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1 Introduction

During the RAN4 NR ad-hoc, there was some brief discussion about the uplink signal type for NR. Two types of uplink waveform are defined; DFT-S-OFDM and CP-OFDM. The core requirement for blocking, narrowband blocking, Adjacent Channel Selectivity and RX IM all specify interfering signals including power levels and frequency offsets, but do not state the signal waveform. Without capturing a signal waveform, the requirement is incomplete.
In addition, the feasibility of generating OTA test signals is considered, for which the waveform selection may have an impact.

2 Differences between the uplink waveform types
Figure 1 indicates the waveform generation processes for DFT-S-OFDM and CP-OFDM.
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Figure 1: Modulation process for OFDM (left), DFT-S-OFDM (right)
CP-OFDM carries out an FFT on the data symbols to be transmitted in order to generate a time domain waveform. DFT-S-OFDM transmits the signals in the time domain. Symbols are transferred to the frequency domain by means of a DFT, and then to the time domain by means of an inverse FFT. The processing via the frequency domain enables multiple DFT-S-OFDM signals to be transmitted with frequency domain orthogonality.

For the CP-OFDM waveform, the data symbols are in effect phase shifted and added in the time domain, leading to a high Peak to Average ratio for the signal. Due to the fact that symbols are generated in the time domain for DFT-S-OFDM, the data symbols do not add. Thus, if low order modulation is applied the PAPR of the transmitted signal is much lower than for CP-OFDM. Transmission of a low PAPR signal allows for the PA to be operated with a higher mean power whilst still remaining in it’s linear domain of operation, and thus enables a higher uplink power. Thus, it is envisaged that DFT-S-OFDM will be applied when the UE is at the edge of coverage and is power limited.
A second implication of DFT-S-OFDM is that the number of data symbols in the waveform must be such that the size of the associated FFT enables efficient implementation of the DFT. This restriction implies that a finite set of data sizes, and hence a finite set of useful spectrum allocation sizes is feasible. In some cases, the spectrum utilization agreements imply an inefficient data size for DFT-S-OFDM. To avoid inefficient encoding, the spectrum utilization for DFT-S-OFDM is reduced slightly in such cases such that the data size allows reasonable implementation. The reduction in spectrum utilization does not impact link efficiency, since in general when the UE is operating in a power limited condition the SINR is low and the link is SINR/power, and not bandwidth limited. Although the spectrum utilization of DFT-S-OFDM may be lower than CP-OFDM, it is still possible to place interferers as close to the next carrier as is the case with CP-OFDM; the locations of the unused PRBs can be shifted to the opposite end of the carrier.

Observation 1: The differences between the waveforms are spectrum utilization and PAPR.

3 Implications of the waveform difference to the core RX requirements
The RX power levels for the core requirements are already specified. These power levels are mean power levels and are distributed across the bandwidth of the interfering signal.

For the ACS, the general blocking and the wideband RX IM requirements, the slight difference in spectrum utilization will lead to a slight difference in the interferer level. Table 1 indicates the increased PSD if DFT-S-OFDM is applied for these requirements.

	Bandwidth
	Increase in average power for DFT-S-ODFM compared to CP-OFDM (dB)

	
	15k SCS
	30k SCS
	60k SCS
	120k SCS

	5
	0.00
	0.41
	-
	-

	10
	0.17
	0.00
	0.41
	-

	15
	0.22
	0.23
	0.00
	-

	20
	0.25
	0.09
	0.00
	-

	25
	0.17
	0.07
	0.14
	-

	30
	0.00
	0.17
	0.24
	-

	40
	0.00
	0.25
	0.09
	-

	50
	0.00
	0.16
	0.07
	0.00

	60
	-
	0.00
	0.23
	-

	80
	-
	0.02
	0.30
	-

	100
	-
	0.05
	0.00
	0.13

	200
	-
	-
	0.00
	0.13

	400
	-
	-
	-
	0.00


For the narrowband blocking and narrowband RX IM requirements, the interferer bandwidth is fixed as a single PRB, hence the spectral utilization difference will not impact the interferer PSD.

