
industry (l.e. LYNX T1/E1/DS3 radios)

-

Western Multiplex tests for stated throughput at Layer 2/3 whera bridges are defined. At layer 7
{apolication layer), you may see less than 50% or more depending on the cther traffic that may be on
the LAN as this layer is more dependent on the type of data being sent (it does not matter if it's wire.
fiber or any Ethermet bridge -wired or wireless). Another way to look at it the model 31145 12Mbps
{10Mbps 10BaseT+T1/E1 wayside) bridge will test the same as a piece of CATE Ethernet cable.

SECTION 2: PRODUCT DESCRIPTION PAGE 2-1
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2.2 Specifications

==

= Alf specifications are subject to change without notice.

2.2.1 Transmitter

Freguency Selection  NMS selection with installer-removable 7-cavity RF fitter assembly
45 Mbps Models 100 Mbps Mode!
Frequency Dual-Band Single-Band  Dual-Band
‘ A1 5284 MHz 5750 MHz 5300 MHz
A2 5759 NiHz 5800 MHz 5775 MHz
Bi 5316 MHz N/A
B2 5791 MHz N/A
Output Power +10/+17 dBm +17 dBm +10/+17 dBm
(Note: output power is specified as guaranteed minimum before attenuation)
Controf Range 16 dB min. 18 dB min. 16 dB min.
DO NOT exceed the transmit power setting as set af the factory! Exceeding
@ the factory-set power leve! will degrade the specifications of the radio and

may aisc violate reguletory compliance. Quitput power may be attenuated
from factory setting to comply with regulatory EIRP limits,

PAGE 2-2 SECTION 2: PRODUCT DESCRIPTION
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2.2.2 Antenna/ Antenna Coupling Unit

Meachanics External antenna
Antenna Connaction N-type female
Impedance 50 chms
‘Recommended 1, or 2 foot flat panel ar
Antenna (ordered separately) 2, 4 or 6 foot parabolic

Gain & Beamwidth (3 dB)

© 1 ft Flat 235dB/@°

2 ftFlat 28dBr46°
2 ft Parabolic . 285dB /8"

i 4 ft Parabolic 354dB/3°
€ ft Parabolic 3BaBrze°

2.2.3 Receiver

All Models
Nominal Receive Level -30 to -60 dBm
Maximum Receive Level -30dBm error free, 0 dBm no damage
Freguency Selection Craft port selection with installer-removable 7-cavity RF
' filter assembly
Threshold Rx Level {typ.) -80 dBm
(BER = 10%) _
Frequency Range
-Dual-band low channel 5250-5350 MHz
Dual-band high channegl 5725-5825 MHz
Singie-band channel 5725-5825 MHz

SECTION 2: PRODUCT DESCRIPTION PAGE 2-3
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2.2.4 System (Single Hop Performance)

Error Floor 10M

Transmission daiay i
(radio only) 250 pusec, maximum
{10 mile path} 300 usec, maximum

Transmit Freguencies
45 Mbps Models 100 Mbps Mode!
Dual-band Single-band Dual-band
A1 channe 5284 MHz 5750MHz 5300 MHz
A2 channel 5759 MHz 5800 MHz 5775 MHz
. B1 channel 5316 MHz N/A, N7A,
| B2 channel 5791 MHz ~ N/A NfA

Receive Freguencies

Cual-hand Single-band Dual-band
A1 channel 5759 MHz 5800 MHz 5775 MHz
A2 channel 5284 MHz 5750 MHz 5300 MHz
B1 channet 5791 MHz NIA N/A
B2 channel 5316 MHz N/A N/A

PAGE 2-4 SECTION 2: PRODUCT DESCRIPTION
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2.2.5 Line Interfaces

Fast Ethernet Port;

Data Interface

Connsctors

~ Configuration
| Filtering

! Buffer

LAN Table

Self-learning

Digital Capacity

Data Rate

Digital Interface *
Cénneotor

Line Code |
Line Build Qut

,  Blua Code ™

i Loopback

100BaseT (fully compatible with IEEE 802.3u}

RJ-45/48¢ (wire)
SC (fiber) 1300nm multimode to 2000m

Half duplex or full duplex on the WAN interface .

15,000 packets per second thecretical, before forwarding
4000 packets (200 kbytes)

1.024 MAC addresses

Automatic learning and aging

~45 Mbps full or half duplex (90 Mbps total}

DS-1(T1} Port: {on T1 wayside models with —41 suffix)

1.544 Mbps

DSX-1

8-pin modutar jack female (RJ-48C)
AMI/ BBZS {NMS selectable)
0-660 feet (NMS selectable)

Alarm Indication Signal (AlS)

Near or far end (NMS selectable)

* Meets AT&T Pub 62417, Belicore TR-TSY-000489.
*= Signal is selectable (on/off) and is generated only on data loss or fink failure when enabled.

SECTION-2: PRODUCT DESCRIPTION
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" Mests ITU-T G703

CEPT (E1} Port: (on E1 wayside modeis with —42 suffix)

Data Rate 2.048 Mbps

Digital interface * CEPT-1

Connector RJ45/8 balanced, 120 ohm

(optional 75 ohm, unbalanced balun available)
Lina Code HDB3
Biue Code ** ~Alarm Indication Signal (AlS)

Remote Loopback Internal or external test signal (rear panel DIP switch seiectable)

** Signal is selectable (on/off) and is generated on'y on data ioss or link failure when selecied.

2.2.6 Auxiliary Connections

Orderwire Interface .
REN (Ringer Eguivalency Number)
DTMF tones

Ringing Vaoltage

VF Orderwire Bridge
Config{uration) Port

Aux Data (clear service channel)
-Aiarm

Test Points

(use telephones with solid state ringers, NOT adeguate for clder style mechanical ringers)

-2-wire, 4-pin'modular jack, femzale (RJ-11}

1.0B

within £1.5% of nominal freq. {(+0-6 dB}

48 VD, typical

800 chm balanced, 4-wire, 0 dBm, DB-9, male
RS-232, BB-2, male

RS-232, <9600 bauc, DB-8, fernais

2 x Form C, DB-9. female

Output Power
Near-end and far-end received signal level fRSL)

410BaseT NMS Ethernet Port:

Data Interface - 10BaseT

Connectors RJ-45/4B¢ (wire)

Configuration Half duplex

PAGE 2-6
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2.2.7 Temperature and Environment

Operating Temperature Range -~ - -1 oto +50°C

f' 5%

:non;conden_sing':‘ T

Alude T . _-€-4:500‘-m:e1érs; maximum

| AC Adapter {optional) 100 250 VAG 50- so Hz o

Gonnector - IB_a‘me_r sirlp,_ plug-ln type

2.2.9 Regulatory Information

'_-HZB usssa mo

35 § ;_5;15 407 (UNII}

RSS-210 (LE-LAN) ~ RS-210 (LE-LAN)

55;43? mm (‘I? 2") rack rnountmg.brackets supphed

BQ_mm {3 5" (QRU)
3ss'mm (14. 5")
e 5kg (ﬁlbs)

SECTION 2. PRODUCT DESCRIPTION PAGE 2-7
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2.3 Front Panel Description

2.3.1 General

The Tsunami radio front panel (no user access on rear panel), as shown in Figure 2-1, has LED
indicators, test points, controls and connections that are used for installation. maintenance, operation
and troubleshoaoting. Prior to installation, it is best to be familiar with the front panel of your particuiar
model. Sections 2.3.2 through 2.3.5 briefly describe the front panel access and indicators.

