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RP-202120 was discussed at plenary meeting RAN#89-e, and the first, third and fourth proposals from the report were:
“Proposal 1: In RAN4, the WID “NR-NTN-solutions” will define the generic and core requirements and consider at least one example satellite band. RAN4 to decide based on technical considerations which band(s) to consider as exemplary band for the WI “NR-NTN-solutions”, with at least the pre-condition that the intended usage is compliant with ITU-R Radio Regulations.”
“Proposal 3: The proponents of a RAN4 led “satellite” band specific WI are expected to reference all the relevant sources (including but are not limited to ITU-R Radio Regulations, relevant national regulations, pre-existing Harmonized Standards developed for example in ETSI, coexistence studies approved by regulatory bodies and/or 3GPP specifications) and contribute to the definition of the requirements that should be met. Moreover they shall clarify the use case scenarios and architectures (e.g. orbit, altitude, type of UE, duplex mode, channel bandwidth, SCS...) provided that the use case scenarios and architectures are within the scope of WID “NR-NTN-solutions” in order to define the requirements.”
“Proposal 4: Traditional 3GPP work for developing generic requirements, such as inter-carrier co-existence to decide ACLR etc. should be followed where possible but may have to be adapted for the satellite case. Adaptations if needed shall be defined by RAN4. Satellite bands introduced in 3GPP for NTN shall neither impact the existing specifications of nor cause degradation (in the sense of RAN4 co-existence studies) to present and future networks in 3GPP specified terrestrial bands.”

The proposals were made with respect to references to be used (e.g., 3GPP, ETSI, ITU-R), and specific requirements to be considered. 
The objective of this document is therefore to propose a framework for NTN core requirements and consider in particular the potential Key Performance Indicators (KPIs) to be considered by NTN RAN4 work.

Framework for NTN core requirements
Typically RAN4 expects to define the UE and the BS requirements.
While the requirements of the UE shall be defined as part of the work item, the requirements for the BS may need specific handling.
2.1 BS Handling
Indeed, in the specific case of NTN with transparent payload, the BS corresponds to the space segment which encompasses the satellite(s), the gateways and the gNBs associated to the gateways. The satellite(s) are typically designed to support the specifications of the selected radio interface but also the specific regulatory requirements associated to its orbit and the frequency band of the service link and therefore, there are no standardized satellite transmission requirements.
As per BS Tx requirements, we propose that RAN4 considers requirements at UE Rx level. This proposal has several justifications:
· Satellite component composed from several system sub-components: transparent payload, feeder link, GW. The requirements that apply to the satellite network infrastructure results from a performance allocation trade-off between multiple sub-components, which are not specified one by one.
· Multiple satellites can cover a given area. Therefore, multiple adjacent channel interferences may sum together at UE level, and it might be required to define a maximum allowed level of interference in the adjacent band of the UE, at UE Rx level.
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Figure 1: Satellite System with Transparent Payload

Therefore, we propose that:
· Proposal 1: 3GPP does not define RF Tx requirements for a given transparent payload to allow flexibility in the space segment design;
· Proposal 2: 3GPP does not define RF Tx requirements for a BS in NTN;
· Proposal 3: 3GPP defines equivalent BS Tx requirements at UE reception level, by taking into account e.g. a frequency spectrum mask corresponding to the cumulated self-interferences generated by the satellite network infrastructure at UE level.

2.2 UE Handling
As per NTN UE Tx requirements, RAN4 should re-use the same core requirements framework for TN.
Proposal 4: 3GPP should re-use for NTN UE RAN4 the core requirements of the existent TN framework.

