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Outer Banks Repeater Association


Technical Note
Digital Mobile Radio (DMR): System Concepts, TDMA,
BrandMeister Connectivity, Code Plug Programming,
and EMCOMM Implications

Purpose: Introduce DMR in practical operational terms with emphasis on understanding how DMR works, how Code Plugs are structured and programmed, and how DMR infrastructure dependencies impact public-service and emergency communications.
1. What DMR Is
Digital Mobile Radio (DMR) is a digital voice and data communications standard used by Amateur, Commercial, Industrial, and Public-Service radio systems. 
Unlike analog FM, DMR converts voice audio into digital data using a vocoder, then transmits both voice and addressing information together.
Each DMR transmission carries:
• Digitized voice
• Radio ID
• Talk Group ID
• Color Code
• Time Slot
• Control and synchronization information
DMR therefore behaves more like a computer network operating over RF than a traditional analog repeater system. 
The repeater or hotspot does not simply repeat audio — it reads addressing information and routes traffic to the intended users or talk groups.

2. How A DMR Transmission Works
When the operator presses the Push-To-Talk button, the radio performs several operations:
Audio from the microphone is converted into digital data.
The radio inserts addressing information including:
Radio ID
Talk Group
Time Slot Color Code
The radio transmits short TDMA bursts during its assigned time slot.
The repeater or hotspot receives the data stream.
BrandMeister or another DMR network determines where the traffic should be routed.
This process explains why DMR requires more configuration than analog FM. 
Every transmission contains both voice and routing instructions.
3. Core DMR Access Settings
· Frequency
The RF channel or repeater pair used by the radio. Wrong frequency means the radio is attempting to access the wrong repeater or hotspot.
· Color Code
A DMR access code similar in concept to an analog PL tone. The repeater and radio must match.
· Time Slot
One of two TDMA paths inside a single 12.5 kHz RF channel. Selecting the wrong slot is equivalent to talking in the wrong virtual lane.
· Talk Group
The logical destination for the transmission. Frequency gets you to the building; Talk Group gets you to the room.
· Radio ID
The unique DMR identifier assigned to the operator. This identifies the transmitting station to networks and receiving radios.
· 
4. TDMA And Efficient Spectrum Use
DMR Tier II uses two-slot Time Division Multiple Access (TDMA). 
Instead of one continuous transmission occupying an entire channel, DMR alternates very short transmission bursts between two users.

The result:
One 12.5 kHz channel supports two simultaneous conversations.
Time Slot 1 and Time Slot 2 share the same RF frequency.
The repeater provides timing synchronization.
This improves spectrum efficiency and increases repeater capacity without requiring additional RF channels.
5. Understanding The Code Plug
A Code Plug is the radio’s operational database, configuration file.
It defines every setting, contact, channel, zone, scan list, and behavior used by the radio.
Think of the Code Plug as:
• Part channel plan
• Part routing table
• Part system configuration database
Major Code Plug Objects:
Radio ID
Identifies the operator.
Digital Contact
Defines the Talk Group or private contact.
Channel
Defines a complete operating environment including:
• Frequency
• Color Code
• Time Slot
• Talk Group
• Power level
• Admit criteria
• Receive Group
• Scan behavior
Zone
A collection of channels grouped for operational convenience.
Receive Group (RX Group)
Defines which Talk Groups may be heard on a channel.
Scan List
Defines which channels the radio scans.
Roaming List
Defines repeater sites used for automatic roaming between systems.
A DMR channel is therefore much more than a frequency. 
It is a complete operating definition.
6. Anatomy Of A DMR Channel

