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0. Introduction
In this AI, the discussion is expected based on following objectives:
	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.


Then, according to the companies’ inputs, the views on following essential aspects are summarized as below:
· Side control information: 
· Beam information & Timing indication for access link 
· Beam indication for backhaul link
· Side control information: ON-OFF information
· Side control information: TDD information
· Others
Companies are encouraged to provide the inputs for corresponding topics.
1. Topic-1 Beam information
1.1. Beam information & Timing indication for access link
1.1.1. Company view (Round-1)
Regarding the beam indication for access link, following agreement has been made in RAN1#110:
	Agreement
Beam index is used to indicate an access link beam (Option 1) 


To enable the beam indication for access link, based on the inputs, following aspects are highlighted by companies:
· Definition and acquisition of beam characteristic
· Association between beam index and real beam
· Indication of beam index
· Indication of applicable time domain information
1.1.1.1. Definition/acquisition of beam characteristic 
For the beam characteristic, the following features are mentioned by companies:
Feature of beam:
· Number of beams supported for access link: [vivo, IDC, ZTE, Intel, CAICT, CMCC, MTK, LGE, CEWiT, NEC, CMCC, ETRI, Lenovo, Ericsson] supports to report the number of supported beam.
· More specifically, this value can be determined per repeater antenna panel [ETRI], per beam type/width [NEC], per dimension [Ericsson], or for basic coverage [CMCC]. 
· In addition, report of number of beams that can operate simultaneously, is also supported by [IDC, ZTE, Intel, CAICT, CMCC, CEWiT]
· Beam types/width: [Huawei, IDC, ZTE, Intel, CAICT, CMCC, NEC] supports to report the beam type.
· Beam arrangement (i.e., defined by the spatial relationship between different beam): [vivo, IDC, ZTE, Intel, CAICT, CMCC, LGE] proposes to report the beam arrangement. Moreover, the beam direction part is also proposed by [vivo, Huawei]
Others, e.g., number of port/panel/element, capability to form the wider beam, are also proposed by single company.
· For the acquisition of beam characteristic:
[IDC, ZTE, CT, Fujitsu, Intel, NEC, CAICT, Xiaomi, CMCC, ETRI, MTK, LGE, Lenovo, CEWiT] highlights that the beam characteristic can be reported as NCR capability. But [Huawei] mentions that OAM-based configuration is simpler than NCR-MT capability reporting
Based on the inputs above, there is clear majority to define the beam characteristic as part of NCR capability. Meanwhile, at least the number of beams supported for access link, Beam types/width and beam arrangement should be supported.
Then, following is provided:
Proposal 1-1-1: As NCR capability, the following information should be reported to characterize the beam information of NCR-Fwd for access link: 
Number of beams supported for access link
· FFS: How to define the detailed value.
· Beam types (i.e., defined by the beam width)
· Beam arrangement (i.e., defined by the spatial relationship between different beam) 
Companies are encouraged to share your views.
	Companies
	Comments and Views

	Apple
	If different beam types can be reported, then also the number of beams supported for each beam type shall also be reported. On the beam arrangement, we don’t think that the NCR needs to report this. Once the NCR reports number of supported beams and beam types, the network can utilize that information for beam indication. Also, the actual number of beams and beam types might be different (less) than the reported values, so we don’t think it is beneficial to report any beam arrangement. Moreover, discussion on association of beam index and real beam is somewhat related to this and discussed in next section. Here is the suggested update to proposal from our side:
  Proposal 1-1-1: As NCR capability, the following information should be reported to characterize the beam information of NCR-Fwd for access link: 
Number of beams supported for access link
· FFS: How to define the detailed value (e.g., number of beams for each beam type).
· Beam types (i.e., defined by the beam width)
· FFS: Number of beam types (e.g., wide beam type and narrow beam type)
· Beam arrangement (i.e., defined by the spatial relationship between different beam) 



1.1.1.2. Association between beam index and real beam
For the association between beam index and real beam, companies [Spreadtrum, ZTE, Samsung, Ericsson] highlights that association between beam index and real beam should be defined. 
More specifically, 
· [Spreadtrum, ZTE, Samsung] propose to define the association via gNB’s indication;
· [Samsung, Huawei, NEC] propose to let NCR report this information to gNB.
· [Ericsson, Samsung] propose to define the rules for the determination of the association
For the detailed association, following options is proposed can be considered:
· Option-1: A unified numbering mechanism can be used to index all beams [Fujitsu, ZTE]
· Option-2: A separate numbering mechanism for different beam types [ZTE]
· Option-3: A hierarchical numbering mechanism for different beam types [ZTE]
However, [MTK] proposes that how NCR-Fwd perform beamforming according to an access link beam index is up to NCR implementation and transparent to gNB/UE.

