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Recent L.M.C.C. Decisions Favorable to 6.25 kHz FDMA Licensing 
 

The LMCC held a meeting recently to address issues about licensing our 6.25 kHz FDMA technology: 
  

Exclusive Channels - Exclusive channels are about 20% of licenses. No one else is on them (uses FB8 
classification). The LMCC decided they can do anything they want (“exclusive”) including 2:1, 4:1 splits.  
 

 
 
 
Shared Channels – They agreed to split 12.5 kHz channels  2:1 (previously they would only split “exclusive 
channels”). This is new because previously they would only coordinate 6.25 kHz licenses on the center 
frequency of 12.5 kHz channels (no advantage). Now they will license on the 6.25 kHz “offset” frequencies 
within the 12.5 kHz channel. They agreed that no waiver was necessary under the current rules. 
 

 
 
Adjacent to exclusive channels - They protect the rights of exclusive channels (3,300) by preventing 
adjacent channel interference with a “buffer” between the new license and the exclusive license. New 6.25 
kHz channels are “dropped in” between existing 12.5 kHz exclusive channels. Now they will allow as close 
as 6.25 kHz from the center of the 12.5 kHz channel.   
 

Existing FB8 Exclusive Channel

New 6.25 kHz channel

6.25 kHz Removed  
  

This was a very good meeting as the LMCC is now moving aggressively to license 6.25 kHz channels in 
these 3 ways. 
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New Digital Land Mobile 6.25kHz Technology 
 
As existing spectrum becomes increasingly scarce, 
the demand for more options grows. The FCC 
essentially created additional spectrum by adding 
hundreds of new licenses with 6.25kHz bandwidth. 
To take advantage of this opportunity, Icom and 
Kenwood entered into a joint agreement to develop 
6.25kHz technology. This technology is a new digital 
communications protocol that provides quality voice 
and data, and is designed as a non-proprietary 
protocol. It accomplishes this by using 4LFSK (4-
Level Frequency Shift Keying) and FDMA 
(Frequency Division Multiple Access). 

History 
This technology was developed in response to an 
FCC revision of the rules concerning transmitters in 
the 150MHz to 174MHz and 421MHz to 512MHz 
range. To receive FCC certification after January 1st, 
2005, transmitters must have proved compliant as a 
multi-mode device. This requirement could be 
achieved by using 6.25kHz channel bandwidth. In 
addition to the FCC requirement, Europe and Japan 
are also moving toward 6.25kHz technologies. 
Because some in the industry believed that this 
requirement could not be met by 2005, the FCC 
suspended this requirement. 
 
Even with the FCC deferring narrowband conversion 
over a ten year period, Icom set out to meet the 
requirement without delay. This was impossible 
using analog technology, so it became necessary to 
develop a new digital protocol. Other methods were 
also considered, including ACSB and the proposed 
APCO Project 25 (P25) Phase II CQPSK. However, 
both required a more expensive linear amplifier in the 
transmitter and neither is compatible with existing 
analog FM hardware. 
 
Instead, 4LFSK modulation was selected using 
FDMA for transmission. This method has a number 
of advantages: 

• better communication range 
• simpler design 
• easy to maintain and service 
• lower cost for business and industry 

customers 
• compatible with existing FM radio 

hardware 

Icom’s first radio with this technology is the 
F3061/F4061. To enable backwards compatibility, 
the radio is both analog and digital and also works in 
25kHz and 12.5kHz channel bandwidths 
(conventional and LTR® trunked operation in analog 
mode). 
 

 
 
Backwards compatibility to analog only radios 
enables a planned migration path to “digital” with 
existing radios operating analog only and new radios 
operating analog and digital. 

How the Technology Works 
General specifications: 

 
• Access method: FDMA 
• Transmission rate: 4800 bps 
• Modulation: 4-level FSK 
• Vocoder: AMBE+2 
• Codec rate: 3600 (voice 2,450 + error 

correction 1,150 bps) 
 
Modulation with 4LFSK uses a symbol mapping 
scheme. When the radio receives a binary number, 
that number is mapped to a symbol, which is 
interpreted as a 1050Hz frequency deviation.  
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During demodulation, that deviation is detected, 
filtered and “unmapped” as a binary signal for 
transmission. 

 

 
 
 
Signal Quality  
 
The FDMA signal BER performance exceeds that of 
P25 phase 1 radios, which have already been accept 
by the LMR market. 

 
 
 
 
Audio Quality 
 
The 6.25kHz technology also offers superior audio 
quality compared to P25 audio. Test engineers using 
a Mean Opinion Sample (MOS) found the audio 
quality was uniformly better, ranging from clean 
conditions to 5% BER. Using the AMBE+2 Vocoder 
in the Icom IC-F3061 makes this possible. 
 

