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1. [bookmark: _Ref71097411]Introduction
In the WF of repeater classes and types, the following agreements were made [1]. 
· In case of DL for FR1 and FR2, the following agreements were made:
	· Agreement: at least 2 classes as the baseline for at least FR1 
· Also introduce for FR2 if there is any differentiation in DL related requirements between the scenarios/classes. If no requirement differentiation between scenarios, no need for FR2 downlink scenarios/classes.
· Class for [Local area/Pico deployment] shall be introduced
· FFS whether [Medium/Micro], [wide area/Macro] and /or [Home/Femto] can be introduced  
· Further discuss on 
· how to differentiate the 2 (or 3) classes:
· use the similar same approach as BS/IAB class definition with deployment scenario (e.g. Local Area, Medium Range, Wide Area); Further discuss the associated deployment scenario with Repeater class definition 
· whether a 3rd class is also needed depending on whether FR1 (or FR2).
· Further discuss on co-existence of the proposed classes



· In case of UL for FR1 FDD/TDD, consider the following agreements:
	· Agreement: at least 2 classes as the baseline
· Class for [LA/Pico deployment] will be included
· FFS for other class(es)
· The same principle of how to define/differentiate class also apply for FR1 TDD UL
· Further discuss on 
· how to differentiate the 2 classes
· use the similar approach as IAB class definition with deployment scenario description (e.g. planned/unplanned with a subset of WA/MR/LA); Further discuss the associated deployment scenario with Repeater UL class definition 
· whether a 3rd class is also needed.



· In case of UL for FR2, the following WF was agreed 
	· Agreement
· Introduce two classes, one class with maximum power limited by PC1 and the other without power limit
· Further discuss on how to define class
· Option 1: Similar approach to IAB; i.e. formal class definition (e.g. MR) with deployment scenario description (e.g. planned/unplanned); Further discuss the associated deployment scenario with Repeater UL class definition 



· RAN4 also agreed to introduce types 1-C and 2-O, and further discussions are needed to see whether the types 1-H and 1-O are needed or not.  
[bookmark: _Hlk70943981]In this contribution, we provide our insights about the above WF items.  
2. Discussion
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. Note that WA, MR, and LA are characterised by the requirements derived from macro cell, micro cell, and pico cell scenarios, respectively [2].  In general, NR repeaters would be needed to serve similar deployment scenarios depending on whether it is FR1 or FR2.
[bookmark: _Hlk75855238]2.1. DL (Access) FR1
In case of DL (i.e., access link) FR1, there are three possible options to down select two classes out of the available three classes.
[bookmark: _Ref75878173]Observation 1: Two possible options for DL (access) FR1 could be 
· Option 1: WA and LA à WA deployment to serve MR requirements 	
· Option 2: WA and LA à WA to serve for MR requirements 
· Option 3: WA and MR à MR deployment to serve LA requirements
One possible deployment scenario of the repeaters is indoor-to-outdoor use case, and hence, the selected classes should be well suited accommodating the requirements of a repeater that is used in such a use case. In that sense, LA class must be considered as a mandatory one. Operator planned LA deployment may not be the only option given the lower power level of this class. However, if a large number of such deployments are viable or required in certain areas, then we also need to investigate whether the aggregate interference generated by a huge number of LA repeaters would generate coexistence issues in those areas.
In case if it is difficult to differentiate between the WA and MR deployment scenarios or if the MR deployment scenarios are rare, it makes sense to consider WA class to serve the MR requirements. As the WA class repeaters allow high transmit power among all the other classes, operator deployed WA repeater deployment may also help to reduce the coexistence issues. 
By considering the above facts, for DL FR1 we propose the following: 
[bookmark: _Ref79073468][bookmark: _Ref75899324]Proposal 1: For DL (access) FR1, we propose to have WA and LA repeater classes. 
2.2. DL (Access) FR2
In case of DL FR2, the main point is to identify whether there is any differentiation in DL related requirements between the scenarios/classes. Then, it is also needed to check whether the requirements are different for DL (access) and UL (backhaul). We have noted in the IAB [2] and BS [3] specifications for FR2 in radiated transmitter characteristics sections (Chapter 9), the ACLR and CACLR limits and absolute limits are categorized based on the deployment scenarios (i.e., WA and LA) and BS/IAB types. Further categorizations are also visible based on whether IAB-DU or IAB-MT. For example, see Table 9.7.3.3-1 to Table 9.7.3.3-5 in [2]. It turns out that the requirements for repeater DL FR2 could also be different depending on the deployment scenario and also on the type. 
[bookmark: _Hlk75869235][bookmark: _Ref75899335]Observation 2: BS and IAB specifications have categorized the radiated requirements (e.g., ACLR and CACLR) for DL and UL FR2 separately, based on the deployment scenarios and the IAB or BS types.  
[bookmark: _Ref76033274][bookmark: _Ref76038478]Observation 3: For FR2 type 2-O repeaters, there is no upper limit for the rated carrier TRP output power.   
[bookmark: _Ref76031858][bookmark: _Ref76038481]Observation 4: There are no radiated requirements categorizations for IAB-DU FR2 MR deployment scenario [2].   
Furthermore, the outdoor to indoor use case is a special case, and hence LA type of a class would be essential. With these observations, we believe that some sort of repeater classification is essential in DL (access) FR2. Having only one class, e.g., LA, is not enough considering the possible repeater deployment requirements. Hence, in addition to LA, the other suitable option could be WA, because 1) with WA deployments we could also serve the MR deployment cases, 2) we could easily follow the IAB spec to define the relevant requirements for WA (for MR there are no such defined requirements, see Observation 5), Thus, we propose the following classes for DL FR2. 
[bookmark: _Ref75899369]Proposal 2: For DL (access) FR2, we propose to have LA and WA repeater classes.
2.3. UL (Backhaul) FR1 & FR2
Repeater deployments 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 having decided the feasible DL classes for FR1 and FR2, the selection of UL classes for FR1 and FR2 may depend on the selection of the DL classes.
[bookmark: _Ref75899378]Observation 5: The UL class selection for FR1 and FR2 could be dependent on what classes have been selected for the DL FR1 and FR2, respectively.  
[bookmark: _Ref75980930]Observation 6: There is no MR class for IAB-MT for both FR1 and FR2.  
For the UL (backhaul) FR1, it was agreed to have at least two classes as the baseline, and LA is one selected class. We believe the other suitable class could be the WA class. With WA class repeaters, the MR use cases could be covered, by controlling the UL transmission power if needed. 
[bookmark: _Ref79073533][bookmark: _Ref75899390]Proposal 3: For UL (access) FR1, we propose to have LA and WA repeater classes. 
In case of UL FR2, it has been agreed to have one class with maximum power limited by PC1 and the other one without a power limit. However, FFS allows to define the classes, for e.g., similar to the IAB formal class definition. For UL, we have noted in the IAB specification [2], ACLR/CACLR requirements are defined for WA IAB-MT class for type 2-O (see Tables 9.7.3.3-1 to 9.7.3.3-5). Furthermore, the UL IAB-MT ACLR/CACLR requirements for LA and WA classes are different. 
[bookmark: _Ref76038567]Observation 7: In case of UL IAB-MT FR2, the ACLR/CACLR requirements for LA and WA classes are different.  
In WF, it has already decided repeater type 2-O is a suitable option (although others are not precluded yet). WF suggests to introduce two classes, one class with maximum power limited by PC1 and the other without power limit. Recall that for type 2-O, there is no an upper limit for the rated carrier TRP output power (see Observation 4).
Here, we can introduce LA class, with the power confined by PC1 power level. Another option could be (to be consistent with IAB and BS specs) to use the IAB or BS LA type 1-O power level. Then for the other class option, we may have WA class with no power limitations. But, since there is no upper power limits for WA class, it may be good to have operator deployed WA repeaters. 
[bookmark: _Ref75899399]Proposal 4: For UL (access) FR2, we propose to have LA and WA repeater classes. 
[bookmark: _Ref75899404]Proposal 5: For DL (access link) and UL (backhaul link), 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, LA
	WA, LA