Based on the inputs above, from FL’s perspective, although there is different preference to obtain the association between beam index and real beam, at least some basic should be supported to numbering the beam. 
Then, followings are proposed:
Proposal 1-1-2: One of following options is supported to define the association between beam index and real beam supported by NCR-Fwd for access link: 
· Option-1: All beams are indexed sequentially 
· Option-2: Beams are independently indexed per beam types 
· Option-3: Beams are hierarchically indexed for different beam types
Note: the sequence of beam can be defined from one dimension, e.g., vertical or horizontal.
Companies are encouraged to share your views.
	Companies
	Comments and Views

	Apple
	It is not fully clear to us how the above options will help define the association between beam index and real beam. In our view, we need to establish some reference beam direction, to be able to index beam relative to that. In our contribution we discuss the concept of reference coverage region. This could very well be considered as wide beam. The reference could be the backhaul/control link boresight since this can be fixed between the gNB and NCR as both are static nodes. Then at least the wide beam sequence can be indexed relative to that. 
Therefore, without this reference direction, it is is meaningless to define sequence of beam index. 
Moreover, we think that just sequential indexing of wide beam index (relative to reference wide beam) is sufficient, then the sequence of narrow beams within the wide beam can be avoided. Otherwise, the overhead could be quite large.


Proposal 1-1-3: One of following options is supported to determine the beam index of the beam supported by NCR-Fwd for access link:
· Option-1: The beam index is configured by gNB
· Option-2: The beam index is reported by gNB 
· Option-3: The beam index is determined by the pre-defined rule.
Companies are encouraged to share your views.
	Companies
	Comments and Views

	Apple
	Not sure what’s option 2. Do you mean beam index is reported by NCR?


1.1.1.3. Indication of beam index
In RAN1#110, the following agreement is achieved:
	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.


For the indication of beam, companies’ views are summarized below:
· For single beam indication per indications
· [ZTE, Xiaomi, DCM] proposes that at least the beam indication with one beam index per indication should be supported 
· For multiple beams indication per indication 
· [ZTE, Xiaomi, DCM] propose to directly indicate the multiple beam index(es) 
· [vivo, ZTE, CATT, NEC, Panasonic (periodic)] propose to define the beam pattern for multiple beam indication
· [LGE] propose to define a dedicated beam index to indicate the multiple beam directions.
· [QC] propose to discuss whether multi-beam NCR operation is supported and able to simultaneously transmit (or receive) signals on two or more beam directions. 
Moreover, [Huawei, CT, Fujitsu, LGE] mention that indicated access beam can be a subset of beams of NCR. [vivo] propose to introduce beam restriction to avoid auto-excitation of the NCR, and [LGE] highlights to report the preferred or not-preferred access link beam(s) for each DL-Rx beam of NCR-MT. [Apple] propose to configure the access beam to CNR relative to reference coverage region. Up to 6 bits payload per beam is proposed by [ETRI]. [IDC, Nokia] propose to specify the default beam or behavior, e.g., in the event that a time resource configured for dynamic beam indication does not receive one [Nokia]
In addition, [QC, Ericsson] propose to confirm following assumption:
	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.


Based on the inputs above, from FL’s perspective, the indication of beam index should be able to support indication for either single or multiple beams. The confirmation of WA in RAN1#110 is also reasonable to reduce the complexity for beam indication/management for access link. Regarding the simultaneous multiple-beam operation, if it’s related to the per beam operation, it should be postponed as highlighted in section 4. Otherwise, companies’ views can be further checked.
Then, followings are proposed:
Proposal 1-1-4: The following methods are supported for beam indication:
· Single beam index per indication is supported to indicate one beam.
· Multiple beam index(es) and/or beam pattern per indication is supported to indicate multiple beams
· FFS: Whether multiples beam are applied in TDMed or simultaneously over same frequency resource.
· Note: The indicated beam can be sub-set of supported beam by NCR-Fwd.
Companies are encouraged to share your views.
	Companies
	Comments and Views

	Apple
	Support


Proposal 1-1-5: Confirm the WA that in access link, a DL beam and a UL beam which are correspondent with each other have the same beam index.
Companies are encouraged to share your views.
	Companies
	Comments and Views

	Apple
	Fine to support


1.1.1.4. Indication of time domain information
Regarding the applicable time indication, following agreement has been made in RAN1#110:
	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.


