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[bookmark: _Ref506539118]Introduction
At the RAN1#111 meeting, the following agreements and conclusions were made for NCR side control information [1]:
	Agreement
The following is supported to deliver the information to characterize the supported physical beam of NCR-Fwd for access link: 
Option-2: The information is informed to gNB and NCR via OAM
· Note-1: In this option, how to characterize the beam information is based on implementation (e.g., declaration from NCR vendor).
· Note-2: In this option, the beam(s) used by NCR-Fwd for access link is configured for gNB and NCR by OAM based on implementation. 
· The beam index in SCI corresponds to the configured beam(s) sequentially. 
Agreement
For FR2, the “ON” state of NCR-Fwd is indicated:
· Alt-2: Implicit indication via the beam indication (i.e., if there is beam indication, the NCR is assumed to be ON over the indicated time domain resource associated with corresponding beam(s))
Agreement
The semi-static beam indication for backhaul link is supported as:
· If the beam indication framework in Rel-15 is used for NCR-MT
· The DL beam is indicated by MAC CE to select one of TCI state ID from the RRC-configured list of beams for C-link
· The UL beam is indicated by SRI on C-link via MAC CE.
· If the beam indication framework in Rel-17 is used for NCR-MT
· The DL and UL beam are indicated by MAC CE to select one of TCI state ID from the RRC-configured list of beams for C-link
Agreement
The following pre-defined rules are applied to determine the beam for backhaul link:
· In the time domain resource with simultaneous downlink reception or uplink transmission in C-link and backhaul link, the beam of backhaul link is the same as the beam of C-link regardless whether there is beam indicated by the dedicated signal for backhaul link.
· In the time domain resource without simultaneous downlink reception or uplink transmission in C-link and backhaul link, if the NCR does not support capability with the new signalling for backhaul beam indication or if no beam is indicated for backhaul link by the dedicated signal, 
· When Rel-15/16 beam indication framework is used for C-link, 
· The beam determined by QCL assumption for CORESET with the lowest ID and spatial relationship for PUCCH with lowest PUCCH resource ID in the C-link is applied for the DL and UL of backhaul link, respectively.
· When Rel-17 beam indication framework (i.e., unified TCI framework) is used for C-link, the indicated unified TCI for C-link DL and UL is applied for the DL and UL of backhaul link, respectively.
· Otherwise, the beam indicated by the dedicated signalling is applied for backhaul link.
Agreement
For FR1, the “ON” state of NCR-Fwd is indicated:
· Alt-2: Indication via the beam indication (i.e., if there is beam indication, the NCR is assumed to be ON over the indicated time domain resource associated with corresponding beam(s))
· When there is only one beam, the sole purpose of the beam indication is for indicating “ON” state of NCR-Fwd
Conclusion
For the flexible symbol based on the semi-static configuration (e.g., TDD-UL-DL-ConfigCommon, TDD-UL-DL-ConfigDedicated), the dynamic DL/UL operation of NCR-MT and NCR-Fwd is not supported in Rel-18.
Agreement
For each periodic beam indication for access link, one RRC signalling is used with the information defined by the following:
Option-2: 
· A list of X() forwarding resource, each is defined as {Beam index, time resource}
· FFS: The value of 
Each time resource is defined by {Starting slot defined as the slot offset in one period, starting symbol defined by symbol offset within the slot, duration defined by the number of symbols} with dedicated field.
· The periodicity is configured as part of the RRC signaling for periodic beam indication
· The same periodicity is assumed for all time resource(s) in one periodic beam indication.
· The reference SCS is configured as part of the RRC signaling for periodic beam indication
The same reference SCS is assumed for all time resource(s) in one periodic beam indication.
Agreement
For each aperiodic beam indication for access link, one DCI is used with the information defined by 
Option-1: 
·  fields are used to indicate the beam information and each field refers to one beam index ; 
· Note: The bitwidth of this field is determined by the number of beams used for access link. 
·  fields to indicate the time resource;
· Note: A list of time resource is pre-defined by RRC signalling. The bitwidth of this field for time resource indication is determined by the length of list. 
· FFS: The value of  
· Down-select between or .
· FFS: How to define the association between time indication and beam indication
Each time resource is defined by {Starting slot defined as the slot offset, starting symbol defined by symbol offset within the slot, duration defined by the number of symbols} with dedicated field.



