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DMR$Overview$

Background$
•  ETSI%(European)%standard%for%Digital%Mobile%Radio%

:%Open%Standard%
:%Ra<fied%in%2005%

•  Three%(3)%Tiers,%I,%II,%III%
%B$Tier%I%%Unlicensed$
$B$Tier$II$ConvenDonal,$direct$or$repeater,$nonBtrunked$
%:%Tier%III%Trunked%



DMR$Overview$

Background$
•  Not%USA%public%safety%grade,%but%u<lity%grade%solu<on%

•  Widespread%acceptance%interna<onally%and%in%the%USA%

•  Very%large%market%presence%by%Motorola%(MotoTRBO™)%

•  Very%popular%in%Europe%

•  Radio%and%repeater%pricing%much%closer%to%amateur%product%levels%
:%subscriber%units%%$400%:%$800%
:%Repeaters%$1,500%:%$2,000%

•  Recent%market%entry%by%Chinese%manufacturers%
:%sub%$200%portable%units%available%

•  Adopted%interna<onally%for%amateur%radio%use%

•  Analog%&%Digital%Opera<on%



DMR$Overview$

Call$Types$and$Features$
•  Group%Call%

•  Individual%Call%(ack%and%unack)%

•  All%Call%(one%way%to%all%users%of%TS)%
•  Broadcast%Call%(one%way%to%pedefined%users%of%TS)%

•  Priority%and%Emergency%Call%

•  Polite/Impolite%Channel%Access%

•  IP%over%%DMR%

•  Short%Data%Messaging%(Status,%SMS,%defined)%

•  Radio%Check%

•  Loca<on%%
%



DMR$Overview$

What$does$a$DMR$user$radio$look$like?$
•  Three%Tiers,%similar%to%P25%and%professional%grade%radios%

%Tier%I%–%no%keypad%or%display%(monochrome%or%color%display)%
%Tier%II%–%limited%keypad,%display%
%Tier%III%–%full%keypad,%display%
%Cellular%Style%

•  Part%90%Type%Acceptance%(Freq.%Stability,%Adj.%Chan.%Selec<vity)%

•  VHF,%UHF%L,%UHF%H,%800%&%900%



DMR$Overview$

What$does$a$DMR$repeater$look$like$?$
•  1st%&%2nd%genera<on%Motorola%repeaters%effec<vely%2x%mobiles%+%control%logic%

•  Low%infrastructure%cost%

•  1%racked%repeater,%2%voice%channels%



DMR$Overview$

What$does$a$DMR$repeater$look$like$?$
•  Some%other%examples%



DMR$Tech$Overview$

Technical$Background$
•  12.5%kHz%BW%(narrowband)%

•  C4FM%(“4FSK”)%Modula<on%
:%same%as%P25,%NXDN,%and%Yaesu%Fusion%

•  State:of:the%Art%Forward%Error%Correc<on%(FEC)%

25 kHz analog 12.5 kHz analog 
12.5 kHz digital 

Better Spectral efficiency = More Users 



DMR$Tech$Overview$

Technical$Background$
•  State:of:the%Art%Forward%Error%Correc<on%(FEC)%

•  DVSI%AMBE++%VOCODER%(adopted,%not%specified)%
:%synthe<c,%modeled%speech%
:%very%low%bit%rate%2450%bps%voice%+%1150%FEC%=%3600%bps%
:%very%high%voice%quality%
:%robust%against%strong%background%noise%
:%proven%technology%MBE%family%adopted%by%TIA%for%APCO%P25%

Performance recovered through 
Error Correction 

-119 dBm @ 5% BER 

The “Digital Cliff" 



DMR$Tech$Overview$

Technical$Background$
•  2:slot%TDMA%for%6.25%kHz%equivalence%%

•  30%ms%slot,%50%%duty%cycle%

•  216%bit%payload%(2x%108%bits)%

•  2.5%ms%guard%<me%needed%
%:%Tx%ramp%<me%
%:%propaga<on%delay%



DMR$Tech$Overview$

Radio$Performance$
•  DMR%Radios%must%have%high%performance%characteris<cs%in%severalareas:%

