[bookmark: _Hlk37418177]3GPP TSG RAN WG1 #111	R1-2211303
Toulouse, France, 14th – 18th November 2022

Agenda item:		9.8.1	
Source:	Nokia, Nokia Shanghai Bell
Title:	Discussion on side control information and NCR behavior
Document for:		Discussion and Decision
Introduction
[bookmark: _Hlk510705081]Rel-18 work item [1] on network-controlled repeaters will focus on the following scenarios: 
· Network-controlled repeaters are inband RF repeaters used for extension of network coverage on FR1 and FR2 bands based on the NCR model in TR38.867 
· For only single hop stationary network-controlled repeaters 
· The NCR is transparent to the UE. 
· Network-controlled repeater can maintain the gNB-repeater link and repeater-UE link simultaneously 
 Additionally, the following RAN1-led objectives were identified for the Rel-18 work item:
Specify the signalling and behavior of the following side control information for controlling the NCR-Fwd [RAN1, RAN2] 
· Beamforming 
· UL-DL TDD operation 
· ON-OFF information 
Note: Power control aspect will be checked in RAN#98e. 
 Specify control plane signalling and procedures [RAN2, RAN1] 
· The configuration of signalling for side control information indication 
· NOTE: Down-selection of solutions in section 7.2 of TR 38.867 is needed 
Discussion
Beam Management
Backhaul link beam management
In RAN1#1110bis-e, the following agreement was made regarding indication of backhaul link beam for the NCR:
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

Separate pre-defined rules can be considered for scenarios in which the backhaul link is being transmitted (in UL or DL) simultaneously with the C-link and for those cases when the C-link is not being transmitted. In both cases the channel should be expected to be stationary and not require a frequently adapted beam pattern When the C-link is being transmitted, the assumption should be that the signals from both links are either being transmitted or received on the same NCR beam. In this case, the pre-defined rule for simultaneous transmission/reception can be that the backhaul link is transmitted and/or received using the TCI state or spatial relation configured for the NCR-MT in that time domain resource.

Proposal 2.1:	When C-link and backhaul link are being transmitted simultaneously in UL or DL in a time domain resource, backhaul link transmission is performed using the same TCI state or spatial relation as indicated for the NCR-MT in that resource.

In scenarios where there is no corresponding transmission on the NCR C-link, for simplicity, the NCR may use the TCI state or spatial relation indicated for the last transmission or reception performed by the NCR-MT.

Proposal 2.2:	When the backhaul link is being transmitted without a corresponding C-link transmission in UL or DL, the NCR-Fwd transmits or receives in the indicated TCI state or spatial relation for the last UL or DL transmission respectively.

[bookmark: _Ref118100048]Access link beam management
The following agreement was made in RAN1#110bis-e regarding beam characterization for NCR-Fwd access link:
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) 

While this information is generally important for proper network deployment, there is not a clear motivation to support providing this information to the parent gNB. The coverage area of the NCR should only be configured with careful network planning. Additionally, overly specified beam characterization can result in significant and complicate signaling overhead, and unnecessarily restricts vendor implementation. For these reasons, there is not a strong motivation to support new signaling related to sharing this information. Instead physical beam layout and characterization can be managed as part of proper network planning and configured at deployment phase.
Proposal 2.3:	New signaling for physical beam characterization for NCR-Fwd access link is not supported.

The following agreement was made in RAN1#110bis-e regarding the time domain resource of an access link beam indication:

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)
 
The SCS of the time domain resource for the beam indication cannot be determined implicitly, since the indication itself may be received on a separate carrier than the one configured for the NCR-Fwd. As an example, if the C-link is configured on a carrier with 15 kHz SCS, and one of the carriers being forwarded by the NCR-Fwd is configured with a 30 kHz SCS, the NCR would not have time domain resolution to provide symbol-level indication for the NCR-Fwd using the NCR-MT numerology. For this reason, the reference SCS for the time domain indication of the access link beam indication should be configured explicitly by the parent gNB.
Proposal 2.4:	The reference SCS for the NCR-Fwd beam indication is configured explicitly by the parent gNB.

Defining the duration of a beam indication can be handled separately for semi-static/periodic and dynamic indications. In the case of semi-static beam indication, a similar framework to configuring tdd-UL-DL-ConfigurationCommon should provide sufficient flexibility for the NCR-Fwd.

Proposal 2.5:	Semi-static indication of access link beam is configured with, periodicity P, and duration d, similar to the configuration of tdd-UL-DL-ConfigurationCommon.

To ensure that changes in semi-static beam configuration can be reliably applied on schedule, it may be necessary to configure the application time of changes in semi-statically indicated beams. To manage this, an application/modification period should be configured to appropriately determine the time at which a semi-static beam indication is expected to be applied relative to when it is received by the NCR.

