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Introduction
The work item on network-controlled repeaters (NCR) in Rel. 18 were agreed [1]. In this contribution, we present our view on the design of side control information and NCR behavior.
Discussions
This section discusses the side control information to enable NCR operation.
ON/OFF information
In RAN1#110-bis-e meeting, the following conclusion and agreement were made:
	Conclusion
An NCR is not expected to perform forwarding in “OFF” state.

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)



Regarding the ON/OFF indication, we think the combination of Alt-2 and Alt-3 should be considered. For the semi-static/periodic configurations, the defined time domain resources indicated by a beam indication are considered as ON state implicitly (Alt-3). However, the network should be able to override the semi-static/periodic configurations dynamically, e.g., apply a different beam or OFF temporarily. For this reason, the OFF state should be included in the defined dynamic beam indication set. The OFF state and beam indications can form a unified beam set, e.g., {OFF, Beam#0, Beam#1, …, Beam#n}. This allows that dynamic indication overrides the semi-static/periodic configurations.
Proposal 1: The implicit OFF indication should be considered for semi-static/periodic configurations. For dynamic indication, the beam set should include OFF state.
In addition, there are some occasions that NCR is not accessible by the gNB and the NCR-Fwd should become “OFF” autonomously. These include when the link/beam failure occurs for the NCR-MT, TA timer of NCR-MT expires, and NCR-MT is in RRC_IDLE or RRX_INACTIVE. On such occasions, the behaviour of NCR is not controllable by the gNB and NCR should turn OFF the NCR-Fwd after a predefined period. In addition, the power consumption reduction of NCR-MT can be achieved by DRX of RRC_CONNECTED, which can be discussed within RAN2.
Proposal 2: The OFF state should be used for NCR-Fwd when the NCR-MT is not accessible by the gNB, including, link/beam failure and expiration of TA timer of NCR-MT. The OFF state also should be applied to RRC_IDLE/RRX_INACTIVE of NCR-MT.

Beam control information
For NCR, different beam control indications could be supported to handle different traffic types.
Periodic beam control pattern
The gNB can schedule the UEs in a TDM manner with periodic resources, for instance for SR, CG, SPS, CQI reports, and SSB. This is especially for the scenario of a limited number of UEs are served by a repeater. In such case, the gNB can configure the repeater with periodic patterns semi-statically for the beam selections. This can significantly reduce the signaling overhead for the beam indications. In addition, SPS/CG like beam pattern indication should be supported as it allows the modification by activation/deactivation using L1 DCI. These should be applied to both backhaul link and access link respectively.
Proposal 3: The semi-static periodic beam patterns configured by RRC should be supported. In addition, SPS/CG like beam pattern indication should be supported. These should be applied to both backhaul link and access link respectively.
With the support of semi-static configured, SPS/CG like, and dynamic beam indications, the beam patterns with different configurations may overlap in time domain. Figure 1 illustrates a scenario that a repeater is configured with two semi-static beam patterns, one for SSB transmissions (Figure 1 a) and one for SPS traffic towards a UE (Figure 1 b). The beam pattern configurations overlap in slot 3. The repeater with a single beam capability needs to know which of beams to be applied. In this example, the beam for SSB would be selected, as shown in Figure 1 c.
The collision of beam indications could also occur for the semi-static and dynamic beam indications. The dynamic beam indication could be used for dynamic scheduling. There are different approaches for handling the collision of beam indications. One approach is to define priority levels for the semi-static and dynamic beam configurations. When the collision occurs, the beam with the higher configuration priory is applied. Another approach could be using some predefined rules, for instance, the dynamic beam indication can override the semi-static or SPS/CG beam indication.
Proposal 4: Solutions should be considered for the overlapping of beam indications among semi-static, SPS/CG like, and dynamic indications for the time domain. Priority can be predefined or configured. 
[image: ]
[bookmark: _Ref101456831]Figure 1. Illustration of configured periodic beam patterns.

TDD UL/DL configuration
In RAN1#110-bis-e meeting, the following agreement was made:
	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.



In our view, the NCR should be able to support dynamic configuration of flexible slots for flexible scheduling. The flexible symbols can be dynamically configured through slot format indication (delivered by DCI format 2_0) or scheduling DCI. The NCR-Fwd may use the same SFI-RNTI of the NCR-MT or a separate dedicated SFI-RNTI.
Proposal 5: NCR should support dynamic configuration of flexible UL/DL symbols. The dynamic configurations can be realized by an SFI and/or dynamic scheduling DCI.

Time-domain resource indication of access link beam
In RAN1#110-bis-e meeting, the following agreement was made:
	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 time resources for NCR could be defined similar to a SLIV table. In case the NCR supports several BWPs with different SCSs, the time granularity of the highest SCS should be considered as a reference. For the dynamic indication, a slot offset should be carried to specify the starting time of the time resource after receiving the indication.
Proposal 6: The highest SCS of supported BWPs should be considered as the reference time granularity for defining the time domain resources.
Proposal 7: For the dynamic indication, a slot offset should be carried to specify the starting time of the time resource after receiving the indication.

Overall design of beam indication
Based on the discussion of above sections, our view on beam indication design can be summarized below.
· Access and backhaul link beam can be indicated by RRC, SPS/CG manner and DCI.
· A beam configuration by RRC has following 
· Beam index
· Access link or backhaul link
· UL or DL
· The symbol and slots used for this beam
· The periodicity of the beam
· A DCI can indicate following
· Beam index (including OFF)
· Access link or backhaul link (DCI format itself may be different)
· UL or DL (depending on the configuration or DCI format itself may be different)
· The symbol and slots used for this beam (to indicate the index of configured SLIV table)
· FFS the relation number of beams and the number of DCI
· SPS/CG like indication uses dynamic DCI for activation/deactivation.

Conclusion
In this contribution, we provide our view on control signals for NCR. We made following proposals.
Proposal 1: The implicit OFF indication should be considered for semi-static/periodic configurations. For dynamic indication, the beam set should include OFF state.
Proposal 2: The OFF state should be used for NCR-Fwd when the NCR-MT is not accessible by the gNB, including, link/beam failure and expiration of TA timer of NCR-MT. The OFF state also should be applied to RRC_IDLE/RRX_INACTIVE of NCR-MT.
Proposal 3: The semi-static periodic beam patterns configured by RRC should be supported . In addition, SPS/CG like beam pattern indication should be supported. These should be applied to both backhaul link and access link respectively.
Proposal 4: Solutions should be considered for the overlapping of beam indications among semi-static, SPS/CG like, and dynamic indications for the time domain. Priority can be predefined or configured. 
Proposal 5: NCR should support dynamic configuration of flexible UL/DL symbols. The dynamic configurations can be realized by an SFI and/or dynamic scheduling DCI.
Proposal 6: The highest SCS of supported BWPs should be considered as the reference time granularity for defining the time domain resources.
Proposal 7: For the dynamic indication, a slot offset should be carried to specify the starting time of the time resource after receiving the indication.
Reference
[1] 	RP-222673, “New WID on NR network-controlled repeaters”, RAN#97-e.
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c) Applied beams by the NCR




