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Introduction
In previous RAN4 meetings, RAN4 made some agreements on REFSENS requirements. In last meeting, RAN4 made the following agreements for HD-FDD REFSENS.
[Agreement:]
Agree on the framework of Option 1a
-	Option 1a: per band exception and selected band for different scaling factor as below: [Apple]
	The HD-FDD 5MHz REFSENS tightening from FD-FDD is proposed as in the table below.
	FD-FDD 5MHz REFSENS
	HD-FDD REFSENS Tightening
	Bands

	≤ -100 dBm
	0 dB
	n1, n18, n24, n70

	> -100 dBm and ≤ -99 dBm
	0.5 dB
	n30, n65, n66, n74

	> -99 dBm
	0.8 dB
	n2, n3, n5, n7, n8, n12, n13, n14, n20, n25, n26, n28, n71, n85



-	HD-FDD REFSENS for channel BW wider than 5 MHz can be calculated by REFSENS(5MHz) + 10log10(n x NRB/25), where NRB is the maximum transmission bandwidth configuration with n=1 for 15kHz SCS and n=2 for 30kHz SCS.
-	Further check the values in Option 1a
-	FFS: Exceptional value ΔRIB,HD can be specified as zero for NR band n91, n92, n93 and n94.
In this paper, we'd like to address the remaining issue and finalize this topic.
HD FDD REFSENS requirements
The REFSENS of band n91, n92, n93 and n94 is shown below. The REFSENS(5MHz, 15kHz SCS) is same as band n1, n18, n24 and n70, i.e. -100dBm. The ΔRIB,HD exceptions for band n1, n18, n24 and n70 are zero, because the tighten REFSENS for HD FDD can’t be higher than the REFSENS of TDD bands.Thus, the ΔRIB,HD exceptions for band n91, n92, n94 and n94 can be zero based on the same principle.
	Operating band / SCS / Channel bandwidth / REFSENS

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

	n91
	15
	5
	-100
	FDD

	n92
	15
	5,10,15,20
	-100 + 10log10(NRB/25)
	FDD

	
	30
	10,15,20
	-97.1 + 10log10(NRB/24)
	

	n93
	15
	5
	-100
	FDD

	n94
	15
	5,10,15,20
	-100 + 10log10(NRB/25)
	FDD

	
	30
	10,15,20
	-97.1 + 10log10(NRB/24)
	

	



Proposal 1: The ΔRIB,HD exceptions for band n91, n92, n94 and n94 can be zero based on the same principle for band n1, n18, n24 and n70.
Proposal 2: Based on the agreement in previous meeting, it’s proposed to specify the following test for HD-FDD REFSENS considering two key factors ΔRIB,HD and ΔRIB,1R .
For RedCap UE supporting HD-FDD in FDD operating bands with two Rx antenna connectors, reference sensitivity shall be calculated by the following formulas:
REFSENS(5MHz, 15kHz SCS) + ΔRIB,HD + 10log10(NRB/25) for 15kHz SCS
REFSENS(10MHz, 30kHz SCS) + ΔRIB,HD + 10log10(NRB/24) for 30kHz SCS
REFSENS(10MHz, 60kHz SCS) + ΔRIB,HD + 10log10(NRB/11) for 60kHz SCS
For RedCap UE supporting HD-FDD in FDD operating bands with one Rx antenna connectors, reference sensitivity shall be calculated by the following formulas:
REFSENS(5MHz, 15kHz SCS) + ΔRIB,HD + ΔRIB,1R + 10log10(NRB/25) for 15kHz SCS
REFSENS(10MHz, 30kHz SCS) + ΔRIB,HD + ΔRIB,1R + 10log10(NRB/24) for 30kHz SCS
REFSENS(10MHz, 60kHz SCS) + ΔRIB,HD + ΔRIB,1R + 10log10(NRB/11) for 60kHz SCS
Where
ΔRIB,1R is the reference sensitivity adjustment due to support for 1 antenna connector for RedCap. Generally, ΔRIB,1R = 2.5 dB for all the operating bands. The excetptions with ΔRIB,1R = 3dB are allowed for all the FDD bands under 10MHz/15MHz/20MHz channel bandwidths.
REFSENS(5MHz, 15kHz SCS), REFSENS(10MHz, 30kHz SCS) and REFSENS(10MHz, 60kHz SCS) are the reference sensitivity specified in Table 7.3.2-1a and Table 7.3.2-1b for each FDD operating band under the condition with specific channel bandwidth and SCS.
ΔRIB,HD is the reference sensitivity adjustment due to support for HD-FDD for RedCap in FDD operating bands. Generally, ΔRIB,HD = -0.8dB for the FDD operating bands. The exceptions for ΔRIB,HD are allowed in accordance with table 7.3I-1 for some FDD operating bands.
Table 7.3I-1: ΔRIB,HD exceptions
	Operating band
	ΔRIB,HD exceptions (dB)

