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Introduction
	RAN 1 sent a LS on NR waveform to RAN 4 [1] which discusses about spectrum utilization. It was agreed that RAN 4 should consider dependencies for achieving Y > 90% for NR (in LTE, Y = 90%) where Y was defined as: 
Y (%) = transmission bandwidth configuration / channel bandwidth * 100%
	 Several studies are carried out in RAN 4 accordingly. For example, the WF in [2] concerning NR spectrum utilization. In this paper, we would like to discuss 2 major techniques concerning maximum spectrum utilization: 
1. Partial resource block allocation as discussed in [3] – [4]
2. Spectral confinement techniques: 
· Filtering (f-OFDM) as discussed in [5] – [10] 
· Windowing (w-OFDM) as discussed in [11] 
	This paper would also like to clarify on the proposal from [9] regarding: 
3. UE reporting Y to network and different value of Y for different UE/BS 
Discussion on partial RB allocation 
	The following table was proposed in [3] to achieve higher spectrum utilization. 
	          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%



	From the table above, it can inferred that for channel bandwidths (CBW) of 200 MHz (or higher) in NR frequency bands above 6 GHz (24.25-29.5 GHz) with smaller SCS (like 15 KHz), the resulting FFT size would be greater than 12000 which is un-realistic from UE perspective. Also, flicker noise (close to DC) & phase noise degradation will affect performance. 
	Similarly, for small CBW with large SCS, as seen from table above, BW efficiency is less than 90%, which is attributed to increase in relative size of CP. Also small CBW with large SCS is not a system level requirement. 
Observation 1: Partial RB allocation is not recommended, both for small CBW with large SCS and large CBW with small SCS.
Proposal 1:  To limit burden on UE*, in context of maximum spectrum utilization, the following limits are proposed: 
· For NR bands in sub-6 GHz: 
1. Channel bandwidth values should be 20 MHz (min), 40 MHz and 100 MHz (max) 
2. SCS options of 15 KHz (min), 30 KHz and 60 KHz (max)
3. Aggregated bandwidth should be 400 MHz 
 
· For NR bands above 6 GHz: 
1. Channel bandwidth values should be 100 MHz (min), 200 MHz and 400 MHz (max)  
2. SCS options of 60 KHz (min) and 120 KHz (max)
3. Aggregated bandwidth should be 800 MHz 
*Over all aim must be to limit the number of numerologies for both sub-6 GHz and above 6 GHz NR bands but still achieve higher spectrum utilization. Implementing multiple SCS for a fixed CBW should be jointly decided with RAN 1 by allocating first priority to UE base-band implementation complexity.    
Discussion on spectral confinement techniques  
	For achieving parameter Y >90 (in %), in RAN 1 and RAN 4, two major spectral confinement techniques are discussed: filtered OFDM and windowed OFDM. 
	Extensive study has been made in [5] – [10] to propose f-OFDM technique as a part of NR uplink and downlink procedures. But, from implementation point of view, f-OFDM has higher complexity and introduces delay during spectral shaping to meet requirements like SEM, ACLR and EVM. Truncation method proposed in [7] to counter the delay overhead adds to complexity. From implementation complexity, w-OFDM could be less critical than f-OFDM [11]. As mentioned in [12]: 
· Filtered-OFDM may achieve higher Y% than w-OFDM only in the case of narrow contiguous RB allocations. For wider contiguous RB allocations, both methods achieve similar Y%.
  
· Filtering length should at-least be 40% of symbol length to meet EVM requirements but windowing length has minimal impact to EVM. 
	In [12], table 1 compares f-OFDM and w-OFDM from 5 MHz until 20 MHz CBW, but for NR mmW bands (above 6 GHz) it is important to study wider CBWs up to 400 MHz. The maximum value of CBW could be increased in later stages if necessary.   
Observation 2: Windowing performs better in terms of EVM, which makes it an attractive candidate for higher order data modulation schemes. Further study on filtering techniques, with focus on NR, is required [13]. 
Proposal 2: RAN 4 should not specify any spectral confinement technique within UE (or) BS to achieve higher spectrum utilization. The methods used for uplink (or) downlink should be kept transparent in order to meet SEM, EVM and ACLR requirements.  
Discussion on UE reporting Y to network and different Y for different UE/BS 
	The following excerpts are taken from [9]: 
· “RAN4 should allow different value of Y for different BS/UE capabilities with compliance of related RF requirements, e.g. EVM, ACLR, SEM, etc.”

· “UE capability in terms of Y should be reported to network when it accesses network”
	First problem evident with such a technique is the signalling overhead in the system & BS/UE processing complexity. RAN 4 should discuss and study further the merits and de-merits of such an approach. 
Proposal 3: RAN 4 should try to avoid additional reporting mechanism from UE/BS with respect to Y parameter.  
Conclusion
Observation 1: Partial RB allocation is not recommended, both for small CBW with large SCS and large CBW with small SCS.
Proposal 1:  To limit burden on UE, in context of maximum spectrum utilization, the following limits are proposed: 
· For NR bands in sub-6 GHz: 
1. Channel bandwidth values should be 20 MHz (min), 40 MHz and 100 MHz (max) 
2. SCS options of 15 KHz (min), 30 KHz and 60 KHz (max)
3. Aggregated bandwidth should be 400 MHz 
 
· For NR bands above 6 GHz: 
1. Channel bandwidth values should be 100 MHz (min), 200 MHz and 400 MHz (max)  
2. SCS options of 60 KHz (min) and 120 KHz (max)
3. Aggregated bandwidth should be 800 MHz 
Observation 2: Windowing performs better in terms of EVM, which makes it an attractive candidate for higher order data modulation schemes. Further study on filtering techniques, with focus on NR, is required [13]. 
Proposal 2: RAN 4 should not specify any spectral confinement technique within UE (or) BS to achieve higher spectrum utilization. The methods used for uplink (or) downlink should be kept transparent in order to meet SEM, EVM and ACLR requirements.  
Proposal 3: RAN 4 should try to avoid additional reporting mechanism from UE/BS with respect to Y parameter.  
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