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1. Introduction
In last RAN4 #98 bis e-meeting, a new WF on NR repeaters classes and types [1] is approved with following agreements.
· Introduce multiple repeater classes for DL(access link)
· FFS on classes classification and the potential options include WA, MR, LA, home class, low power and high power class
· Introduce multiple classes for UL(backhaul link) for FDD and single UL power class for FR1 TDD
· Investigate whether the use cases of FR2 for UL (backhaul link) can be covered with a single power class
· Introduce multiple types. FFS on whether to explicitly define repeater types and FFS on the details of type definition
In this contribution, we focus to discuss repeater class for both FR1 and FR2.
2. Discussion
[bookmark: _Hlk67665586]2.1 DL(access link) class 
The motivation of repeater is to enhance coverage with efficient cost. In some sparsely populated area, high power repeater is needed to provide much large coverage considering lower cost compared with other network node, e.g. gNB and IAB. For FR2, poor-coverage area would be larger because of higher pathloss. Therefore, higher power classes can’t be negligible, especially for FR2.
Except for the fixed deployment, for NR repeater one typical application scenario is in high-speed train for blanket inside coverage considering that the penetrate loss of high-speed train is almost larger than 30dB. One diagram is shown below for this scenario where one donor antenna array is deployed outside the high-speed train to connect with BS and another service antenna array is deployed inside to provide blanket coverage for inside UE. For high-speed train scenario, the required coverage range would be even smaller to only cover one or a few carriages. The home class rather than local area class may be preferred. 



Fig 1. Diagram for home repeater deployed for high-speed train
Observation 1: NR repeater may be deployed inside the high-speed train to provide blanket inside coverage considering large penetration loss of carriages. In this scenario, home class rather than the local area class would be much feasible.
Based on above analysis, at least the higher power class and home class are necessary for NR repeater DL. 
In E-UTRA or UTRA repeater spec, there is no explicit class definition and repeater minimum donor coupling loss is declared by manufacturer. Instead, class is implicitly defined by two power ranges to distinguish different RF limits. For example, out of band gain requirement is differentiated among above two power ranges. Except for the output power and out of band gain requirements, all the other RF requirements are unified to only one set which were supposed to be distinguished among different classes in BS spec. In most cases, WA requirements are adopted for all repeaters. For example, WA related BS co-located spurious requirements and co-located input intermodulation requirements are used for all repeaters including the low power repeater. However, for NR home class with lowest power, it’s very hard to achieve the same requirement as WA. The same mechanism as E-UTRA/UTRA that apply certain WA related requirements for all classes is not applicable for NR repeater anymore since home class is considered in NR repeater scope.

Proposal 1: it is suggested to at least define two classes with lower power and higher power for NR repeater to distinguish different RF limits. For the low power class, certain WA related dedicated BS RF limits are not applicable anymore, e.g. co-located spurious requirements or co-located input IMD requirements for FR1. 
Proposal 2: it is suggested to wait for the conclusion of certain RF requirements in order to identify whether other extra classes are needed or not to distinguish RF limits, e.g. out of band gain RF requirements.
[bookmark: _Hlk71277646]2.2 UL(backhaul link) class 
For UL, basic limits for RF requirements may also be different among all repeaters considering potential multiple deployment scenarios, which is the reason why WF[1] approves to define multiple classes for FDD UL. For TDD, it is unified to only one UL power class to reduce co-existence study workload.
For FDD UL(backhaul link), the remaining issue is how to define multiple classes. Since all FDD NR spectrum is re-farmed from FDD E-UTRA spectrum, E-UTRA repeater could be reused in NR network with some little modification. It is better to reuse the same power classes definition as E-UTRA repeater for compatibility. i.e. the lower power class and higher power class. In UTRA repeater spec, 31dBm, 39dBm and 43dBm are regarded as the tuning points for UL power classification. In E-UTRA spec, power tuning point follows the same value as UTRA spec and UL power is classified into two classes, larger than 31dBm and lower than 31dBm.
Proposal 3: for FDD UL classes definition, it is suggested to at least define two classes with lower power and higher power for NR repeater. 
For TDD UL(backhaul link), the remaining issue is whether the use case of FR2 can be covered by a single power class. For FR2, the common understanding is that co-existence issue is not much severe as FR1, there is no need to unify FR2 UL with only one power class. 
Referring to FR2 UE, four power classes are specified based on the assumption of certain UE types with specific device architecture. As NR repeater is mainly used to enhance signal strength received from UE for UL, it seems reasonable to specify four FR2 repeater power classes based on four UE power classes respectively. However, typical deployment scenario is that FR2 repeater may be deployed to amplify signal from different types of UE, making the power class definition much difficult. since this same issue also exists during FDD E-UTRA repeater UL power class definition, the same approach could be reused by defining two power classes.
Proposal 4: for FR2 TDD UL classes definition, it is suggested to at least define two classes with lower power and higher power for NR repeater. 
3. Conclusions
In this contribution, NR repeater classes are discussed with following observation and proposals:
Observation 1: NR repeater may be deployed inside the high-speed train to provide blanket inside coverage considering large penetration loss of carriages. In this scenario, home class rather than the local area class would be much feasible.
Proposal 1: for DL, it is suggested to at least define two classes with lower power and higher power for NR repeater to distinguish different RF limits. For the low power class, certain WA related BS RF limits are not applicable anymore, e.g. co-located spurious requirements or co-located input IMD requirements for FR1. 
Proposal 2: for DL, it is suggested to wait for the conclusion of certain RF requirements in order to identify whether other extra classes are needed or not to distinguish RF limits.
Proposal 3: for FDD UL classes definition, it is suggested to at least define two classes with lower power and higher power for NR repeater.
Proposal 4: for FR2 TDD UL classes definition, it is suggested to at least define two classes with lower power and higher power for NR repeater.
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