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Introduction
In R4#101b-e, UE requirements for 6GHz licensed band based on RCC input in [1] was discussed and some aspects were captured in [2]. Notably, REFSENS is discussed but not agreed. In this contribution, we discuss the 6GHz licensed band REFSENS requirement by comparing it to existing >2GHz NR bands and unlicensed band n46 and n96 cases.
Discussion
In last meeting way forward [3] the following is captured on REFSENS:
Companies are encouraged to provide further analysis on the UE NF for this frequency range and check the following options:
· Option 1: Same REFSENS as n78 and n79 for the new band 
· Option 2: Adopt 10.5 dB NF for 6GHz NR band. 
· Option 3: FFS 

It should be first noted that the TR [3] on the >6GHz bands had no consensus on the applicable REFSENS, under chapter 7.2.1, Noise figure, the following is given:
The noise figure of 9 dB is the baseline assumption and 13 dB is the optional assumption for co-existence study for 6425 – 7125 MHz and 10 - 10.5 GHz. 
A noise figure in the [9, 13] dB interval was finally agreed for reporting to ITU WP5D sharing studies. Note that the noise figure value in [9, 13] dB interval should be used only for WP5D response. The actual noise figure to be used to define RF requirements should be further studied in the WI phase.
Obviously this 4dB range that starts from the initial LTE band 1 (2GHz) assumption reflects the fact that there was no agreement more than anything else.
REFSENS comparisons
In order to bring some technical insight it is better to look at specified REFSENS in the 2GHz to 7GHz range and look for potential scaling. This is what is shown in Table 1.
Table 1: Comparison of 20MHz REFSEN for different NR bands in the 2 to 7GHz range
	Band
	Flow
	Fhigh
	%BW
	20MHz
REFSENS
	NF
	comment

	n1
	2110
	2170
	1.4%
	-93.8
	8.9
	baseline

	n40
	2300
	2400
	2.1%
	-93.7
	9.0
	 

	n41
	2496
	2690
	3.7%
	-91.7
	11.0
	sharp filter impact

	n78
	3300
	3800
	7.0%
	-92.7
	10.0
	 

	n77
	3300
	4200
	12.0%
	-92.2
	10.5
	wide filter impact

	n79
	4400
	5000
	6.4%
	-92.7
	10.0
	 

	n46
	5150
	5925
	7.0%
	-89.7
	13.0
	same %BW than n78

	n96
	5925
	7125
	9.2%
	-89.2
	13.5
	%BW between n78 and n77

	6GHz Lic.
	6425
	7125
	5.2%
	??
	 
	%BW similar to n79



If at a first look there could questions on the scaling, in fact there is rationale behind higher REFSENS:
· First, the losses scale with frequency and thus REFSENS also does
· Band 41 requires a very sharp filter to cope with coexistence with adjacent 2.4GHz connectivity band, but also to meet the strict NS04 requirements in UL
· Band n77 has a 0.5dB impact versus n78 to enable the large 12% fractional bandwidth
· Band n46 and n96 are impacted by the additional losses due to hardware sharing with 5 and 6GHz WiFi and a 1GHz or 2GHz higher frequency than n79 respectively.
REFSENS scaling
One way to define the 6GHz licensed band REFSENS is to look at different scaling options. For this, we leave bands n41 and n77 aside as they are impacted by aspects that are not fully relevant to the new band.
Table 2: 20MHz REFSEN for 6GHz licensed band based on different scaling scenarios
	Scaling
	20MHz
REFSENS
	NF
	comment

	n1 to n78 scalled
	-90.5
	12.2
	 

	n1 to n79 scalled
	-91.9
	10.8
	Close to 10.5dB 

	n40 to n78 scalled
	-90.3
	12.4
	 

	n40 to n79 scalled
	-91.8
	10.8
	Close to 10.5dB 

	10.5dB NF based
	-92.2
	10.5
	 

	13dB NF based
	-89.7
	13.0
	Equivalent to n46

	Average of above
	-91.1
	11.6
	 dB average!

	Average of above
	-91.0
	11.7
	Linear average

	n96 based
	-89.2
	13.5
	Same band but > range provided to ITU

	n79 based
	-92.7
	10.0
	Not realistic as the band is 2GHz above



Based on these different scaling scenarios the REFSENS could range from -89.2 to -92.7 dBm but some may not be reasonable:
· reusing n79 is not reasonable 2GHz above in frequency
· n96 based NF is 0.5dB higher than the range already provided to ITU
Therefore, the range to choose from is rather -89.7 to -92.2 dBm and the average of the different valid scaling scenarios is ~ -91dBm.
Architecture considerations
Although we agree that n96 REFSENS is too high for the 6GHz licensed given that is already communicated to ITU, we think the HW reuse between the 6GHz licensed band and n96/n102 and to some extent n46 is still needed, at a minimum they will share antennas and thus some multiplexing losses need to be taken into account.
Based on the need for antenna reuse, a NF assumption of 11.5dB is appropriate further accounting for the 2GHz frequency increase vs n79 and very close to the average calculated from the valid scaling scenarios which correspond to a -91.2dBm REFSENS at 20MHz and 15kHz SCS.
Proposal: 11.5dB NF figure is assumed for 6GHz licensed band (-91.2dBm REFSENS at 20MHz and 15kHz SCS).
Conclusions
In this contribution, we discuss the 6GHz licensed band REFSENS requirements based on scaling from other bands >2GHz and antenna combining architecture and formulate the following proposal.

Proposal: 11.5dB NF figure is assumed for 6GHz licensed band (-91.2dBm REFSENS at 20MHz and 15kHz SCS).
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