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1 Introduction

In RAN#102 plenary meeting, the Rel-19 WID of Non-Terrestrial Networks (NTN) for NR Phase 3 was approved in [1]. One of the main objectives is to support Rel-17 RedCap and Rel-18 eRedCap UEs with NR NTN operating in FR1-NTN band. 

In this contribution, our evaluation about the HD-FDD RedCap UE RF REFSENS requirements for NTN operation is provided.

2 Discussion

2.1

HD-FDD RedCap UE RF requirements for NTN operation

The Rel-19 WID [1] objectives indicate that NTN for NR Phase 3 supports Redcap and eRedcap with NR NTN operating in FR1-NTN band. The objectives are shown below.  

	4.1 
Objective of SI or Core part WI or Testing part WI

Support of Rel-17 RedCap and Rel-18 eRedCap UEs with NR NTN operating in FR1-NTN bands [RAN4, RAN1]

· For full-duplex FDD RedCap and eRedCap UEs, define the RF and RRM requirements [RAN4]

· For HD-FDD RedCap UEs and eRedCap UEs, check whether any essential changes are needed for their support (i.e. focusing on HD collision rules) by end of Q2/2024 [RAN1]

· Depending on feasibility assessment above, define the RF and RRM requirements [RAN4]

Notes for this objective:

GNSS (Global Navigation Satellite Systems) capabilities and simultaneous GNSS and NR-NTN operation is supported in RedCap/eRedCap UE.


The Rel-19 NR_NTN_Ph3_UERF WF [3] in RAN4#110-bis meeting provided the guidance as follows.

	Sub-topic 1-3: HD-FDD (e)RedCap
Agreement: Start the discussions on the RF requirements for NTN RedCap with HD-FDD in the next meeting (RAN4#111).

Sub-topic 2-5: 2 Rx FD-FDD Refsens

Agreement: Re-use non-RedCap NTN UE refsens for 2Rx FD-FDD NTN (e)RedCap UE

Sub-topic 2-6: 1 Rx FD-FDD Refsens

Agreement: Re-use TN (e)RedCap UE 1 Rx refsens allowance for NTN (e)RedCap UE as follows

Operating band
Channel bandwidth (MHz)

ΔR1R (dB)
FDD band 
5 

2.5

FDD band 

10, 15, 20

3.0




It is our understanding that for 2Rx FD-FDD refsens, the agreement in RAN4#110-bis meeting was to reuse non-RedCap NTN UE refsens for 2Rx FD-FDD NTN (e)RedCap UE as indicated in TS 38.101-5 Table 7.3.2-1.
TS 38.101-5 Table 7.3.2-1: Two antenna port reference sensitivity QPSK PREFSENS for FDD bands
	Operating band / SCS / Channel bandwidth

	Operating Band
	SCS kHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	25 MHz
	30 MHz

	
	
	(dBm)
	(dBm)
	(dBm)
	(dBm)
	(dBm)
	(dBm)

	n256
	15
	-99.5
	-96.3
	-94.5
	-93.8
	　
	　

	
	30
	　
	-96.6
	-94.6
	-94
	　
	　

	
	60
	　
	-97
	-94.9
	-94.2
	　
	　

	n255
	15
	-100
	-96.8
	-95
	-93.8
	　
	　

	
	30
	　
	-97.1
	-95.1
	-94
	　
	　

	
	60
	　
	-97.5
	-95.4
	-94.2
	　
	　

	n254
	15
	-99.5
	-96.3
	-94.5
	　
	　
	　

	
	30
	　
	-96.6
	-94.6
	　
	　
	　

	
	60
	　
	-97
	-94.9
	　
	　
	　

	NOTE：The transmitter shall be set to PUMAX as defined in clause 6.2.4 of 3GPP TS 38.101-1 [5].


On top of that, according to TS 38.101-1 Tables 7.3.2-1a and 7.3I.2-2, we observed that HD-FDD reference sensitivity allowance ΔRHD-FDD can be obtained in Table 1.

TS 38.101-1 Tables 7.3.2-1a and 7.3I.2-2: HD-FDD RedCap UE reference sensitivity
[image: image1.emf]5 MHz 10 MHz 15 MHz 20 MHz 5 MHz 10 MHz 15 MHz 20 MHz

(dBm) (dBm) (dBm) (dBm) (dBm) (dBm) (dBm) (dBm)

15 -98 -94.8 -93 -91.8 15 -98.8 -95.6 -93.8 -92.5

30 -95.1 -93.1 -92 30 -96 -94 -92.7

60 -95.5 -93.4 -92.2 60 -96.3 -94.2 -93

15 -97 -93.8 -92 -90.8 15 -97.8 -94.6 -92.8 -91.5

30 -94.1 -92.1 -91 30 -95 -93 -91.7

60 -94.5 -92.4 -91.2 60 -95.3 -93.2 -92

15 -98 -94.8 -93 -91.8 15 -98.8 -95.6 -93.8 -92.5

30 -95.1 -93.1 -92 30 -96 -94 -92.7

60 -95.5 -93.4 -92.2 60 -96.3 -94.2 -93

TS 38.101-1 Table 7.3.2-1a: Two antenna port Refsens

for FDD bands

TS 38.101-1 Table 7.3I.2-2:  HD-FDD RedCap UE with 2

Rx antenna port Refsens
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Table 1:2Rx HD-FDD reference sensitivity allowance ΔRHD-FDD for RedCap UE
	TS 38.101-1: TN 2Rx HD-FDD reference sensitivity allowance ΔRHD-FDD

