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Introduction
The architecture and side control information summarized in the SID [1] for network-controlled repeater (taken place of “smart repeater” in offline discussion) are further discussed in RAN1#110 meeting. Based on the modules defined in RAN1#109-e meeting [2] for network-controlled repeater (denoted as “NCR”), the necessity of several side control information listed in the SID were discussed for NCR-MT and NCR-Fwd separately, and some agreements were achieved in RAN1#110 meeting [3], as shown as follows:
· General
	Agreement
The following TP is agreed as the conclusion for the TR on NWC repeater for RAN1.
	RAN1 has studied the side control information for NCR with corresponding signalling (including its configuration). 
The following are recommended to be specified as part of Rel-18 NCR WI from RAN1’s perspective:
· Beam information as side control information
· ON-OFF information as side control information
· UL-DL TDD configuration and NCR’s behaviour over flexible symbols.



Agreement
TR 38.867 v0.2.0 in R1-2208314 for RAN submission.


· Beamforming information
	Agreement
The time domain resource corresponding to an access link beam can be determined with following options:
· Option 1: Explicit determination based on the explicitly indicated the time domain resources per beam indication
Note-1: Different parameters may be indicated for semi-static or dynamic beam indication
Note 2: One or multiple beams can be indicated via single beam indication.

Agreement
Beam index is used to indicate an access link beam (Option 1) 

Agreement
Both slot-level and symbol-level granularity are recommended for the time-domain resource indication and determination of the access link beam.

Agreement
Both dynamic beam indication and semi-static beam indication are recommended for access link.
· Note: the semi-static beam indication includes the semi-persistent indication.

Working Assumption
In access link, a DL beam and a UL beam which are correspondent with each other have the same beam index.
· The forwarding direction of an indicated beam in access link can be determined based on its corresponding time domain resource and the UL/DL TDD configuration.
· Note: The forwarding behavior (or the forwarding direction) of an indicated beam in access link in flexible symbols is separately discussed in 9.8.1.

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


· ON-OFF information
	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.


· UL-DL TDD configuration
	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


· Timing information
	Agreement
For the timing of NCR, the following assumption is captured into TR 38.867.
· The DL transmitting timing of the NCR-Fwd is delayed after the DL receiving timing of the NCR-MT (or the NCR-Fwd) by the internal delay; 
· The UL receiving timing of the NCR-Fwd is advanced before the UL transmitting timing of the NCR-MT (or the NCR-Fwd) by the internal delay. 

Agreement
Update the agreement achieved in RAN1#109e as follows:
For the signaling of the side control information of timing to align transmission / reception boundaries, new signaling may be is unnecessary.
· FFS: the impact of internal delay


Based on these agreements, a new WID [4] on NCR was approved in RAN Plenary #97-e meeting. During the meeting, the necessity on the side control information for objective of a new WID of NCR were further discussed. And the detailed objectives related to RAN1 are shown as follows:
	The objectives of NR NCR WI follow the recommendations defined in TR 38.867 and will focus on scenarios and assumption listed below:
· Network-controlled repeaters are inband RF repeaters used for extension of network coverage on FR1 and FR2 bands based on the NCR model in TR38.867
· For only single hop stationary network-controlled repeaters
· The NCR is transparent to the UE.
· Network-controlled repeater can maintain the gNB-repeater link and repeater-UE link simultaneously
With these considerations, NR NCR supports the following features:

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.

Specify control plane signalling and procedures [RAN2, RAN1]
· The configuration of signalling for side control information indication
· NOTE: Down-selection of solutions in section 7.2 of TR 38.867 is needed


