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Introduction
In RAN1#109-e, RAN1 initiated the discussion on L1/L2 signaling for side control information to support network-controlled repeaters (NCRs) in NR. Based on the discussion, several agreements were reached [1]. In this contribution, we discuss potential enhancements for the remaining aspects of L1/L2 signaling for NCRs and the associated standard impact. 
Discussion
NCRs can be considered as legacy repeater (relays) nodes with advanced capabilities supported by the side control information identified in the SID [2]. These include, beamforming at the repeater, UL-DL TDD operation, efficient interference/power management via ON-OFF functionality and power control, and time aligning transmission/reception boundaries of the repeater. 
[bookmark: _Hlk111044859]Signalling for Beamforming
Backhaul (BH) Link
In RAN1 #109-e [1], the following agreement was made for side control information for beam management in AI 9.8.1.
	Agreement
As baseline, the same TCI states as C-link are assumed for beam at NCR-Fwd for backhaul link if the NCR-MT’s carrier(s) is within the set of carriers forwarded by the NCR-Fwd. 
· FFS: additional indication from gNB to determine the beam at NCR-Fwd for backhaul link or implicit determination of the beam at NCR-Fwd for backhaul link
Note: the same assumption of the beam correspondence is applied for DL/UL of the backhaul link at NCR-Fwd as the DL/UL of the C-link at NCR-MT.



In this section, we provide our view based on the following cases:
· Case 1: Common beam is used for both C-link and BH-link, e.g., if NCR-MT’s carrier(s) are within the carriers forwarded by NCR-Fwd.
· Case 2: Different beams can be used for C-link and BH-link, e.g., if NCR-MT’s carrier(s) are different from the carriers forwarded by NCR-Fwd.
The legacy beam management (BM) procedures can be reused for beam selection of C-link beams. For Case 1, the selected beam based on the legacy BM procedures can be used for BH-link. However, separate beam selection may be needed for Case 2. Based on the separate beam selection, additional signaling can be required for BH-link beam indication in addition to beam indication signaling for C-link. Since the agreed baseline case in AI 9.8.1 relies on reusing TCI states for Case 1, it is preferred to use an identical beam indication mechanism for Case 2 unless significant benefits by introducing new beam indication mechanism are justified. So far, we failed to observe such significant benefits from new indication mechanism. Having said that, we propose to support separate beam indication mechanism for BH-link by reusing an indication mechanism based on TCI states for Case 2 similar to Case 1.
[bookmark: _Hlk111213804]Proposal 1: If different beams are used for C-link and BH-link, support separate beam indication mechanism for BH-link by reusing an indication mechanism based on TCI states.
· If new beam indication mechanism for BH-link is needed, significant benefits should be justified.
Access Link
In RAN1 #109-e [1], the following agreement was made for beam indication mechanism.
	Agreement
From the perspective of signaling design, following mechanisms can be considered for the access link beamforming of the NCR-Fwd. 
· Option #2-1: Dynamic beam indication only
· Option #2-2: Semi-static beam indication only
· Option #2-3: Dynamic beam indication and semi-static beam indication



Beam Indication
As C-link and BH-link beams are relatively static due to their fixed and higher positions of gNB and NCR, semi-static beam indication can be enough for beam indication of C-link and BH-link. However, UE position is relatively low and changing dynamically. Given the situation, an optimized beam for access link can dynamically change and experience potential failures. As the current specification already supports dynamic beam indication and semi-static beam indication, there’s no need to limit one mechanism for indicating access link beam. 
[bookmark: _Hlk111213811]Proposal 2: Support both dynamic beam indication and semi-static beam indication (Option #2-3) as supported in the current NR specification.
For access link beam indication, one possible way is to introduce a separate beam indication mechanism from BH-link beam indication. In that case, candidate TCI states for BH-link and access link should be configured separately as well. To reduce the configuration overhead and increase beam indication efficiency, relationship between BH-link beam and access link beam can be used for beam indication. For example, indicating an access link beam which has geographical correlation with a selected BH link beam can be considered. 
[bookmark: _Hlk111213823]Proposal 3: Consider an efficient access link beam indication mechanism based on relationship between BH-link beams and access link beams.
Beam Failure Recovery (BFR) Procedure
In the legacy BFR procedure, UE monitors a set of monitoring beams and identifies a best beam from a set of new candidate beams after detecting beam failure instances from the set of monitoring beams. If the legacy BFR procedure is directly extended for NCR operation, NCR with large number of beams will consume more time resources and latencies as gNB is required to transmit RSs all the Access link beams for each BH-link beam. In addition, it should be noted that there can be multiple NCRs in gNB deployment. In this case, the increment of time resources and latencies for BFR will be significantly increased. 
[bookmark: _Hlk111213830]Observation 1: Extension of the legacy BFR procedure for NCR requires a higher overhead than BFR procedure for traditional networks due to additional beam sweeping of access link beams for each BH-link beam. 
[bookmark: _Hlk111213836]Proposal 4: Study efficient BFR procedures for NCR enabled networks, possibly considering the specific characteristics of these networks. 
Signaling UL-DL TDD Configuration
Supporting UL-DL TDD configuration is important for NCRs 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 NCRs. In RAN1#109-e meeting [1], L1/L2 signaling for NCR was extensively discussed, and the following agreement was made. 
	Agreement
For the signaling of information on UL-DL TDD configuration, if the NCR-MT can acquire the TDD configuration as legacy UEs or from the OAM, new signaling may not be necessary.
· Note 1: The same TDD UL/DL configuration is assumed for C-link and backhaul link and access link if the NCR-MT and the NCR-Fwd are in the same frequency band.
· FFS: Other cases where new signaling may be necessary.