£ @@ -y wmg ‘:‘:r:@ ©

B TS

|
\
: i i
: J Ak S O Qroasc rarpe 1
’ e T i @T**_‘mli'@ @ g g moora, A O ms D J

RFLM Qo £ emr

Figure 2-1: Front Panel

PAGE 2-8
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2.3.2
ON
="
GND

RSL

LOCAL
TX PWR

(=

.

Test Points / Power Indicator

This is an LED indication. When lit GREEN, Tsunariis powered.

The Tsunami radio products do not have an on/off switch.

This is a test point referenced to chassis ground. This is used in conjunction with the
next two test points to measure voltages related to radio performance.

This is a test point that relates to the Received Signal Level (RSL). The voltage is
measured with a voltmeter (using the GND test point for reference) which
corresponds to the actual power level of the incoming received signal. While the
DISPLAY FAR END button is pressed, this RSL voitage corresponds to the RSL of
the far-end radio. These measurements are used during instaliation, maintenarce
and troubleshooting. Refer to Figure 3-6 in Section 3-20.

This is a test point which corresponds to the output transmit power of the radic. The
voitage is measured with a voltmeter (using the GND test point for reference) which
corresponds to the actual power level of the outgoing signal. This measuremert is
used during instaliation, maintenance and troubleshooting

This voltage only appiies to the near-end and does not allow measurement
of the far-end oulput transmit power, even when the DISPLAY FAR END
bufton is pressed.

There is a receptacie on the front panel to the right of the LOCAL TX PWR test point
which is an installation adjustment allowing the output transmit power to be
increased ar decreased within the radio's specified limits. Using & small screwdriver,
this adjustment is used to set the output power of the transmitter, in accordance to
the path planning.

The Tsunami system requires professional installation. Transmitted output
power limits may apply when using this radio. Consuit FCC, IC, Western
Multiplex or other regulatory authorities for limits which may apply. See
Ssction 3.13.1 for details on setting output power. Do not adjust output
power above factory settings.

SECTION 2: PRODUCT DESCRIPTION
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2.3.3 Alarm and Status indicotors

Radio Fail Green = Radio hardware O.K.
Red = Hardware failure detected

RF Link Green = Error-iree operation

Yellow = Bit errors occurring

Red = Excessive bit errors or radio link failure
Flashing = Link security ID mismatch

- TXD Green = 100BaseT data transmit present
Yellow = 100BaseT pori connected {no data present)
Off = No 100BaseT connection detected

RXD Green = 100BaseT data receive present
Yeliow = 100BaseT port connected (no data present)
Off = No 100BaseT connection detected

COLL Yellow = Collisions occurring on 100BaseT (half-duplex mode)

FAR END Red = Alarm(s) present on the far-end radio™

NMS {10BaseT) | Green = Tx or Rx data present on the NMS interface
Yeliow = NMS interface connected {no data present)
Off = No NMS interface connection detected

Tt INPUT Green = Alarm enabled and T1 connection detected

Red = Alarm enabled and no T1 connection detected
Yellow = Alarm disabled and T1 connection detected
Off = Alarm disabled and no T1 conneciion detected

~* Radio Fail, RF Link {yeliow or red), T1 Inpuf (yellow or red)

PAGE 2-10 SECTION 2: PRODUCT DESCRIPTION
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2.3.4 Controls

DISPLAY This push-button provides the capabiiity 1o determine alarms and status of the tar-

FAREND end radio. When pressed and held, the alarm and status LEDs and the RSL test
point correspond to the far-end racic’s status and RSL value. This can be used for
instaliation, maintenance and troubieshoocting. When the LED on this switch is
flashing, no far-end information is available. This typically indicates that there is no
link between near-end and far-end radios.

SECTION 2: PRODUCT DESCRIPTION PAGE 2-11
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23,5 Connections

RF CONNECTION

The RF port of the Tsunami radic is an N-type female connector that is an integral part of the filter
assembly. The filter assembly occupies nearly the entire top half of the front panel. The N-Type
connactor is used to connect the antenna, typically using coaxial transmission line. In some cases,
waveguide may be used as the primary transmission ling, in which case a waveguide-to-N adapter is
required.

For the Tsunami, 1/2* or 5/8" coaxial cable (LDF4-50 or LDF4.5-50} is
recommended. Coaxial cable that is 7/8" or farger can exhibit moding
i??{:-‘ at 5.8 GHz and is not recommended for 5.8 GHz radios. For
waveguide transmission line at 5.8 GHz, EW-52 waveguide is
recommended. EW-83 will also work, but may exhibit mare loss.

DATA CONNECTION

The connection for the Fast Ethernet interface that carries the signals in and out of the radio is an RJ45
100BaseT wire connection or ST 100BaseT fiber connection.

DC POWER CONNECTION

The input accepts posiiive or negative DC power af any voltage between 20 and 63 Volts. Optionally, an
AC power adapter can be used.

OPTIONAL CONNECTIONS

There are several connections that are not required for operation, but provide additional facilities 1o the
user.

EOW This connection is used 1o access the electronic orderwire function. This is a facility
for "telephone” style service from one radio to ancther. A standard electronic
telephone [one with a handset and DTMF (push-bution 1one) dialing] piugs into this
connector. The user can dial the orderwire address of the far-end radic (or any radio
in the Tsunami network) fo establish teiephone communication between sites. This
communication does not interrupt or interfere with the other radio communications.
The radio link must be operational to use this facility. The orderwire feature can be
very useful for instaliation, maintenance and froubleshooting.

This connector is used 10 link two Tsunami radios al a repeater site for Orderwire
operation. This wouid allow orderwire "telephone” cails to and from any point in the
Tsunami network.

VF

L The Tsunami orderwire circuif can aiso be connected to other exisling
j@;‘; orderwire networks. See Section 3.14.1 for details.

ALARM This connector is used tor monitoring alarms electrically. The Form C relays can be
connected to other transmission equipment for monitoring alarm status locally or
remotely.
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CONFIG This is a serial intedace port (RS-232) to the Tsunami radio. This port provides
configuration and maintenance information about the Tsunami radio(s) 1o a
connected computer or terminal. Consuit factory for cperation.

AUX This is a serial interface pont (RS-232, <9600 baud} which allows the user to connect
DATA auxiliary serial data from one point in the radio network to anather. it can be used for
separate data connection for serial devices.

10BaseT This is an Cthemet connection for access (o the Tsunami NMS (SNMP or HTML).
NMS See section 4.11 for more detail for operation.

T1 This is a wayside data channel for T1 {DS-1) interface of auxiliary
traffic (277X0-51 Models).

E1 This is a wayside data channel for E1 (CEPT-1} interface of auxiliary
traffic (277X0-52 Models).
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2.4 Rear Panel Description

The Tsunami radio rear panel, is biank. Ali connections and indications are on the front panel for “single
panel” access
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2.5 Instaliation Accessories

The Tsunami radio is shipped with several accessories commonly required for the radic as described

below:

AC Power If ordered as an option, this power supply provides AC to DC conversion for use
Supply with AC powered locations.

AC Power This power cord connects the AC Power Supply, if ordered, 1o a standard 115V
Cord U.S. AC outlet.

Rack Mount Two brackets (along with required mounting screws) are provided which allow 19-
Brackets inch rack mounting of the Tsunami radio.

Terminal This is a 6-pin mating connector used for DC power supply.

Connector

D Four of these mating connectors are provided. Cne is used for the VF port, one for
Connector  the CONF!G port, one for the ALARMS port and one for the AUX DATA port.

