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1. Introduction
The NCR consists of two entities, NCR-MT and NCR-Fwd [1]. The NCR-MT is defined as a functional entity to communicate with a gNB via a Control link (C-link) to enable exchange of control information (e.g., side control information at least for the control of NCR-Fwd). The NCR-Fwd is defined as a functional entity to perform the amplify-and-forwarding of UL/DL RF signal between gNB and UE via backhaul link and access link. The behaviour of the NCR-Fwd will be controlled according to the received side control information from gNB [1].
RAN4 has sent an LS to check the capability of the NCR-MT part [2]. Specifically, to check whether the NCR-MT can send UL channels (PUCCH, PUSCH, etc.) with the gNB. However, based on the RAN1 agreements from RAN1#110-bi-e meeting [3], it can be seen that the NCR-MT is capable of both transmission and reception. 
In this contribution, by comparing the BS [5] and Repeater [6] specifications, we provide the RF requirements that would be necessary for the NCR-MT to be considered as a starting point in RAN4 discussions.  
2. Discussion
2.1 Conducted Tx and RX requirements
In this subsection, we list the set of conducted transmitter and receiver RF requirements by looking at the the BS [5] and Repeater [6] specifications. Note that the description of each RF requirement listed in these tables are mainly from the BS specification [5], those for NCR need to be updated accordingly.
The requirements listed in Table 1 can be considered as the conducted NCR transmitter requirements.
	Conducted Tx RF requirement
	Description
	Applicable types

	Base station output power
	The BS conducted output power requirement is at antenna connector for BS type 1-C, or at TAB connector for BS type 1-H.
	Already specified for Type 1-C in Rel.17

	Output power dynamics:
1. RE power control dynamic range
2. Total power dynamic range
	The requirements are applied during transmitter ON period. Transmitted signal quality shall be maintained for the output power dynamics requirements. 

1. The RE power control dynamic range is the difference between the power of an RE and the average RE power for a BS at maximum output power.
2. The BS total power dynamic range is the difference between the maximum and the minimum transmit power of an OFDM symbol for a specified reference condition
	Need to specify for both Type 1-C and Type 1-H

	Transmit ON/OFF power
1. Transmitter OFF power
2. Transmitter transient period
	
	Already specified in Rel.17 for Type 1-C, and similar requirements to be used for type 1-H

	Transmitted signal quality:
1. Frequency error 
2. Modulation quality
3. Time alignment error
	1. Frequency error is the measure of the difference between the actual BS transmit frequency and the assigned frequency.
2. Modulation quality is defined by the difference between the measured carrier signal and an ideal signal (expressed in EVM).
3. Time alignment error requirement shall apply to frame timing in MIMO transmission, carrier aggregation and their combinations
	Already specified in Rel.17 for Type 1-C, and similar requirements to be used for type 1-H

	Unwanted emissions:
1. Occupied bandwidth
2. Adjacent Channel Leakage Power Ratio (ACLR)
3. Operating band unwanted emissions (OBUE)
4. Transmitter spurious emissions
	Unwanted emissions consist of out-of-band emissions and spurious emissions. The out-of-band emissions requirement for the BS transmitter is specified both in terms of ACLR and OBUE.
1. The occupied bandwidth is the width of a frequency band such that, below the lower and above the upper frequency limits, the mean powers emitted are each equal to a specified percentage β/2 of the total mean transmitted power. 
2. 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
3. OBUE limits in FR1 are defined from ΔfOBUE below the lowest frequency of each supported downlink operating band up to ΔfOBUE above the highest frequency of each supported downlink operating band.
4. Transmitter spurious emission limits shall apply from 9 kHz to 12.75 GHz, excluding the frequency range from ΔfOBUE below the lowest frequency of each supported downlink operating band, up to ΔfOBUE above the highest frequency of each supported downlink operating band
	Already specified in Rel.17 for Type 1-C, and similar requirements to be used for type 1-H

	Transmitter intermodulation
	The transmitter intermodulation requirement is a measure of the capability of the transmitter unit to inhibit the generation of signals in its non-linear elements caused by presence of the wanted signal and an interfering signal reaching the transmitter unit via the antenna, RDN and antenna array.
	Already specified in Rel.17 for Type 1-C, and similar requirements to be used for type 1-H

	Out-of-band gain
	Out of band gain refers to the gain of the repeater outside the passband.
	Already specified in Rel.17 for Type 1-C, and similar requirements to be used for type 1-H
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The requirements listed in Table 2 can be considered as the conducted NCR receiver requirements.
	Conducted Tx RF requirement
	Description
	Applicable types

	Reference sensitivity level
	The reference sensitivity power level PREFSENS is the minimum mean power received at the antenna connector for BS type 1-C or TAB connector for BS type 1-H at which a throughput requirement shall be met for a specified reference measurement channel.
	Need to specify for both Type 1-C and Type 1-H