	FR2
	WA, LA
	WA, LA



As mentioned above, the WA class can be used as a replacement for the DL and UL of MR class for FR1 and FR2 cases. However, due to the unlimited or high power transmissions of WA repeaters and also due to the possible nature of deployments, it may need of WA repeaters to be operator deployed. 
[bookmark: _Ref79073594]Proposal 6: It is meaningful to have operator deployed and controlled repeaters wherever it is possible; at least such operator controlled deployments should be used for WA class repeaters.
3. Conclusion
In this contribution, we discuss the classes and type definitions for NR. We have made following observations and proposals:
Observation 1: Two possible options for DL (access) FR1 could be
· Option 1: WA and LA à WA deployment to serve MR requirements 	
· Option 2: WA and LA à WA to serve for MR requirements 
· Option 3: WA and MR à MR deployment to serve LA requirements
Proposal 1: For DL (access) FR1, we propose to have WA and LA repeater classes.
Observation 2: BS and IAB specifications have categorized the radiated requirements (e.g., ACLR and CACLR) for DL and UL FR2 separately, based on the deployment scenarios and the IAB or BS types.
Observation 3: For FR2 type 2-O repeaters, there is no upper limit for the rated carrier TRP output power.
Observation 4: There are no radiated requirements categorizations for IAB-DU FR2 MR deployment scenario [2].
Proposal 2: For DL (access) FR2, we propose to have LA and WA repeater classes.
Observation 5: The UL class selection for FR1 and FR2 could be dependent on what classes have been selected for the DL FR1 and FR2, respectively.
Observation 6: There is no MR class for IAB-MT for both FR1 and FR2.
Proposal 3: For UL (access) FR1, we propose to have LA and WA repeater classes.
Observation 7: In case of UL IAB-MT FR2, the ACLR/CACLR requirements for LA and WA classes are different.
Proposal 4: For UL (access) FR2, we propose to have LA and WA repeater classes.
Proposal 5: For DL (access link) and UL (backhaul link), 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, LA
	WA, LA

	FR2
	WA, LA
	WA, LA



Proposal 6: It is meaningful to have operator deployed and controlled repeaters wherever it is possible; at least such operator-controlled deployments should be used for WA class repeaters.
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