Then, in this meeting, to indicate the applicable time, following views are highlighted:
· For semi-static beam indication (e.g., periodic) 
[Samsung, DCM, ZTE, Intel, LGE, Ericsson] propose that the slot index, starting symbols/slots [Intel, Ericsson], periodicity, duration per beam [ZTE, Intel, Ericsson], slot offset [NEC, MTK], can be considered. Multiple configuration with different value can also be supported.
· For dynamic indication
[Samsung] propose that a TDRA-like time domain resource indication is needed. [ZTE, Panasonic, Apple, ETRI (for symbol level)] propose to use the SLIV to indicate the start and duration for aperiodic beam indication, which is not preferred by [Ericsson]. [DCM, Intel] propose to configure multiple sets of time domain resource, e.g., via RRC configures, and the time domain information including {slot offset, starting symbol, number of consecutive symbols, number of slots} for one or multiple beams are defined. Slot pattern indication filed is preferred by [ETRI] for slot-level granularity.
However, [MTK] propose to indicate the duration for each beam index only. [CEWiT] also prefers to indicate the beam per slot for certain duration. [Ericsson] proposes that the dynamic indication represents a beam index to time resource mapping over a contiguous set of time resources and each time resource is a contiguous set of symbols within a slot (but do not span slot boundaries).
Moreover, [Huawei, Panasonic, Intel, Ericsson] propose to define the priority rule among different indication, e.g., periodic indication with the highest priority [Huawei], but [Intel] propose that dynamic indication overrides the semi-static indication. Indication of priority in the semi-static configuration to allow the repeater to know whether the semi-static configuration or a dynamic indication should be prioritized in case of a conflict is proposed by [Ericsson].
[Nokia, Panasonic, MTK, QC, ZTE] propose to define the minimum time required to apply the beam after the reception of a beam indication by NCR-MT as NCR capability. In addition, the solution including bitmap for non-consecutive applicable time indication is also proposed by single company.
Based on the above inputs, from FL’s perspective, there is convergence on the required parameter for each kind of indication. For the periodic indication, the traditional offset (either in slot or symbol level) is equivalent to the staring position as mentioned by others. For the aperiodic indication, at least the duration is common basis. Regarding the starting position, whether explicit indication is needed or not can be further discussed. 
For the priority among different indication, the potential collision should be avoided by gNB’s implementation and if needed, following the principle in existing spec, the priority of AP indication is the highest.
For the application latency of beam, it’s reasonable to define it as NCR capability.
Then, followings are proposed:
Proposal 1-1-6: Following parameters should be supported to define the applicable time resource:
· For periodic time resource, staring positioning, duration per beam(s) and periodicity is needed.
· For aperiodic time resource, at least, duration per beam(s) is needed.  
Companies are encouraged to share your views.
	Companies
	Comments and Views

	Apple
	It is not clear how aperiodic time resource can be indicated without the starting position. Both starting position and duration is needed. As discussed in our contribution, SLIV indication is the most straightforward method for time domain resource indication for access link beam 


Proposal 1-1-7: The minimum required time to apply the received beam indication by NCR-Fwd is NCR capability, which is defined as Y symbols after the last symbol of the HARQ-ACK in response to the beam indication received by NCR-MT.
Companies are encouraged to share your views.
	Companies
	Comments and Views

	Apple
	Details of Y can be discussed later as currently it is not agreed if we support HARQ-ACK feedback or not


Proposal 1-1-8: The NCR is not expected to receive the conflicted beam indication for access link between two indications over same resource.
Companies are encouraged to share your views.
	Companies
	Comments and Views

	Apple
	Does the conflicted beam indication mean that two different beams cannot be indicated for the same resources? In our view, this is too stringent. For example, semi-static access link beam can be configured, but then dynamic indication can possibly update beam on the same resources. In this case, dynamic beam indication is prioritized


In addition, the detailed solution on how to signalling the beam and corresponding applicable time is elaborated as:
[Samsung, LGE, ZTE, DCM, NEC, Huawei, Fujitsu] highlights that one-one mapping between beam index and time domain resource should be supported. More specifically, the {beam index(es), time domain resource}-pair is supported per indication [Samsung] and for dynamic indication, N pairs of {access link beam index, slot duration} is supported per indication [MTK]. [Fujitsu] propose that for semi-static indication, multiple configurations with each configuration at least includes parameters for periodicity, can be configured by RRC. 
Meanwhile, [DCM] also supports to indicate one or more beam mapping to same resource periodically. [NEC] propose to support reuse the MCS, FDRA, and/or TCI state fields in legacy DCI format to dynamically indicate the access beam of NCR-Fwd. [Huawei] highlight that the forwarding occasion, forwarding resource and resource set should be defined as:
	· Forwarding occasion is defined as the time that NCR-Fwd forwards signals with a same beam and amplifying gain. 
· A forwarding resource is defined by a resource index, a beam index, and time domain positions. 
· A forwarding resource set is defined by a resource set index and a list of forwarding resources. 


For the definition of forwarding resource, the information including Resource type, e.g., periodic, semi-persistent, and aperiodic, Time granularity, OFDM position, slot position, and period should be considered.
Based on the above inputs, from FL’s perspective, the one-to-one mapping between beam and applicable time is supported by majority and jointly indication per indication seems to be preferred. 
Then, following is proposed:
Proposal 1-1-9: The joint indication of beam and corresponding applicable time in one indication should be supported.
Note-1: The one-to-one mapping between beam and time resource is assumed.
Note-2: FFS on the joint indication, e.g., same or different bit-field(s) in one indication.
Companies are encouraged to share your views.
	Companies
	Comments and Views

	Apple
	It is not clear to us what joint indication here implies if different bit-fields are used. In our view, first we need to agree on the framework of time resources for beam indication, then we can discuss this proposal later 


