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1 Introduction

In RAN#94e Meeting [1], a new SID was approved for study on  NR network-controlled repeaters[2]. A network-controlled repeater would be able to receive and process side control information from the network, which allow a network-controlled repeater to perform its amplify-and-forward operation in a more efficient manner. The following objectives would be studied in RAN1 working group.
	Study and identify which side control information below is necessary for network-controlled repeaters including assumption of max transmission power [RAN1]
· Beamforming information

· Timing information to align transmission / reception boundaries of network-controlled repeater

· Information on UL-DL TDD configuration

· ON-OFF information for efficient interference management and improved energy efficiency
· Power control information for efficient interference management (as the 2nd priority)
Study and identify L1/L2 signaling (including its configuration) to carry the side control information [RAN1]


In this contribution, we present our considerations on L1/L2 signalling for side control information.
2 Discussion
Similar to IAB, the network controlled repeater is consisted of a repeater unit (RU) and a MT as shown in Figure.1, the MT takes charge of receiving and processing side control information from the gNB and supporting a subset of the NR UE functionality, while the repeater unit amplify-and-forward the downstream traffic to the UE and upstream traffic to the gNB. The side control information such as beamforming information, timing information, UL-DL information and ON-OFF information to enable NR network-controlled repeaters is beneficial for network controlled repeater operation as discussed in our companion contribution [3]. The signaling details related to the beamforming information, timing information, UL-DL information, ON-OFF information are discussed in the following sections.
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Figure.1, Protocol stack for the NetCon-repeater

2.1 Signalling carrying beamforming information 

Beam management was introduced in Rel-15 NR, especially in FR2 to improve the cell coverage with massive antennas. Both the gNB and UE can perform beam sweepingfor beam selection, the gNB can configure/indicate specific beams for DL and UL transmissions respectively. The legacy signalling details related to the beam management is summarized in Table 1. 
The NetCon-repeater repeater can maintain two links simultaneously. One is service link between RU and UE whilethe other is backhaul link between MT and gNB. Therefore, the information related to the beams used for service link and backhaul link should be configured/indicated to the NetCon-repeater respectively. 
The location of theNetCon-repeater and gNB are typically fixed, and thus, the channel condition is typically stable, then semi-static beam configuration is enough for the backhaul link. While the beam switching may happen frequently for service link, dynamic signalling is required for the service link.
Table 1, The signaling used for beam selection and beam indication in NR
	Time domain feature
	Beam feature
	Typical signal
	Signaling
	Main content

	Periodic

	Beam sweeping for beam selection
	SSB;

Periodic CSI-RS
	RRC
	RRC: beam IDs, periodicity



	
	Beam indication
	Configured grant type I
	
	

	Semi-static

	Beam sweeping for beam selection
	Semi-static CSI-RS
	RRC+MAC CE
	RRC: beam IDs, periodicity
MAC CE: activation/deactivation

	
	Beam indication
	Semi-persistent scheduling
	RRC+DCI
	RRC: beam IDs, periodicity

DCI: activation/deactivation

	Aperiodic

	Beam sweeping for beam selection
	Aperiodic CSI-RS w/ repetition OFF
	RRC+DCI
	RRC: beam IDs
DCI: trigger

	
	Beam indication
	Dynamic scheduling
	RRC+DCI
RRC+MAC CE+DCI
	RRC: beam IDs
MAC CE: activation 8 beams

DCI: indication


Proposal 1: The beam information for the backhaul link between gNB and NetCon-repeater can be semi-statically configured.

Proposal 2: The beam information for the service link between UE and NetCon-repeater can be dynamically indicated.
2.2 Signalling carrying timing information 
Three types of MAC CEs are defined in NR for TA adjustment. An absolute TA command can be carried by RAR MAC or Absolute Timing Advance Command MAC CE with 12 bits, while a relative TA command can be carried by Timing Advance Command MAC CE with 6 bits. Following the legacy design, MAC CE can still be used for adjusting the timing information of NetCon-repeater.
Proposal 3: MAC CE can be used for adjusting the timing information of NetCon-repeater.
2.3 Signalling carrying UL-DL TDD information 

In NR, both semi-static and dynamic configuration/indication of the UL-DL TDD information are supported to accommodate the service requirement. There are four kinds of signalling defined for UL-DL TDD information transmission in NR as follows:

· Cell-specific UL-DL information via SIB
· UE-specific UL-DL information via UE-specific RRC signalling

· Dynamic UL-DL information via UE group-specific DCI format 2-0

· Dynamic UL-DL information via UE-specific DCI 

Dynamic change of the UL-DL information can better adapt to the traffic pattern while causing complicated interference problem, it is suggested to support semi-static UL-DL TDD configuration via RRC signalling as the baseline for Net-Con repeater.
Proposal 4: Semi-static UL-DL TDD configuration via RRC signalling is supported as the baseline for Net-Con repeater operation.
2.4 Signalling carrying ON-OFF information 

The NetCon-repeater can be used to complement the gNB’s coverage especially for the shadow area which is typically deployed in indoor area or isolated area within the gNB’s coverage. Severe interference to the cell edge UEs and other cells from the NetCon-repeater is expected. The on/off mechanism can be a straightforward way to alleviate the interference problem. The MAC CE can be used to deliver the beam-specific on/off information.
Proposal 5: The MAC CE can be used to deliver the beam-specific on/off information.
3 Conclusions

In this contribution, we present our views on L1/L2 signalling for side control information, we have the following proposals:
Proposal 1: The beam information for the backhaul link between gNB and NetCon-repeater can be semi-statically configured.

Proposal 2: The beam information for the service link between UE and NetCon-repeater can be dynamically indicated.
Proposal 3: MAC CE can be used for adjusting the timing information of NetCon-repeater.
Proposal 4: Semi-static UL-DL TDD configuration via RRC signalling is supported as the baseline for Net-Con repeater operation.
Proposal 5: The MAC CE can be used to deliver the beam-specific on/off information.
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