Proposed ETSI standard relevant KPIs

In this section we are proposing a list of parameters considered by some ETSI standards, i.e. ETSI EN 302 574-2 V1.1.1 (2010-08) & V2.1.1 (2016-06):
· ETSI EN 302 574-2 V1.1.1 (2010-08), “Satellite Earth Stations and Systems (SES); Harmonized Standard for satellite earth stations for MSS operating in the 1 980 MHz to 2 010 MHz (earth-to-space) and 2 170 MHz to 2 200 MHz (space-to-earth) frequency bands; Part 2: User Equipment (UE) for wideband systems: Harmonized EN covering the essential requirements of article 3.2 of the R&TTE Directive” 
· ETSI EN 302 574-2 V2.1.1 (2016-06), “Satellite Earth Stations and Systems (SES); Harmonised Standard for Mobile Earth Stations (MES) operating in the 1 980 MHz to 2 010 MHz (earth-to-space) and 2 170 MHz to 2 200 MHz (space-to-earth) frequency bands covering the essential requirements of article 3.2 of the Directive 2014/53/EU; Part 2: User Equipment (UE) for wideband systems”

	Essential Parameter
	Parameter Name
	Parameter Meaning

	Spectrum emissions mask
	Spectrum emission mask
	The spectrum emission mask of the UE applies to frequencies (ΔfOOB) starting from the +/- edge of the assigned channel bandwidth.

	
	Adjacent Channel Leakage Power Ratio (ACLR)
	Adjacent Channel Leakage power Ratio (ACLR) is the ratio of the filtered mean power centred on the assigned channel frequency to the filtered mean power centred on an adjacent channel frequency.

	Conducted spurious emissions from the transmitter antenna connector
	Transmitter spurious emissions
	Spurious emissions are emissions which are caused by unwanted transmitter effects such as harmonics emission, parasitic emission, intermodulation products and frequency conversion products, but exclude out-of-band emissions.

The spurious emission limits are specified in terms of general requirements in line with Recommendation ITU-R SM.329-12.

To improve measurement accuracy, sensitivity and efficiency, the resolution bandwidth may be smaller than the measurement bandwidth. When the resolution bandwidth is smaller than the measurement bandwidth, the result should be integrated over the measurement bandwidth in order to obtain the equivalent noise bandwidth of the measurement bandwidth.

	Accuracy of maximum output power
	Maximum output power
	UE Power Classes define the maximum output power for any transmission bandwidth within the channel bandwidth. The period of measurement shall be at least one sub-frame (1 ms). The nominal maximum output power and its tolerance are defined according to the power class of the UE. 

	Prevention of harmful interference through control of power
	Minimum output power
	The minimum controlled output power of the UE is defined as the broadband transmit power of the UE, i.e. the power in the channel bandwidth for all transmit bandwidth configurations (resource blocks), when the power is set to a minimum value. The minimum controlled output power of the UE is when the power is set to a minimum value. The minimum transmit power is defined as a mean power in one time slot.

	Conducted spurious emissions from the receiver antenna connector
	Receiver spurious emissions
	The spurious emissions power is the power of emissions generated or amplified in a receiver that appear at the UE antenna connector.

	Impact of interference on receiver performance
	Blocking characteristics
	The blocking characteristic is a measure of the receiver's ability to receive a wanted signal at its assigned channel frequency in the presence of an unwanted interferer on frequencies other than those of the spurious response or the adjacent channels, without this unwanted input signal causing a degradation of the performance of the receiver beyond a specified limit. The blocking performance shall apply at all frequencies except those at which a spurious response occur.
The throughput shall be ≥ 95 % of the maximum throughput of the reference measurement channels as specified (e.g. in ETSI TS 136 521-1).

	
	Receiver spurious response
	Spurious response is a measure of the receiver's ability to receive a wanted signal on its assigned channel frequency without exceeding a given degradation due to the presence of an unwanted Continuous Wave (CW) interfering signal at any other frequency at which a response is obtained i.e. for which the out-of-band blocking limit (as specified) is not met.

The throughput shall be ≥ 95 % of the maximum throughput of the reference measurement channels as specified in (e.g. in ETSI TS 136 521-1).

	
	Receiver inter-modulation characteristics
	Intermodulation response rejection is a measure of the capability of the receiver to receive a wanted signal on its assigned channel frequency in the presence of two or more interfering signals which have a specific frequency relationship to the wanted signal.

The throughput shall be ≥ 95 % of the maximum throughput of the reference measurement channels as specified (e.g. in ETSI TS 136 521-1).

