3GPP TSG-RAN WG4 Meeting #83	R4-1705342
Hangzhou, China, 15 - 19 May, 2017



Agenda item:	10.3.3
Source:	Nokia, Alcatel-Lucent Shanghai Bell
Title:	Spectrum Utilization simulation results
Document for:	Discussion
1	Introduction
In this contribution, we present DL spectrum utilization simulation results for RAN4 requirement discussion and further analyses. Some UL results are also presented for the comparison purposes.

2	Discussion

In the last RAN4#82bis meeting number of companies felt that windowing based spectral confinement method could be used as basis for developing spectrum utilization requirements for NR. Windowing schemes like WOLA have been shown to have reasonable implementation complexity as well. No agreement on any baseline assumptions for developing spectrum utilization and other related requirements like EVM and UE Maximum Power Reductions (MPR) were agreed in RAN4. In this contribution, we present some DL simulation results using windowing based scheme. In a separate contribution [3] we propose actual requirements for spectrum utilization requirements. It is worth noting that in this simulation result contribution, we have not considered all aspects needed for defining the actual requirements.
DL Spectrum Utilization simulation assumptions: 
· WOLA 
· 
·  is the rising or falling window slope length
· Window length = ~2%
· DL PA model
· Rapp, 46 dBm output power (ACLR 45dB)
· EVM target: 3.5% edge PRB, average 2% 
· FFT sizes:
	

	SCS [kHz]
	5
	10
	15
	20
	40
	80
	100

	
	FFT Size
	FFT Size
	FFT Size
	FFT Size
	FFT Size
	FFT Size
	FFT Size

	15
	512
	1024
	2048
	2048
	4096
	
	

	30
	
	512
	1024
	1024
	2048
	4096
	4096

	60
	
	
	
	512
	1024
	2048
	2048





In Table 1 we present DL Spectrum Utilization simulation results.

[bookmark: _Ref481756040]Table 1: DL Spectrum Utilization simulation results
	
	Channel BW [MHz]

	SCS [kHz]
	5
	10
	15
	20
	40
	80
	100

	
	NRB
	Y [%]
	NRB
	Y [%]
	NRB
	Y [%]
	NRB
	Y [%]
	NRB
	Y [%]
	NRB
	Y [%]
	NRB
	Y [%]

	15
	17
	61.2
	48
	86.4
	77
	92.4
	105
	94.5
	218
	98.1
	
	
	
	

	30
	
	
	17
	61.2
	32
	76.8
	47
	84.6
	104
	93.6
	216
	97.2
	273
	98.3

	60
	
	
	
	
	
	
	15
	54.0
	46
	82.8
	15
	54.0
	46
	82.8



Similar UL spectrum utilization simulation results based on WOLA have been presented in [4]. When comparing the DL simulation results in the contribution and UL results in [4], we can observe some differences in the results, especially for narrow channel bandwidths. We expect that most of the differences in spectrum utilization numbers come from the fact that DL has more stringent out of band emission mask and BS Tx power is significantly higher than UE. DL power spectral density becomes therefore higher impacting spectrum utilization numbers. Naturally there may be some smaller differences due to some differences in the simulation assumptions e.g. for WOLA parameters etc.  To understand differences in the DL and UL spectrum utilization simulation results better we have also simulated some UL spectrum utilization cases for a reference.
UL Spectrum Utilization simulation assumptions: 
· WOLA 
· 
·  is the rising or falling window slope length
· Window length = ~2%
· UL PA model
· [bookmark: _GoBack]Polynomial
· 23 dBm PA output power (ACLR 30 dB) without losses @Y=90%
· Full band transmission
· EVM target: 3.5% edge PRB, average 2% 

Table 2 we present UL Spectrum Utilization simulation results for comparison purposes.

[bookmark: _Ref481756058]Table 2: UL Spectrum Utilization simulation results 
	
	Channel BW [MHz]

	SCS [kHz]
	5
	10
	15
	20
	40
	80
	100

	
	NRB
	Y [%]
	NRB
	Y [%]
	NRB
	Y [%]
	NRB
	Y [%]
	NRB
	Y [%]
	NRB
	Y [%]
	NRB
	Y [%]

	15
	27
	97.2
	55
	99.0
	82
	98.4
	110
	99.0
	220
	99.0
	
	
	
	

	30
	
	
	97.2
	41
	98.4
	55
	99.0
	110
	99.0
	97.2
	220
	99.0
	275
	99.0

	60
	
	
	
	
	
	
	27
	97.2
	55
	99.0
	110
	99.0
	138
	99.4



Like discussed earlier in the contribution our UL simulation results also seem to confirm that better spectrum utilization can be achieved with WOLA for UL than for DL due to different Tx power and spectrum mask. 
When comparing our simulation results and the spectrum utilization WF proposal in [4] we can observe some differences between the numbers. In these simulations, we have not verified all the necessary requirements and implementation aspects like blocking requirements. Also since the DL WOLA simulation results give worse DL results for the existing LTE BWs and 15 kHz SCS, we have considered some other schemes like typical channel filtering for those cases instead.  Also, WOLA DL spectrum utilization results for 60 kHz SCS are below LTE spectrum utilization of 90%. Thus, also more stringent DL windowing or filtering assumptions than used in these simulations are considered in the WF proposal [4] to avoid worse spectrum utilization than in LTE. Generally, it would seem beneficial to define symmetric UL and DL spectrum utilization requirements so that the same amount PRBs can be used for both directions.
4	Conclusions
In this contribution, we have presented DL spectrum utilization simulation results based on WOLA windowing scheme with ~2 % window length. UL spectrum utilization results were also presented for the comparison purposes.
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