Also, the following relevant agreement was made in the companion discussion under AI 9.8.1
	Agreement
For the TDD UL/DL configuration of network controller repeater:
· At least semi-static TDD UL/DL configuration is needed for network-controlled repeater for links including C-link, backhaul link and access link.
· FFS: handling of flexible symbols
· Note1: The same TDD UL/DL configuration is always assumed for backhaul link and access link
· Note2: The same TDD UL/DL configuration is assumed for C-link and backhaul link and access link if NCR-MT and NCR-Fwd are in the same frequency band.



Based on the two agreements, at least semi-static TDD UL/DL configuration is supported for the NCRs for the links including C-link, backhaul link and the access link. Supporting dynamic TDD UL/DL configuration by handling flexible symbols is FFS. Further, it was agreed that the same TDD UL/DL configuration is always assumed for backhaul link and access link. Moreover, the same TDD UL/DL configuration is assumed for C-link, backhaul link and the access link if the NCR-MT and the NCR-Fwd are in the same frequency band. 
In NR, TDD UL/DL configuration can be done by 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 [3-4] and UE specific slot format configuration via TDD-UL-DL-ConfigDedicated [3-4]. A typical example configuration pattern can be configured by TDD-UL-DL-ConfigCommon is shown in Figure 1. 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 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 the 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 is achieved 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 [4]. Each slot format indicates a configuration of symbols in a slot for U, D and F.    
Finally, if 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 [4],  
· 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
[bookmark: _Hlk111213895]Observation 2: 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. 
[bookmark: _Hlk111213917]Observation 3: 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 4: With NR, TDD UL-DL slot configuration, slot format configuration can be defined per cell, per UE or group of UEs. 
Observation 5: NCR-MT having the capability to acquire TDD UL/DL configuration as a legacy UE is sufficient to support TDD UL/DL configuration for NCRs when the NCR-MT and the NCR-Fwd are in the same frequency band. 
	Supporting dynamic TDD will give gNB the freedom to schedule UL/DL TDD configurations to balance UL/DL load. This can help to improve the overall performance of NCR enabled networks. To support dynamic TDD operation in NCRs, the transmission pattern for flexible slots needs to be indicated. As observed in the discussion, to this end the same dynamic TDD indication through PDCCH DCI can be reused.  
[bookmark: _Hlk111213928]Proposal 5: NCR-MT should be able to acquire TDD UL/DL configuration as a legacy UE. 
Proposal 6: Support both semi-static and dynamic NR TDD UL-DL slot configuration procedure to configure NCRs with minimum changes if required. 
[bookmark: _Hlk111044941]Signalling for Timing
In RAN1 #109-e [1], the following agreement was made for signaling for timing alignment.
	Agreement
For the timing of NCR, the following assumption is considered as baseline:
· [bookmark: _Hlk111019691]The DL receiving timing of the NCR-Fwd is aligned with the DL receiving timing of the NCR-MT.
· The UL transmitting timing of the NCR-Fwd is aligned with the UL transmitting timing of the NCR-MT.
· FFS: the impact of internal delay on the following timing relationships:
· The DL receiving timing and DL transmitting timing of the NCR-Fwd
· The UL transmitting timing and UL receiving timing of the NCR-Fwd