	Operating band / SCS / Channel bandwidth

	Operating Band
	SCS kHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	
	
	(dB)
	(dB)
	(dB)
	(dB)

	n2
	15
	-0.8
	-0.8
	-0.8
	-0.7

	
	30
	　
	-0.9
	-0.9
	-0.7

	
	60
	　
	-0.8
	-0.8
	-0.8

	n3
	15
	-0.8
	-0.8
	-0.8
	-0.7

	
	30
	　
	-0.9
	-0.9
	-0.7

	
	60
	　
	-0.8
	-0.8
	-0.8

	n7
	15
	-0.8
	-0.8
	-0.8
	-0.7

	
	30
	　
	-0.9
	-0.9
	-0.7


	
	60
	　
	-0.8
	-0.8
	-0.8


Observation 1: In 38.101-1, two antenna-port reference sensitivity allowance ΔRHD-FDD for HD-FDD RedCap UE can be obtained based on Tables 7.3.2-1a and 7.3I.2-2.

Proposal 1: Regarding 2Rx HD-FDD Refsens for NTN RedCap UE, reuse the two-antenna port reference sensitivity allowance ΔRHD-FDD extracted from TS 38.101-1 as listed in Table 1 below. 

Table 1: 2Rx HD-FDD reference sensitivity allowance ΔRHD-FDD for RedCap UE
	TN 2Rx HD-FDD reference sensitivity allowance ΔRHD-FDD

	Operating band / SCS / Channel bandwidth

	Operating Band
	SCS kHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	
	
	(dB)
	(dB)
	(dB)
	(dB)

	nXX
	15
	-0.8
	-0.8
	-0.8
	-0.7

	
	30
	　
	-0.9
	-0.9
	-0.7

	
	60
	　
	-0.8
	-0.8
	-0.8


Regarding 1Rx FD-FDD refsens, in our understanding, the agreement in RAN4#110-bis meeting was to reuse TN (e)RedCap UE 1Rx refsens allowance for NTN (e)RedCap UE as indicated in TS 38.101-1 Table 7.3I.2-1.
TS 38.101-1 Table 7.3I.2-1: Single antenna port reference sensitivity allowance ΔR1R
	Operating band
	Channel bandwidth (MHz)
	ΔR1R (dB)

	FDD band 
	5 
	2.5

	FDD band 
	10, 15, 20
	3.0


On the other hand, according to TS 38.101-1 Tables 7.3I.2-2 and 7.3I.2-3, it is studied that single antenna port reference sensitivity allowance ΔR1R for HD-FDD is 2.5dB for all RedCap CBW as shown in Table 2 below. 

TS 38.101-1 Tables 7.3I.2-2 and 7.3I.2-3: HD-FDD RedCap UE reference sensitivity
[image: image2.emf]5 MHz 10 MHz 15 MHz 20 MHz 5 MHz 10 MHz 15 MHz 20 MHz

(dBm) (dBm) (dBm) (dBm) (dBm) (dBm) (dBm) (dBm)

15 -100 -96.8 -95 -93.7 15 -97.5 -94.3 -92.5 -91.2

n1 30 -97.2 -95.2 -93.9 n1 30 -94.7 -92.7 -91.4

60 -97.5 -95.4 -94.2 60 -95 -92.9 -91.7

15 -98.8 -95.6 -93.8 -92.5 15 -96.3 -93.1 -91.3 -90

n2 30 -96 -94 -92.7 n2 30 -93.5 -91.5 -90.2

60 -96.3 -94.2 -93 60 -93.8 -91.7 -90.5

15 -97.8 -94.6 -92.8 -91.5 15 -95.3 -92.1 -90.3 -89

n3 30 -95 -93 -91.7 n3 30 -92.5 -90.5 -89.2

60 -95.3 -93.2 -92 60 -92.8 -90.7 -89.5

TS 38.101-1: TN 1RX HD-FDD RedCap TS 38.101-1: TN 2RX HD-FDD RedCap
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Table 2: Single antenna port reference sensitivity allowance ΔR1R for HD-FDD RedCap UE
	TS 38.101-1: TN HD-FDD RedCap ΔR1R

	Operating Band
	SCS kHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	
	
	(dB)
	(dB)
	(dB)
	(dB)

