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1 Introduction

During RAN4#83, spectrum utilization was again discussed and a Way Forward was agreed in [1]. The Way Forward contained two main aspects. The first aspect was a consideration and agreement that in principle, increased BS spectrum utilization above the utilization levels guaranteed by RAN4 requirements should be enabled in the RAN1/RAN2 specifications. Increasing the spectrum utilization could cause interference issues and interference between operators, which would be managed by operators on a deployment basis. Potentially further requirements may be introduced in future releases.

The second aspect of the Way Forward was a request for companies to provide their views on spectrum utilization for release 15 RAN4 requirements for a specific set of bandwidths.
This document provides a view on the spectrum utilization levels. In order to provide insight into the rationale behind the values, some considerations on the factors driving the requirement levels are provided.
2 Factors to consider for setting SU levels
Single TX BS spectrum emissions mask

At the basestation transmitter, the transmitted carrier must fit within the basestation SEM. Examples of achieving spectral confinement within the BS SEM have been provided by several companies over the past few meetings. The non-AAS specification applies the SEM at each BS transmitter.
AAS mask with FCC requirements

The specification must also be suitable for AAS requirements. The AAS specification applies the SEM to the total output of all transmitters. To take account of the fact that an AAS may transmit with multiple transmitters, the total emissions limit for all transmitters is in general increased by 9dB compared to the non-AAS specification. 

However emissions requirements that relate to the FCC regulatory regime, or to TDD operation in Japan do not apply such a relaxation and the total emissions limit for an AAS is equal to the emissions limit from a single transmitter of a non-array BS. 

It is important to ensure that the spectrum utilization is compatible with all AAS requirements. Thus, the numbers we propose have been investigated with respect to the most stringent AAS requirement with the most powerful transmitter.
UE transmitter spectrum emissions mask

Similarly to the BS, the UE emissions mask must also be met. Since a UE does not always transmit with all RBs, compliance when transmitting a single high power RB at the edge of the carrier needs to be assessed.
BS receiver selectivity
In addition to the transmitter, the BS receiver needs to reject interference from adjacent channels by means of providing sufficient selectivity. Rejection is needed for meeting the ACS and blocking requirements. As discussed in [2], for below 6GHz it is the narrowband blocking requirement that places the most stringent requirement on the receiver spectral confinement and thus the utilization must be defined taking this requirement into account.
BS receiver phase noise mixing
In addition to interference from adjacent carriers, another mechanism for receiver degradation is receiver phase noise mixing, as discussed in [3]. Thus receiver phase noise mixing impact at both mm wave and below 6GHz must be considered.
UE receiver selectivity
Similarly to the BS, the UE must achieve sufficient selectivity at the receiver such that adjacent channel interference does not degrade performance or cause blocking at the assigned spectral utilization.
Spectrum efficiency gains

Increasing spectral utilization is not an end goal in itself; it is a means to increase throughput. Assuming the same transmit power resources, increasing spectrum utilization decreases PSD at the transmitter. Furthermore, the spectral confinement technique used to meet the above mentioned requirements can cause drop and ripple in-band, which can cause EVM and degrade throughput. Such effects can occur due to both transmitter and receiver spectral confinement.
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Figure 1: Illustration of effects impacting spectral efficiency (exaggerated). The right hand carrier has higher spectrum utilization than the left.
Three effects impact spectral efficiency with increased utilization:

· Increased bandwidth due to extra PRB usage

· Decreased PSD on all PRBs

· Potential EVM impacts or ISI impacts of the spectral confinement technique

At low SINR, throughput is fundamentally SINR and not bandwidth limited and thus the spectrum utilization level has little impact on end user throughput. At higher SINR, the link becomes bandwidth limited and thus increasing spectrum utilization increases throughput. However if the spectrum utilization is increased to a level at which the spectrum confinement technique causes EVM (in the case of filtering) or ISI (in the case of windowing, if long windows are needed to achieve the spectrum confinement) then the throughput increase is compromised. Thus the spectrum utilization should be set carefully in the light of spectrum efficiency impacts.

Our investigations with a 20MHz carrier and 15/60khz subcarrier spacing suggest that for the 15khz spacing, 108-109PRB spectrum utilization maximizes spectrum efficiency. For 60khz, the performance is dominated by the receiver filtering and 25PRB maximizes spectrum efficienc in all casesy.
RF impairments

PA linearity and other RF considerations may have a bearing on achievable spectrum utilization. It should be noted that, unlike the other considerations listed above we have not considered RF impacts in much depth thus far. If RF impacts would be identified, they may affect the spectrum utilization values listed in the next section.
3 Potential release 15 spectrum utilization
Based on an analysis of the factors described in section 2, our view on potential release 15 spectral utilization is captured in the following tables. It should be noted that, in particular for mm wave, not all RF effects have been taken into account and further investigation of RF aspects may potentially reveal a need for further guard.
Below 6GHz:

	Carrier/ block BW 
MHz
	SCS kHz
	PRB utilization (Implied guard %)

	
	
	

	5
	15
	25 (10%)

	10
	15
	52 (6.4%)

	
	30
	25 (10%)

	15
	15
	79 (5.2%)

	
	30
	38 (8.8%)

	20
	15
	106 (4.6%)

	
	30
	52 (6.4%)

	
	60
	25 (10%)

	40
	15
	216 (2.8%)

	
	30
	106 (4.6%)

	
	60
	52 (6.4%)

	50
	15
	269 (3.2%)

	
	30
	134 (3.5%)

	
	60
	66 (5%)

	60
	30
	162 (2.8%)

	
	60
	80 (4.0%)

	80
	30
	217 (2.3%)

	
	60
	107 (3.7%)

	100
	30
	273 (1.7%)

	
	60
	135 (2.8%)


Above 24GHz:
	Carrier/ block BW 
MHz
	SCS kHz
	PRB utilization (Implied guard %)

	
	
	

	50
	60
	66 (5%)

	
	120
	32 (7.8%)

	100
	60
	136 (2.8%)

	
	120
	67 (3.5%)

	150
	60
	205 (1.6%)

	
	120
	101 (3%)

	200
	60
	275 (1%)

	
	120
	136 (2%)

	400
	120
	275 (1%)


4 Conclusion

This document presents our view on the spectrum utilization that should be assumed in the RAN4 specifications for release 15 NR, together with the factors that influence the spectrum utilization decision.
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