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Introduction
In RAN#94-e [1], new study item for investigating NR network-controlled repeaters was agreed. The objectives identified for the study item are as follows:
	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 signaling (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 discuss aspects related to L1/L2 signaling for side control information for NR network-controlled repeaters.
Discussion
Network-controlled repeaters can be considered as legacy repeater (relays) nodes with advance capabilities identified in the SID. These include beamforming at the repeater, UL-DL TDD operation, efficient interference management via ON-OFF functionality and power control, ON-OFF functionality for energy efficiency, and time aligning transmission/reception boundaries of the repeater. All these functionalities are to be made possible by side control information a network-controlled repeater receives from the gNB. We believe that the features that certainly differentiate the network-controlled repeaters from legacy RF repeaters are the beamforming capabilities and dynamic Tx/Rx switching capabilities for TDD. Therefore, in this contribution we present our views on L1/L2 signaling for side control information focusing on these two features.  
Beamforming Information
Beam Failure Recovery (BFR) Procedure
A UE is required to identify a set of new candidate beams after declaring beam failure. A repeater with large number of beams will consume gNB time resources as gNB is required to transmit a RS per repeater beam. This will increase latency of the BFR procedure as the gNB will have to beam sweep the repeater-UE beams per gNB-repeater beam. Moreover, at high frequencies with narrow beams, beam failure can happen more frequently which can amplify the impact of already high overhead of BFR procedure for repeater-enabled network. For statically positioned repeaters, it can be assumed that the channel between the gNB and repeater may remain unchanged for long periods. This phenomenon can be utilized to restrict the range of beam sweep.
Observation 1: The legacy BFR procedure for repeater-enabled networks can have a higher overhead than BFR procedure for traditional networks due to beam sweeping of additional repeater-UE beams. 
Observation 2: Beam sweeping range for network-controlled repeaters can be shortened utilizing the fact that gNB-repeater beam may remain constant for long periods.
Proposal 1: Study for efficient BFR procedures for network-controlled enabled networks, possibly considering the specific characteristics of these networks. For example, the gNB-repeater channel may remain static for long periods. 
Timing Information 
A UE may receive a transmitted signal from both network-controlled repeater and gNB, simultaneously. Although, this may improve received signal power, however, the signal received from the repeater will typically travel more distance than the signal received directly from the gNB. In this scenario, the signal from the repeater will act as an artificial delayed path. This phenomenon may result in artificially high delay spread when a UE receives a signal from both gNB and network-controlled repeater at the same time. In NR, CP sizes are standardized and may be insufficient.
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Figure 1 Delay spread characteristics experienced in different scenarios.
Observation 3: A UE or group of UEs may experience high delay spread when receiving signal from both, gNB and network-controlled repeater, simultaneously.
Observation 4: The current specification may not be efficient to support UEs with high delay spreads experienced in network-controlled repeater enabled network.
Proposal 2: Study efficient CP size adaptation mechanisms for network-controlled repeater enabled networks.

Information on UL-DL TDD Configuration
Supporting UL-DL TDD configuration is important for network-controlled repeaters as it removes the requirement for a duplex filter resulting a low complex receiver. Also, TDD gives UL-DL channel reciprocity which can help beam management; another key feature of network-control repeaters. In this section first we review NR TDD UL-DL slot configuration procedure. Based on the review several observations and a proposal are made. 

NR TDD UL-DL Slot Format Configuration

In NR, slot format configuration can be done using RRC signaling, PDCCH DCI, and SIB1. Slot configuration via RRC signaling consists of two parts, cell-specific slot format configuration via TDD-UL-DL-ConfigCommon [2-3] and UE specific slot format configuration via TDD-UL-DL-ConfigDedicated [2-3]. A typical example configuration pattern can be configured by TDD-UL-DL-ConfigCommon is shown in Figure 1. A UE considers symbols or slots indicated as downlink (D) to be available for receptions and considers symbols or slots indicated as uplink (U) to be available for uplink transmissions. A symbol marked as flexible means it can be used for either uplink or downlink as per requirement. A TDD-UL-DL-ConfigCommon IE can configure up to two such patterns. Alternatively, TDD-UL-DL-ConfigCommon can also be included in the SIB1. If a UE is additionally provided TDD-UL-DL-ConfigDedicated, the parameters of TDD-UL-DL-ConfigDedicated overrides flexible symbols per slot over the number of slots provided by TDD-UL-DL-ConfigCommon. 
Periodicity of DL-UL pattern = dl-UL-TransmissionPeriodicity
nrofDownlinkSlots
nrofUplinkSlots
nrofDownlinkSymbols
nrofUplinkSymbols