	n1, n18, n24, n70, n91, n92, n93, n94
	0

	n30, n65, n66, n74
	-0.5


Summary
Based on the analysis and discussion above, all the observations and proposals are listed below:
Proposal 1: The ΔRIB,HD exceptions for band n91, n92, n94 and n94 can be zero based on the same principle for band n1, n18, n24 and n70.
Proposal 2: Based on the agreement in previous meeting, it’s proposed to specify the following test for HD-FDD REFSENS considering two key factors ΔRIB,HD and ΔRIB,1R .
For RedCap UE supporting HD-FDD in FDD operating bands with two Rx antenna connectors, reference sensitivity shall be calculated by the following formulas:
REFSENS(5MHz, 15kHz SCS) + ΔRIB,HD + 10log10(NRB/25) for 15kHz SCS
REFSENS(10MHz, 30kHz SCS) + ΔRIB,HD + 10log10(NRB/24) for 30kHz SCS
REFSENS(10MHz, 60kHz SCS) + ΔRIB,HD + 10log10(NRB/11) for 60kHz SCS
For RedCap UE supporting HD-FDD in FDD operating bands with one Rx antenna connectors, reference sensitivity shall be calculated by the following formulas:
REFSENS(5MHz, 15kHz SCS) + ΔRIB,HD + ΔRIB,1R + 10log10(NRB/25) for 15kHz SCS
REFSENS(10MHz, 30kHz SCS) + ΔRIB,HD + ΔRIB,1R + 10log10(NRB/24) for 30kHz SCS
REFSENS(10MHz, 60kHz SCS) + ΔRIB,HD + ΔRIB,1R + 10log10(NRB/11) for 60kHz SCS
Where
ΔRIB,1R is the reference sensitivity adjustment due to support for 1 antenna connector for RedCap. Generally, ΔRIB,1R = 2.5 dB for all the operating bands. The excetptions with ΔRIB,1R = 3dB are allowed for all the FDD bands under 10MHz/15MHz/20MHz channel bandwidths.
REFSENS(5MHz, 15kHz SCS), REFSENS(10MHz, 30kHz SCS) and REFSENS(10MHz, 60kHz SCS) are the reference sensitivity specified in Table 7.3.2-1a and Table 7.3.2-1b for each FDD operating band under the condition with specific channel bandwidth and SCS.
ΔRIB,HD is the reference sensitivity adjustment due to support for HD-FDD for RedCap in FDD operating bands. Generally, ΔRIB,HD = -0.8dB for the FDD operating bands. The exceptions for ΔRIB,HD are allowed in accordance with table 7.3I-1 for some FDD operating bands.
Table 7.3I-1: ΔRIB,HD exceptions
	Operating band
	ΔRIB,HD exceptions (dB)

	n1, n18, n24, n70, n91, n92, n93, n94
	0

	n30, n65, n66, n74
	-0.5
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