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Introduction
In the last meeting, the work plan and several requirements for (e)RedCap NTN in FR1 Full Duplex FDD bands were decided for NR NTN phase 3. The WFs were captured in [1]. In this contribution, we will continue discussing the remaining issues in the last meeting and the UE RF requirements for (e)RedCap NTN in Half Duplex mode.
Discussion
Remaining issues in the last meeting
In the last meeting, we had following open issues not being fully discussed. In this contribution, we would like to share our views on these open items.
1) Whether the NTN RedCap and eRedCap UE supports the enhanced channel raster. 
2) Whether to continue using maxNumberMIMO-LayersPDSCH to indicate more than 1Rx antenna port support or a new UE capability on number of Rx support which is independent of DL MIMO layer support needs to be introduced for NR NTN RedCap and eRedCap UEs. 
3) Whether the pre-compensate function could be supported by NTN RedCap and eRedCap UE.
4) Whether any update is needed for NTN Redcap and eRedcap with respect to regulatory requirements with considering the feasibility of Redcap and eRedcap implementations. (Sony)
5) Whether other Rx requirements than REFSENS from NR NTN can be reused for NTN Redcap and eRedcap.
For open item 1, the FR1-NTN bands already support the enhanced channel raster as shown in Table 5.4.2.3-2. From our understanding, if RedCap UE or eRedCap UE are to support FR1 NTN bands, it can naturally support enhanced channel raster. And there will no extra RF or specification impact if NTN redcap and eRedCap UE supports the enhanced channel raster. 
Table 5.4.2.3-2: Applicable NR-ARFCN per operating band in FR1-NTN
	NTN satellite operating band
	ΔFRaster
(kHz) 
	Uplink
Range of NREF
(First – <Step size> – Last)
	Downlink
Range of NREF
(First – <Step size> – Last)

	n256
	10
	396000 – <2> – 402000
	434000 – <2> – 440000

	n255
	10
	325300 – <2> – 332100
	305000 – <2> – 311800

	n254
	10
	322000 – <2> – 325300
	496700 – <2> – 500000

	NOTE:	The channel numbers that designate carrier frequencies so close to the operating band edges that the carrier extends beyond the operating band edge shall not be used.  These channel numbers shall also be such that the minimum guard band for each channel bandwidth and SCS specified in Table 5.3.3-1 are met for carriers located at the upper or lower edge of an operating band.



For Open item 3, We think the frequency pre-compensate function needs to be supported if RedCap or eRedCap UE intends to support NTN to address the large Doppler effects. However, this function should be done in RAN1 and RAN2，instead of RAN4. Unless we see an impact on UE RF requirement impact, we suggest not to discuss it further. 
For Open item 4, regulation is an important aspect for developing FR1 NTN requirements. For RedCap and eRedCap supporting NTN, it inherits requirements for NTN along with the regulation considerations. Only for 1Rx, REFSENS requirements needs to be evaluated due to the reduce Rx capability. From our understanding, if there is regulation update for NTN, NTN RedCap or eRedCap UE can inherit the requirements accordingly. We don’t need extra work for this issue.
One import aspect for NTN RedCap UE and eRedCap UE is reduced Rx capability. REFSENS requirements need to accommodate 1Rx since REFSENS is RX number dependent. For other Rx requirements of NTN, it is not impacted by 1Rx. Therefore, we suggest to reuse other Rx requirements from NTN for RedCap or eRedCap NTN.
UE RF requirements for (e)RedCap NTN in HD mode
According to the WID, HD-FDD can be started in Q3 if RAN1 confirmed there are no essential changes needed for their support.
· 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]
However, there was an agreement in the last meeting about this work plan:
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).
We continue discussing the UE RF requirements for RedCap or eRedCap NTN in HD mode. For UE RF requirements for (e)RedCap NTN in Half-Duplex mode, the only focus is on REFSENS requirements. There are two considerations for HD REFSENS:
· Compared to FD-FDD, RF front end my adopt filters with switch for HD-FDD, instead of using duplexer; the insertion loss for HD-FDD may be smaller than FD-FDD due to the difference in RFFE.
· For HD-FDD, receiving DL will not have the interference from UL transmission;
Base on these two considerations, the REFSENS may need tightening for HD, compared with FD-FDD. However, the tightening values need to be studies case by case. In the discussion of REFSENS for RedCap UE, we had following agreements for deriving the requirements:
· [bookmark: _Hlk166416671]The HD-FDD 5MHz REFSENS tightening from FD-FDD is proposed as in the table below.
Table 1. HD-FDD 5MHz REFSENS tightening from FD-FDD 
	FD-FDD 5MHz REFSENS
	HD-FDD REFSENS Tightening
	Bands

