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Introduction 
During the last 3 meetings, the topic of spectral utilization has been discussed in RAN4. In addition to transmitter aspects, it was clarified that for the receiver the narrowband blocking poses the most stringent attenuation requirements. In addition, it was identified that the reciprocal mixing of phase noise in the receiver is an important issue to take to account. 
Besides the spectrum utilization, it was also shown that the spectrum efficiency is of significant importance. The link simulation results indicated that the performance is not scaled linearly with increased spectrum due to reduction on psd as well as the imposed increased EVM. During the previous meetings, the time domain windowing for UE was discussed.
This paper considers approaches for confinement of numerologies within the same carrier, and confinement of carriers at the BS. 
Discussion
Inter numerology isolation
In RAN#75, the WI for new Radio (NR) access technology was approved [1]. The NR WID contains several candidate bands, including bands within frequency ranges below 6 GHz, also mm-wave frequencies. WI objectives contain support for LTE/NR co-existence as following (extract fron NR WID):
NR-LTE co-existence mechanisms [RAN1, RAN2, RAN4];
-	Support co-existence of LTE UL and NR UL within the bandwidth of an LTE component carrier and co-existence of LTE DL and NR DL within the bandwidth of an LTE component carrier, and identify and specify at least one NR band/LTE-NR band combination for this operation.
-	Minimize impact to NR physical layer design to enable this co-existence.
-	No impact to the ability of legacy LTE devices to operate on the LTE carrier co-existing with NR
-	No implication that UE has to support simultaneous connection of NR and LTE in the bandwidth of an LTE component carrier
Due to NR support of sub-carrier spacings of 15 kHz, 30 kHz and 60 kHz and the specified SS block transmission sub-carrier spacings of 15 kHz and 30 kHz (band dependent), an ability to provide flexible usage of multiple numerologies is of importance. The usage could be either in FDM fashion, TDM fashion, or in combination. Additionally the usage can be on a semi-static or dynamic basis. In practice, for BS supporting many UE:s, some sort of dynamic usage is necessary.
Dynamic usage would require smooth methods to handle the confinement between numerologies, making time domain windowing the most promising solution in the BS. Note that due to unwanted emission requirements and blocking (in particular narrow-band blocking), a “block” filter covering the full NR carrier bandwidth is also required.
Applying filtering on individual numerologies for in-carrier separation of numerologies would require a change in the filter and its bandwidth each time the numerologies would be reallocated, requiring new coefficients (either to be calculated real time or being stored in very large tables). The transition between de-activation of the “old” filter and “activation” of the “new” filter with new set of coefficients would result in excessive delay around half a filter length for deactivation and additional half a filter length for activation of the new filter with new coefficients if the same filter should be used. Building parallel filters with transient reducing additional filter could be a possible solution but for beam-forming capable AAS products with many transceivers, this could become far too complex and multiplicatively increase in number of filters. Anyhow filtering for inter-numerology is not motivated, as alternative solutions e.g. time domain windowing would give enough performance.
Considering the above, the BS requirements should consider the time domain windowing solution for isolating numerologies within the same carrier to avoid unnecessary limitations in alternative feasible solutions (in addition to the block filter for inter-carrier spectrum isolation).
Note that spectrum utilization even though related to inter-numerology confinement is not the same thing. Regardless of the chosen solution, spectrum utilization shall be improved for NR as it can be handled by a block filter in addition to time domain windowing between numerologies.
There is also a need to discuss the guards in relation to multiple numerologies and the numerology the guard levels should be based upon. In case of transmission of multiple numerologies on the same carrier there is a need to consider two different NR block edge guards and an inter-numerology guard.

Filtering performance (for inter-carrier isolation)
The performance of filters for different reasonable utilization levels considering single numerology  for a 20 MHz carrier is presented in the following tables:

Table 1	Transmit filter performance for 15 kHz sub-carrier spacing
	
	
	81 taps filter
	127 taps Filter

	15 kHz       sub-carrier spacing
	Utilization
	EVM mean [%]
	EVM edge     [%]
	EVM mean    [%]
	EVM edge [%]

	
	98%
	0.7
	3.4
	0.4
	2.1

	
	97%
	0.5
	2.6
	0.3
	1.5

	
	96%
	0.5
	1.8
	0.3
	1.2



Table 2	Transmit filter performance for 60 kHz sub-carrier spacing
	
	
	81 taps filter
	127 taps Filter

	60 kHz       sub-carrier spacing
	Utilization
	EVM mean [%]
	EVM edge     [%]
	EVM mean    [%]
	EVM edge [%]

	
	26 PRB
	0.4
	1.0
	0.3
	1.0

	
	25PRB
	0.3
	0.7
	0.3
	0.7






Table 3	Receiver filter performance for 15 kHz sub-carrier spacing
	
	
	81 taps filter
	127 taps Filter

	15 kHz       sub-carrier spacing
	Utilization
	EVM mean [%]
	EVM edge     [%]
	EVM mean    [%]
	EVM edge [%]

	
	98%
	4
	25
	1.4
	9.2

	
	97%
	2
	12
	0.5
	3.1

	
	96%
	1
	5
	0.3
	1.5



Table 4	Receiver filter performance for 60 kHz sub-carrier spacing
	
	
	81 taps filter
	127 taps Filter

	60 kHz       sub-carrier spacing
	Utilization
	EVM mean [%]
	EVM edge     [%]
	EVM mean    [%]
	EVM edge [%]

	
	26 PRB
	0.4
	1.2
	0.3
	0.8

	
	25PRB
	0.2
	0.5
	0.2
	0.4



For reasonable utilizations, the impact of EVM is quite limited and filter complexity in terms of number of taps can be kept to an acceptable level, ni particular considering that for AAS type of products the number of filters is multiplied per carrier and number of sub-arrays.
In addition, link level results in [2] indicate acceptable gain for the link performance at utilizations similar to above. 
Time domain windowing performance (for inter-numerology isolation)
Considering the windowing as a BS solution to handle the needed flexibility for flexible inter-numerology isolation for NR, achieved confinement and attenuation for a 20 MHz carrier for 15 kHz sub carrier spacing and 60 kHz sub-carrier spacing using a Raised Cosine (RC) window for different window length  is presented in the following figures:

[image: ]
Figure 1	Confinement performance for varous window length for 15 kHz sub-carrier spacing
[image: ]
Figure 2	confinement performance for varous window length for 60 kHz sub-carrier spacing
In addition, Figure 3 indicates the needed window length (RC windowing) for various level of utilization assuming attenuation of ~30 dB. It should be noted that a reasonable window length would be around 20% of CP as larger window length would degrade the performance for dispersive channels.
[image: ]
Figure 3	Required window length for different utilization level
In case of multiple numerologies, time domain windowing seem to give similar performance compared to filtering of each numerology which is further elaborated in [3].
As stated earlier, the windowing is a viable solution for BS to handle the dynamic and flexibility needed when multiple numerologies are concerned and thus needs to be considered when settling requirements.

Conclusion
In this paper, the performance of filters for various utilization levels as well as Raised Cosine windowing performance for different window sizes and utilization levels was presented.
Given the objective of NR WID, the need for dynamic and flexible solution supporting multiple numerologies as well as LTE/NR co-existence in various fashions, makes time domain windowing a solution for BS for in-band requirements.
The spectrum utilization for NR should be improved compared to E-UTRA and this can be achievd by a “block filter” covering the full NR carrier even though windowing is used.
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