Example OBRA DMR Channel Configuration
RX Frequency: 444.950 MHz
TX Frequency: 449.950 MHz
Color Code: 1
Time Slot: 2
Talk Group: 31377 OBRA
Power Level: High
Admit Criteria: Color Code Free
RX Group: OBRA Local
Scan List: OBRA Scan
Operational Consequences:
• Wrong Frequency:
  Radio cannot reach the intended repeater.
• Wrong Color Code:
  Repeater ignores transmission.
• Wrong Time Slot:
  Transmission occurs on wrong TDMA lane.
• Wrong Talk Group:
  Traffic routed to unintended users.
• Incorrect RX Group:
  User may transmit successfully but hear nothing.
• Incorrect Admit Criteria:
  User may transmit over active traffic or experience blocked access.
7. Repeaters, Hotspots, and BrandMeister
A DMR repeater is a shared RF infrastructure device operating at a fixed site. 
The repeater receives traffic on its input frequency and retransmits on its output frequency while simultaneously forwarding traffic to BrandMeister or another DMR network.
A hotspot is different:
• Usually simplex RF
• Very short range
• Uses home internet connectivity
• Often simulates both Time Slots virtually
Hotspots are not repeaters. 
They create personal RF access into a DMR network.
This explains why:
• Some Talk Groups may work on hotspots but not repeaters.
• Repeater administrators restrict certain Talk Groups.
• Time Slot assignments differ between repeaters and hotspots.
8. Static vs Dynamic Talk Groups
Static Talk Groups are permanently carried by the repeater.
Dynamic Talk Groups are temporarily activated when a user keys up the Talk Group. 
The network routes traffic only for a limited timeout period.
Operational implications:
• Dynamic TGs may appear to stop working after inactivity.
• Repeaters often restrict dynamic Talk Group usage.
• Wide-area Talk Groups can consume significant network bandwidth.
9. RX Groups, Zones, and Scan Lists
One of the most misunderstood DMR concepts is the difference between transmit and receive behavior.
Talk Group:
Defines where your transmission is sent.
RX Group:
Defines what traffic your radio will unmute and allow you to hear.
Zone:
A collection of channels grouped operationally.
Scan List:
Defines which channels are scanned.
A radio may successfully transmit but still hear nothing if:
• RX Group is incorrect
• Digital monitor disabled
• Wrong channel selected
• Wrong Time Slot configured
10. DMR Troubleshooting Logic
Step 1 — Verify RF Access
• Correct frequency?
• Repeater reachable?
• Hotspot responding?
Step 2 — Verify Basic DMR Parameters
• Color Code correct?
• Time Slot correct?
• Talk Group correct?
• Radio ID valid?
Step 3 — Verify Network Connectivity
• Repeater internet operational?
• Hotspot connected to BrandMeister?
• BrandMeister server reachable?
Step 4 — Verify Routing
• Static or Dynamic Talk Group?
• TG timeout expired?
• Correct slot assigned?
Step 5 — Verify Audio And Receive Settings
• RX Group correct?
• Volume adequate?
• Digital monitor enabled?
• Private Call accidentally selected?
11. EMCOMM Implications
Networked DMR is extremely powerful but depends upon:

• RF infrastructure
• Site power
• Internet backhaul
• Routers and switches
• BrandMeister master servers
• Remote repeaters and hotspots
DMR should therefore be treated as one layer within a PACE communications plan.
If internet connectivity fails:
• Local repeater RF may still function
• Wide-area Talk Groups may fail
• Hotspots may lose all network connectivity
Recommended fallback methods include:
• Analog FM repeaters
• Simplex
• Winlink
• HF Voice
• Runner or phone paths
12. Operator Checklist
• Confirm Frequency, Color Code, Time Slot, and Talk Group.
• Know whether the channel is for repeater or hotspot operation.
• Listen before transmitting.
• Pause between overs on networked Talk Groups.
• Keep transmissions concise and operationally relevant.
• Always know the fallback communications path.
• Verify PACE communications plan before events begin.

Appendix A – DMR Quick Reference Cheat Sheet
Frequency = Gets you to the repeater
Color Code = System access code (like PL tone)
Time Slot = Virtual traffic lane
Talk Group = Who you are talking to
Radio ID = Who you are
RX Group = What you hear
Zone = Group of channels
Scan List = Channels scanned
Hotspot = Personal internet gateway to BrandMeister
Repeater = Shared RF infrastructure
Static TG = Always connected
Dynamic TG = Temporary connection
Typical DMR Programming Sequence
· Obtain DMR Radio ID
· Create Digital Contacts (Talk Groups)
· Create RX Groups
· Create Repeater or Hotspot Channels
· Assign Time Slots and Color Codes
· Create Zones
· Assign Scan Lists
· Write Code Plug to Radio
· Test Local RF Access
· Test BrandMeister Connectivity
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DMR AT A GLANCE

If any one of these does not match, communications will fail.

1. FREQUENCY - Which Repeater?

iy

The actual RF frequency
your radio uses.

Example:

RX: 444.500 MHz
TX: 449.500 MHz

Like analog:
one frequency in,
one frequency out.

2. COLOR CODE - The Digital PL Tone

Prevents your radio from

accessing the wrong repeater.

