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1. Introduction
In the RAN plenary #97e meeting, a new work item entitled “New WID on NR Network-controlled Repeaters” with the following scope regarding side control information was endorsed [1].
	Specify the signalling and behavior of the following side control information for controlling the NCR-Fwd [RAN1, RAN2]

· Beamforming

· UL-DL TDD operation

· ON-OFF information

Note: Power control aspect will be checked in RAN#98e.


In this contribution, we discuss some aspects of the signaling and behavior of the side control information for controlling the NCR-Fwd.
2. Discussion

2.1. Beamforming of NCR for backhaul link
For beams at NCR-Fwd for backhaul link, it was agreed in the study item phase that the same TCI states as C-link are assumed as a baseline if the NCR-MT’s carrier(s) is operating within the frequency band forwarded by the NCR-Fwd. In the case where the adaptive beams are adopted for C-link and backhaul link, the following agreement was reached in the RAN1 #110 meeting [2].
	Agreement

In case that adaptive beams are adopted for C-link and backhaul link, the following mechanisms can be considered for the indication and determination of beams of backhaul link:
· Option 1: The beam of backhaul link is indicated by a new signaling.
· The new signaling is dynamic signaling and/or semi-static signaling (e.g., RRC signaling/ MAC CE) indicating a beam(s) from the set of beams of the C-link
· This does not imply that the beam of backhaul link is always indicated by the new signaling
· Option 2: The beam of backhaul link is determined by a pre-defined rule.
· In slots/symbols with simultaneous DL receptions / UL transmissions in both C-link and backhaul link, the beam of backhaul link is the same as the beam of C-link. Otherwise, the beam of backhaul link follows one of the beams of the C link.
· Other predefined rules are not precluded


Comparing Option 1 and Option 2, Option 2 does not introduce new signaling and determines the beam of backhaul link only by a pre-defined rule based on beam indication information for the C-link. This is a method that does not increase signaling overhead in the C-link in that it does not require new signaling. Option 1, on the other hand, is a method that allows more flexible backhaul link beam instructions by introducing new signaling, while including what can be achieved with Option 2. For example, it is possible to explicitly specify the beam for backhaul link to accommodate the difference in required link quality between C-link and backhaul link. Since each option has different advantages, one of compromises is to merge these options. That is, if there is an indication of beam for backhaul link by a new signaling and the indication is valid in a slot/symbol, then the indication should be followed in the slot/symbol, and if there is no valid indication of beam for the backhaul link by the new signaling, it should be decided according to a pre-defined rule.

Proposal 1: The beam of backhaul link of the NCR-Fwd used in a slot/symbol is determined according to a new signaling if the indication for the beam of backhaul link received by the new signaling is valid in the slot/symbol. Otherwise, it is determined by a pre-defined rule.
Next, if agreement can be reached in the direction proposed above, the “pre-defined rule” needs to be determined. As per agreed Option 2, in slots/symbols with simultaneous DL receptions / UL transmissions in both C-link and backhaul link, it is sufficient that the beam of backhaul link is the same as the beam of C-link. For the other slots/symbols, two major pre-defined rules can be considered. One is to follow the TCI state/spatial relation related to that indicated for PDSCH/PDCCH/PUSCH/PUCCH on the C-link. The other is to use a pre-defined TCI state/spatial relation independent of the indication for the C-link (e.g., TCI-state for CORESET 0). However, if the beam of the backhaul link can be indicated by new signaling as described above, it is considered sufficient that a simple pre-defined rule is applied for slots/symbols that do not have a valid indication even by the signaling. So the latter rule is preferable.
Proposal 2: If there is no valid indication for the beam of backhaul link in slots/symbols, the beam for the slots/symbols is determined by the following pre-defined rule.
- In slots/symbols with simultaneous DL receptions / UL transmissions in both C-link and backhaul link, the beam of backhaul link is the same as the beam of C-link.
- Otherwise it is a pre-defined TCI state independent of the indication for the C-link.
2.2. UL-DL TDD operation
2.2.1. UL-DL TDD configuration 
Regarding UL-DL TDD operation, it was agreed in the study item phase that the same TDD UL/DL configuration is assumed for C-link, backhaul link and access link if NCR-MT and NCR-Fwd operate in the same frequency band. This means that it is sufficient for NCR-MT to apply the TDD UL/DL configuration configured by the gNB for NCR-MT to NCR-Fwd as it is.