In this contribution, we present our views on remaining issues for side control information signaling and NCR behavior for beamforming and on/off. The discussion on RAN1 aspect for control plan signaling and procedures is provided in our companion contribution [2]. 
Beam Operation  
Beamforming for access link
For the access link beam indication, the beam of access link for NCR-Fwd is indicated by a beam index where both dynamic indication and semi-static indication, including semi-persistent indication can be supported. In RAN1 #111 meeting, the design for semi-static periodic beam indication by RRC signaling was agreed, while further discussion for dynamic aperiodic beam indication and semi-persistent indication is needed. 
Aperiodic beam indication
RAN1 agreed that one DCI for aperiodic beam indication consists of  field for beam information and  fields for time resource information. Different companies had different views on whether or  , with consideration of flexibility and standard effort. 
Option 1: 
For option 1, gNB configures multiple lists of time domain resources, similar to a multi-SLIV TDRA table introduced in Rel-16/17. Specifically, gNB configures multiple rows of a table, and each row consists of one or multiple time resources with a SCS value, which is applicable to all the time domain resources of the row. 
The flexibility of time domain resources indicated by a DCI depends on RRC configuration of the table. For example, gNB can configure different number of time domain resources for different rows of the table to support variable number of time domain resources by one DCI. The number of time domain resources indicated by one DCI at a time may be smaller or equal to . To determine the association between one time domain resource and one beam index, the simple one-to-one mapping rule can be defined, i.e., first X of   bit fields of beam indices are one-to-one associated with X time domain resources, while the remaining (  -X ) bit fields of beam information is reserved, where X is the number of time domain resources currently indicated by the DCI. 
Option 2: 
For option 2, gNB configures multiple candidates for one time domain resource, similar to a single-SLIV TDRA table. Specifically, gNB configures multiple rows of a table, and each row consists of one time resource. For each bit field of  a row index from the table is provided. SCS is indicated by a separate bit field in DCI, in addition to time domain resource bit fields and beam information bit fields. Since , one-to-one mapping between time domain resource and beam index is naturally determined. 
Comparing with option 1, the flexibility of time domain resources indicated by one DCI is obviously degraded with same DCI payload, though RRC signaling overhead for option 1 would be larger than option 2. In other words, to achieve similar flexibility of aperiodic beam indication, much larger DCI payload by option 2 is expected. Considering larger RRC signaling overhead only requires larger resource for one PDSCH while larger DCI payload leads to larger resource for every PDCCH, option 1 is preferred. 
Regarding the standard effort, though option 1 requires additional mechanism for the association between time indication and beam indication, the similar mechanism is already implemented for Rel-16/17 multi-PDSCH/PUSCH or Rel-18 multi-cell PDSCH/PUSCH transmission. Thus, additional standard effort is negligible. 
Proposal 1: For aperiodic beam indication by a DCI, the DCI consists of 
·  fields to indicate the beam information and each field refers to one beam index 
·  =1 fields to indicate the time resource
· Similar to multi-SLIV TDRA table, gNB configures a table with multiple rows wherein each row consists of one or multiple time domain resources, and gNB indicate a row index by the bit field. 
· SCS is configured per row. 
· The number of time domain resources of a row (denoted as X) is no larger than , and first X of  fields of beam information is one-to-one mapping to X time domain resources. 
Each time resource is defined by {Starting slot defined as the slot offset, starting symbol defined by symbol offset within the slot, duration defined by the number of symbols} with dedicated field.
[bookmark: _Ref127525910]Semi-persistent indication signaling
For semi-persistent beam indication, gNB can configure multiple sets of beam indication by RRC signaling and then activates one or multiple sets by MAC CE. For a set of beam indication, the set consists of a list of one or multiple forwarding resources, each is defined as {Beam index, time resource}. A SCS and periodicity is configured for the list which is applicable to all forwarding resources of the list. A MAC CE can activate one or multiple lists simultaneously. Details of MAC CE signaling can be left to RAN2.  
Proposal 2: For semi-persistent beam indication by RRC signaling and MAC CE 
· Y sets of beam indication is configured by one RRC signaling, each set of beam indication corresponds to a list of Z (Z can be one or multiple) forwarding resources, one SCS and one periodicity, and each forwarding resource is defined as {Beam index, time resource}
· One MAC CE is used to activate or deactivate one or multiple of sets. 
Collision between different indication types
In case of a time resource with more than one type of indications (aperiodic, semi-persistence, and periodic beam indication), whether same and different types of indications can be conflicted and how to resolve the confliction if allowed should be determined.

In case of the same indication type, it is natural to assume that gNB may control the conflicts and avoid them. For the dynamic indication, one dynamic indication should never override and collide with another dynamic indication avoiding confusion between gNB and NCR in case of missed DCIs and avoiding complicated overriding rules. For the semi-static and semi-persistent indications, current signaling design agreed and/or discussed is sufficiently flexible to avoid overlapping for multiple indications of the same type.

