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1. Introduction
In last RAN4 #98 meeting, a new WF on NR repeaters RF requirement [1] is approved. Although there are many FFS in the WF, it is only used to show the principle and help to direct following discussion. Interested companies show their views on the class definition, of which three options have been proposed including
· no classes classification like LTE repeater definition
· defining different classes for DL repeater using the same method as NR BS while no classes for UL
· defining different classes for both DL and UL
In this contribution, we focus to discuss repeater class for both FR1 and FR2.
2. Discussion
At the beginning of 2021, Chinese regulation agency published the RF regulations for NR repeater. The applicable frequency range includes band n41, n77/n78 and n79, all the major NR spectrum in China. In this regulation, three repeater classes have been defined for DL with the same definition as NR BS including wide area, medium range and local area repeater classes. For UL, there is no class definition, which implies the UL is based on manufacture’s declaration.
Observation 1: In China, DL repeater has been classified into three classes, wide area, medium range and local area while no class definition for UL. 
[bookmark: _Hlk67665586]2.1 DL 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. For FR2, poor-coverage area would be larger because of higher pathloss. Therefore, wide area and medium range repeater classes can’t be negligible, especially for FR2.
Observation 2: Wide area and medium range NR repeater are necessary to provide better coverage with much less cost, especially for FR2.
Compared with wide area and medium range repeater, local area repeater occupies a dominant ratio for compensating coverage hole where deploying NR BS is much wasteful. Except for the fixed deployment, for NR repeater one typical application scenario is in high-speed train for blanket inside coverage considering 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 the 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 the local area class may be preferred. 



Fig 1. Diagram for home repeater deployed for high-speed train
Observation 3: NR repeater may be deployed inside the high-speed train to provide blanket inside coverage considering large penetrate loss of carriages. In this scenario, home class rather than the local area class would be much feasible.
Based on above analysis, four classes are all necessary including wide area, medium range, local area and home class. For WA, MR and LA, the same definition as NR BS could be reused. As for home class, the same definition of LTE BS could be reused that home Base Stations are characterized by requirements derived from Femto Cell scenarios.
In last meeting, some companies suggest to reuse the same method of LTE repeater for NR FR1 repeater without classes definition. This implies that class definition is based on manufacturer’s declaration without any spec regulations.
Observation 4: there are two approaches to definition DL repeater classes:
· Option 1: no class definition for DL
· Option 2: four classes including WA, MR, LA and home class. WA, MR and LA could reuse the same definition as NR BS and the home class could refer to LTE BS definition, characterized by requirements derived from femto cell.
For BS network node, one reason to classify different classes is to distinguish RF requirement limits as classes are associated with deployment scenarios and device architecture. For example, the maximum output power, NF assumption, REFSENSE and co-location spurious emission requirements are all different for different classes. For LTE repeater, one main reason of no class definition is that either above requirements are the same for all repeaters or no related requirements definition, e.g. no receiver related requirements for FDD LTE repeater. 
For NR repeater class definition, at first we should find out whether RF requirements should be distinguished with different values or not. We set co-location spurious emission requirements as an example. WA BS requirement is applicable for all WA, MR and LA repeaters. However, for the home class it is very hard to follow previous WA co-location spurious emission requirements. Therefore, we need to distinguish RF requirements for different repeater. Classes definition may be one feasible approach to distinguish RF limits. If no class is defined, then we need further discussion about how to distinguish RF limits for different repeater. 
[bookmark: _Hlk68254344]Proposal 1: both of above approaches are suggested for DL repeater classes definition.
[bookmark: _Hlk67664773]Proposal 2: it is noted if RAN4 finally agrees no class classification, some requirements need further check to estimate whether they are still applicable for all the NR repeaters. For example, co-location spurious emission requirement may not be applicable for repeater with less output power.
2.2 UL class 
For UL, it is suggested to refer to UE spec with no class classification as all the UL requirements are all the same for all repeaters.
Proposal 3: it is suggested to refer to UE spec with no UL class classification for repeater.
3. Conclusions
In this contribution, NR repeater classes are discussed with following observation and proposals:
Observation 1: In China, DL repeater has been classified into three classes, wide area, medium range and local area while no class definition for UL. 
Observation 2: Wide area and medium range NR repeater are necessary to provide better coverage with much less cost, especially for FR2.
Observation 3: NR repeater may be deployed inside the high-speed train to provide blanket inside coverage considering large penetrate loss of carriages. In this scenario, home class rather than the local area class would be much feasible.
Observation 4: there are two approaches to definition DL repeater classes:
· Option 1: no class definition for DL
· Option 2: four classes including WA, MR, LA and home class. WA, MR and LA could reuse the same definition as NR BS and the home class could refer to LTE BS definition, characterized by requirements derived from femto cell.
Proposal 1: both of above approaches are suggested for DL repeater classes definition.
Proposal 2: it is noted if RAN4 finally agrees no class classification, some requirements need further check to estimate whether they are still applicable for all the NR repeaters. For example, co-location spurious emission requirement may not be applicable for repeater with less output power.
Proposal 3: it is suggested to refer to UE spec with no UL class classification for repeater.
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