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1 Introduction
This contribution provides our views on the following objective from the NCR WID:
· 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.

We also discuss NCR operation in FR1, and provide a response to the RAN4 LS [R1-2210818].
2 Beamforming Information
In this section, we discuss the following aspects related to beamforming information.
· beamforming in FR1
· access link beam characterization
· time domain resource indication
· backhaul link beamforming
· application delay
· multi-beam operation
 
2.1. Multi-Chain NCR for FR1
NCR for FR1 would have multiple RF chains to support MIMO/beamforming, as shown in Figure 1. When multiple RF chains are employed in FR1, there could be phase mismatches among the chains due to 
· Physical RF system/structure: these include the effects of mutual coupling and phase mismatches due to antenna cabling
· Hardware elements in each RF chain: These include analog filters, I and Q imbalance, phase mismatch of PA on the chains, different nonlinearity effects, etc
Such mismatches mentioned above would introduce unknown random phase errors ( in Figure 1) on the RF chains, resulting in uncontrollable beamforming directions.
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In order to compensate such unknown phase errors and apply an accurate beamforming, it is important to set proper phase shift values ( in Figure 1) in FR1 multi-chain NCR. When unknown phase errors are time-invariant (or at least slow time-varying), proper phase shift values for adaptive NCR beamforming might be found based on beam sweeping/refining procedures using SSB occasions and CSI-RS/SRS measurements, if a reasonable NCR codebook could be used in NCR Fwd side. Note that DFT-based codebooks may not be a good choice, considering such unknown random phase errors, as discussed in [1].
If unknown phase errors are fast time-varying, occasionally experiencing uncertain phase jumps, it would not be easy to track accurate phase shift values and control the beam direction. Such unknown phase jump is typically caused by RF state changes such as DL-UL switching, OFF-ON transition, and Fwd gain control. Therefore, in order to support beamforming for FR1 NCR, one of the key aspects that should be guaranteed is the feasibility to maintain continuous relative phase errors across different forward RF chains.  
To take advantage of TDD reciprocity, an additional requirement that maintains the same relative phase errors between UL chains and DL chains is need. If the relative phase errors across UL chains are different from those across DL chains, the UL composite channel of UE-NCR-gNB link cannot be the same as DL composite channel of gNB-NCR-UE link. Even in case of time-invariant phase errors, different relative phase errors between UL chain and DL chain cannot guarantee the TDD reciprocity.
Having discussed above on phase error issues for multi-chain FR1 NCR, the following proposals are made
Proposal 1 
Confirm supporting FR1 Fwd beamforming subject to NCR capability reporting
· When the number of beams supported for access link equals to 1, FR1 forward beamforming is not supported
· Otherwise, FR1 Fwd beamforming is supported
Proposal 2 
Support NCR capability reporting whether UL-DL reciprocity can be guaranteed or not.
Proposal 3 
Study necessary spec supports for NCR phase control/calibration.

2.2. Beam Characterization
The following RAN1#110-bis-e agreement identified a few FFS points regarding the characterization of the access link beams that we will further discuss below. 
	Agreement:
The following information can be used to characterize the physical beam(s) supported by NCR-Fwd for access link:
· Number of beams supported for access link
· FFS: How to define the detailed value (e.g., per beam type)
· FFS: Whether the number of beam can be derived by beam layout
· Spatial relationship between different beams
· FFS: Beam types defined by the beam width (e.g. two types as wide beam and narrow beam type)
· FFS: Beam direction defined by the boresight of beam
· FFS: Whether/How to deliver this information to gNB
· FFS: Coverage area for each beam type
· FFS: Beam ID (via explicit or implicit means) 



It is beneficial for NCR to support access link beams of different beam widths (or “types”), that can be used for forwarding different RS/channels – e.g., wider beams for broadcast RS/channels, and narrower beams for unicast/data channels. 
In additional to spatial relationship info, gNB should know the type (defined by the beam width) of NCR-Fwd’s access link beams. 
Proposal 4
Information about “beam type”, defined by the beam width, can also be used to characterize the physical beam(s) supported by NC-Fwd for access link.

Information about beam direction (or coverage area) may help gNB to improve its scheduling, interference management, and mobility procedures, and is required for positioning purposes (e.g., if NCR will be used to forward PRS). However, (1) such information may not be accurately available at the NCR, and (2) without such information, gNB can still properly use the NCR. For example, the coverage area of a beam can be learned over time based on available measurements. 
Note. Use of NCR for positioning purposes requires more discussions and is beyond the scope of Rel-18 NCR. 



