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Investigation of 
Transmit Spectra for 

Motorola’s iDEN Radio System  

 

1 Introduction 
This report documents an investigation into the spectral characteristics of the signal-in-
space when using the Motorola iDEN air interface [1]. This air interface is, in many 
ways, similar to that being proposed as part of the TIA 902 BAAB standard [2]. Both are 
multicarrier systems using higher order modulation on each of the subcarriers. It is 
known that the iDEN radios can cause measurable interference into adjacent systems;  the 
object of this investigation is to characterize this interference, and compare it to that 
produced by a TIA 902 signal as described in [3].  

2 Assumptions 
The iDEN system has the following characteristics: 

•  25 kHz channel spacing 
•  four subcarriers per channel, with 4 kHz symbol rate and 4.5 kHz subcarrier 

spacing 
•  TDMA system with 6 timeslots per frame, each timeslot having a 15ms duration 
•  Each time slot includes overhead for transmitter turn-on, training and 

synchronization, and propagation delay 
•  Standard modulation of the subcarriers is with 16-QAM – although there is a rate 

adaptive mode that also permits the use of 64-QAM and QPSK modulation, 
usually for packet data applications 

The raw channel rate with 16-QAM modulation is 64 kbps, but after overhead and 
forward error correction coding are taken into consideration, the user throughput is 22 
kbps. 
 
As described in [3], with a perfectly linear transmitter, out-of-band emissions will be 
related to the rolloff of the pulse shaping filter in the frequency domain. With multicarrier 
transmission, this rolloff will be very steep since the bandwidth of the individual 
subcarriers is a small fraction of the total bandwidth. Consequently, out-of-band 
emissions will be only become an issue when transmitting through a nonlinearity, such as 
a power amplifier.   
 
The out-of-band emissions depend upon the characteristics of the nonlinearity and the 
peak-to-average ratio of the signal. For the reasons described in [3], we shall use the ideal 
limiting amplifier characteristic described therein.  
 
The following spectra were computed based on the assumption that each packet consisted 
of random data.  
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3 Simulated spectra 

3.1 16-QAM 
In Figure 3.1, we show the simulated spectra for a continuously transmitted stream of 
iDEN packets. The subcarrier modulation is the default 16-QAM. The results are shown 
for input backoffs of -4 dB, -6dB, and -8dB for an “ideal” limiting nonlinearity. Perfect 
linearity corresponds to a large input backoff (i.e., a large negative number). The 
conclusions drawn regarding the spectra shown in Fig. 3.1 are the following 

•  For an input backoff of -8dB, performance is very near to that expected from a 
linear amplifier. The only exception to this is the slight broadening of the spectra 
at lower power levels.  

•  For input backoffs of -6dB and -4dB, there is a steady increase of the spectral 
sidelobes as the backoff is decreased.  

Figure 3.1 is mainly for illustration purposes to show the spectral regrowth as the power 
amplifier becomes more nonlinear. 
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Figure 3.1. Simulated spectra for iDEN radio with 16-QAM 
modulation for various input backoffs. 

 
The FCC regulations in Title 47, Part 90 (47CFR, Part 90)1 specify the out-of-band 
requirements for 25 kHz radios operating in the 700 to 800 MHz bands in terms of the 

                                                 
1 This document also includes the recommended changes to Title 47, Part 90 made in [4]. 
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adjacent channel power (ACP). This is the integrated out-of-band power over a specified 
bandwidth. These requirements are repeated in Table 3.1. Consequently, it is not the 
power spectra of Figure 3.1 that are important from a regulatory viewpoint but rather it is 
the ACP values.   
 

Offset from Center 
Frequency (kHz) 

Measurement 
Bandwidth (kHz) 

Maximum ACP 
Relative (dBc) 

15.625 6.25 -40 
21.875 6.25 -60 
37.5 25 -65 
62.5 25 -65 
87.5 25 -65 
150 100 -65 
250 100 -65 

450 kHz to 12 MHz 30(s) -75 
12 MHz to paired 

receive band 
30(s) -75 

In receive band 30(s) -100 

Table 3.1. From 47CFR, §90.543, the mobile transmitter ACP 
requirements for transmitters designed to operate in 764–776 MHz 
and 794–806 MHz bands. 

  
 
In Table 3.2, we have summarized the ACP values corresponding to the spectra shown 
for Fig. 3.1 and compared them with the limits of Table 3.1 for compliance. The 
conclusions drawn regarding the ACP are the following: 

•  The ACP can be quite severe in the middle of the next adjacent channels, i.e., 
25 kHz offset, if the input backoff is only 4 dB or even 6 dB. 