$-pin

RF Power A small plastic cap is provided which is placed over the RF output power
Adjustment adjustment receptacle once output power has been set by professional instaflation
Cover persannel.

Do not adjust the power higher than the factory setting! Before setting the
power level lower, note the factory setting or keep the radio’s configuration
sheet attached for future reference.

Other accesscries are available, such as orderwire handsets, connector adapters and special cables.
These can be ordered separately upon request.
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3. Installation & Adjustments

3.1 Shipping Container

The equipment is shipped in boxes uniess ordered as an integrated system and configured at the
tactory, in which case the equipment may be racked and shipped in a crate. The equipment is
packaged so as to prevent damage in transit.

The boxes should be ieft intact and sheltered until arrival at the instéllat_icn site.

If the shipping container shows signs of damage, the
@ transportation company should be notified immediately. Exira
' care and inspection of the conltents is advised immediately upon
receipt.

It is recommended that ali the packaging materials be
. retained, in the unlikely event that the equipment must be
O raturned 1o the factory, use the original packing materials for
‘;L/ retun shipment. The original packaging materials are also
recommended for transporting the equipment from
location to location.

Inside the primary shipping containers, internal boxes may contain other items. These boxes
shoutd also be saved for future use.

Also, save the Tsunami radio test data shesf that is provided.
The test data sheet can be placed where the Tsunami terminal
will be instalied for future quick reference. All Tsunami units are
. individually lested and the actual measured performance
“@ recorded on the Factory Test Data Sheet. You will find this
information to be of use during instaliation, troubleshooting and
maintenance.

A set of “guick installation instructions” is aiso provided which can be uselul for easy reference
during installation.
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3.2 Packing ltems Identification

The primary shipping container houses the radic along with other items including:

4 This manual

4 Installation accessory kit (see Section 2.5}
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3.3 Before Instailation Task List

There are several tasks that should be accomplished prior to installing the Tsunami radio systern.
This section briefly describes the following:

- Site selection

- Line-of-Sight and Path Clearance determination
- Anilcipated RSL calculation

- Fade margin calculation

- Availability calculation

- Freguency plan determination

- Power supply planning

- Antenna {and accessories) purchase

Only directional antennas should be used with Tsunamif radios.
These are fypically fiat panel or solid parabolic anfennas.

@ Western Mulliplex recommends a maximum beamwidth of 10
dagrees for directional systems.

3.3.1 Site Selection Requirements

The radio site must have:

- access to the appropriate power
- close proximity to the telephone cr computer system you wish to interconnect
- line-of-sight to the other radio location with adequate clearance

- location for mounting the antenna
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3.3.2 Line-of-Sight and Path Clearance Guidelines

The Tsunami radios will not operate properly unless they have line-of-sight between their
corresponding antennas. The Tsunami radio transmission will not pass through trees or other
obstacles. Factors to consider include:

- Earth curvature

- Future growth of trees

- Height of buiicings
in addition to the line-of-sight requirement, a well-engineered path wil! also have additional path
ciearance tc allow for signal loss due 1o partial obstructions, atmospheric ducting and ground

reflections. To maximize radic reception, 0.6 times the first Fresnel zone should be calculated and
this distance added to the path clearance (in addition to trees or buildings).
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3.3.3  RSL Calculation and Link Budget

The received signal level (RSL) can be estimated using the following formula:
RSL (dBm)=P_, -FL+G, +G,-FL,- L
where: P_ is the transmitter output power (in dBm)
FL, is the feeder loss of the transmit side (in dB)
G, is the gain of the transmit antenna {in dB)
G, is the gain of the receive antenna {in dB)
FL, is the feeder loss of the receive side (in dB)
L, is the Path loss, defined by:
L, (dB) = 96.6 + 20 log,F + 20 log, D
whare: F = Frequency in GHz (2.4 or 5.8)

D = Distance of path in miles

This link budget is very impartant for determining any potential problems during installation. If you
have calculated the expected RSL, you can see it it has been achieved during instaltation, and
troubleshoct if necessary.

In the USA and Canaoda, Tsunami radios may be installed with any gain directional
antennas but with a totaf system limit of +30 dbm EIRP for the 5.3 GHz transmitter

@ channel frequencies. 5.8 GHz transmifters have an EIRP fimit of +53 dBm. For the
equation above, replace the P_, - FL + G, by the EIRP fimit.
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3.3.4 Fade Margin Calculation

The fade margin is the difference between the actual received signa! and the radic’s threshold.
Using the formula provided in Section 3.3.3, the anticipated RSL can be calculated. Compare this
RSL to the specified thresheld of the Tsunami radio (shown in Section 2.2) and calculate the fade
margin as the difference between the two signal levels.

3.3.5 Avdailability Caiculation

Availability of the microwave path is a measure of the percent of the time that the fink wil operate
without producing an excessive BER due to multipath fading. In the absence of girect interference,
avaitability is affected by the foliowing: )

- Path length

- Fade margin

- Freguency (5.3 or 5.8 GHz in the case of these Tsunami radios)

- Terrain {(smooth, average, mountainous)

- Climate (dry, temperaie, hot/humid)
Depending on the type of traffic carried over the link, the system designer may wish to gesign for
a specific availability. For example, if the data or voice traffic that is carried by the radio is critical
then it may be designed for a very high availabiiity (e.q. 99.999% or 5.3 minutes of ocuiage per
year). To improve availability, for example, the fade margin can be increased by making the path

shorter, or by using higher gain antennas ir conjunction with lower loss feeders {by using high
quality transmission {ine or shortening feed length).
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3.3.6 Frequency Plan Determination

When configuring radios in a hub or repeater configuration, careful engineering of the Tsunamy
radio frequency plans and antenna locations shouid be performed in order to minimize potential
interference between the nearby radios. As a rule of thumb, do not place identical frequency plan
radios (e.g. two “A” channe! radios) at the same site. In most cases, it is desirable to use a
different frequency plan {e.g. A versus B). However, with careful engineering, placing mare than
one radio of the same frequency channel pian at the same site is easily accompiished. In fact, the
Tsunami frequency plan is designed to allow complex hub configurations that may require re-
using the same frequency plan. When designing these types of configurations, antenna size and
antenna location are critical. If identical channel plans must be used at the same site, the same
radio channel {e.g. A1 and A1) should be usec at a site to minimize interference. Using alternate
channels (e.g. A1 and A2) is less likely to be successful (and therefore not recommended) due to
the high level of transmitter to receiver isolation required from the antenna system.

Sometimes it is required to locate the Tsunami radio nearby a transmitter that is the same as, or
ciose to the Tsunami receive or transmit frequencies. In this case, the Tsunami terminal that
should be placed closest to this interfering transmitter should be the specific terminal with the
receive frequency which is furthest from this unwanted transmitted frequency. This approach
minimizes the potential of interference. While interference conditions are rare when using the
Tsunami radios, cases of interference may be overcome by exchanging the radios from end 1o
end or simply reinstalling a different fiiter unit (if applicable), as described in Section 4.2. in scme
cases, changing frequency plans (e.g. from A to B) can aiso help mitigate any interference.

S Section 4.8 of this manual describes interference
== countermeasures in further detail,
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3.3.7 Power Supply Planning

The Tsunarniradic must have access 1o a supply of appropriate power, either DC or AC (if the AC
adapter option has been ordered). The Tsunami can be powered from a DC battery system, or
from a sclar or generator power piant, usually with battery reserves. Typically either a positive or
negative ground 24 or 48 voll supply is used. For DC, be sure the cable is of sufficieni gauge to
carry the necessary current and it is less than three {3) meters (9.75 feet) in length.

