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Introduction
Spectrum efficiency and spectrum confinement for NR considering the reduced guard has been discussed at RAN4#80bis. Different views on possible solutions and issues for study were expressed e.g. sub-band filtering or windowing etc.
Some areas for study were identified including possible degradation in EVM as well as UE complexity.
This paper summarizes the issues identified as needing further study so far. Some initial analysis of the impact of filtering on EVM in the additional RBs gained from the guard band and on UE complexity is presented. The analysis suggests some further study is needed in order to optimse the compromise between occupied bandwidth and performance.
Discussion
Maximising spectrum efficiency for NR is an important goal and careful investigation is needed to establish that the improvement of one aspect (e.g. spectral confinement) is achieved with a reasonable compromise against other aspects. 

Summary of issues to study
This section summarises the aspects of performance that should be studied when deciding on the guard band size.
NR in many senses is expected to be significantly more versatile compared to E-UTRA considering the frequency range up to 100 GHz, possibly multiple numerologies per frequency range as well as the possibility of multiplexing different numerologies with different sub-carrier spacing into a contiguous NR block.
In addition, depending on the numerology and FFT/IFFT sizes, more bandwidth options including larger bandwidths could be considered. For NR, the “network bandwidth” and “UE” bandwidth are not necessarily the same resulting in even more permutations and combinations than experienced for LTE. Guard bands need to be adequate for all considered bandwidths and combinations.
Depending on the sub-carrier spacing, the modulation spectra will have different decay which consequently need different attenuation. In addition depending on the usage scenario, there might be a difference in power spectra density (psd) between different numerologies similar to NB-IoT which would have 6 dB or higher psd compared to E-UTRA PRB:s, which will also lead to differences in attenuation requirements.
Compatibility aspects with other 3GPP RAT:s in existing bands when NR with reduced guard is introduced is other area that would require further studies, which can possibly start during the WI phase.
For mm-wave frequencies, discussions on characteristics the technology have been conducted when considering other aspects such as ACLR and Noise Figure. The limits of the possible technology should also be wighted in the guard discussion. This might result in the need to define frequency dependent guard levels.
As beam-forming is an important part of NR, the complexity of filtering etc. for arrays with several hundred transceivers and antennas should be considered, in particular for mm-wave frequencies.
Also RRM aspects such as cell change should be carefully considered when NR with reduced guard is introduced in existing bands or in case of intra-band NR carrier aggregation scenarios later to be added to the NR specifiactions.
Finally, the impact of filtering needed to achieve spectral confinement on the fidelity of the transmitted and received signals should be considered, since it is important not to gain extra resource blocks but transmit them with poor fidelity.
In this paper a brief analysis of (i) the EVM impact (on BS) and a (ii) a UE spectrum confinement analysis using windowing is given
Given the discussion above, there is an obvious need to conclude on a set of combinations/permutaions, scenarios and compatibility studies to be conducted before settling the guard, and thus some illustrative examples are used in this paper

NR BS EVM analysis
In RAN4 # 80bis, the importance of studying NR guard band reduction in the context of EVM impact was noted. Considering the fact that the physical layer structure as well as other aspects on measurement of EVM for NR is not settled, we made a simple investigation on BS EVM induced by the filter for edge PRB as well as averaged over all PRB:s for a 20 MHz carrier for sub-6GHz cases assuming 15 kHz sub-carrier spacing (taking to account that 1 PRB=12 sub-carriers) and various spectrum utilizations.
The filter for each spectrum utilization case was adapted so the operating band unwanted emission mask requirement based on MSR specification in 37.104 was fulfilled. The analysis indicate an impact on EVM which is summarized in Table 1.
	Spectrum utilization
	Edge PRB EVM
	Averae EVM

	90% ( with Nsc =1200)
	0.55%
	0.48%

	~94% (93.6% with Nsc =1248)
	0.7%
	0.5%

	~98%   (98.1% with Nsc =1308)
	4.32%
	0.83%


Table 1	EVM impact for various spectrum utilization levels
For larger sub-carrier spacing such as 60 kHz, due to slower decay in modulation spectrum, the needed attenuation for fulfilling the MSR mask would be larger, affecting the length of the filter. Consequently larger EVM degradation is to be expected for larger sub-carrier specing. We will contribute on the impact considering 60 kHz sub-carrier spacing and encourage other companies to conduct studies.
As the impact on edge PRB seems fairly high for more agressive spectrum utilization levels, a discussion on possible gains in the context of signal fidelity is needed since the added PRB:s suffer from a higher level of distortion, and thus in practice may risk not to reliably increase data rates in these cases.