	Dynamic range
	The dynamic range is specified as a measure of the capability of the receiver to receive a wanted signal in the presence of an interfering signal at the antenna connector for BS type 1-C or TAB connector for BS type 1-H inside the received BS channel bandwidth.
	Need to specify for both Type 1-C and Type 1-H

	In-band selectivity and blocking:
1. Adjacent channel sensitivity (ACS)
2. In-band blocking
	1. ACS is a measure of the receiver's ability to receive a wanted signal at its assigned channel frequency at the antenna connector for BS type 1-C or TAB connector for BS type 1-H in the presence of an adjacent channel signal with a specified centre frequency offset of the interfering signal to the band edge of a victim system.
2. In-band blocking characteristics is a measure of the receiver's ability to receive a wanted signal at its assigned channel at the antenna connector for BS type 1-C or TAB connector for BS type 1-H in the presence of an unwanted interferer, which is an NR signal for general blocking or an NR signal with one resource block for narrowband blocking.
	Need to specify for both Type 1-C and Type 1-H

	Out-of-band-blocking
	The out-of-band blocking characteristics is a measure of the receiver ability to receive a wanted signal at its assigned channel at the antenna connector for BS type 1-C or TAB connector for BS type 1-H in the presence of an unwanted interferer out of the operating band, which is a CW signal for out-of-band blocking
	Need to specify for both Type 1-C and Type 1-H

	Receiver spurious emissions
	The receiver spurious emissions power is the power of emissions generated or amplified in a receiver unit that appear at the antenna connector (for BS type 1-C) or at the TAB connector (for BS type 1-H). The requirements apply to all BS with separate RX and TX antenna connectors / TAB connectors.
	Already specified in Rel.17 for Type 1-C, and similar requirements to be used for type 1-H

	Receiver intermodulation
	Intermodulation response rejection is a measure of the capability of the receiver to receive a wanted signal on its assigned channel frequency at the antenna connector for BS type 1-C or TAB connector for BS type 1-H in the presence of two interfering signals which have a specific frequency relationship to the wanted signal.
	Already specified in Rel.17 for Type 1-C, and similar requirements to be used for type 1-H

	In-channel selectivity (ICS)
	ICS is a measure of the receiver ability to receive a wanted signal at its assigned resource block locations at the antenna connector for BS type 1-C or TAB connector for BS type 1-H in the presence of an interfering signal received at a larger power spectral density.
	Need to specify for both Type 1-C and Type 1-H
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2.2 Radiated Tx and RX requirements
In this subsection, we list the set of radiated transmitter and receiver RF requirements by looking at the the BS [5] and Repeater [6] specifications.
The requirements listed in Table 3 can be considered as the radiated NCR transmitter requirements.
	Conducted Tx RF requirement
	Description
	Applicable types

	Radiated transmitter power
	Radiated transmit power is defined as the EIRP level for a declared beam at a specific beam peak direction
	Already specified in Rel.17 for Type 2-O
Need to specify for Type 1-H and 1-O

	OTA base station output power
	OTA BS output power is declared as the TRP radiated requirement, with the output power accuracy requirement defined at the RIB during the transmitter ON period.
	Already specified in Rel.17 for Type 2-O
Need to specify for both Type 1-O and Type 1-H

	OTA output power dynamics
1. OTA RE power control dynamic range
2. OTA total power dynamic range
	The requirements are applied during transmitter ON period. Transmitted signal quality shall be maintained for the output power dynamics requirements.
1. The OTA RE power control dynamic range is the difference between the power of an RE and the average RE power for a BS at maximum output power (Pmax,c,EIRP) for a specified reference condition.
2. The OTA total power dynamic range is the difference between the maximum and the minimum transmit power of an OFDM symbol for a specified reference condition
	Need to specify for Type 1-O, Type 2-O

	OTA transmitter ON/OFF power
1. OTA transmitter OFF power
2. OTA transient period
	
	Already specified in Rel.17 for Type 2-O
Need to specify for Type 1-O

	OTA transmitted signal quality:
1. OTA frequency error 
2. OTA modulation quality
3. OTA time alignment error
	1. OTA frequency error is the measure of the difference between the actual BS transmit frequency and the assigned frequency. 
2. Modulation quality is defined by the difference between the measured carrier signal and an ideal signal (expressed in EVM).
3. Time alignment error requirement shall apply to frame timing in MIMO transmission, carrier aggregation and their combinations
	Already specified in Rel.17 for Type 2-O
Need to specify for Type 1-O