In case of different type of indication, given the flexibility of signalling for all indication types being agreed, gNB has sufficient flexibility to avoid confliction between different types. But gNB may intend to override one indication by another more dynamic indication, e.g., based on dynamic scheduling decision. Therefore, dynamic indication is prioritized over semi-persistent/semi-static indications and semi-persistent indication is prioritized over semi-static indication. 

Proposal 3: An NCR is not expected to receive two indications with same type (dynamic, semi-persistent or semi-static indication) with different beams indicated for a given time resource. If an NCR receives different type of indications for a given time resource, the overridden order is dynamic indication > semi-persistent indication > semi-static indication. 
Beamforming for backhaul link
RAN1 almost completed the design of backhaul link beam determination, including dedicated signaling for beam indication as well as pre-defined rule in case no signaling for backhaul link beam is configured. 
However, it is unclear how to determine a beam for time domain resource after the time gNB transmits a new signaling yet before the start of application of the indicated beam due to application latency as discussed in section 2.3. There are several options, e.g., the pre-defined rule for beam determination in case of no beam is indicated agreed in RAN1 #111 meeting is reused, which is aligned with existing TCI handling before application time, or NCR is expected to be off. To minimize the loss of forwarding opportunity, it is preferred to use pre-defined rule for beam determination. 
Proposal 4: The pre-defined rule for backhaul beamforming for the case of NCR incapable of new signaling for backhaul beam indication or no beam is indicated for backhaul link by the dedicated signal also applies to the case when beam is indicated but before the application time. 

Application latency 
[bookmark: _Hlk127526273]For a beam indication signaling for access link or backhaul link, there is minimum delay for NCR to apply the indicated beam (application delay). gNB should ensure the gap between the side control information and the indicated time domain resource for 1st beam is no smaller than the application delay.
When a beam indication signalling is received on MCR-MT, it experiences the following delay components X, Y, Z before being applied at MCR-FWD part:
· First component, X: control information reception processing at NCR-MT
· Second component, Y: control information communication from NCR-MT to NCR-FWD
· Third component, Z: control information application at NCR-FWD
Typically, in RAN1 specification X and Z are expressed as a total delay X` which is relevant for UE procedures. However, the inter-module delay Y between NCR-MT and NCR-FWD is not considered in currently available reference values for DCI / MAC CE / RRC.


Figure 1. Illustration of inter-module delay between NCR-MT and NCR-FWD

Different NCR implementations are envisioned, and some may require non-negligible delay (e.g., larger than a CP) to pass the control information from NCR-MT to NCR-FWD for application. In that sense, it is reasonable to discuss NCR capability for the inter-module delay Y. The possible values for Y may include at least 0 ms and some non-zero values, which can be discussed as part of NCR capability.
As of the component X`, for different types of a channel carrying the beam indication signalling, different application time may be applied:
· DCI based beam aperiodic indication:
· For DCI based beam indication, the most similar framework which exists in current specifications is the time application for QCL, associated with timeDurationForQCL UE capability. This framework relies on the capability as well as SCS relation between PDCCH with DCI and PDCCH/PDSCH where it is applied.
· For NCR scenario, the sub-carrier spacing of both PDCCH carrying the beam indication and SCS indicated for time domain resource may be considered. However, strictly speaking on NCR-FWD there is no distinct SCS associated required for operation of amplify-and-forward, the SCS may only be needed to calculate time durations for beam indication applications. Therefore, mainly SCS of PDCCH carrying the DCI should be involved.
· Semi-persistent (i.e., MAC CE based as being discussed in section 2.1.2) beam indication:
· For MAC CE application time, typically 3 ms delay is assumed with reference to the slot  of PUCCH which would carry HARQ-ACK for PDSCH containing this MAC CE . It may be further discussed whether 3 ms is directly reused or can be smaller or larger for the NCR scenarios and NCR capability.
· Semi-static (i.e., RRC based) periodic beam indication:
· Current RRC specification TS 38.331, section 12 offers application times for RRC signaling, and those may be assumed to be reused for NCR.