•  At all of the backoff levels, there is difficulty meeting the FCC requirements.  
 
 

Offset from 
Centre Frequency 

(kHz) 

ACP (dBc) 
4 dB Backoff 

ACP (dBc) 
6 dB Backoff 

ACP (dBc) 
8 dB Backoff 

§90.543 
ACP Limit 

(dBc) 
15.625 -32 -42 -56 -40 
21.875 -36 -45 -60 -60 
37.5 -40 -47 -60 -65 
62.5 -51 -57 -63 -65 
87.5 -57 -65 -78 -65 
150 -60 -66 -80 -65 

Table 3.2 ACP measurements for 16-QAM for various input 
backoffs. 

 
In general, this behavior is very similar to that observed for the signal-in-space of TIA-
902 as described in [3]. The combination of a multicarrier format and high-order 
modulation produces an amplitude distribution that is almost Gaussian in nature. This 
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Gaussian quality implies a high peak-to-average ratio and consequently, if the amplifier 
backoff is not large, there will be distortion of the transmitted signal. This distortion 
causes a spectral re-growth of the sidelobes. On a relative frequency basis, the spectral 
regrowth with TIA 902 is worse than that with iDEN. That is, more subcarriers and high-
order modulation imply a greater peak-to-average ratio. 

3.2 64-QAM and QPSK 
In Figures 3.2 and 3.3, we show the simulated spectra for the optional 64-QAM and 
QPSK modulation of the iDEN system under the same conditions as the previous section. 
In Fig. 3.3, with QPSK and -8 dB input backoff, we obtain almost linear behaviour with 
no spectral regrowth. With the multicarrier 64-QAM format there is a higher peak-to-
average ratio for the transmitted signal. As a consequence, for the same input backoff, 
there are higher out-of-band transmissions in Fig. 3.2. Other than this increase, the 
performance is qualitatively similar to that observed in the QPSK case.  
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Figure 3.2. Simulated spectra for iDEN radio with 64-QAM 
modulation for various input backoffs. 
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Figure 3.3. Simulated spectra for iDEN radio with QPSK 
modulation for various input backoffs. 

 
In Tables 3.3 and 3.4, the ACP values for these 64-QAM and QPSK modulation are 
compared to the requirements of 47CFR §90.543. With 64-QAM, the ACP values are 
very similar to those observed with 16-QAM, indicating the effects of modulation order 
on spectra are reaching a limit at 16-QAM and above. With QPSK, the spectra is 
somewhat improved under the same conditions.  
 

Offset from 
Centre Frequency 

(kHz) 

ACP (dBc) 
4 dB Backoff 

ACP (dBc) 
6 dB Backoff 

ACP (dBc) 
8 dB Backoff 

§90.543 
ACP Limit 

(dBc) 
15.625 -32 -42 -57 -40 
21.875 -36 -45 -60 -60 
37.5 -41 -47 -60 -60 
62.5 -51 -58 -63 -65 
87.5 -58 -65 -78 -65 
150 -60 -66 -80 -65 

Table 3.3 ACCP measurements for 64-QAM for various input 
backoffs. 
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Offset from 
Centre Frequency 

(kHz) 

ACP (dBc) 
4 dB Backoff 

ACP (dBc) 
6 dB Backoff 

ACP (dBc) 
8 dB Backoff 

§90.543 
ACP Limit 

(dBc) 
15.625 -33 -47 -60 -40 
21.875 -37 -50 -68 -60 
37.5 -41 -51 -70 -60 
62.5 -52 -60 -73 -65 
87.5 -58 -68 -102 -65 
150 -61 -68 -80 -65 

Table 3.4 ACCP measurements for QPSK for various input 
backoffs. 

4 Conclusion 
Comparing the iDEN radio transmit characteristics with the proposed TIA 902 Standard, 
there are a number of similarities although they have different bandwidths. Both are 
multicarrier systems that use higher order modulation schemes. As a consequence they 
both have large peak-to-average ratios and the transmit spectra are quite sensitive to 
nonlinearities. Both systems would need very linear amplifiers (large input backoffs) to 
meet the FCC ACCP requirements. This implies a radio with low energy efficiency and a 
considerable amount of heat that must be dissipated. On the basis of a relative frequency 
comparison, the signal-in-space for the TIA 902 standard will cause more adjacent 
channel interference than the iDEN system.  
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