Before installing the radio, plan for the continuocus power consumption needs in accordance with
the specifications given in Section 2.2 of this manual. It is also wise to plan for backup power for
critical communication circuits (including the Tsunarmi radio). Backup power allows the radios and
associated equipment to continue operation when primary power is interrupted.

3.3.8 Anienna Planning

Using path planning mathematics, proper antenna size can be determined which will yield the
desired path performance. In general, the larger the antenna that is used with the Tsunami radio,
the batter the link will perform. Larger antennas have narrower beamwidth and higher gain, which
wili yield better link performance (higher fade margin, betier availability) and improve immunity to
interference (due to the smaller beamwidths). However, larger antennas are more costly 1o
purchase and install than smaller antennas, in some cases requiring special equipmeni for
installation. All of these factors should be taken into consideration when selecting aniennas.

use of larger antennas will maintain the benefit of narrow
beamwidths and receive gain. However, oulput power may need
io be reduced to meet reguiations. (See Section 3.13.1)

@ in areas where transmitted output power restrictions apply, the

Prior to installation, the specific antenna location and mounting should be determined. This
advanced planning also yields the transmission line requirements.

Only directional anfennas shouwid be used with Tsunami

i“::f_,nfd radios. These can be fiat pane! or solid parabolic antennas.
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3.4 Tools Required

The foliowing tools may be requirec for the installation of the Tsunarmi radios:

Phillips (cross tip) screwdrivers (for 19-inch rack mounting and attachment of
brackets)

Small blade standard screwdriver {for power supply connector and RF output power
adjust)

Soldering iron (if using any D-type connectors)
Wire strippers (for removing insulation from power supply and other wiring)
Wire crimpers (if using any RJ-style connectors that aren’t pre-made)}

Digital Voitmeter {to measure RSL, Tx output power, Alarms)

The following toois are recommended for the installation of the Tsunami radios:

RF power meter (io measure transmitter ocutput power)

Cellular phone or two-way radio (for taiking with far-end crew and tower crew)
Bit Error Rate test set (to test link after installation)

Computer (for NMS access with 10BaseT interface and cable)

Touch-tone Telephone* (to test orderwire circuits and for communication with far-end)

Additional tools will likely be needed for antenna and transmission tine instaliation and antenna
alignment. Consult Sections 3.8 through 3.10 of this manual for more details.

*Telephone connection specifications:

REN (Ringer Equivalency Number) . 108
DTMF tones within +1.5% of nominal freq.
Ringing Voltage 48 VDC, typical

{Ringing voltage is adeguate for modern solid state ringers,
NOT for the older mechanical type ringers}

SECTION 3: INSTALLATION & ADJUSTMENTS PAGE 3-8



;: INSTALLATION AND MAINTENANCE MANUAL

Tsunami FAMILY
WESTERN FAST ETHERNET WIRELESS BRIDGES

Muliltiplex JULY 2000

3.5 Frequency Channel Pians

The Tsunami system offers non-overlapping channel plans. This channe! plan arrangement allows
users to impiement Tsunami systems in the proximity of other Tsunami radios {pianned or
unpianned), hub and repeater applications, and can be used to mitigate interference. The channe!
plans are illustrated below in Figures 3-1 through 3-2. Section 4.2 and 4.3 describs how to change
frequency channel assignments of a Tsunami radio.

Al B1

' ] 7= ———1
5250 8316 g3pp 5725  S758 5781 5825

Freguency (MHz)

Figure 3-1: Channe! Plans, Dual-Band (45 Mbps)

A1l

I T = 4 " . H

Frequency (MHz)

Figure 3-2: Channel Plan, Single-Band (45 Mbps)

Al

5300 5775

Freguency (MH2)

Figure 3-3: Channel Plan, Single-Band (100 Mbps)
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3.6 Mounting the Tsunami

The Tsunam radio can be mounted at any height in a standard 19-inch rack. Blank rack-mounting
spaces above and below the Tsunami are recommended, especially If the surrounding equipment
dissipates a considerable amount of heat (over 40W).

The Tsunami radio may be set up for mounting with the front edge projecting from the front face
of a standard 19-inch rack using the rack mounting brackets enclosed with the screws in the
Accessory Kit (4 per bracket). The rack mounting brackets may be reversed, in order to install for
flush or cabinet mounting if preferred. Depending on rack configuration, it may be necessary to
remove the four adhesive hacked rubber feet on the bottom of the unit.

exhaust on the left and right sides of the chassis. When rack
mounting, it is important to leave a small gap between the
outer edges of the radio and the inside edge of the rack.

@ The Tsunami radio has intermnal fans which intake and

The Tsunami radio may alternatively be placed on a table or shelf
. attached to a wall. Because of the low weight of the Tsunami, any
I mournting oplfon other than rack mounting will be less seciure.
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3.7 Power Connection and Wiring

There is no ON/OFF switch on the Tsunami. As soon as
power is applied, the equipment will be operational, This
means that there can be up to 1W of AF power present at
the antenna port. The antenna port should be terminated
before power is applied.

Power is connected using the DC power plug contained in the Accessory Kit. Use Table 3-A or 3-
B along with the associated diagram of Figure 3-3 or 3-4 to connect the DC power cables. For
example, for a negative DC power input, use Table 3-A and Figure 3-3.

NEGATIVE DC POWER INPUT
(=20 TO 63 VDC)

PIN | FUNCTION

1 Power (-DC)

2 Ground (see figure 3-7)
3 Return (+DC)
4

5

Return (+DC)
Ground (see figure 3-7)
6 Power (-DC)

Table 3-A: DC Power Connection for Negalive Supply

POSITIVE DC POWER INPUT
(+20 TO +63 VDC)

FUNCTION

Return (-DC)

Ground {see figure 3-8)

Power {+DC)

Power (+BC)

Ground (see figure 3-8)

Return {(-DC)

Table 3-B: DC Power Connection for Posifive Suppiy

v
AL ARSI -
-

Fins 1 and & are connected together on the motherboard. Either

l:_/H“‘“ pin may be used to apply (-DC) DC power input. Simitarly, pins
3 and 4 are connected together on the motherboard and may
be used to apply (+DC) DC power input.

o For DC power retum connection, connect to the opposile

!:-w voltage (either the -DC or the +DC Pin) and connect the reiurn

to ground at the DC power plug on pins 2 and/or 5.
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3.7.1 DC Power Wiring

Connect the power cable with adequate current rating (minimum of 20 AWG) to the terminals
shown on the removed {not plugged into the radio) DT power plug using the screw connections.
The recommended minimum current rating of external fuses and cables is 3 Amps. The Tsunami
racios consume less than 1 Amp at 48V and less than 2 Amps at +24V. Be sure the DC power
cable is less than 3 meters (9.75 feet) in length.

Each Tsunami terminal should be externally fused separately
with a 5 Amp maximum fuse. The DC power cable must be
less than three (3) meters in fength.

o TR

" G —
l.'..-"’ [}
. =
CU s

It using negative power, connect the negative voltage to pins 1 or 6. Connect the ground return
connection o pins 3 or 4. See Figure 3-3.

if using positive power, connect the positive voltage to pins 3 or 4. Connect the ground return
connection to pins 1 or 6. See Figure 3-4,

The ground connection is available at pins 2 and 5. Either pin may be used to ground the return
side of the power supply. Do not ground both sides of the power supply.

supply, can be very important for protection from lighining. A

@ Proper grounding, either through the chassis and/or the power
grounding screw hole is provided on the rear panel.

