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1. Introduction
In last RAN plenary #90 meeting, a new WID on NR repeaters [1] is approved to specify RF and EMC requirements for both FDD and TDD bands. To enhancement cellular network coverage, different types of network nodes have been considered to offer blanket coverage, among which RF repeater is regarded as one kind of simplest and cost-effective node. 3GPP has focused on RF requirements studies before this new WID. For example, TS 36.101 establishes the minimum RF characteristics of E-UTRA FDD repeater. In this contribution, we focus to discuss power related conducted requirements.
2. Discussion
For NR repeater one typical application scenarios is deployment in high-speed train for blanket inside coverage considering the penetrate loss of high-speed train is almost 30dB. One diagram is shown below for this scenario where one antenna array is deployed outside the high-speed train to connect with BS and Rx/Tx chain is deployed inside with another antenna array to provide blanket coverage for inside UE.


Fig 1. Diagram for repeater deployed for high-speed train
Observation 1: NR repeater could be deployed inside the high-speed train to provide blanket inside coverage for UE in the high-speed train considering the large penetrate loss generated by carriages.
2.1 Conducted or radiated reference type 
According to TS 38.104, NR BS comprises of four kinds of reference type, 1-C, 1-H, 1-O and 2-O in terms of frequency range and reference point, which should also apply for repeater as it is one kind of network node. 
It is noted that FR1 FDD repeaters testing is assumed to be conducted according to WID[1] considering the conducted testing is much easier in term of testing environment and testing equipment. Therefore type 1-C is the only option for FDD repeater. 
Proposal 1: 1-C type is the only option for FDD repeater to reduce testing complexity.
For TDD bands, both FR1 and FR2 are within the scope of NR repeater WID. Conducted and radiated requirements are suggested to be maintained as they are the key requirements for NR considering conducted testing is much simple while radiated testing reflects the more accurate space characteristics. For IAB, type 1-C is eliminated as it is not the popular reference type for all proposed operating bands, e.g. n77, n78 and n79, which could support larger antenna size and larger number of active transmitter unit. However as proposed in [2], operating bands with lower frequency are suggested for repeater, which may still only support conducted requirements.
Proposal 2: TDD repeater is suggested to support all the four types 1-C, 1-O, 1-H, 2-O. 
2.2 Repeater classes
For NR BS, three kind of BS classes are considered in TS 38.104, Wide Area BS derived from Macro Cell scenario, Medium Range BS derived from Micro Cell scenario and Local Area BS derived from Pico Cell scenario. For IAB DU, these three classes still apply in associated deployment scenarios. For IAB-MT, only the Wide Area and Local Area are characterised with some modification that WA related requirements are derived from Macro Cell and/or Micro Cell scenarios and LA related requirements are derived from Pico Cell and /or Micro Cell scenarios. For LTE repeaters, no class is explicitly described in specification. Manufacturers of repeaters should declare minimum donor coupling loss it supports to help for the deployment planning.
[bookmark: _Hlk61533809]Observation 2: There are two methods of defining repeater classes. One is IAB-like definition that using the terminologies in the set of MA/MR/LA with some modification and the other is LTE repeater-like definition that is based on manufactures declarations of the minimum donor couple loss for much flexible deployment.
For IAB or BS network node, the main reason to classify different classes is to distinguish RF requirements as classes are associated with deployment scenarios. For example, the NF assumption or maximum output power/REFSENSE requirements are distinguished. For IAB-MT, due to complex and variable deployment scenario, the discussion of classes categories is one of the most complicated topic that lasts so many meeting that RAN4 finally terminates the MCL/minimum distance definition. 
One reason why LTE repeater doesn’t specify classes is to leave more flexibility for practical deployment. What’s more, almost all the requirements are independent on repeater classes. Compared with LTE repeaters, NR repeaters specification may include some cell-classes related RF requirements, such as the DL REFSENSE for TDD repeater synchronization parts [3]. Therefore, manufacture’s declaration of minimum couple loss is not enough and could results in unclear RF requirements. 
Proposal 3: it is suggested to define MA/MR/LA classes for NR repeaters.
2.3 Comparison of LTE repeater and IAB power requirements
In WID [1], it is emphasized to seek the leveraging between LTE RF repeater and IAB. Following table shows the comparison of LTE repeater and IAB power related conducted requirements.
	　
	IAB-DU
	IAB-MT
	LTE repeater

	IAB output power
	Identical to BS
	Classes and max Power tables differ with BS
same accuracy requirements as BS
	No classes definition
Accuracy requirements classified by declared output power

	Output power dynamics
	
	
	

	IAB-DU Output Power Dynamics
	Identical to BS
	　
	

	IAB-MT Output Power Dynamics
	　
	new requirements classified by cell classes
	No

	Power control
	　
	　
	

	Transmit ON/OFF power
	Identical to BS
	Identical to BS
	No

	RE power control dynamic range
	Identical to BS
	
	No

	Total power dynamic range
	Identical to BS
	
	No

	Absolute power control
	
	No definition
	No

	Relative power control
	
	Simplified by dynamic range
	No

	Aggregate power control
	
	Simplified by dynamic range
	No



Observation 3: IAB power related requirements include output power, output power dynamics and power control related requirements while LTE repeater only has the power accuracy requirements.
2.4 maximum output power
The main function of repeater is to amplify the received wanted signal for blanket coverage. To achieve this target, repeater would transmit signal at its maximum gain, which could be helpful when the received signal is weak. However, when the received signal is strong or not that weak, a small gain could benefit for network coverage. In this case, if NR repeater loose accurate information of target signal strength, NR repeater could still amplify at relatively high gain, which could result in interference for neighbouring cells using same frequency. Therefore,
Proposal 4: maximum output power limit should be designed to avoid harmful interference to neighbouring cells.
Automatic level control is the capability of repeater to control its output power level as input power is becoming larger since the output power passed the pre-defined maximum level. therefore, ALC capability is required to guarantee maximum output power is within the limit. 
3. Conclusions
In this contribution, repeater reference type, classes, and conducted power related requirement are discussed with following observation and proposals:
Observation 1: NR repeater could be deployed inside the high-speed train to provide blanket inside coverage for UE in the high-speed train considering the large penetrate loss generated by carriages.
Observation 2: There are two methods of defining repeater classes. One is IAB-like definition that using the terminologies in the set of MA/MR/LA with some modification and the other is LTE repeater-like definition that is based on manufactures declarations of the minimum donor couple loss for flexible deployment. 
Observation 3: IAB power related requirements include output power, output power dynamics and power control related requirements while LTE repeater only has the power accuracy requirements.
Proposal 1: 1-C type is the only option for FDD repeater to reduce testing complexity.
Proposal 2: TDD repeater is suggested to support all the four types 1-C, 1-O, 1-H, 2-O. 
Proposal 3: it is suggested to define MA/MR/LA classes for NR repeaters.
Proposal 4: maximum output power limit should be designed to avoid harmful interference to neighbouring cells.
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