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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 views on side control information to enable NR network-controlled repeaters.
Discussion
Integrated Access and Backhaul (IAB) consisting of an IAB-MT and an IAB-DU was introduced in Rel.16 as a new type of network node not requiring a wired backhaul, the IAB-DU as the parent schedules the backhaul downstream and upstream traffic to/from the IAB-MT as the child, supporting a limited subset of the NR UE functionality. Similarly, the network controlled repeater consisting of a repeater unit and a MT as Figure.1 shows, the MT takes charge of receiving and processing side control information from the gNB, 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. As shown in Figure 2, the NetCon-repeater can maintain two links simultaneously, one is the service link between RU and UE, while the other one is the backhaul link between MT and gNB.
The discussion on the information related to beamforming, timing, UL-DL TDD configuration and NetCon-repeater on/off is presented in the following sections.
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Figure.1, Protocol stack for the NetCon-repeater
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Figure.2, Service link and backhaul link maintained in NetCon-repeater
Beamforming information 
Beam management was introduced in NR Rel-15, especially in FR2 to guarantee the cell coverage with massive antennas. Both the gNB and UE can perform beam sweeping beam selection, the gNB can configure/indicate specific beams for DL and UL transmissions respectively.  The time domain feature of beam selection and beam indication in NR is listed in Table 1.
Table 1, The time domain feature of beam selection and beam indication in NR
	Time domain feature
	Beam feature
	Typical DL signal
	Typical UL signal

	Periodic

	Beam sweeping for beam selection
	SSB;
Periodic CSI-RS
	Periodic SRS for beam management

	
	Beam indication
	/
	Configured grant type I

	Semi-static

	Beam sweeping for beam selection
	Semi-static CSI-RS
	Semi-static SRS

	
	Beam indication
	Semi-persistent scheduling
	Configured grant type II

	Aperiodic

	Beam sweeping for beam selection
	Aperiodic CSI-RS w/ repetition OFF
	Aperiodic SRS for beam management

	
	Beam indication
	Aperiodic CSI-RS w/ repetition ON;
Dynamic scheduling
	Aperiodic SRS;
Dynamic scheduling


The NR beam management mechanism can be reused in the backhaul link. In the service link, 
· for DL, the NetCon-repeater should be able to forward cell-specific signal via beam sweeping and forward UE-specific signal via specific beam(s).
· for UL, the NetCon-repeater should be able to perform beam sweeping and use specific beam(s) for receiving UE-specific signal.
To support the various traffic forwarding, the beamforming information should be able to support periodic/semi-static/aperiodic beam sweeping and beam indication for both UL and DL in the service link.
Proposal 1: The beam management mechanism can be reused in the backhaul link between gNB and NetCon-repeater.
Proposal 2: The beam management mechanism to support periodic/semi-static/aperiodic beam sweeping and beam indication in the service link between UE and NetCon-repeater should be studied.

Timing information to align transmission / reception boundaries of network-controlled repeater
In NR, the DL synchronization is done based on the PSS and SSS detection while the UL timing is adjusted according to the following formula [3]:

Wherein the   is required by the gNB for UL-DL switching and the  is indicated by TA command in MAC CE. At the UE side, the UL timing is advanced than DL timing and the UL-DL timing relation as shown in Figure. 3. 


Figure. 3, Uplink-downlink timing relation [3]
The NetCon-repeater acts as a UE in the backhaul link, therefore the NR TA mechanism for uplink synchronization can be reused. For UEs connect to the gNB with assistance of NetCon-repeater,
· For DL timing, the UE can acquire DL synchronization based on PSS and SSS forwarded by the NetCon-repeater. 
· For UL timing, the timing advance needs to consider both the RTT of service link and backhaul link. 
Assuming both the UE#1 and UE#2 are connected with gNB assisted by the NetCon-repeater as shown in Figure 2. As shown in Figure.4, the NetCon-repeater receives the DL signal with delay t0, the UE#1 receives the DL signal with delay t0+t1 while the UE#2 receives the DL signal with delay t0+t2. And the TA for the NetCon-repeater is 2*t0, the UE#1 receives the DL signal with delay 2*(t0+t1) while the UE#2 receives the DL signal with delay 2*(t0+t2). To support the extended RTT caused by NetCon-repeater forwarding, the TA calculation for UEs connect to the gNB with assistance of NetCon-repeater should be studied.
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Figure. 4, Transmission delay and TA with NetCon-repeater forwarding
Proposal 3: The TA mechanism for uplink synchronization can be reused for NetCon-repeater in the backhaul link between gNB and NetCon-repeater.
Proposal 4: The TA mechanism to support larger RTT for uplink synchronization for UEs connect to the gNB with assistance of NetCon-repeater should be studied.
Information on UL-DL TDD configuration
When operating in TDD mode, the UL-DL information should be known to UE for correct reception and transmission. In NR, both semi-static and dynamic configuration/indication of slot format are supported to accommodate the service requirement. For example, when the UL-DL traffic pattern is tend to be fixed, the gNB can configure more UL and DL slots/symbols semi-statically. While when the UL-DL traffic pattern is changing fast, gNB can configure more flexible slots/symbols semi-statically, and adapt the transmission direction dynamically based on the actual UL-DL traffic pattern. 
The NetCon-repeater acts as a UE in the backhaul link, DL direction means receiving and decoding signals from gNB, while UL direction means generating and transmitting signals to gNB. However, for the forwarding signals of NetCon-repeater, DL direction means receiving signal from gNB and forwarding signal to UE, while the UL direction means receiving signal from UE and forwarding signal to gNB. Dynamic TDD would require NetCon-repeater to monitor DL control signalling to acquire the latest scheduling direction. 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 as the baseline, support of dynamic UL-DL TDD for NetCon-repeater forwarding need to be further studied.
Proposal 5: Support of dynamic UL-DL TDD for NetCon-repeater forwarding need to be further studied.
ON-OFF information for efficient interference management and improved energy efficiency
The NetCon-repeater aims to improve the performance of the shadow area to complement gNB’s coverage, which usually deployed in indoor area or isolated area within the gNB’s coverage. The cell-edge UEs and potentially other neighboring cells may experience severe interference from the NetCon-repeater. A straightforward solution is to support on/off mechanism for the NetCon-repeater.  Then the ON-OFF information should be delivered to the NetCon-repeater  to alleviate the interference problem and improve the energy efficiency. 
The on/off information should be indicated in a beam-specific way, detailed mechanism to enable this need to be further studied.
Proposal 6: The beam-based ON-OFF information for NetCon-repeater should be studied.
Conclusions
In this contribution, we present the discussion on side control information to enable NR network-controlled repeaters, we have the following proposals:
Proposal 1: The beam management mechanism can be reused in the backhaul link between gNB and NetCon-repeater.
Proposal 2: The beam management mechanism to support periodic/semi-static/aperiodic beam sweeping and beam indication in the service link between UE and NetCon-repeater should be studied.
Proposal 3: The TA mechanism for uplink synchronization can be reused for NetCon-repeater in the backhaul link between gNB and NetCon-repeater.
Proposal 4: The TA mechanism to support larger RTT for uplink synchronization for UEs connect to the gNB with assistance of NetCon-repeater should be studied.
Proposal 5: Support of dynamic UL-DL TDD for NetCon-repeater forwarding need to be further studied.
Proposal 6: The beam-based ON-OFF information for NetCon-repeater should be studied.
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