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1. Introduction
In last RAN4 #99 e-meeting, a new WF on NR repeaters classes and types [1] is approved with following agreements. the criteria for class definition is to use the similar approach as BS/IAB classes definition or IAB class definition for DL access link and UL backhaul link respectively with deployment scenario description. In addition to, at least two classes are suggested for both DL access link and UL backhaul link. 
In this contribution, we focus to discuss repeater class for both FR1 and FR2.
2. Discussion
[bookmark: _Hlk67665586]2.1 DL(access link) class 
In IAB spec, IAB-DU classification is the same as NR BS spec to support WA, MR, LA with the same deployment scenarios for each class as for BS. Based on previous discussion, it is clear IAB/BS classification criteria still apply for FR1 but for FR2 there are some questions about the necessity of different classes. When we refer to FR2 NR BS spec, absolute ACLR requirement is differentiated among different classes. In NR repeater spec, ACLR is still the key requirements to reduce adjacent channel leakage to other operators. Therefore, 
Proposal 1: FR2 repeater DL class is still necessary because there is differentiation in DL related requirements between scenarios. For example, absolute ACLR requirements.
For NR repeater the main motivation is to provide coverage like gNB node, therefore the same criteria and exactly the same parameter of BS classification seems still apply for repeater.  
For LA repeater, it is mainly deployed to enhance indoor coverage where the donor gNB is deployed outdoor. Repeater could help to strengthen signal attenuated by penetration loss. One typical scenario is deployed to service basement scenario.
For MR repeater, it is mainly deployed to enhance coverage hole blocked by high-dense building. Repeater could help to provide MR coverage for blanket NR coverage.
For WA repeater, it is mainly deployed in some sparsely populated area to provide coverage considering its lower cost compared with other network node, e.g. gNB and IAB, especially for FR2. To avoid self-oscillation the amplification gain of repeater should be less than coupling loss between access link antenna and backhaul link antenna by 15dB. 90dB gain requires 105dB coupling loss, which is a little challenging for realistic deployment. Even though, the low cost makes WA repeater still attracting for operators.
Table 1: Assumed values for the outdoor macro scenario
	Parameter
	Value

	BS output power
	43 dBm

	Coupling loss BS-Repeater 
	100 dB for MA coverage

	Repeater gain
	90 dB

	Repeater noise figure
	5 dB

	Coupling loss Repeater-MS
	70


Table 2: Analysis of the down-link for the outdoor scenario
	Downlink
	BS TX power
	
	
	
	UE RX power
	Comment

	
	+43dBm
	-57dBm
	+90dB
	+33dBm
	-37dBm
	Max received 
P=-25dBm


Table 3: Analysis of the up-link for the outdoor scenario
	Uplink:
	Comment
	BS RX power
	
	
	
	UE TX power
	Comment

	
	sensitivity level
	-95.6dBm
	4.4dBm
	+90dB
	-85.6dBm
	-15.6dBm
	smaller than max output power



The analysis of table 1-3 show that the received signal strength at the UE after the repeater is below the maximum receiving power. Also for UL the BS can control UE’s transmit power so the received power at BS is larger than REFSENSE and coverage enlarged by extra 70dB.
Observation 1: 90dB maximum gain assumption is reasonable for WA scenario. The received signal at UE after repeater is below the maximum receiving power and also UL receive power is larger than sensitivity with output power less than max output power.
In addition to, home class repeater is also attractive for operators for home coverage with Lower output power and lower complexity. Home class repeater could be deployed on high-speed train and the 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. What’s more, the local area spec RF requirements may be too stringent for home class. Therefore, home class is necessary at least for FR1. Until now, NR BS has no home class definition although some operator has already proposed to start home class gNB WID in R18 to meet home field market demand. Home class is only suggested for FR1 DL access link by taking E-UTRA home class spec as the baseline. For FR2, no home class repeater is suggested until home class BS spec has finished.