	Receiver adjacent channel selectivity
	Receiver Adjacent Channel Selectivity (ACS)
	Adjacent Channel Selectivity (ACS) is a measure of a receiver's ability to receive a signal at its assigned channel frequency in the presence of an adjacent channel signal at a given frequency offset from the centre frequency of the assigned channel. ACS is the ratio of the receive filter attenuation on the assigned channel frequency to the receive filter attenuation on the adjacent channel(s).

The throughput Rav shall be ≥ 95 % of the maximum throughput of the reference measurement channels as specified in ETSI (e.g. TS 136 521-1) under the specified conditions.

	(Optional) Control and monitoring functions
	Control and monitoring functions
	This requirement verifies that the control and monitoring functions of the UE prevent it from transmitting in the absence of a valid network.

	
	Out of synchronisation handling of output power
	The UE shall monitor the downlink signal (associated to the transmission signal of the two ways services) in order to detect a loss of the signal. Upon quality level threshold detection, the UE shall stop transmitting.

	..
	
	



Proposal 5: Consider parameters from ETSI EN 302 574-2 V2.1.1 for defining specific RAN4 NTN UE core requirements for exemplary FR1 NTN band.
For instance, ACS Rx NTN UE parameter is highly relevant for NTN deployments. For further information please note the Article 3.2, with essential requirements from Annex A, of “Directive 2014/53/EU of the European Parliament and of the Council of 16 April 2014 on the harmonisation of the laws of the Member States relating to the making available on the market of radio equipment and repealing Directive 1999/5/EC”. Please also note ETSI EG 203 336 V1.2.1 (2020-05), “Guide for the selection of technical parameters for the production of Harmonised Standards covering article 3.1(b) and article 3.2 of Directive 2014/53/EU”.
Proposal 6: NTN shall consider equivalent ETSI ACS and ACLR parameters.

Proposed 3GPP standard relevant KPIs
In this section we are proposing a potential list of 3GPP core KPIs from 38.101-1 (FR1), to be considered in accordance with test requirements specified in the conformance specification (e.g. 38.521-1) and testing tolerances:

	Essential Parameter
	Parameter Name
	Parameter Meaning

	Transmitter characteristics - Transmitter power
	UE maximum output power
	UE Power Classes define the maximum output power for any transmission bandwidth within the channel bandwidth of NR carrier unless otherwise stated. The period of measurement shall be at least one sub frame (1ms).

	
	UE maximum output power reduction
	UE is allowed to reduce the maximum output power due to higher order modulations and transmit bandwidth configurations.

	
	UE additional maximum output power reduction
	To meet the additional requirements, additional maximum power reduction (A-MPR) is allowed for the maximum output power. Each additional emission requirement is associated with a unique network signalling (NS) value indicated in RRC signalling by an NR frequency band number of the applicable operating band and an associated value in the field additionalSpectrumEmission.

	
	Configured transmitted power
	The UE is allowed to set its configured maximum output power PCMAX,f,c for carrier f of serving cell c in each slot. The configured maximum output power PCMAX,f,c is set within some defined bounds.

	Transmitter characteristics – Output power dynamics
	Minimum output power
	The minimum controlled output power of the UE is defined as the power in the channel bandwidth for all transmit bandwidth configurations (resource blocks), when the power is set to a minimum value. The minimum output power is defined as the mean power in at least one sub-frame 1 ms.

	
	Transmit OFF power
	Transmit OFF power is defined as the mean power in the channel bandwidth when the transmitter is OFF. The transmitter is considered OFF when the UE is not allowed to transmit on any of its ports. The “transmit OFF” power is defined as the mean power in a duration of at least one sub-frame (1 ms) excluding any transient periods.

	
	Transmit ON/OFF time mask
	The transmit power time mask defines the transient period(s) allowed 1) between transmit OFF power as defined and transmit ON power symbols (transmit ON/OFF) and 2) between continuous ON-power transmissions with power change or RB hopping.

	
	Power control
	The absolute power tolerance is the ability of the UE transmitter to set its initial output power to a specific value for the first sub-frame (1 ms) at the start of a contiguous transmission or non-contiguous transmission with a transmission gap larger than 20 ms.