For others, 
[ZTE, Fujitsu] mention that for the time-domain resource indication and determination of the access link beam, the reference SCS for time domain resources indication of access link beam indication same as the reference SCS for UL/DL TDD configurations. Others including delicately indicated [Fujitsu] or scaled [ZTE] value can also be considered.
[IDC, ZTE] mentions that granularity of the time domain resource associated to indicate time domain resource should be indicated to NCR. 
From FL’s perspective, it’s reasonable to consider these two aspect and companies are encouraged to share the views.
	Companies
	Comments and Views

	
	


1.2. Beam indication for backhaul link
1.2.1. Company view (Round-1)
Regarding the beam indication for backhaul link, following agreement has been achieved in RAN1#110:
	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


In this meeting, following views are shared by companies:
· [Huawei, vivo, ZTE, IDC, Intel, AT&T, FirstNet, Sony, NEC, CMCC, MTK, Apple, LGE, Lenovo] support Option-1 to indicate the beam for backhaul link via a new signalling.
More specifically, same beam should be indicated if simultaneous operation is performed between C-link and backhaul link as mentioned by [Huawei]. [IDC] highlights that the legacy procedure for beam management and indication are applied, and using separate beam indication at NCR-MT and NCR-FWD, for C-link and BH-Link, respectively.
Meanwhile, regarding the detailed signalling, as mentioned by [Huawei, vivo], the TCI based signalling via DCI, MAC-CE and RRC are supported to indicate the beam. [ZTE] mentions that the “set of beams of the C-link” refers to the RRC configured or MAC CE indicated TCI set for NCR-MT. [AT&T, FirstNet, Sony] propose that a  semi-static signalling (e.g., MAC CE) can be considered to indicate a beam(s) from the set of beams of the C-link. [NEC] propose to support additional beam indication for backhaul beam of NCR-Fwd, based on the relationship between beams of control link and beams of backhaul link. [CMCC] mentions that the self-interference issue should be considered for the beam determination and indication of BH link. 
· [Spreadtrum, Nokia, CAICT, Xiaomi, MTK, Sharp, Samsung, DCM, Ericsson] support Option-2 to implicitly determine the beam by a pre-defined.
More specifically, [Xiaomi] NCR follow the TCI state of the latest received PDCCH, if unified TCI is not configured; NCR follow the TCI state of the latest received unified TCI, if unified TCI is configured. [Samsung] mentions that for DL, NCR-Fwd follows the activated TCI state with lowest ID for PDSCH transmission of NCR-MT and for UL, NCR-Fwd follows the spatial relation for dedicated PUCCH resource with lowest ID of NCR-MT.  [DCM] proposes that in slots/symbols with simultaneous operation in C-link and backhaul link, the beam of backhaul link is the same as the beam of C-link. In slots/symbols with only backhaul link, when Rel-17 unified TCI framework is used for NCR-MT C-link, the indicated unified TCI for C-link can be used for backhaul link. [Ericsson] also highlights that unless the repeater-MT is simultaneously operating, the repeater-Fwd uses a predefined rule to apply the repeater-MT’s last indicated PDSCH TCI state for the backhaul link.
Moreover, [QC] propose to support a new signaling to optionally indicate backhaul link beam. [KDDI, CEWiT] mentions that 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.
In addition, [Intel, Samsung, LGE] highlights that clarification on whether the simultaneous UL transmission of C-link and backhaul link, whether to support the adaptive beam for backhaul/C-link, is needed and it can be subject to NCR capability. [Apple] also propose to assume that the application time of the adaptive beam for backhaul link is same as the application time of the beam indicated for access link
Based on the above inputs, from FL’s perspective:
· Regarding the NCR capability: it’s reasonable to introduce the NCR capability on the simultaneous UL transmission as agreed in SI. Also, the implementation based on either adaptive or fixed for backhaul and C-link should be supported.
· Regarding beam indication for backhaul link: majority prefers to introduce the new sginalling for flexibility, and meanwhile, it seems obvious that the default behaviour should be defined since newly introduced signalling is definitely optional feature and also need to cover the case with only fixed beam. 
Then, followings are provided:
Proposal 1-2-1: If adaptive beams are adopted for C-link and backhaul link, the new signaling (e.g., MAC CE/DCI) is supported to indicate a beam(s) used for backhaul link from the set of beams for C-link.
· If no valid beam is indicated for backhaul link, the beam of backhaul link follows one of the beams of the C link.
· Note: The beam(s) used for backhaul link should be from the RRC-configured list of beams for C-link.
Companies are encouraged to share your views.
	Companies
	Comments and Views

	Apple
	Generally fine with the proposal. But the note can be removed, or it could be FFS, if the beams for backhaul link could be from RRC-configured or activated list of beams for C-link


Proposal 1-2-2: The following aspects should be NCR capability:
· Simultaneous UL transmission of C-link and Backhaul link
· Adaptive beam or fixed for C-link/backhaul-link
Companies are encouraged to share your views.
	Companies
	Comments and Views

	Apple
	In our view, fixed beam should be default. Adaptive beam should be additional NCR capability. So proposal can be updated as:
 Proposal 1-2-2: The following aspects should be NCR capability:
· Simultaneous UL transmission of C-link and Backhaul link
· Adaptive beam or fixed for C-link/backhaul-link
· Note: Fixed beam for C-link/backhaul link is default capability



