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Introduction
During the RAN4#78bis, an outline of some of the most important general aspects for NR BS core requirements NR BS requirement overview was presented [1,2]. As early start of NR work in RAN4 is quite essential handling the ITU-R related work in relation to ITU-R LS response and also phase I release of NR specification. In this paper, we further elaborate on the impact to BS requirements of the need to handle different numerologies and potentially combinations of numerologies within the specifications. 
Discussion
Even though that RAN1 has not yet reached a decision on either the waveform or numerology for NR, it is quite important to consider several aspects in RAN4 that are complex but do not heavily depend on the outcome of RAN1 decisions at this stage. Although both OFDM modulated waveform with 15 kHz LTE based numerologies as well as other numerologies and waveform types are under discussion in RAN1, for the sake of simplicity, the discussion in this paper considers numerologies based on nx15kHz.  This assumption is made for the purposes of illustration in RAN4 and is not intended to presuppose any RAN1 decision. The observations made in the contribution relate to the impacts of supporting numerologies with substantially different subcarrier spacing and are straightforward to apply to whichever exact numerology is selected.
As the objectives of the SI also include studying solutions to allow for efficient multiplexing of traffic for different services and use cases on the same contiguous block of spectrum, a few interesting aspects should be considered and further studied.
· Larger NR bandwidths for below 6 GHz and significantly larger bandwidths for mm-waves are envisaged, which depending on the sub-carrier spacing would result in different modulation spectra.
· Multiplexing different services may give rise to a need for multiple numerology aspect within one contiguous block where per numerology, the modulation spectrum would be different. 
· Possible intra-block guard discussions, because in multiple numerology cases, RAN4 need to handle both block edge guards (valid for single and multiple numerologies) as well as inter numerology guard affecting the in-band characteristics. 
· The size of needed exclusion zones (applicability of spurious emission domain) e.g. for spurious emission or receiver blocking may depend on the NR bandwidth and numerology/numerologies choice. See also [3].

The modulation spectrum consideration is in general quite an important aspect for driving quite many transmitter related emission requirements and also the guard bands needed together with UE receive requirements for ensuring UE RX performance. 
Figure 1 is a visualization of guard categories, illustrating that there are guard bands both at the block edge and potentially also between numerologies. Since the numerologies differ, it is not intuitive that the block edge guards 1 and 2 should necessarily be the same size. Furthermore, numerologies with different subcarrier spacing will not be orthogonal to one another and there will be a need for guard bands and/or possibly filtering between numerologies. Further discussion should not only conclude on the size of each guard category but also whether block edge guard 1 and block edge guard 2 are symmetrical or not. Note that for simplicity, the figure represents equal power spectral density (psd) between the numerologies but in reality, there is likely to be a psd difference. 
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Figure 1	Multiple numerologies in a contiguous NR block
Considering example subcarrier spacing cases of 15 KHz, 30 kHz and 60 kHz, the modulation spectra for different numerologies with equal NR block size (and assuming only one numerology transmitted within the block) is illustrated in figure 2. One or more of the example subcarrier spacings could potentially be the sub-carrier spacing used for bands below 6 GHz:
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Figure 2: Modulation spectra for 15 kHz, 30 kHz and 60 kHz sub-carrier spacing
Figure 3 represents sub-carrier spacing examples that are more applicable towards mm-wave frequencies.
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Figure 3: Modulation spectrum for 60 kHz, 120 kHz and 960 kHz sub-carrier spacing
It can be seen that there is a significant difference between modulation spectra for different numerologies which should be considered when the detailed discussion on NR requirement starts including spectrum confinement. In particular, the different extents of decay in the frequency domain will impact the need for filtering and sizes of guard bands that are needed in a numerology dependent fashion. Moreover, if numerologies are combined in the same block, certain numerologies are more likely to cause interference to one another than others. Thus, when considering RAN4 requirements it is important to consider individually each numerology variant and also combinations of numerologies and potentially set different requirements and guard bands in each case.
Comparing figures 2 and 3, the differences in modulation spectra between numerologies can be seen to be more pronounced for numerologies that are applicable for mm wave frequencies than for below 6GHz. As RAN4 has quite a time constraint for LS response to ITU-R, requirements on quite a number of compatibility parameters have a dependency on the aspects and the differences between numerologies are more pronounced with mm wave frequencies, we propose to firstly focus discussion on emissions levels, guard bands etc. as highlighted in this paper on mm-waves and try to find a common ground on needed and achievable compatibility parameters.
Conclusion
In this paper, some general aspects in relation to modulation spectra for different numerologies were discussed. Modulation spectrum and guards are quite an essential metrics to develop both transmitter related emission requirements (spectrum confinement) as well as receiver requirements and thus should be carefully considered when detailed discussion on NR requirements is conducted.
It was shown that depending on the chosen numerology/sub-carrier spacing, significant differences in modulation spectra can be observed. Thus, requirements and guard bands need to be examined individually for each possible numerology and numerology combination. Even though RAN1 is yet to reach a detailed decision on the numerology, it is clear that the eventual numerology will lead to substantially differing subcarrier spacing possibilities and thus preliminary conclusions can be reached independently of the RAN1 decision.
Due to strict time plan for ITU-R response and the fact that differences between numerologies are most pronounced for higher frequencies, we propose to have a focused discussion for mm-waves and try to reach common agreements on needed and achievable compatibility parameters.
In addition multiplexing different usage scenarios in a contiguous NR block would imply multiple numerologies within same NR block and thus the need for proper handling of not only requirement levelss but also categories of guard bands as described in the paper.
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