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1. Introduction
In this document, we discuss REFSENS for RedCap HD-FDD.
2. Discussion
2.1.  Background and Considerations
In the last RAN4 meeting, there were varying views on how to specify REFSENS for HD-FDD. It was agreed that dual mode type where UE could support both FD-FDD and HD-FDD would be for future study and to focus on HD-FDD only [1]. We present our analysis of what that REFSENS should be as well as discuss some of the shortcoming presented last meeting.

HD-FDD is half duplex operation where UE self-TX does not interfere with its RX. The TX and RX of that UE are not on at the same time. This reduces the need for duplexer in the front end that could and mask use of a switch and separate lower cost TX and RX filters.

The following must be considered when evaluating HD-FDD REFSENS:
· The TX interference factor is a function of RX/TX BW and is significant in some bands for the larger BW. HD-FDD eliminates this relaxation due to TX interference for larger BW with the smaller RX bandwidth unaffected.
· There is a band dependency factor for NR FDD REFSENS that varies with FDD band that does not include TX interference. Band dependency usually depends on filter insertion loss as a result roll-off to meet strict RX-TX rejection requirements.
· The UE still must coexist with other UE with the defined coexistence requirements. Depending on the proximity of protected bands, the filters cannot be too relaxed.

· The amount of relaxation allowed for the switch and lower cost filters should NOT exceed the band dependency factor for a given band, otherwise the REFSENS is unnecessarily tightened.
Knowing the factors, we can begin to methodically come up with a proposal for HD-FDD REFSENS.

2.2.  REFSENS formulation

Without considering any TX interference, the following REFSENS calculation holds:
Sensitivity (dBm) = -174 + 10*log (NRB·12·SCS) + NF + SNR +IM – Diversity gain + BDFactor
NF=9dB for FR1 bands

SNR=-1dB (MCS4 QPSK)

IM=2.5dB

Diversity gain = 3dB (2RX FDD)

BDFactor = Band Dependency factor that is a function of NR FDD band.

The formula can be represented in many ways where for example in the WF [1], the BD factor is built into the 5MHz REFSENS baseline. However, the scope here is to make use of relaxation for REFSENS that depends on this factor.

The HD-FDD and NR FD-FDD band dependency factors are given in the following table where the HD-FDD factors are reduced by 0.8dB where appropriate. If the NR FD-FDD band dependency is < 0.8dB, no REFSENS tightening can occur.

Proposal 1: 2x HD-FDD REFSENS can only be tightened from the 2x NR FD-FDD REFSENS by the difference of the band dependency factors given in Table 2.2-1, which is min (0.8dB, NR FD-FDD BDFactor).
Table 2.2-1: Band Dependency Factor for NR FD-FDD bands and proposed HD-FDD factors
	Operating Band
	Duplex Mode
	NF
	NR FD-FDD Band Dependency
	NR-FDD NF and Band Dependency
	HD-FDD Band Dependency
	HD-FDD NF and Band Dependency

