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Introduction
In RAN#94-e meeting, a study item on NR network-controlled repeaters is approved and the corresponding description is provided in [1]. According to the SID, the study on side control information required for network-controlled repeater (NCR) and L1/L2 signaling to carry the side control information are included in the scope as follows. 
	The study on NR network-controlled repeaters is to focus on the following scenarios and assumptions:
· Network-controlled repeaters are inband RF repeaters used for extension of network coverage on FR1 and FR2 bands, while during the study FR2 deployments may be prioritized for both outdoor and O2I scenarios.
· For only single hop stationary network-controlled repeaters
· Network-controlled repeaters are transparent to UEs
· Network-controlled repeater can maintain the gNB-repeater link and repeater-UE link simultaneously
NOTE1: Cost efficiency is a key consideration point for network-controlled repeaters.

Study and identify which side control information below is necessary for network-controlled repeaters including assumption of max transmission power [RAN1]
· Beamforming information
· Timing information to align transmission / reception boundaries of network-controlled repeater
· Information on UL-DL TDD configuration
· ON-OFF information for efficient interference management and improved energy efficiency
· Power control information for efficient interference management (as the 2nd priority)
Study and identify L1/L2 signaling (including its configuration) to carry the side control information [RAN1]

Study the following aspects of network-controlled repeater management
· Identification and authorization of network-controlled repeaters [RAN2, RAN3]
NOTE2: Coordination with SA3 may be needed.



Discussion
In this contribution, we discuss the considerable operating scenarios for NR NCR especially regarding multi-carrier operation and mTRP operation.

Multi-carrier operation in NCR
The purpose of the introducing of NCR in NR is to consider the beamforming characteristics in the repeater for the expansion of coverage. At the same time, transparency of NCR to UE should be ensured since it is basically a repeater. That is, UE who is being served by a NCR is not forced to specific behaviour or any certain behaviour of UE is not bounded compared to UE who is being directly served by gNB. In that perspective, it can be considered that a UE who is under coverage of NCR transmits and receives data from NCR with multiple carrier (CA) for throughput improvement. It should be noted that it is different from the Rel-17 NR coverage enhancement scenario that CA is not included in the work scope based on the idea that the received SNR is likely to be not good enough to configure CA, since the NCR basically amplify and forward signals between a UE and a gNB. In short, considering the purpose of multiple carrier is throughput improvement which is basically same with the purpose of NCR, multiple carrier operation should be considered for NCR. The example of NCR operation based on multi-carrier is shown in Figure 1.
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Figure 1. Example of multi-carrier operation in NCR

Therefore, the technical discussion for the behaviour of RU relaying a UE who is served by multiple carrier considering structure of NCR is needed. It is our understanding that NCR have two parts; MT and RU. The function and role of MT and RU is presented in our companion contribution [2]. Briefly speaking, RU is a unit that simply amplify and forward signals and channels without direct data communication with gNB. On the other hand, MT is a unit that directly communicate with gNB to receive control information that is to be applied to RU. From that background, following should be considered.
First, it should be discussed whether both of RU and MT is going to be operated with multiple carrier or only RU is going to be operated with multiple carrier and MT with single carrier. In other words, since the MT is in charge of controlling RU, it can be considered that MT is configured with multiple carrier to control multiple carrier of RU. Alternatively, it can be considered that only single carrier is assigned for MT even it contains control information of the multiple carrier of RU. Both of options should be carefully discussed.
Another aspect should be discussed is whether the carrier resources of MT and those of RU needs association or NCR can be operated in independent carrier resource configurations between MT and RU. Since the MT and RU are co-located single node, association of resource configuration between them can be considered on the purpose of the reduction of signalling overhead. On the other hand, separate/independent resource configuration can be considered for reliability of each links. 
Last but not least, whether side control information is applied common to multiple carriers of RU or separately configured to each of carriers should be decided. It should be carefully designed considering trade-off relationship between perspective of signalling overhead reduction and flexible configuration. More importantly, whatever to be selected should be aligned to agenda item 9.8.2 since it is closely related to indication methodology for side control information to RU carrier.

Proposal 1: NCR operation to serve UE with multiple-carrier should be discussed.
· Whether MT and RU operates in multiple carrier basis
· Whether carrier resources between MT and RU is associated
· Whether side control information is applied to multiple carrier of RU separately or commonly

mTRP operation for NCR
The main difference between conventional repeater and NCR is beam based operation is applied or not. To exploit the advantage of beam based operation, it can be considered that NCR is operating based on connection to multiple TRPs. Also, mTRP operation for NCR has potential benefit that it can improve reliability and/or throughput of UE perspective. Therefore it is natural to discuss mTRP operation for NCR. The example of mTRP operation for NCR is shown in Figure 2. In such case, conventional mTRP environment, that is, same cell ID or different cell ID, is to be considered and it should be the base line for discussion of mTRP operation for NCR. 
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Figure 2. Example of mTRP operation for NCR

Based on that, following technical issues are need to be discussed for considering mTRP operation in NCR. 
First thing to be considered to supports mTRP operation for NCR is that from which of TRPs among multiple TRPs, MT receives the side control information for RU behaviour should be decided. If it is not defined, side control information from multiple TRPs can be conflicted in case the real-time coordination between TRPs is hard to be assumed, which needs resolution techniques. To be specific, it can be considered that each of TRPs indicate side control information independently for amplify-and-forwarding operation of signal/channels that each of TRPs transmitted. On the other hand, only one of TRP among them can be configured to indicate side control information for relaying all of the signal/channels that TRPs transmitted. For the first case, i.e., in case of separate configuration of side control information, side control information can conflict each other which need further resolution. Considering those aspects and to avoid unnecessarily complicated rules for resolution, it should be discussed to define NCR is going to receive side control information from which TRP in case of mTRP operation for NCR.
[bookmark: _GoBack]Another considerable scenario of mTRP operation for NCR is TRP switching. Considering TRP switching of NCR in UE perspective who is being served by that NCR, only TRP-repeater link is switched while repeater-UE link can be maintained. To support such TRP switching while maintaining repeater-UE link needs to be discussed.

Proposal 2: Discuss mTRP operation for NCR.
· TRP for transmitting side control information of NCR
· TRP switching of NCR maintaining repeater-UE link while switching

Summary
In this contribution, we discussed on specifications of network controlled repeater. From the discussion, we obtained following proposal:

Proposal 1: NCR operation to serve UE with multiple-carrier should be discussed.
· Whether MT and RU operates in multiple carrier basis
· Whether carrier resources between MT and RU is associated
· Whether side control information is applied to multiple carrier of RU separately or commonly
Proposal 2: Discuss mTRP operation for NCR.
· TRP for transmitting side control information of NCR
· TRP switching of NCR maintaining NCR-UE link while switching
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