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Introduction
In the latest RAN#97e meeting, the work item [RP-222673] on NR network-controlled repeater was approved after the completion of study item phase led by RAN1. In this contribution, we want to share some further considerations on RF diagrams for NCR in Rel-18.
	Issue 1-3-3: RF diagram for NCR
· Agreement: Option 2 [CATT] as starting points, further work on the refinement. 
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2.1. RF diagram for NCR
In the current specification for repeater [TS38.106] or NR BS [38.104] or IAB [38.174], there are some generic RF diagrams to illustrate the reference point to specify the RF requirement as shown in Figure 4.2.1-1 and 4.2.1-2 extracted from TS 38.106.
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Figure 1: Repeater type 1-C downlink and uplink interface [ Figure 4.2.1-1 from TS 38.106]
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Figure 2: Radiated reference points for repeater type 2-O [Table 4.2.2-1 from TS38.106]
For Rel-18 NCR, it’s also necessary to illustrate those generic diagram where to specify the RF requirement for NCR-MT and NCR-Fwd link. 

In the following figures, we provide the generic diagram for Rel-18 NCR type 1-C, 1-H, 1-O and 2-O on top of version [15]. It should be noted that for NCR type 1-C, we only consider radio transceiver instead of radio transceiver unit array since radio transceiver unit array is more for AAS or type 1-H device.
In addition, it should be noted that it was agreed that shared or separate connector between NCR-MT and NCR-Fwd link should be left up to the implementation. In other words, the antenna connector for NCR-MT and NCR-Fwd backhual link in Figure 3 and TAB connector for NCR-MT and NCR-Fwd backhual link in Figure 4 could be the same or separate. 
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Figure 3. network controlled repeater type 1-C downlink and uplink interface
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Figure 4. network controlled repeater type 1-H downlink and uplink interface
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Figure 5. Radiated reference points for network controlled repeater type 1-O and 2-O
Proposal 1: to use the generic figure as shown in Figure 3, Figure 4 and Figure 5 for NCR in Rel-18.
In addition, based on the previous discussions for declaration of NCR types in RAN4 as shown in Figure 6, the device types for NCR-MT and NCR-Fwd backhaul link and NCR-Fwd access link could be different within one equipment (e.g. NCR-MT type 1-C and NCR-Fwd type 1-H or NCR-MT type 1-C, NCR-Fwd type 1-C at backhual link, NCR-Fwd type 1-H at access link). In other words, some combinations between different NCR-MT, NCR-Fwd types are also possible in practice. However if we consider all the potential combinations including class declaration and device type declarations, then the total combinations could be up to 9x9x6 for FR1 NCR which is extremely high for specification work in RAN4, In order to simplify the specification and focus on more practical implementations, it’s suggested to have such kind of clarification note in the NCR types instead of explicitly specify in the specification.
Proposal 2: propose to add the clarification note in the specification to allow the combination of different NCR-MT and NCR-Fwd types. 
NOTE 1: the combinations between different NCR-MT, NCR-Fwd types are not precluded by the specification.
In addition, regarding the separate class declarations for NCR-Fwd backhaul link and access link, NCR-MT. First of all, in the Rel-17 repeater conformance testing spec, repeater class declaration is per device not per backhual link or access link. For Rel-18 NCR, the additional functionality for NCR-Fwd part is for dynamic beam control and ON-OFF switch capability, therefore we don’t see much necessity to further discuss different class declarations for NCR-Fwd in Rel-18 which is also not aligned with Rel-17 repeater class declaration framework. 
	Declaration identifier
	Declaration
	Description

	D.1
	Repeater class
	Repeater class of the repeater, declared as Wide Area repeater, Medium Range repeater, or Local Area repeater.