In this contribution, we provide views on detailed designing of side control information listed in the WID of network-controlled repeaters.
Discussion
Beamforming information
Based on the model of NCR agreed in the RAN1#109-e meeting, there are three links for communication between gNB and UE with assistance of NCR: the control link between gNB and NCR-MT for control information interchange, the backhaul link between gNB and NCR-Fwd and the access link between NCR-Fwd and UE for signal transmitting and forwarding. Some assumptions were agreed for the relationship between beam of backhaul link and control link, while the beam indication of access link was discussed with the channel type.
Beam indication for backhaul link of NCR-Fwd
In the RAN1#109-e RAN1 meeting, for the backhaul link, same large-scale properties of the channel with that of control link were assumed as a baseline when NCR-MT and NCR-Fwd operated in same carrier. And same TCI states for NCR-MT and NCR-Fwd were agreed based on clarification of “in-band” in a further discussion. Based on these agreements, it’s unnecessary to indicate the beam of backhaul link separately, due to the NCR-MT can determine the beam information based on the legacy procedure and signaling, which is expected to be applied to beam of backhaul link directly.
However, by taking the beams’ usage of the two links into consideration, scenarios to apply different beams for the two links exists. For example, the beam width of backhaul link may be narrower than that of control link, to make sure the coverage hole can be covered by the NCR. While wider beam for the control link guarantees the quality and stability simultaneously. Therefore, we think some additional indication is needed for beam of backhaul link indication based on the TCI state indicated for the NCR-MT. That is to say, we prefer option 1 for the two options discussed in RAN1#110 meeting. 
Before the indication, a relationship between the beam of NCT-MT and backhaul beams of NCT-Fwd is predefined or pre-configured as shown in the Figure 1, while a related capability is reported by NCR before the configuration. If the relationship is one backhaul beam maps to one control beam (sub-figure (a), (b) and (c)), or one backhaul beam maps to multiple control beams (sub-figure (d)), then the backhaul beam can be determined uniquely based on the determined control beam. But if the relationship is multiple backhaul beams map to one control beam (sub-figure (e)), or multiple backhaul beams map to multiple control beams, then beam information for the backhaul beam is implicitly indicated by the beam of NCR-MT partially, and additional indication is needed to indicate the residue information. Based on this method, some signaling overhead is saved.
Proposal 1: Support additional beam indication for backhaul beam of NCR-Fwd, based on the relationship between beams of control link and beams of backhaul link. 
By considering the beam width is associated with number of beams under a same beam width, an association is set between the additional indication and the beam width. For example, payload for the indication of narrow beam width, or large number of beams is more than the indication of wide beam width or small number of beams.
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Figure 1. Relationships between the two group beams
Proposal 2: Support additional indication for the backhaul beam associates with the beam width. 
Beam indication for access link of NCR-Fwd
Beam index for access beam indication of NCR-Fwd was agreed in RAN1#110 meeting, and time domain resource indication was proposed for determining the application time of the indicated access beam. As we all known, the beam of access link of NCR-Fwd is used to transmit/receive signal to/from UE. In case of the stable NCR with a removable UE, the signal transmission between NCR-Fwd and UE is just like that between gNB and normal UE. So the beam management procedure of normal UE can be taken as a reference, which includes two stages, one is periodic beam sweeping of gNB with repetition configured as “OFF”, and the other one is same beam of gNB with repetition configured as “ON” is used for Rx beam sweeping of UE. Then for the periodic access beam switching of NCR-Fwd, the scheme for common reference signal resource indication for beam management can be reused for the time domain resource indication for NCR-Fwd. 
To simplify the indication scheme for periodic beam training, time information of the RS resources allocated for the UE can be used together with logic beam indexes, wherein the time information includes period, slot offset, and/or symbol offset. Additionally, the time information can be indicated in terms of group as shown in Figure 2. Signals on different RS resources are transmitted by different access beams of NCR-Fwd and same gNB beam. Same period is applied to all the RS resources or all the indicated time resources. 
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Figure 2. Time information associates with RS resources for beam management of UE
The time domain resources can be indicated via RRC configuration with MAC-CE activation/deactivation. In RRC configuration IE, two options are used for the indication:
1) A common period in terms of slots or absolute time duration, separate slot offsets, and a common symbol offset are included, while each slot offset is associated with a logic beam index, just as the sub-figure (a) shown in Figure 2. 
2) A common period in terms of slots or absolute time duration, a common slot offset, and separate symbol offsets based on a reference point are included, while each symbol offset is associated with a logic beam index, as shown in sub-figure (b) in Figure 2. 
Which option to be used is decided by the beam switching capability and the number of access beams of NCR-Fwd. If beam switching delay is longer than a slot duration, or the number of beams is small, option 1) can be chosen to leave enough time for beam sweeping. Vice versa, option 2) can be chosen to reduce the time duration of a whole round beam sweeping. Naturally, the related capability should be reported to gNB before the RRC configuration. 
Proposal 3: Support RRC configuration with MAC-CE (de)activation to indicate the periodic beam sweeping pattern for access beam.
Proposal 4: Both two options can be considered for IE definition of RRC configuration. One option includes a period, a slot offset, multiple symbol offsets associated with multiple logic beam indexes, and the other one includes a period, a symbol offset, and multiple slot offsets associated with multiple logic beam indexes.
To indicate/determin the application time for the dynamic indicated access beam of NCR-Fwd, a method associates with scenarios can save signalling overhead further. For example, indication scheme is determined according to the continuity of the application time for a beam, or according to the regularity of the application time for multiple beams.
