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1. Introduction
In RAN4#99e, RAN4 has discussed several ways to simplify the REFSENS table to resolve the displaying issue , and a consensus was reached that equation-based approach is to be used to simplify the FR1 REFSENS table format [1]. And there are still several options to implement this approach: 
	· Option 1: One table for TDD bands (equation-based REFSENS) and the other table for FDD and SDL bands (explicit REFSENS values) 
· Option 2: One table for all FR1 bands without MSD (equation-based REFSENS) and the other table for FDD bands with MSD (MSD is additive to the same band with equation-based REFSENS) 
· Option 3: One table for all FR1 bands (unified equation-based REFSENS) 
· Option 4: Other proposals


In this contribution, we continue to advertise the unified equation for all TDD and FDD bands in FR1 as the proponent. 
2. Discussion
In our previous contribution, we identified that it is possible to use a unified equation to specify REFSENS for each TDD and FDD band in FR1 [1]:

Where 
· NRB is the maximum transmission bandwidth configuration for the concerned channel bandwidth and SCS.
· the REFSENS adjustment  is a band-specific offset as shown in the table in Appendix:

During the discussions, a concern was raised that whether or not the band-specific offset  is applicable to all channel bandwidths for the band. Actually, we have verified that it is applicable to all channel bandwidths supported in the band.
Observation 1: The band specific offset  is applicable to all channel bandwidths supported in the band.
Furthermore, if more channel bandwidths (no matter existing or brand new) are added, what is needed is just to add the channel bandwidth to the list cell in the table for the concerned band, so there is no displaying issue anymore, which means the single table based on the unified equation approach for REFSENS is future proof.
Observation 2: The single table for REFSENS for all bands including TDD and FDD bands in FR1 based on the unified equation approach is a future-proof solution.
So we suggest RAN4 to take the unified equation approach for simplifying the REFSENS table to one single table:
Proposal: Simplify REFSENS table to one single table for all bands including TDD and FDD bands in FR1 based on the unified equation.
And we also provide a draft CR based on this proposal in our companion paper.
3. Conclusion
In this paper, we have the following observations and proposal for simplifying the REFSENS table based on the unified equation:
Observation 1: The band specific offset  is applicable to all channel bandwidths supported in the band.
Observation 2: The single table for REFSENS for all bands including TDD and FDD bands in FR1 based on the unified equation approach is a future-proof solution.
Proposal: Simplify REFSENS table to one single table for all bands including TDD and FDD bands in FR1 based on the unified equation.
4. Appendix
The band specific offsets are shown in the below table:
	Operating band / SCS / Channel bandwidth / Duplex-mode

	REFSENS (dBm) = 10*log10(N_RB*12*SCS(kHz)/4500)+∆R-100

	Operating Band
	SCS kHz
	Channel bandwidth (MHz)
	∆R
	Duplex Mode

	
	
	
	
	
	

	
	
	
	
	
	

	n1
	15
	5,10,15,20,25,30,40,50
	0
	FDD
	

	 
	30
	10,15,20,25,30,40,50
	
	 
	

	 
	60
	10,15,20,25,30,40,50
	
	 
	

	n2
	15
	5,10,15,20
	2
	FDD
	

	 
	30
	10,15,20
	
	 
	

	 
	60
	10,15,20
	
	 
	

	n3
	15
	5,10,15,20,25,30,40
	3
	FDD
	

	 
	30
	10,15,20,25,30,40
	
	 
	

	 
	60
	10,15,20,25,30,40
	
	 
	

	n5
	15
	5,10,15,20
	2
	FDD
	

	 
	30
	10,15,20
	
	 
	

	 
	60
	 
	
	 
	

	n71
	15
	5,10,15,20,25,30,40,50
	2
	FDD
	

	 
	30
	10,15,20,25,30,40,50
	
	 
	

	 
	60
	10,15,20,25,30,40,50
	
	 
	

	n8
	15
	5,10,15,20
	3
	FDD
	

	 
	30
	10,15,20
	
	 
	

	 
	60
	 
	
	 
	

	n12
	15
	5,10,15
	3
	FDD
	

	 
	30
	10,15
	
	 
	

	 
	60
	 
	
	 
	

	n14
	15
	5,10
	3
	FDD
	

	 
	30
	10
	
	 
	

	 
	60
	 
	
	 
	

	n18
	15
	5,10,15
	0
	FDD
	

	 
	30
	10,15
	
	 
	

	 
	60
	 
	
	 
	

	n20
	15
	5,10,15,20
	3
	FDD
	

	 
	30
	10,15,20
	
	 
	

	 
	60
	 
	
	 
	

	n25
	15
	5,10,15,20,25,30,40
	3.5
	FDD
	

	 
	30
	10,15,20,25,30,40
	
	 
	

	 
	60
	10,15,20,25,30,40
	
	 
	

	n26
	15
	5,10,15,20
	2.44
	FDD
	

	 
	30
	10,15,20
	
	 
	

	n28
	15
	5,10,15,20,30
	1.5
	FDD
	

	 
	30
	10,15,20,30
	
	 
	

	 
	60
	 
	
	 
	

	n29x
	15
	5,10
	3
	SDL
	

	 
	30
	10
	
	 
	

	 
	60
	 
	
	 
	

	n30
	15
	5,10
	1
	FDD
	

	 
	30
	10
	
	 
	

	 
	60
	 
	
	 
	

	n34
	15
	5,10,15
	0
	TDD
	

	 
	30
	10,15
	
	 
	

	 
	60
	10,15
	
	 
	

	n381
	15
	5,10,15,20,25,30,40
	0
	TDD
	

	 
	30
	10,15,20,25,30,40
	
	 
	

