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Introduction
In RAN #109-e [1], the network-controlled repeaters (NCRs) framework was agreed as in Figure 1.
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Figure 1. NCR model
· The NCR-MT is defined as a function entity to communicate with a gNB via Control link (C-link) to enable the information exchanges (e.g. side control information). The C-link is based on NR Uu interface.
· Note: Side control information is at least for the control of NCR-Fwd
· The NCR-Fwd is defined as a function entity to perform the amplify-and-forwarding of UL/DL RF signal between gNB and UE via backhaul link and access link. The behavior of the NCR-Fwd will be controlled according to the received side control information from gNB. 
To enable NCR operation, some side information should be indicated to the NCR from gNB on the control link, and the side information is at least for the control of the NCR-Fwd, which includes the packet reception and forwarding on both the backhaul link and the the access link.
In this contribution, we provide our views on several side information required to support effective NCR operations, including beam management, and TDD UL/DL configurations, etc.
Side information on beam management
An NCR can enhance the physical signalling forwarding with proper beams on different links. Due to different locations of the gNB and the connected UEs of an NCR, the beams between the gNB and NCR can be very different from the beams from NCR to connected UEs. 
Thus, based on the NCR model, the beams for the backhaul/control link and beams for the access link need to be managed separately. 
Backhaul link and control link beam management
As agreed in RAN1 #109-e[1], for the backhaul and control link, both fixed beam and adaptive beam can be considered. 
· At least one of the NCR-MT’s carrier(s) should be within the set of carriers forwarded by the NCR-Fwd in same frequency range. 
· The NCR-MT and NCR-Fwd operating in the same carrier is prioritized for the study.
· As baseline, same large-scale properties of the channel, i.e., channel properties in Type-A and Type-D (if applicable), are expected to be experienced by C-link and backhaul link (at least when the NCR-MT and NCR-Fwd operating in same carrier). 
· 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.
· 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.
Although side information is necessary for the NCR to separate the control information to/from the NCR, and the forwarded traffic to/from UEs, the NCR-MT is similar to a UE from the gNB’s point of view. 
Therefore, the same beam managements methods in Rel-17 can be applied and reused for NCR C-link and backhaul link. Additional side information for C-link and backhaul link beam management may not be necessary.
Proposal 1: The backhaul link and control link beam management can use existing methods by treating the NCR-MT/NCR-Fwd as a UE.
Access link beam management
Also agreed in RAN1 #019bis-e, the beam information is beneficial and recommended as side information for the access link. 
· Both the dynamic indication and semi-static indication can be considered for the beam of access link for NCR-Fwd.
· FFS: the details of each indication
· FFS: the maximum number of beams configured for NCR-Fwd access link
· The beam correspondence is assumed for the DL/UL of the access link at NCR-Fwd
To perform local beam management at NCR, how to configure the synchronization signal block (SSB) transmissions with beam sweeping should be decided first. Some side information from gNB may be signalled by the gNB to decide the number of SSBs in a burst and the beams associated with the SSB transmissions from the NCR. 
Proposal 2: Side information on the number of NCR beams and/or SSB configuration should be supported.
For local NCR SSB transmissions, the NCR should regenerate the SSBs with different beams in an NCR SSB burst. The local SSB and PBCH information can be the same as detected in the SSBs and PBCHs transmitted by the gNB. 
For example, the NCR can be configured with a separate synchronization signal structure by side information from gNB, and the NCR will not forward any SSBs from gNB. Instead, the NCR re-generates synchronization signals and transmits the SSBs with local NCR beams following the configured SSB burst structure. 
On the other hand, if the gNB SSB structure is maintained at NCR, a side information on the forwarding delay should be indicated to the NCR. And the NCR transmits regenerated SSBs with local NCR beams. Further study is needed on how to perform the NCR SSB transmissions if the number of NCR beams is different from the gNB SSB configurations.
Proposal 3: The NCR SSB transmission may follow a separately configured SS structure or maintain the same SSB structure as gNB.
Since the NCR is transparent to UE, the UE detects the NCR local beam, and reports to gNB. On the other hand, the NCR may not detect the reports from UE. The beam information should be provided by the gNB via some side information on the beams to be applied on the access link. How to manage the beam hierarchies at gNB, and how to indicate the beams to the NCR on the access link should be studied further. 