Sy The ground connection may be left fioating if the power supply

\& is referenced to ground externally and fo avoid ground loops in

= some configurations. However, this may not provide adequate
grounging for lightning protection.

Use a DVM (digital voitmster) to verity voltage and polarity on the DC power plug.

Do not connect the DC power plug to the rear of the Tsunami
ferminal until a load is connecled to the antenna port (either an
RF pad, or an RF cable and antenna).
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Figure 3-3: Negative Vollage DC Connection

‘ i
Ground +DC  Ground
Retumn Return

Figure 3-5: Positive Voliage DC Connection

Make sure that when connecting the mating plug that it is
properly oriented (ferminal screws pointing up) and securely
fastened.

PAGE 3-14
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3.7.2 AC Power Connecfion

The optional AC power supply cperates from any AC voltage 100V - 250V and 50 Hz or 60 Hz.
The AC supply is equipped with a mating connestor that piugs direclly into the Tsunami radic and
an AC cord with a 3-pin AC plug. The AC cord color code is shown in Figure 3-5 in case users
wish to replece the AC plug supplied with a different type of plug.

31045
POWER
SUPPLY

R TR s B Doy

|

Figure 3-6: AC Connection
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3.8 Anienna Connection

The Tsunami radio is equipped with an N-type female connecior at the antenna port Iocated on
the rear panel. A short length (~6 feet) jumper cable such as RG-214 coax {or “pigtail™) fitted with
two N-type mate connectors can be used to connect the antenna port to the antenna transmission
line (see Section 3.9). The recommended cable type for a jumper is RG-214.

A low loss 50-ohm cabie (for example LDF4-50 1/2 inch coax) or EW-52 waveguide is
recommended for the antenna transmission line betwsen the top of the rack and the antenna. The
return loss presented by the transmission line at the too of the rack should be as high as possible
(20 dB, minimum recommended). The length of the antenna transmission line should be kept as
short as possible (to minimize losses).

To minimize feeder losses, the use of eifiptical waveguide is recommended {typical loss is 1.25
dB/100 1) for feeder lengths in excess of 200 feet. Depending on path length and feeder length,
1/2 inch or 5/8 inch coax cable can be used.

For the Tsunami radio, 1/2° or 5/8” coaxial cable (LDF4-50 or
o LDF4.5-50) is recommended. Coaxial cable 7/8" or farger can
B exhibit moding at 5.8 GHz and s not recommended for 5.8 GHz
radios. For waveguide transmission line at 5.8 GHz, EW-52
waveguide fs recommended. EW-63 will also work, buf may
exhibit more loss.

Do not use right angle N-type connectors with the 5.8 GHz
- Lﬁi) ‘ Tsunami radios: they may present high ioss at 5.8 GHz. Do not

use a fow quality N-lype jumper cable with the Tsunami. Some
cable types, such as RG-8, may have high loss at 5.8 GHz.
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3.9 Transmission Line Connection

The transmission line feeder (such as LDF4-50 1/2 inch coax cable or EW-52 elliptical
waveguide) should be prepared first by cutting to the approximate length (allowing some exXcess)
and installing the appropriate connector on the antenna end.

The prepared transmission line is then pulied through the cable ducts, trays or conduit {as
required) to the antenna, while being careful not to kink or damage the ransmission line in any
way.

The transmission line should be supported in a tray on horizontal runs and by hangers on vertical
runs. Hangers should be spaced according to the manufacturer's instructions (typically every 5
feet under conditions of no ice and not greater than 85 mph winds}.

The transmission line should be grounded using the manutacture’s recommended grounding kit.
Grounding kits attach to the outer copper conductor. Grounds must be instalied at the antenna, at
the bottom of the tower {if applicable} and where the transmission line enters the builging. Long
transmission line runs should be grounded every 100 feet. in areas of high incidence of lightning,
dissipaters should be attached to antennas. In additicn, coaxial, in-line, spark-gap typs, lightning
suppressors should be added at the boftom of the coax cable before entering the
building/enciosure.

Any in-line lightning protection device must be rated for the
@ operaling frequency of the Tsunami (5.3/5.8 GHz),

After installation, the transmission line is terminated with an N-type male connector/adapter
atiached at the equipment end. For waveguide, this typically requires a CPR-to-N adapter.

Prior to operation, the electrical integrity of the transmission fine, including all connectors, can be
checked with a simple DC check between the center conductor and outer conductor. {This is
neither possible, nor required for waveguide).

The transmission line shouid ideally be connected directly to the antenna at one end and to the
Tsunami antenna port al the other end. However, short RG-214 type pigtail jumper cables may be
required to avoid sharp bends in the transmission line 1o limit stress on either connection.

o T 7/8 inch coax cable or larger is not recormmended for use at 5.3
[ R . -
o GHz and higher frequencies.
i Do not use right angle N-type connecfors with the 5.3 or 5.8
—(P GHz Tsunami radios: they may present high loss at 5.3 or 5.8
. GHz. Do not use a low quality N-type jumper cable with the

Tsunami. Some cable types, such as AG-8, may have foo high
& Joss at 5.3 and 5.8 GHz. '
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3.10 Antenna Instaliation & Alignment

INSTALLER CAUTION: Antennas used for this device must be fix-mounted
@ on permanent cutdooer structures to provide 5 meter or more separation from

all persons during device operation to comply with FCC and other regulatory
RF Exposure requirements. installers should contact the manufacturer for
applicable antenna gair and type resirictions to ensure compliance.

The antenna installation consists of permanently mounting the antennz outdoors on a tower,
building roof, or other location that provides line-of-sight path clearance to the far-end location. In
general, antennas smalier than 2 feet diameter are not recommended for urban areas due 1o their
witer beamwidths, which results in higher interference susceptibiiity.

Antennas should be ordered with a suitable mounting kit specific to the site requirements. For
example, specifying round ot angle tower leg adapters, or a roof tripod as necessary.

The antenna must be very rigidly mounted, with adequate room for azimuth and elevation
adjustment from the rear.

The antennza polarization must be the same at both ends of the link, either vertical or horizontal.

in general, antenna mountings require a support pipe to which upper and lower support brackets
are attached with “U” polis. The antenna and optional elevation and azimuth adjustment rods are
then mounted onte the support brackets. The whole structure must be adequately grounded for
lightning protection. The antenna system must always be irstalled according io the manutacturer's
instructions,

Unless special test equipment is available, two operating Tsunami terminals are required to align
the antennas. Alternatively, a CW generator may be used to transmit a signal toward the end
under alignment.

The antenna is coarse aligned using visual sighting and then fine aligned using the receive signal
ievel {RSL) voltage of the Tsunami.

The RSL voltage reading can still be used to peak antennas
even if the radios have not synchronized, however far-end RSL
cannot be measured from the near-end terminal until radios
are synchronized.

T o)
T A
1“ =
ST

To coarse align the antenna, first set it for flat elevation (no up or down tilt) using a spirit level.
Tnen point it at a heading marker obtained using a compass back-bearing from an adjacent
location, (ideally, 100 feet or more away from the antenna).

I a heading marker cannot be set sufficiently far away (for exampie when on a city bullding roof or
looking through a window) then a rough azimuth setting can be obtained by sighting along the
antenna feed.
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s It should be verified that both antennas are on the same
..... 1 :P polarization by using the manufacturers instructions. Ctherwise
o the RSL wili be approximately 25 to 30 dB below the calculated
fevel.

Most antennas will also need fine alignment obtained using an operating link because it is very
important to maximize the receive RF signal levei at each end of the radio link.

