[bookmark: _Hlk37418177]3GPP TSG RAN WG1 #109	R1-2203354
e-Meeting, 09 – 20 May 2022

Agenda item:		9.8.1
Source:	Nokia, Nokia Shanghai Bell
Title:	Discussion on side control information to enable NR network-controlled repeaters
Document for:		Discussion and Decision
Introduction
Rel-18 study on network-controlled repeaters has the following objectives [1]:
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.

[bookmark: _Hlk510705081]This contribution discusses necessary side control information to support NCR operation in achieving these objectives.
Discussion
An NCR is required to perform the following functions to maintain F-link properly:
Beamforming: NCR should be capable of adaptive access link beamforming to support flexible multiplexing and scheduling of UEs by the donor gNB and support all beam management functions transparently to the UEs. NCR should also have the capability to configure its BH link beam to its donor gNB and maintain it in the presence of radio link degradation and environmental shadowing effects.
DL/UL synchronization: NCR need to be synchronized with the DL and UL frames of its donor to perform the following functions:
· Alignment of access link beam configuration
· DL/UL amplifier ON-OFF activation
· TDD switching

TDD configuration: The repeater needs to activate and deactivate its DL and UL amplifiers according to the TDD pattern of its donor gNB.  Proper TDD configuration of the NCR can minimize network interference and improve link quality. 
[bookmark: _Hlk101162564]ON/OF control: NCR should be capable of turning OFF its DL (UL) amplifiers when it is not required to relay signals from (to) its donor gNB to reduce interference and save energy. The amplifier’s OFF-to-ON transition times should not adversely impact performances. To maximize the benefit, the granularity of amplifier activation should be as small as possible, such as at RE-level or symbol level.
Power/gain control: NCR can appropriately configure gain in DL and UL channels to minimize non-linear distortion and maximize link quality.
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[bookmark: _Ref101729877]Figure 1: Exemplary diagram of NCR topology

An exemplary diagram of an expected NCR topology is shown in Figure 1. For the purposes of this discussion data and control transmissions on the F_bh link between the donor gNB and the NCR will be referred to as the backhaul link and data transmissions between the NCR and a UE connected to the gNB will be referred to as the access link. While in this topology parameters such as TDD link direction and physical resource allocation must be managed jointly on the access and backhaul sides of the amplify-and-forward links, it is possible to support other parameters such as beam configuration independently, requiring separate identifiers for each side.
In the remaining sections, the side control information required for the above functions are discussed in more detail.
Beamforming Information
[bookmark: _Hlk101162611]In general, supporting flexible beam management for both links may require signaling enhancement; however, NCR study in Rel-18 is limited, “single hop stationary network-controlled repeaters.”  For this reason, beam management on the backhaul link is not necessary to support NCR mobility.
Observation 2.1:	Beam management on NCR backhaul link does not need to support NCR mobility.
Since backhaul links are not required to support NCR mobility, it should be sufficient to configure backhaul link beams by implementation.  Additionally, if beam management on the backhaul link were managed via implementation the existing signaling TCI state ID and associated RS ID identifiers configured by the parent gNB could be employed for access link beam management without enhancement.
Observation 2.2	If NCR backhaul link beams are managed by implementation, TCI state ID and associated RS ID may be employed for access link beam management without enhancement.
Proposal 2.1:	NCR beam management for DL and UL backhaul link is performed via implementation.
Supporting beam management on a semi-static basis may be preferred as a means of reducing device complexity and cost and minimizing signaling overhead; although this can reduce flexibility and heavily constrain scheduling decisions.  
Proposal 2.2: Determine if it is necessary to support dynamic signaling for beam management with NCR.
On DL resources, beam configuration can be managed semi-statically for SSBs, CORESETs for CSS, and CSI-RS.  Additionally using SPS for PDSCH and PUSCH transmissions may make it possible to configure beams semi-statically for UE-specific transmissions but might still require enhancements to support HARQ and re-transmission.  On UL resources PRACH, and SRS can also be configured semi-statically.