Proposal 5: NCR is not expected to be provided with a control information with a starting time earlier than X` + Y ms/symbols after the reference symbol for carrying the control information, where X` is a processing delay at MCR-MT plus application delay at NCR-FWD and Y is an inter-module (NCR-MT to NCR-FWD) delay
· X` = X1 for DCI provided control information
· X1 reuses mechanism of timeDurationForQCL based on the SCS of PDCCH carrying the DCI
· In case of different SCS between PDCCH for reception of the DCI and SCS indicated by the DCI, FFS if additional delay is needed
· The reference symbol is the last symbol of PDCCH with the DCI indication
· X` = X2 for MAC CE provided control information
· Baseline X2 is  slots, and other values may be discussed as NCR capability
· The reference symbol is the slot n where a NCR would transmit PUCCH with HARQ-ACK in response to PDSCH carrying the MAC CE
· X` = X3 for RRC provided control information
· X3 and the reference symbol is according to TS 38.331, section 12, i.e., up to RAN2
· X1 and potentially X2, X3 are NCR capabilities
· Y is an NCR capability and includes at least a 0 symbols value and one non-zero value
On/Off operation 
For on/off indication by side control information, implicit ‘ON’ based on beam indication was agreed with the assumption that NCR may not work properly if an NCR is on while no beam is provided.  But for OFF operation, it is possible and beneficial to support NCR OFF for a time domain resource even though the beam indication is provided for the time domain resource. For example, gNB provides semi-static or semi-persistent beam information which is intended for some periodic signals/channels other than cell-specific SS/PBCH, while gNB wants to cancel the periodic signal/channel and reuse the resource for another dynamic signal/channel for UEs under another NCR, so dynamic OFF indication is needed. To enable such flexibility for OFF operation while avoid additional signaling for on/off operation, a specific beam index can be used for dynamic OFF indication with aperiodic beam indication by a DCI.  
Proposal 6: Support explicit off indication by using a specific beam index in a DCI for aperiodic beam indication. 
Another aspect for on/off operation is, whether the beam indication for access link can be used to determine on/off operation for both access link and backhaul link, or only for access link. Considering forwarding is valid only if both access link and backhaul link is ON, it is reasonable to apply on/off for both access link and backhaul link simultaneously based on beam indication signaling for access link. 
Proposal 7: Simultaneous on/Off for both access link and backhaul link is performed based on beam indication for access link. 
[bookmark: _Ref52481833]Conclusions
In this contribution, we presented our views on side control information and NCR behaviour. Further, we summarize the observations and proposals as follows:
Proposal 1: For aperiodic beam indication by a DCI, the DCI consists of 
·  fields to indicate the beam information and each field refers to one beam index 
·  =1 fields to indicate the time resource
· Similar to multi-SLIV TDRA table, gNB configures a table with multiple rows wherein each row consists of one or multiple time domain resources, and gNB indicate a row index by the bit field. 
· SCS is configured per row. 
· The number of time domain resources of a row (denoted as X) is no larger than , and first X of  fields of beam information is one-to-one mapping to X time domain resources. 
Each time resource is defined by {Starting slot defined as the slot offset, starting symbol defined by symbol offset within the slot, duration defined by the number of symbols} with dedicated field.
Proposal 2: For semi-persistent beam indication by RRC signaling and MAC CE 
· Y sets of beam indication is configured by one RRC signaling, each set of beam indication corresponds to a list of Z (Z can be one or multiple) forwarding resources, one SCS and one periodicity, and each forwarding resource is defined as {Beam index, time resource}
· One MAC CE is used to activate or deactivate one or multiple of sets. 
Proposal 3: An NCR is not expected to receive two indications with same type (dynamic, semi-persistent or semi-static indication) with different beams indicated for a given time resource. If an NCR receives different type of indications for a given time resource, the overridden order is dynamic indication > semi-persistent indication > semi-static indication. 
Proposal 4: The pre-defined rule for backhaul beamforming for the case of NCR incapable of new signaling for backhaul beam indication or no beam is indicated for backhaul link by the dedicated signal also applies to the case when beam is indicated but before the application time. 

Proposal 5: NCR is not expected to be provided with a control information with a starting time earlier than X` + Y ms/symbols after the reference symbol for carrying the control information, where X` is a processing delay at MCR-MT plus application delay at NCR-FWD and Y is an inter-module (NCR-MT to NCR-FWD) delay
· X` = X1 for DCI provided control information
· X1 reuses mechanism of timeDurationForQCL based on the SCS of PDCCH carrying the DCI
· In case of different SCS between PDCCH for reception of the DCI and SCS indicated by the DCI, FFS if additional delay is needed
· The reference symbol is the last symbol of PDCCH with the DCI indication
· X` = X2 for MAC CE provided control information
· Baseline X2 is  slots, and other values may be discussed as NCR capability
· The reference symbol is the slot n where a NCR would transmit PUCCH with HARQ-ACK in response to PDSCH carrying the MAC CE
· X` = X3 for RRC provided control information
· X3 and the reference symbol is according to TS 38.331, section 12, i.e., up to RAN2
· X1 and potentially X2, X3 are NCR capabilities
· Y is an NCR capability and includes at least a 0 symbols value and one non-zero value

Proposal 6: Support explicit off indication by using a specific beam index in a DCI for aperiodic beam indication. 
Proposal 7: Simultaneous on/Off for both access link and backhaul link is performed based on beam indication for access link. 
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