The tolerance includes the channel estimation error.
The relative power tolerance is the ability of the UE transmitter to set its output power in a target sub-frame (1 ms) relatively to the power of the most recently transmitted reference sub-frame (1 ms) if the transmission gap between these sub-frames is less than or equal to 20 ms.

The aggregate power control tolerance is the ability of the UE transmitter to maintain its power in a sub-frame (1 ms) during non-contiguous transmissions within 21 ms in response to 0 dB commands with respect to the first UE transmission and all other power control parameters as specified in TS 38.213 kept constant.

	Transmitter characteristics – Transmit signal quality
	Frequency error
	The UE basic measurement interval of modulated carrier frequency is 1 UL slot. The mean value of basic measurements of UE modulated carrier frequency shall be accurate to within ± 0.1 PPM observed over a period of 1 ms of cumulated measurement intervals compared to the carrier frequency received from the NR Node B.

	
	Transmit modulation quality - Error Vector Magnitude (EVM)
	The Error Vector Magnitude is a measure of the difference between the reference waveform and the measured waveform. This difference is called the error vector. Before calculating the EVM the measured waveform is corrected by the sample timing offset and RF frequency offset. Then the carrier leakage shall be removed from the measured waveform before calculating the EVM..

	
	Transmit modulation quality - Carrier leakage
	Carrier leakage is an additive sinusoid waveform whose frequency is the same as the modulated waveform carrier frequency. The measurement interval is one slot in the time domain. The relative carrier leakage power is a power ratio of the additive sinusoid waveform and the modulated waveform. The relative carrier leakage power shall not exceed the specified values.

	
	Transmit modulation quality - In-band emissions
	The in-band emission is defined as the average emission across 12 sub-carriers and as a function of the RB offset from the edge of the allocated UL transmission bandwidth. The in-band emission is measured as the ratio of the UE output power in a non–allocated RB to the UE output power in an allocated RB.

The basic in-band emissions measurement interval is defined over one slot in the time domain; however, the minimum requirement applies when the in-band emission measurement is averaged over 10 sub-frames. The average of the basic in-band emission measurement over 10 sub-frames shall not exceed the specified values.

	
	Transmit modulation quality - EVM equalizer spectrum flatness
	The zero-forcing equalizer correction applied in the EVM measurement process (as specified by 3GPP) must meet a spectral flatness requirement for the EVM measurement to be valid. The EVM equalizer spectrum flatness is defined in terms of the maximum peak-to-peak ripple of the equalizer coefficients (dB) across the allocated uplink block. The basic measurement interval is the same as for EVM.

The peak-to-peak variation of the EVM equalizer coefficients contained within the frequency range of the uplink allocation shall not exceed the maximum ripple specified for normal conditions.

The EVM equalizer spectral flatness shall not exceed the values specified for extreme conditions.

	Transmitter characteristics – Output RF spectrum emissions
	Occupied bandwidth
	Occupied bandwidth is defined as the bandwidth containing 99 % of the total integrated mean power of the transmitted spectrum on the assigned channel. The occupied bandwidth for all transmission bandwidth configurations (Resources Blocks) shall be less than the specified channel bandwidth.

	
	Out of band emission - Spectrum emission mask
	The spectrum emission mask of the UE applies to frequencies (ΔfOOB) starting from the edge of the assigned NR channel bandwidth.

For frequencies offset greater than ΔfOOB, the spurious requirements are applicable.

	
	Out of band emission - Additional spectrum emission mask
	Additional spectrum emission requirements are signalled by the network to indicate that the UE shall meet an additional requirement for a specific deployment scenario as part of the cell handover/broadcast message.

	
	Out of band emission - Adjacent channel leakage ratio (ACLR)
	Adjacent Channel Leakage power Ratio (ACLR) is the ratio of the filtered mean power centred on the assigned channel frequency to the filtered mean power centred on an adjacent channel frequency.

