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1. Introduction
In both [1] and [2] way forwards, the in-band emissions, filtering and windowing aspect and related guard bands needs are discussed. This paper discusses the impact of PA non-linearity and TRx impairments on the EU performance and makes proposals on baseline assumptions and simulation setup to study spectrum utilization, in-band emissions and multiple numerologies guard bands.
2. Discussion
In [1] it is suggested to “Develop first UE Tx in-band emission and EVM requirements for the baseline CP-OFDM baseline waveform assuming suitable spectral confinement methods”. 
In [2], to study the guard band requirement between multiple numerologies and resulting spectrum utilization it is suggested to focus on some aspects including:

· Impact of uneven EVM
· Impact of spectrum confinement techniques to ISI (i.e. BLER performance in fading channel)
· Complexity of spectrum confinement technique used (complexity of the filter used)
· Impact of PA over emission levels and EVM (Start with the PA models and operating points used in RAN1 evaluation. PA models with memory effects are not ruled out)
In this contribution, we are discussing some of these aspects and especially the need to properly budget the contribution of the different RF contributors.

2.1. NR UE Transceiver Modulation Impairments 
As one of the main contributors to EVM and in-band emissions especially for partial allocations it is essential to start from the right transceiver impairment levels.
Any effort on PA back-off or waveform filtering would be misleading if the current minimum requirement of image rejection of 25dBc is maintained since it would, de facto limit the transmitted signal EVM but would also exceed any PA out-of-band emissions or waveform filtering out-of-band attenuation for any adjacent signal utilizing same or different numerology. As we already propose in [4] it is essential to use the LTE UL 256QAM TRx impairments agreed level as a minimum to enable multiple numerology and high spectrum usage in NR. In the UL 256QAM LTE work, an image rejection of 34dBc (2%EVM contribution) was agreed providing close to 10dB higher in-band floor and much better emissions out of the range of allocated RBs for partial allocations.
Observation 1: Unless LTE UL 256QAM TRx impairment level (-34dBc Image Rejection) is used the multiple numerology feature in NR is compromised.
2.2. PA Non-linearity Impact
2.2.1. NR Waveform PAPR
The waveform that has been adopted in RAN for NR exhibit high PAPR and as already shown in [3] any spectrum confinement techniques results in PAPR as high 10.5dB (copied here again in Figure 1) compared to the 7.5dB SC-FDMA waveform currently used in LTE.
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Figure 1: CCDF of LTE (blue) and f-OFDM (orange)
This higher PAPR requires further PA linearity (back-off) and compromises significantly the benefit of the spectrum confinement methods as will be shown in next chapter.
2.2.2. PA impact on Filtered OFDM Waveform
As already discussed in [3] the higher waveform PAPR and impact of PA non-linearity partially diminishes the benefits of spectrum confinement techniques. As a reminder some of the measured results Figures and related observations are reproduced here:
· Figure 2 provides input and output PA measured spectrum for fully allocated 100RB LTE and a number of filtered OFDM waveforms.

· Figure 3 provides the same for partially allocated 18RB out of 100 LTE and a number of filtered OFDM waveforms.

· Figure 4 provides the same for fully allocated 800RB LTE and f-OFDM waveform through and LTE and WiFi PA.
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Figure 2: input (left) and output (right) measured spectrum of a LTE PA with a fully allocated 100RB LTE (blue) and f-OFDM (orange) waveforms
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Figure 3: Input (left) and output (right) measured spectrum of a LTE PA with a partially allocated 18RB LTE (blue) and f-OFDM (orange) waveforms
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Figure 4: Input (left) and output (right) measured spectrum of a LTE and WiFi PA with a fully allocated 800RB f-OFDM waveform
In all cases for a similar level of out-of-band emissions, the achievable output power is reduced by 2 dB for <20MHz BW when NR f-OFDM waveform is used instead of the current UL LTE SC-FDMA waveform. A further 1dB lower power is achieved for a 160MHz wide 800RB f-OFDM waveform. 

Observation 2: This means that either:

· PA output size needs to be increased to achieve the desired output power with same emissions resulting in significantly lower efficiency and increased battery current.
· If the same PA size is kept and to achieve the desired output power and have similar PA efficiency than current LTE phones up to 6-8dB higher out-of-band emissions will have to be accepted, further hindering the possibility of high spectrum efficiency and the benefit of multiple numerology.
· In all cases, the PA out-of-band emissions at max power by far exceeds the benefits of filtered OFDM even in partial allocations which is particularly relevant for multiple numerology shared within the same channel.
2.2.3. Motivation for Adding PAPR Reduction Techniques

If no further attempt is done to mitigate the effect of high PAPR of the NR waveform at max power, the discussion on guard band, in-band emissions and type of OFDM filtering may be misleading since PA in-band and out-of-band emissions close to maximum power will dominate EVM and guard band requirements for multiple numerology and spectrum utilization.

Observation 3: As a minimum it should be studied if simple pre-distortion like Crest Factor Reduction should be introduced in the studies related to [1] and [2], even if these may introduce some EVM floor since it may allow better overall budgeting of the contribution of TRX impairment, PA and BB OFDM signal filtering.
2.3. Proposed Way Forward
Proposal: In order to achieve a realistic design of the spectrum utilization, in-band emissions and guard bands it is proposed that for sub-6GHz NR:
· TRX impairment budget is equivalent to the agreed LTE UL 256QAM numbers (-34dBc image rejection);
· Simulations takes into account realistic PA out-of-band emissions with NR waveforms; 

· Introduction of simple PAPR reduction techniques is studied to improve PA contribution and/or efficiency; and
· Applicability of the above for above 6GHz NR is FFS.
3. Conclusion
This contribution discusses how the different contributors to be considered for studying NR spectrum utilization, in band emissions and guard bands for multiple numerologies must be carefully budgeted to enable a realistic system design and makes the following proposal:
Proposal: In order to achieve a realistic design of the spectrum utilization, in-band emissions and guard bands it is proposed that for sub-6GHz NR:

· TRX impairment budget is equivalent to the agreed LTE UL 256QAM numbers (-34dBc image rejection);

· Simulations takes into account realistic PA out-of-band emissions with NR waveforms; 

· Introduction of simple PAPR reduction techniques is studied to improve PA contribution and/or efficiency; and

· Applicability of the above for above 6GHz NR is FFS.
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