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1	Introduction
RAN4#80bis agreed a way forward for the in-band requirements for FDM of mixed numerologies in [2]. The following was agreed for UL in-band emission at UE Tx:

· For UL
· In-band emission at Tx
· Use LTE UE in-band emission definition as a starting point, but the requirement limits should be further studied considering the uplink mixed numerologies deployment 
· Develop suitable UE Tx EVM requirements to ensure that good transmitted signal quality is maintained when meeting the new NR in-band emission requirements

Furthermore , RAN4#81 agreed the following for UE Tx in-band emission and EVM requirements in [3]:

· Perform link simulations with two numerologies next to each other in frequency domain to study how stringent UL in-band emission requirements would benefit frequency domain multiplexing of different numerologies within the same spectrum block
· Develop first UE Tx in-band emission and EVM requirements for the baseline CP-OFDM baseline waveform assuming suitable spectral confinement methods 
· If the current LTE based UE Tx in-band emission requirement definition is reused in NR, update the UE Tx in-band emission requirement definition so that both the same and different numerologies are verified as victim and aggressor UEs by checking all the numerologies in the test equipment receiver
· Before agreeing the exact definition of NR UE Tx in-band emission requirement, study if it is feasible to define NR UE Tx in-band emission requirements in a new numerology independent way

In RAN4#81 we discussed possibility for two sets of UE Tx in-band emission and EVM requirements; more and less stringent requirements in [4]. In this document we clarify an option of two sets of requirements further following the above-mentioned RAN4 agreements.
2	Two sets of UE Tx in-band emissions and EVM requirements
For UL coverage enhancements RAN1#86bis has agreed DFT-S-OFDM as additional complimentary UL waveform in addition to the CP-OFDM baseline waveform. Now RAN1 is discussing whether additional low PAPR techniques like rotated modulations (e.g. pi/2-BPSK and pi/4-QPSK) should be defined to improve NR UL coverage. We see that good UL coverage is also important when using CP-OFDM waveform in UL, not only when using DFT-S-OFDM.
In Figure 1, we present PSD comparison of LTE UL SC-FDMA and new NR spectral confinement methods for CP-OFDM against LTE emission mask in 1 PRB case. We can see from these PSD results that both the current LTE UL as well as the new NR waveform candidates meet the LTE emission mask requirements well but performance differences are visible in in-band emission performance. All the new spectral confinement schemes on top of CP-OFDM waveform (i.e. filtering and windowing schemes) provide better in-band emission performance than the current LTE UL SC-FDMA. Note that in these evaluations the LO nor the IQ imbalance are not modelled, hence no LO leakage nor IQ-image is visible in spectrum plots. These imperfections, however, can be considered as waveform independent. 
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[bookmark: _Ref464812693]Figure 1: PSD comparison of LTE UL SC-FDMA and new NR spectral confinement methods for CP-OFDM against LTE emission mask in 1 PRB case
The PSD results of new NR spectral confinement methods shown in Figure 1 suggest that it could be possible to improve the UL in-band emission requirements compared to the existing LTE UL in-band emission minimum requirements. However, as drawback more stringent in-band emission minimum requirements could potentially limit the available UE Tx power and thus UL coverage for CP-OFDM based methods especially when out of band emissions are not the limiting factor for UE Tx power. 
We see that one way of allowing different optimizations and trade-offs between stringent in-band emission performance/requirements and higher UE Tx power and thus better UL coverage for CP-OFDM would be to define two set of in-band emission requirements; one for more stringent in-band emission requirements and another one with more relaxed requirements. The network could then control whether the UE is allowed to balance its Tx power at the cost of in-band emission requirements. This could be beneficial for the NR system perspective as this way change from CP-OFDM to DFT-S-ODFM waveform for a given UE in coverage limited situation could be avoided. 
Regular in-band emission and EVM requirements would be defined for UE transmitter following the similar approach as for LTE UL but if benefits shown by simulations, potentially with more stringent limits than in LTE. The maximum UE Tx power could in this case be less than in case of more relaxed in-band emission requirements.
In addition to more stringent requirements, additional set of more relaxed in-band emission and EVM requirements would be defined to enable higher UE Tx power and thus, better UL coverage for CP-OFDM. This would allow the UE to boost its output power by e.g. degrading signal quality or leak more unwanted emissions to adjacent resources within the same NR carrier. Base station scheduler could then utilize these two sets of requirements e.g. to allow cell edge UEs to use more relaxed in-band emission and EVM requirements and then avoid allocating UEs with high modulation and coding scheme transmission right next to the other sub-band which could leak more interference.
Proposal: In order to enable better UL coverage for CP-OFDM waveform RAN4 should study a possibility to define two sets of in-band emissions and EVM requirements for NR UE Tx; more and less stringent requirements.
3	Conclusions
In this contribution, we have discussed why two sets of requirements for UL in-band emission and EVM requirements at UE Tx could be beneficial for NR system. 

We see that by defining two sets of UE Tx in-band emission and EVM requirements it would be possible to enable better UL coverage for CP-OFDM waveform. This on the other hand would reduce the need for changing from CP-OFDM waveform to DFT-S-OFDM waveform for coverage edge UEs and potentially even avoid the change in some NR deployment scenarios. As this would simplify NR operations in some NR deployment scenarios, we propose the following: 

[bookmark: _GoBack]Proposal: In order to enable better UL coverage for CP-OFDM waveform RAN4 should study a possibility to define two sets of in-band emissions and EVM requirements for NR UE Tx; more and less stringent requirements.
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PolynomialModel,QPSK050,1PRB allocation,10 MHz

LTE emission mask

SC-FDMA, PA out27dBm,OOB ACLR=49.7dB, EVM =8.5%

CP-OFDM, PA out25.8dBm,OOB ACLR=49.5dB, EVM =12%

f-OFDM, TO=4, PA out25.3dBm,OOB ACLR=75dB, EVM =12%

UFMC,Nf=73,SLA=75dB, PA out25.3dBm,OOB ACLR=55dB, EVM =12%

WOLA, Nws=72, PA out25.7dBm,OOB ACLR=66.3dB, EVM =11.8%


