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Introduction
In RAN#102, a new WID [1] was approved for NR NTN phase 3. One of the objectives was to support FR1-NTN for RedCap and eRedCap devices. RAN4 needs to specify RF requirements for full-duplex FDD RedCap and eRedCap UEs. In this contribution, we share our views on the issues for FR1 RedCap NTN.
Discussion
For RedCap and eRedCap UEs, the major difference is reduced RF and BB capability from normal NR UE. In the following Table, we compared RedCap, eRedCap and normal NR UE. Before start of specifying RF requirements for RedCap NTN, these parameters for RedCap NTN can be a starting point. 
Table 1. Comparison for Reference NR UE, R17 RedCap and R18 eRedCap UE
	FR1

	Parameters for different UE types

	Reference NR UE
	R17 RedCap UE
	R18 eRedCap UE

	Max. BW
	100 MHz
	20 MHz
	RF can support 20 MHz
· with reduced BB 5MHz
· without reduced BB 20MHz

	Antenna Config.
	[bookmark: _GoBack]typical 1Tx * 2Rx,
other configurations not precluded
	1Tx * 1Rx, 1Tx * 2Rx
	1Tx * 1Rx, 1Tx * 2Rx

	Duplex mode
	FD-FDD, TDD…
	FD-FDD, TDD, HD-FDD Type A
	FD-FDD, TDD, HD-FDD Type A

	UE power class
	23 dBm, 26dBm…
	23 dBm
	23 dBm

	Other complexity reduction techniques
	N/A
	N/A
	Reduced peak data rate
Relaxed processing timeline



Reduced antenna configuration
From Table 1, we can see 1Tx with 1Rx and 2Rx antenna configurations are supported for RedCap and eRedCap UEs. For NR bands supporting 4Rx, RedCap UE and eRedCap UE can reduced its antenna ports to 2Rx. For NR bands supporting 2Rx, RedCap UE and eRedCap UE can reduced its antenna port to 1Rx. 
For RedCap and eRedCap UEs, the typical applicable devices are smart watches. Today most of the smart watches in the market have only 1Rx and 1Tx due to its limited form factor. Due to the same reason, the typical antenna size for watch is about 40-50mm X 3-5mm, which is much smaller than the antenna size for smart phone. Furthermore, typically a single antenna covers a wide frequency band range, e.g., from 800MHz to 2700MHz. The Tx/Rx antenna is reduced for RedCap and eRedCap UEs and the performance of the antenna is expected to be reduced.
For FR1 NTN bands, currently it considers 2Rx reception for normal UE. For RedCap and eRedCap UEs supporting FR1-NTN, the reduced antenna configuration of 1Rx and 1Tx can be considered. 
Proposal 1: For RedCap or eRedCap supporting FR1-NTN, the antenna configuration 1T*1R can be considered.

Bandwidth reduction
Reduced bandwidth is considered as one of the potential features for reduced capability devices, which can also reduce the device cost and UE power consumption. For Rel-17 Redcap, the maximum supported channel bandwidth is 20MHz. For Rel-18, eRedCap, the maximum supported RF channel bandwidth is 20MHz, while the baseband capabilities can be different, one is reduced BB to 5MHz, the other is normal BB to 20MHz.
For FR1-NTN bands, the supported channel bandwidths are defined as follows:
Table 5.3.5-1: Channel bandwidths for each NTN satellite band
	NTN satellite band
	SCS
kHz
	UE Channel bandwidth (MHz)

	
	
	5
	10
	15
	20
	30
(NOTE)

	
	15
	5
	10
	15
	20
	

	n256
	30
	
	10
	15
	20
	

	
	60
	
	10
	15
	20
	

	
	15
	5
	10
	15
	20
	

	n255
	30
	
	10
	15
	20
	

	
	60
	
	10
	15
	20
	

	
	15
	5
	10
	15
	
	

	n254
	30
	
	10
	15
	
	

	
	60
	
	10
	15
	
	

	NOTE:	Deployment of 30 MHz channel bandwidth for NTN SAN needs to be preceded by introduction of all applicable Tx RF, Rx RF, and demodulation requirements.