:%transmioed%power%transients%
:%power%ramp%<me,%<me%for%carrier%to%“rise”%and%stabilize%
:%clock%stability%and%drip%
:%frequency%stability%

dBp$
•  Power%rela<ve%to%the%average%power%

transmioed%over%a%burst%in%decibel/%





Time$in$TDMA$

Some$quirks$about$Dme$in$TDMA$
•  Data%(frame)%synchroniza<on%is%important%in%DMR%

%:%repeater%generates%<ming,%all%mobiles%sync%to%it%
%:%simplex%mode,%source%Tx%becomes%synch%master%

•  Power%ramp%<me,%<me%for%carrier%to%“rise”%and%stabilize%
%:%2.5%msec.%guard%<me%used%to%manage%this%

•  Clock%stability%and%drip%

•  Distance%and%propaga<on%delay%
%
:%1%msec%“slop”%built%in%to%compensate%for%disparate%radio%distances%
:%different%radios%with%different%clock%drips%
:%equates%to%about%a%75%km%range%before%the%1%msec%“slop”%is%exceede%
%%=%about%45%miles%
%



DMR$Basics$
•  Radios%programmed%similar%to%analog%
•  Each%radio%has%a%unique%ID%that%is%registered%before%accessing%the%networks%
•  Info%on%repeater%characteris<cs%needed%before%a%DMR%call%can%be%made%–%in%either%

networked%or%stand:alone%opera<on%
:%Color%Code%
:%Time%Slot%assignment%(1%or%2)%
:%ID%of%called%Group/Individual%

DMR$Basics$



DMR$Benefits$

Digital$vs.$Analog$
•  Worldwide digital standard 
•  Over 6 manufacturers of DMR radios 
•  Superior voice quality over older digital modes 
•  Longer battery life via TDMA 50% Tx / 50% Rx mode 
•  Supports multiple talk groups on one channel 
•  Supports data applications and simultaneous voice & data 
•  Commercial specs give rugged performance in urban RF environments 

“TDMA radios indicate 19%~34% less required battery capacity than FDMA per hour, 
and “40% improvement in talk time over analog radios“  http://dmrassociation.org 

TDMA/DMR  FDMA 



DMR$Networking$

Topology$
•  Motorola%implements%various%levels%of%site%networking%

:%conven<onal,%with%auto%roaming%
:%trunked%

•  All%are%based%on%two%important%aspects%of%the%MotoTRBO™%protocol%
%%:%IP%linking%of%repeater%sites%
%%:%Beaconing%capability%for%radios%to%scan%and%acquire%new%sites%

•  IP%addressable%radios%



DMR$Networking$

Amateur$DMR$networking$
•  DMR%intersite%linking/networking%protocol%not&defined&by&ETSI&
•  MotoTRBO™%has%a%a%proprietary%networking%scheme%IP%SiteConnect™%

•  Limited%to%15%sites%and%100%users%
%

By$the$use$of$a$special$router,$the$original$IP$SiteConnect™$limitaDons$are$
relieved.$
•  Distributed%by%Rayfield%Communica<ons%

•  “C:Bridge”%



DMR$Networks$

Two$major$wide$area$DMR$based$Amateur$Networks$
•  DCI%(has%a%bridge%to%MARC)%

•  MARC%(has%a%bridge%to%DCI)%
%

Other$internaDonal,$regional$or$“private”$networks$



Local$DMR$Repeaters$



DMR$Feedback$

Wealth$of$InformaDon$for$Starters$
•  MARC$and$DCI$Websites$loaded$with$info$

:%DMR%technology%
:%Network%Topology%
:%Opera<ng%protocol%
:%How%to%get%started%
:%Even%radio%programming%“bootstrap”%starter%files%

•  Incredibly$Professional$and$Knowledgeable$People$
:%Many%DMR%users%are%“in%the%LMR%industry”%
:%Motorola%employees%(current%&%re<red)%
:%LMR%shop%technicians%
:%Most%embrace%new%technology%
:%Some%transi<oning%from%or%adding%to%D:Star%opera<on%

Websites:$
www.dmrBmarc.net$
www.trbo.org$
$
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