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Introduction 
In RAN4#79 and RAN4#80, the modulation spectrum for different numerologies as well as the size of the guards has been discussed [1 & 2].
RAN1 has for some time worked on NR waveform evaluation and consider supporting BS/UE with lower guard than the current 10% for E-UTRA. In addition, there is an agreement in RAN1 to support in-band frequency multiplexing of different numerologies for NR in both DL and UL.
In this paper, considering the potential NR spectrum efficiency improvements in relation to the size of the guards, some important considerations in this regard, which need to be carefully considered before the decision on guard levels are taken, are further elaborated.
Discussion
In [2], a detailed analysis of filtering impacts, considering in particular the delay corresponding to filtering requirements, was presented. As efficient multiplexing of different usage scenarios within one contiguous NR block is one of the objectives of NR SI, the modulation spectrum and associated filtering requirements for different sub-carrier spacing options was considered. 
Considering the guard in a case where different usage scenarios & numerologies are multiplexed in a NR block, the illustration in Figure 1 indicates that there are guard bands both at the block edge and potentially also between numerologies. 
Since the numerologies differ and sub-carrier spacing can differ, it is not intuitive that the block edge guards 1 and 2 should necessarily be the same size given the sub-carrier spacing dependent decay in modulation spectrum as shown in Figure 2. 
In addition, as 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. 
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Figure 1	Multiple numerologies in a contiguous NR block
In figure 2, the modulation spectrum for numerologies based on example sub-carrier spacing of 15 kHz and 60 kHz respectively which possibly to be used in existing bands as well as new bands below 6 GHz. 
                      [image: cid:image001.png@01D1D5FF.D833DF70]
Figure 2 Modulation spectra for 15 kHz and 60 kHz sub-carrier spacing

In [2], it was shown that regardless of time or frequency domain filtering, the delays induced by filters could be significantly larger than for E-UTRA depending on the size of the guard. In this case, as the envisaged usage scenarios also includes low latency usage scenario, the Delay aspects needs to be carefully considered before the NR guard is settled.
Figure 1 which illustrates the multiplexing of different numerologies with different sub-carrier spacing on a contiguous NR block, indicate that we possibly need to handle different types of guards for NR i.e. “block-edge guard 1”, “block-edge guard 2” and “inter-numerology guard” which can be different in size.
Considering that the modulation spectra for different sub-carrier spacing have different decay in the frequency domain, different approaches could be adopted for setting block edge guard bands that enable multiplexing of different numerologies, such as the following:
1) Block-edge guard 1 = Block-edge guard 2 implying that the filter requirement would not be symmetrical since the numerology with larger sub-carrier spacing due to slower modulation spectrum decay would require higher level of attenuation and consequently larger filter size.
2) Block-edge guard would be non-symmetrical i.e. Block-edge guard 1 ≠ Block-edge guard 2 In this case the edge sub-carrier spacing would determine the level of guard taking to account the different modulation spectrum decay implying that the guard would be larger for larger sub-carrier spacing.
Regardless of the chosen approach for block-edge guard, the required size of inter-numerology guard would be different depending on the different numerologies. Applying a single inter-numerology guard could imply different leakage levels between the numerologies, affecting how the EVM requirement is specified. In practice some resource blocks would be more affected (closest to the inter-numerology guard) than others resource blocks. Thus, differentiated the EVM requirements may be needed if the guard level is low.
It is essential to not only carefully consider the BS feasibility regarding the guard levels, but also the NR UE as NR UE should also handle reduced guard, and consequently the need feasibility study of possible UE filtering implementations handling low level of guards both for time / frequency domain filtering and also the possibly time domain windowing. 
For beam-forming capable BS and UE with large antenna arrays (and associated large amount of transmitters and filters) at in particular mm-wave frequencies, the level of guards considering the cost/complexity should be taken to account and scale appropriately to the array size. Considerations on scaling of filtering depending on array size might necessitate consideration of frequency band or array size dependent guard levels.

It is of course desirable to reduce guard levels for NR and in addition to the filter and delay aspects, we have to bear in mind that this could have other effects when it comes to RRM procedures like cell search. The cell search algorithm for E-UTRA is complex insofar that it has to function in cases with no or very little a-priori information and be fast at the same time. 
For E-UTRA, it was extensively discussed [3] that UE Cell Search was affected by the LTE minimum spacing configuration for CA. The root cause of the issue was related to that the Cell Search becomes more complex, when the carriers are packed more closely together, since it is harder to discriminate between carriers in an initial search and synchronization. Too small guards could lead to slower initial cell search or no attach at all. Thus for NR, before the level of guards are settled the UE cell search aspects should be carefully investigated to make sure proper UE cell search. 
We promote spectrum efficiency improvement for NR and already in E-UTRA with introduction of NB-IoT, the guard is reduced, but we also promote careful studies where a few areas are outlined above before making any decisions on the level, symmetry etc.
Conclusion
[bookmark: _GoBack]In this paper, the discussion on NR filtering and guard were further elaborated. Aspects such as delay, UE feasibility, symmetry, complexity and the scaling of complexity with array size as well as possible affected RRM procedures such as cell search were further discussed. 
It is of course desirable to reduce guard levels for NR to improve the spectrum efficiency but careful studies such as UE/BS implementation feasibility, symmetry between guards as well as RRM procedures such as cell search would be needed before making any final decisions. 
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