New dedicated signaling for timing alignment of the NCR-Fwd is not required if the DL receiving timing of the NCR-Fwd is aligned with the DL receiving timing of the NCR-MT and the UL transmitting timing of the NCR-Fwd is aligned with the UL transmitting timing of the NCR-MT. However, there may be an internal delay between DL reception and transmission and/or UL reception and transmission of the NCR-Fwd which may impact timing alignment of the NCR-Fwd with the NCR-MT. Therefore, the NCR-MT should consider the impact of internal delay for its timing synchronization.
[bookmark: _Hlk111214018]Proposal 7: New dedicated signaling for timing alignment of the NCR-Fwd is unnecessary. The impact of internal delay between DL/UL reception and transmission of the NCR-Fwd should be considered for timing synchronization of the NCR-MT.
UE may receive a transmitted signal from both NCR 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 the UE receives a signal from both gNB and NCR 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.
[bookmark: _Hlk111214039]Observation 6: UE may experience high delay spread when receiving signal from both, gNB and NCR, simultaneously.
Observation 7: The current specification may not be efficient to support UE with high delay spreads experienced in NCR enabled network.
[bookmark: _Hlk111214047]Proposal 8: Study efficient CP size adaptation mechanisms for NCR enabled networks.
ON-OFF Signaling 
In RAN1#109-e [1], ON-OFF signaling for NCR was extensively discussed and the following agreement was made. 
	Agreement
For indication of NCR-Fwd ON-OFF for efficient interference management and improved energy efficiency, both dynamic and semi-static indication can be considered 
· FFS: RAN1 to consider whether/how to handle the forwarding of broadcast and cell-specific signals/channels.



When the NCR-Fwd function is not required, switching off the functionality can improve power saving and help to reduce interference in NCR enabled networks. While NCR-Fwd is switched off NCR-MT may stay active or stay stand by to receive side control information from the gNB. 
Based on the agreement made in RAN1#109-e [1], NCR-Fwd ON-OFF can be indicated via both semi-static and dynamic indication. Requirement and how to handle forwarding of broadcast and cell-specific signals/channels are FFS. To this end, identifying the use cases when NCR-Fwd function is switched off should be discussed first to identify the need for forwarding broadcast and cell-specific signals/channels. For example, NCR-Fwd function can be switched off when the gNB is serving UEs in other directions. In such cases, NCR-Fwd function will be switched off momentarily. Requirement for supporting forwarding broadcast and cell-specific signals/channels in this case is questionable. Another example is when there is no UEs or when all the UEs are served by the gNB in the coverage of NCR. In such case, forwarding broadcast and cell-specific signals/channels by NCR may not be required. Therefore, based on the discussion, we make the following proposal.
[bookmark: _Hlk111214056]Proposal 9: Identify all possible use cases and corresponding benefits of the indication of NCR-Fwd ON-OFF to assess the need for forwarding broadcast and cell-specific signals/channels.
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: Extension of the legacy BFR procedure for NCR requires a higher overhead than BFR procedure for traditional networks due to additional beam sweeping of access link beams for each BH-link beam. 
Observation 2: 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 3: 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 4: With NR, TDD UL-DL slot configuration, slot format configuration can be defined per cell, per UE or group of UEs. 
Observation 5: NCR-MT having the capability to acquire TDD UL/DL configuration as a legacy UE is sufficient to support TDD UL/DL configuration for NCRs when the NCR-MT and the NCR-Fwd are in the same frequency band.
Observation 6: UE may experience high delay spread when receiving signal from both, gNB and NCR, simultaneously.
Observation 7: The current specification may not be efficient to support UE with high delay spreads experienced in NCR enabled network.
Proposal 1: If different beams are used for C-link and BH-link, support separate beam indication mechanism for BH-link by reusing an indication mechanism based on TCI states.
· If new beam indication mechanism for BH-link is needed, significant benefits should be justified.
Proposal 2: Support both dynamic beam indication and semi-static beam indication (Option #2-3) as supported in the current NR specification.
Proposal 3: Consider an efficient access link beam indication mechanism based on relationship between BH-link beams and access link beams.
Proposal 4: Study efficient BFR procedures for NCR enabled networks, possibly considering the specific characteristics of these networks.
Proposal 5: NCR-MT should be able to acquire TDD UL/DL configuration as a legacy UE. 
Proposal 6: Support both semi-static and dynamic NR TDD UL-DL slot configuration procedure to configure NCRs with minimum changes if required. 
Proposal 7: New dedicated signaling for timing alignment of the NCR-Fwd is unnecessary. The impact of internal delay between DL/UL reception and transmission of the NCR-Fwd should be considered for timing synchronization of the NCR-MT.
Proposal 8: Study efficient CP size adaptation mechanisms for NCR enabled networks.
Proposal 9: Identify all possible use cases and corresponding benefits of the indication of NCR-Fwd ON-OFF to assess the need for forwarding broadcast and cell-specific signals/channels.
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