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1. Introduction
In the RAN plenary #94e meeting, a study item entitled “Study on NR Network-controlled Repeaters” with the following scope regarding side control information was endorsed [1].
	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)


In this contribution, we present our views on the issues that are still open for discussion regarding these side control information in the study item phase of the NR network-controlled repeater (NCR).
2. Discussion

2.1. UL-DL TDD configuration
In the RAN WG1 #109-e meeting, the following agreement was made upon for TDD UL/DL configuration, one of the candidates for side control information.
	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.


First, in this agreement it is necessary to clarify again what “semi-static TDD UL/DL configuration” corresponds to. The “semi-static TDD UL/DL configuration” can be at least considered to correspond to the information in the RRC message “tdd-UL-DL-ConfigurationCommon,” which is commonly broadcast in a cell. With this message, all symbols are commonly set to be one of downlink, uplink, and flexible symbols in the cell.
Furthermore, for individual UEs the symbols which are set to be “flexible” by tdd-UL-DL-ConfigurationCommon are set to be one of downlink, uplink, and flexible symbols semi-statically by the RRC message “tdd-UL-DL-ConfigurationDedicated,” which is dedicatedly notified to each UE. Here, we assume the case where multiple UEs communicate with a gNB via one NCR as shown in Figure 1. In this case, it is possible in the NR specification that downlink, uplink, and flexible symbols are set to the UEs with tdd-UL-DL-ConfigurationDedicated of different UL/DL patterns. Hence, when the UEs communicate with the gNB via the NCR, for example, in a time-division multiple access, the symbols which are set to be “flexible” in tdd-UL-DL-ConfigurationCommon can become downlink or uplink symbols from time to time for the NCR, depending on the communicating UEs. That is, the information corresponding to tdd-UL-DL-ConfigurationDedicated which is notified to each UE is not semi-static information for the NCR and is not included in the semi-static TDD UL/DL configuration for the NCR.
Observation 1: The information corresponding to tdd-UL-DL-ConfigurationDedicated which is notified to each UE is not semi-static information for the NCR and is not included in the semi-static TDD UL/DL configuration for the NCR.
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Figure 1
The case where multiple UEs communicate with a gNB via one NCR with different dedicated TDD UL/DL configurations.
In addition to tdd-UL-DL-ConfigurationDedicated, DCI format 2_0 also allows symbols which are set to be “flexible” in tdd-UL-DL-ConfigurationCommon to be set to downlink or uplink symbols for each UE. Since tdd-UL-DL-ConfigurationDedicated and DCI format 2_0 for UEs are simply forwarded by the NCR-Fwd, the NCR cannot understand their contents. That is, even if a UE which connects to a gNB via the NCR interprets the flexible symbols as downlink or uplink symbols and tries to communicate with the gNB using those symbols, the NCR cannot know the link direction of those symbols, and it means that it is impossible to relay signals / channels on those symbols appropriately. Therefore, in order to dynamically use flexible symbols as downlink or uplink symbols, side control information to inform the NCR of the link direction is also needed.
However, the above-mentioned cases, that is, the cases when the different tdd-UL-DL-ConfigurationDedicated configurations are configured for different UEs and TDD patterns are flexibly changed by DCI format 2_0, are hardly used in actual networks. Hence, specifying side control information to dynamically use flexible symbols for downlink and uplink symbols can be done if there is room in the time unit in work item phase. Also, if side control information is not specified to dynamically use flexible symbols for downlink and uplink, it would be desirable for NCR-Fwd not to relay signals / channels between the backhaul link and the access link during the time corresponding to the flexible symbols, in order to avoid unnecessary interference.
Proposal 1: NCR-Fwd does not relay signals / channels between backhaul link and access link during the time corresponding to the flexible symbols.
2.2. Power control information

Since the NCR-Fwd is assumed to be an RF repeater, its transmission power is determined by adjusting the gain of amplifier which amplifies the input signal. One point needed to be discussed here is how often that gain needs to be adjusted by a gNB for efficient interference management. Usually, the link quality between a gNB and UEs are controlled dynamically by link adaptation and uplink power control between the gNB and the UEs. Therefore, if the gain of the network-controlled repeater is dynamically adjusted in short cycles for the purpose of interference management, there is a concern that it may conflict with the link adaptation and the uplink power control.
Conversely, long-period gain adjustment could be considered. For example, adjustment of amplifying gain is needed for area coverage or interference with neighboring cells after installation of the NCR. While the adjustment after installation is essential for the operator, such adjustment may be feasible via other scheme such as O&M. However, if the vendors of gNBs and NCRs are different, it would also be beneficial to allow gNBs to set amplifying gain of the NCR semi-statically via side control information.
Based on the above discussion, semi-static amplifying gain adjustment from the gNB might be beneficial, but dynamic control of the amplifying gain of the NCR-Fwd from the gNB needs further discussion on its necessity.
Proposal 2: Semi-static amplifying gain adjustment from the gNB is beneficial, but dynamic control of the amplifying gain of the NCR-Fwd from the gNB needs further discussion on its necessity.
2.3. Beamforming information
The following agreement was made upon for beamforming of NCR-Fwd for access link in the RAN WG1 #109-e meeting.
	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