 
 

Range 
 
Audio quality over distance is also greatly improved 
with Icom’s 6.25kHz technology. Instead of the early 
degradation of audio that you see in an analog signal, 
the 6.25kHz digital audio quality remains higher over 
a comparable distance. 
 

 

Spectrum Considerations (VHF & UHF) 
 
While most users are operating on 25kHz channels, 
they will have to migrate to 12.5kHz bandwidth by 
2013. Narrowband migration is currently impeded by 
the lack of incentives for end users to invest in the 
technology. 
 

 
 
A channel is defined by the deviation either side of 
the center line frequency. Migrating from a 25kHz 
channel to a 12.5kHz channel on the same centerline 
frequency is a 1-for-1 move. There is no increase in 
the capacity to load radio users. 
 
There are 500 new 6.25kHz frequencies (VHF and 
UHF) available now. Most are unused because no 
6.25kHz radios were available. With Icom’s FDMA 
technology, frequency coordinators have total 
flexibility to either assign a 6.25kHz channel within 
an existing 25kHz or 12.5kHz channel or as a stand-
alone frequency some where else on the band.  
 

Most users on 25 kHz

Must move to 12.5kHz
By 2013

500 unused 6.25 kHz
channels, no radios
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Frequency coordinator will coordinate channels for 
minimum adjacent channel interference. Because the 
emission mask is tight, 6.25kHz channels can be used 
next to each other without causing interference. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The emission mask above is established by the FCC 
for 12.5kHz channels. The signal must operate within 
the mask.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
This is the emission mask for a 6.25kHz channel. The 
Icom FDMA signal clearly operates within the mask. 
Accordingly, the FCC certified the F3061/F4061 as 
the first ever 6.25kHz radio. 
 

UHF Considerations 
 
A number of frequency allocation options for 
6.25kHz are available in UHF. 
 
Note: the following options illustrate potential spectrum 
opportunities with 6.25kHz technology. Actual 
opportunities may vary by locale and other conditions. 

Please check with your frequency coordinator for 
opportunities available in your location.  
Obtain New 6.25kHz Frequencies 
 
This may be the best option for a new radio user in a 
location where no channels are available. Each 
6.25kHz frequency is unique. Existing 25kHz or 
12.5kHz channels do not have to be “split.” This 
gives the greatest flexibility to the frequency 
coordinator. 
 
 
  New   New 
                     
 
 

 

 

Expand an Existing System 
 
Spectrum holders can apply for some new additional 
6.25kHz channels and combine them with their 
current 25 or 12.5kHz channels. New frequencies 
could occupy the existing 25kHz or 12.5kHz 
bandwidth. Additional stand-alone 6.25kHz channels 
could also be used. 
 
Channel 1  Channel 2     Channel 3 
 

 

 

 

Split a 25kHz or 12.5kHz Channel 

Both 2-for-1 and 4-for-1 efficiencies may be realized 
by splitting existing channels. Using 6.25kHz 
channels offset from the center of a 25kHz channel, it 
is possible to fit four 6.25kHz channels into the 
25kHz bandwidth. To do this, a waiver from the FCC 
is required*. Using this scheme, the four frequencies 
are now offset 3.125kHz from the original 25kHz 
channel center frequency. 
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4-For-1 

 

 
 
 
With a 12.5kHz channel, you can create two offset 
6.25kHz channels. 
 

2-for-1 
 

 
 
 

 
 
*Note: No waiver needed if a 12.5kHz channel is 
exclusive (FB8), under [90.173(j)] 
 
 
Hedge Strategy 
 
If you start at the center frequency, you can license 5 
each 6.25kHz frequencies underlying a 25kHz 
channel. The 2 outer frequencies are out of the 25kHz 
channel width. This provides license holders with a 
“hedge” against losing that spectrum in 2013 when 
they will be forced to 12.5kHz. 
 

 
 
 

VHF Considerations 
 
 
 
 
 
 
 
 
 
 
 
 
 
VHF offers even more opportunities due to its 
original 30 kHz channel width plan. When the FCC 
moved to 25kHz and then 12.5kHz an overlap was 
created requiring geographical separation between 
two contiguous channels. For example, 3 contiguous 
could not be used at the same location.  
 
The VHF narrowband plan is 7.5kHz channels, which 
has eliminated the geographical separation 
requirement. Tests have proven the Icom 6.25kHz 
signal can be used within a 7.5kHz channel with no 
interference to the adjacent channel. 

Split a 25kHz or 12.5kHz Channel 
 
This is similar to the UHF application. With a 12.5 or 
25kHz channel, you can create two or four offset 
6.25kHz channels. This may require a waiver from 
the FCC. 