2. Topic-2 ON-OFF information
2.1. Company view (Round-1)
For the ON-OFF information, following agreements have been achieved in previous meeting: 
	Agreement
The following options can be considered to indicate the ON-OFF information from gNB to NCR for controlling the behaviour of NCR-Fwd:
· Option 1: Explicit indication with on-off state (e.g., via dynamic or semi-static signalling) or on-off pattern (e.g., periodic/semi-static ON-OFF pattern or new DRX-like pattern for ON-OFF)
· Option 2: Implicit indication via the signalling for other information (e.g., beam, DL/UL configuration, or PC information)
· Note: This example does not imply that PC information is necessary or not.
· Other solutions (e.g., potential combination of explicit and implication solution) can be further discussed.
Agreement
For indication of NCR-Fwd ON-OFF for efficient interference management and improved energy efficiency, both dynamic and semi-static indication can be considered 
FFS: RAN1 to consider whether/how to handle the forwarding of broadcast and cell-specific signals/channels.
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.


[bookmark: _Ref114518819]In this meeting, according to the contributions, following views are shared by companies:
· Option-1:
[ZTE, CATT, Intel, AT&T, FirstNet, Sony, CAICT, CMCC, Apple, Sharp, Samsung, KDDI] propose to indicate the ON-OFF information in explicit way since it’s applicable for all frequency ranges, NCR-MT’s state and signalling forwarded by NCR. [Samsung] highlights that the at least the explicit OFF indication can be considered. [DCM] proposes to support the explicit ON-OFF indication in case NCR access link beam indication is not enabled.
More specifically, 
· For semi-static ON-OFF indication, [ZTE, Intel, Sony, DCM] propose to indicate the periodic ON-OFF pattern, e.g., a set of time domain resource [Intel], via semi-static signalling. For the periodic pattern, [DCM] mentions following options can be considered.
· Option1: separate ON/OFF indicator is indicated for each slot in the periodicity.
· Option2: slot index in the periodicity corresponding to “ON” is indicated.
· For dynamic ON-OFF indication, either one bit to indicate single state or a multiple states, e.g., via bit map [ZTE] or multiple time domain resource in one set [Intel, DCM] can be indicated by DCI. [CMCC] highlights that the time domain resources carrying the broadcast and cell-specific signals could be indicated through the RRC configurations of ON-OFF state by gNB. 
Moreover, regarding the time domain resource, [DCM] mentions that following options can be considered.
· Option1: To indicate the time domain resource, RRC configures a table with each row including slot offset, starting symbol, number of consecutive symbols, and number of slots, and DCI indicates a row index.
· Option2: To indicate the time domain resource, RRC configures a table with each row including multiple sets of {slot offset, starting symbol, number of consecutive symbols, number of slots} for multiple beams, and DCI indicates a row index.
In addition, [vivo] highlights that the activation or deactivation signaling to the ON-OFF pattern should be defined and resource type indication (e.g., H, S and NA) in IAB is the baseline for ON-OFF indication. [Apple, Sony] prefers to introduce the semi-static DRX-like operation should be supported for NCR. [CATT] proposes to further specify the mechanism to resolve the potential configuration conflict between semi-static and dynamic ON-OFF indication. [CMCC] prefers to support both symbol-level and slot-level on-off configurations and indications. [Sharp] mentions that a unified solution with dynamic ON/OFF indication can be supported in the flexible symbols. [QC] highlights that to support a hierarchical control framework, based on semi-static configuration of beamforming information, and dynamic/semi-static indication of ON-OFF information, we may need an explicit ON/OFF indication.
[Huawei] also highlights that when an NCR-Fwd is indicated to be “ON” periodically, it cannot be turned OFF for periodic indication, and can be turned OFF by deactivation signaling for semi-persistent indication. Once an NCR is deployed and activated for signal forwarding, long term “OFF” should be avoided.
· Option-2: Implicit indication.
[Huawei, CT, Sony, Xiaomi, Apple, Samsung, LGE, DCM, QC, Ericsson, Nokia] highlights that implicit indication for ON-OFF is supported via beam indication.
[bookmark: _Hlk115255550][bookmark: _Toc115462830]More specifically, companies [DCM, Apple] mentions that if a time domain resource is indicated with an NCR access bam, it will be ON. Otherwise, it can be regarded as OFF. But [Ericsson, Samsung, Nokia, QC] propose to extend the beam indication framework and indicate the OFF by using a specific beam index/state in the dynamic beam indication, e.g., beam index 0 indicating OFF, beam index 1 indication ON. In addition, [vivo] proposes some rules to determine the ‘OFF’ or ‘ON’. 
· Option-3: Option-1 + Option-2, i.e., combined solution with both explicit and implicit indication
[IDC, Fujitsu, NEC, Lenovo, CEWiT, IIK-T, Apple, Samsung, DCM, Sony] propose to consider the ON-OFF side control information signalling to be a combination of explicit and implicit indications, e.g., explicit signalling may be more efficient in NCR with frequent use-cases, whereas implicit signalling may be more efficient in NCR use-cases with long idle modes of operation. [DCM] mentions that when the beam indication is not enabled, the explicit indication should be used. [Samsung] mentions that implicit on and explicit off is preferred. Meanwhile, explicitly indicated OFF overrides implicitly indicated ON by access link beam indication.
In addition, 
· [LGE] propose that NCR-Fwd operation is considered as OFF during RRC-idle/inactive state of NCR-MT. but [KDDI, MTK, ZTE] highlight that NCR can change the state of NCR-Fwd between ON and OFF independently of the transition of RRC state in NCR-MT, e.g., when NCR-MT is in RRC idle/inactive state, NCR-Fwd on/off indication can be transmitted during paging occasion. [ZTE] mentions that when NCR-MT enters RRC IDLE or INACTIVE state, semi-static single state indication in RRC release message can be used to control the ON-OFF behavior of NCR-Fwd. [Intel] mentions that when NCR-MT is in RRC idle/inactive state, NCR-Fwd can perform on/off based on the received on/off information regardless of RRC state of NCR-MT.
· [Nokia, Ericsson] highlight that minimum latency between when an NCR-MT receives an on-off indication and when the corresponding NCR-Fwd state is applied as NCR capability, e.g., 3 µs in FR2 (10 µs in FR1) [Ericsson].
· [Panasonic, Apple] also mention some specific rule to define the NCR-Fwd as OFF, e.g., link/beam failure and expiration of TA timer of NCR-MT or after a continuous no reception on the configured Rx beams (for example, no PRACH reception on configured Rx beams for multiple periods), it could be considered that at least NCR-Fwd receiver at access link can turn itself OFF (assuming same understanding at the gNB). 
Based on the above inputs, from FL’s perspective:
· Regarding the explicit/implicit solution for ON-OFF indication:
It seems that these two options are equally supported by companies. For the implicit solution, there is clear majority to indicate ON-OFF information via beam indication including defining a special case for beam. However, as commented by others, for the beam indication, following is captured in the WID (copied below):
	Note: The work in RAN4 for beam related is expected to start on FR2 first.