Observation 1
Information about NCR’s access link “beam directions” (or “coverage areas”) is useful, but not necessary, to be provided to the gNB.

Proposal 5
A minimum set of information is expected to be provided to the gNB
· The minimum set includes, number of beams, spatial relationship between different beams, and beam types.
Additional information, if available, may optionally be provided to the gNB
· Optional/additional information includes “beam direction” or “coverage area”.

Information about the NCR-Fwd access link beams can be provided to gNB via any of MAC-CE, RRC, or OAM signaling. There are different factors on deciding the signaling method, including required time-scale (dynamic vs semi-static), main recipient of the information (e.g., DU vs CU respectively for MAC-CE vs RRC), security issues, and inter-operability. Given the information about NCR access link beams is expected to be semi-static, the required time-scale is not a main factor for determining the signaling method. For other factors, RAN1 is not the right WG to make a decision. 

Proposal 6
It is up to RAN2 to decide about the signaling method (e.g., MAC-CE/RRC/OAM) to deliver information about NCR-Fwd access link beams to the gNB. 

Beam indexing (whether explicit or implicit) is needed in order to provide information about spatial relationship of different beams. Hence, there should be a concept of beam ID in the information provided to the gNB to characterize the NCR-Fwd access link beams.  However, gNB may eventually select a subset of the identified beams for NCR’s operation. Therefore, the beam ID(s) used in the side control information for beamforming indication does not need to be the same as the beam IDs used during the initial identification.

Observation 2
When characterizing NCR’s access link beams and in order to provide information about spatial relationship of different beams, beam indexing (whether explicit or implicit) is needed.

2.3. Time Domain Resource Indication
It was already agreed that that access link beamforming indication side control also includes indication of associated time domain resources. RAN1#110-bis-e further agreed to the following.
	Agreement
Following parameters should be supported to define the time resource:
· For a periodic and/or semi-persistent configured time resource, starting time, duration per beam(s) and periodicity is needed.
· For aperiodic indication of time resource, starting time and duration per beam(s) is needed.  
· FFS: The SCS for starting time, duration, and periodicity
· FFS: How to define the duration, e.g., via the length of time resource or resource index(es)
· FFS: Whether indication of starting time can be implicit (e.g., the first slot after the time to apply the received beam indication and the first OFDM symbol in the slot)



Given the in-band operation of NCR, the same SCS used by NCR-MT (e.g., in the associated BWP, to receive the side control information) can be used as the default reference for time resource indication. A different reference SCS (than the default SCS) can be optionally configured in a semi-static manner. 
Regarding the definition of duration, the time resource indication should support flexibility of indicating multiple non-contiguous sets of time resources within a time duration.  
We also believe that starting time needs to be explicitly indicated to make sure gNB has sufficient control and flexibility. 

Proposal 7
The same SCS used by NCR-MT (e.g., in the associated BWP, to receive the side control information) can be used as the default reference for time resource indication. A reference SCS (different from the default SCS) can be optionally configured in a semi-static manner. 

Proposal 8
Starting time is explicitly indicated.

Proposal 9
The time resource indication should support flexibility of indicating multiple non-contiguous sets of time resources within a time duration.  



2.4. Backhaul Link Beamforming 

RAN1 achieved the following agreement.
	Agreement
If adaptive beams are adopted for C-link and backhaul link, new signaling is supported to indicate a beam(s) used for backhaul link from the set of beams for C-link.
· Predefined rule is used to define the beam in case there is no indication via the new signalling
· FFS: Details of the predefined rule
· FFS: Application of predefined rule for other cases
· Note: The beam(s) used for backhaul link should be from the RRC-configured list of beams for C-link.
· The new signalling, if needed, is an optional NCR capability



Regarding the predefined rules, we have the following proposal. 
Proposal 10
In case, there is no indication of backhaul link beam, use the following predefined 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, a default beam is used for the backhaul link.
· FFS: default BH beam? Procedures like legacy mechanisms for determining default UL/DL beam can be specified. 

Following similar arguments for the access link beam indication, we further propose the following for BH beam indication.
Proposal 11
Support both slot-level and symbol-level granularity for the time-domain resource indication and determination of the backhaul link beam.
Proposal 12
Support both dynamic beam indication and semi-static beam indication for backhaul link.

To reduce the specification and signaling overhead, it is desirable to have a unified signaling framework for indication of access and backhaul link beam information.
Proposal 13
Support a unified signaling framework for indication of access and backhaul link beamforming information. 

