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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#83 meeting R4-1706060 Way Forward on Spectral Utilization was approved [5]: 
· …
· RAN4 defines a single set spectrum utilization values in Rel-15 for 
· Both UL and DL
· From TX side, BS/UE should always meet all TX requirements such as out-of-band emission requirements (SEM and ACLR) and spurious requirements, EVM for the Rel-15 utilization X%. From TX side, BS/UE TX requirements will be developed for scenario 1. 
· From RX side, BS/UE RX RAN4 minimum requirements will be developed for scenario 1 (i.e. with X% utilization)
· Companies are encouraged to propose the spectral utilization values in terms of number of RBs
· For below 6GHz, channel BW (5, 10, 15, 20, 40, 50, 60, 80, 100MHz) and SCS (15, 30, 60kHz)
· For above 6GHz, channel BW (50, 100, 150, 200, 400MHz) and SCS (60, 120kHz)
· Evaluations must be performed with agreed requirements 
· R4-1706073, mmW SEM
· R4-1706063 WF on mmWave ACLR and ACS 
· R4-1706316 WF on sub 6GHz ACLR and ACS
· Also relevant receiver blocking requirements must be considered (impact on both filtering and reciprocal phase noise mixing)
· Companies are encouraged to provide info on spectral efficiency 
· Companies should provide relevant information used in the evaluation including EVM and Sub-6 SEM
· Note: The BWs here are examples; a subset may be selected for the final set of BWs. 
And for Rel-15 the spectrum utilization X% should >= 90% (except for less than 20MHz with 30kHz or 60kHz SCS). 

In this contribution, based on simulation results from BS side we present spectrum utilization numbers for both below 6GHz and around 28GHz 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 decisions 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 as well.
· BS DL output power:   46dBm for all channel BWs
· BS PA model: 		Rapp model [1]
· DPD: 				No DPD

Here are the simulation results from BS side for frequency bands below 6GHz. Please note that if the BS DL output power for wider channel BWs is higher than 46dBm, the NRB for the wider channel BWs might will be smaller than the numbers in Table 1 to meet the SEM requirements. This should be further carefully simulated after RAN4 decides the BS DL output power for wider channel BWs for the spectrum utilization evaluation.
Table 1: Simulation results from BS side for transmission bandwidth configuration NRB for NR frequency bands below 6GHz for PDSCH/PUSCH single numerology case
	Channel bandwidth BWChannel [MHz]
	5
	10
	15
	20
	40
	50
	60
	80
	100

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

	
	SCS=30 KHz
	12
	25
	38
	52
	106
	134
	162
	217
	273

	
	SCS=60 KHz
	N.A
	12
	18
	25
	52
	66
	80
	107
	135



Different companies might use different assumptions in the spectrum utilization simulations so it’s better that RAN4 has some common assumptions for the evaluation to align the simulation results. 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: should be specified for single numerology case first.
· ACLR: should be specified first for channel BWs larger than 20MHz.
· 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? 
· DPD: Will DPD be assumed to improve the PA linearity performance and reduce the memory effects/IMD5 in the evaluation?
· Relevant BS RX and UE requirements.
· Channel raster and possible unsymmetrical 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 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 above might should be 1 RB less to meet the BS UEM mask requirements and this should be simulated carefully. 
	NR BS spectrum utilization for 28GHz
For 28GHz spectrum utilization simulations, the assumed mmWave SEM is from [11] as below:
[image: C:\Users\gaoyh\AppData\Local\Temp\ksohtml\wps7B0C.tmp.png]

Other evaluation assumptions (for 28GHz):
· Waveform: 			windowing type of waveform FB-OFDM option 2 described in [7] [8].
· BS DL EVM:  		<8% (LTE 64QAM EVM requirement ).
· ACLR:				28dBc according to the WF [12].
· BS DL output power:   34.5 dBm for all channel BWs.
· BS PA model: 		28GHz CMOS GMP model from [1]. Please see the Appendix.  
In the simulations, 6dB back off and simple fixed phase compensation.
· DPD: 				No DPD.
The simulation results from BS side for 28GHz are summarized in Table 2 below. Please note that if the BS DL output power is higher than 34.5dBm, even with 6dB back off and simple fixed phase compensation the NRB will be smaller than the numbers in Table 2 otherwise it will not meet the SEM requirements. 
Table 2: Transmission bandwidth configuration NRB for NR frequency bands around 28GHz for PDSCH/PUSCH single numerology case
	Channel bandwidth BWChannel [MHz]
	50
	100
	150
	200
	400