On the other hand, although not explicitly discussed in the study item because of its low priority, when NCR-MT and NCR-Fwd operate on different frequency bands, the NCR-MT needs to receive TDD UL/DL configuration of the band forwarded by the NCR-Fwd with a new RRC signaling. In addition, the gNB needs to be informed by the NCR-MT as a NCR capability which frequency band is forwarded by the NCR-Fwd in order for the gNB to inform the NCR-MT of adequate TDD UL/DL configuration for the NCR-Fwd.

Proposal 3: NCR-MT is informed of TDD UL/DL configuration for the band forwarded by NCR-Fwd with a new RRC signaling in the case where NCR-MT and NCR-Fwd operate on different frequency bands.
Proposal 4: gNB is informed by NCR-MT as an NCR capability which frequency band is forwarded by the NCR-Fwd in the case where NCR-MT and NCR-Fwd operate on different frequency bands.
2.2.2. Handling of flexible symbols
For flexible symbols based on semi-static configurations, the following agreement was reached in the RAN1 #110 meeting [2].
	Agreement

For the flexible symbol based on the semi-static configuration (e.g., TDD-UL-DL-ConfigCommon, TDD-UL-DL-ConfigDedicated), following options are considered for the NCR-Fwd on these symbols

· Option 1: The NCR-Fwd is expected to be OFF or not forwarding over these symbols

· Option 2: The NCR-Fwd will follow the TDD operation determined by NCR-MT, i.e., determined by NCR-MT based on the received SFI indication or scheduling from gNB 
· Note: It means that no new side control signalling is needed.
· Option 3: The NCR-Fwd will follow a new dynamic side control signalling of DL/UL forwarding over these symbols to NCR-Fwd


Option 1 is that the NCR does not perform any forwarding operation over flexible symbols based on the semi-static configuration, which is simple and has the lowest specification workload. Option 2 and 3, on the other hand, require NCR to forward those flexible symbols in downlink or uplink direction according to dynamic instructions from gNB. Furthermore, the difference between Option 2 and 3 is that Option 2 determines the behavior of NCR-Fwd over the flexible symbols according to SFI or scheduling received by NCR-MT, whereas Option 3 introduces a new dynamic side control signaling, and the signaling determines the behavior of NCR-Fwd over the flexible symbols.
If NCR-MT and NCR-Fwd operate on the same frequency band and NCR forwards the flexible symbols in downlink or uplink direction according to the dynamic instructions from the gNB, then Option 2 is sufficient and Option 3 is not necessary. However, if NCR-MT and NCR-Fwd operate on different frequency bands, Option 2 may not be sufficient and Option 3 is required to determine TDD operation of NCR-Fwd over those flexible symbols because NCR-MT and NCR-Fwd may have different slot lengths and/or slot boundary in such situation.
Observation 1: Option 3 is required in the case where NCR-MT and NCR-Fwd operate on different frequency bands, otherwise Option 2 is sufficient, to determine TDD operation of NCR-Fwd over flexible symbols according to dynamic instructions from gNB.
The agreed WID does not restrict specification work to the case where NCR-MT and NCR-Fwd operate on the same frequency band. Therefore, Option 3 is ultimately needed if the operation of NCR-Fwd for flexible symbols is to be determined by dynamic instructions from the gNB. However, Option 3 requires the definition of a completely new dynamic signaling and has high specification workload, while dynamic TDD is rarely used in actual networks in operation. Given these circumstances, it is reasonable to adopt Option 1.
Proposal 5: NCR-Fwd is OFF or not forwarding over flexible symbols based on semi-static configurations.
2.3. ON-OFF information
For ON-OFF information to control the behavior of NCR-Fwd, the following agreement was reached in the RAN1 #110 meeting [2].
	Agreement

The NCR-Fwd is always expected to be “OFF” unless otherwise explicitly or implicitly indicated by gNB.

