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Introduction
RAN4 can trigger the discussion for UE RF requirements in last meeting. In this paper, we’d like to discuss the remaining issue for UE RF requirements based on the approved WF [1].
Transmitter characteristics
1) General part
In TS 38.101-1, there is a general sentence to describe the antenna connector and assumption of antenna gain as below.
Proposal 1: It’s proposed to reuse this sentence to clarify the Rel-17 handheld UE for satellite access.
Unless otherwise stated, the transmitter characteristics are specified at the antenna connector of the UE with a single or multiple transmit antenna(s). For UE with integral antenna only, a reference antenna with a gain of 0 dBi is assumed.
2) UL modulations
Based on the initial coexistence simulation results, it’s very hard to reach 15dB above SINR for UL. Based on RAN1’s link level simulation to evaluate the spectral efficiency and SNR for QPSK, 16QAM, 64QAM and 256QAM with 10% BELR, the results of the simulation are shown in Figure1, and summarized in Table 1.
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[bookmark: _Ref450771869]Figure1 Spectral efficiency vs. SNR at 10% BLER
[bookmark: _Ref450771886]Table 1 Evaluation results
	MCS Index
	Modulation Order
	TBS Index
	Spectral Efficiency(bps/Hz)
	Coding Rate
	SNR(dB)

	0
	2
	0
	0.19
	0.0950
	-6.2

	1
	2
	2
	0.31
	0.1550
	-3.9

	2
	2
	4
	0.49
	0.2450
	-2.1

	3
	2
	6
	0.72
	0.3600
	-0.5

	4
	2
	8
	0.97
	0.4850
	1.2

	5
	2
	10
	1.22
	0.6100
	2.9

	6
	4
	11
	1.40
	0.3500
	4.2

	7
	4
	13
	1.78
	0.4450
	5.7

	8
	4
	14
	1.99
	0.4975
	6.5

	9
	4
	15
	2.13
	0.5325
	7.2

	10
	4
	16
	2.26
	0.5650
	7.8

	11
	4
	17
	2.51
	0.6275
	8.6

	12
	4
	18
	2.75
	0.6875
	9.5

	13
	4
	19
	2.99
	0.7475
	10.4

	14
	6
	20
	3.23
	0.5383
	11.7

	15
	6
	21
	3.49
	0.5817
	12.6

	16
	6
	22
	3.72
	0.6200
	13.4

	17
	6
	23
	3.98
	0.6633
	14.1

	18
	6
	24
	4.24
	0.7067
	14.9

	19
	6
	25
	4.41
	0.7350
	15.4

	20
	6
	27
	4.62
	0.7689
	17.6

	21
	6
	28
	4.94
	0.8029
	18.3

	22
	6
	29
	5.12
	0.8573
	18.7

	23
	8
	30
	5.47
	0.6816
	20.8

	24
	8
	31
	5.64
	0.7117
	21.7

	25
	8
	32
	5.89
	0.7340
	22.1

	26
	8
	33
	6.80
	0.8482
	24.7

	27
	8
	34
	7.08
	0.8852
	25.6

	28
	8
	35
	7.37
	0.9209
	26.4



Observation 1: The expected SINR for UL 256QAM can’t be reached for PC3 satellite UE due to the lower UL SINR in the coexistence study.
4) UE additional maximum output power reduction
The additional maximum output power reduction framework for TN UE can be reused for satellite UE. However, satellite operators are encouraged to provide the additional spurious emission requirements based on the regulatory as soon as possible, so that any non-backward compatibility can be avoided.
Proposal 2: The additional maximum output power reduction framework for TN UE can be reused for satellite UE. However, the band-specific AMPR requirements depend on the input about the additional spurious emission.
5) Configured transmitted power
The Configured transmitted power framework for TN UE can be reused for satellite UE since RAN1’s power control framework isn’t changed. However, there is no need to specify some parameters which are only used for TN UE. That means the formula can be simplified.
Observation 2: The Configured transmitted power framework for TN UE can be reused for satellite UE. The formula can be further simplified for satellite UE.
6) Output power dynamics
For Minimum output power, Transmit OFF power and Power control, the framework and requirements for TN UE can be reused for satellite UE. 
Proposal 3: The requirements for Minimum output power, Transmit OFF power, Transmit ON/OFF time mask and Power control in clause 6.3 from 38.101-1 are applicable for the satellite UE.
7) Transmit modulation quality
The requirements of TN UE can be reused for satellite UE including EVM, carrier leakage and in-band emissions.
Proposal 4: The requirements for Frequency error and transmit modulation quality in clause 6.4 from 38.101-1 are applicable for the satellite UE.
8) Output RF spectrum emissions
The ACLR requirements should wait for the outcome of coexistence study. For general spurious emissions, Category B limits [3] for type Land mobile service (mobiles and base stations) are reused for current TN UE requirements. If there is no additional input, the general spurious emissions can be applicable for satellite UE.
Proposal 5: The requirements for occupied bandwidth, SEM, general spurious emissions and transmit intermodulation are applicable for the satellite UE.
If it’s assumed that the NR NTN is used in the area that there is no IMT BS coverage, there is no need to specify the spurious emissions for UE co-existence. It depends on the satellite operators’ input.
Observation 3: If it’s assumed that the NR NTN is used in the area that there is no IMT BS coverage, there is no need to specify the spurious emissions for UE co-existence.
Receiver characteristics
1) Reference sensitivity
For below 6GHz, the REFSENS level can be calculated by the equation below [4]:
	Sensitivity = -174dBm(kT) + 10*log(RX BW) + NF + SNR +IM – diversity gain
It is noted that the Rx BW is identical to the transmission bandwidth configuration, which is determined by the spectrum utilization. The RB values in the analysis of this contribution are based on the agreed SU for NR.
SNR in Nagoya meeting was agreed as -1dB, the value is the same as that for LTE. However, SNR will be further evaluated by link level simulation. Actually, the SNR under AWGN channel has no difference for different SCS and the demodulation performance for DFT-s-OFDM and CP-OFDM is the same as well. Therefore, the same SNR will be used to calculate REFSENS for different SCS.
The REFSENS for E-UTRA assumes that the receiver is equipped with two Rx port as a baseline. If 2Rx is considered, the diversity gain is 3dB and the Implementation Margin (IM) uses 2.5dB. In the following calculation, same assumptions are used for LTE refarming bands for NR.
The Noise Figure for S-band and L-bandis assumed as 9dB.
Proposal 6: To specify the REFSENS as below.