	≤ -100 dBm
	0 dB
	n1, n18, n24, n70, n91~n94

	> -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.and n=4 for 60kHz SCS
For 2Rx FR1-NTN FDD bands, the REFSENS is defined as follows:
[bookmark: _Hlk101788946]Table 7.3.2-1: Two antenna port reference sensitivity QPSK PREFSENS for FDD bands
	Operating Band
	SCS kHz
	5
MHz
(dBm)
	10
MHz
(dBm)
	15
MHz
(dBm)
	20
MHz
(dBm)

	
	15
	-99.5
	-96.3
	-94.5
	-93.8

	n256
	30
	
	-96.6
	-94.6
	-94.0

	
	60
	
	-97.0
	-94.9
	-94.2

	
	15
	-100.0
	-96.8
	-95.0
	-93.8

	n255
	30
	
	-97.1
	-95.1
	-94.0

	
	60
	
	-97.5
	-95.4
	-94.2

	
	15
	-99.5
	-96.3
	-94.5
	

	n254
	30
	
	-96.6
	-94.6
	

	
	60
	
	-97.0
	-94.9
	



According to above table 1, RFSENS for HD need to tightened by [0] dB for band n255 and [0.5]dB for band n256 and n254. 
Then the REFSENS for FR1-NTN HD-FDD bands can be calculated as:
	[bookmark: _Hlk166417152]Operating Band
	SCS kHz
	5
MHz
(dBm)
	10
MHz
(dBm)
	15
MHz
(dBm)
	20
MHz
(dBm)

	
	15
	-100.0
	-96.8
	-95.0
	-94.3

	n256
	30
	
	-97.1
	-95.1
	-94.5

	
	60
	
	-97.5
	-95.4
	-94.7

	
	15
	-100.0
	-96.8
	-95.0
	-93.8

	n255
	30
	
	-97.1
	-95.1
	-94.0

	
	60
	
	-97.5
	-95.4
	-94.2

	
	15
	-100.0
	-96.8
	-95.0
	

	n254
	30
	
	-97.1
	-95.1
	

	
	60
	
	-97.5
	-95.4
	



[bookmark: _Hlk166355739]Proposal 1: The 2Rx REFSENS for FR1-NTN HD-FDD bands are proposed:
	[bookmark: _Hlk166417496]Operating Band
	SCS kHz
	5
MHz
(dBm)
	10
MHz
(dBm)
	15
MHz
(dBm)
	20
MHz
(dBm)

	
	15
	-100.0
	-96.8
	-95.0
	-94.3

	n256
	30
	
	-97.1
	-95.1
	-94.5

	
	60
	
	-97.5
	-95.4
	-94.7

	
	15
	-100.0
	-96.8
	-95.0
	-93.8

	n255
	30
	
	-97.1
	-95.1
	-94.0

	
	60
	
	-97.5
	-95.4
	-94.2

	
	15
	-100.0
	-96.8
	-95.0
	

	n254
	30
	
	-97.1
	-95.1
	

	
	60
	
	-97.5
	-95.4
	



For 1Rx, with additional Delta_1R 2.5dB, we can derive 1Rx REFSENS for FR1-NTN HD-FDD bands.
	[bookmark: _Hlk166417754]Operating Band
	SCS kHz
	5
MHz
(dBm)
	10
MHz
(dBm)
	15
MHz
(dBm)
	20
MHz
(dBm)