	Transmission bandwidth configuration NRB
	SCS=60 KHz
	67
	136
	204
	275
	N.A

	
	SCS=120 KHz
	33
	67
	101
	137
	276



Different companies might use different assumptions in the spectrum utilization simulations so it’s better that RAN4 has some common assumptions for the evaluation to align the simulation results. We have the following proposal:
Proposal 2: The open issues below should be discussed and clarified/specified in RAN4 first before the single set spectrum utilization numbers for mmWave could be finalized:
· BS DL EVM: should be specified for single numerology case first. 
· ACLR: The absolute limits for ACLR values corresponding to different BS classes are FFS at this moment according to [12]
· 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? 
· DPD: In the evaluation, will DPD be assumed to improve the PA linearity performance and reduce the memory effects/IMD5?
· Relevant BS RX and UE requirements.
Conclusions
Based on the discussion in this contribution, we have the following Proposals:
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: should be specified for single numerology case first.
· ACLR: should be specified first for channel BWs larger than 20MHz.
· 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? 
· DPD: Will DPD be assumed to improve the PA linearity performance and reduce the memory effects/IMD5 in the evaluation?
· Relevant BS RX and UE requirements.
· Channel raster and possible unsymmetrical 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 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 above might should be 1 RB less to meet the BS UEM mask requirements and this should be simulated carefully. 
Proposal 2: The open issues below should be discussed and clarified/specified in RAN4 first before the single set spectrum utilization numbers for mmWave could be finalized:
· BS DL EVM: should be specified for single numerology case first. 
· ACLR: The absolute limits for ACLR values corresponding to different BS classes are FFS according to [12]
· 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? 
· DPD: In the evaluation, will DPD be assumed to improve the PA linearity performance and reduce the memory effects/IMD5?
· Relevant BS RX and UE requirements.
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Appendix
28GHz CMOS GMP model from [1]:
The third model is based on advanced circuit simulation of a CMOS PA research prototype. The model has been derived with input and output data at a sample rate of 2.281 GHz and a signal bandwidth of 400MHz.
The corresponding GMP model has -41.7dB NMSE and is defined by:
:
:
[-0.0109821+0.00313982i; -0.00397658-0.0427409i; -0.171194+0.151692i; 0.879844-0.0235651i;
-1.97684-0.862044i; 2.32524+1.99694i; -1.34472-1.77602i; 0.289959+0.559338i]
:
[0.473465+0.860276i; -0.953417+0.640666i; 1.9899-2.3847i; 7.5417+6.38381i;
-64.8415-60.8762i; 159.01+189.579i; -167.466-225.579i; 65.4247+92.5967i]	
:
[0.0164844+0.00671299i; -0.0198519+0.177212i; 0.669594-0.543745i; -2.98038-0.279477i;
6.6717+4.50511i; -8.26935-9.04627i; 5.42365+7.52782i; -1.47259-2.32623i]
:
:
[-0.000292543-0.0150556i; -0.122202-0.283752i; 2.56792+4.68957i; -18.4244-34.2816i;
66.3648+126.766i; -124.066-239.871i; 115.273+220.218i; -42.1527-77.6225i] 
:
[0.0163452+0.00969618i; -0.281971-0.188069i; 3.35025+3.60649i; -24.5434-31.1539i;
87.5451+124.093i; -157.821-243.086i; 139.85+227.416i; -48.6255-81.0794i]
Figure A.1-5 and Figure A.1-6 show the gain and phase characteristics of the GMP and static model using the same OFDM signal that was used for model estimation.
[image: ]
[bookmark: _Ref456703510]Figure A.1-5 Gain characteristics of 28GHz CMOS PA, (blue) GMP model (red) static model.
[image: ]
[bookmark: _Ref456703512]Figure A.1-6 Phase characteristics of 28GHz CMOS PA, (blue) GMP model (red) static model.
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