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1. [bookmark: _Ref71097411]Introduction
In our previous contribution [1], we have investigated the feasibility of applying the existing class definitions, i.e., WA, MR, and LA, on NR repeaters (for access and backhaul links). In addition, some other proposals were there to consider additional classes than above ones [2] or not to use any class definitions [3] and [4]. 
[bookmark: _Hlk70943981]The WF [5] suggested to introduce multiple classes for DL (access link), and further investigate the class definitions. For the UL (backhaul link), in case of FR1 multiple classes for FDD and a single class for TDD was suggested. Furthermore, it was agreed to have multiple repeater types. In this contribution, we provide our insights about the above WF items.  
2. Discussion
WF [5], suggested to have independent classes for DL (access) and UL (backhaul), as suggested in [1]. We proposed to introduce classes for DL as it is easier to categorize the RF requirements along with the classes.  In WF it was agreed to have multiple classes for the downlink (access link); however, it was left FFS to decide what are the possible DL class definitions. 
By considering the possible use cases or deployment scenarios of the NR repeaters, initially it is meaningful to follow class definitions of BS/IAB for the repeaters as well. LTE repeaters and other legacy repeaters are static ones, and the performance enhancements achieved by such static repeaters are verified. Unlike other available options to cater a high-speed train, using a repeater for such use case is doubtful. From RAN4 perspective it remains to investigate whether one could achieve the required isolation, gains, and dynamic range for efficient repeater operation in dynamic repeater case. On the other hand, as repeater is simply an amplify and forward device, it needs further investigations to evaluate whether repeater would be useful in high speed train scenario, and this would also need efforts from RAN1 – RAN3. Furthermore, recall that WA, MR, and LA are characterised by the requirements derived from macro cell, micro cell, and pico cell scenarios, respectively [6].  In general, our basic understanding is that NR repeaters would be needed to serve similar deployment scenarios depending on whether it is FR1 or FR2. For example, FR2 deployment scenarios would mostly be MR and LA, but not for WA. 
Having only two classes (defined based on the power levels) will allow transmit with high power where it is not suitable to do so. For example, if a repeater is used to cater an MR deployment scenario, by using high/low power based classification will lead allowing the repeater to transmit with a higher power than it is allowed to do in the MR scenario. Such scenarios would generate coexistence issues specifically in FR1. 
[bookmark: _Ref71043528]Observation 1: Using only two power classes will let the repeater to transmit with higher power levels where it is not suitable to do so. 
Therefore, to keep it less complex and also to flexibly address all the possible deployment scenarios we proposed to introduce only three classes for the DL (access) similar to BS and IAB. Depending on the deployment scenarios, FR2 may not need all the classes, but a subset of them would cover feasible deployments. 
[bookmark: _Ref71043571]Proposal 1: NR repeater classes can be defined as LA, MR, and WA. Specifically, for FR2 it may not require all three classes, but a subset of the defined classes may be used.  
In WF, for the UL (access link) in case of FR1, it was agreed to have multiple classes for FDD and single class for the TDD to align with the objective in [7]. In the sequel, we discuss how the classification can be done for the UL in case of FR2.
Repeater deployment should be carefully planned to maximize the performance. If repeater is too close to the BS (i.e., the access link distance is large), then access link signal strength is low, and would degrade the performance. On the other hand, the repeater cannot be too far from the BS either so that the backhaul SNR becomes a limiting factor. The access and backhaul antenna gains can be carefully selected to achieve the required performance in these links. This implies that there are many parameters to be considered while deciding the classes. We believe that in case of FR2, it is meaningful to have one class for the backhaul link. As WA deployments could be rare for FR2, it makes sense to have MR class for the backhaul link in FR2. 
For access link, two classes is seen beneficial. For example, one deployment scenario is outdoor-to-indoor repeater, and in such case human health aspects of possible high power transmission indoors close to end users would need to be considered.
[bookmark: _Ref71043563]Proposal 2: In case of FR2, the UL (backhaul link) can be classified by one class, given that that the DL (backhaul link) is classified at least with two classes. 
It can be seen that the class definitions depend on whether it is DL (access link)/UL (backhaul link), FR1/FR2, and TDD/FDD. It is meaningful to have different number of classes for DL and UL, but with same categorization. Then, depending on whether it is FR1 and FR2 (depending on FDD or TDD), for some cases all the classes may be useful and some may be redundant. 
[bookmark: _Ref71043578][bookmark: _Ref66953985]Proposal 3: For access link and backhaul link, it is meaningful to define the classes as BS or IAB, i.e., WA, MR, or LA. However, it may not be necessary to have all these classes for access and backhaul links depending on the operating frequency range. We propose to define the classes as shown in Table 1.
Table 1: Possible classes for access and backhaul links for FR1 and FR2
	Frequency range
	Access link (DL)
	Backhaul link (UL)

	FR1
	WA, MR, LA
	WA, MR, LA

	FR2
	MR, LA
	MR

	


Note that using only one class to define both access and backhaul link is not possible for both FR1 and FR2. One example could be, providing coverage to indoor users. In such a case, we must have LA to characterize the access link, and either LA, MR, or WA for backhaul link (depending on the deployment scenario).   
[bookmark: _Hlk71064105]In WF it was agreed to introduce multiple repeater types. This makes sense because unlike in LTE-FDD repeaters where there was only FR1, for NR we have both FR1 and FR2, and repeaters are to be specified for both FR1 and FR2 for Release 17. In NR, BS and IAB nodes are typified mainly based on the radiated or conducted RF requirements for FR1 and FR2. For NR repeaters also, at least repeater types conforming to conducted requirements is needed in FR1 and another type conforming to radiated requirements in FR2. Further investigations are needed to check whether hybrid type is essential or not.    
[bookmark: _Ref71060827][bookmark: _Ref71064311]Proposal 4: Initially, NR repeater types can be defined considering radiated or conducted RF requirements. At least a repeater type conforming to conducted requirements is needed in FR1 and another type conforming to radiated requirements in FR2.
Initially, it could be assumed that two types of repeaters, one of FR1 and one for FR2 would be considered. Hence, these two types could be covered by type 1-C (for FR1) and type 2-O (for FR2). However, in case if there could be a repeater that operates in FR1 and conforms with radiated requirements, then type 1-C would not be suitable because type 1-C does not include the radiated requirements like radiated transmit power and OTA sensitivity. Hence, there should be some flexibility in defining these types, at least in case of identifying a type for radiated FR1 requirements. 
3. Conclusion
In this contribution, we discuss the classes and type definitions for NR. We have made following observations and proposals:
Observation 1: Using only two power classes will let the repeater to transmit with higher power levels where it is not suitable to do so.
Proposal 1: NR repeater classes can be defined as LA, MR, and WA. Specifically, for FR2 it may not require all three classes, but a subset of the defined classes may be used.
Proposal 2: In case of FR2, the UL (backhaul link) can be classified by one class, given that that the DL (backhaul link) is classified at least with two classes.
Proposal 3: For access link and backhaul link, it is meaningful to define the classes as BS or IAB, i.e., WA, MR, or LA. However, it may not be necessary to have all these classes for access and backhaul links depending on the operating frequency range. We propose to define the classes as shown in Table 1.
	Frequency range
	Access link (DL)
	Backhaul link (UL)

	FR1
	WA, MR, LA
	WA, MR, LA

	FR2
	MR, LA
	MR

	


Proposal 4: Initially, NR repeater types can be defined considering radiated or conducted RF requirements. At least a repeater type conforming to conducted requirements is needed in FR1 and another type conforming to radiated requirements in FR2.
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