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1. Introduction
In last RAN4 #101 bis e-meeting, a new WF on repeaters system parameter requirement [1] was approved. 
	Co-location requirements framework:
Agreement: Retain co-location related requirements in repeater spec assuming repeater maybe co-located with gNB and/or other repeater over different non-overlapping frequency range.
NR Repeater-repeater co-location requirements are FFS, more analysis on the necessity to include them expected in RAN4#102-e.
Agreement: NR BS co-location spurious emission requirements can be reused for multi-band NR repeater co-location requirements
Differentiate repeater co-location requirement based on repeater class
FFS this requirement applies to the uplink and downlink of the repeater, at maximum gain. 
Input IMD
Agreements: 
Reuse the same interference signal level as NR BS co-location out of band blocking requirements for repeater co-location input IMD: i.e. 16dBm for WA, 8dBm for MR and x dBm for LA(note 2 of Table 7.5.3-1 in TS 38.104 )
differentiate based on repeater class (similar to BS)
Apply input IMD requirements also inside any pass band gap.
FFS whether there should be different requirements when repeater is co-located with another repeater.
FFS this requirement applies to the uplink and downlink of the repeater, at maximum gain.
Output IMD
Agreements:
	Take NR BS TX IMD requirements as baseline
interference signal strength is assumed to be 30dB lower than output power of wanted signal
FFS whether there should be different requirements when repeater is co-located with another repeater
FFS whether the requirement only apply to the downlink of the Repeater.
OOB gain
Agreements: 
Further check whether we need co-location OOB gain requirements, if it’s approved to define such requirement, the candidate value is [-70dB].



In this contribution, we focus on analysis of remaining co-located requirements for FR1 NR repeater.
2. Discussion
2.1 repeater-repeater co-located scenarios
Considering RF repeater is deployed even from 2G era, 2G\3G\4G repeater would exist in the same geographic area with 5G repeater. For some scenarios, different RAT repeater could be required to be deployed at the same location to enhance coverage, e.g. for O2I scenario, all the repeaters are required to be deployed just outside the window to enhance coverage for indoor UEs. From operator’s perspective, to reduce deployment and device cost, they usually require one RF repeater to support all the RAT and all the hold spectrum. For example, in 4G era, each repeater would support 2G, 3G and 4G spectrum and in 5G era, each repeater would support 2G, 3G, 4G and 5G spectrum. Therefore, in most cases, repeaters from single operator or collaborating operators would not be co-located with another one. 
For inter-operator scenario, the coverage hole for different operators may exist in the same place e.g. O2I scenario for indoor coverage. Repeaters maybe deployed at the same place or at least very near to each other, e.g. to be deployed outside window at the same place to provide coverage enhancement for all indoor UEs. So there is possibility that NR repeater maybe co-located with other operator’s repeaters over non-overlapping spectrum, especially for O2I scenario. But the possibility of such co-location scenario is very rare.
Observation 1: there is possibility that NR repeater maybe co-located with other operator’s repeaters over non-overlapping spectrum, especially for O2I scenario.
About co-location requirement, in theory, all co-location requirements only define co-located limit without victim device types definition. But if we refer to LTE repeater spec, it emphasizes the co-location requirement apply for the scenario when repeater is co-located with all RAT Base Stations but doesn’t include the repeater-repeater co-location scenario. Therefore, if we decide to define repeater-repeater co-location requirement, we need to further check whether the same co-location requirement with gNB could also apply for repeater-repeater co-location scenario. And also emphasize the detailed repeater-repeater co-location scenario into the spec to make the requirement more clearly.  
Proposal 1: it is suggested to include repeater-repeater co-location scenario into the spec.
2.2 Co-located requirements 
Co-located requirements include spurious emission requirement, input IMD requirements, output IMD requirements and also maybe include co-location OOB gain 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. So it’s reasonable to reuse the same co-location spurious requirements as gNB spec for the scenario when repeater is co-located with gNB. 