[bookmark: _Hlk507958268]Table 2: Two antenna port reference sensitivity QPSK PREFSENS
	Operating band / SCS / Channel bandwidth / Duplex-mode

	Operating Band
	SCS kHz
	5
MHz
(dBm)
	10
MHz
(dBm)
	15
MHz
(dBm)
	20
MHz
(dBm)
	Duplex Mode

	s/n256
	15
	-100.0
	-96.8
	-95.0
	-93.8
	FDD

	
	30
	
	-97.1
	-95.1
	-94.0
	

	
	60
	
	-97.5
	-95.4
	-94.2
	

	s/n255
	15
	-100.0
	-96.8
	-95.0
	-93.8
	FDD

	
	30
	
	-97.1
	-95.1
	-94.0
	

	
	60
	
	-97.5
	-95.4
	-94.2
	


Table 3: Uplink configuration for reference sensitivity
	Operating band / SCS / Channel bandwidth / Duplex-mode

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

	s/n256
	15
	25
	50
	75
	100
	FDD

	
	30
	
	24
	36
	50
	

	
	60
	
	10
	18
	24
	

	s/n255
	15
	25
	50
	75
	100
	FDD

	
	30
	
	24
	36
	50
	

	
	60
	
	10
	18
	24
	


The FRC for receiver requirements for QPSK in clause A.3.2.2 from TS 38.101-1 are applicable for the satellite UE.
2) Maximum input level
Even if the minimum distance between satellite and UE for all the scenario is larger than 35m, the distance between aggressor Macro BS and satellite should be assumed and considered as well. Thus, the Maximum input level for satellite UE should be specified.
Proposal 7: The requirements for Maximum input level in clause 7.4 from TS 38.101-1 are applicable for satellite UE.
3) Blocking characteristics and spurious response
In-band blocking, out-of-band blocking and narrow band blocking requirements can be reused for satellite UE.
Proposal 8: The requirements for Blocking characteristics in clause 7.6 and spurious response in clause 7.7 from TS 38.101-1 are applicable for satellite UE.
4) Intermodulation characteristics
Proposal 9: The requirements for Intermodulation characteristics in clause 7.8 from TS 38.101-1 are applicable for satellite UE.
Summary
Based on the discussion, all the observations and proposals are listed below:
Proposal 1: It’s proposed to reuse this sentence to clarify the Rel-17 handheld UE for satellite access.
Unless otherwise stated, the transmitter characteristics are specified at the antenna connector of the UE with a single or multiple transmit antenna(s). For UE with integral antenna only, a reference antenna with a gain of 0 dBi is assumed.
Observation 1: The expected SINR for UL 256QAM can’t be reached for PC3 satellite UE due to the lower UL SINR in the coexistence study.
Proposal 2: The additional maximum output power reduction framework for TN UE can be reused for satellite UE. However, the band-specific AMPR requirements depend on the input about the additional spurious emission.
Proposal 3: The requirements for Minimum output power, Transmit OFF power, Transmit ON/OFF time mask and Power control in clause 6.3 from 38.101-1 are applicable for the satellite UE.
Proposal 4: The requirements for Frequency error and transmit modulation quality in clause 6.4 from 38.101-1 are applicable for the satellite UE.
Proposal 5: The requirements for occupied bandwidth, SEM, general spurious emissions and transmit intermodulation are applicable for the satellite UE.
Observation 3: If it’s assumed that the NR NTN is used in the area that there is no IMT BS coverage, there is no need to specify the spurious emissions for UE co-existence.
Proposal 6: To specify the REFSENS as below.
The FRC for receiver requirements for QPSK in clause A.3.2.2 from TS 38.101-1 are applicable for the satellite UE.
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Proposal 7: The requirements for Maximum input level in clause 7.4 from TS 38.101-1 are applicable for satellite UE.
Proposal 8: The requirements for Blocking characteristics in clause 7.6 and spurious response in clause 7.7 from TS 38.101-1 are applicable for satellite UE.
Proposal 9: The requirements for Intermodulation characteristics in clause 7.8 from TS 38.101-1 are applicable for satellite UE.
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