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Introduction
In the last RAN4#108 meeting, the new FDD band of variable duplex operation using n28 as UL and n75/n76 as DL was discussed and the WF [1] was approved. In [1] band definition (n109) and system parameters such as UL/DL channel bandwidth and supported asymmetric channel bandwidth were agreed. Also, the reference sensitivity requirement in case of both direct hit of 2nd harmonic of UL and no overlapping of 2nd harmonic of UL were agreed but the offset between 2xFUL and DL channel edge should be further checked not to degrade the REFSENS value.
In this document we discuss how much the sensitivity would be degraded according to the spectral skirt attenuation level of 2nd harmonic of UL and propose the offset “A” and “B”.
Discussion
Way forward from previous meeting
Below is the way forward from previous meeting. It should be noted that REFSENS UL configuration was set to minimum UL channel bandwidth for 15kHz SCS and 30kHz SCS respectively for all DL bandwidth to confine the impact of the 2nd harmonic of UL as much as possible.

Issue 2-1-1: REFSENS
Agreement: The new operating band n109 REFSENS requirements are specified as in the table below.
	[bookmark: _Hlk143092295]Operating band / SCS / Channel bandwidth / REFSENS

	                        Operating
 band
	SCS
kHz
	Channel bandwidth (MHz)
	REFSENS (dBm)8
	Duplex Mode

	                          n109
	15
	5,10,15,20,25,30,40,50
	-100 + 10log10(NRB/25) X
	FDD

	
	30
	10,15,20,25,30,40,50
	-97.1 + 10log10(NRB/24) X
	

	NOTE X:	Applies for DL channels for which channels edges are > A MHz away from 2xFUL at 15 kHz SCS and > B MHz away from 2xFUL at 30 kHz SCS. In case of UL second harmonic direct hit, the value is modified to -71.9 dBm for all channel bandwidths.



Way forward:
Further check to be done regarding the values A and B in NOTE X on the above table whether we need more offset than 10 MHz for 15k SCS and 20 MHz for 30k SCS.


Issue 2-1-2: REFSENS UL configuration:
Agreement: UL configuration is always 5MHz 25RB for 15kHz SCS and 10MHz 24RB for 30kHz SCS:

	Operating band / SCS (kHz) / Channel bandwidth (MHz) / Duplex mode

	Operating Band
	SCS
	5
	10
	15
	20
	25
	30
	40
	50
	Duplex Mode

	n109
	15
	25
	Note 7
	Note 7
	Note 7
	Note 7
	Note 7
	Note 7
	Note 7
	FDD

	
	30
	
	24
	Note 7
	Note 7
	Note 7
	Note 7
	Note 7
	Note 7
	

	Note 7:      For this DL channel bandwidth, the UL configuration of 5MHz for 15kHz SCS and 10MHz for 30kHz shall be used.




Sensitivity degradation analysis 
Spectral skirt attenuation level
The MSD due to 2nd harmonic of UL with direct hit has been already defined as 28.1dB for n28-n75 combination. This leads to the -71.9dBm of absolute sensitivity and corresponding noise of -70.9dBm at the antenna port. The sensitivity degradation can be calculated by subtracting the overlapping 2nd harmonic of UL noise into the DL from the thermal noise for REFSENS for each DL bandwidth. Here we reused the term “Spectral Skirt Attenuation Level (SSAL)” as below [2] to see how much sensitivity can be degraded versus SSAL. The desense would be 28.1dB when the SSAL is zero.
 
             (1)

Calculation of sensitivity degradation due to 2nd harmonic spectral skirt
Figure 1 and 2 shows the sensitivity degradation according to the spectral skirt attenuation level for SCS 15kHz 5MHz 25RB UL and SCS 30kHz 10MHz 24RB UL respectively. It should be noted that the lower DL bandwidth, the worse sensitivity degradation for same SSAL. This is because the REFSENS for larger DL channel bandwidth is worse than smaller DL channel bandwidth. So the worst case for determining the offset “A” and “B” is 5MHz DL channel bandwidth for SCS 15kHz UL and 10MHz DL channel bandwidth for SCS 30kHz UL respectively.
From the calculation, we can conclude that 37dB SSAL is needed for <0.5dB desense and 34dB SSAL is needed for <1dB desense for both SCSs.


[image: ]
Figure 1. Sensitivity degradation according to spectral skirt attenuation level for SCS 15kHz 5MHz 25RB UL
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Figure 2. Sensitivity degradation according to spectral skirt attenuation level for SCS 30kHz 10MHz 24RB UL

Observation 1: The worst case for determining the offset “A” and “B” is 5MHz DL channel bandwidth for SCS 15kHz UL and 10MHz DL channel bandwidth for SCS 30kHz UL respectively.

Observation 2: 37dB SSAL is needed for <0.5dB desense and 34dB SSAL is needed for <1dB desense for both 15kHz SCS 5MHz UL and 30kHz SCS 10MHz UL.

Proposal for offset distance “A” and “B”
Based on the above sensitivity degradation analysis, the offset distance “A” and “B” can be specified by examining the SSAL of 2nd harmonic spectral profile. From the measured one, 34dB SSAL (<1dB desense) can be met if the offset “A” is larger than 10MHz and the offset “B” is larger than 20MHz for the smallest DL BW. These applies to the other larger DL BWs as well.

Proposal 1: For the values A and B in NOTE X on the REFSENS table, use 10MHz for the offset “A” for 15kHz SCS and 20MHz for the offset “B” for 30kHz SCS.

Conclusion
In this contribution, we presented the sensitivity degradation versus SSAL and provided the offset distance “A” and “B” for 15kHz SCS UL and for 30kHz SCS UL to make the following proposals.


Observation 1: The worst case for determining the offset “A” and “B” is 5MHz DL channel bandwidth for SCS 15kHz UL and 10MHz DL channel bandwidth for SCS 30kHz UL.

Observation 2: 37dB SSAL is needed for <0.5dB desense and 34dB SSAL is needed for <1dB desense for both 15kHz SCS 5MHz UL and 30kHz SCS 10MHz UL.

Proposal 1: For the values A and B in NOTE X on the REFSENS table, use 10MHz for the offset “A” for 15kHz SCS and 20MHz for the offset “B” for 30kHz SCS.
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