Then, before concluding the discussion on beam in RAN4, it’s not clear whether the beam will be supported in FR1. Moreover, the complexity of extension the beam indication framework, e.g., introduce some specific beam state, is equivalent to explicit beam indication.
· Regarding the impacts of the RRC state of NCR-MT, considering the possibility of fallback to legacy repeater, e.g., without reception of side control information in long-duration, it’s preferred to decouple the NCR-MT RRC state and ON-OFF behaviour of NCR-Fwd.
· Regarding the minimum latency to turn on/off the NCR based on the reception, it’s proper to define it as a NCR capability separately. 
Then, followings are proposed:
Proposal 2-1: The explicit indication of ON/OFF information is supported for NCR-Fwd.
Companies are encouraged to share your views.
	Companies
	Comments and Views

	Apple
	We don’t think that this is the right direction for discussion ON/OFF information. In our view, it is clear that beam indication is essential, at least for FR2 and supporting FR2 is considered to have higher priority with NCR. Therefore, implicit indication should rather be the default option. Furthermore, it can be considered, if beam indication is not supported/needed for access link beam (for example in FR1), then explicit indication can be supported. Therefore, we would suggest following modification to the proposal:
Proposal 2-1: The explicit implicit indication of ON/OFF information is supported for NCR-Fwd based on access link beam indication
· FFS: Explicit indication of ON/OFF information if access link beam indication is not signalled 



Proposal 2-2: The ON-OFF behavior of NCR-Fwd is controlled by ON-OFF indication regardless of RRC-state of NCR-MT
Companies are encouraged to share your views.
	Companies
	Comments and Views

	Apple
	Fine to support


Proposal 2-3: The minimum required time to apply the ON/OFF state by NCR-Fwd is NCR capability, which is defined as Y symbols after the last symbol of the HARQ-ACK in response to the ON-OFF indication received by NCR-MT or Y symbols once previous indication is invalid.
Companies are encouraged to share your views.
	Companies
	Comments and Views

	Apple
	It needs to be discussed and agreed if HARQ-ACK feedback is supported or not. Therefore, the proposal can be updated as:
Proposal 2-3: The minimum required time to apply the ON/OFF state by NCR-Fwd is NCR capability, which is defined as Y symbols after the last symbol of the HARQ-ACK in response to the ON-OFF indication received by NCR-MT or Y symbols once previous indication is invalid.
FFS: definition of minimum required time



3. Topic-3 TDD configuration
3.1. Company view (Round-1)
Regarding the NCR’s behavior over flexible, following agreement has been achieved in RAN1#110:
	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