	
	15
	-97.5
	-94.3
	-92.5
	-91.8

	n256
	30
	
	-94.6
	-92.6
	-92.0

	
	60
	
	-95.0
	-92.9
	-92.2

	
	15
	--97.5
	-94.3
	-92.5
	-91.3

	n255
	30
	
	-94.6
	-92.6
	-91.5

	
	60
	
	-95.0
	-92.9
	-91.7

	
	15
	-97.5
	-94.3
	-92.5
	

	n254
	30
	
	-94.6
	-92.6
	

	
	60
	
	-95.0
	-92.9
	



[bookmark: _Hlk166355756]Proposal 2: The 1Rx REFSENS for FR1-NTN HD-FDD bands are proposed:
	[bookmark: _Hlk166417919]Operating Band
	SCS kHz
	5
MHz
(dBm)
	10
MHz
(dBm)
	15
MHz
(dBm)
	20
MHz
(dBm)

	
	15
	-97.5
	-94.3
	-92.5
	-91.8

	n256
	30
	
	-94.6
	-92.6
	-92.0

	
	60
	
	-95.0
	-92.9
	-92.2

	
	15
	--97.5
	-94.3
	-92.5
	-91.3

	n255
	30
	
	-94.6
	-92.6
	-91.5

	
	60
	
	-95.0
	-92.9
	-91.7

	
	15
	-97.5
	-94.3
	-92.5
	

	n254
	30
	
	-94.6
	-92.6
	

	
	60
	
	-95.0
	-92.9
	


For the Uplink configuration for reference sensitivity for HD-FDD, we suggest to reuse the configuration for FD-FDD.
[bookmark: _Hlk166417855]Table 7.3.2-2: Uplink configuration for reference sensitivity
	Operating band / SCS (kHz) / Channel bandwidth (MHz) / Duplex mode

	Operating Band
	SCS
	5
	10
	15
	20
	Duplex Mode

	
	15
	25
	50
	75
	100
	

	n256
	30
	
	24
	36
	50
	FDD

	
	60
	
	10
	18
	24
	

	
	15
	25
	50
	75
	[75]
	

	n255
	30
	
	24
	36
	[36]
	FDD

	
	60
	
	10
	18
	[18]
	

	
	15
	25
	50
	75
	
	

	n254
	30
	
	24
	36
	
	FDD

	
	60
	
	10
	18
	
	

	NOTE:	UL resource blocks shall be located as close as possible to the downlink operating band but confined within the transmission bandwidth configuration for the channel bandwidth in Table 5.3.2-1.


 Conclusion
This contribution discusses some general issues for RedCap or eRedCap UE supporting FR1-NTN bands and the REFSENS requirements for FR1-NTN HD-FDD bands. The following proposals are made:
Proposal 1: The 2Rx REFSENS for FR1-NTN HD-FDD bands are proposed:
	Operating Band
	SCS kHz
	5
MHz
(dBm)
	10
MHz
(dBm)
	15
MHz
(dBm)
	20
MHz
(dBm)

	
	15
	-100.0
	-96.8
	-95.0
	-94.3

	n256
	30
	
	-97.1
	-95.1
	-94.5

	
	60
	
	-97.5
	-95.4
	-94.7

	
	15
	-100.0
	-96.8
	-95.0
	-93.8

	n255
	30
	
	-97.1
	-95.1
	-94.0

	
	60
	
	-97.5
	-95.4
	-94.2

	
	15
	-100.0
	-96.8
	-95.0
	

	n254
	30
	
	-97.1
	-95.1
	

	
	60
	
	-97.5
	-95.4
	



Proposal 2: The 1Rx REFSENS for FR1-NTN HD-FDD bands are proposed:
	Operating Band
	SCS kHz
	5
MHz
(dBm)
	10
MHz
(dBm)
	15
MHz
(dBm)
	20
MHz
(dBm)

	
	15
	-97.5
	-94.3
	-92.5
	-91.8

	n256
	30
	
	-94.6
	-92.6
	-92.0

	
	60
	
	-95.0
	-92.9
	-92.2

	
	15
	--97.5
	-94.3
	-92.5
	-91.3

	n255
	30
	
	-94.6
	-92.6
	-91.5

	
	60
	
	-95.0
	-92.9
	-91.7

	
	15
	-97.5
	-94.3
	-92.5
	

	n254
	30
	
	-94.6
	-92.6
	

	
	60
	
	-95.0
	-92.9
	


[bookmark: _GoBack]Proposal 3: For the Uplink configuration for reference sensitivity for HD-FDD, it is suggested reuse the configuration for FD-FDD.
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