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1. Introduction
In last RAN4 #100 e-meeting, it is approved that radiated RF requirement follows the same principle of conduct requirement definition. In this contribution, we focus on ACRR and out of band gain related radiated requirements. 
2. Discussion
2.2 Out of band gain for FR2
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 
ACS of victim
amplification of unwanted emission from other sources including donor BS or other transmitter using the same frequency range as repeater
 emissions generated by repeater itself
 amplification of thermal noise
re-amplification and distortion of other operators’ wanted carrier which are outside passband
As discussed in the conducted part, we have following observations:
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.
For NR FR2 repeater requirements, the main difference from E-UTRA spec include beamforming effect, higher frequency and larger bandwidth.
· 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 frequency offset outside passband. Larger passband bandwidth make it hard to achieve the same attenuation as narrow bandwidth. We need the response from repeater vendor.
· For higher spectrum, original UTRA repeater use 2GHz as simulation assumption which is much lower than FR2. The higher the spectrum, the larger pathloss. If we only consider the factor of spectrum, FR2 out of band gain may be more relax compared with FR1.
· For effect of beamforming, the basic assumption of repeater’s BH link is that repeater is deployed with narrow beamwidth toward donor gNB. But for access link, it is not sure the beamforming capability of repeater. repeater could be equipped with UE specific beamforming or cell specific beamforming. 
· If we assume repeater is equipped with UE specific beamforming for DL access link, the interference received at victim adjacent-channel UE from repeater could be negligible unless such UE is also covered by the same repeater narrow beam. Such scenario is not common but it’s safe if we consider such scenario. 
· If we assume repeater is equipped with cell specific beamforming for DL access link, victim adjacent-channel UE could receive the interference from repeater. This scenario is much like above scenario that victim UE is also covered by repeater’s narrow beam. So we consider these two scenarios together.
In the following, we analyse out of band gain for both DL and UL.
2.2.1 DL
For DL, it is almost impossible that repeater would receive wanted signal from adjacent-channel aggressor gNB (interference mechanism )because repeater is only directed to donor gNB with narrow beamwidth. Higher pathloss of FR2 frequency make such interference signal even weak and we could ignore it. Hence total interference mechanism would only include the ACS of victim UE, unwanted emission from donor gNB, self-unwanted emission of repeater itself and amplified noise (interference mechanism -). Referring to UTRA repeater, OOB gain is derived based on the criteria that victim UE’s ACS is the determined factor and the effect of OOB gain is negligible. 
Observation 3: OOB gain is derived based on the criteria that victim UE’s ACS is the determined factor and the effect of OOB gain is negligible.
In following we compare the effect of victim UE’s ACS and repeater’s OOB gain.
	Interference mechanism
	Interference received at victim UE’s receiver

	Victim UE’s ACS
	PTx_donor- CL_donor_repeater+ Gain - CL_repeater_UEB-ACS

	Re-amplification of donor gNB’s unwanted emission due to OOB gain
	Unwanted_emission_donor- CL_donor_repeater+ OOB - CL_repeater_UEB

	unwanted emission generated by repeater itself
	Unwanted_emission_repeater- CL_repeater_UEB
= -5dBm/MHz- CL_repeater_UEB for offset 0-5MHz
=-13dBm/MHz- CL_repeater_UEB for offset far away from 5MHz

	Amplified noise due to OOB gain
	Noise+ OOB - CL_repeater_UEB

	PTx_donor: transmit power from donor gNB
CL_donor_repeater: coupling loss from donor gNB to repeater
CL_repeater_UEB: coupling loss from repeater to victim UE
OOB: amplification gain outside of passband; OOB1 is the OOB gain at first offset range from 0 to 5MHz, OOB2 is the OOB gain at second offset range far away from 5MHz.
Gain: amplification gain of passband
Unwanted_emission_donor: unwanted emission generated by donor gNB, -5dBm/MHz for 0-5MHz offset and -13dBm/MHz for the other offset for FR2
Unwanted_emission_repeater: unwanted emission generated by repeater itself, -5dBm/MHz for 0-5MHz offset and -13dBm/MHz for the other offset, the same as gNB
Noise: noise at repeater. -114dBm/MHz