2.5. Application Delay
NCR would require some minimum delay to apply an indicated beamforming information. For the backhaul link (and if adaptive beam is supported), we can just reuse the legacy TCI state switching delay framework (as specified in 38.133). The same framework can also be used for the access link beamforming indication.

Proposal 14
Reuse the legacy TCI state switching delay framework (as specified in 38.133) for application latency of NCR’s access link and backhaul link beamforming indications. 

2.6. Multi-beam Operation
A repeater may be able to simultaneously use two or more beams on its access links. For example, a repeater may be equipped with two antenna arrays on the access side that can simultaneously forward DL signals in two directions and/or receive UL signals from two directions. The repeater my further be able to forward different sub-bands/passbands in different beam directions.

Observation 3
A repeater may be equipped with multiple antenna arrays on its access side, and able to simultaneously transmit (or receive) signals on two or more beam directions.
The repeater may further be able to filter different sub-bands/passband and forward them in different beam directions.

Proposal 15
Support an optional capability of multi-beam forwarding, where NCR may be able to forward DL signals (or receive UL signals) to (or from) multiple beam directions on the access link.
· NCR may further be able to filter different sub-bands/passbands and forward them in different beam directions.

3 ON-OFF Information
RAN1 agreed on the benefits of ON-OFF information, and discussed two options for indication of ON-OFF information:
· Option 1: Explicit indication via ON-OFF state or ON-OFF pattern
· Option 2: Implicit indication via the signalling for other information
It was further discussed that both dynamic and semi-static indication can be considered.
The following was agreed in RAN#110-bis-e:
	Agreement
For the ON/OFF information indication, at least one of following options is supported to indicate the ON state of NCR
· Alt-1: Explicit indication with dedicated field to indicate ON state
· Note: At least it’s supported when the beam indication is not applicable
· Alt-2: Implicit indication via the beam indication
· Alt-3: Indication via the time domain resource indication (i.e., the NCR is assumed to be ON over the indicated time domain resource)



The above agreement is about the ON state indication. We have the following views on the 3 alternatives.
There is no need to support Alt-1, because beam indication will anyways be defined, and the same signaling can be leveraged for indicating ON state. Time domain resource indication is a part of beam indication. Hence, Alt-3 is effectively not different/separate from Alt-2. So, we propose to support only Alt-2.
Observation 4
There is no need to support explicit indication of ON state with dedicated field (i.e., Alt-1), since beamforming indication can be used for the same purpose. 
Time domain resources are defined/carried as part of beamforming indication. So, time domain resource indication is not separate from beamforming indication. 

Proposal 16
For the ON/OFF information indication, the ON state is implicitly indicated via the beam indication.

Regarding OFF state indication, we had the following earlier agreement:
	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.



The above agreement can be interpreted as an implicit OFF state indication. That is, over time domain resources where NCR has not received any beamforming/ON indication, NCR-Fwd is expected to be OFF. However, it still remains to discuss whether we also need to support an explicit OFF indication. 
Let us assume that the NCR-Fwd may have been indicated to use a beamforming configuration within a semi-statically configured set of time resources, and hence would be ON within those resources. However, the network may desire to “cancel” NCR-Fwd’s operation within some of these time resources (e.g., to accommodate another higher priority communication with another UE). In this case, it may be beneficial to have an explicit “OFF” indication to support “cancelation”.
In terms of signaling, the beam indication signaling can be leveraged to support explicit OFF indication. That is, an access link beam index 0 may be interpreted as “NCR-Fwd OFF”.  

Observation 5
Explicit OFF indication is needed to support “cancelation” of a previously (e.g., semi-statically) configured NCR-Fwd’s operation.

Proposal 17
Support explicit OFF state indication via leveraging the beamforming indication framework. An access link beam index (say 0) can be reserved and used for indicating OFF state.
· FFS: application latency of explicit OFF state indication.

As discussed in Rel-17 and captured in 38.106, a repeater may support operating in multiple passbands (consecutive or non-consecutive). 
	Passband: The frequency range in which the repeater operates in with operational configuration, this frequency range can correspond to one or several consecutive nominal channels, if they are not consecutive each subset of channels shall be considered as an individual passband, a repeater can have one or several passbands, all channels within the passband(s) shall belong to a single operator or collaborating operators.



First, for proper interoperability, it is beneficial for NCR to report information about its operating passband related configurations. This is further discussed in our companion paper [2].  
Furthermore, a repeater supporting multiple passbands may have the capability to selectively forward signals in different passbands. If so, such a capability can be utilized by the network to more efficiently (e.g., in terms of interference or power consumption) configure NCR operation – e.g., by instructing the repeater not to forward the signal in a passband for a duration of time. This is effectively equivalent to turning OFF the repeater in the corresponding passband and time duration. 