As one example, for consecutive application time indication, a mechanism similar as SLIV indication of PxSCH for normal UE can be a start point. As shown in Figure 3, the number of slots (denoted as ) between the first slot of the application time and the slot of the SCI (can be seen as a slot offset), a symbol offset (denoted as ) within the first slot, a number of slots (denoted by ) during the application time, a number of symbols or symbol index (denoted by ) for the last slot can be indicated to NCR-Fwd. If the application time of another beams are indicated via a same SCI, then gaps in units of symbol/slot between two adjacent beams are indicated for the other beams. While for non-consecutive application time indication, slot-group level, slot level and/or symbol level bitmaps can be applied. The payload of each bitmap can be fixed or associated with a reference subcarrier spacing.
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Figure 3. Parameters for consecutive application time indication for an access beam of NCR-Fwd
As another example, for the regular application time indication for a group of beams, as shown in Figure 4, a beam index list (B0~B5), a slot offset , a symbol offset within the first slot for the first beam, symbol/slot duration for each beam, and/or gaps between two adjacent beams are indicated. For the first beam, the application time is determined directly according to the indicated parameters. For the other beams, the application time is determined based on the assumption that the application time for each beam is adjacent to the previous one.
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Figure 4. Parameters for regular application time indication for multiple access beams of NCR-Fwd
Proposal 5: Support different methods applied to different scenarios for application time indication for access beams of NCR-Fwd.
· Apply SLIV similar method for consecutive application time indication
· Apply bitmap for non-consecutive application time indication
· Apply beam index list with a group of parameters for regular application time indication for multiple access beams 
To track the UE’s mobility as quick as possible, the dynamic indication of access beam should be indicated via DCI. To reduce the complexity and standard effort of dynamic indication, we suggest to reuse the legacy DCI format with a new interpretation of some fields. As assumed in SID [1] of NCR, it’s a stable node. So we can expect the channel variation between NCR and gNB is slowly enough to apply a semi-static configuration of MCS, PDSCH resource in FD (indicated by FRDA), even the TCI states for communication between gNB and NCR-MT. With the semi-static configuration of MCS and/or frequency resources, there will be some errors in NCR-MT decoding, when the configurations (MCS, FDRA…) don’t match with the channel condition due to blockage. As a result, the forwarding transmission based on the decoded side control information of NCR-MT will also have a high probability of error. So a higher priority for updating the configurations of NCR-MT is needed. Based on the defined priority, we reuse the MCS, FDRA, even TCI state to indicate the access beam of NCR-Fwd when there is no necessity to re-configure the scheduling information for communication of NCR-MT.
Proposal 6: Support reuse the MCS, FDRA, and/or TCI state fields in legacy DCI format to dynamically indicate the access beam of NCR-Fwd.
With the indicated beam index, an effective time of the indication should be defined for NCR to switch the beam direction. Different with the normal UE, besides the beam switching delay of NCR-Fwd, more aspects should be considered for the effective time of the indication. For example, the PDCCH decoding time of NCR-MT, signal transmission time from NCR-MT to NCT-Fwd. Then the slot offset for the dynamic application time indication should be larger than the summation of these time duration.
Moreover, to align and fix the interpretation of each logic beam index between gNB and NCR, a mapping relationship between logic beam indexes and access beams should be pre-reported and/or pre-configured. To reach a more efficient indication, a group capability related to the access beam of NCR-Fwd is needed to report to gNB, such as beam width, beam gains, maximum number of beams per beam width, number of antennas, even number of panels, and a relationship between logic indexes and the direction of beams.
Proposal 7: It’s necessary to report a group capabilities related to access beam of NCR-Fwd to gNB, which includes beam width, maximum number of beam per beam width, number of antennas, and a mapping relationship between logic indexes and all the beams.
In addition, when application associated with beam width is mentioned, we can use the beam width for logic beam index indication to further save the signaling overhead. As well as known, the maximum number of beams under a same beam width decreases with increasing beam width. And beams with different beam width can be applied for different scenarios. For example, wide beams are used for common signal transmission to maximum the accessing probability usually, while narrow beams are used for dedicated signal transmission to maximum the SE for a given UE. Therefore, a logic beam index whose pay load is decided by beam width associated with channel type is proposed.
Proposal 8: Support use logic index associating with beam width directly to indicate the access beam dynamically.
ON-OFF information
It was agreed to indicate ON-OFF information for NCR due to the benefits, while the detailed signaling is still needed to be studied further. Both implicit and explicit signaling are listed as options for the ON-OFF information indication. As we all known, ON-OFF information is used to turn off the NCR when there is no necessity or when open the NCR introduces interference more than gains to the whole network. For example, no UE locates within the coverage hole addressed by the NCR, or all the UEs located in the coverage hole are in sleep mode. 
Besides the referred scenarios, we hope to control NCR as finer as possible to maximum the energy efficiency with the help of side control information. To achieve this goal, multiple dimensions should be considered to control ON-OFF state of NCR. For instance, control the ON-OFF state on the whole forwarding entity level, or on carrier level, or on link level, or on slot or symbol level. Wherein the whole forwarding entity can be indicated to switch on only when it has accessed in the network, or when it finishes the finer beam training of backhaul beam with gNB. Hence invalid forwarding with a bad channel condition is avoided. And to control the ON-OFF state per carrier or per RF chain associated with carrier (as shown in Figure 5) avoids the energy waste on the out-of-band. 


