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1 Introduction

It has been agreed that NR will target higher than 90% spectrum utilization.  Basically every technical aspect related with spectrum utilization has been studied in the past several meetings.  Generally speaking, companies could reach consensus on the following points: 
1. The achievable spectrum utilization varies with the carrier bandwidth and numerology applied.
2. NR spectrum utilization should be defined in an implementation agnostic way, taking the tradeoff between complexity and performance into consideration.
· Very high spectrum utilization (up to 99%) can be achieved by increasing windowing/filtering length. However, long window causes significant demodulation performance degradation due to the severe ISI issue, while long filter results in increasing complexity.
In this contribution, we study the achievable spectrum utilization value, and also present our views on how to define NR spectrum utilization.

2 Discussion

2.1 Achievable spectrum utilization value
2.1.1 Downlink spectrum utilization

For downlink, the spectrum utilization should be determined with the fully allocated channel bandwidth as reference, and both transmitter RF requirements (ACLR, SEM, EVM) and receiver RF requirements (mainly narrow band blocking) has to be fulfilled.

In the evaluation, we evaluate two filter taps.

1) 127 taps filter 

2) 512 taps filter (block-wise filtering implementation)

In Table 1, we give the achievable downlink data transmission bandwidth (NRB) and the corresponding spectrum utilization value (Y%) with different filter length for below 6GHz, and the corresponding RF performance evaluation results are attached in the appendix. The values in the table represent the achievable spectrum utilization without violating any RF requirement, including SEM, ACLR, EVM and NR blocking performance.
For above 6GHz, it is straightforward to extend the spectrum utilization value for below 6Ghz in a scalable way. For example, if NRB =110 is agreed for 20MHz channel bandwidth and 15kHz SCS for below 6GHz, the same value can be defined for 160MHz channel bandwidth and 120kHz SCS for above 6GHz. The values marked with red in the tables represent that above 4096 FFT size is required in that case, which may be infeasible from the implementation perspective. 
2.1.2 Uplink spectrum utilization

For uplink, the spectrum utilization should be set assuming one RB allocated at band edge, where the signal PSD on one PRB is much higher than other bandwidth allocation cases. Table II shows the achievable spectrum utilization values with different filter length for uplink. It can be observed that the uplink achievable spectrum utilization is similar as downlink despite of the higher PSD on the band edge PRB, since the uplink RF requirement is more relaxed. 

Table 1: The achievable spectrum utilization for downlink 
(fully allocated channel bandwidth is assumed as the reference) 
	Filter
taps
	SCS [kHz]
	5MHz
	10MHz
	15MHz
	20 MHz
	40 MHz
	60 MHz
	80 MHz
	100 MHz

	
	
	NRB

(Y[%])
	NRB
(Y [%])
	NRB
(Y [%])
	NRB
(Y [%])
	NRB
(Y [%])
	NRB
(Y [%])
	NRB
(Y [%])
	NRB
(Y [%])

	127
	15
	26 (93.6%)
	53(95.4%)
	80(96%)
	107(96.3%)
	218(98.1%)
	330(99%)
	442(99.5%)
	553(99.5%)

	
	30
	13(93.6%)
	26(93.6%)
	39(93.6%)
	53(95.4%)
	108(97.2%)
	163(97.8%)
	219 (98.6%)
	275 (99%)

	
	60
	6(86.4%)
	13(93.6%)
	19(91.2%)
	26(93.6%)
	53(95.4%)
	81(97.2%)
	109(98.1%)
	136(98%)

	512
	15
	26 (93.6%)
	55(99%)
	82(98.4%)
	110 (99%)
	221(99.5%)
	332(99.6%)
	444(99.9%)
	555(99.9%)

	
	30
	13(93.6%)
	27(97.2%)
	41(98.4%)
	54 (97.2%)
	110(99%)
	165(99%)
	221(99.5%)
	276(99.4%)

	
	60
	6(86.4%)
	13(93.6%)
	20(96%)
	27 (97.2%)
	54(97.2%)
	82(98.4%)
	110(99%)
	138(99.4%)


Table 2: The achievable spectrum utilization for uplink 
(1 RB at band edge is assumed as the reference)
	Filter
taps
	SCS [kHz]
	5MHz
	10MHz
	15MHz
	20 MHz
	40 MHz
	60 MHz
	80 MHz
	100 MHz

	
	
	NRB

(Y[%])
	NRB
(Y [%])
	NRB
(Y [%])
	NRB
(Y [%])
	NRB
(Y [%])
	NRB
(Y [%])
	NRB
(Y [%])
	NRB
(Y [%])

	127
	15
	26 (93.6%)
	53(95.4%)
	80(96%)
	108(97.2%)
	218(98.1%)
	330(99%)
	442(99.5%)
	553(99.5%)

	
	30
	13(93.6%)
	26(93.6%)
	39(93.6%)
	53(95.4%)
	108(97.2%)
	163(97.8%)
	219 (98.6%)
	275 (99%)

	
	60
	6(86.4%)
	13(93.6%)
	19(91.2%)
	26(93.6%)
	54(97.2%)
	81(97.2%)
	109(98.1%)
	137(98.6%)

	512
	15
	26 (93.6%)
	55(99%)
	82(98.4%)
	110 (99%)
	221(99.5%)
	332(99.6%)
	444(99.9%)
	555(99.9%)