It can be observed that the maximum supported channel bandwidth for FR1 NTN is 20MHz and it well suits the BW capability for Rel-17 RedCap UEs and Rel-18 eRedCap UEs without Reduced BB capability. However, for Rel-18 eRedCap UEs with reduced BB capability, the maximum supported RF channel bandwidth is 20MHz and the baseband capability is 5MHz.
Observation 1: For R17 Redcap UE and Rel-18 eRedCap UE without BB reduction supporting FR-1 NTN, the channel bandwidth can support Max 20MHz. For R18 eRedCap UE with BB reduction supporting NTN, the RF channel bandwidth can support 20MHz and the baseband can support Max 5MHz.
Power class
For Rel-17 RedCap and Rel-18 eRedCap UEs, only PC3 is specified as the maximum output power. If they support FR-1 NTN, the same assumption can be applied for maximum output power.
Proposal 2: For RedCap and eRedCap UE supporting NTN, consider PC3 as the maximum output power.
REFSENS
For RedCap and eRedCap UEs, reduced Rx antenna port is assumed and 1Rx can be considered. For now, NR NTN UE are mandatorily to support 2 Rx antenna ports, the requirements for reference sensitivity of NR NTN UE are specified accordingly. To introduce Redcap UE in NTN, the requirements for Reference sensitivity of NTN UE could be reused for Redcap UE with 2 Rx antenna ports. For Redcap UE with 1 Rx antenna port in TN, the relaxation ΔR1R as Table 7.3I.2-1 of TS 38.101 based on UE with 2 Rx antenna ports is specified. 
Table 7.3I.2-1: Single antenna port reference sensitivity allowance ΔR1R
	Operating band
	Channel bandwidth (MHz)
	ΔR1R (dB)

	TDD band 
	5, 10, 15, 20
	2.5

	FDD band 
	5 
	2.5

	FDD band 
	10, 15, 20
	3.0



Redcap UE with 1 Rx antenna port in NTN is proposed to follow the identical relaxation.
For eRedCap UE without BB reduction, we can follow above logic for defining requirements for 2Rx or 1Rx. However, for eRedCap UE, we need further discuss whether to support Reduced BB capability for NTN.
Proposal 3: For Rx, reference sensitivity of NTN full duplex Redcap UE with 2 Rx antenna ports follows the legacy NR NTN UE, reference sensitivity of NTN full duplex Redcap UE with 1 Rx antenna ports reuse the following relaxation:
	Operating band
	Channel bandwidth (MHz)
	ΔR1R (dB)

	FDD band 
	5 
	2.5

	FDD band 
	10, 15, 20
	3.0



Proposal 4: For eRedCap, we need to further discuss whether to support Reduced BB for NTN.
 Conclusion
This contribution discusses supporting FR1-NTN for RedCap and eRedCap UEs. The following observations and proposals are made:
Proposal 1: For RedCap or eRedCap supporting FR1-NTN, the antenna configuration 1T*1R can be considered.
Observation 1: For R17 Redcap UE and Rel-18 eRedCap UE without BB reduction supporting FR-1 NTN, the channel bandwidth can support Max 20MHz. For R18 eRedCap UE with BB reduction supporting NTN, the RF channel bandwidth can support 20MHz and the baseband can support Max 5MHz.
Proposal 2: For RedCap and eRedCap UE supporting NTN, consider PC3 as the maximum output power.
Proposal 3: For Rx, reference sensitivity of NTN full duplex Redcap UE with 2 Rx antenna ports follows the legacy NR NTN UE, reference sensitivity of NTN full duplex Redcap UE with 1 Rx antenna ports reuse the following relaxation:
	Operating band
	Channel bandwidth (MHz)
	ΔR1R (dB)

	FDD band 
	5 
	2.5

	FDD band 
	10, 15, 20
	3.0


Proposal 4: For eRedCap, we need to further discuss whether to support Reduced BB for NTN.
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