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1. Introduction
In last RAN4 #98bis e-meeting, a new WF on NR repeaters RF requirement [1] is approved. Although there are many FFS in the WF, it is only used to show the principle and help to direct the following discussion. In this contribution, we focus on input IMD, output IMD and REFSENSE related FR1 conducted requirements for NR repeater.
2. Discussion
2.1 input IMD
In last meeting, it is approved to take the approach of E-UTRAN repeater as baseline when define input IMD requirements including general requirements, co-existence and co-location requirements. 
For general input intermodulation, the key parameters are the same as listed below for both UTRA and E-UTRA repeater.
Table 1 general input IMD requirements
	
	Interference type
	Interference signal levels
	the separation between lowest/highest channel edge of passband and the closer interference carrier
	The increase of power in pass band

	UTRA repeater
	2 CW
	-40dBm/MHz
	1MHz
	10dB

	E-UTRA repeater
	2 CW
	-40dBm/MHz
	1MHz
	10dB

	Note: The frequency separation between the two interfering signals shall be adjusted so that the 3rd order intermodulation product is positioned in the centre of the pass band.


For FR1 NR repeater, the same requirements could still apply based on the assumption that the increase of power in pass band equals to 10dB.
Proposal 1: general input IMD requirements as shown in above table 1 could still apply for NR repeater. 
For co-location input IMD requirements, they play the same role as co-located blocking requirements. The key parameters are listed as below for reference.
[bookmark: _Hlk71457580]Table 2 co-located input IMD requirements
	
	Interference type
	Interference signal levels
	The increase of power in pass band
	Coupling loss between BS and repeater DL receiver port

	E-UTRA repeater
	2 CW
	-16dBm
Referring to co-located blocking requirements of WA BS
	10dB
	86dB assuming 90dB gain

	Note: the frequency of repeater pass band is not adjacent nor overlapping with co-located BS operating bands.


NR BS reuse the same co-located blocking requirements as E-UTRA BS with -16dBm interference assumption. Therefore, the same requirements as in table 2 could still apply for NR repeater.
Proposal 2: co-located input IMD requirements as shown in above table 2 could still apply for NR repeater.
For co-existence input IMD requirements, they play the same role as out of band blocking requirements of E-UTRA BS. The key parameters are listed as below for reference.
Table 3 co-existence input IMD requirements
	
	Interference type
	Interference signal levels
	The increase of power in pass band

	E-UTRA repeater
	2 CW
	-15dBm
Referring to out-of-band blocking requirements of BS
	10dB


NR BS reuse the same out-of-band blocking requirements as E-UTRA BS with -15dBm interference assumption. Therefore, the same requirements as in table 3 could still apply for NR repeater.
Proposal 3: co-existence input IMD requirements as shown in above table 3 could still apply for NR repeater.
2.2 output IMD 
For UL, interference reaching output port of repeater is from UE or other system rather than from BS. Therefore, the interference signal type is preferred as CW signal not NR signal anymore, the same as UE transmitter IMD requirements definition. 
Proposal 4: the same approach as UE transmitter IMD definition could be applicable for UL output IMD of repeater with some modification of interference power.
2.3 REFSENSE requirements 
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One typical architecture for TDD repeater is presented as above with one Baseband processor to decode synchronization signalling. For these baseband processor or other equivalent components, they have to be able to know time behaviour of network even when repeater is deployed relatively far from donor gNB. Otherwise, repeater can’t work anymore. Therefore, some dedicated Rx requirements are needed.
REFSENSE is one typical receiver requirement to regulate decoding capability as the minimum received mean power. In most cases the received power is larger than required REFSENSE limits and only when receiver is deployed at cell edge the received power may equal to REFSENSE. For repeater, it wouldn’t be deployed where received power equals to REFSENSE. In fact, it would be located where received power is much larger than REFSENSE. Therefore, compared with NR spec, repeater’s DL REFSENSE could be much relax and is based on deployment scenarios.
REFSENSE is defined based on four factors including minimum SNR, BW, implementation margin and NF as presented in following formula. 

· SNR: In some deployment scenario, legacy -1 dB SNR may still apply to repeater when QPSK modulation scheme is used for repeater network. In other deployment scenario higher modulation scheme is the baseline for REFSENSE calculation and -1dB SNR is not applicable anymore. Therefore, SNR assumption for REFSENSE calculation is different and related to deployment scenario.
Observation 1: SNR assumption are different for different deployment scenario when calculate REFSENSE.
· Noise floor is equal to -174dBm/Hz plus bandwidth, both of which are the same for NR and repeater. 
· 2.5dB implementation margin is used when defining NR spec to contain all other variable factors such as temperature. The same or a little larger value could be considered for NR repeater.
· NF is the key factor for receiver to reflect how much extra noise has been added due to non-linearity. For BS MA, MR and LA BS classes, 5dB, 10dB and 13dB have been assumed when evaluating RF requirements. The main reason why NF of LA or MR is much larger than WA is that large NF could help reject out of channel jammer when testing ACS or blocking requirements. However, all of these receiver blocking requirements wouldn’t be specified for repeater. Therefore, smaller NF are expected. Considering the main role repeater plays is amplification, large front-end gain could help reduce whole link NF. 
Proposal 5: 5dB NF is suggested for all repeaters. 
Based on above analysis, it may be hard to define a uniform REFSENSE requirement for multiple deployment scenarios. NF may be the equivalent requirements as REFSENSE to regulate repeater receiver requirements.
Observation 2: it’s hard to define a unified REFSENSE requirement, which is variable and related to the practical deployment scenarios. 
Proposal 6: NF is the equivalent requirement for TDD REFSENSE to make sure repeater could decode synchronization signalling.  
3. Conclusions
In this contribution, other RF conducted requirements for repeater are discussed with following observation and proposals:
Observation 1: SNR assumption are different for different deployment scenario when calculate REFSENSE.
Observation 2: it’s hard to define a unified REFSENSE requirement, which is variable and related to the practical deployment scenarios.
Proposal 1: general input IMD requirements as shown in table 1 could still apply for NR repeater.
Proposal 2: co-located input IMD requirements as shown in table 2 could still apply for NR repeater.
Proposal 3: co-existence input IMD requirements as shown in table 3 could still apply for NR repeater.
Proposal 4: the same approach as UE transmitter IMD definition could be applicable for repeater UL output IMD with some modification of interference power.
Proposal 5: 5dB NF is suggested for all repeaters.
Proposal 6: NF is the equivalent requirement for TDD REFSENSE to make sure repeater could decode synchronization signalling.
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