Proposal 2.3:	Support of dynamic access link beam management is contingent on support for dynamic PDSCH and PUSCH transmission.
Supporting dynamic scheduling of PDSCH and PUSCH may still be supported without enhancement of existing control information if DL resources are configured such that i.) CORESETs configured with non-QCL TCI state IDs do not overlap in time and ii.) an NCR is capable of reading the DCI format 1_X for all UE’s connected to the parent gNB via the NCR.  In this scenario, DCI transmission can be made on a configured beam without ambiguity and latency associated with beam selection for PDSCH can be managed via TDRA config within a slot or K0 slot offset beyond that.
Proposal 2.4:	If dynamic beam management is supported, determine whether NCR is capable of decoding DCI format 1_X from all UE’s connected to gNB via NCR. 
Assuming that NCR can only configure one beam state for F_bh and one beam state for F_access at any given time creates a challenge for supporting dynamic PDSCH when CORESETs configured for separate beams overlap in time.  In a direct access link, the beam configuration for both PDCCH and PDSCH can be appropriately configured at the time a scheduling decision is made without additional signaling; however, when communicating via an NCR, the NCR must appropriately configure its beam for the DCI transmission, which would require indication from the parent gNB to the NCR.
Proposal 2.5: If NCR is capable of decoding DCIs for connected UEs, discuss possible methods of providing early indication of beam configuration for DCI format 1_X and _0_X to NCR.
Timing alignment
[bookmark: _Hlk101162675]To align the transmission and reception boundary timings and access link beam configuration, the repeater requires the scheduling information of the channels and signals.  In scenarios where the C-NCR link is in-band with the F_bh and F_access links, it would be preferred to synchronize F-plane and C-plane channels and signals to optimize spectral efficiency.
Observation 2.3:	In scenarios where C-NCR and F-link are in-band it is preferrable to synchronize F-plane signals and channels with C-plane signals and channels.
Since Rel-18 NCR study will focus on static single-hop links, DL timing synchronization may be managed by external reference such as GNSS with configured offset to account for propagation and TDD switch latency.  This however may result in an inflexible design which does not allow operators to reconfigure the device flexibly.  The use of an external reference such as GNSS may not be usable reliably in indoor scenarios or scenarios with overhead blockage although these scenarios may be limited in outdoor and O2I channels.  If GNSS is not available, UE cell search as specified in TS 38.213 would be sufficient for maintaining DL synchronization [2].
Proposal 2.6:	Support cell search as specified in TS 38.213 as an OTA mechanism for DL timing synchronization for NCR C-plane and F-plane.
Support for UL timing is contingent on whether the NCR is intended to support UL C-plane signaling.  If NCR does not need to support UL signaling, then UL timing synchronization is not necessary.  
Proposal 2.7: Determine if it is necessary for NCR to support UL Tx capability for C-NCR plan signaling.
If UL C-plane signaling is supported UL synchronization for an NCR may be configured at deployment and maintained via external reference such as GNSS similar to DL synchronization.  In scenarios where GNSS is available a timing update may be necessary.  RACH procedure as specified in TS 38.213 offers a flexible mechanism for obtaining synchronization; however, it may not be necessary as timing advance could also be managed via periodic RRM measurement in support of C-plane operation.  Additionally, supporting RACH functionality has the undesired consequence of increasing NCR cost and complexity.
Proposal 2.8:	If NCR UL Tx is supported, determine if it is necessary to support RACH procedure to maintain UL timing synchronization for C-plane and F-plane.
If C-plane signaling is out of band from F-plane operation it may be necessary to support additional signaling mechanisms for maintaining F-plane synchronization.
Proposal 2.9:	Determine whether NCR C-plane could be supported out of band from F-plane operation and if so, consider potential solutions for maintaining DL and UL synchronization of F-plane in those scenarios.
