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Introduction
Based on the NR NTN solutions work plan [1], RAN4 can trigger the discussion for UE RF requirements. In this paper, we’d like to discuss the UE RF requirements generally.
General discussion
In previous RAN4 meeting, it’s agreed to use S-band (UL 1980 - 2010 MHz and DL 2170 - 2200 MHz) as satellite exemplary band based on the WF [2]. Based on the ongoing coexistence study, only 23dBm handheld UE is assumed for this band. Thus, RAN4 can trigger the studies for UE RF requirements assuming Power Class 3 handheld UE for satellite communication system in release 17.
Proposal 1: RAN4 can trigger the studies for UE RF requirements assuming Power Class 3 handheld UE for satellite communication system in release 17.
Transmitter characteristics
1) UE maximum output power
Since it’s RAN4’s common understanding that 23dBm is assumed for UE which communicate with satellite, it’s proposed to specify the UE maximum output power as below including tolerance.
Table 1 UE Power Class for satellite communication system
	NR
band
	Class 3 (dBm)
	Tolerance (dB)

	nX
	23
	±2


Proposal 2: It’s proposed to specify UE power class as table 1 for exemplary S-band.
2) UE maximum output power reduction
When the TN UE general MPR requirements were specified, the following factors were included: relative channel bandwidth, modulations/waveform, power class, RB allocations. However, for satellite UE, there is no need to restrict the relative channel bandwidth due to the small channel bandwidths for S-band. For the waveform, DFT-s-OFDM and CP-OFDM can be considered together since there is no limit in RAN1. RB allocations can be considered as we did for TN UE.
Observation 1: there is no need to restrict the UE relative channel bandwidth for satellite communication system.
3) UL modulations
Based on the initial coexistence simulation results, the UL SINR is not too high, it can be FFS whether to specify the 64QAM and 256QAM requirements for PC3 satellite UE.
Observation 2: it can be FFS whether to specify the 64QAM and 256QAM requirements for PC3 satellite UE due to the lower UL SINR.
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.
Observation 3: The additional maximum output power reduction framework for TN UE can be reused for satellite UE.
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 4: 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 for TN UE can be reused for satellite UE. However, there is no need to specify transmit ON/OFF time mask due to FDD exemplary band.
Observation 5: For Minimum output power, Transmit OFF power and Power control, the framework for TN UE can be reused for satellite UE. However, there is no need to specify transmit ON/OFF time mask due to FDD exemplary band.
7) Transmit modulation quality
The requirements of TN UE can be reused for satellite UE including EVM, carrier leakage and in-band emissions.
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. It isn’t clear whether the satellite UE used for satellite service can belong to this type of the service.
Observation 6: It isn’t clear whether the UE used for satellite service can belong to Land mobile service (mobiles and base stations) in the Category B limits.
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 is assumed as 9dB.
Observation 7: Sensitivity = -174dBm(kT) + 10*log(RX BW) + NF + SNR +IM – diversity gain can be reused to specify the REFSENS for 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.
Observation 8: the Maximum input level for satellite UE should be specified.
Summary
Based on the discussion, all the observations and proposals are listed below:
Proposal 1: RAN4 can trigger the studies for UE RF requirements assuming Power Class 3 handheld UE for satellite communication system in release 17.
Table 1 UE Power Class for satellite communication system
	NR
band
	Class 3 (dBm)
	Tolerance (dB)

	nX
	23
	±2


Proposal 2: It’s proposed to specify UE power class as table 1 for exemplary S-band.
Observation 1: there is no need to restrict the UE relative channel bandwidth for satellite communication system.
Observation 2: it can be FFS whether to specify the 64QAM and 256QAM requirements for PC3 satellite UE due to the lower UL SINR.
Observation 3: The additional maximum output power reduction framework for TN UE can be reused for satellite UE.
Observation 4: The Configured transmitted power framework for TN UE can be reused for satellite UE. The formula can be further simplified for satellite UE.
Observation 5: For Minimum output power, Transmit OFF power and Power control, the framework for TN UE can be reused for satellite UE. However, there is no need to specify transmit ON/OFF time mask due to FDD exemplary band.
Observation 6: It isn’t clear whether the UE used for satellite service can belong to Land mobile service (mobiles and base stations) in the Category B limits.
Observation 7: Sensitivity = -174dBm(kT) + 10*log(RX BW) + NF + SNR +IM – diversity gain can be reused to specify the REFSENS for satellite UE.
Observation 8: the Maximum input level for satellite UE should be specified.
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