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Introduction
For Rel. 18 a new study item has been approved for NR network-controlled repeaters [1].  Following outlines, the objectives of the study item.  
	The study on NR network-controlled repeaters is to focus on the following scenarios and assumptions:
· Network-controlled repeaters are inband RF repeaters used for extension of network coverage on FR1 and FR2 bands, while during the study FR2 deployments may be prioritized for both outdoor and O2I scenarios.
· For only single hop stationary network-controlled repeaters
· Network-controlled repeaters are transparent to UEs
· Network-controlled repeater can maintain the gNB-repeater link and repeater-UE link simultaneously
NOTE1: Cost efficiency is a key consideration point for network-controlled repeaters.
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 signalling (including its configuration) to carry the side control information [RAN1]
Study the following aspects of network-controlled repeater management
· Identification and authorization of network-controlled repeaters [RAN2, RAN3]
NOTE2: Coordination with SA3 may be needed.



In this contribution, we provide our views about the SID of network-controlled repeaters.
Discussion
2.1 Beamforming information 
To take advantage of NR beamforming functionality, the beamforming capability of the repeater should be controlled by the network. This means that the network-controlled repeater will enable a particular beam only if it receives the corresponding beam SSB signal from gNB. Side control information can be used to inform the network-controlled repeater regarding the SSB indices corresponding to beams that repeater has to enable for broadcast signalling.  RACH occasions and preamble association with the SSBs will be the same as that used in the gNB.
By keeping the beam forming capability in control of the network, gNB can put null on the beams of the repeater that are causing interference to other networks or within the network. The information to put a null in the beam can be part of the side control information that gNB sends to the repeater by not sending the SSB index of the beam causing interference.
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	Figure 1: The gNB allocates a beam to the repeater node and controls the beams used by the repeater (a) Interference could be caused by the beam serving the repeater node and UE (b) The UE is served by the gNB and the repeater beam is nulled.



In order to maintain the simultaneous backhaul and access link there should be sufficient separation between the donor antenna(s) and service antenna(s). Even with that separation we may still face the issue where the service antenna beams are interfering with the backhaul beams. As shown in Figure 1, interference can be caused by the beam serving(backhaul) the repeater and the beam from the repeater serving the UE (access). We can avoid such a scenario by nulling that particular beam from the repeater node. The information for nulling a particular beam has to be relayed by the gNB in the side control information. Before nulling the repeater beams, gNB may instruct the UE to reorient its beams towards the gNB so that the UE is served by gNB instead of the repeater. Otherwise, gNB may let the UE’s beam failure procedure to kick in and let UE find suitable beams with the gNB before declaring Radio Link Failure (RLF).

Proposal 1: Beam forming at the repeater should be in control of the gNB.
Proposal 2: Beam forming and nulling information is beneficial in the side control information for the repeater.

2.2 Information on UL-DL TDD configuration
A network-controlled repeater should have the capability to decode common SIB information to decode the UL-DL TDD configurations. This will help the repeaters to align the Tx-Rx switching in the backhaul or access directions to transmit or receive the data without causing interference to the donor and neighboring nodes in the network. If repeaters have the capability of decoding the common control information, then repeaters should not have any problem in supporting flexible TDD patterns that are aligned with the donor gNB also.
The main issue will be to support the dedicated (UE specific) TDD patterns. Following two options can be considered to support UE specific TDD patterns
	Option-1: Don’t support dedicated TDD patterns through repeaters (limiting the deployment)
	Option-2: Add some repeater specific control signalling to indicate UE specific dedicated TDD patterns

Proposal 3: Add UE specific TDD pattern as side control information towards the repeater to avoid limiting the deployment.
2.3 Synchronization
UL transmission needs to be aligned with the gNB’s UL reception to avoid interference in the UL direction.  gNB controls the UL transmission by means of Timing Advance (TA) commands to the UE.  The important question to be answered here is the alignment of UEs Tx/Rx boundaries connected to the repeater. One possible answer is if the processing delay involved at the repeater is very small i.e., within the guard period at the UE, then there is no concern in sending the TA commands to the UE served by the repeater. However, the major concern is when the processing delay is greater than the guard period. To address this the gNB should include the additional processing delay caused by the repeater in the TA command. 
Network-controlled repeaters could also have a max processing delay defined based on the deployment scenario. gNB uses that information to adjust the TA toward the UE for aligning UL transmission and reception boundaries. This can also be obtained if there is some side control information added from repeater to gNB to inform gNB about the max processing delay through it. The max processing delay could also be decided based on the classes of the repeater.
Proposal 4: Repeaters having processing delay greater than a TBD delay should report the delay to the gNB so gNB can consider it for its signalling of TA commands to the UEs.
2.4 Interference Management and Energy Efficiency 
One of the main requirements for a network-controlled repeater is energy efficiency. To fulfil that the repeater should have the capability to be turned ON/OFF. This mechanism could be controlled by the network (gNB) based on the density of the traffic. If the area served by the network-controlled repeater is experiencing low to no traffic, the repeater could be turned off to save energy and avoid interference. 
Proposal 5: Repeater must have ON/OFF capability i.e., controlled by the gNB through the side control information.
In a dense network, repeaters could cause interference to the neighbouring networks. In this scenario the capability to turn the repeaters ON/OFF helps mitigate the interference. The criteria for a gNB to decide that the repeater is causing interference in the network is not yet clear. RAN1 should specify measurements required by the gNB to make the decision if the repeater is causing interference. 
Turning the repeater OFF to mitigate interference will limit the coverage. The better solution would be for the gNB to have the power control capability of the repeater in backhaul (donor) as well as in access (service) links .
Observation 1: There has to be a set of criteria based on which the repeater should be turned ON/OFF by the gNB.
Observation 2: The power control capability in the backhaul as well as acess links, is a better option for interference management without limiting the coverage.   
Conclusion
In this contribution, we discuss network-controlled repeaters and have the following observation and proposals:
Proposal 1: Beam forming at the repeater should be in control of the gNB.
Proposal 2: Beam forming and nulling information is beneficial in the side control information for the repeater.
Proposal 3: Add UE specific TDD pattern as side control information towards the repeater to avoid limiting the deployment.
Proposal 4: Repeaters having processing delay greater than a TBD delay should report the delay to the gNB so gNB can consider it for its signalling of TA commands to the UEs.
Proposal 5: Repeater must have ON/OFF capability i.e., controlled by the gNB through the side control information.
Observation 1: There has to be a set of criteria based on which the repeater should be turned ON/OFF by the gNB.
Observation 2: The power control capability in the backhaul as well as acess links, is a better option for interference management without limiting the coverage.
References
[1] RP-213700 New SI: Study on NR Network-controlled Repeaters


image1.png




image2.png




