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1. Introduction
In last RAN4 #101 e-meeting, a new WF on repeaters system parameter requirement [1] was approved. 
	The following aspects will be analysed in next meeting to define the co-location requirements for multi-band repeaters.
· Co-location scenarios for NR repeaters
· Protect BS (?)
· Protect repeater (?)
· The following requirements will be references, the applicability will be studied. 
· LTE repeater co-location requirements.
· NR BS co-located requirements
· Other possible technical issues such as IMD problem can also be analysed.



In this contribution, we focus on analysis of co-located requirements for FR1 NR repeater.
2. Discussion
2.1 Co-located scenarios
In most cases, repeaters are deployed by operators to enhance coverage. Repeaters work like amplifier and would amplify all the received signals regardless unwanted or wanted signal. In scenario that repeater is close to other gNB, the repeater might be overdriven already by the signal of nearby gNB. This will trigger the internal ALC circuit and the gain of repeater has to be reduced. In addition to, repeater may amplify unwanted emission of nearby gNB and degrade target SNR. Therefore, operator should try to avoid co-located scenario between repeater and any gNB. Even the cases that repeater is deployed with other RAT gNB over non-overlapping spectrum should also be avoided. 
However, if we refer to LTE repeater spec, repeater is assumed to be co-located with gNB since co-located spurious and input IMD requirements are defined. Although operators are suggested to avoid co-location scenario but there may be some unavoidable scenarios. Therefore, it’s safety to retain co-located requirements in the spec to consider the scenario that repeaters are just co-located with gNB. Besides, all the co-located requirement is optional, it will not introduce heavy burden to the conformance testing.
Observation 1: operators are suggested to avoid co-location deployment between repeater and gNB. Since such co-location scenarios may not be avoided, it’s better to still consider the scenario that repeater is co-located with gNB. 
Considering RF repeater is deployed even from 2G era, 2G\3G\4G repeater would exist in the same geographic area with 5G repeater. There is also possibility that different RAT repeaters would be deployed in the same location to enhance same coverage hole. For example, all different RAT repeaters would be deployed near to the windows for O2I coverage scenario. In such cases, we need to consider the co-located scenario among different RAT repeater with different non-overlapping operating bands. 
Observation 2: NR repeater maybe co-located with other RAT repeater over non-overlapping spectrum.
Proposal 1: It is still suggested to retain co-located related requirements in repeater spec assuming repeater maybe co-located with gNB and other RAT repeater over different non-overlapping frequency range.  
2.2 Co-located requirements 
Co-located requirements include spurious emission requirement, input IMD requirements and output IMD requirements. 
· Co-located spurious emission requirement: such requirement is related to the assumption of CL between aggressor and victim node and the assumption of allowed REFSENSE degradation.
For co-located scenario between repeater and gNB, basic principle for co-located RF requirement definition is to allow degrading REFSENSE by 0.8dB at BS’s receiver in previous spec. For the assumption of CL between aggressor repeater and victim gNB, 30dB is assumed as the general value. Besides, 73 and 43dB CL are also be considered to reflect what can be achieved by state of the art at LTE stage. It’s still suggested to reused the same general co-located spurious emission requirement as LTE since all the assumptions are still applicable. Besides, repeater vendors are invited to show more information about state of the art and further check whether -98/-96 dBm/100kHz could be achievable.
Proposal 2: It is suggested to reuse -98dBm/100kHz co-located spurious emission requirements for victim 2G gNB but for 3G/4G/5G gNB, -96dBm/100kHz is suggested.
For co-located scenario between repeater and other repeater in non-overlapping operation bands, there is no REFSENSE related requirement for repeater, instead, the co-located interference would finally contribute to donor gNB’s receiver and end up with degraded SNR at donor gNB. Therefore, basic principle of 0.8dB REFSENSE degradation is still suggested for donor gNB’s receiver.
Co-located emission requirements at repeater’s output port is calculated as below and is related to the formula of (CL_repeater_repeater + PL_repeater_gNB - amplification gain) with 0.8dB REFSENSE degradation assumption at gNB side.
	Co-located spurious emission
	Co-located victim Repeater received interference power
	Received interference at donor gNB’s receiver

	P
	P-CL_repeater_repeater
+amplification gain
	P-CL_repeater_repeater
+amplification gain-CL_repeater_gNB
= N+0.8dB=-126dBm/100KHz

	CL_repeater_repeater, the coupling loss between co-located repeaters
Amplification gain, amplified gain by victim repeater
PL_repeater_gNB, the coupling loss between repeater and gNB
Allowed extra interference at gNB receiver that contributing to 0.8dB REFSENSE degradation=-126dBm/100kHz


 
If we assume 70dB amplification gain, 30dB CL_repeater_repeater and 70dB CL_repeater_gNB, co-located spurious emission would also be -96dBm/100kHz. If we assume 90dB amplification gain, 30dB CL_repeater_repeater and 100dB CL_repeater_gNB, co-located spurious emission (P in above table) would also be -86dBm/100kHz. It seems -96dBm/100kHz spurious emission is the more stringent requirement even for repeater-repeater co-located scenario. To make spec more clear and simple, it is suggested to only retain co-located requirement between repeater and gNB and doesn’t explicitly define repeater-repeater co-located spurious emission requirements.
Proposal 2: it is suggested to only retain co-located requirement between repeater and gNB and doesn’t explicitly define repeater-repeater co-located spurious emission requirements.
· Co-located input IMD requirement, this requirement is related to CL among aggressor and victim.
For repeater-gNB co-located scenario, same requirement as LTE repeater spec should be also applied with the same 30dB assumption between repeater DL receiver port and aggressor gNB, i.e. 16dBm interference signal.
For repeater-repeater co-located scenario, 46dBm output power and 30dB CL could also be applicable.
Proposal 3: interference signal strength is assumed to be 16dBm for co-located input IMD requirements regardless repeater is co-located with gNB or other repeater.
· output IMD requirement, such requirement is also related to the coupling loss among aggressor and victim
30dB coupling loss is the reasonable assumption regardless repeater is co-located with repeater or gNB. Therefore, interference signal strength is assumed to be -30dB compared with normal NR signals.
Proposal 4: interference signal strength is assumed to be 30dB lower than wanted signal when define output IMD requirements.
3. Conclusions
In this contribution, co-located related scenarios and requirements for repeater are discussed with following observation and proposals:
Observation 1: operators are suggested to avoid co-location deployment between repeater and gNB. Since such co-location scenarios may not be avoided, it’s better to still consider the scenario that repeater is co-located with gNB. 
Observation 2: NR repeater maybe co-located with other RAT repeater over non-overlapping spectrum.
Proposal 1: It is still suggested to retain co-located related requirements in repeater spec assuming repeater maybe co-located with gNB and other RAT repeater over different non-overlapping frequency range.
Proposal 2: it is suggested to only retain co-located requirement between repeater and gNB and doesn’t explicitly define repeater-repeater co-located spurious emission requirements.
Proposal 3: interference signal strength is assumed to be 16dBm for co-located input IMD requirements regardless repeater is co-located with gNB or other repeater.
Proposal 4: interference signal strength is assumed to be 30dB lower than wanted signal when define output IMD requirements.
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