Proposal 4: Study side information and methods to indicate the beams on access link.
Side information on timing information 
For the timing of NCR, 
· 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. 
Thus, at least for the backhaul link and C-link, the existing methods for UL and DL timing can be reused without any change.
For the access link, the following timings should be determined
· The DL receiving timing and DL transmitting timing of the NCR-Fwd
· The UL transmitting timing and UL receiving timing of the NCR-Fwd
For the DL transmission timing on the access link, the NCR needs to consider the DL reception from gNB in a previous slot as well as processing delay for the forwarding. Furthermore, there is potential interference to other UEs if the forwarding slot is also used by gNB for DL transmissions. Therefore, it is better to use flexible slots for access link DL transmissions from the NCR.
The UL transmission timing at UE should be adjusted based on the NCR access DL transmission, i.e. the UE applies timing advance (TA) based on NCR DL transmission on the access link. Consequently, the UL reception timing at NCR on the access link should be aligned with the DL transmission timing on the access link.
Proposal 5: The access DL timing should consider DL reception from gNB, processing delay and potential interference to other UEs under the gNB. The access UL timing can be determined locally based on the access link DL transmission timing.
As discussed above, the TA between the NCR and UE should be determined/managed separately from the TA between gNB and NCR. Since the TA command is related to the RACH procedure, additional behaviours may be needed for RACH procedures handled at the NCR.
Proposal 6: Some side information may be necessary for RACH procedure and separate TA adjustment at NCR.
Side information on TDD UL-DL configuration
Also agreed in RAN1 #109-e, for the TDD UL/DL configuration of NCR
· 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.
For the transmission/reception of C-link and backhaul link.
· 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
· Note-1: Multiplexing is under the control of gNB with consideration for NCR capability
· Note-2: Simultaneous transmission of the UL of C-link and UL of backhaul link is subject to NCR’s capability
· Note: FDM may be supported, but resource collision may occur between forwarded traffic and C-link.
· If different subband regions are configured, then it is up to NCR capability.
In RAN1 #109-e, it was agreed that the same TDD configuration is assumed on the access link and backhaul link. However, how to use the flexible slots should be further clarified.
To perform the physical signal forwarding between the gNB and the UE, the NCR needs to know the slot allocations by some side information, e.g.
· which set of slots are used by the NCR to receive DL from gNB, 
· which set of slots are used by the NCR to forward the DL from gNB to UE(s)
· which set of slots are used by the NCR to receive UL from UE(s) 
· which set of slots are used by the NCR to forward the UL from UE(s) to gNB
The cell specific TDD UL/DL configuration is known to both NCR and UEs. A side information on NCR dedicated UL/DL configuration may be indicated by the gNB to NCR. The additional NCR dedicated TDD UL/DL configuration can be used to determine the access link DL and UL allocations. Thus, based on the TDD UL/DL configurations, the NCR can determine the slots can be used for each function, e.g. backhaul DL, access DL, access UL and backhaul UL.
To simplify the operation, orthogonal slot allocations can be applied to backhaul/control link and the access link. Thus, the NCR may use the flexible slots for access link transmissions without change the common TDD UL/DL configuration known at UE.
Proposal 7: Side information on NCR TDD UL/DL configuration can be configured to determine the access link slot allocation in the set of flexible slots.
Conclusion
In this contribution, we discussed several side information to enable efficient NCR operation. We propose the following.
Proposal 1: The backhaul link and control link beam management can use existing methods by treating the NCR-MT/NCR-Fwd as a UE.
Proposal 2: Side information on the number of NCR beams and/or SSB configuration should be supported.
Proposal 3: The NCR SSB transmission may follow a separately configured SS structure or maintain the same SSB structure as gNB.
Proposal 4: Study side information and methods to indicate the beams on access link.
Proposal 5: The access DL timing should consider DL reception from gNB, processing delay and potential interference to other UEs under the gNB. The access UL timing can be determined locally based on the access link DL transmission timing.
Proposal 6: Some side information may be necessary for RACH procedure and separate TA adjustment at NCR.
Proposal 7: Side information on NCR TDD UL/DL configuration can be configured to determine the access link slot allocation in the set of flexible slots.
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