Figure 5. Switch ON-OFF per carrier
Proposal 9: Support define multiple dimensions for ON-OFF state indication in order to control NCR as finer as possible, such as ON-OFF on forwarding entity, on carrier, on link and on slot or symbol.
The different dimensions for ON-OFF state indication referred aren’t mutually exclusive. It’s more like different levels have different priorities. For example, only when the forwarding entity switches ON, the carrier can be indicated state ON. Vice versa, if the forwarding entity switches OFF, then all the other level ON-OFF indications are unnecessary or invalid. The similar principle is applied between carrier level and link level. That is to say, the ON-OFF state on the whole forwarding entity has highest priority, followed by ON-OFF state on the carrier level, link level, and slot or symbol level respectively. 
For the different levels of ON-OFF states, hybrid indication is expected, wherein explicit and implicit indication are applied to different levels of ON-OFF states. For example, the ON-OFF state on the whole forwarding entity can be explicitly indicated, while the link level ON-OFF state can be indicated via UL-DL TDD configuration.   
Proposal 10: Hybrid indication is expected for ON-OFF state indication on all the levels, wherein explicit and implicit indication can be applied to different levels of ON-OFF state.
Conclusions
In this contribution, we discuss side control information of network-controlled repeaters, and have the following observations and proposals:
Proposal 1: Support additional beam indication for backhaul beam of NCR-Fwd, based on the relationship between beams of control link and beams of backhaul link. 
Proposal 2: Support additional indication for the backhaul beam associates with the beam width. 
Proposal 3: Support RRC configuration with MAC-CE (de)activation to indicate the periodic beam sweeping pattern for access beam.
Proposal 4: Both two options can be considered for IE definition of RRC configuration. One option includes a period, a slot offset, multiple symbol offsets associated with multiple logic beam indexes, and the other one includes a period, a symbol offset, and multiple slot offsets associated with multiple logic beam indexes.
Proposal 5: Support different methods applied to different scenarios for application time indication for access beams of NCR-Fwd.
· Apply SLIV similar method for consecutive application time indication
· Apply bitmap for non-consecutive application time indication
· Apply beam index list with a group of parameters for regular application time indication for multiple access beams
Proposal 6: Support reuse the MCS, FDRA, and/or TCI state fields in legacy DCI format to dynamically indicate the access beam of NCR-Fwd.
Proposal 7: It’s necessary to report a group capabilities related to access beam of NCR-Fwd to gNB, which includes beam width, maximum number of beam per beam width, number of antennas, and a mapping relationship between logic indexes and all the beams.
Proposal 8: Support use logic index associating with beam width directly to indicate the access beam dynamically.
Proposal 9: Support define multiple dimensions for ON-OFF state indication in order to control NCR as finer as possible, such as ON-OFF on forwarding entity, on carrier, on link and on slot or symbol.
Proposal 10: Hybrid indication is expected for ON-OFF state indication on all the levels, wherein explicit and implicit indication can be applied to different levels of ON-OFF state.
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