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1. Introduction
In this paper, we simulate OOBE in UL caused by PA nonlinearity with different back-off, and analyze the minimum required guard band in order to support the specified UL modulation schemes, and propose RAN4 introduce UL guard band between different numerologies within the same channel. 
2. The UL OOBE caused by PA's nonlinearity
Setting guard band between two adjacent channels is a simple way generally used to mitigate the mutual interference. Higher spectrum utilization can be expected without guard band, but the spectrum efficiency may be severely decreased in the case where the guard band is in need. Therefore a guard band is a trade-off between spectrum utilization and spectrum efficiency. 
In contribution [1], the effects of guard band with different sizes in UL were studied for different wave forms with different filtering and windowing in terms of BLER and EVM. In fact, the trend of EVM change of a specific windowing/filtering method on the edge SCs reflects the corresponding OOBE distribution. In other words, the EVM value on the edge SCs is dependent on the OOBE distribution of the adjacent channel, and the EVM comparison among different windowing/filtering methods under different GB width in [1] is essentially the comparison of OOBE/ACLR distribution of the adjacent channel. 
In this contribution, we study a simple case of UL where OOBE is purely caused by PA nonlinearity by inputting an ideal wave-form. The result does not take into account any windowing/filtering method and the value may be interpreted as the minimum required guard band width in UL. 
2.1 The simulation setup 

The basic idea to obtain the OOBE purely caused by PA's nonlinearity is to input 12 sine waves to the Polynomial model and then study the output PSD with different back-off.
The Polynomial model parameter is the same as given in [2].
· The spacing between the sine waves is 15kHz
· The amplitude of each sine wave is 0.4074mV which is corresponding to the 1/12 of 0dBm input power in Fig.3 of [2] 
· The total power of composite wave of the 12 sine waves is 0dBm.
In the PSD calculation, 
· the sample window of the 12 sine waves is 2ms
· The sampling interval is 2ms/2048, and the number of FFT point is 2048. 

The PSD of the 12 sine waves was shown in figure1 with blue vertical lines. 
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Figure1. The PSD of the 12 sine waves and the PSD of OOBE purely caused by PA nonlinearity (with Polynomial model)
2.2 Discussions
Fig.1 shows PSDs of OOBE purely caused by PA nonlinearity with different back-off. The PSD in red line corresponds to -3dB back-off, and yellow line to -6dB back-off and green line to -9dB back-off. 
The specified EVM requirement in [3] was shown in table 1. For QPSK, 16QAM and 64QAM, the required EVM values in dB were shown behind the values in percentage.
Table 1 UL EVM requirements (from Table 6.5.2.1.1-1 [3])
	Parameter
	Unit
	Average EVM Level
	Reference Signal EVM Level

	QPSK or BPSK
	%
	17.5[-15dB]
	17.5[-15dB]

	16QAM 
	%
	12.5[-18dB]
	12.5[-18dB]

	64QAM 
	%
	8[-22dB]
	8[-22dB]


From Fig. 1, we may derive the minimum number of sub-carriers required as guard band for QPSK, 16QAM and 64QAM with different PA back-offs respectively:
· To fulfill EVM requirement -15dB for QPSK, the minimum number of sub-carriers as guard band is

· 3 SCs for 3dB back-off

· 3 SCs for 6dB back-off

· 0 SC for 9dB back-off

· To fulfill EVM requirement -18dB for 16QAM, the minimum number of sub-carriers as guard band is

· 10 SCs for 3dB back-off

· 6 SCs for 6dB back-off

· 0 SC for 9dB back-off

· To fulfill EVM requirement -22dB for 64QAM, the minimum number of sub-carriers as guard band is

· 14 SCs for 3dB back-off

· 8 SCs for 6dB back-off

· 8 SC for 9dB back-off

Observation 1: To fulfill EVM requirement -15dB for QPSK, the minimum guard band is 3 SCs for 3dB back-off, and 3 SCs for 6dB back-off, and 0 SC for 9dB back-off ; To fulfill EVM requirement -18dB for 16QAM, the minimum guard band is 10 SCs for 3dB back-off, and 6 SCs for 6dB back-off, and 0 SC for 9dB back-off; And to fulfill EVM requirement -22dB for 64QAM, the minimum guard band is 14 SCs for 3dB back-off, and 8 SCs for 6dB back-off, and 8 SC for 9dB back-off.
We may also take into account a margin on EVM requirement, e.g., -3dB for the co-channel interference from the UE transmissions in the neighboring cells under realistic networks. For instance, the specified EVM requirement for QPSK is -15dB, and by adding -3dB margin which is -18dB being equal to the specified EVM requirement for 16QAM. 
The observed guard band width values are only related to PA nonlinearity of UE and do not consider the impact from any specific windowing/filtering method, therefore these values may be interpreted as the lower bound of the guard band width actually required for the corresponding modulation schemes. Accordingly we propose RAN4 introduce UL guard band between different numerologies within the same channel in order to support higher order modulation.
Proposal 1: 3GPP RAN4 consider introducing UL guard band between different numerologies within the same channel in order to support the specified UL modulation schemes. The guard band size is FFS.
3. Conclusion
Based on the discussion and analysis above, we have the following observations and proposal: 
Observation 1: To fulfill EVM requirement -15dB for QPSK, the minimum guard band is 3 SCs for 3dB back-off, and 3 SCs for 6dB back-off, and 0 SC for 9dB back-off ; To fulfill EVM requirement -18dB for 16QAM, the minimum guard band is 10 SCs for 3dB back-off, and 6 SCs for 6dB back-off, and 0 SC for 9dB back-off; And to fulfill EVM requirement -22dB for 64QAM, the minimum guard band is 14 SCs for 3dB back-off, and 8 SCs for 6dB back-off, and 8 SC for 9dB back-off.
Proposal 1: 3GPP RAN4 consider introducing UL guard band between different numerologies within the same channel in order to support the specified UL modulation schemes. The guard band size is FFS.
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