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1 Introduction

In [1], it is agreed that

· NR supports CP-OFDM based waveform with greater spectrum utilization than that of LTE for DL and UL, at least up to 40GHz for eMBB and uRLLC services.
According to the spectrum utilization evaluation results from companies [2]-[4], it can be observed that,

· The theoretical maximum spectrum utilization varies with numerology and carrier bandwidth.

· The maximum spectrum utilization enabled by different spectrum confined waveform varies, ranging from nearly 90% to above 99%.

Obviously, it is rather low efficient to define only one spectrum utilization number for all the candidate numerologies, carrier bandwidth and applied waveform combinations.
In this contribution, we present our views on the NR spectrum utilization definition and also discuss the requirements at UE and network.

2 Discussion

2.1 NR spectrum utilization
As evaluated in [2], the theoretical maximum spectrum utilization and also the maximum supported spectrum utilization for filtering and windowing are listed in Table 1 and 2, with the waveform parameters achieving the similar BLER performance as OFDM in fading channels. Note that for W-OFDM, different windowing sizes are used in the evaluation; this is to show achieving the baseline 90% utilization does put some constraint on the choices of proper windowing sizes.
Table 1 Downlink spectral utilization 
	Waveform
	Spectral utilization (# PRBs (%))

	
	5MHz
	10 MHz
	20 MHz
	40 MHz

	15 kHz
	Theoretical max. limit
	27PRB 
	55PRB 
	111PRB 
	222PRB 

	
	f-OFDM
(1/2 symbol length with truncation)
	26PRB

(93.6%)
	54PRB

(97.2%)
	110PRB
(99.0%)
	221PRB
(99.5%)

	
	W-OFDM

(26 point)
	23PRB

(82.8%) 
	51PRB

(91.8%) 
	107PRB

(96.3%) 
	219PRB

(98.6%) 

	
	W-OFDM

(52 point)
	25PRB

(90.0%) 
	53PRB

(95.4%) 
	109PRB

(98.1%) 
	220PRB

(99.0%) 

	60 kHz
	Theoretical max. limit
	N/A 
	N/A 
	27PRB 
	55PRB 

	
	f-OFDM

(1/2 OFDM symbol with truncation)
	N/A
	N/A
	27PRB

(97.2%)
	55PRB

(99.0%)

	
	W-OFDM

(8 point)
	N/A 
	N/A 
	24PRB

(86.4%) 
	53PRB

(95.4%) 

	
	W-OFDM

(13 point)
	N/A 
	N/A 
	25PRB

(90.0%) 
	53PRB

(95.4%) 


Table 2 Uplink spectral utilization
	Waveform
	Spectral utilization (# PRBs (%))

	
	5MHz
	10 MHz
	20 MHz
	40 MHz

	15 kHz
	Theoretical max. limit
	27PRB 
	55PRB 
	111PRB 
	222PRB 

	
	f-OFDM

(1/2 OFDM symbol with truncation)
	27PRB

(97.2%)
	55PRB

(99.0%)
	110PRB

(99.0%)
	221PRB

(99.5%)

	
	W-OFDM

(26 point)
	24PRB

(86.4%) 
	52PRB

(93.6%) 
	107PRB

(96.3%) 
	218PRB

(98.1%) 

	
	W-OFDM

(52 point)
	25PRB

(90.0%) 
	53PRB

(95.4%) 
	108PRB

(97.2%) 
	220PRB

(99.0%) 

	60 kHz
	Theoretical max. limit
	N/A 
	N/A 
	27PRB 
	55PRB 

	
	f-OFDM

(1/2 OFDM symbol with truncation)
	N/A
	N/A
	27PRB

(97.2%)
	55PRB

(99.0%)

	
	W-OFDM

(8 point)
	N/A 
	N/A 
	26PRB

(93.6%) 
	53PRB

(95.4%) 

	
	W-OFDM

(13 point)
	N/A 
	N/A 
	25PRB

(90.0%) 
	53PRB

(95.4%) 


On one hand, it is rather inefficient to define only one spectrum utilization number (e.g. 90%) as LTE regardless of numerology, carrier bandwidth and waveform applied. However, defining different spectrum utilization number for each possible numerology, carrier bandwidth and waveform combination will cause too much standardization effort and workload.  Taking these two aspects into consideration, we think that a reasonable way is to define the spectrum utilization with a small number of categories, and some combinations of numerology, carrier bandwidth and waveform capability are categorized into one category, and sharing the same spectrum utilization range. For example, 
Category 1: For above 10MHz carrier bandwidth, the spectrum utilization range can be [90%, 99%] for all practical numerologies. 

