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SUMMARY 
At the January 2003 meeting of the Spectrum Subgroup, results of compatibility studies 
between Distance Measuring Equipment (DME) and the Universal Access Transceiver 
(UAT) were presented.  The conclusion of those studies was that no significant impact to 
DME operation is expected even when operated cochannel with UAT and with very high 
levels of future UAT/ADS-B equipage in high density European airspace.  This paper 
presents the results of similar follow-on work performed by Germany and further studies 
to consider approach/landing scenarios. 
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1.0 Background 
 
1.1 The UAT operating frequency of 978 MHz lies within the band used by 
DME/TACAN for the ground beacon reply channel.  Although both 978 and 979 MHz 
are part of DME/TACAN channel pairs noted in Annex 10 as for “emergency use only”, 
some operational DME/TACAN assignments currently exist on both frequencies in 
certain parts of the world.  Working Paper #2 to the January 2003 Langen meeting of the 
Spectrum Subgroup (SSG) presented the results of testing and analysis performed by the 
United States Federal Aviation Administration (FAA) to characterize the tolerance of 
DME interrogators1 to UAT transmissions.  That work emphasized UAT operation co-
channel with DME at 978 MHz since that represented the worst-case environment.  The 
conclusion of that testing on four models of DME equipment representative of the 
existing equipment population was that DME interrogators are very tolerant of the UAT 
signal even when operated co-channel with the UAT.  In fact, no significant impact to 
DME operation was expected even when operated co-channel with UAT with very high 
levels of future UAT/ADS-B equipage in high density European airspace.   
 
1.2   The SSG agreed that the information received to-date provided favorable results 
regarding UAT impact on DME operation. However, they noted that the German 
Deutsche Flugsicherung (DFS) was planning similar testing, to be completed by late 
March 2003, and as such final assessment could be made after the review of the DFS 
study results. 
 
2.0 DFS Studies 
 
2.1 Like the FAA work, the DFS studies concentrated on determining the effects of 
UAT on DME interrogators.  Five DMEs were considered2, and performance determined 
under two different test scenarios.  Again mirroring previous FAA tests, the objective 
was to conduct tests on DME units that were representative of the majority of the DMEs 
used in the different categories of aviation equipage.   
 
2.2 The two scenarios considered were: 

o Scenario 1:  UAT interference on DME reply channel under extreme conditions 
with each DME reply pulse pair completely overlapped with a UAT signal, and 

o Senario 2:  Random overlap of UAT signals and DME reply pulses, where the 
UAT environment was generated to match simulations of the Core Europe Traffic 
Scenario for the year 2015. 

For each scenario, tests were accomplished using similar interference criteria, and for 
DME co-channel and first-adjacent and second-adjacent channel to the UAT. 
 

                                                 
1 The influence of UAT signals on the DME interrogation channel (i.e., DME transponder receivers being 
the “victim”) is assumed to be negligible due to the large frequency displacement from UAT assured by the 
ICAO band plan for DME/TACAN.  
2 It should be noted that the 5 units selected for the DFS testing, 4 were different from those used by the 
FAA (DME 900 was common).   
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2.3 For Scenario 1, the interference criteria used for the testing were to determine the 
BSOP (Break Stable Operating Point) and the ASOP (Acquire Stable Operating Point).  
BSOP was determined by increasing the interference power level until the distance or 
velocity indication of the DME – when observed over a 2 minute period – changed 
permanently.  From that point, the interference was then decreased until it reached a level 
where the DME was able to re-acquire distance and velocity within 2 minutes.  The level 
of the interference at that point was termed ASOP.  These criteria were the same as those 
used for the FAA testing.  For Scenario 2, the interference criteria focused on the impact 
of UAT on the mean acquisition time of the DME when exposed to a given environment.  
In general the effect was considered acceptable if the mean acquisition time in the 
presence of UAT interference was within two standard deviations of the mean acquisition 
time without interference3. 
 
2.4 The conclusion of the DFS work was that though Scenario 2 would support co-
frequency DME/UAT, it may under-estimate the actual 2015 enroute interference 
environment.  As a result, the closest assignable DME interrogator receiver frequency 
relative to the UAT ADS-B frequency of 978 MHz should be the first adjacent DME 
channel4.  In the discussion of their results however, they also noted that the study 
considered only the enroute environment, and for completeness the approach/landing 
environment should also be considered. 
 
3.0  Approach/Landing Environment 
 
3.1  In order to consider an approach/landing environment, an interference scenario 
was constructed and modeled, and the resultant environment compared to the existing test 
data.  In particular, the scenario (ScenarioA/L) assumed: 

o Aircraft altitude 2000 feet 
o Ground Station (GBT) transmitting 4 ground uplink slots per second 
o GBT transmitting 100 TIS-B transmissions per second 
o 100 UAT-equipped aircraft and ground vehicles distributed on the airport surface 
o Core Europe 2015 UAT scenario 

The power distribution of the resultant UAT environment is shown in Figure 3.1. 
 
 3.2 The results of the previous DME testing can be used to evaluate this scenario.  For 
simplicity only first-adjacent (DME to UAT) operation will be considered.  Per the 
results of the enroute testing only low density UAT operations (e.g., during transition 
periods) might be accomplished co-frequency. 
 