One 25kHz Channel to Three 6.25kHz Channels 
 
A single 25kHz channel can be converted to three 
6.25kHz channels, each operating within a 7.5kHz 
channel. 
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This would entail one channel on the original center 
frequency with the other two on the new 7.5kHz 
centerline frequencies. 
 

 
 
 
 

 
 

Three 25kHz Channels to Seven 6.25kHz 
Channels 
 
Using 3 overlapping 25kHz channels under Part 22, 
you can fit seven 6.25kHz channels using 7.5kHz 
bandwidths.  
 

 
 
 
 

 
 

 

 

Future Applications for 6.25 Technology 
 
The new digital land mobile technology can be a 
platform for future integration of IT/IP/VOIP 
technologies. To this end, Icom, Kenwood, and 
Trident Micro Systems have formed a strategic 
alliance to develop a new generation of digital 
networking systems. The goal of this alliance is to 
allow seamless migration from analog systems to 
new digital technologies. 

Multi-site IP Networks 

 

 
 
In this example, a gateway to the internet is attached 
to each repeater. This enables networks to be built 
using the internet as part of the infrastructure. 
 
 

Integrated PC and Radio 
 
 

 

Here, the PC is connected to the internet to 
communicate through the remote repeater. 

Press Release May 2006 
 
“(Las Vegas, NV – May 16, 2006)  
 
ICOM Incorporated, KENWOOD Corporation, and 
TRIDENT MICRO SYSTEMS announced today that 
they plan to form a strategic alliance to develop a 
new generation of digital networking systems. A 
strategic goal of this alliance will be to accommodate 
seamless migration from current analog systems to 
new digital technologies with boundary free 
expansion.” 
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Appendix A: Adjacent Channel Rejection Test Results 
 
The adjacent channel rejection was compared between an analog mode (12.5kHz) and digital mode (6.25kHz). The 
following tests were conducted TIA-102.CAAA-B* measurement methods. The analog measurement method used 
is TIA-603-B. 
   

*Transmission rate and modulation is different from TIA-102.CAAA-B 
 
VHF Adjacent Channel Rejection - 6.25kHz Channels 
 
The following charts show 6.25kHz adjacent channel rejection in digital mode operation*. This performance in 
digital operation exceeds the standard value of a Class B radio in analog operation at 12.5kHz. Icom intends to 
improve this performance further (compared to 12.5kHz analog mode) in the near future. This whitepaper will be 
revised to reflect any new data at that time. 
 

VHF Analog 12.5kHz vs. Digital 6.25kHz Adjacent Channel Rejection 
 

 
 
 
 

 
 

 
 
 
 
 
 
*Transmission rate and modulation is different from TIA-102.CAAA-B

MODE ANALOG Digital Digital ANALOG 
Δ Freq -12.5kHz -6.25kHz 6.25kHz 12.5kHz 

Digital Radio 55.8dB 43.0dB 42.9dB 58.1dB 
Measurement Method TIA-603-B TIA-102.CAAA-B TIA-603-B 

Class B (TIA-603-B) 40dB - - 40dB 
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VHF Adjacent Channel Rejection - 7.5kHz Channels 
 
The following charts show 7.5kHz adjacent channel rejection in digital mode operation*. This performance in 
digital mode is nearly equivalent to the performance in analog operation at 12.5kHz.  

 
 

VHF Analog 12.5kHz vs. Digital 7.5kHz  Adjacent Channel Rejection 
 

 
 
 
 

MODE ANALOG Digital Digital ANALOG 
Δ freq -12.5kHz -7.5kHz 7.5kHz 12.5kHz 

Digital Radio 55.8dB 61.5dB 59.0dB 58.1dB 
Measurement Method TIA-603-B TIA-102.CAAA-B TIA-603-B 
Class B (TIA-603-B) 40dB - - 40dB 

 
 
 
*Transmission rate and modulation is different from TIA-102.CAAA-B 
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UHF Adjacent Channel Rejection - 6.25kHz Channels  
 
The following charts show 6.25kHz adjacent channel rejection in digital mode operation*. This performance in 
digital operation exceeds the standard value of a Class B radio in analog operation at 12.5kHz. Icom intends to 
improve this performance further (compared to 12.5kHz analog mode) in the near future. This whitepaper will be 
revised to reflect any new data at that time. 
 