It is interesting to note that for adjacent channel interference rejection, the narrowband blocking requirement is the dimensioning requirement, since it presents a much higher PSD closer to the carrier than the ACS requirement. For receiver linearity, narrowband RX IM will be the dimensioning requirement rather than wideband RX IM, again because the interferer is nearer to the carrier and hence less subject to filtering.
The general blocking requirement is the dimensioning requirement for the maximum RX power and dynamic range. However, it is the total power level and not the PSD of the general blocker that is of importance.

Thus, the difference in PSD between the types of interferer waveform will not have any significant impact on receiver dimensioning.

Observation 1: The difference in PSD between the waveform types does not play any significant role in receiver dimensioning.

Apart from the PSD difference, there is also a large difference in PAPR between the two waveforms. The impact of the PAPR difference depends to some extent on the RX requirement under consideration. For selectivity requirements, the impact to mean throughput of selectivity against an interferer will be related to the mean power. For blocking and PA linearity on the other hand, the receiver will need to be dimensioned taking into account the power variation, and thus CP-OFDM will represent a stricter requirement.
It may be worthwhile to take into account that in LTE bands, the existing LTE basestations will conform to requirements based on DFT-S-OFDM. Thus, NR systems cannot be deployed in these bands with substantially different interference characteristics to LTE ones whilst LTE is still deployed. Thus at least initially, there may not be a large advantage in complying with CP-OFDM based testing. Of course, this does not apply to non-LTE bands such as FR2 bands, or potentially later into the future in LTE bands.
Another consideration is that in a non co-located blocking scenario, the aggressor UEs will be far from their own BS and hence potentially more likely to be power limited and applying DFT-S-OFDM.
4 Implications of the waveform difference to the measurement requirements

The difference in waveform type may also impact the requirements on test and measurement systems. For testing of the receive requirements, measurement equipment must generate both a wanted signal and an interferer, with the interferer having a substantially higher power level than the wanted signal.
For the ACS, RX IM and narrowband blocking requirements, the interferer is placed close to the wanted signal. Due to the higher spectral utilization specified for NR, the gap between the interferer and wanted signal is lower than is the case for LTE.

For the test signal generator, it is essential that the interferer is clean in the sense that unwanted emissions from the interferer (i.e. IM products) do not fall directly into the receiver band.


[image: image2]
For narrowband blocking, the most difficult condition occurs with a 10MHz wanted signal and a 5Mhz based interferer. In this case, a 180kHz PRB is placed 820 kHz from the edge of the wanted signal. The power difference between the blocker and wanted signal is 52.5 dB. Thus, to have a 0.1dB impact on the wanted signal reception, for example, the interference rejection from the blocker would need to be around 63 dB.
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For ACS, the interferer PSD is wider but the bandwidth is also larger. If a 5MHz ACS blocker is placed next to a 10MHz wanted signal, the separation is 820 kHz. If a 20MHz ACS blocker is placed next to a 25MHz wanted signal, the separation is 990 kHz. The interference suppression compared to the interferer power must be around 60dB.

For FR2, an interference rejection of around 40-50dB is needed for a 50MHz wide ACS interferer with a separation of 2500 kHz.

For conducted testing, these levels of interference rejection may be reasonable. However, for OTA testing, there is a need to take into account that the OTA test setup will need to include a power amplifier.

For FR1 testing, the sensitivity and blocking levels are based on element gain and minSENS. The blocker level is highest for the REFSENS level, which assumes element gain. For an array with fully digital beamforming, the far field distance will relate only to the antenna elements, and can thus be relatively small. Assuming a 1m far field distance and 40dB pathloss, then to achieve -49dBm at the antenna connectors requires around -16dBm EIRP from the test signal generator & PA (assuming 5dBi element gain). If there is some passive combining, the situation may differ. For an example 1.3m antenna aperture at 2GHz, the far field distance is around 30m, implying a pathloss of around 70dB. To achieve a signal level of -49dBm (at the connector), assuming 15dBi antenna gain a system with 6 dBm EIRP is required. 
For mm wave, assuming a distance of 5m and a pathloss of 76dB, to achieve -75dBm OTA interference an EIRP of around 1 dBm is needed from the test signal generator.
Further investigation is needed on the feasibility of achieving sufficient rejection in test gear and possibly whether the waveform type has any impact.

5 Conclusion

Although the waveform selection is part of the core requirements, some care should be taken about finalizing any decision until the conformance work is completed. The implications of amplification for OTA testing should be further discussed during the conformance work.
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