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1. Introduction
At the RAN#94e meeting, a new SID [1] on “Study on NR Network-controlled Repeaters” was approved. The detailed objectives are 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.



In this contribution, we discuss on side control information to enable NR NCR (Network-controlled Repeater).

2. Side control information
At the RAN1#109-e meeting, side control information to enable NCR was discussed and following agreements were made [2].

	Agreement
At least for FR2, beam information is beneficial and recommended as the side control information for network-controlled repeater to control the behaviour of NCR at least for access link
· FFS: Detailed mechanism of indication.
· Note: There are no supporting evaluation results on FR1 at this point to reach similar conclusion
Agreement
ON-OFF information is beneficial and recommended for network-controlled repeater to control the behaviour of NCR-Fwd.
· FFS: Detailed mechanism of ON-OFF indication and determination
· FFS: explicit indication or implicit indication of ON-OFF information



It was agreed that beam information and ON-OFF information are beneficial and recommended for NCR to control the behavior, and hence detailed features and L1/L2 signaling for these information are discussed in our companion contribution [3]. On the other hand, other potential side control information for NCR are as follows, and necessity of each information is discussed in the following subsections.

· Timing information
· Information on TDD UL-DL configuration
· Power control information

2.1. Timing information
At the RAN1#109-e meeting, the DL receiving and UL transmitting timings were discussed and following agreement was made [2].

	Agreement
For the timing of NCR, the following assumption is considered as baseline:
· The DL receiving timing of the NCR-Fwd is aligned with the DL receiving timing of the NCR-MT.
· The UL transmitting timing of the NCR-Fwd is aligned with the UL transmitting timing of the NCR-MT.
· FFS: the impact of internal delay on the following timing relationships:
· The DL receiving timing and DL transmitting timing of the NCR-Fwd
· The UL transmitting timing and UL receiving timing of the NCR-Fwd



In our assumption, NCR-MT should have at least a capability of time synchronization to gNB as a normal UE e.g., to identify frame/subframe/slot boundaries, and DL receiving and UL transmitting timings of the NCR-Fwd are aligned with that of the NCR-MT. Therefore, NCR should be able to synchronize with gNB without additional timing information via side control information.

Proposal 1: Additional side control information for timing information is not necessary.

The timing gap between DL receiving and DL transmitting timings, and UL receiving and UL transmitting timings were discussed as the internal delay as illustrated in Fig.1. If the internal delay is too large for the NCR operation, additional mechanism, e.g. reporting the amount of internal delay to NW, can be considered. On the other hand, since only analog devices are used for the forwarding operation, it can be assumed that the internal delay is small and it can be treated as a part of propagation delay between gNB and UE. Therefore, additional mechanism to handle the internal delay is not necessary.

Proposal 2: Additional mechanism to handle the internal delay is not necessary since it can be handled as part of propagation delay between gNB and UE.
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Figure 1. Example of Tx/Rx timing of gNB, NW-controlled repeater, and UE

2.2. Information on TDD UL-DL configuration
At the RAN1#109-e meeting, the TDD UL/DL configuration of NCR was discussed and following agreement was made [2]. In addition, at the RAN#96-e meeting, following conclusion was made [4].

	[RAN1 #109-e]
Agreement
For the TDD UL/DL configuration of network controller repeater:
· At least semi-static TDD UL/DL configuration is needed for network-controlled repeater for links including C-link, backhaul link and access link.
· FFS: handling of flexible symbols
· Note1: The same TDD UL/DL configuration is always assumed for backhaul link and access link
· Note2: The same TDD UL/DL configuration is assumed for C-link and backhaul link and access link if NCR-MT and NCR-Fwd are in the same frequency band.

[RAN #96-e]
conclusion:
	RAN chair: RAN1 study will focus on in-band only



It was concluded that in-band operation is focused on the study, and hence it is assumed that the same TDD UL/DL configuration is used for NCR-MT and NCR-Fwd. Therefore, additional side control information for TDD UL/DL configuration is not necessary.

Proposal 3: Additional side control information for TDD UL/DL configuration is not necessary.

2.3. Power control information
Power control information is one of the discussion points for mitigating interference and improving energy efficiency, and following two cases are considered as in Fig.2.
Case 1 : Power control of amplify-and-forwarding signal
Case 2 : Power control for mitigating interference and energy efficiency

Concerning Case 1, DL Tx power control for NCR may be left to NCR implementation, since NW may not have sufficient information regarding the appropriate DL power of NCR, e.g., whether DL Tx power of NCR is not sufficient or even too much. Even for gNB, DL Tx power control is not typical use case for current NW deployment. On the other hand, UL Tx power control is beneficial to mitigate UL interference. If NCR always forwards UL signals with fixed e.g., maximum output power, the signals may interfere to UL signals from UEs at gNB. The NCR UL Tx power can be derived by the combination of “NCR-Fwd input power” and “NCR-Fwd amplifier gain”, and following two options can be considered to control the NCR UL Tx power.
Option 1: Control NCR input power (= control UE’s UL Tx power via legacy UE power control mechanism)
Option 2: Control NCR-Fwd amplifier gain via side control information

To control the NCR UL Tx power, using legacy UL power control mechanism for UE is a simple and sufficient way, and hence additional mechanism to control NCR-Fwd amplifier gain seems not necessary.

Concerning Case 2, NCR Tx power control is a way to mitigate interference and improve NCR energy efficiency. On the other hand, ON-OFF switching indicated via side control information is a simple way to handle this case. Therefore, additional mechanism to control the NCR Tx power is not necessary. Based on the discussion, we made following proposal.

Proposal 4: Additional side control information for power control is not necessary since legacy UL Tx power control for UE and ON-OFF information for NCR would be sufficient for interference mitigation and energy efficiency.
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Figure 2. Two cases of NCR amplified signals.

3. Conclusion
In this contribution, we discussed side control information to enable NR network-controlled repeaters. Based on the discussion we made the following proposals.

Proposal 1: Additional side control information for timing information is not necessary.
Proposal 2: Additional mechanism to handle the internal delay is not necessary, since it can be handled as part of propagation delay between gNB and UE.
Proposal 3: Additional side control information for TDD UL/DL configuration is not necessary.
Proposal 4: Additional side control information for power control is not necessary since legacy UL Tx power control for UE and ON-OFF information for NCR would be sufficient for interference mitigation and energy efficiency.
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