In this meeting, according to the contributions, following views are shared by companies:
· Option-1: 
[Huawei, Spreadtrum, CATT, Intel, LGE, Lenovo, KDDI, ZTE, Apple] highlights that Option-1 is preferred, e.g., to save power and reduce the potential interference to the network, and no specific side control signaling is required to support dynamic DL/UL forwarding. [Apple] highlights that the default behavior is NCR-Fwd OFF and no forwarding is expected.
· Option-2:
[bookmark: _Toc115462828][Fujitsu, Nokia, AT&T, FirstNet, Sony, Panasonic, ETRI, Sharp, Ericsson, QC] highlights that Option-2 is preferred. And in addition, [QC] proposes that to resolve ambiguity within any remaining “flexible” resources, support an optional dynamic side control signaling of DL/UL forwarding direction over these symbols. [Ericsson] also highlights that the repeater-MT can indicate through capability signaling if it is supporting dynamic TDD UL/DL indication.
· Option-3:
[bookmark: _Ref114861820][IDC, Sony (if Option-2 is not sufficient), CMCC, CEWiT, IIT-K, MediaTek, Apple] highlights that Option-3 is preferred allows flexible scheduling and lower latency. [KDDI] mentions that Option-3 can be considered in the case where NCR-MT and NCR-Fwd operate on different frequency bands, which is defined as an NCR capability. [Apple] mentions that for semi-statically configured flexible symbols, dynamic indication of the flexible symbols can be jointly indicated with the time-domain resources for the access link beams
· Option-1 & Option-2:
[vivo, ZTE, DCM, Fujitsu, Ericsson] propose to support the combo solutions, i.e., Option-1 and Option-2. Then, the configured flexible symbol can be set to UL or DL via DCI format 2_0.  And on the flexible symbol which is not dynamically indicated to UL/DL via DCI format 2_0, the NCR-Fwd sets to OFF. 
· Option-1 and Option-3:
[Samsung, Apple] propose to support the combo solutions, i.e., Option-1 and Option-3
Based on the above inputs, it’s clear that either Option-2 or Option-3 is not complete solutions since there is still potential flexible symbols without indication. And the dynamic behavior for NCR is also required. From FL’s perspective, 
Option-1 is should be considered as default behavior and considering the signalling overhead and majority’s view, the Option-2 can be the way forward with additional capability.  
Then, the following is proposed:
Proposal 3-1: For the flexible symbol based on the semi-static configuration (e.g., TDD-UL-DL-ConfigCommon, TDD-UL-DL-ConfigDedicated), the NCR-Fwd is expected to be OFF or not forwarding over these symbols if neither SFI indication nor scheduling from gNB is received by NCR-MT.
· Otherwise, 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: The support the dynamic DL/UL operation is NCR capability.
Companies are encouraged to share your views and if there are concerns, please directly propose the corresponding updates.
	Companies
	Comments and Views

	Apple
	We agree to support the default behavior on semi-statically configured flexible symbols as OFF and not forwarding. 
Regarding dynamic indication, as discussed in our contribution, we don’t think that just relying on dynamic SFI is sufficient. And it is not clear from the proposal how the scheduling information from gNB is received by NCR-MT to determine flexible symbol behavior. In our view, this can only be possible if the NCR-MT is required/allowed to decode the scheduling DCIs intended for UE, which is not agreed/supported. Therefore, unless a dedicated dynamic signaling is indicated to NCR about the flexible symbol behavior, there is no way for NCR to know. Also, since the flexible symbols behavior needs to be known only when an access beam is indicated for NCR-Fwd, therefore, we think that such indication can be jointly indicated along with TDRA for access link beam.


4. Others
In addition, some other aspects are highlighted by companies including:
· Issue-1: Power control information
In RAN1#110, regarding the power control information, no conclusion has been achieved. Moreover, after extensive discussion, following scope is highlighted:
	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 meeting, [Huawei, CMCC, ETRI, Lenovo, CEWiT] highlights that power control needs to be specified as side control information, e.g., via semi-static signalling. [Huawei] also highlights that one or multiple amplifying gains can be indicated by RRC and DCI, and one amplifying gain is indicated for each forwarding occasion.
[Apple, DCM] proposed that power control as side control information can be considered with low priority and before power control is agreed to be included in WID in RAN plenary, RAN1 may not need to discuss power aspect [Ericsson].
From FL’s perspective, it’s better to follow the conclusion in RAN plenary, and no further discussion on Power control is expected before RAN#98.
· Issue-2: Multiple-band operation of NCR-Fwd.
In this meeting, [Spreadtrum] propose to clarify if multi-band operation is supported, whether the side control information is applied to all of the operating bands, or it is only applied to the band(s) which have the same frequency bands as NCR-MT. [CEWiT] mentions that gNB indicates along with SCI in which carrier of NCR-Fwd the SCI is applicable.
More specifically, 
· [Spreadtrum, NEC, QC, Ericsson, Intel] propose to support the frequency-selective ON-OFF information indication, e.g., per carrier-group or sub-band;
· [Samsung, Ericsson, LGE] proposed to support the beam indication per carrier or RB-group.
From FL’s perspective, in Rel-17, the multi-band repeater is only supported for FR1 repeater type 1-C with following definition in TS 38.106, and it’s not supported for FR2 repeater type 2-O.
	Multi-band repeater: Repeater Type 1-C whose antenna connector is associated with a transmitter and/or receiver that is characterized by the ability to process two or more passband(s) in common active RF components simultaneously, where at least one passband is configured at a different operating band than the other passband(s) and where this different operating band is not a sub-band or superseding-band of another supported operating band 


Based on the above definition, since the ‘common active RF components’ is assumed for multiple-band in FR1, it may not be feasible to support the frequency-selective ON-OFF indication.
For the beam indication, as captured in the WID (copied below):
	Note: The work in RAN4 for beam related is expected to start on FR2 first.


