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1. Introduction
In last RAN4 #99 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 NF related FR1 conducted requirements for NR repeater.
2. Discussion
2.1 input IMD
In last meeting, it was approved that for general IMD requirement, the first interference signal is CW. FFS about the second one, taking into consideration of how to reflect the real field conditions and how to capture any variations over frequency. For the second interference type,
Option 1: one CW signal that is swept in frequency to reflect frequency variation
Option 2: modulated signal with the carrier bandwidth to reflect the real field conditions. 
NR modulated signal is more preferred as the second interference to verify IMD requirements using the same approach as BS spec when define receiver IMD requirements.
Proposal 1: when define general IMD requirement for repeater, the second interference signal is NR modulated signal.
The remaining issue is how to identify bandwidth of the NR modulated signal and the frequency separation between these two interference signals. It is known the frequency separation between the first and second interference signal is related to bandwidth of NR signal. Therefore, we should focus on the definition of NR interference signal bandwidth.
During the discussion of repeater general part RF requirements, there is only pass bandwidth concept that consisting of one or several contiguous bandwidths. If the passband bandwidth is less than IMD interference bandwidth then the increase of signal in passband would consist of two parts. One is the expected IMD falling into the passband and the other is the distorted IMD that was supposed to be falling outside of the passband but is received by repeater due to receiver non-linearity, which is not expected and contribute to larger IMD interference in passband. Otherwise, if the passband bandwidth is larger than IMD interference bandwidth then in some part of the passband bandwidth, the increase of power caused by IMD would be less than the expected value. It seems only when the bandwidth of NR interference signal equals to passband bandwidth then the increase of 10dB power in passband is reasonable.
However it’s hard to define the NR interference signal with the same bandwidth as passband. For example, the pass band would be 25MHz consisting of one 20MHz channel and one 5MHz channel. In some other cases, the pass bandwidth would be 200MHz consisting of two 100MHz channel bandwidth and total 200MHz is larger than 100MHz maximum channel bandwidth. 
Observation 1: it’s hard to require NR interference signal using the same bandwidth as passband. Different bandwidth between passband and interference signal will make the increase of power by 10dB in passband not reasonable when define IMD requirements.
One candidate resolution is to define NR interference signal with bandwidth as the maximum bandwidth that’s less than or equal to repeater passband bandwidth. for example, if the passband bandwidth is 25MHz, the bandwidth of NR interference signal is 20MHz and if passband bandwidth is 200MHz, the bandwidth of NR interference is 100MHz for FR1. This kind of NR interference bandwidth definition would lead to the IMD’s frequency range less than passband, then the increase of power in passband should be updated corresponding, replacing “the increase of power in pass band” as “the maximum increase of power within the calculated IMD frequency range in the pass band”.
Proposal 2: when define repeater general IMD requirements, the second interference signal should be defined as NR modulated signal with maximum bandwidth that’s just less than or equal to repeater declared passband bandwidth.
Proposal 3: the increase of power in pass band caused by IMD should be measured among the passband where the calculated IMD just fall into with the same frequency range as NR interference signal bandwidth. 
As for how to define interference signal levels, the same interference signal levels couldn’t be reused because the interference signal type has changed. The main reason for increase of power caused by IMD is derived by the characteristics of IIP3, image suppression and phase noise, all of which are not changed since repeater device almost doesn’t change for FR1. Therefore we could assume the increased power in passband caused by IMD is still 10dB. Then average interference signal power of modulated signal could be [4]dB lower than CW signal when assume the same 10dB power increase in passband.
Proposal 4: interference signal levels leading to IMD should be [4]dB lower than the value in E-UTRA spec which use two CW signals. i.e. -44dBm/MHz. 
Table 1 general input IMD requirements
	
	Interference type
	Interference signal levels
	the separation between lowest/highest channel edge of passband and the center  frequency of interference carrier
	The increase of power in calculated IMD frequency range with the bandwidth as the 2nd interference signal.

	1st interference signal
	CW
	-44dBm/MHz
	1.5* 2nd interference signal bandwidth
	10dB

	2nd interference signal
	NR modulated signal
	-44dBm/MHz
	3.5* 2nd interference signal bandwidth
	10dB


Proposal 5: general input IMD requirements is shown in above table 1 for NR repeater . 
The same interference definition method for general input IMD still apply for co-located and co-existence input IMD. 
For co-location input IMD requirements, they play the same role as co-located blocking requirements of NR spec with the same interference signal levels. 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 calculated IMD frequency range with the bandwidth as the 2nd interference signal.
	Coupling loss between BS and repeater DL receiver port

	1st interference signal
	CW
	[-16dBm]
Referring to co-located blocking requirements of WA BS
	10dB
	[86dB] assuming 90dB gain

	2nd interference signal
	NR modulated signal
	[-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.