Range: CCO - CC15

Most HAM repeaters use: CC1

Think: Frequency = building
Color Code = security door code

3. TIME SLOTS - Two Conversations
on One Frequency

DMR uses TDMA (Time

|
TS1 g Ts2 Division Multiple Access).
| | | One frequency is split . @  Bxemples:
into two time slots. . ) TGI1  Worldwide
| TG93  North America
— W " P TG3100  USA Nationwide
I i 0 TG3137  North Carolina
TG31377 OBRA

[ Think: Time Siot = lane on the highway | ‘

4. TALK GROUPS - virtual Channels

A talk group (TG) is a virtual
“meeting room” on the network.

Think: Talk Group = meeting room

THE DMR ANALOGY - ;hink of DM; Like an Office Building

THE CODE PLUG (RADIO CONFIGURATION)

3. ZONES

The code plug is the radio's database of all settings. | Folders that organize channels. |
Frequency Color Code Time Slot Talk Group Vaystee b s Mg [P o |
= Building = Security Code = Floor = Meeting Room nobody hears you. @ RedoD 1. DIGITAL CONTACTS 2. CHANNELS |+ Outer Banks Repeaters
- & (TALK GROUPS) A channel combines all operating parameters. * North Carolina DMR
Digital Contacts (Talk Groups) T = .
» B o > Sl - e o] e || T | e
RX Group Lists = T r
8% .‘ o ) comp el =t — M: | 4.RX GROUP LISTS
o n Y Y B chonneis North America 93 | Group Call 4 - | Defines which talk groups your radio
B zones USANatiomwide | 3100 | Group Call iColor Code (€ 1 will listen for. Without proper RX groups,
Choose the Enter the correct Go to the correct Enter the correct . North Carolina | 3137 | Group Call Time S0t 75) L 1 you may ranemit but hear nothing;
right building. door code. floor (TS1 or TS2). meeting room (TG). No communication. Bl Sean Lists o 150 ~ Tolk Group (TG) a7 =
: Admit Criteria Color Code
@ Button Settings = 577 = — 5. SCAN LISTS
— Controls how the radio scans channels.
These are the “meeting rooms.” This is the MOST important section. Similar to analog scanning.
HOTSPOTS vs REPEATERS WHY YOU MAY HEAR RANDOM TRAFFIC COMMON REASONS FOR NO AUDIO ONE FINAL EXAMPLE
(( ,) ON HOTSPOTS BUT NOT ON REPEATERS Wrong Time Siot
(9)  repeaTER y HOTSPOT @ Tmesns Parameter Ecampl Vaue
* Shared infrastructure « Personal device ON A HOTSPOT ON A REPEATER or hotspot uses TS2. Frequency 444.500 MHz
+ Fixed TG rules « User controlled Talk Group Not Carried Color Code (CC) 1
Hotspots only pass talk
« Wide RF coverage + Very short RF range m:::: :‘""i:;;‘ o [Rivesters Sce mansosd by srcee. ® The repeater/hotspot does not Time Slot (TS) 3
o {igad by ghop +[Manepedbyyou allow or carry that TG. A 05 =
+ Carefully controlled 4]+ Connects to network (3) Dymamic TG Timeout L
76 routing ) over the intemet - (\ = ((( ))) e { “This means:
I BM : BM \: > G - [
INTERNET — \nd NM> - > N RX Group Mise = ‘Connect me to North Carolina Talk Group 3137
> Brandmeister ) ))) ® B N s e using repeater 444.500 on digital lane TS1
Network to that TG L using access code CC1. J
(7) BrandMeister Routing Differences
TYPICAL HOTSPOT SETTINGS STATIC vs DYNAMIC TALK GROUPS 1 no one has activated a talk group,  Sysop decides which talk Hotspot connects directly to BrandMeister.
g e e et Repeaters may use different networks (cBridge, QUICK SUMMARY - The 4 Keys
/DMRID&Callsign v/ Color Code fusualy 1) STATIC TG DYNAMIC TG L] = ¥» :;“‘ ;" IPSC, private routing) and may block certain TGs.
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v Frequency (simplex) (always connected) O

DMR is powerful, efficient and flexible—when all 4 keys match and the network rules are understood.

10-15 minutes of insctivity.

O

BrandMeister links it to your hotspot
until it times out.

1. Frequency 2. Color Code 3. Time Slot
4.Talk Group  5.RX Group 6. Network Policy
7.7G is Active/Static
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Frequency Color Code Time Slot Talk Group  Successful

(Which  (Door code)  (Lane) (Conversation) Communication
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