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1. Introduction
The WID for NR network-controlled repeaters (NCR) was agreed in RAN 97-e [1]. The WI is a RAN1-led item, and the impacts are on RAN1, RAN2, RAN3, and RAN4. In [1] it has been agreed to study and specify the RF and EMC requirements of NCR in RAN4 if necessary. Additionally, two notes were added as follows: 
· Note 1: The existing requirements defined in RAN4 can be reused if applicable.
· Note 2: The work in RAN4 for beam related is expected to start on FR2 first.
In this contribution, by observing TR 38.867 [2] and RAN1 #110 agreements [3], we provide a general overview of the additional specification work to be done for Rel.18 NCR RF-core requirements compared to the specification work completed in Rel.17 repeater RF core requirements, and included in specification TS 38.106.  
2. Discussion
A conceptual model of a network-controlled repeater is shown below [2].
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	[bookmark: _Ref115092528]Figure 1: Conceptual model of a Network-controlled repeater [2].



The NCR consists of two entities. The NCR-MT is defined as a functional entity to communicate with a gNB via a Control link (C-link) to enable exchange of control information (e.g., side control information at least for the control of NCR-Fwd). The NCR-Fwd is defined as a functional entity to perform the amplify-and-forwarding of UL/DL RF signal between gNB and UE via backhaul link and access link. The behaviour of the NCR-Fwd will be controlled according to the received side control information from gNB [2]. Furthermore, it has been agreed that at least one of the NCR-MT’s carrier(s) should operate in the frequency band forwarded by the NCR-Fwd. And the NCR-MT and NCR-Fwd operating in the same frequency band is prioritized for the study [2]. Thus, compared to the basic RF repeater studied in Rel.17, one main difference in the NCR is the existence of NCR-MT (mobile termination part) of it.
Observation 1: Compared to the Rel.17 repeater one main difference in the Rel.18 NCR is the existence of the NCR-MT in the NCR. 
In Rel.17, the RF core requirements were categorized and specified based on the repeater classes and types [4]. In case of Rel.18 NCR, it has NCR-Fwd and NCR-MT parts. RF core requirements for NCR-Fwd part may be similar to that of Rel.17 repeater. Hence, it would be meaningful to identify the repeater classes and types suitable for NCR-Fwd part. Then, mapping the requirements from Rel.17 repeaters to Rel.18 NCR could be done with a minimum effort.
Proposal 1: Identify the repeater classes and types which are suitable for Rel.18 NCR-Fwd, and then map the requirements from Rel.17 to Rel.18 to identify the missing requirements that need to be specified in Rel.18. 
For NCR-MT, as a starting point, it would be good to investigate whether it is required or not to specify RF-core requirements for the NCR-MT. Although the Figure 1 above indicates that there could be both way communications between the NCR-MT and gNB, in RAN1 it has not been agreed still whether the NCR-MT needs to have a feedback channel or not, i.e., the existence of uplink direction communication between the NCR-MT and the gNB is yet to be decided. 
Observation 2: Currently, there is no agreement in RAN1 whether it is essential to have an uplink communication channel between the NCR-MT and gNB.
Hence, if NCR-MT is not transmitting and if the NCR-MT RF-core requirements are to be specified, then the transmitted related core requirements need not to be specified; it would be sufficient to specify the receiver related RF-core requirements. 
Proposal 2: If the NCR-MT does not have a UL communication channel (i.e., it does not transmit towards the gNB frequently), then it would be sufficient to specify only the receiver related RF-core requirements.
Proposal 3: It is beneficial to know the NCR-MT capability (i.e., only reception or both transmission and reception capable) from RAN1 as quickly as possible in order to recognize the RF-core requirements for NCR-MT part.  
In case, if the NCR-MT does not have an UL communication channel, we believe it would still be beneficial to assign a class and type for NCR-MT part. Then, by analysing the already specified requirements for that particular matching class and type, one can easily define a subset of requirements from those requirements to match with the NCR-MT part.  