To improve measurement accuracy, sensitivity and efficiency, the resolution bandwidth may be smaller than the measurement bandwidth. When the resolution bandwidth is smaller than the measurement bandwidth, the result should be integrated over the measurement bandwidth in order to obtain the equivalent noise bandwidth of the measurement bandwidth.

NR Adjacent Channel Leakage power Ratio (NRACLR) is the ratio of the filtered mean power centred on the assigned NR channel frequency to the filtered mean power centred on an adjacent NR channel frequency at nominal channel spacing. The assigned NR channel power and adjacent NR channel power are measured with rectangular filters with specified measurement bandwidths.

	
	Spurious emissions
	Spurious emissions are emissions which are caused by unwanted transmitter effects such as harmonics emission, parasitic emissions, intermodulation products and frequency conversion products, but exclude out of band emissions unless otherwise stated. The spurious emission limits are specified in terms of general requirements in line with SM.329 and NR operating band requirement to address UE co-existence.

Unless otherwise stated, the spurious emission limits apply for the frequency ranges that are more than FOOB (MHz) from the edge of the channel bandwidth. The spurious emission limits apply for all considered transmitter band configurations (NRB) and channel bandwidths.

Additional spurious emission requirements may be signalled by the network to indicate that the UE shall meet an additional requirement for a specific deployment scenario as part of the cell handover/broadcast message.

	
	Transmit intermodulation
	The transmit intermodulation performance is a measure of the capability of the transmitter to inhibit the generation of signals in its nonlinear elements caused by presence of the wanted signal and an interfering signal reaching the transmitter via the antenna.

UE transmit intermodulation is defined by the ratio of the mean power of the wanted signal to the mean power of the intermodulation product when an interfering Continuous Wave (CW) signal is added at a level below the wanted signal at each transmitter antenna port with the other antenna port(s) if any terminated. Both the wanted signal power and the intermodulation product power are measured through NR rectangular filter

	Receiver characteristics
	Diversity characteristics
	The UE is required to be equipped with a minimum of two Rx antenna ports in all operating bands (except for the bands n7, n38, n41, n77, n78, n79 where the UE is required to be equipped with a minimum of four Rx antenna ports). This requirement applies when the band is used as a standalone band or as part of a band combination.

The UE shall be verified with two Rx antenna ports in all supported frequency bands.

Additional requirements for four Rx ports shall be verified in operating bands where the UE is equipped with four Rx antenna ports.

	
	Reference sensitivity
	The reference sensitivity power level REFSENS is the minimum mean power applied to each one of the UE antenna ports for all UE categories, at which the throughput shall meet or exceed the requirements for the specified reference measurement channel.

The throughput shall be ≥ 95 % of the maximum throughput of the reference measurement channels as specified.

	
	Maximum input level
	Maximum input level is defined as the maximum mean power received at the UE antenna port, at which the specified relative throughput shall meet or exceed the minimum requirements for the specified reference measurement channel.

The throughput shall be ≥ 95 % of the maximum throughput of the reference measurement channels as specified.

	
	Adjacent channel selectivity (ACS)
	Adjacent channel selectivity (ACS) is a measure of a receiver's ability to receive an NR signal at its assigned channel frequency in the presence of an adjacent channel signal at a given frequency offset from the centre frequency of the assigned channel. ACS is the ratio of the receive filter attenuation on the assigned channel frequency to the receive filter attenuation on the adjacent channel(s).

These requirements apply for all values of an adjacent channel interferer up to -25 dBm and for any SCS specified for the channel bandwidth of the wanted signal. However, it is not possible to directly measure the ACS; instead a lower and upper range of test parameters are chosen for the verification of the specified requirements. 

For these test parameters, the throughput shall be ≥ 95 % of the maximum throughput of the reference measurement channels as specified.


	
	Blocking characteristics - In-band blocking
	For NR bands with FDL_high < 2700 MHz and FUL_high < 2700 MHz in-band blocking (IBB) is defined for an unwanted interfering signal falling into the UE receive band or into the first 15 MHz below or above the UE receive band. 

The throughput of the wanted signal shall be ≥ 95 % of the maximum throughput of the specified reference measurement channels.