NR UE
Our understanding from the discussion at RAN4#80bis is that windowing should be considered as the baseline spectrum confinement technique for UEs. With this in mind, we present a preliminary analysis for both 15 kHz and 60 kHz sub-carrier spacing for different values of spectrum utilization for 20 MHz carrier is considered.
Assuming windowing (using an raised-cosine window) with window length less than the CP length and the E-UTRA emission mask as a possible requirement for sub-6 GHz the following results have been obtained. The maximum window length for 15 kHz sub-carrier spacing is 144 while the maximum window length for 60 kHz sub-carrier spacing is 36 respectively. One should be aware that a window length equal to the cyclic prefix length is inpractical since it would not leaving sufficient protectetion for multi-path propagation. In practice much shorter windows must be considered.
Note that the results do not contain any PA model. Configuration bandwidths of 90%, 94%, 97% assuming single PRB allocation were investigated, and also for the 94% case even full PRB allocation was considered. 
As the UE needs to fulfill the emission mask requirement regardless of PRB allocation, the single PRB case was covered for all scenarios.
For 15 kHz sub-carrier spacing
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Figure 1	15 kHz and 90% spectrum utilization[image: cid:image001.png@01D22DDC.B22C7A00]
Figure 2	15 kHz and 92% spectrum utilization
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Figure 3	15 kHz and 94% spectrum utilization, single PRB and full PRB allocation
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Figure 4	15 kHz and 97% spectrum utilization
For 90% spectrum utilization case, it seems that no additional schemes for spectrum confinement would be necessary. For 94% spectrum utilization, a window length of 22 taps would give large margin for full PRB allocation while for single PRB, the window length of 22 taps would just fulfill the emission mask requirements with very little margins.
For 97% spectrum utilization, an 80 tap long window is needed to fulfill UE LTE mask for which would consume a large portion of cyclic prefix.







For  60 kHz sub-carrier spaing:
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Figure 5	60 KHz and 90% spectrum utilization
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Figure 6 60 kHz and 92% spectrum utilization
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Figure 7	60 kHz and 94% spectrum allocation
For 60 kHz sub-carrier spacing, it seems that spectrum confinement is necessary even for 90% spectrum utilization and for 92% and in particular 94% spectrum utilization, a window which consumes large portion of cyclic prefix would be needed.
In Figure 8 considering the 97% spectrum utilization, a window of length 36 taps which is equal to the cyclic prefix would not be sufficient to fulfil the LTE emission mask for UE.
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Figure 8	60 kHz and 97% spectrum utilization

Given the analysis above, we encourage more investigations concluding spectrum utilization levels which is not only feasible from complexity point of view but also are capable to fulfil the coming NR requirements which for sub-6 GHz should mostly be re-used from existing specifications.

Conclusion
In this paper based on the discussion in previous RAN4 meeting, for different values of NR spectrum utilization, the impact of filters on BS EVM as well as feasibility of UE time domain windowing was further investigated. It was shown that the EVM induced by BS filter on edge PRB can be fairly high where utilization is >95%, and on UE side for aggressive spectrum utilization, the mandatory emission mask requirements can be difficult to fulfill by windowing. In addition, other relevant and necessary study areas were also outlined.
[bookmark: _GoBack]Improvement of spectrum efficiency for NR is quite an important aspect. Given the discussion in this paper, EVM and filter length appear to need careful investigation before any values are settled in order to ensure an optimal trade off between different parameters. Given that NR is more versatile compared to other 3GPP RAT:s supporting multiple numerologies and multiplexing of numerologies, wider bandwidths and extention up to 100 GHz in frequency with possible benefits and limitations on mm-wave technology, we encourage other companies to also study the necessary areas to make sure that the NR spectrum efficiency improvements is implemented whilst all aspects are fully considered.
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