For co-located scenario between repeaters 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 spurious 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 at repeater’s output port
	Co-located victim Repeater received interference power
	Received interference at donor gNB’s receiver

	Pspurious
	Pspurious - CL_repeater_repeater
+amplification gain
	Pspurious - 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 the same co-location spurious requirement as gNB spec, to ensure the degradation of REFSENSE at donor gNB’s receiver is less than 0.8dB, we have 
-96dBm/100kHz- CL_repeater_repeater + amplification gain - CL_repeater_gNB ≤-126dBm/100KHz
It is reasonable to assume CL_repeater_repeater is almost 30dB, the same assumption as gNB-gNB co-location coupling loss. Then above formula equals to:
CL_repeater_gNB ≥ amplification gain
It seems above formula could be satisfied, so -96dBm/100kHz co-located spurious emission is enough to ensure co-location between repeater and repeater. It’s noted above requirements are applicable for both DL and UL for FDD, only DL for un-synchronization TDD and only UL for synchronization TDD at maximum gain.
Proposal 2: it is suggested to reuse the same co-location spurious emission requirement as gNB spec for repeater-repeater co-location scenario and also differentiate RF requirements for different classes. 
Proposal 3: co-location spurious requirements apply for both DL and UL for FDD, only DL for un-synchronization TDD and only UL for synchronization TDD with maximum gain assumption.
· Co-located input IMD requirement, this requirement is related to CL between aggressor and victim and maximum output power of aggressor gNB.
For repeater-repeater co-located scenario, following assumptions for different classes are also still applicable: 46dBm DL output power of aggressor repeater and 30dB CL for WA. 38dBm output power and 30dB CL for MR, 24dBm output power and 30dB CL for LA.
Proposal 4: the same interference signal level as in gNB’s co-located out of band blocking requirement could also apply for the co-location input IMD requirements for repeater-repeater co-location scenario.
Proposal 5: co-location input IMD requirements apply for both DL and UL for FDD, only DL for synchronization TDD and only UL for un-synchronization TDD with maximum gain assumption.
· 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 6: interference signal strength is assumed to be 30dB lower than wanted signal when define output IMD requirements for repeater-repeater co-location scenario.
the output level of output IMD shall not exceed the unwanted emission limits of repeater DL. This basic principle applies for both co-location scenario whether repeater is co-located with gNB or another repeater.
Proposal 7: output IMD level should not exceed corresponding unwanted emission limits of repeater DL. 
Proposal 8: co-location output IMD requirements apply DL for FDD and synchronization TDD.
3. Conclusions
In this contribution, co-located related scenarios and requirements for repeater are discussed with following observation and proposals:
Observation 1: there is possibility that NR repeater maybe co-located with other operator’s repeaters over non-overlapping spectrum, especially for O2I scenario.
Proposal 1: it is suggested to include repeater-repeater co-location scenario into the spec.
Proposal 2: it is suggested to reuse the same co-location spurious emission requirement as gNB spec for repeater-repeater co-location scenario and also differentiate RF requirements for different classes. 
Proposal 3: co-location spurious requirements apply for both DL and UL for FDD, only DL for un-synchronization TDD and only UL for synchronization TDD with maximum gain assumption.
Proposal 4: the same interference signal level as in gNB’s co-located out of band blocking requirement could also apply for the co-location input IMD requirements for repeater-repeater co-location scenario.
Proposal 5: co-location input IMD requirements apply for both DL and UL for FDD, only DL for synchronization TDD and only UL for un-synchronization TDD with maximum gain assumption.
Proposal 6: interference signal strength is assumed to be 30dB lower than wanted signal when define output IMD requirements for repeater-repeater co-location scenario.
Proposal 7: output IMD level should not exceed corresponding unwanted emission limits of repeater DL. 
Proposal 8: co-location output IMD requirements apply for DL for FDD and synchronization TDD.
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