The relative throughput requirement shall be met for any SCS specified for the channel bandwidth of the wanted signal.

	
	Blocking characteristics - Out-of-band blocking
	For NR bands with FDL_high < 2700 MHz and FUL_high < 2700 MHz out-of-band band blocking is defined for an unwanted CW interfering signal falling outside a frequency range 15 MHz below or above the UE receive band. 

The throughput of the wanted signal shall be ≥ 95% of the maximum throughput of the specified reference measurement channels.

The relative throughput requirement shall be met for any SCS specified for the channel bandwidth of the wanted signal.

	
	Blocking characteristics - Narrow band blocking
	This requirement is measure of a receiver's ability to receive a NR signal at its assigned channel frequency in the presence of an unwanted narrow band CW interferer at a frequency, which is less than the nominal channel spacing.

The relative throughput shall be ≥ 95 % of the maximum throughput of the specified reference measurement channels.

	
	Spurious response
	Spurious response is a measure of the ability of the receiver to receive a wanted signal on its assigned channel frequency without exceeding a given degradation due to the presence of an unwanted CW interfering signal at any other frequency for which a response is obtained, i.e. for which the out-of-band blocking limit (as specified) is not met.

The throughput shall be ≥ 95 % of the maximum throughput of the specified reference measurement channels.

	
	Intermodulation characteristics
	Intermodulation response rejection is a measure of the capability of the receiver to receive a wanted signal on its assigned channel frequency in the presence of two or more interfering signals which have a specific frequency relationship to the wanted signal.

The wide band intermodulation requirement is defined using a CW carrier and modulated NR signal as interferer 1 and interferer 2 respectively.

The throughput shall be ≥ 95 % of the maximum throughput of the specified reference measurement channels.

	
	Spurious emissions
	The spurious emissions power is the power of emissions generated or amplified in a receiver that appear at the UE antenna connector.

The power of any narrow band CW spurious emission shall not exceed the specified maximum level.

	..
	
	



Proposal 7: Consider 3GPP KPIs from TS 38.101-1 for defining RAN4 core requirements for exemplary FR1 NTN band.
Proposal 8: Down-select 3GPP core requirements from 3GPP KPI list, for exemplary FR1 NTN proposed RAN4 band.
Proposal 9: Define in RAN4 at least specific NTN core requirements for UE Tx Power, UE Output Power Dynamics, UE Tx Frequency Error, UE Tx EVM, UE Tx ACLR, UE Rx ACS, Spectrum Mask, Blocking Characteristics.
[bookmark: kanchor12]Proposal 10: A similar exemplary band definition approach should be applied for FR2.




Conclusions
Proposal 1: 3GPP does not define RF Tx requirements for a given transparent payload to allow flexibility in the space segment design;
Proposal 2: 3GPP does not define RF Tx requirements for a BS in NTN;
Proposal 3: 3GPP defines equivalent BS Tx requirements at UE reception level, by taking into account e.g. a frequency spectrum mask corresponding to the cumulated self-interferences generated by the satellite network infrastructure at UE level.
Proposal 4: 3GPP should re-use for NTN UE RAN4 core requirements definition the existent TN framework.
Proposal 5: Consider parameters from ETSI EN 302 574-2 V2.1.1 for defining specific RAN4 NTN UE core requirements for exemplary FR1 NTN band.
Proposal 6: NTN shall consider equivalent ETSI ACS and ACLR parameters.
Proposal 7: Consider 3GPP KPIs from TS 38.101-1 for defining RAN4 core requirements for exemplary FR1 NTN band.
Proposal 8: Down-select 3GPP core requirements from 3GPP KPI list, for exemplary FR1 NTN proposed RAN4 band.
Proposal 9: Define in RAN4 at least specific NTN core requirements for UE Tx Power, UE Output Power Dynamics, UE Tx Frequency Error, UE Tx EVM, UE Tx ACLR, UE Rx ACS, Spectrum Mask, Blocking Characteristics.
Proposal 10: A similar exemplary band definition approach should be applied for FR2.
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