In scenarios where NCR architectures perform latency there may be some expectation that communication between a gNB and UE via an NCR may incur significantly higher latency than would be expected in a typical access link.  In this scenario it should be determined that existing configurations for PRACH and RAR-TA are sufficient for supporting the latencies expected to be seen when operating via NCR.
Proposal 2.10:	Determine reasonable expected propagation and processing latency for communication between and gNB and UE via an NCR and identify if enhancement is necessary to PRACH format and/or RAR-TA to support those latencies.
TDD Configuration
Both C-link and F-link require correct TDD configuration for proper link maintenance.  TDD patterns can be provided to a UE for an access link via both semi-static configuration and dynamic indication.  For an NCR to operate properly it must also be capable of receiving this information.  If the NCR has support for an RRC configuration similar to that of a UE it may be capable of receiving either TDD-UL-DL-ConfigCommon or TDD-UL-DL-ConfigDedicated directly from the parent gNB.  If not, the semi-static pattern may be provided to the NCR with more limited flexibility to reconfiguration.
Proposal 2.11: An NCR must be provided updates to its semi-static TDD configuration via its parent gNB if the TDD pattern changes.
Dynamic TDD requires an NCR be capable of receiving dynamic indication of link direction on symbols configured as semi-static flexible by the parent gNB.  This is not strictly necessary although it can increase network flexibility at the cost of increased NCR complexity and cost.
Proposal 2.12: Determine whether dynamic TDD is intended to be supported for links over NCR.
NR currently supports indication of dynamic TDD patterns via DCI format 2_0.  An NCR capable of receiving DCI format 2_0 scrambled with configured SFI-RNTI would be capable of supporting dynamic TDD.
Proposal 2.13:	An NCR capable of supporting dynamic TDD must be capable of being configured with SFI-RNTI and recovering DCI format 2_0.
On/Off Configuration
[bookmark: _Hlk101162775]On/Off configuration functionality is intended as a feature to mitigate interference created by repeaters but suppressing the amplification of unintended signals and noise when not in use. Proper on/off configuration could be managed either by the parent gNB via explicit indication of the on/off schedule, or via self-determination based on observation of local network conditions.
Putting on/off configuration under explicit control of the parent gNB can reduce the cost/complexity of support autonomous decision-making at the NCR but comes at the cost of increased C-plane signaling overhead between the parent gNB and NCR.  Putting on/off configuration under the control of the NCR would reduce signaling overhead and could additionally reduce on/off control latency but would require the NCR to determine it proper on/off configuration which could significantly increase device complexity and create potential ambiguity between the gNB and the NCR as to the given on/off state at any given time. 
Proposal 2.14:	Determine whether on/off configuration of an NCR is under the control of the parent gNB or the NCR itself.
Support of explicit signaling for on/off configuration could be provided semi-statically and/or dynamically, depending on the requirements for device flexibility.  If dynamic on/off configuration is intended to be supported, new signaling will be necessary to support it.
Proposal 2.15:	If dynamic on/off configuration is supported, determine whether on/off indication is provided via L1 (PDCCH) or L2 (MAC-CE).
If NCR on/off configuration is determined by the NCR itself, the NCR must be capable of identify the schedule of both DL and UL transmissions for each UE communicating to the gNB via the NCR.
Proposal 2.16: In order to support self-automated on/off control, an NCR must be aware of all configured and dynamically scheduled channels of each UE connecting to the parent gNB via the NCR.
Power/Gain Control
As noted in section 1, NCR study in Rel-18 is limited to, “single hop stationary network-controlled repeaters.” Since the NCR is stationary, link quality on the backhaul link between the NCR and the donor gNB is not expected to fluctuate significantly.  For this reason, DL Rx power at the NCR is expected to remain relatively consistent during routing operation.
Observation 2.4:	DL Rx power at NCR is expected to remain relatively consistent during routine operation. 
No strong motivation for dynamic DL NCR gain control exists, since the input power is not expected to fluctuate significantly, and the coverage area of the NCR should similarly be relative constant during routine operation.