Fig 1. Diagram for home repeater deployed for high-speed train
Proposal 2: for NR repeater, classification is suggested the same as NR BS spec to support WA, MR and LA repeater DL access link with the same deployment scenarios for each class as for BS. The same criteria and exactly the same parameter of NR BS classification will be applied for repeater DL access link with modification of how to describe the minimum distance or the coupling loss.
Proposal 3: for FR1 repeater, home class is also suggested characterized by the requirements as E-UTRA spec. 
[bookmark: _Hlk71277646]2.2 UL(backhaul link) class 
In IAB spec, IAB-MT classification still reuse the concept of “WA” and “LA” with some modification of scenario description where WA are characterised by requirements derived from macro cell and/or micro cell and LA from pico cell and/or micro cell. The output power requirements for LA and WA IAB-MT both reuse the same requirements as LA and WA BS, i.e. maximum 24dBm per connector for LA and no upper limits for WA. 
For repeater UL link, multiple classes will be defined based on deployment scenario as well. One candidate option is also to define two classes, one of which like LA scenario with maximum output power less than any UE power class and the other like WA scenario without upper limits. 
Until now UE power class include 31dBm, 29dBm, 26dBm and 23dBm, among which 31dBm is only applicable for public safety scenario and not targeted for smartphone form factor. If we only compare UE maximum output powers with maximum power limits for NR LA(24dBm) and MR(34dBm) scenario, it seems UE power fall into the range that could be lower than LA, higher than LA and even be close to MR. Therefore the LA-like scenario of repeater should be characterised from requirements derived from pico and/ or micro cell. For the WA-like scenario of repeater, no upper limit is suggested and manufacturers could declare output power by itself, but in most all cases the output power could be quite less than WA BS power to avoid interference. From this point of view, it is more reasonable to use MR-like scenario to describe repeater UL backhaul link rather than WA-like scenario. The same class definition also applies for FR2.
[bookmark: _Hlk78549000]Proposal 4: it is suggested to define two classes for UL backhaul link, one of which is LA-like scenario with maximum output power less than any UE power class and the other is MR-like scenario without any upper limits for FR1 and FR2.
· Medium Range repeater UL backhaul are characterised by requirements derived from Micro Cell and/or Macro Cell scenarios.
· Local Area repeater UL backhaul are characterised by requirements derived from Pico Cell and /or Micro Cell scenarios.
One remaining issue is how to avoid the potential interference introduced by repeater with higher power than any UE power class to other network nodes. The common understanding is the beamforming could help to reduce interference with planned deployment. Besides, if we assume the repeater is much smart, then the interference may be avoided by some intelligent mechanism. 
Observation 1: the potential interference issue introduced by repeater with higher output power than any UE class may be resolved by smart repeater by some intelligent mechanism.
3. Conclusions
In this contribution, NR repeater classes are discussed with following observations and proposals:
Proposal 1: FR2 repeater DL classes are still necessary because there is differentiation in DL related requirements among scenarios. For example, absolute ACLR requirements are different among classes.
Observation 1: 90dB maximum gain assumption is reasonable for WA scenario. The received signal at UE after repeater is below the maximum receiving power and also UL receive power is larger than sensitivity with output power less than max output power.
Proposal 2: for both FR1 and FR2 NR repeater, classification is suggested the same as NR BS spec to support WA, MR and LA repeater DL access link with the same deployment scenarios for each class. The same criteria and exactly the same parameter of NR BS classification will be applied for repeater DL access link with modification of how to describe the minimum distance or the coupling loss.
Proposal 3: for FR1 repeater, home class is also suggested characterized by the requirements as E-UTRA spec. 
Proposal 4: it is suggested to define two classes for UL backhaul link, one of which is LA-like scenario with maximum output power less than any UE power class and the other is MR-like scenario without any upper limits for FR1 and FR2.
	Medium Range repeater UL backhaul are characterised by requirements derived from Micro Cell and/or Macro Cell scenarios.
	Local Area repeater UL backhaul are characterised by requirements derived from Pico Cell and /or Micro Cell scenarios.
Observation 1: the potential interference issue introduced by repeater with higher output power than any UE class may be resolved by smart repeater by some intelligent mechanism.
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