3.3 First, both FAA and DFS testing has shown that for all the interrogators 
evaluated, there is a desired-to-undesired signal ratio (D/U) above which the DME 
simply ignores UAT signals (i.e., if the UAT signal is weaker than the DME signal minus 
the required D/U, the UAT signal has no impact on the DME).  The value of that D/U 

                                                 
3 In some cases the standard deviation was zero.  For those units, the interference was considered 
acceptable if it did not increase the mean acquisition time by more than 0.5 seconds. 
4 It should be noted that future co-frequency UAT /DME operations would not be possible anyway due to 
interference from DME into the UAT when operating in a high density core Europe 2015 scenario. 
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(termed D/Ureq) is a function of the DME “tolerance” of on-tune UAT signals (termed 
D/UOT) and its rejection capability of adjacent channel signals, and it varies across the 
DME units tested.  Table 3.1 catalogs the results of D/Ureq for the first adjacent DME 
channel for the DME units tested5.  From the Table, the worst case D/Ureq is -4 dB. 
 

-110 -100 -90 -80 -70 -60 -50
0

500

1000

1500

Signal Level (dBm)

C
um

ul
at

iv
e 

N
um

be
r 

of
 S

ig
na

ls
 P

er
 S

ec
on

d 
G

re
at

er
 th

an
 S

ig
na

l L
ev

el

 
Figure 3.1:  Distribution of Received UAT Signal Power for ScenarioA/L 

 
 

Table 3.1:  D/Ureq as a function of DME tested 
 

DME On-tune Tolerance 
(D/UOT) 

Off-tune Rejection D/Ureq 

King KD-7000 6 dB -10 dB -4 dB 
Narco DME 890 3 dB -14 dB -11 dB 
Honeywell KDM 
706A 

13 dB -20 dB -7 dB 

Rockwell Collins 
DME 9006 

3 dB -20 dB -17 dB 

Rockwell Collins 
DME 40 

7 dB -20 dB -13 dB 

                                                 
5 Only 2 interrogators were tested by DFS using Scenario 1 and as such can be directly associated with a 
D/Ureq 
6 Table entries represent the worst-case values as measured in either FAA or DFS testing. 
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3.4 In order to determine the acceptability of ScenarioA/L, the analysis approach  
examined the duty-cycle and relative power level of all DFS Scenario 2 and ScenarioA/L 

signals that exceed the “don’t care” D/U for that particular scenario (i.e., the undesired 
signal is strong enough that the D/U does not satisfy D/UOT for Scenario 2 or D/Ureq for 
ScenarioA/L).  Assuming in both cases a desired signal level of –83 dBm, Table 3.2 
provides the comparison. 
 

Table 3.2:  Signal Rates Relative to necessary D/U 
 

Relative powera,b in dB Number of UAT signals in 
Scenario 2 

Number of UAT signals in 
ScenarioA/L 

+26 … + 20 1 6 
+20 … +14 8 10 
+14 … +8 21 20 
+8 … + 2 43 43 
+2 … -4 116 133 

Total Signals 189 212 
a Relative to –83 dBm – 3 dB = -86 dBm for Scenario 2 
b Relative to –83 dBm + 4 dB = -79 dBm for ScenarioA/L 
 
 
3.5 It can be seen that the ScenarioA/L environment is slightly worse (approximately 
12% in total signals) than Scenario 2, however it is roughly equivalent in distribution.  
Given the Scenario 2 conclusion that co-frequency operation would be acceptable in such 
an environment, it is expected that the DME would also function properly in the 
ScenarioA/L environment.  As a final check on compatibility however, the total duty cycle 
of the UAT signals greater than D/Ureq is calculated.  If we assume that 4 of the 212 
signals are the ground uplinks, the total duty cycle is: 

(4 x 3882 µsec) + (208 x 400 µsec) ˜  .098 seconds 
 
Therefore, since the UAT and DME signals are both random and uncorrelated, if we 
conservatively make the assumption that each UAT that overlaps a DME results in a loss 
of that DME signal, the maximum loss of reply efficiency is on the order of 9%.  That 
would reduce the guaranteed reply efficiency from 70% (due to the DME beacon being 
busy servicing other interrogators) to about 60%.  Both FAA anf DFS testing has shown 
that DME performance showed little dependence on reply efficiency as long as it exceeds 
30%. 
 
4.0  Conclusions 
 
4.1 Both FAA and DFS testing support DME operation in a Core Europe 2015 UAT 
enroute environment when DMEs are operating at least first adjacent channel to the UAT. 
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4.2 Analysis of an example approach/landing scenario in Core Europe 2015 has 
shown that first adjacent channel DME operation is also compatible with that 
environment. 
 
4.3 Further study would be necessary to determine if co-frequency UAT/DME 
operation would be compatible in a lower density (e.g., transition scenario) UAT 
environment. 
 
 
5.0 Recommendations 
 
5.1 The working group is invited to note the above information and recommend that 
UAT/DME channel planning criteria to support future high-level UAT environments 
specify that the closest assignable DME interrogator receiver frequency relative to the 
UAT frequency of 978 MHz are the first adjacent DME channels. 
 
5.2 States desiring to operate DME and lower-density UAT co-frequency during a 
transition phase should perform further studies to determine if those operations are 
compatible. 