In addition to the above agreements, discussion related to beam selection between UE and NCR-Fwd was conducted in the e-mail discussion at the last RAN1 meeting. It is considered that the group first needs to reach a common consensus on the basic mechanism of beam selection between UE and NCR-Fwd to determine if additional specifications for the beam selection are needed further.
Figure 2 shows one of the potential beam selection mechanisms based on beam control via side control information. First, for beam selection between gNB and NCR-Fwd, it is agreed that the baseline is to assume the same TCI state for C-link and NCR-Fwd if the NCR-MT carrier is included in the set of carriers forwarded by NCR-Fwd, as agreed below. This means that beam selection between gNB and NCR-Fwd assumes to be realized by measurement feedback from NCR-MT to gNB and application of TCI state based on it between gNB and NCR-Fwd.
	Agreement
As baseline, the same TCI states as C-link are assumed for beam at NCR-Fwd for backhaul link if the NCR-MT’s carrier(s) is within the set of carriers forwarded by the NCR-Fwd.

· FFS: additional indication from gNB to determine the beam at NCR-Fwd for backhaul link or implicit determination of the beam at NCR-Fwd for backhaul link 

Note: the same assumption of the beam correspondence is applied for DL/UL of the backhaul link at NCR-Fwd as the DL/UL of the C-link at NCR-MT.


Next, to achieve beam selection between the UE and the NCR-Fwd, the UE needs to be aware of the different beams on the NCR-Fwd's access link. Hence SSBs and/or CSI-RSs which are transmitted by the gNB and are forwarded onto different beams in the access link of the NCR-Fwd need to be different to distinguish the difference between them. In addition, the different SSBs and/or CSI-RSs need to be transmitted under the same TCI state in the backhaul link, because it is necessary to eliminate the difference in channel effects that those SSBs and/or CSI-RSs are affected from on the backhaul link. The former can be achieved by controlling the beam of the NCR-Fwd access link with side control information for each SSB and/or CSI-RS, since the gNB is aware of the timing of the SSBs and/or CSI-RSs. The latter can also be achieved by the gNB by selecting the TCI state for each SSB and/or CSI-RS.
Therefore at least beam selection between UE and NCR-Fwd is realized by side control information informing beam information of access link in NCR-Fwd and by TCI state selection during SSBs and/or CSI-RSs transmission periods by gNB. Note that in this case, constraints will be created on the TCI state selection for SSBs and/or CSI-RSs transmission between the gNB and NCR-Fwd, which may affect the beam selection between legacy UEs and the gNB. Further discussion might be needed to optimize the mechanism of beam selection between UE and NCR-Fwd including this point.
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Figure 2
One of the potential beam selection mechanisms between UE and NCR-Fwd based on beam control via side control information.
Proposal 3: At least beam selection between UE and NCR-Fwd is realized by side control information informing beam information of access link in NCR-Fwd and by TCI state selection during SSBs and/or CSI/RSs transmission periods by gNB. Optimization including beam selection for legacy UEs can be FFS.
3. Conclusion
In this contribution, we discussed the issues that are still open for discussion regarding the side control information in the study item phase of the NCR. Based on the discussion above, we made the following an observation and proposals.
Observation 1: The information corresponding to tdd-UL-DL-ConfigurationDedicated which is notified to each UE is not semi-static information for the NCR and is not included in the semi-static TDD UL/DL configuration for the NCR.
Proposal 1: NCR-Fwd does not relay signals / channels between backhaul link and access link during the time corresponding to the flexible symbols.
Proposal 2: Semi-static amplifying gain adjustment from the gNB is beneficial, but dynamic control of the amplifying gain of the NCR-Fwd from the gNB needs further discussion on its necessity.
Proposal 3: At least beam selection between UE and NCR-Fwd is realized by side control information informing beam information of access link in NCR-Fwd and by TCI state selection during SSBs and/or CSI/RSs transmission periods by gNB. Optimization including beam selection for legacy UEs can be FFS.
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