@ Read Secticn 3.7 before applying DC power lo the Tsunami radio.

Once the coarse alignment has been set-up at both ends, then the link can be powerad and some
ievel of reliable communicalion established. The voltage at the Tsunami front panel RSL test point
should be measured with a DVM to determine the relative receive RF signal level.

For the fine alignment, adjusting first the azimuth and then the elevation of the local anienna will
maximize the RSL voltage. Then, the far antenna is aiigned in the same way, using the RSL
voitage of its local Tsunami radio.

When aligring antennas it may be convenient to run two wires from the RSL and ground test
peoints to the antenna so that the voltmeter reading is directly visibie to the technicians aligning the
antenna. Also, a cellular telephone or two-way radio may be useful for coordinating alignment
activilies between both ends of the link. Once the radios are coarse aligned and synchronized, tha
built-in orderwire phone service can also be used to coordinate alignment between both ends of
the link.

An  orderwire lelephone will provide end-io-end voice
Y communications once radios are synchronized. Synchronization
~@ usually can be accomplished by coarse alignment only. Afier
i synchronization, the orderwire phones can be used to communicaie
between radio sifes for antenna fne alignment. The phone

interconnect cable can be extended o the antenna when desired.

The larger the antenna size, the more critical alignment becomes: for example, with a 2 foot dish,
the antenna can be moved £3 degrees off the correct heading before the receive signal level
drops by 3 dB. This compares with a 6-foot dish which may only be moved +1 degree for the
same degradation.

The graph shown in Figure 3-8 shows the typical variation of RSL vcltage as the receive signal
level is increased from threshoid to a higher level. There is some variation between Tsunami
receivers, but an approximate estimate of the potential RSL value may be made using this figure.

IE:’?_*D Use the Factory Test Data Sheet shipped with your Tsunami terminal to
= obtain the best astimate of your RSL.

Above 0 dBm RSL, the receiver may produce errors: however this level is rarely likely 10 be
exceedead. A link budget calculation should be made o calculate the anticipated RSL as described
in Section 3.3.3. During anomalous propagation conditions, the RSL may fade but will not
increase up more than 10 dB (except in unusual vary long patns which may fade up by 15 dB).
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Antenna afignment should enable the RSL to be peaked io the
level caiculated in the link budget. If the RSL is peaked but is
approximately 20 dB below the caicuiated jeve!, then it is likely
that the antennas are afigned on a sidelobe of-the antennza's
radiated signal. in this case, the antennas should be refated in a
wide arc until the main lobe is iocated. {Other possibie causes of
fow RSL are path obstructions, loss in connectors, adapters andg
pigtail jumper cables or difforent antenna polarization at each end
of the link.)

Tsunami 100BaseT Dual & Single Models

1 I ] i ? T 1.00

- 0.90

0.80

=i

G.70
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Veolts
a.50

-80 -75 0 -65 -0 -53 -50 45 40
ASL {dB)

Figure 3-7: Typical RSL Voltage versus Received Signal Level (RSL)
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3.11 Ethernel Interface Connection

The radio link’s 100BaseT interface connection to the Tsunamyi radio is on the front panel.

for the connections if the radio is installed in an area prone to

@ Additicnal external lightning protection devices are recommended
lightning.

The 100BaseT connection to the Tsunami is at the data interface on the front cf the shelf. Either
wire or fiber connections can be used.
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3.12 System Turn-up to Service

1. Priar to installing the system, it may be desirable to perform a back-to-back test of the
Tsunarni radio pair. Consult Section 4.9 for further details. Back-to-back testing is a simple
way to verify that the Tsunami radios are fully operational before they are instalied.
Instaliation adds several variables (such as antenna alignment) which can lead to sysiem
turn-up delays. Also, during back-to-back testing, the DIP switch setlings and some
connections can be iested. This step can eliminate a majority of troubleshooting once the
radios are instalied.

A celiular phone or two-way radio system (walkie talkie, CB,
_ mobife radio) can be very useft! during installation. These
can be used for temporary nearend and {ar-end
”@‘ communications beiween the installation personnel at one
site and instaflation personnel at the other site while
installing the system. These can also be helpful for
communication between a person at the top of a very tall

tower and ground personne!.

The Tsunami radio incorporates an infernal Orderwire feature
that provides end-to-end “telephone” style communications.

e However, the link must be partiaily operational to use this

o feature. In lieu of, or in addition fo the use of cellular phones
or two-way radio, this Orderwire feature can aiso be very
useful for installation, but typically cannot be put into service
until step 8 or 9 of this procedure is compieted. See Section
3.14.1 for more detaiis.

2, Perform a general alignment of the antennas on both ends of the path using binoculars,
compass or other related tools. It is important to have the antennas aligned as accurately
as possible before putting radio traffic over the link. This will heip in getting the system
running more rapldly. See Section 3.10 for more details.

3. Connect the transmission line to the antenna, and feed it 1o the Tsunami radio location
(see Section 3.9). Connect the opposite end of the transmission line to the N-type female
connector located on the filter assembly which occupies the top half of the Tsunami rear
panel. The connection must be terminated into an antenna or a load before DC power is
applied to the radio.

4, Verify that the same channel plan {e.g. A, B) as the near-end radio, and the opposite Tx
and Rx frequencies {e.g. A1 and A2 make up a matched pair of radios).

5. With the DC power source active, but not plugged into the Tsunami radio, using a
voltmeter, confirm that the DC mating connector has the proper power connections in
accordance with Section 3.7. Verity the polarity and the absolute voltage on ali pins. Verity
ground connection for power.

6, Connect power to the Tsunami radio. Verify that the Front Panel “ON” LED indication is
iliuminated. This confirms that power has been properly applied.
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i Ensure that the RF Antenna port connection is properly

== terminated before applying power to the Tsunami terminal, as
in step 3.

When the Tsunami radio is inilially powered-on, some alarm

j.‘i,._i[i;‘ conditions may be present. This is normal and alarms can be
ignored at this lims.

7. Place a voltmeter across the GND and PWR front pane! test points. See Figure 3-7 for
voltage setting information and Table 3-C for typical output power levels for given cable
lengths where EIRP limits apply. If necessary, use a small scrawdriver at the front panel
receptacle to adjust the output power of the local fransmitter in accordanca with the path
analysis calculations. The recessed potentiometer is rofated clockwise to increase
transmit output power and counter clockwise to decrease transmit culput power. After
verifying correct setting of the transmit output power, disconnect the voltmeter. Place the
cover cap found in the installation aceessory kit over the front panel receptacie.

The Tsunami radio requires professional installation. With some
Tsunami models, in certain countries, there may be Effective

@ Isotropic Radiated Power (EIRP) limits which dictate the
maximum oulput power that the Tsunami radio can fransmil
given the lransmission line loss and the gain of the anfenna.
Consuft with appropriate government agencies or Weslern
Multiplex if there is any gquestion regarding maximum output
power allowed. Do not adjust output power above faclory
settings.
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Tsunami 100BaseT Dual & Single Models
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Figure 3-8: Typical RF Oulput Power versus PWR Voltage

e Use the Tsunami Factory Test Data sheet that came with
—= your radio(s) fo determine more precisely the voltage

corresponding tc the RF output power.
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Ny For precision measurement of tfransmit oufput power, if is best

c to connect an RF power meter to the antenna port. The PWR

¥ port voltage may nof provide enough precision. This s
especially important where EIRP limits apply o the installation.

ey In cases of no EIRFP limits, the radio transmilter oulout power

~ \y should be Jeift at the factory setling, except for very short paths
using very high gain antennas, where excessive power may not
be advised.