Observation 6
A repeater, supporting operating on multiple passbands, may support selective forwarding across the supported passbands. This capability can be leveraged by the network for more efficient forwarding operation (e.g., in terms of interference or power consumption). 

Proposal 18
Support frequency-selective forwarding (or frequency-selective ON-OFF information indication).

4 Information on UL-DL Configuration
RAN1#110-bis-e agreed to the following
	Agreement
For the flexible symbol based on the semi-static configuration (e.g., TDD-UL-DL-ConfigCommon, TDD-UL-DL-ConfigDedicated), the default behavior of the NCR-Fwd is expected to be OFF or not forwarding over these symbols
· FFS: The behavior over these symbol if dynamic DL/UL operation is supported by NCR-MT and/or NCR-Fwd.



We believe it is straightforward and beneficial for NCR to use the capability (if present) of dynamic determination of DL/UL state of flexible resources. 
Proposal 19
The TDD information dynamically acquired by NCR (based on the received dynamic SFI indication or scheduling from gNB) is used to determine the DL/UL operation within semi-static flexible resources.

5 Reply to RAN4 LS R1-2210818
RAN4 asked the following two questions:
	Question 1: whether NCR-MT part support any UL transmission? if there is any UL transmission, please show some information of UL transmission, e.g. is it PUCCH, PUSCH or SRS or some feedback for the PDSCH or control information?
Question 2:  RAN4 would like to check with RAN1 whether there is any concern to support the FR1 NCR beamforming? 



Regarding question 1, RAN1 already agreed that PUCCH and PUSCH are supported for NCR-MT just like a UE. These UL transmissions are needed for a normal NCR-MT’s operation, e.g., to provide measurement reports, channel feedback, HARQ-ACK to PDSCH, RRC-related procedures, etc. RAN1 also agreed the necessary mechanism of legacy UE sounding procedure is supported by NCR-MT, that may involve SRS transmission. 

Regarding question 2, RAN1 identified three issues to support FR1 NCR beamforming
1. Time-invariant phase error
2. Time-variant phase error
3. Phase error difference between UL and DL for TDD reciprocity

RAN1 conclusion is to support FR1 NCR-Fwd beamforming subject to NCR capability reporting. For NCR supporting FR1 NCR-Fwd beamforming, RAN1 respectfully asks RAN4 to provide the following information
· Range of time-invariant phase error
· Range of time-variant phase error 
· Feasibility of NCR to keep the same phase error between DL and UL for case of TDD reciprocity.

Proposal 20
RAN1 to send an LS to RAN4 in response to R1-2210818 as follows:
	Regarding question 1, NCR-MT supports UL transmissions (PUCCH and PUSCH) just like a UE. These UL transmissions are needed for a normal NCR-MT’s operation, e.g., to provide measurement reports, channel feedback, HARQ-ACK to PDSCH, RRC-related procedures, etc. NCR-MT may also support SRS transmission for sounding procedures. 

Regarding question 2, RAN1 identified three issues to support FR1 NCR beamforming
4. Time-invariant phase error
5. Time-variant phase error
6. Phase error difference between UL and DL for TDD reciprocity

RAN1 conclusion is to support FR1 NCR-Fwd beamforming subject to NCR capability reporting. For NCR supporting FR1 NCR-Fwd beamforming, RAN1 respectfully asks RAN4 to provide the following information
· Range of time-invariant phase error
· Range of time-variant phase error 
· Feasibility of NCR to keep the same phase error between DL and UL for case of TDD reciprocity.



6 Conclusion
In this contribution, we provided our views on NCR’s side control information. The following observations and proposals are made. 
--- beamforming information ---
Proposal 1 
Confirm supporting FR1 Fwd beamforming subject to NCR capability reporting
· When the number of beams supported for access link equals to 1, FR1 forward beamforming is not supported
· Otherwise, FR1 Fwd beamforming is supported
Proposal 2 
Support NCR capability reporting whether UL-DL reciprocity can be guaranteed or not.
Proposal 3 
Study necessary spec supports for NCR phase control/calibration.