	OTA unwanted emissions:
1. OTA occupied bandwidth
2. OTA Adjacent Channel Leakage Power Ratio (ACLR)
3. OTA operating band unwanted emissions (OBUE)
4. OTA transmitter spurious emissions
	Unwanted emissions consist of out-of-band emissions and spurious emissions. The out-of-band emissions requirement for the BS transmitter is specified both in terms of ACLR and OBUE.
1. The occupied bandwidth is the width of a frequency band such that, below the lower and above the upper frequency limits, the mean powers emitted are each equal to a specified percentage β/2 of the total mean transmitted power. 
2. 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
3. OBUE limits in FR1 are defined from ΔfOBUE below the lowest frequency of each supported downlink operating band up to ΔfOBUE above the highest frequency of each supported downlink operating band. 
4. Transmitter spurious emission limits shall apply from 9 kHz to 12.75 GHz, excluding the frequency range from ΔfOBUE below the lowest frequency of each supported downlink operating band, up to ΔfOBUE above the highest frequency of each supported downlink operating band
	Already specified in Rel.17 for Type 2-O
Need to specify for Type 1-O

	OTA transmitter intermodulation
	The transmitter intermodulation requirement is a measure of the capability of the transmitter unit to inhibit the generation of signals in its non-linear elements caused by presence of the wanted signal and an interfering signal reaching the transmitter unit via the antenna, RDN and antenna array.
	Already specified in Rel.17 for Type 2-O
Need to specify for Type 1-O

	Out-of-band gain
	Out of band gain refers to the gain of the repeater outside the passband.
	Already specified in Rel.17 for Type 2-O
Need to specify for Type 1-O
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The requirements listed in Table 4 can be considered as the radiated NCR receiver requirements.
	Conducted Tx RF requirement
	Description
	Applicable types

	OTA sensitivity
	The OTA sensitivity requirement is a directional requirement based upon the declaration of one or more OTA sensitivity direction declarations (OSDD)
	Need to specify for Type 1-O and Type 1-H.
Not applicable to Type 2-O.

	OTA reference sensitivity level
	The OTA REFSENS requirement is a directional requirement and is intended to ensure the minimum OTA reference sensitivity level for a declared OTA REFSENS RoAoA.
	Need to specify for both Type 1-O and Type 2-O.

	Dynamic range
	The OTA dynamic range is a measure of the capability of the receiver unit to receive a wanted signal in the presence of an interfering signal inside the received BS channel bandwidth.
	Need to specify for Type 1-O.
Not applicable to Type 2-O.

	OTA in-band selectivity and blocking
1. OTA adjacent channel sensitivity (ACS)
2. OTA in-band blocking
	1. OTA ACS is a measure of the receiver's ability to receive an OTA wanted signal at its assigned channel frequency in the presence of an OTA adjacent channel signal with a specified centre frequency offset of the interfering signal to the band edge of a victim system.
2. The OTA in-band blocking characteristics is a measure of the receiver's ability to receive a OTA wanted signal at its assigned channel in the presence of an unwanted OTA interferer, which is an NR signal for general blocking or an NR signal with one RB for narrowband blocking.
	Need to specify for Type 1-O and Type 2-O.


	Out-of-band-blocking
	The OTA out-of-band blocking characteristics are a measure of the receiver unit ability to receive a wanted signal at the RIB at its assigned channel in the presence of an unwanted interferer.
	Need to specify for Type 1-O and Type 2-O.

	OTA receiver spurious emissions
	The OTA RX spurious emission is the power of the emissions radiated from the antenna array from a receiver unit.
	Already specified in Rel.17 for Type 2-O.
Need to specify for Type 1-O.

	OTA receiver intermodulation
	Intermodulation response rejection is a measure of the capability of the receiver unit to receive a wanted signal on its assigned channel frequency in the presence of two interfering signals which have a specific frequency relationship to the wanted signal.
	Already specified in Rel.17 for Type 2-O.
Need to specify for Type 1-O.

	OTA in-channel selectivity
	In-channel selectivity (ICS) is a measure of the receiver ability to receive a wanted signal at its assigned resource block locations in the presence of an interfering signal received at a larger power spectral density.
	Already specified in Rel.17 for Type 2-O.
Need to specify for Type 1-O.
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[bookmark: _Ref118720734]Observation 2: The required conducted transmitter RF requirements are summarized in Table 3 and required conducted receiver RF requirements are summarized in Table 4. 

[bookmark: _Ref118720740]Proposal 1: RAN4 consider the RF requirements listed in listed in Table 1, Table 2, Table 3, and Table 4 as a starting point; further discuss and identify the essential RF requirements from these tables that need to be specified in addition to the Rel.17 requirements for NCR. 
3. Conclusion
In this contribution, we have made following observations and proposals:
Observation 1: The required conducted transmitter RF requirements are summarized in Table 1 and required conducted receiver RF requirements are summarized in Table 2.
Observation 2: The required conducted transmitter RF requirements are summarized in Table 3 and required conducted receiver RF requirements are summarized in Table 4.
Proposal 1: RAN4 consider the RF requirements listed in listed in Table 1, Table 2, Table 3, and Table 4 as a starting point; further discuss and identify the essential RF requirements from these tables that need to be specified in addition to the Rel.17 requirements for NCR.
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