. Don't forget that the RF output port should be terminated at all
’,___f: 5 times when power is applied to the Tsunami radio. Therefore,
disconnect power fo the radic before connecting a power meter
and reapply power once connected. Often, an RF power meter
may have a limit to the input power that it can measure without
damage. it is advised to place a calibrated fixed value RF
attenuator {typically 20 dB or more) between the Tsunami radio
and the power meler lo assure proper operation and safety for
the RF power meter. The vaiue of this fixed aftenuation can then
be added fo the value of the RF power meter reading fo obtain
the actual Tsunami radio transmitter outpuf power.

8. Connect a voltmeter acress the GND anc RSL front panel test peints. This
voltage reading corresponds to the Received Signal Level (ASL) of the near-end radio. In
other words, RSL is the “amount’ of signa! the near-end radio is receiving from the far-
end radic. Since the antennas have not been finely aligned, it is not expected at this lime
that the ASL will read very high. However, at this paint it can be verified that some
communication is taking place between the two Tsunami terminais. Use the RSL voltage
reading to align the antennas. Align one antenna at a lime in accordance with Section
3.10. Complete alignment of both ends of the radio link betore geoing further.

The RSL voltage output on the radio’s front pane! will oulput a
== voitage over the usable range of the radio. Refer to Figure 3-6 in
e Section 3-20.

The Tsunami radio has a unique feature of allowing measurement of the far-end ASL
from the near-end radio. This is only possibie if the Tsunami radics are communicating
(the RSL is above threshold). The far-and RSL can be used to verify that adjustments to
local antenna alignment are corresponding to the far-end radio reception. Far-end RSL is
measured by pressing and hoiding the DISPLAY FAR END front panel button. While this
button is held, the RSL voltage indicates the RSL of the far-end radio. RSL of both ends
should be verified to be within approximately 2 dB of predicted value (see Section 3.3.3).
There are several factors that can contribute to low RSL:

- Incorrect antenna alignment (aligned on a icbe and not on the main signai)
- Improper polarization alignment of antennas (horizontal vs. vertical)

- Transmission line problems (loose connections, bent or damaged cabies, lossy
adapiers)

- Path obstructions ({trees, buildings, hills, etc.)

- Path clearance (line-of-sight, earth curvature, Fresnei zone, diffraction and partial
obstruction}
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- Weather (inversion layers, ducting and multipath)

- Antenna feed {coaxial/connecior) oroblem

The Tsunami radio requires professional installation. Dont
o forget that the fransmitfer oulpul power adjustment on the
== Tsunami radio effects the RSL. Depending on EIRP limits (if
any), path distance, and antenna gain, you may need to
adjust the oufput transmit power o the proper level before
putling the radios in service.

If radio synchronization has been established, the radio link

g may be able lo provide some limited communications over the

“.;@C fink. It can be helpful to establish voice communications from

= one end of the radio link to the other using the Orderwire
feature of the Tsunami radio. See Seclion 3.14.1 for details.

I{ RSL is lower than anticipated, recheck the path clearance and transmission line as these are
the typical causes of low RSL. Radio operations can be verified by connecting radios back-to-back
with attenuators (40-60 dB), (see Section 4.9). If the problem remains, consult Section 4 of this
manuad for troubleshooting techniques which will help determine the source of the problem.

9, Once radio performance is verified and acceptable, the Tsunami radios can now be put
into service with the intended Fast Ethernet traffic. Connect to the LAN or compuier using
the RJ45 (wire) or ST (fiber) 100BaseT connector. With Fast Ethernet traffic applied in
both directions, all front pane! LEDs, except for POWER and the data TXD/RXD tights
should be off. If any other LEDs are on, consult the trouble shooting sections of this
manuzl.

10, Now that the link is operational, other services can bz connected including T1 (DSX-1},
Orderwire, Diagnostics, Alarms and Aux Data (Service Channel). Consult Section 3.14 for
details on these cennections.
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FCC EIRF limitations:
The dua' band model 27700-4X should not exceed a total of +30 ¢B EL.R.P.

The single band mode! 27710-4X should not exceed a total of +53 dB E.LR.P.

Table 3-C: Transmitter Cuiput Power Adjusfment
(0 dBW (5.3 GHz) and +23 dBW (5.8 GHz) EIRP Installations)
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3.13 Output Power Adjustment

The Tsunami radio requires professional instaliation. In certain cases, it is necessary to adjust the
output power Jower (never higher) from the factory setting, for example:

< to meet EIRP (effective isotropic radiated power) limits.
< to avoid exceeding the maximum far-end RSL of -30 dBm.

>

< to coordinale a hub or repeater location.

. To ensure maximum protection of the radio circuits, afways
@ ensure the antenna connector is terminated when power Is
applied. Never adjust output power above faclory seitings.
For precise measurement of transmitter power, a calibrated RF power meter (such as the HP
435B with Power Sensor HPB481) is recommended. This power sensor can be connected directly
to the output of the radio without exceeding the power rating. With some power meters, it may be
necessary to place a calibrated in-line fixed attenuator between the radio antenna pert and the
power meter so as to not excesd the power meter's maximum input level. Thruline power meters
do not operate at Tsunami RF fraquencies.

if adjusting the output power to meet an EIRP iimit, it will be first necessary to calculate the overall
system gains and iosses, including feeder losses for the type of transmission line installed and the
antenna gain. Also refer 1o Table 3-C for transmitter cutput power settings where installed with
various transmission line lengths and antenna sizes. You may determine the radic transmit power
for EIRP limited instaliations by the following equation:

Tx Power {dBm) = EIRP Limit(dBm) + Feeder Loss{dB) - Antenna Gain(dB)

e, For the US and Canada, a +30 dBm EIRF limit applies for the
= dual band (5.3/5.8 GHz) Tsunami radios and a +53 dBm EIRP
limit applies for the single band {5.8 GHz) Tsunami radios.

Output powar may be adjusted using & small screwdriver and rotating the potentiometer which is
recessed behind the front panel. Ciockwise rotation increases outpul power while scounter-
clockwise rotation decreases outpul power.

In lieu of a calibrated RF power meter, the PWR test port voltage can be used to estimate the
output power. Figure 3-7 illustrates the voltage reading for various output power levels. The
tfactory test data sheel should be used to establish a more precise setting of this adjustment.

P After setfing the correct output power, place the cover cap
1= found in the installation accessory kit over the front pansi
receplacie.
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3.14 Additional Connections

There are additional customer connections which are optional and are not required to make the
Tsunami operational but may prove useful.

3.14.1 Orderwire Connection
Orderwire is a “telephone® type wayside service which allows users of the Tsunami radio to

establish voice commaunications from one radic to another, either directly to the companion far-
end, or through a repeater configuration, or several repeater configuraiions.

Telephone connection specifications:

REN (Ringer Equivalency Number) 10B
DTMF tones within +1.5% of nominal treq.
Ringing Voltage 48 VDC, typical

(Ringing voltage is adequate for modern solid state ringers,
NOT for the older mechanical type ringers}

This Orderwire service does not aflect the normai radio transmission of traffic. Refer to Section
2.3.5 for the telephone specifications. For simple near-end to far-end communications, follow the
steps below:

1. Using a standard RJ-11 telephone cable, connect a standard electronic telephone {a
touch tore phone, complete with dialer; a handset by itself will not work) to the Crderwire
connector on the Tsunami front panel. This connector is wired identically to a standard
two-wire telephone jack, see Figure 3-18 for details.