 
 

UHF Analog vs. Digital Adjacent Channel Rejection 
 

 
 
 
 
 
 

MODE ANALOG Digital Digital ANALOG 
Δ freq -12.5kHz -6.25kHz 6.25kHz 12.5kHz 

Digital Radio 59.9dB 51.6dB 45.9dB 53.4dB 
Measurement Method TIA-603-B TIA-102.CAAA-B TIA-603-B 
Class B (TIA-603-B) 40dB - - 40dB 

 
 
 
*Transmission rate and modulation is different from TIA-102.CAAA-B 
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Appendix B: Emission Masks 

a. 6.25kHz Emission Mask 
 

 

b. 12.5kHz Emission Mask 
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Appendix C: Minimize Potential Interference 
 
According to FCC CFR 90.403 (e), “Licensees shall take reasonable precautions to avoid causing harmful 
interference. This includes monitoring the transmitting frequency for communications in progress and such other 
measures as may be necessary to minimize the potential for causing interference.” 
 
The F3061/F4061 monitors both the operating and adjacent channels. It looks up and down 6.25kHz in UHF and 
7.5kHz in VHF and prevents transmission when another analog or digital signal is present. This “Busy Channel 
Lockout” feature in the original release version of the F3061/F4061 is the primary method of preventing 
interference in co-channel operation. 
 
Generally under most conditions, the busy channel lockout feature prevents the F3061/F4061 (when operating on a 
6.25kHz channel) from interfering with incumbents operating on a 6.25, 12.5 or 25kHz adjacent or on-frequency 
channel.  
  
Conversely, the F3061/F4061 when operating in the 12.5, 25kHz analog mode with busy channel lockout enabled 
will not interfere with an F3061/F4061 operating on a 6.25kHz channel on an adjacent or on-frequency channel. 
 
Please refer to the test result tables below for specific data. 
 
 
INITIAL PRODUCT RELEASE VERSION - ICOM INTENDS TO OBSERVE MARKET REACTION TO THIS 
METHOD AND EVALUATE ACTUAL OPERATION IN THE FIELD. ICOM WILL WORK WITH INDUSTRY 
ASSOCIATIONS, REGULATORS, AND FREQUENCY COORDINATORS TO FINE TUNE THIS 
OPERATION. ICOM MAY CHANGE THE DESIGN OF THIS PROTECTION CIRCUIT IN THE FUTURE, OR 
EMPLOY OTHER TECHNICAL METHODS TO PREVENT INTERFERENCE AND ACCOMPLISH THE 
MONITOR FUNCTION AS A RESULT OF THIS EVALUATION PROCESS. 
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Here is an illustrative example of the Busy Channel Lockout feature operation.  
 
 
VHF Test Results 

Freq Steps of Radio 
"A" in kHz
Sig Strength
No Modulation / Full 
Voice Modulation

Dead 
Carrier

Fully 
Modulated 
Carrier

Dead 
Carrier

Fully 
Modulated 
Carrier

Dead 
Carrier

Fully 
Modulated 
Carrier

Dead 
Carrier

Fully 
Modulated 
Carrier

Radio "B"  Bandwidth 

25 kHz AB AB AB AB --- --- A A
12.5 kHz AB AB AB AB --- --- A A
6.25 kHz AB AB AB AB --- --- AB AB

A = "A" radio "busys" out
B = "B" radio "busys" out
Weak Signal: 2 Radios 3 Meters apart without antenna, 1Watt
Strong Signal: 2 Radios 3 Meters apart with antenna, 1Watt
"B" Radio ALWAYS at 157.00000
"A" Radio Starts at 157.00000 moves to 157.007500
"A" Radio always in 6.25 mode

157.000000 (0 offset)

Strong SignalWeak Signal

157.007500 (7.5 offset)

Weak Signal Strong Signal

 
 
 
 
UHF Test Results 

Freq Steps of Radio 
"A" in kHz
Sig Strength
No Modulation / Full 
Voice Modulation

Dead 
Carrier

Fully 
Modulated 
Carrier

Dead 
Carrier

Fully 
Modulated 
Carrier

Dead 
Carrier

Fully 
Modulated 
Carrier

Dead 
Carrier

Fully 
Modulated 
Carrier

Radio "B"  Bandwidth 

25 kHz AB AB AB AB --- --- AB AB
12.5 kHz AB AB AB AB --- --- AB AB
6.25 kHz AB AB AB AB --- --- AB AB

A = "A" radio "busys" out
B = "B" radio "busys" out
Weak Signal: 2 Radios 3 Meters apart without antenna
Strong Signal: 2 Radios 3 Meters apart with antenna
"B" Radio ALWAYS at 460.00000
"A" Radio Starts at 460.00000 moves up to 460.00625 (6.25 kHz offset)
"A" Radio always in 6.25 mode
No interference when radio "A" is more than 12.5 kHz away from radio "B" under any conditions

460.00625 (6.25 offset)

Weak Signal Strong Signal

460.000000 (0 offset)

Strong SignalWeak Signal
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