Figure 2: Cell specific slot configuration via TDD-UL-DL-ConfigCommon

In NR, a dynamic TDD configuration can be achieved on short notice by using DCI format2_0. This DCI is attached with a CRC, scrambled with SFI-RNTI and may be sent to a group of UEs to notify about the slot format for TDD operations based on a set of predefined slot formats [3]. Each slot format indicates a configuration of symbols in a slot for U, D and F.    
Finally, if a UE is not configured to monitor PDCCH for DCI format 2_0, for a set of symbols of a slot that are indicated as flexible by TDD-UL-DL-ConfigCommon and TDD-UL-DL-ConfigDedicated if provided, or when TDD-ULDL-ConfigCommon and TDD-UL-DL-ConfigDedicated are not provided to the UE [3],  
· the UE receives PDSCH or CSI-RS in the set of symbols of the slot if the UE receives a corresponding indication by a DCI format
· the UE transmits PUSCH, PUCCH, PRACH, or SRS in the set of symbols of the slot if the UE receives a corresponding indication by a DCI format, a RAR UL grant, fallbackRAR UL grant, or successRAR
Observation 5: In NR, TDD UL-DL slot format configuration can be done in a static, semi-static or fully dynamic fashion. The configuration of static and semi-static for a slot is done using RRC signaling while dynamic slot configuration is done using PDCCH DCI. 
Observation 6: In NR, TDD UL-DL-slot configuration, each slot, or a symbol within a slot can either be configured for uplink transmission, or downlink reception or configured as flexible. 
Observation 7: With NR, TDD UL-DL slot configuration, slot format configuration can be defined per cell, per UE or group of UEs. 
Based on the three observations, we make the following proposal. 
Proposal 3: Use NR TDD UL-DL slot configuration procedure to configure network control repeaters with minimum changes if required.  
Summary
In this contribution, we discussed the issues on L1/L2 Signaling for Side Control Information. From the discussions, we made following observation and proposals:
Observation 1: The legacy BFR procedure for repeater-enabled networks can have a higher overhead than BFR procedure for traditional networks due to beam sweeping of additional repeater-UE beams. 
Observation 2: Beam sweeping range for network-controlled repeaters can be shortened utilizing the fact that gNB-repeater beam may remain constant for long periods.
Observation 3: A UE or group of UEs may experience high delay spread when receiving signal from both, gNB and network-controlled repeater, simultaneously.
Observation 4: The current specification may not be efficient to support UEs with high delay spreads experienced in network-controlled repeater enabled network.
Observation 5: In NR, TDD UL-DL slot format configuration can be done in a static, semi-static or fully dynamic fashion. The configuration of static and semi-static for a slot is done using RRC signaling while dynamic slot configuration is done using PDCCH DCI. 
Observation 6: In NR, TDD UL-DL-slot configuration, each slot, or a symbol within a slot can either be configured for uplink transmission, or downlink transmission or configured as flexible. 
Observation 7: With NR, TDD UL-DL slot configuration, slot format configuration can be defined per cell, per UE or group of UEs. 
Proposal 1: Study for efficient BFR procedures for network-controlled enabled networks, possibly considering the specific characteristics of these networks. For example, the gNB-repeater channel may remain static for long periods.
Proposal 2: Study efficient CP size adaptation mechanisms for network-controlled repeater enabled networks. 
Proposal 3: Use NR TDD UL-DL slot configuration procedure to configure network control repeaters with minimum changes if required.  
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