Proposal 4
Information about “beam type”, defined by the beam width, can also be used to characterize the physical beam(s) supported by NC-Fwd for access link.
Observation 1
Information about NCR’s access link “beam directions” (or “coverage areas”) is useful, but not necessary, to be provided to the gNB.
Proposal 5
A minimum set of information about NCR’s access link beams is expected to be provided to the gNB
· The minimum set includes, number of beams, spatial relationship between different beams, and beam types.
Additional information, if available, may optionally be provided to the gNB
· Optional/additional information includes “beam direction” or “coverage area”.
Proposal 6
It is up to RAN2 to decide about the signaling method (e.g., MAC-CE/RRC/OAM) to deliver information about NCR-Fwd access link beams to the gNB. 
Observation 2
When characterizing NCR’s access link beams and in order to provide information about spatial relationship of different beams, beam indexing (whether explicit or implicit) is needed.

Proposal 7
The same SCS used by NCR-MT (e.g., in the associated BWP, to receive the side control information) can be used as the default reference for time resource indication. A reference SCS (different from the default SCS) can be optionally configured in a semi-static manner. 
Proposal 8
Starting time is explicitly indicated.
Proposal 9
The time resource indication should support flexibility of indicating multiple non-contiguous sets of time resources within a time duration.  

Proposal 10
In case, there is no indication of backhaul link beam, use the following predefined 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, a default beam is used for the backhaul link.
· FFS: default BH beam? Procedures like legacy mechanisms for determining default UL/DL beam can be specified. 
Proposal 11
Support both slot-level and symbol-level granularity for the time-domain resource indication and determination of the backhaul link beam.
Proposal 12
Support both dynamic beam indication and semi-static beam indication for backhaul link.
Proposal 13
Support a unified signaling framework for indication of access and backhaul link beamforming information. 

Proposal 14
Reuse the legacy TCI state switching delay framework (as specified in 38.133) for application latency of NCR’s access link and backhaul link beamforming indications. 

Observation 3
A repeater may be equipped with multiple antenna arrays on its access side, and able to simultaneously transmit (or receive) signals on two or more beam directions.
The repeater may further be able to filter different sub-bands/passband and forward them in different beam directions.
Proposal 15
Support an optional capability of multi-beam forwarding, where NCR may be able to forward DL signals (or receive UL signals) to (or from) multiple beam directions on the access link.
· NCR may further be able to filter different sub-bands/passbands and forward them in different beam directions.

--- ON-OFF information ---
Observation 4
There is no need to support explicit indication of ON state with dedicated field (i.e., Alt-1), since beamforming indication can be used for the same purpose. 
Time domain resources are defined/carried as part of beamforming indication. So, time domain resource indication is not separate from beamforming indication. 
Proposal 16
For the ON/OFF information indication, the ON state is implicitly indicated via the beam indication.
Observation 5
Explicit OFF indication is needed to support “cancelation” of a previously (e.g., semi-statically) configured NCR-Fwd’s operation.
Proposal 17
Support explicit OFF state indication via leveraging the beamforming indication framework. An access link beam index (say 0) can be reserved and used for indicating OFF state.
· FFS: application latency of explicit OFF state indication.
Observation 6
A repeater, supporting operating on multiple passbands, may support selective forwarding across the supported passbands. This capability can be leveraged by the network for more efficient forwarding operation (e.g., in terms of interference or power consumption). 
Proposal 18
Support frequency-selective forwarding (or frequency-selective ON-OFF information indication).

--- UL-DL TDD information ---
Proposal 19
The TDD information dynamically acquired by NCR (based on the received dynamic SFI indication or scheduling from gNB) is used to determine the DL/UL operation within semi-static flexible resources.

--- reply to RAN4 LS ---
Proposal 20
RAN1 to send an LS to RAN4 in response to R1-2210818 as follows:
	Regarding question 1, NCR-MT supports UL transmissions (PUCCH and PUSCH) just like a UE. These UL transmissions are needed for a normal NCR-MT’s operation, e.g., to provide measurement reports, channel feedback, HARQ-ACK to PDSCH, RRC-related procedures, etc. NCR-MT may also support SRS transmission for sounding procedures. 

Regarding question 2, RAN1 identified three issues to support FR1 NCR beamforming
7. Time-invariant phase error
8. Time-variant phase error
9. Phase error difference between UL and DL for TDD reciprocity

RAN1 conclusion is to support FR1 NCR-Fwd beamforming subject to NCR capability reporting. For NCR supporting FR1 NCR-Fwd beamforming, RAN1 respectfully asks RAN4 to provide the following information
· Range of time-invariant phase error
· Range of time-variant phase error 
· Feasibility of NCR to keep the same phase error between DL and UL for case of TDD reciprocity.
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