	n1
	FDD
	9.0
	0.0
	9.0
	0.0
	9.0

	n2
	FDD
	9.0
	2.0
	11.0
	1.2
	10.2

	n3
	FDD
	9.0
	3.0
	12.0
	2.2
	11.2

	n5
	FDD
	9.0
	2.0
	11.0
	1.2
	10.2

	n7
	FDD
	9.0
	2.0
	11.0
	1.2
	10.2

	n8
	FDD
	9.0
	3.0
	12.0
	2.2
	11.2

	n12
	FDD
	9.0
	3.0
	12.0
	2.2
	11.2

	n14
	FDD
	9.0
	3.0
	12.0
	2.2
	11.2

	n18
	FDD
	9.0
	0.0
	9.0
	0.0
	9.0

	n20
	FDD
	9.0
	3.0
	12.0
	2.2
	11.2

	n25
	FDD
	9.0
	3.5
	12.5
	2.7
	11.7

	n26
	FDD
	9.0
	2.4
	11.4
	1.6
	10.6

	n28
	FDD
	9.0
	1.5
	10.5
	0.7
	9.7

	n30
	FDD
	9.0
	1.0
	10.0
	0.2
	9.2

	n65
	FDD
	9.0
	0.5
	9.5
	0.0
	9.0

	n66
	FDD
	9.0
	0.5
	9.5
	0.0
	9.0

	n70
	FDD
	9.0
	0.0
	9.0
	0.0
	9.0

	n71
	FDD
	9.0
	2.8
	11.8
	2.0
	11.0

	n74
	FDD
	9.0
	0.4
	9.4
	0.0
	9.0

	n91
	FDD
	9.0
	0.0
	9.0
	0.0
	9.0

	n92
	FDD
	9.0
	0.0
	9.0
	0.0
	9.0

	n93
	FDD
	9.0
	0.0
	9.0
	0.0
	9.0

	n94
	FDD
	9.0
	0.0
	9.0
	0.0
	9.0


2.3.  HD-FDD REFSENS
The 2RX HD-FDD REFSENS can now be evaluated using the HD-FDD BDFactor, and the result is shown in the following table:

	Operating band / SCS / Channel bandwidth

	Operating Band
	SCS kHz
	5

MHz
(dBm)
	10

MHz
(dBm)
	15

MHz
(dBm)
	20

MHz
(dBm)

	n1
	15
	-100.0
	-96.8
	-95.0
	-93.7

	
	30
	
	-97.2
	-95.2
	-93.9

	n2
	15
	-98.8
	-95.6
	-93.8
	-92.5

	
	30
	
	-96.0
	-94.0
	-92.7

	n3
	15
	-97.8
	-94.6
	-92.8
	-91.5

	
	30
	
	-95.0
	-93.0
	-91.7

	n5
	15
	-98.8
	-95.6
	-93.8
	-92.5

	
	30
	
	-96.0
	-94.0
	-92.7

	n7
	15
	-98.8
	-95.6
	-93.8
	-92.5

	
	30
	
	-96.0
	-94.0
	-92.7

	n8
	15
	-97.8
	-94.6
	-92.8
	-91.5

	
	30
	
	-95.0
	-93.0
	-91.7

	n12
	15
	-97.8
	-94.6
	-92.8
	

	
	30
	
	-95.0
	-93.0
	

	n13
	15
	-97.8
	-94.6
	
	

	
	30
	
	-95.0
	
	

	n14
	15
	-97.8
	-94.6
	
	

	
	30
	
	-95.0
	
	

	n18
	15
	-100.0
	-96.8
	-95.0
	

	
	30
	
	-97.2
	-95.2
	

	n20
	15
	-97.8
	-94.6
	-92.8
	-97.8

	
	30
	
	-95.0
	-93.0
	

	n24
	15
	-100
	-96.8
	
	

	
	30
	
	-97.2
	
	

	n25
	15
	-97.3
	-94.1
	-92.3
	-91.0

	
	30
	
	-94.5
	-92.5
	-91.2

	n26
	15
	-98.4
	-95.2
	-93.4
	-92.1

	
	30
	
	-95.5
	-93.5
	-92.3

	n28
	15
	-99.3
	-96.1
	-94.3
	-93.0

	
	30
	
	-96.5
	-94.5
	-93.2

	n30
	15
	-99.8
	-96.6
	
	

	
	30
	
	-97.0
	
	

	n65
	15
	-100.0
	-96.8
	-95.0
	-93.7

	
	30
	
	-97.1
	-95.1
	-93.9

	n66
	15
	-100.0
	-96.8
	-95.0
	-93.7

	
	30
	
	-97.1
	-95.1
	-93.9

	n70
	15
	-100.0
	-96.8
	-95.0
	-93.7

	
	30
	
	-97.2
	-95.2
	-93.9

	n71
	15
	-98.0
	-94.8
	-93.0
	-91.7

	
	30
	
	-95.2
	-93.2
	-91.9

	n74
	15
	-100.0
	-96.8
	-95.0
	-93.7

	
	30
	
	-97.1
	-95.1
	-93.9


Table 2.3-1 Proposed RedCap UE REFSENS requirements for HD-FDD with 2Rx

Proposal 2: Use REFSENS in Table 2.3-1 for 2RX HD-FDD considering proposal 1. 
3. Conclusion

Proposal 1: 2x HD-FDD REFSENS can only be tightened from the 2x NR FD-FDD REFSENS by the difference of the band dependency factors given in Table 2.2-1, which is min (0.8dB, NR FD-FDD BDFactor).

Proposal 2: Use REFSENS in Table 2.3-1 for 2RX HD-FDD considering proposal 1.
References:
[1] R4-2114995, “WF on RedCap REFSENS in FR1”, Ericsson, 3GPP RAN4#100-e
1
3