Since all interference mechanisms include CL_repeater_UEB, if we want to compare the sum of - with , we could ignore CL_repeater_UEB in following analysis.
When we only compare  with ,  is determined factor if OOB1 is much less than 109dB whereas  is determined factor if OOB1 is much larger than 109dB; in previous spec, 90dB is the largest gain assumption for FR1, so we could assume OOB for FR2 is at least much less than 109dB. Hence  could be negligible compared with  and the sum of  and  could be larger than but near to -5dBm/MHz for 0-5MHz offset and be larger than but near to -13dBm/MHz for offset away from 5MHz.
Then the sum of - equals to: 
[-5- CL_donor_repeater+ OOB1]dBm/MHz + [-5]dBm/MHz for offset 0-5MHz
[-13- CL_donor_repeater+ OOB2]dBm/MHz + [-13]dBm/MHz for offset away from 5MHz
In theory, OOB should be less than CL_donor_repeater.
· If OOB1<< CL_donor_repeater, the sum of - equals to 
-5 dBm/MHz for offset 0-5MHz 
-13 dBm/MHz for offset away from 5MHz; 
· Otherwise, if OOB1 is a little less than CL_donor_repeater, the sum of - would be 
[-5~-3]dBm/MHz for offset 0-5MHz
[-13~-10]dBm/MHz for offset far away from 5MHz
We compare 1 with the sum of - to ensure ACS is the determined factor, we have following formula
PTx_donor- CL_donor_repeater+ Gain -ACS >> [-5- CL_donor_repeater+ OOB]dBm/MHz + [-5]dBm/MHz for offset 0-5MHz
PTx_donor- CL_donor_repeater+ Gain -ACS >> [-13- CL_donor_repeater+ OOB]dBm/MHz + [-13]dBm/MHz for offset away from 5MHz
Since OOB is independent to left part of above formula, the less OOB the better. Hence OOB gain for FR2 is suggested to be less than CL_donor_repeater. The less the better, so OOB gain is also determined by filter characteristics. It’s better to define OOB gain requirement based on filter characteristics.
Proposal 1: the OOB gain for FR2 DL is determined by filter characteristics and vendors are invited to provide filter characteristics to help determine OOB gain for FR2.
2.2.2 UL analysis
For UL, it is almost impossible that repeater would transmit to other adjacent channel systems because repeater is only forward to donor gNB with narrow beamwidth. Higher pathloss of FR2 frequency make such interference signal even weak and we could ignore it. Therefore there is no need to define OOB gain for FR2 UL.
Proposal 2: no OOB gain requirement for FR2 UL.
2.3 ACRR for FR2
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. 
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.
But for NR signal, this self-interference doesn’t exist because CP could help to reduce such inter symbol interference. Therefore, the same as E-UTRA repeater spec, there is no need to consider the scenario that NR repeater co-exist with NR nor E-UTRA systems. Considering UTRA frequency is far away from FR2 mmWave, there is no need to consider such co-existence scenario. Therefore, no ACRR requirement is suggested for FR2 NR repeater. 
Proposal 3: no ACRR requirements for FR2 NR repeater.
3. Conclusions
In this contribution, out of band gain and ACRR requirements are discussed for FR2 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.
Observation 3: OOB gain is derived based on the criteria that victim UE’s ACS is the determined factor and the effect of OOB gain is negligible.
Proposal 1: the OOB gain for FR2 DL is determined by filter characteristics and vendors are invited to provide filter characteristics to help determine OOB gain for FR2.
Proposal 2: no OOB gain requirement for FR2 UL.
Proposal 3: no ACRR requirements for FR2 NR repeater.
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