Proposal 6: co-located input IMD requirements is shown in above table 2 for NR repeater .
For co-existence input IMD requirements, they play the same role as out of band blocking requirements of BS spec with the same interference signal levels. 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 calculated IMD frequency range with the bandwidth as the 2nd interference signal.

	1st interference signal
	CW
	[-15dBm]
Referring to out-of-band blocking requirements of BS
	10dB

	2nd interference signal
	NR modulated signal
	[-15dBm]
Referring to out-of-band blocking requirements of BS
	10dB


Proposal 7: co-existence input IMD requirements is shown in above table 3 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 8: 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 NF requirements 
NF is the key factor for receiver to reflect how much extra noise has been added due to non-linearity. For NR repeater, when it amplifies the received wanted signal, it will amplify receiver NF at the same time and reduce the SNR at gNB side or UE side, which will shrink the coverage. What’s more since there is no receiver RF requirements, the NF can’t be verified by other repeater RF requirements. 
Observation 2: NF is necessary to limit extra noise introduced by repeater receiver device to support better SNR at gNB or UE side.
However, in all previous RAN4 RF spec, no NF requirement has been defined. The key issue exists in how to test the NF requirements which is based on input SNR and output SNR. One typical method is to use noise figure analyzer to test NF.
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 9: 5dB NF is suggested for all repeaters and further discuss how to test NF in conformance part.

3. Conclusions
In this contribution, other RF conducted requirements for repeater are discussed with following observation and proposals:
Proposal 1: when define general IMD requirement for repeater, the second interference signal is NR modulated signal.
Observation 1: it’s hard to require NR interference signal using the same bandwidth as passband. Different bandwidth between passband and interference signal will make the increase of power by 10dB in passband not reasonable when define IMD requirements.
Proposal 2: when define repeater general IMD requirements, the second interference signal should be defined as NR modulated signal with maximum bandwidth that’s just less than or equal to repeater declared passband bandwidth.
Proposal 3: the increase of power in pass band caused by IMD should be measured among the passband where the calculated IMD just fall into with the same frequency range as NR interference signal bandwidth. 
Proposal 4: interference signal levels leading to IMD should be [4]dB lower than the value in E-UTRA spec which use two CW signals. i.e. -44dBm/MHz. 
Table 1 general input IMD requirements
	
	Interference type
	Interference signal levels
	the separation between lowest/highest channel edge of passband and the center  frequency of interference carrier
	The increase of power in calculated IMD frequency range with the bandwidth as the 2nd interference signal.

	1st interference signal
	CW
	-44dBm/MHz
	1.5* 2nd interference signal bandwidth
	10dB

	2nd interference signal
	NR modulated signal
	-44dBm/MHz
	3.5* 2nd interference signal bandwidth
	10dB


Proposal 5: general input IMD requirements is shown in above table 1 for NR repeater . 
Table 2 co-located input IMD requirements
	
	Interference type
	Interference signal levels
	The increase of power in calculated IMD frequency range with the bandwidth as the 2nd interference signal.
	Coupling loss between BS and repeater DL receiver port

	1st interference signal
	CW
	[-16dBm]
Referring to co-located blocking requirements of WA BS
	10dB
	[86dB] assuming 90dB gain

	2nd interference signal
	NR modulated signal
	[-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.


Proposal 6: co-located input IMD requirements is shown in above table 2 for NR repeater .
Table 3 co-existence input IMD requirements
	
	Interference type
	Interference signal levels
	The increase of power in calculated IMD frequency range with the bandwidth as the 2nd interference signal.

	1st interference signal
	CW
	[-15dBm]
Referring to out-of-band blocking requirements of BS
	10dB

	2nd interference signal
	NR modulated signal
	[-15dBm]
Referring to out-of-band blocking requirements of BS
	10dB


Proposal 7: co-existence input IMD requirements is shown in above table 3 for NR repeater.
Proposal 8: the same approach as UE transmitter IMD definition could be applicable for UL output IMD of repeater with some modification of interference power.
Observation 2: NF is necessary to limit extra noise introduced by repeater receiver device to support better SNR at gNB or UE side.
Proposal 9: 5dB NF is suggested for all repeaters and further discuss how to test NF in conformance part.
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