Category 2:  For below 10MHz carrier bandwidth (including 10MHz), the spectrum utilization range can be [90%, 97%] for all practical numerologies.

In both categories, the specific spectrum utilization value choice within the range depends on the waveform and parameters applied by different vendors.

With this categorization, vendors can support different spectrum utilization number, according to their tailored requirements on performance and cost. UE need to claim their capability in order to facilitate DL/UL scheduling and data transmission in an accurate way.

Based on the above discussion, we have the following proposals,

Proposal 1: NR spectrum utilization should be defined as a range, taking into different numerology, carrier bandwidth, and applied waveform with different spectrum confinement performance.

Proposal 2: For above 10MHz carrier bandwidth, the spectrum utilization range can be [90%, 99%] for all applied numerologies. For below 10MHz carrier bandwidth (including 10MHz), the spectrum utilization range can be [90%, 97%] for all applied numerologies. 
2.2 Consideration on the non-uniform spectral utilization capability
At transmitter side, the spectral confinement can be achieved by filtering or windowing.  However, at receiver side, filtering is the only way to fullfil ACS (adjacent channel selectivity, ACS is the ratio of the receive filter attenuation on the assigned channel frequency to the receive filter attenuation on the adjacent channel(s)) requirement for both gNB and UE, whatever windowing or filtering is applied at transmitter side. And also according to the proposals in section 2.1, we can have the following observations:

1. The maximum data transmission bandwidth supported at Tx can be different from that at Rx, for both UE and gNB.

2.  The maximum supported data transmission bandwidth vary from UE to UE, from gNB to gNB.

Figure 1 shows the cases, in which different data transmission bandwidth are supported for UL and DL.
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Figure 1: Illustration of multiple spectrum utilization coexistence for gNB and UE
In the system with diverse multiple spectrum utilization, all common control channel/RS should be defined in the minimum data transmission bandwidth (e.g. corresponding to 90% spectrum utilization). Only UE -specific control/RS/data resource can be placed at the additional band edge PRBs depending on the scheduled location of that UE.  

The network needs to know all UEs’ maximum Tx/Rx data transmission bandwidth, so as to make appropriate scheduling for each UE. To be specific, only UEs with larger data transmission bandwidth capability (i.e. above 90% spectrum utilization) can be scheduled at the band edge PRB(s). 

On the other side, network’s data transmission bandwidth, varying from gNB to gNB, can be notified to UEs for possible better transmission resource coordination.

According to the above analysis, we have the following proposals:

Proposal 3:  UEs’ capability in terms of the supported data transmission bandwidth for both downlink receiving and uplink transmitting should be reported to network for accurate scheduling.

Proposal 4:  gNBs’ capability in terms of the supported data transmission bandwidth for both downlink transmitting and uplink receiving can be notified to UEs for possible resource coordination.
3 Conclusions
In this contribution, we present our views on the NR spectrum utilization definition and also discuss the requirements at UE and network.
Based on the above analysis, we have the following proposals:

Proposal 1: NR spectrum utilization should be defined as a range, taking into different numerology, carrier bandwidth, and applied waveform with different spectrum confinement performance.

Proposal 2: For above 10MHz carrier bandwidth, the spectrum utilization range can be [90%, 99%] for all applied numerologies. For below 10MHz carrier bandwidth (including 10MHz), the spectrum utilization range can be [90%, 97%] for all applied numerologies. 
 Proposal 3:  UEs’ capability in terms of the supported data transmission bandwidth for both downlink receiving and uplink transmitting should be reported to network for accurate scheduling.

Proposal 4:  gNBs’ capability in terms of the supported data transmission bandwidth for both downlink transmitting and uplink receiving can be notified to UEs for possible resource coordination.
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