Proposal 2.6:	Semi-static indication of access link beam is applied at the end of a configured modification period for the NCR.

Dynamic indication of access link beams must be coordinated with semi-static beam indication to avoid conflicting indications which may produce ambiguous NCR-Fwd behavior. To avoid this, either an NCR should not be expected to receive conflicting indications in a time domain resource, or a prioritization or fallback rule must be defined. In general, there is not a clear motivation for providing conflicting indications to the NCR, since semi-static beam configurations would likely be intended to support channels and signals which are transmitted with high priority, i.e., SSB, system information, PRACH, etc. In those time domain resources it is unlikely that a dynamic indication would be needed to override the semi-static indication. For that reason, the most straightforward design would be to require that the NCR is not expected to receive conflicting beam indications in a time domain resource.

Proposal 2.7:	An NCR is not expected to receive conflicting beam indications (e.g., semi-static and dynamic) in a time domain resource.

Additionally, it is necessary to avoid a situation in which the NCR is configured to forward without a clear understanding of which access link beam to use. In the case that a beam indication is not provided for a time domain resource, the NCR-Fwd should be configured to ‘off’ since a default forwarding behavior could not easily be designed in this case.
Proposal 2.8:	In any time domain resource in which an access link beam has not been indicated, the NCR-Fwd is expected to be ‘off’.

TDD Configuration
In RAN1#110bis-e the following agreement was made regarding support for NCR-Fwd operation over TDD flexible symbols:
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.

As agreed, the NCR-Fwd is not expected to forward over TDD flexible symbols; however, this limitation may limit the configuration flexibility of the network regarding other UEs connecting via the NCR.  For this reason, it may be reasonable to have optional support for NCR-Fwd operation over TDD ‘flexible’ symbols by NCR capability.
Proposal 2.9:	NCR-Fwd can support forwarding over TDD ‘flexible’ symbols by capability.

In the case that NCR-Fwd forwarding over TDD ‘flexible’ symbols is supported, it can be assumed that TDD UL/DL configuration for backhaul, and access link are identical to the C-link. In that case, the TDD UL/DL state of the NCR-Fwd can be expected to follow the TDD UL/DL state of the NCR-MT.  
Proposal 2.10:	NCR-Fwd is expected to follow the TDD UL/DL state of the NCR-MT.

On/Off Configuration
The following agreement was made in RAN1#110bis-e regarding indication of NCR-Fwd ‘on’ behavior:

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)

As noted, in Section 2.1.2, it is preferrable to avoid scenarios in which the NCR-Fwd is configured ‘on’, but not provided with a clear indication on which beam the NCR-Fwd should be forwarding. Since this is the case, explicit indication of the NCR-Fwd as ‘on’ should not be necessary, since the NCR-Fwd operation should always be implicitly dependent on the NCR being provided an appropriate beam indication. When the NCR is provided with an explicit beam indication, it is logical to assume that the NCR-Fwd should be ‘on’.

Proposal 2.11:	The NCR-Fwd is assumed to be ‘on’ over time domain resources in which an explicit beam indication has been provided for the NCR-Fwd.

Conclusion
Proposals for necessary side control information to maintain proper NCR operation are:  
Proposal 2.1:	When C-link and backhaul link are being transmitted simultaneously in UL or DL in a time domain resource, backhaul link transmission is performed using the same TCI state or spatial relation as indicated for the NCR-MT in that resource.

Proposal 2.2:	When the backhaul link is being transmitted without a corresponding C-link transmission in UL or DL, the NCR-Fwd transmits or receives in the indicated TCI state or spatial relation for the last UL or DL transmission respectively.

Proposal 2.3:	New signaling for physical beam characterization for NCR-Fwd access link is not supported.

Proposal 2.4:	The reference SCS for the NCR-Fwd beam indication is configured explicitly by the parent gNB.

Proposal 2.5:	Semi-static indication of access link beam is configured with, periodicity P, and duration d, similar to the configuration of tdd-UL-DL-ConfigurationCommon.

Proposal 2.6:	Semi-static indication of access link beam is applied at the end of a configured modification period for the NCR.

Proposal 2.7:	An NCR is not expected to receive conflicting beam indications (e.g., semi-static and dynamic) in a time domain resource.

Proposal 2.8:	In any time domain resource in which an access link beam has not been indicated, the NCR-Fwd is expected to be ‘off’.

Proposal 2.9:	NCR-Fwd can support forwarding over TDD ‘flexible’ symbols by capability.
Proposal 2.10:	NCR-Fwd is expected to follow the TDD UL/DL state of the NCR-MT.

Proposal 2.11:	The NCR-Fwd is assumed to be ‘on’ over time domain resources in which an explicit beam indication has been provided for the NCR-Fwd.
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