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1	Introduction 

The RedCap UE RF requirements have been discussed in last two RAN4 meetings [1-3] and the consensus was that most of the NR FR1 UE RF requirements can be reused for RedCap UE except for 1Rx and HD-FDD REFSENS requirements which have not been specified. Following the approved WF on RedCap REFSENS in FR1 and the GTW agreements captured therein [3], in this contribution, we share our views on how 1Rx and HD-FDD REFSENS requirements can be defined for FR1 RedCap UE based on the existing NR FR1 REFSENS requirements defined for 2Rx.    
2 Discussion
2.1	REFSENS for 1Rx

The WF agreement [3] on REFSENS for 1Rx is to apply a constant XdB relaxation based on 2Rx REFSENS where,

· X = 2.5 dB for TDD band
· X is FFS for FDD band
· Option 1: 2.5 dB
· Option 2: 3 dB 

In our view, more relaxation should be allowed for FDD bands as compared to TDD bands since in FDD bands the main Rx path is usually subject to higher insertion loss from duplexer as compared to single bandpass filter for diversity path, as shown in Figure 2-1. 
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Figure 2-1 Typical UE front-end architectures for FDD bands with 2Rx and 1Rx
On the other hand, the Rx noise impact from Tx interference to the main path is also expected to be more severe than to the diversity path as the latter is less affected by the Tx interference owing to the additional antenna isolation. As a result, the REFSENS degradation from 2Rx to 1Rx for FDD bands is expected to be worse than that for TDD bands and it is proposed to apply 3dB relaxation from 2Rx REFSENS for FDD bands 1Rx REFSENS. 

Observation 1: REFSENS degradation from 2Rx to 1Rx for FDD bands is expected to be worse than that for TDD bands.

Proposal 1: Apply 3dB relaxation from 2Rx REFSENS for FDD bands 1Rx REFSENS.

2.2	REFSENS for HD-FDD

Though HD-FDD operation can be supported by both duplexer and separate Rx and Tx filter with a T/R switch implementations where the former architecture possesses the merit to explore an FD-FDD and HD-FDD hybrid operation which could benefit the overall UE throughput performance as compared to FD-FDD or HD-FDD standalone mode, the WF agreement [3] had proposed to focus on HD-FDD only mode based on non-duplexer implementation where it was also agreed that for HD-FDD mode, the 1Rx REFSENS relaxation from NR FDD bands 2Rx REFSENS should be less than 2.5 dB. However, in our view, the 2.5dB relaxation upper limit cannot be justified for all FDD bands and should be reconsidered. For 1Rx HD-FDD REFSENS, our suggestion is to separate the consideration of 1Rx versus 2Rx relaxation from the potential tightening between HD-FDD and FD-FDD.

Proposal 2: For 1Rx HD-FDD REFSENS, it is proposed to separate the consideration of 1Rx versus 2Rx relaxation from the potential tightening between HD-FDD and FD-FDD. 

For the potential REFSENS tightening between HD-FDD and FD-FDD, there are two aspects to be considered, one is the insertion loss difference between the duplexer and single-band filter with T/R switch, the other is the Tx self-interference noise contribution. To derive the HD-FDD REFSENS requirements, we only need to evaluate the insertion loss difference between HD-FDD and FD-FDD front-end filter architectures and the apply the difference to 5MHz channel bandwidth REFSENS as the HD-FDD baseline REFSENS since Tx self-interference would not have impact on the 5MHz channel bandwidth as already analyzed in [4]. 

For the insertion loss difference between HD-FDD and FD-FDD front-end filter architectures, there had been studies during the development of LTE category 0 UE for MTC applications. In [5], the observation was that the insertion loss difference between SAW duplex filters and SAW RF filters for bands 3 and 8 is in the order of 0.5 dB.

Observation 2: The insertion loss difference between SAW duplex filters and SAW RF filters for bands 3 and 8 is in the order of 0.5 dB [5].        

Though the REFSENS tightening for LTE category 0 UE under HD-FDD was eventually specified as 0.8 dB for most of the FDD bands [6], in our view, the 0.8dB number cannot be justified for all FDD bands, especially for those bands with REFSENS already close to TDD bands, such as Band 1 and Band 18. To avoid UE production yield impact from REFSENS tightening for those bands with REFSENS close to TDD bands, we propose the tightening as summarized in the following table.

	FD-FDD 5MHz REFSENS
	HD-FDD REFSENS Tightening
	Bands

	≤ -99 dBm
	0 dB
	n1, n18, n24, n30, n65, n66, n70, n74

	> -99 dBm and ≤ -98 dBm
	0.5 dB
	n2, n5, n7, n28, 

	> -98 dBm
	0.8 dB
	n3, n8, n12, n13, n14, n20, n25, n26, n71



Table 2-1 Proposed HD-FDD 5MHz REFSENS tightening for different NR bands        
Proposal 3: The HD-FDD 5MHz REFSENS tightening from FD-FDD is proposed as in Table 2-1.     

Since under half-duplex operation, the REFSENS is not affected by UL transmission, therefore, the REFSENS for channel BW wider than 5 MHz can simply 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. On the other hand, for half-duplex operation, there is no need to impose UL RB number restriction. Therefore, full allocation is proposed as the UL configuration for HD-FDD REFSENS requirements.

Proposal 4: 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.

Proposal 5: UL configuration for HD-FDD REFSENS requirements is specified with full allocation.

3	Conclusion

In this contribution, we share our views on how 1Rx and HD-FDD REFSENS requirements can be defined for FR1 RedCap UE based on the existing NR FR1 REFSENS requirements defined for 2Rx.

Observation 1: REFSENS degradation from 2Rx to 1Rx for FDD bands is expected to be worse than that for TDD bands.

Observation 2: The insertion loss difference between SAW duplex filters and SAW RF filters for bands 3 and 8 is in the order of 0.5 dB [5].

Proposal 1: Apply 3dB relaxation from 2Rx REFSENS for FDD bands 1Rx REFSENS.

Proposal 2: For 1Rx HD-FDD REFSENS, it is proposed to separate the consideration of 1Rx versus 2Rx relaxation from the potential tightening between HD-FDD and FD-FDD.

Proposal 3: 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

	≤ -99 dBm
	0 dB
	n1, n18, n24, n30, n65, n66, n70, n74

	> -99 dBm and ≤ -98 dBm
	0.5 dB
	n2, n5, n7, n28, 

	> -98 dBm
	0.8 dB
	n3, n8, n12, n13, n14, n20, n25, n26, n71




Proposal 4: 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.

Proposal 5: UL configuration for HD-FDD REFSENS requirements is specified with full allocation.
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