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1. Introduction
In last RAN4 #101 e-meeting, a new WF on repeaters RF requirement [1] was approved. 
In this contribution, we focus on ACRR and out of band gain discussion for FR1 NR repeater.
2. Discussion
2.1 Out of band gain for FR1
OOB gain definition can be traced even from GSM era that it is used to guarantee the degradation of adjacent-channel system performance could be acceptable after the deployment of repeater considering non-ideal repeater could still amplify outside passband. The main interference mechanisms to define out of band gain include 
1) amplification of unwanted emission from other sources including donor BS or other transmitter using the same frequency range as repeater
2) re-amplification and distortion of other operators’ wanted carrier which are outside passband
3) amplification of thermal noise
4) emissions generated by repeater itself
5) ACS of victim
During the UTRA OOB gain discussion, R4-000889 shows with DL simulations that most interference comes from the selectivity in the receiving mobile, if the repeater in this scenario has a adjacent channel gain that is less than 55 dB. This means the interference caused by repeater’s OOB gain could be negligible when assuming 55dB outside passband gain. R4-000845 firstly proposed OOB gain requirements based on IF filter characteristics as in following table. It seems final UTRA repeater OOB gain requirements just copy such IF filter characteristics, i.e. 60dB for the first frequency offset range and 45dB for the second and third frequency offset range, shown as the second filter in following table. As for the fourth frequency offset range, 35dB is also defined considering the situation of technology at that time in RAN4#15 meeting.
[image: ]
[bookmark: _Hlk92128422]Observation 1: OOB gain in UTRA repeater spec is determined by IF filter’s characteristics considering the situation of technology at that time in 2000 year.
[bookmark: _Hlk92128341]For E-UTRA repeater, it reused the same OOB gain requirements since the gain is independent of the modulation and bandwidth because OOB gain use CW signals for testing. The only modification for E-UTRA repeater spec is to update the definition of frequency offset by the offset from channel edge instead of the center frequency of first or last 5MHz channel in the passband as discussed in R4-080091.
[bookmark: _Hlk92128436]Observation 2: OOB gain in E-UTRA repeater spec reuse the same limit as UTRA spec but updating frequency offset from channel edge because OOB gain use CW signals for testing.
For NR FR1 repeater requirements, the main difference from E-UTRA include larger bandwidth and higher spectrum.
· For larger bandwidth, the same as E-UTRA repeater spec, it doesn’t impact OOB gain limit. However, one issue that needs further check is whether current state of filter technology could achieve such gain with the same narrow frequency offset outside passband. Larger passband bandwidth makes it hard to achieve the same attenuation as narrow bandwidth. We need the response from repeater vendor.
· For higher spectrum, although original UTRA repeater use 2GHz as simulation assumption, which is lower than current popular 2.6GHz and 3.5GHz 5G spectrum, such frequency assumption could still apply for NR repeater because 2.6GHz and 3.5GHz are also the E-UTRA spectrum and E-UTRA spectrum doesn’t consider frequency difference from UTRA spec.
Based on above assumption, we have following proposal:
[bookmark: _Hlk92130720]Proposal 1: the same OOB gain limit as E-UTRA repeater could still apply for NR FR1 repeater. Repeater vendors are invited to further check whether we need to relax frequency offset because larger bandwidth make the attenuation outside passband hard to be achievable.
2.2 ACRR for FR1
[bookmark: _Hlk92130440][bookmark: _Hlk92130392]In E-UTRA repeater spec 36.106, ACRR requirement only apply to the scenario that E-UTRA repeater co-exist with UTRA BS but not to the scenario of co-existence with E-UTRA BS. [R4-080093, R4-081507, R4-081640] in RAN4#46 show the reason why E-UTRA signal is excluded during E-UTRA repeater standardization. 