Proposal 2.17: Dynamic DL gain control is not considered for Rel-18 NCR.
In UL transmissions, while the backhaul link may remain consistent, the NCR may experience variation in UL Rx power due to blockage and UE mobility which could impact UL performance.  However, in UL transmission UE TPC commands can be provided to the UE transparently to the NCR which could effectively normalize the input power of the NCR.  
Observation 2.5:	UL TPC commands can be provided to the UE transparent to NCR operation.
Further dynamic UL gain control could offer more flexibility and optimize UL performance but would not be essential for proper NCR function.  Since power/gain control enhancements are a secondary priority for Rel-18 NCR, dynamic UL gain control should either not be considered or managed via implementation.
Proposal 2.18:	Dynamic UL gain control is either not considered or managed via implementation for Rel-18 NCR.
Conclusion
Observations and proposals for necessary side control information to maintain proper NCR operation are:
Observation 2.1:	Beam management on NCR backhaul link does not need to support NCR mobility.
Observation 2.2	If NCR backhaul link beams are managed by implementation, TCI state ID and associated RS ID may be employed for access link beam management without enhancement.
Observation 2.3:	In scenarios where C-NCR and F-link are in-band it is preferrable to synchronize F-plane signals and channels with C-plane signals and channels.
Observation 2.4:	DL Rx power at NCR is expected to remain relatively consistent during routine operation. 
Observation 2.5:	UL TPC commands can be provided to the UE transparent to NCR operation.

Proposal 2.1:	NCR beam management for DL and UL backhaul link is performed via implementation.
Proposal 2.2: 	Determine if it is necessary to support dynamic signaling for beam management with NCR.
Proposal 2.3:	Support of dynamic access link beam management is contingent on support for dynamic PDSCH and PUSCH transmission.
Proposal 2.4:	If dynamic beam management is supported, determine whether NCR is capable of decoding DCI format 1_X from all UE’s connected to gNB via NCR. 
Proposal 2.5: 	If NCR is capable of decoding DCIs for connected UEs, discuss possible methods of providing early indication of beam configuration for DCI format 1_X and _0_X to NCR.
Proposal 2.6:	Support cell search as specified in TS 38.213 as an OTA mechanism for DL timing synchronization for NCR C-plane and F-plane.
Proposal 2.7: 	Determine if it is necessary for NCR to support UL Tx capability for C-NCR plan signaling.
Proposal 2.8:	If NCR UL Tx is supported, determine if it is necessary to support RACH procedure to maintain UL timing synchronization for C-plane and F-plane.
Proposal 2.9:	Determine whether NCR C-plane could be supported out of band from F-plane operation and if so, consider potential solutions for maintaining DL and UL synchronization of F-plane in those scenarios.
Proposal 2.10:	Determine reasonable expected propagation and processing latency for communication between and gNB and UE via an NCR and identify if enhancement is necessary to PRACH format and/or RAR-TA to support those latencies.
Proposal 2.11: An NCR must be provided updates to its semi-static TDD configuration via its parent gNB if the TDD pattern changes.
Proposal 2.12: Determine whether dynamic TDD is intended to be supported for links over NCR.
Proposal 2.13:	An NCR capable of supporting dynamic TDD must be capable of being configured with SFI-RNTI and recovering DCI format 2_0.
Proposal 2.14:	Determine whether on/off configuration of an NCR is under the control of the parent gNB or the NCR itself.
Proposal 2.15:	If dynamic on/off configuration is supported, determine whether on/off indication is provided via L1 (PDCCH) or L2 (MAC-CE).
Proposal 2.16: In order to support self-automated on/off control, an NCR must be aware of all configured and dynamically scheduled channels of each UE connecting to the parent gNB via the NCR.
Proposal 2.17: Dynamic DL gain control is not considered for Rel-18 NCR.
Proposal 2.18:	Dynamic UL gain control is either not considered or managed via implementation for Rel-18 NCR.
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