2. With a telephone connected to each Tsunami terminal on opposite ends of the link, either
telephone can be used to “dial-up” the far-end location. The far-end terminal’s internal
ringer and the connected telephone will ring, and if answered, two-way full-duplex voice
communication is estadiished.

Tsunami radios connected must have unique address setfings

@ if using the Orderwire or Network management functions, all
(telephone numbers).

»

If the Tsunami radios are connected in a repeater configuration, Orderwire services can be
established to all Tsunami terminals in the network by implementing a connection of their
rear-pane. connectcrs between repeater terminais. At the repeater site, a cable can be
connected 10 the two Tsunami terminals between their rear panel VF 8-pin connectors as
shown in Figure 3-8, With this cable in place, the Orderwire function will operate at terminals
at each end of the repeater and at the repeater site. This function can be continued through
several repeater sites if desired. For hub connections of 3 or more Tsunamy radios at the
same site, an external 4-wire bridge is required to connect all radios to the orderwire.

The orderwire system can be integrated with orderwire
I;’_fw%: equipment supported by many other vendors, If your existing
S orderwire network uses 2 oigit addressing, and 0 dBm VF
interface, it can be connected to a Tsunami as shown in Figure
3-8
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Dialing a * (star key) on the orderwire ielephone impiements an “alf call”
feature which rings alf connected radios. Also, if a phone anywhere in the
j;_\ég_ connected network has accidentally been left off-hook, the # (pound key)

key can be used lo mute alf off-hook handsets until they are placed on

and off hook again.

The orderwire operates like a ‘party line”. AN lelephones provide
communication to all other tefephones in the connecled network. Even if
a panicular telephone doss not ring, it can stilf be used to talk and fisten
o any ongoing orderwire activity if the orderwire is in use at cther

terminal locations.

TELEPHOME

1§ 3 4

Grou nc/!‘J‘.'

VF Port Connection

Figure 3-9: Orderwire & VF Port Connection
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3.14.2 Alarm Connections
External alarm outputs are provided at the 8-pin, D-type subminiature ALARM connector. There

are two Form C summary alarm relays capable of switching 30 VDC at 1 A. See Table 3-E and
Figure 3-8 for Alarm Connections.

The “summary’ alarm {(Form C relay} is activated by any near-end front panel LED alarm
condition, including if the internal test mode is enabled.

The “out-of-service summary” alarm (Form C relay) is activated by any of the following alatm
conditions:

< AF LINK

&  Radio Fail

g Iniernal Test
Le
Qut of Service
—NC L surmmary Alarm
ND Relay (Formn C}
RSL MON—- L~
Ground - "|
TX MON NG ‘_Summary Alarm

: Ralay (Form C)
NG

Figure 3-10: Pin Connections, ALARM Interface
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- i
PIN 1 ‘NO, SUMMARY ALARM, FORM C - normaily | PIN 4 NO, OUT OF SERVICE SUMMARY ALARM, |
open connection on summary alarm relay. FORM C - normally open connection on out-ol- ‘
| Closed when in alarm. service summary alarm relay. Closed whan in |
i ; alam. i
. PIN 6 T, SUMMARY ALARM, FORM C - common | PIN ¢ C, OUT OF SERVICE SUMMARY ALARM, |
| ‘connection on the summary alarm relay. FORM C - common connection for the out-of- .
| service summary alarm relay.
“PIN 2 NC, SUMMARY ALARM, FORM C - normally | PIN 5 NC, OUT OF SERVICE SUMMARY ALARM, i
closed connection on summary alarm relay. FORM C - normally ciosed connection on out-of-
service summary alamm relay. Open when in
aiarm.
PINT RSL output DG voltage referenced to pin 3 PIN B Tx Power output DT voltage referenced to pin 3
Table 3-D: Alarm Inferface Connecfions
All alarms are active for a minimum of one second, or as feng
I;‘,’FJ‘:? as the alarm condilion persists, which ever is longer.
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3.14.3 Configuration Port Operation

The “Config” Pert is used to retrieve diagnostic information and to configure additional features
within the Tsunami radios by means of 2 computer cornection via SERIAL interface. Also can be
used as an RS-232 port to download the latest revision radio cperation software.

The cenfig port allows connection of RS-232 devices to receive status of the Tsunami radio and
provide configuration.

For RS-232 diagnostics connection {(Section 4.11) to the Tsunami radio, connect the serial device
(modem, computer, terminal) to the male 9-pin subminiature connectar in accordance with Figure

3-10.
RS-232 Qutput ] Ground
RS-232 nput
Must Nof Be
Connected
(as viewed from rear panel)
Figure 3-11: R$-232 Config Porl Connections
@ Pins 6 through 9 must not be connected for RS-232
communications fo operate properiy.
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3.14.4 AUX DATA (Digital Service Channel) Connection

The AUX DATA pori is a separate wayside serial port which can be configured to allow the
connection of any user serial data {to 9800 paud) through the radio netwcrk. Connection to the
AUX DATA port is an RS-232 serial interface, identical to the config port {see Section 3.14.3).
This port does not affect the Ethernet traffic on the Tsunami radio.
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3.14.5 T1 (DSX-1) Interfoce Connection

The Tsunami radio also provides a wayside T1 connection. This connection allows for standard
DSX-1 connect of voice circuits without afiecting the Ethernet traftic. A standard RJ-48c connector
is proviged for this connection.

3.14.6 CEPI-1 (E1) interfaceConnection

The CEPT-1 interiace connection provides a balanced (120 ohm) wayside E1 connection.

- If an unbalanced 75 ohm connection (RJ45) is required, an
== optional balun will provide this interface. If you can not locate these
baiuns {balancediunbalanced) devices, please consult the factory.

Additional externaf lighining protection devices are recommended
for afl user connections if the radio is installed in an area prone 10
fightning.

3.14.7 NMS Interface Connection

The NMS connection provides ccnnection for the network management system. This allows an
HTML interface to the Tsunami radio for purposes of monitoring, configuration and security
settings. This connection is an RJ-45 style connection and complies to standard 10BaseT
interface. Typically, the installer or manager will connect to the NMS with a stand-alone computer
1o initially configure the radio prior to installation. If IP addresses and security are set properly, the
connection can also be used as an out-of-band connection for radio management. Alternativety, if
the 10BaseT is connected to a network, or combined with the 100BaseT traffic on the link, via an
external 10/100 switch, hub or router, full wireless NMS can be achieved for all radios in the
network.

The factory default IP address is set to 10.0.0.1. To reset the radio back to the factory default,
Hold down the far-end tesi button wnile powering up the radio. Release the switch after 6
seconds.

o More details on the NMS connection can be found in Section
’% 4 of this manual. In the future, this connection will aisc alfow
NMS via SNMP (Simple Network Management Protocol) in
additior o the HTML interface that is presently suppiied.
Consuit factory for details or assistance with NMS

connections, if required.
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4. Troubleshooting

4.1 Regular Maintenance

The Tsunami radios do not require any regular maintenance, however, it is prudent to menitor the
radio link at regular intervals to assure that the link conditions are not changing. When visiting a
radio site for maintenance, the foliowing items may be checked and their resuits recorded:

-
“t

RSL Voltage

)
o

PWR Voltage

«» Far-end RSL Voltage

s Alarm conditions

< Verify radio has adequate ventilation

< Verity security ID is set the same at each radio through NMS

}¥ any alarm conditions exist, they should be recorded, and troubleshooting procedures from this
Section of the manual should be followed.

SECTION 4: TROUBLESHOCUTING PAGE 4-1