	　
	15
	2.5
	2.5
	2.5
	2.5

	n1
	30
	　
	2.5
	2.5
	2.5

	　
	60
	　
	2.5
	2.5
	2.5

	　
	15
	2.5
	2.5
	2.5
	2.5

	n2
	30
	　
	2.5
	2.5
	2.5

	　
	60
	　
	2.5
	2.5
	2.5

	　
	15
	2.5
	2.5
	2.5
	2.5

	n3
	30
	　
	2.5
	2.5
	2.5

	　
	60
	　
	2.5
	2.5
	2.5


Observation 2: Regarding 1Rx FD-FDD refsens for NTN RedCap UE, the agreement in RAN4#110-bis meeting was to reuse TN (e)RedCap UE 1Rx refsens allowance for NTN (e)RedCap UE as indicated in TS 38.101-1 Table 7.3I.2-1.
Observation 3: In 38.101-1, single antenna port reference sensitivity allowance ΔR1R for HD-FDD is 2.5dB for all RedCap CBW.
Proposal 2: Regarding 1Rx HD-FDD Refsens for NTN RedCap UE, 

Option 1: Reuse the single antenna port reference sensitivity allowance ΔR1R in TS 38.101-1 Table 7.3I.2-1 for each FDD band.

Option 2: Reuse the single antenna port reference sensitivity allowance ΔR1R of 2.5dB for all NTN RedCap CBW for each FDD band.
Regarding the HD-FDD two antenna-port reference sensitivity allowance ΔRHD-FDD compared to full-duplex FDD operation, in our understanding, the refsens is improved by the adoption of HD-FDD. Therefore, as for 1Tx HD-FDD PC3 of NTN RedCap UE, because of the single-band 1Rx Refsens difference caused by using FD-FDD and HD-FDD, we wonder whether it is reasonable to think about the HD-FDD higher Tx output power value than FD-FDD Tx output power value.
Observation 4: In 38.101-1, two antenna-port reference sensitivity allowance ΔRHD-FDD for HD-FDD RedCap UE obtained according to Tables 7.3.2-1a and 7.3I.2-2 ranges from -0.7dB to -0.9dB. The adoption of HD-FDD shows an improvement in the reference sensitivity compared to full-duplex FDD operation.

Observation 5: By comparing the one antenna-port RF FD-FDD architecture with one antenna-port RF HD-FDD architecture, it seems that the IL improvement occurs in both one antenna-port Rx Refsens and Tx output power.

Proposal 3: As only for 1Tx HD-FDD PC3 of NTN RedCap UE, because of the single-band 1Rx Refsens difference caused by using FD-FDD and HD-FDD, clarify whether it is reasonable to think about the HD-FDD higher Tx output power value than FD-FDD Tx output power value (i.e., 23dBm).

3 Conclusion

In this paper, our views on the UE RF requirements for NTN RedCap with HD-FDD are provided as follows:

Observation 1: In 38.101-1, two antenna-port reference sensitivity allowance ΔRHD-FDD for HD-FDD RedCap UE can be obtained based on Tables 7.3.2-1a and 7.3I.2-2.

Proposal 1: Regarding 2Rx HD-FDD Refsens for NTN RedCap UE, reuse the two-antenna port reference sensitivity allowance ΔRHD-FDD extracted from TS 38.101-1 as listed in Table 1 below. 

Table 1: 2Rx HD-FDD reference sensitivity allowance ΔRHD-FDD for RedCap UE
	TN 2Rx HD-FDD reference sensitivity allowance ΔRHD-FDD

	Operating band / SCS / Channel bandwidth

	Operating Band
	SCS kHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	
	
	(dB)
	(dB)
	(dB)
	(dB)

	nXX
	15
	-0.8
	-0.8
	-0.8
	-0.7

	
	30
	　
	-0.9
	-0.9
	-0.7

	
	60
	　
	-0.8
	-0.8
	-0.8


Observation 2: Regarding 1Rx FD-FDD refsens for NTN RedCap UE, the agreement in RAN4#110-bis meeting was to reuse TN (e)RedCap UE 1Rx refsens allowance for NTN (e)RedCap UE as indicated in TS 38.101-1 Table 7.3I.2-1.
Observation 3: In 38.101-1, single antenna port reference sensitivity allowance ΔR1R for HD-FDD is 2.5dB for all RedCap CBW.
Proposal 2: Regarding 1Rx HD-FDD Refsens for NTN RedCap UE, 

Option 1: Reuse the single antenna port reference sensitivity allowance ΔR1R in TS 38.101-1 Table 7.3I.2-1 for each FDD band.

Option 2: Reuse the single antenna port reference sensitivity allowance ΔR1R of 2.5dB for all NTN RedCap CBW for each FDD band.
Observation 4: In 38.101-1, two antenna-port reference sensitivity allowance ΔRHD-FDD for HD-FDD RedCap UE obtained according to Tables 7.3.2-1a and 7.3I.2-2 ranges from -0.7dB to -0.9dB. The adoption of HD-FDD shows an improvement in the reference sensitivity compared to full-duplex FDD operation.

Observation 5: By comparing the one antenna-port RF FD-FDD architecture with one antenna-port RF HD-FDD architecture, it seems that the IL improvement occurs in both one antenna-port Rx Refsens and Tx output power.

Proposal 3: As only for 1Tx HD-FDD PC3 of NTN RedCap UE, because of the single-band 1Rx Refsens difference caused by using FD-FDD and HD-FDD, clarify whether it is reasonable to think about the HD-FDD higher Tx output power value than FD-FDD Tx output power value (i.e., 23dBm).
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