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1. Introduction
NR design will introduce different numerologies (subcarrier spacing options) that might even co-exist within the same channel. In this paper we present a brief analysis on how different numerologies relate to channel bandwidths and spectrum usage, and the need to limit allowed numerologies for different frequency bands. 

2. Discussion
RAN1 already agreed that NR design will allow different numerologies and subcarrier spacing will be based on 15kHz and scale with 2m multiples. The motivation is to optimize the sub carrier spacing for different frequency bands by taking into account different propagation conditions (relationship between symbol length and cyclic prefix) and phase noise. A WF to study spectrum utilization and impact of different numerologies in [1].
An analysis on different subcarrier spacings, channel bandwidths and spectrum utilization was shown in [2]. The summary table with the spectrum utilization from [2] is shown below for convenience. It was proposed to introduce partial RB allocation to enable >90% spectrum usage. However, we believe the usefulness of this is questionable. Low channel bandwidths are expected to be used only in low bands <3GHz where large subcarrier spacing (>30kHz) is inefficient because of the larger delay spreads. One possible use case given as an example was URLLC. 
Table 1 Theoretic Maximum Spectrum Utilization for different combinations of bandwidth and SCS (reproduced from [2])
	          SCS

Bandwidth
	3.75kHz
	7.5kHz
	15kHz
	30kHz
	60kHz
	120kHz
	240kHz
	480kHz

	5MHz
	NRB
	111
	55
	27
	13
	6
	3
	1
	-

	
	MSU
	99.9%
	99%
	97.2%
	93.6%
	86.4%
	86.4%
	57.6%
	-

	10MHz
	NRB
	222
	111
	55
	27
	13
	6
	3
	1

	
	MSU
	99.9%
	99.9%
	99%
	97.2%
	93.6%
	86.4%
	86.4%
	57.6%

	15MHz
	NRB
	333
	166
	83
	41
	20
	10
	5
	2

	
	MSU
	99.9%
	99.6%
	99.6%
	98.4%
	96%
	96%
	96%
	76.8%

	20MHz
	NRB
	444
	222
	111
	55
	27
	13
	6
	3

	
	MSU
	99.9%
	99.9%
	99.9%
	99%
	97.2%
	93.6%
	86.4%
	86.4%

	40MHz
	NRB
	888
	444
	222
	111
	55
	27
	13
	6

	
	MSU
	99.9%
	99.9%
	99.9%
	99.9%
	99%
	97.2%
	93.6
	86.4%

	80MHz
	NRB
	1777
	888
	444
	222
	111
	55
	27
	13

	
	MSU
	99.96%
	99.9%
	99.9%
	99.9%
	99.9%
	99%
	97.2%
	93.6%

	100MHz
	NRB
	2222
	1111
	555
	277
	138
	69
	34
	17

	
	MSU
	99.99%
	99.99%
	99.9%
	99.72%
	99.36%
	99.36%
	97.92%
	97.92%

	200MHz
	NRB
	4444
	2222
	1111
	555
	277
	138
	69
	34

	
	MSU
	99.99%
	99.99%
	99.99%
	99.9%
	99.72%
	99.36%
	99.36%
	97.92%


Taking the example of 5MHz with 60kHz spacing, the number of bits that can be sent in 1 symbol (typical use for URLLC) would be 6RBs*12REs*2(QPSK)=144 coded bits. Considering that URLLC needs high redundancy to guarantee very low BLER, it is unlikely that a useful message can be sent with this number of bits. Adding a few subcarriers(e.g. 6 bits) to increase the spectrum usage above 90% would not change this conclusion. All other cases marked in red in the table would lead to an even lower number of bits that can be transmitted. Based on this, we do not believe that the cases marked in red in the table are of any interest, hence, introducing partial RB allocation to support these corner cases does not make sense.
Observation 1: Introduction of partial RB allocation to support large subcarrier spacing in narrow channels is not justified.

In RAN4 there has not been any in-depth discussion on what numerologies should be supported in which frequency bands. Considering the trade-offs between symbol length and cyclic prefix and phase noise, subcarrier spacing should be limited to a few options for different frequency bands. These limitations would be useful in limiting UE testing and implementation/design burden. The need to limit the subcarrier spacing options for synchronization signals is also discussed in [3].

For example, supporting large subcarrier spacing (SCS) (e.g. >30kHz) in low frequency bands does not make sense because the CP overhead would become very high and frequency efficiency would be very low. Similarly, for frequency bands above 24GHz, small subcarrier spacing is difficult to support(or there will be a large performance degradation) because of higher phase noise.

A more in depth analysis on feasible and useful numerology options for different frequency bands should be performed. For example, possible limitations would be up to 30kHz for bands <=3GHz, up to 60kHz for <6GHz, 30kHz to 120kHz for bands between 24GHz and 45GHz and so on. It would be highly desirable to establish a default SCS for each band that is always used for synchronization signals.  If multiple options are available, the system acquisition procedure will scale linearly because UEs have to try multiple options. 
Observation 2: An analysis on feasible/useful numerologies (subcarrier spacing) for different frequency bands is needed to limit the number of options that are allowed. 

3. Conclusion
In this paper we presented a brief analysis on use of different numerologies and how this relates to spectrum utilization in different channels. We made the following observations:

Observation 1: Introduction of partial RB allocation to support large subcarrier spacing in narrow channels is not justified.

Observation 2: An analysis on feasible/useful numerologies (subcarrier spacing) for different frequency bands is needed to limit the number of options that are allowed. 
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