	
	30
	13(93.6%)
	27(97.2%)
	41(98.4%)
	54 (97.2%)
	110(99%)
	165(99%)
	221(99.5%)
	276(99.4%)

	
	60
	6(86.4%)
	13(93.6%)
	20(96%)
	27 (97.2%)
	54(97.2%)
	82(98.4%)
	110(99%)
	138(99.4%)


2.2 Consideration on NR spectrum utilization definition
In section 2.1, we evaluate the achievable spectrum utilization with different filter length, for all the possible combinations of channel bandwidth and subcarrier spacing (SCS).  Obviously, longer filter is preferable from the spectrum utilization perspective, without sacrificing band edge EVM and narrow band blocking performance, however some companies showed big concerns on its implementation complexity and delay issue despite that we have illustrated some effective ways to solve them.

According to the evaluation results in 2.1, we think the achievable spectrum utilization for NR can be significantly improved for most combinations of channel bandwidth and SCS, even not considering very high filter order. 
Keeping in mind that future proof design principle is always prioritized in every aspect of NR standardization, we really think spectrum utilization definition should also take the forward compatibility into consideration, and it shouldn't be constrained by current implementation capability. From this perspective, even though NR will define minimum values as mandatory requirements, it shouldn’t restrict higher spectrum utilization value at least for some combinations of channel bandwidth and SCS. And it is recommended that current NR specification should  support higher spectrum utilization value as much as possible, at least as an optional feature, which can leave the door open for further improvement in future NR release even if this high number can’t be supported by current implementation capability.
Proposal 1: NR specification should at least leave the door open for higher spectrum utilization value (i.e. upper bound) from the forward compatibility perspective.
Proposal 2: The recommended upper bound of NR spectrum utilization values and transmission PRB for below 6GHz are as follows,
	SCS [kHz]
	5MHz
	10MHz
	15MHz
	20 MHz
	40 MHz
	60 MHz
	80 MHz
	100 MHz

	
	NRB

(Y[%])
	NRB
(Y [%])
	NRB
(Y [%])
	NRB
(Y [%])
	NRB
(Y [%])
	NRB
(Y [%])
	NRB
(Y [%])
	NRB
(Y [%])

	15
	26 (93.6%)
	55(99%)
	82(98.4%)
	110 (99%)
	221(99.5%)
	332(99.6%)
	444(99.9%)
	555(99.9%)

	30
	13(93.6%)
	27(97.2%)
	41(98.4%)
	54 (97.2%)
	110(99%)
	165(99%)
	221(99.5%)
	276(99.4%)

	60
	6(86.4%)
	13(93.6%)
	20(96%)
	27 (97.2%)
	54(97.2%)
	82(98.4%)
	110(99%)
	138(99.4%)


3 Conclusions
In this contribution, we analyze the achievable spectrum utilization valued with different filter taps. According to the evaluation results, we have the following proposals, 
Proposal 1: NR specification should at least leave the door open for higher spectrum utilization value (i.e. upper bound) from the forward compatibility perspective.
Proposal 2: The recommended upper bound of NR spectrum utilization values and transmission PRB for below 6GHz are as follows,
	SCS [kHz]
	5MHz
	10MHz
	15MHz
	20 MHz
	40 MHz
	60 MHz
	80 MHz
	100 MHz

	
	NRB

(Y[%])
	NRB
(Y [%])
	NRB
(Y [%])
	NRB
(Y [%])
	NRB
(Y [%])
	NRB
(Y [%])
	NRB
(Y [%])
	NRB
(Y [%])

	15
	26 (93.6%)
	55(99%)
	82(98.4%)
	110 (99%)
	221(99.5%)
	332(99.6%)
	444(99.9%)
	555(99.9%)

	30
	13(93.6%)
	27(97.2%)
	41(98.4%)
	54 (97.2%)
	110(99%)
	165(99%)
	221(99.5%)
	276(99.4%)

	60
	6(86.4%)
	13(93.6%)
	20(96%)
	27 (97.2%)
	54(97.2%)
	82(98.4%)
	110(99%)
	138(99.4%)
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Appendix
1. PSD
(a) Channel BW = 5 MHz
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(b) Channel BW = 10 MHz
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(c) Channel BW = 20 MHz
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(d) Channel BW = 40 MHz
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(e) Channel BW = 60 MHz
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(f) Channel BW = 80 MHz
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(g) Channel BW = 100 MHz
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2. EVM
The following table lists the EVM performance of the band edge PRB, with 127 filter taps.
	Filter taps
	SCS [kHz]
	5MHz
	10MHz
	20 MHz
	40 MHz
	60 MHz
	80 MHz
	100 MHz

	
	
	NRB
	EVM

[%]
	NRB
	EVM [%]
	NRB
	EVM [%]
	NRB
	EVM [%]
	NRB
	EVM [%]
	NRB
	EVM [%]
	NRB
	EVM [%]

	127
	15
	26
	2.76
	53
	2.71
	107
	2.93
	218
	2.70
	329
	1.87
	0
	0
	0
	0

	
	30
	13
	3.16
	26
	2.80
	53
	2.71
	108
	2.87
	163
	2.72
	219
	2.74
	275
	2.73

	
	60
	6
	3.66
	13
	3.15
	26
	2.84
	53
	2.74
	81
	2.92
	109
	2.91
	137
	2.88

