	 
	60
	10,15,20,25,30,40
	
	 
	

	n39
	15
	5,10,15,20,25,30,40
	0
	TDD
	

	 
	30
	10,15,20,25,30,40
	
	 
	

	 
	60
	10,15,20,25,30,40
	
	 
	

	n40
	15
	5,10,15,20,25,30,40,50
	0
	TDD
	

	 
	30
	10,15,20,25,30,40,50,60,80
	
	 
	

	 
	60
	10,15,20,25,30,40,50,60,80
	
	 
	

	n411
	15
	10,15,20,30,40,50
	2
	TDD
	

	 
	30
	10,15,20,30,40,50,60,80,90,10
	
	 
	

	 
	60
	10,15,20,30,40,50,60,80,90,10
	
	 
	

	n481
	15
	5, 10, 15, 20, 40, 505
	1
	TDD
	

	 
	30
	10, 15, 20, 40, 505, 605, 705, 805, 905, 1005
	
	 
	

	 
	60
	10, 15, 20, 40, 505, 605, 705, 805, 905, 1005
	
	 
	

	n50
	15
	5, 10, 15, 20, 30, 40, 50
	0
	TDD
	

	 
	30
	10, 15, 20, 30, 40, 50, 60, 80
	
	 
	

	 
	60
	10, 15, 20, 30, 40, 50, 60, 80
	
	 
	

	n51
	15
	5
	0
	TDD
	

	 
	30
	 
	
	 
	

	 
	60
	 
	
	 
	

	n53
	15
	5, 10
	0
	TDD
	

	 
	30
	10
	
	 
	

	 
	60
	10
	
	 
	

	n65
	15
	5,10,15,20,50
	0.5
	FDD
	

	 
	30
	10,15,20,50
	
	 
	

	 
	60
	10,15,20,50
	
	 
	

	n66
	15
	5,10,15,20,25,30,40
	0.5
	FDD
	

	 
	30
	10,15,20,25,30,40
	
	 
	

	 
	60
	10,15,20,25,30,40
	
	 
	

	n70
	15
	5,10,15,20,25
	0
	FDD
	

	 
	30
	10,15,20,25
	
	 
	

	 
	60
	10,15,20,25
	
	 
	

	n71
	15
	5,10,15,20
	2.8
	FDD
	

	 
	30
	10,15,20
	
	 
	

	 
	60
	 
	
	 
	

	n74
	15
	5,10,15,20
	0.47
	FDD
	

	 
	30
	10,15,20
	
	 
	

	 
	60
	10,15,20
	
	 
	

	n757
	15
	5,10,15,20,25,30,40,50
	0
	SDL
	

	 
	30
	10,15,20,25,30,40,50
	
	 
	

	 
	60
	10,15,20,25,30,40,50
	
	 
	

	n767
	15
	5
	0
	SDL
	

	 
	30
	 
	
	 
	

	 
	60
	 
	
	 
	

	n771,4
	15
	10, 15, 20, 25, 30, 40, 50
	1.5
	TDD
	

	 
	30
	10, 15, 20, 25, 30, 40, 50, 60, 70, 80, 90, 100
	
	 
	

	 
	60
	10, 15, 20, 25, 30, 40, 50, 60, 70, 80, 90, 100
	
	 
	

	n781
	15
	10, 15, 20, 25, 30, 40, 50
	1
	TDD
	

	 
	30
	10, 15, 20, 25, 30, 40, 50, 60, 70, 80, 90, 100
	
	 
	

	 
	60
	10, 15, 20, 25, 30, 40, 50, 60, 70, 80, 90, 100
	
	 
	

	n791
	15
	40, 50
	1
	TDD
	

	 
	30
	40, 50, 60, 80, 100
	
	 
	

	 
	60
	40, 50, 60, 80, 100
	
	 
	

	n91
	15
	5
	0
	FDD
	

	 
	30
	 
	
	 
	

	 
	60
	 
	
	 
	

	n92
	15
	5,10,15,20
	0
	FDD
	

	 
	30
	10,15,20
	
	 
	

	 
	60
	 
	
	 
	

	n93
	15
	5
	0
	FDD
	

	 
	30
	 
	
	 
	

	 
	60
	 
	
	 
	

	n94
	15
	5,10,15,20
	0
	FDD
	

	 
	30
	10,15,20
	
	 
	

	 
	60
	 
	
	 
	

	NOTE 1: Four Rx antenna ports shall be the baseline for this operating band except for two Rx vehicular UE.
	

	NOTE 2: The transmitter shall be set to PUMAX as defined in clause 6.2.4
	

	NOTE 3: The requirement is modified by -0.5 dB when the assigned NR channel bandwidth is confined within 1475.9 - 1510.9 MHz.
	

	NOTE 4: The requirement is modified by -0.5 dB when the assigned UE channel bandwidth is confined within 3300 - 3800 MHz.
	

	NOTE 5: For these bandwidths, the minimum requirements are restricted to operation when carrier is configured as a downlink carrier part of CA configuration.
	

	NOTE 6: Values are modified by -0.5dB when carrier channel BW is between 865MHz and 894MHz.
	

	NOTE 7:  For SDL bands, the reference sensitivity requirements shall be verified by inter-band CA combinations with SDL band, which are supported by UE.
	

	NOTE 8: NRB in REFSENS formula is the maximum transmission bandwidth configuration as defined in Table 5.3.2-1. 
NOTE 9: The REFSENS value is rounded to the nearest number down to one decimal point.   
	



5. Reference
R4-2107820, WF on REFSENS Table Split and Simplification, Apple/Skyworks/ZTE
R4-2109418, A unified equation for specifying REFSENS for both TDD and FDD bands, ZTE
1