· Note-1: This applies to the case regardless of the RRC state of NCR-MT.

· Note-2: Indication (e.g., received when NCR-MT in RRC-connected) or DRX state of NCR-MT to control the ON-OFF behaviour of NCR-Fwd when the NCR-MT is in RRC-idle/inactive is not precluded.

The above is not meant to imply any signalling design for NCR-Fwd ON-OFF.


ON-OFF information can be used for interference management in the access link forwarded by NCR-Fwd and also for improving energy efficiency of the NCR. For example, when there is no UE benefiting from the NCR, changing state of the NCR-Fwd from ON to OFF can prevent unnecessary noise dispersion and also reduce energy consumption of the NCR. Regarding state of NCR-MT, on the other hand, since NCR-MT can operate like a normal UE, it is possible to use the power saving framework based on the RRC states, where NCR-MT can change its state between RRC_CONNECTED and RRC_INACTIVE or RRC_IDLE.
Here, it is needed to discuss the interactions between the transition between ON and OFF of NCR-Fwd and the transition between RRC_CONNECTED and RRC_INACTIVE / RRC_IDLE of NCR-MT. For example, if no information exchange between NCR-MT and gNB is expected for a short period of time when the NCR-Fwd is in the ON state, then RRC state of the NCR-MT can be transitioned from RRC_CONNECTED to RRC_INACTIVE / RRC_IDLE while the NCR-Fwd remains in the ON state. Also, when the state of NCR-Fwd transitions from OFF to ON, if NCR-MT is in RRC_INACTIVE / RRC_IDLE, it is not necessary to transition the state of the NCR-MT to RRC_CONNECTED. Therefore, the transition between ON and OFF of NCR-Fwd should be independent of the transition of RRC state in NCR-MT between RRC_CONNECTED and RRC_INACTIVE / RRC_IDLE.
Proposal 6: NCR can change the state of NCR-Fwd between ON and OFF independently of the transition of RRC state in NCR-MT.
3. Conclusion
In this contribution, we discussed some aspects of the signaling and behavior of the side control information for controlling the NCR-Fwd. Based on the discussion above, we made the following observation and proposals.
Proposal 1: The beam of backhaul link of the NCR-Fwd used in a slot/symbol is determined according to a new signaling if the indication for the beam of backhaul link received by the new signaling is valid in the slot/symbol. Otherwise, it is determined by a pre-defined rule.
Proposal 2: If there is no valid indication for the beam of backhaul link in slots/symbols, the beam for the slots/symbols is determined by the following pre-defined rule.
- In slots/symbols with simultaneous DL receptions / UL transmissions in both C-link and backhaul link, the beam of backhaul link is the same as the beam of C-link.
- Otherwise it is a pre-defined TCI state independent of the indication for the C-link.
Proposal 3: NCR-MT is informed of TDD UL/DL configuration for the band forwarded by NCR-Fwd with a new RRC signaling in the case where NCR-MT and NCR-Fwd operate on different frequency bands.
Proposal 4: gNB is informed by NCR-MT as an NCR capability which frequency band is forwarded by the NCR-Fwd in the case where NCR-MT and NCR-Fwd operate on different frequency bands.
Observation 1: Option 3 is required in the case where NCR-MT and NCR-Fwd operate on different frequency bands, otherwise Option 2 is sufficient, to determine TDD operation of NCR-Fwd over flexible symbols according to dynamic instructions from gNB.
Proposal 5: NCR-Fwd is OFF or not forwarding over flexible symbols based on semi-static configurations.
Proposal 6: NCR can change the state of NCR-Fwd between ON and OFF independently of the transition of RRC state in NCR-MT.
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