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	Introduction 
In the NR study item phase, RAN4 agreed to enhance the NR spectrum utilization above 90%, and for NR in-band requirements when RAN4 defines 5G NR requirements RAN4 should ensure sufficiently good spectral efficiency in both single and mixed numerology cases. These have been captured in TR 38.803 [1]. 
For spectrum utilization, there are two main types for implementation mostly discussed, windowing and filtering. It has been proven in [2] [3] that filtering is too complex for implementation and windowing type is preferred to be used for obtaining RB numbers for different combinations of channel BW and SCS. [4] analyzed filtering and windowing and concludes that windowing type is the only suitable approach for isolating different numerologies because filtering would imply a static assignment of RBs to each numerology. Therefore windowing type is preferred to be used for obtaining RB numbers for different combinations of channel BW and SCS.
In RAN4 NR#2 meeting in this June R4-1706929 WF on Spectral Utilization was approved for sub-6GHz as below [5]: 
    [image: ]
In RAN4#83 meeting in this May R4-1706060 Way Forward on Spectral Utilization was approved and for Rel-15 the spectrum utilization X% could be less than 90% for channel BW less than 20MHz with 30kHz and 60kHz SCS. 

In this contribution, based on simulation results from BS side we present spectrum utilization numbers for sub-6GHz in single numerology case. The final single set spectrum utilization numbers for Rel-15 should be determined by checking the simulation results from both BS and UE sides and further discussions and clear RAN4 agreements on the open issues pointed out in this contribution.
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In the simulations for below 6GHz the unwanted emission limits in Table 6.6.3.2.2-1 for Category B in LTE specification TS 36.104 [6] are used for all channel BWs, and also follow the approved WF on BS spectrum emission mask for below 6GHz [10] that the same emission levels for LTE should be used with frequency range (FDL_low– ΔfUEM) ~ (FDL_high+ΔfUEM). 
Table 6.6.3.2.2-1: Regional Wide Area BS operating band unwanted emission limits in band 1, 3, 8, 32, 33, 34 or 65 for 5, 10, 15 and 20 MHz channel bandwidth for Category B [6]
	Frequency offset of measurement filter ‑3dB point, f
	Frequency offset of measurement filter centre frequency, f_offset
	Minimum requirement (Note 1, 2)
	Measurement bandwidth (Note 8)

	0 MHz  f < 0.2 MHz
	0.015MHz  f_offset < 0.215MHz 
	-14 dBm
	30 kHz 

	0.2 MHz  f < 1 MHz
	0.215MHz  f_offset < 1.015MHz
	

	30 kHz 

	(Note 9)
	1.015MHz  f_offset < 1.5 MHz 
	-26 dBm
	30 kHz 

	1 MHz  f  
min( 10 MHz, fmax) 
	1.5 MHz  f_offset < 
min(10.5 MHz, f_offsetmax)
	-13 dBm
	1 MHz 

	10 MHz  f  fmax
	10.5 MHz  f_offset < f_offsetmax 
	-15 dBm (Note 10)
	1 MHz 



Other evaluation assumptions (below 6GHz):
· Waveform: 			windowing type of waveform FB-OFDM option 2 described in [7] [8].
· BS DL EVM:  		< 3.5%
· ACLR:				45dBc for channel BW up to 20MHz [9]. Assumed 45dBc for other channel
           				BWs.
· BS DL output power:   46dBm for channel BWs ≤ 20MHz, higher output power for channel  
                            BWs > 20MHz.
· BS PA model: 		Rapp model [1]. 
· DPD: 				No DPD. 
· Channel raster:		Assume the center of the channel BW and the center of the maximum
transmission BW configuration are aligned. 

Here are the proposed spectrum utilization numbers for frequency bands below 6GHz.
Table 1: Proposed spectrum utilization numbers for PDSCH/PUSCH single numerology case for NR frequency bands below 6GHz
	Channel bandwidth BWChannel [MHz]
	5
	10
	15
	20
	25
	40
	50
	60
	80
	100

	Transmission bandwidth configuration NRB
	SCS=15 KHz
	25
	52
	79
	106
	133
	216
	270
	N.A
	N.A
	N.A

	
	SCS=30 KHz
	11
	24
	38
	51
	65
	106
	133
	162
	217
	272

	
	SCS=60 KHz
	N.A
	11
	18
	24
	31
	51
	65
	79
	107
	135



Some RAN4 requirements have impact to spectrum utilization and they have not been finalized, e.g. EVM [11], channel raster [12], etc. We have the following proposal:

Proposal 1:  The open issues below should be discussed and clarified/specified in RAN4 first before the single set spectrum utilization numbers for below 6GHz could be finalized:
· BS DL EVM: EVM requirements measured over edge PRBs and over all allocated PRBs should be finalized first for single numerology case.
· ACLR: should be finalized first.
· BS output power: what’s the assumed BS output power for each channel BW in the evaluation?
· BS PA model: Rapp model could not model some PA behaviors such as the memory effects and IMD5 for larger channel BWs. These behaviors have negative impacts to EVM and ACLR. Which BS PA model should be used in the evaluation? 
· Relevant BS RX and UE requirements.
· Channel raster size, RB placement and possible asymmetrical guard band size at the edges of the channel BW: Even for single PDSCH numerology case, unsymmetrical guard band might happen if the center of the maximum transmission channel BW configuration and the center of the channel BW might not be aligned depending on the channel raster decision in RAN4. In case the centers are not aligned, in some combinations of channel BW and SCS, the NRB in Table 1 might be 1 RB less to meet the BS UEM mask requirements and this should be simulated carefully after the channel raster requirements have been finalized. 
Conclusions
Based on the discussion in this contribution, we have the following Proposal:
Proposal 1:  The open issues below should be discussed and clarified/specified in RAN4 first before the single set spectrum utilization numbers for below 6GHz could be finalized:
· BS DL EVM: EVM requirements measured over edge PRBs and over all allocated PRBs should be finalized first for single numerology case.
· ACLR: should be finalized first.
· BS output power: what’s the assumed BS output power for each channel BW in the evaluation?
· BS PA model: Rapp model could not model some PA behaviors such as the memory effects and IMD5 for larger channel BWs. These behaviors have negative impacts to EVM and ACLR. Which BS PA model should be used in the evaluation? 
· Relevant BS RX and UE requirements.
· Channel raster size, RB placement and possible asymmetrical guard band size at the edges of the channel BW: Even for single PDSCH numerology case, unsymmetrical guard band might happen if the center of the maximum transmission channel BW configuration and the center of the channel BW might not be aligned depending on the channel raster decision in RAN4. In case the centers are not aligned, in some combinations of channel BW and SCS, the NRB in Table 1 might be 1 RB less to meet the BS UEM mask requirements and this should be simulated carefully after the channel raster requirements have been finalized. 
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Note: above RB values are derived based on RANA perspective, which can be further check by other
working group
FFS means companies can provide further analysis in next meeting.

FFS on the emission mask simulation assumption
FFS on the EVM simulation assumption

FFS on ACLR/ACS simulation assumption
FFS on channel raster
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