Proposal 3: to declare single class for NCR-Fwd which is applicable for both backhual link and access link. 
Regarding the necessity of separate class declarations for NCR-Fwd and NCR-MT, based on the current IAB class declarations, it seems workable to have the separate declaration for NCR-MT and NCR-Fwd link especially considering that NCR-Fwd have one more MR class than NCR-MT part. 
	Declaration identifier
	Declaration
	Description
	Applicability

	
	
	
	IAB-DU type 
1-H
	IAB-MT type 
1-H

	D.1
	IAB requirements set
	Declaration of one of the IAB requirement's set as defined for IAB type 1-H.
	x
	x

	D.2
	IAB class
	IAB class of the IAB, declared as Wide Area IAB, Medium Range IAB, or Local Area IAB.
	x
	x



Proposal 4: to declare the separate declaration class for NCR-Fwd and NCR-MT similar as Rel-16 IAB.
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Figure 6. combination of NCR declaration (e.g. class combinations and type combinations)
Conclusions
In this contribution, we want to share further views on how to capture the NCR repeater types into specification and proposals are made as following:
Proposal 1: to use the generic figure as shown in Figure 3, Figure 4 and Figure 5 for NCR in Rel-18.
Proposal 2: propose to add the clarification note in the specification to allow the combination of different NCR-MT and NCR-Fwd types. 
NOTE 1: the combinations between different NCR-MT, NCR-Fwd types are not precluded by the specification.
Proposal 3: to declare single class for NCR-Fwd which is applicable for both backhual link and access link. 
Proposal 4: to declare the separate declaration class for NCR-Fwd and NCR-MT similar as Rel-16 IAB.
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4.2.1	Repeater type 1-C
For repeater type 1-C, the requirements are applied at the repeater antenna connector (BS-side connector or UE-side connector) for downlink or uplink for the configuration in normal operating conditions. 
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Figure 4.2.1-1: Repeater type 1-C downlink and uplink interface
4.2.1A	Network controlled Repeater type 1-C
For NCR type 1-C, the NCR-Fwd RF requirements are applied at the NCR antenna connector (BS-side connector or UE-side connector) for downlink or uplink for the configuration in normal operating conditions.
For NCR type 1-C, the NCR-MT RF requirements are applied at the NCR antenna connector (BS-side connector) for the configuration in normal operating conditions.
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Figure 4.2.1-1A: Network controlled Repeater type 1-C downlink and uplink interface
NOTE 1: the combinations between different NCR-MT, NCR-Fwd types are not precluded by the specification.
4.2.1B	Network controlled Repeater type 1-H
For NCR type 1-H, the requirements are defined for two points of reference, signified by radiated requirements and conducted requirements.
For NCR type 1-H, the NCR-Fwd conducted RF requirements are applied at the NCR individual or groups of TAB connectors at the transceiver array boundary (BS-side TAB connector or UE-side TAB connector) for downlink or uplink for the configuration in normal operating conditions.
For NCR type 1-H, the NCR-MT conducted RF requirements are applied at the NCR individual or groups of TAB connectors at the transceiver array boundary (BS-side TAB connector) for the configuration in normal operating conditions.
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Figure 4.2.1-1B: Network controlled Repeater type 1-H downlink and uplink interface
NOTE 1: the combinations between different NCR-MT, NCR-Fwd types are not precluded by the specification.
4.2.1C	Network controlled Repeater type 1-O
For NCR type 1-O, the radiated characteristics for NCR-Fwd and NCR-MT are defined over the air (OTA), where the operating band specific radiated interface is referred to as the Radiated Interface Boundary (RIB). Radiated requirements are also referred to as OTA requirements. The (spatial) characteristics in which the OTA requirements apply are detailed for each requirement.
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Figure 4.2.1-1C: Network controlled Repeater type 1-O downlink and uplink interface
NOTE 1: the combinations between different NCR-MT, NCR-Fwd types are not precluded by the specification.
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For repeater type 2-O, the radiated characteristics are defined over the air (OTA), where the operating band specific radiated interface is referred to as the Radiated Interface Boundary (RIB). Radiated requirements are also referred to as OTA requirements. The (spatial) characteristics in which the OTA requirements apply are detailed for each requirement.
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Figure 4.2.2-1: Radiated reference points for repeater type 2-O 
4.2.2A	Network controlled Repeater type 2-O
For NCR type 2-O, the radiated characteristics for NCR-Fwd and NCR-MT are defined over the air (OTA), where the operating band specific radiated interface is referred to as the Radiated Interface Boundary (RIB). Radiated requirements are also referred to as OTA requirements. The (spatial) characteristics in which the OTA requirements apply are detailed for each requirement.
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Figure 4.2.2-1A: Radiated reference points for network controlled repeater type 2-O 
<End of TP>
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