Fig 1 ACRR scenario
The scenario for ACRR application is listed as above that ACRR is used to regulate adjacent-channel “self-interference” mechanism for UTRA signal types. The symbol duration of UTRA is short in relation to the delay variation in the adjacent channel of the repeater. Therefore, the signal from UE B passing through repeater A outside passband is expected to cause inter-symbol interference at BS B’s receiver in an uncontrolled manned and thus should be regarded as total interference. ACRR is used to ensure the interference that caused by re-amplification and distortion outside repeater’s passband is still under control and doesn’t introduce much interference to adjacent channel UTRA system. 
[bookmark: _Hlk92130370]But for E-UTRA signals, this self-interference doesn’t exist because the symbol duration of E-UTRA signal is relative long and CP could help to reduce such inter symbol interference. So in E-UTRA repeater spec, ACRR only apply for UTRA signal but not for E-UTRA signal.
For NR FR1 ACRR definition, the same as E-UTRA repeater spec, there is no need to consider the scenario that NR repeater co-exist with outside-passband NR nor E-UTRA systems. As for NR-UTRA co-existence scenario, since in most countries, UTRA still serve UEs, it’s better to still maintain UTRA co-existence scenario in NR repeater’s spec for FR1. 
[bookmark: _Hlk92130864]Proposal 2: ACRR requirements only apply for the scenario that NR repeater co-exist with UTRA system.
[bookmark: _Hlk92130460]UTRA ACRR simulation results in [R4-040368] indicate that the negative effects increase when ACRR is below 20 dB and that the negative effects are very small or negligible when the ACRR is above 33 dB. Both 20dB and 33dB ACRR limits are introduced into UTRA spec to reflect different repeater devices’ characteristics. Since in UTRA repeater’s spec output power is splitted by 31dBm, the ACRR requirements are also splitted by 31dBm. When output power is larger than 31dBm, 33dB ACRR is applicable and when power less than 31dBm, 20dB ACRR is applicable. This same limit applies for E-UTRA repeater. 
Since ACRR in NR spec is still used to regulate co-existence with UTRA system, the same 33dB and 20dB ACRR are suggested to be reused. Repeater vendors are invited to further check whether to reused 31dBm output power as the splitting point to differentiate ACRR requirements since we have changed power definition compared with UTRA and E-UTRA spec.
As for frequency offset, considering NR signal has larger bandwidth, we also need to further check whether NR repeater could achieve the same ACRR limits as E-UTRA repeater spec with only 5M or 10MHz offset. 
[bookmark: _Hlk92130876]Proposal 3: In normal conditions the ACRR shall be higher than the value specified in following table. More inputs from vendors are encouraged to further check whether repeater could achieve such requirements with 5/10MHz offset and whether 31dBm is the splitting point to differentiate ACRR limit.
Table 1: NR Repeater ACRR
	Co-existence with other systems
	Repeater maximum output power
	Channel offset from the centre frequency of the first or last 5MHz channel within the pass band.
	ACRR limit

	UTRA
	P  [31] dBm
	[5] MHz
	33dB

	
	P  [31] dBm
	[10] MHz
	33dB

	
	P < [31] dBm
	[5] MHz
	20dB

	
	P < [31] dBm
	[10] MHz
	20dB



3. Conclusions
In this contribution, ACRR and out of band gain conducted requirements for repeater are discussed with following observation and proposals:
Observation 1: OOB gain in UTRA repeater spec is determined by IF filter’s characteristics considering the situation of technology at that time in 2000 year.
Observation 2: OOB gain in E-UTRA repeater spec reuse the same limit as UTRA spec but updating frequency offset from channel edge because OOB gain use CW signals for testing.
Proposal 1: the same OOB gain limit as E-UTRA repeater could still apply for NR FR1 repeater. Repeater vendors are invited to further check whether we need to relax frequency offset because larger bandwidth make the attenuation outside passband hard to be achievable.
Proposal 2: ACRR requirements only apply for the scenario that NR repeater co-exist with UTRA system.
Proposal 3: In normal conditions the ACRR shall be higher than the value specified in following table. More inputs from vendors are encouraged to further check whether repeater could achieve such requirements with 5/10MHz offset and whether 31dBm is the splitting point to differentiate ACRR limit.
Table 1: NR Repeater ACRR
	Co-existence with other systems
	Repeater maximum output power
	Channel offset from the centre frequency of the first or last 5MHz channel within the pass band.
	ACRR limit

	UTRA
	P  [31] dBm
	[5] MHz
	33dB

	
	P  [31] dBm
	[10] MHz
	33dB

	
	P < [31] dBm
	[5] MHz
	20dB

	
	P < [31] dBm
	[10] MHz
	20dB
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Table 2: Some IF filter characteristics.

Filter No. 3 dB-BW 40dB-BW 00BG1 00BG2 OO0BG3 | tauG Comment
1 4,2 55 55 45 40 25 fix BW one channel
2 4,0 6,8 60 45 45 5 var BW one channel,

more channel with
similar performance
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