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1 [bookmark: _GoBack]Introduction
RAN4#81 agreed a way forward on in-band requirements for NR in [1]. WF on NR spectrum utilization was agreed in [2]. Companies’ preliminary evaluation results showed that spectrum utilization varies with numerology, carrier bandwidth and spectrum confinement techniques. 
The following WF [2] was agreed for spectrum utilization:

· For some combinations of bandwidth and subcarrier spacing e.g. 10MHz@120kHz  and  5MHz@60kHz, the theoretic maximum spectrum utilization Y will be below 90% when integer number of PRBs are used for the transmission bandwidth configuration as in LTE.  
· How to improve Y over 90% is FFS.
· The maximum spectrum utilization based on RAN4 requirements may vary with numerology, carrier bandwidth and different BS/UE capabilities, considering the capabilities of spectrum confinement techniques including both filtering and windowing, e.g., indicated as a range [YL, YH] for each group of (BW subset @ SCS subset).  
· How to group (BW subset @ SCS subset) is FFS. 
· YL and YH are with compliance of related RF requirements, e.g. EVM, ACLR, SEM, selectivity, demodulation etc. 
· EVM evaluation should include high order modulations up to 256QAM.
· FFS for UE capability needed or not
· The guard band for a carrier in case of mixed numerology may be asymmetric and defined with the assumption that only single numerology is applied, and the assumed numerology refers to the numerology applied at band edge. 
· The need and size of GB between two numerologies is FFS. The granularity of GB, i.e. 1 PRB or fractional PRB, will be further evaluated. 

In this contribution, we discuss 5G NR BS Tx spectrum confinement techniques considering the same spectrum utilization as in LTE (10 MHz with 50 PRBs). 

2	Discussion
DL transmission for different UEs is coming from the same BS even if additional sub-band filtering or windowing is used for sub-band spectral confinement between different numerologies.

We have studied the impact on spectral confinement between sub-blocks with different numerologies using link simulations in Case 2 (DL mixed numerology case) of the RAN1 simulation assumptions in Section A.1.1 of TR 38.802 [3]. In the simulations we have used the following simulation assumptions:

· 720 kHz allocation for desired and interfering signal, which are time and frequency synchronized and transmitted with the same power
· Numerology 1: 15 kHz sub-carrier spacing with 4 PRB allocation – desired measured signal
· Numerology 2: 30 kHz sub-carrier spacing with 2 PRB allocation – interfering signal
· Interfering signal centered to 720 kHz sub-band
· 1x1 SISO, rank1, TDL-C 300ns channel
· Modulation: 64-QAM, R=3/4
· Ideal channel estimation
· No Phase Noise modeled 
· UE mobility 3 km/h
· Guard bands: 0, 90 and 180 kHz

In these simulations we have studied the CP-OFDM reference without any filtering or windowing. We have also studied the impact on some spectrum confinement techniques when those are applied to RX or TX only, in line with agnostic TX and RX agreement in [4].
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[bookmark: _Ref466033304]Figure 1: DL 64-QAM, R=3/4 link simulation results in Case 2 with wanted and interfering signal. 0 Guard Band (GB)
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Figure 2: DL 64-QAM, R=3/4 link simulation results in Case 2 with wanted and interfering signal. 6 SC GB (90 kHz)
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Figure 3: DL 64-QAM, R=3/4 link simulation results in Case 2 with wanted and interfering signal. 12 SC GB (180 kHz)
From these results we can see that even with additional filtering or windowing methods the performance is rather poor without any guard band. The Rx (UE) selectivity provides larger performance gains than Tx, especially at lower than 1% BLER with GB = 6 SC or GB = 12 SC. 

In BS Tx side the different waveforms do not really impact the performance. Also basic CP-OFDM works fine for DL. CP-OFDM with 12 SC GB provide a good reference point for required performance in all evaluated cases. Even 6 SC GB is sufficient to support 64-QAM modulations without additional processing on top of CP-OFDM. 


Observation 1: In 50 PRB case the different waveform techniques do not impact the performance at BS Tx. Basic CP-OFDM is sufficient without additional processing on top of CP-OFDM. 


3	Conclusions

Based on the findings in this contribution we make the following observation:

Observation 1: In 50 PRB case the different waveform techniques do not impact the performance at BS Tx. Basic CP-OFDM is sufficient without additional processing on top of CP-OFDM. 
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