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Pseudo CR 45.820 – N-GSM, Spectral Properties
1
Introduction

1.1
Background Information

A study on Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things was approved at GERAN#62 [1]. The N-GSM candidate solution as part of the GSM evolution was introduced in the TR [2] in [3].
1.2
Reason for change

As part of the defined compatibility objectives in [2] spectral properties should be investigated to evaluate potential system degradation.
1.3
Summary of change

Spectral properties of the N-GSM signal are included in the TR (in section 6.3.7.2 of TR 45.820). This is both evaluated in terms of approximated changes to the modulation spectrum and to the 3rd order TX intermodulation spectrum.  The content is an extract of the concept paper contributed in [4].
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6.3.7.2 Spectral Properties
This section investigates spectral properties due to the transmission of the N-GSM signal. It contains a relative comparison versus the GMSK reference due to changed modulation spectrum and TX intermodulation spectrum. 
6.3.7.2.1 Modulation Spectrum
This section depicts the modulation spectrum of the N-GSM signal using the precoding scheme depicted in Table 6.3.2.1-1. Figure 6.3.7.2-1 shows the estimated modulation spectrum for N-GSM compared against legacy GMSK, averaged over 1000 bursts per TSC and all TSC’s from TSC set 1, cyclically extended to 30 bits, being used. It is noted that this does not take into account the TSC set proposed for N-NB normal burst in table 6.3.2.4-1, the changes however are considered to be insignificant. 
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Figure 6.3.7.2-1: Comparison of modulation spectra, N-GSM (red) and GMSK reference (blue).
It is noted that this represents a simulated non-gated measurement over the complete burst including the TSC (averaging over all TSC’s was done) and normalized to the entire burst energy. It is observed that the narrowband symbol sequences can be identified in the frequency range around +/- 68 kHz from the centre frequency. In simulations, as shown in section 6.3.7.1, DARP receivers seem able to cancel also this type of interference, and even slightly better performance is achieved compared to GMSK for co-channel interference, whilst there is no change observed for adjacent channel interference, since the modulation spectrum has a similar spectral power distribution compared to GMSK.
6.3.7.2.2 TX Intermodulation Spectrum

This section treats impacts to the TX intermodulation spectrum for N-GSM using the precoding scheme depicted in Table 6.3.2.1-1. Figures 6.3.7.2-2 to 6.3.7.2-4 show the comparison of simulated TX intermodulation spectra for a 3rd order IM product

•
for the case that an N GSM carrier at Fc1 intermodulates with an N-GSM carrier at Fc2

•
compared against the reference case of intermodulation between two GMSK carriers with the same power as the N GSM carriers.

The intermodulation power spectrum density is averaged over 1000 bursts per TSC and all TSC’s from TSC set 1, cyclically extended to 30 bits, are used. It is noted that this does not take into account the TSC set proposed for N-NB normal burst in table 6.3.2.4-1, the changes however are considered to be insignificant.
The impact is considered for different applied measurement bandwidths (MBW): 

•
30 kHz, for IM products located at frequency offsets below 1.8 MHz (Figure 6.3.7.2-2)

•
100 kHz, for IM products located at frequency offsets between 1.8 MHz and 6 MHz (Figure 6.3.7.2-3)

•
300 kHz, for IM products located at frequency offsets above 6 MHz (Figure 6.3.7.2-4) 

measured from the outermost carrier as prescribed in TS 45.005. According to TS 45.005 the 3rd order TX intermodulation requirement is valid in the 600 kHz range around the carrier centre frequency for all frequency offset ranges (dashed grey window in figures).
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Figure 6.3.7.2-2: Comparison of 3rd order TX intermodulation spectra, N-GSM  (red) and GMSK reference (blue), MBW=30 kHz.
For this measurement bandwidth the maximum difference in measured IM power from the reference is about 7.5 dB at ± 200 kHz from the IM3 centre frequency. For the maximum IM power in the 600 kHz window around the centre frequency, for which the IM attenuation requirement is valid, an increase of 1.6 dB at ± 67 kHz versus the reference is observed. 
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Figure 6.3.7.2-3: Comparison of 3rd order TX intermodulation spectra, N-GSM  (red) and GMSK reference (blue), MBW=100 kHz.

For this measurement bandwidth the maximum difference in measured IM power from the reference is about 6 dB around ± 250 kHz from the IM3 centre frequency. The maximum IM power in the 600 kHz window around the centre frequency is however not increased.
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Figure 6.3.7.2-2: Comparison of 3rd order TX intermodulation spectra, N-GSM  (red) and GMSK reference (blue), MBW=300 kHz.

For this measurement bandwidth the maximum difference in measured IM power from the reference is about 6 dB around ± 340 kHz from the IM3 centre frequency. The maximum IM power in the 600 kHz window around the centre frequency is however decreased by 0.5 dB against the reference.

It is noted that the IM3 power for N-GSM falls below the GMSK reference in the outer range between 300 and 600 kHz from the IM centre frequency. Also the fact that intermodulation between an N-GSM and a legacy GSM carrier will be more typical than between two N-GSM carriers in the same Tx path will make the intermodulation spectrum more flat.

6.3.7.2.3 Summary 
The impact from the N-GSM signal in terms of changes to the modulation spectrum and to 3rd order intermodulation products versus the GMSK reference is considered to be small and is not expected to result in major issues in case of good PA linearity preserving the good spectral properties of GSM. This is confirmed by equally good co-channel interference performance and adjacent channel interference performance for a legacy GPRS user as evaluated in section 6.3.7.1.
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