In case, if the NCR-MT does both transmission and reception, then a natural starting point for specifying the RF-core requirements could be to identify the relevant classes and types for NCR-MT. In our view, this could be done relying on the class and type applied for the NCR-Fwd part of that particular NCR. For example, if the NCR-Fwd part’s class and type are LA and Type 2-O, respectively, we may use the same class and type for the NCR-MT as well, unless we find a specific reason to do so.     
Observation 3: In case if the NCR-MT does both transmission and reception, the class and the type of the NCR-MT could be the same as those of the NCR-Fwd part, unless there is any specific reason to do so.
Another agreement made related to the transmission/reception of C-link and backhaul link is as follows [2]:
	For the transmission/reception of C-link and backhaul link by NCR,
· The DL of C-link and DL of backhaul link can be performed simultaneously or in TDM way
· The UL of C-link and UL of backhaul link can be performed in TDM way.
The multiplexing is under the control of gNB with consideration for NCR capability and simultaneous transmission of the UL of C-link and UL of backhaul link is also subject to NCR capability.



As can be seen from the above agreement, in case of DL, simultaneous transmissions of DL signals over C-link and the backhaul link and also time division multiplexing of these two transmissions are possible. In case of UL, C-link and backhaul link transmissions are possible using TDM approach, but simultaneous transmission of the UL of C-link and UL of backhaul link may be possible depending on the NCR capability. Hence, simultaneous transmissions of C-link and Fwd-link either in DL or UL direction are not discarded, but they depend on the NCR capabilities. Thus, it would be meaningful to investigate whether there are any impacts of simultaneous transmissions of C-link and backhaul link on RAN4 specifications.
Proposal 4: It would be meaningful to investigate whether there are any impacts on RAN4 specifications when the DL of C-link and backhaul link transmissions occur simultaneously and also the UL of C-link and backhaul link transmissions occur simultaneously. 
Furthermore, according to RAN1 meeting #110 agreements [3], it is still to be investigated further (before specifying) whether using adaptive beams for the control link (C-link) could be adopted. If adaptive beamforming is supported in the C-link then that is also a main difference to be considered in NCR RAN4 specification, compared to the Rel.17 repeaters. 
Observation 4: In case if adaptive beamforming is supported in the C-link (i.e., if RAN1 agrees to specify), that should also be considered in Rel.18 RAN4 RF-core specifications. 
3. Conclusion
In this contribution, we have provided a general overview about what are the areas to be considered for Rel.18 NCR RF-core specification, compared to the Rel.17 repeater core-specification. We have made following observations and proposals:
Observation 1: Compared to the Rel.17 repeater one main difference in the Rel.18 NCR is the existence of the NCR-MT in the NCR. 
Proposal 1: Identify the repeater classes and types which are suitable for Rel.18 NCR-Fwd, and then map the requirements from Rel.17 to Rel.18 to identify the missing requirements that need to be specified in Rel.18. 
Observation 2: Currently, there is no agreement in RAN1 whether it is essential to have an uplink communication channel between the NCR-MT and gNB.
Proposal 2: If the NCR-MT does not have a UL communication channel (i.e., it does not transmit towards the gNB frequently), then it would be sufficient to specify only the receiver related RF-core requirements.
Proposal 3: It is beneficial to know the NCR-MT capability (i.e., only reception or both transmission and reception capable) from RAN1 as quickly as possible in order to recognize the RF-core requirements for NCR-MT part.  
Observation 3: In case if the NCR-MT does both transmission and reception, the class and the type of the NCR-MT could be the same as those of the NCR-Fwd part, unless there is any specific reason to do so.
Proposal 4: It would be meaningful to investigate whether there are any impacts on RAN4 specifications when the DL of C-link and backhaul link transmissions occur simultaneously and also the UL of C-link and backhaul link transmissions occur simultaneously. 
Observation 4: In case if adaptive beamforming is supported in the C-link (i.e., if RAN1 agrees to specify), that should also be considered in Rel.18 RAN4 RF-core specifications. 
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