Before concluding the discussion on beam in FR1 or support the multi-band operation for Type 2-O for FR2 in RAN4, it seems that the frequency-dependent beam indication is also not feasible. 
With the consideration above, it’s recommended to postpone the discussion on the additional enhancement on side control information indication with finer granularity until further progress has been made in RAN4. 
· Issue-3: Timing relationship
Based on the agreement in SI, [CMCC, Samsung, LGE, CEWiT, vivo] proposed to report the internal delay as NCR capability. In addition, [Samsung] highlights that DL internal delay and UL internal delay is the same.
[vivo] proposed to capture the following NCR behaviors to determine DL timing and UL timing in the specification.
· The DL receiving timing of the NCR-Fwd is aligned with the DL receiving timing of the NCR-MT.
· 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.
· The UL transmitting timing of the NCR-Fwd is aligned with the UL transmitting timing of the NCR-MT.
[Rakuten] proposes to let RAN4 to confirm feasible internal delay value to check necessity of the special handling for timing alignment.
Based on the discussion in SI phase, it seems that others prefer to keep the internal delay as the value claimed by vendor (e.g., follow the Rel-17 RF repeater) instead of part of capability. Meanwhile, since the timing relationship is out of scope of WI for further enhancement, it means that no specification efforts are expected.
Then From FL’s perspective, companies are encouraged to further check the necessity to define the internal delay as part of NCR capability. 
· Issue-4: Enabling of the feedback
One company proposed to discuss the feedback mechanism from NCR to gNB with following options:
· Opt1: NCR sends feedback to gNB based on decoding of SCI
· Opt2: NCR sends feedback to gNB based on NCR-Fwd operation
· Opt3: NCR sends periodic feedback about the operating state to the gNB
From FL’s perspective, it’s reasonable to discuss this aspect to ensure the controllable behaviour of NCR. As part of procedure, this topic can be discussed in AI 9.8.2. 
· Issue-5: NSA operation
[bookmark: _Toc115462814]Single company proposes to conclude that NSA operation is supported provided the repeater-MT is capable of NSA operation without additional specification impact from this mode of operation. 
More specifically, a subset of the repeater configuration can typically be received on a primary carrier, provided the repeater-MT is DC capable in line with the network configuration, e.g., TDD UL/DL TDD configurations, and remaining configurations, including dynamic indications, can be received on the inband secondary carrier.
From FL’s perspective, it’s reasonable to consider the potential extension of use case for NCR without additional enhancement. Companies are encouraged to share the view on this topic further.
Companies are encouraged to share your views if any
	Companies
	Comments and Views

	
	


5. Proposals for discussion at GTW sessions

Proposal 1-1-1: As NCR capability, the following information should be reported to characterize the beam information of NCR-Fwd for access link: 
Number of beams supported for access link
· FFS: How to define the detailed value.
· Beam types (i.e., defined by the beam width)
· Beam arrangement (i.e., defined by the spatial relationship between different beam) 

Proposal 1-1-2: One of following options is supported to define the association between beam index and real beam supported by NCR-Fwd for access link: 
· Option-1: All beams are indexed sequentially 
· Option-2: Beams are independently indexed per beam types 
· Option-3: Beams are hierarchically indexed for different beam types
Note: the sequence of beam can be defined from one dimension, e.g., vertical or horizontal.

Proposal 1-1-4: The following methods are supported for beam indication:
· Single beam index per indication is supported to indicate one beam.
· Multiple beam index(es) and/or beam pattern per indication is supported to indicate multiple beams
· FFS: Whether multiples beam are applied in TDMed or simultaneously over same frequency resource.
· Note: The indicated beam can be sub-set of supported beam by NCR-Fwd.

Proposal 1-2-1: If adaptive beams are adopted for C-link and backhaul link, the new signaling (e.g., MAC CE/DCI) is supported to indicate a beam(s) used for backhaul link from the set of beams for C-link.
· If no valid beam is indicated for backhaul link, the beam of backhaul link follows one of the beams of the C link.
· Note: The beam(s) used for backhaul link should be from the RRC-configured list of beams for C-link.

Proposal 1-1-3: One of following options is supported to determine the beam index of the beam supported by NCR-Fwd for access link:
· Option-1: The beam index is configured by gNB
· Option-2: The beam index is reported by NCR 
· Option-3: The beam index is determined by the pre-defined rule.
[bookmark: _GoBack]
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