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1 Introduction

A new study item on “Study on NR network-controlled repeaters (NCR)” was approved in RAN#94-e [1]. Several agreements were made during RAN1#109-e meeting [2] related to the side control information required to enable NR NCR in a network. In this contribution, we provide our views on the side control information (SCI) required to efficiently enable and operate NCR in a network.

2 Signalling exchanges required for NCR 

An NCR consists of NCR-MT, which receives SCI from gNB, and NCR-Fwd, which amplifies and forwards the signals between gNB and UE. In general, the NCR-Fwd amplifies and forwards signals on  a set of carriers to serve different UEs whereas the NCR-MT operates in all or a subset of the carriers used by NCR-Fwd based on the agreement in RAN1#109-e [2].

	Agreement
Capture the following assumption of network-controlled repeater in TR 38.867.
· At least one of the NCR-MT’s carrier(s) should be within the set of carriers forwarded by the NCR-Fwd in same frequency range.
· The NCR-MT and NCR-Fwd operating in the same carrier is prioritized for the study.


In case the NCR-MT is operating in a subset of the carriers then the control information of all the carriers used by NCR-Fwd is received in that subset of the carriers at NCR-MT. Therefore, gNB should indicate in which channel of NR_Fwd the SCI is applicable. E.g., if NCR-MT operates in carrier 1, NCR-Fwd operates in carriers 1 to 5, and slot n is configured as OFF in SCI received at NCR-MT, then NCR should know whether to switch off NCR-Fwd in all the carriers or a specific carrier. 

Proposal 1: gNB indicates along with SCI in which carrier of NR-Fwd the SCI is applicable.

2.1 Capability information of NCR

The capability of the NCR should be known to the gNB to decide the SCI and to dictate the NCR to work according to the requirements of the network. For example, when an NCR informs the gNB about the number of simultaneous beams supported then gNB can signal corresponding beamforming configuration to NCR and schedule UEs accordingly. Similarly, the NCR requires certain time to switch between DL and UL operation. This information is required at gNB to configure enough gap between scheduling DL and UL at an NCR. Therefore, switching delay can be reported to the gNB as capability information. Hence, the capability information of the NCR should be made available to the gNB.
Observation 1: Capability information of NCR is required at the gNB to decide the SCI and to dictate NCR efficiently.
Proposal 2: Support signalling of capability of NCR (e.g., beam forming, switching delay, etc.) to gNB.
2.2 TDD configuration 

The NCR should receive signals from gNB, amplify and forward it to UE when a connected UE is scheduled as DL, whereas the NCR should receive from UE and forward it to gNB when the connected UE is scheduled in UL. The NCR should be aware of whether it should operate in DL/UL in each point of time, so that it can beamform accordingly in the desired direction. RAN1 #109-e [2] has made the following agreement regarding TDD configuration of NCR.
	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.


The DL/UL configuration should be provided on a per time unit (e.g., slot) basis or for a certain duration of time. The TDD configuration provided by gNB to the UE in NR can be the starting point for providing TDD configuration for NCR. The F symbols in TDD configuration can be used to provide enough switching delay between DL and UL operation at NCR. Further, the F symbols are required at NCR to dynamically configure DL and UL to UE connected to gNB through NCR. For e.g., if NCR is configured DL in slot n and, UE connected to  BS through NCR, is configured F in slot n, then the UE can only be configured DL dynamically. It is like providing UE with DL configuration semi statically.
Observation 2: F symbols are required at NCR to take care of the DL-UL switching delay at NCR and to dynamically configure UE connected to BS through NCR.
Proposal 3: Support signalling of F symbols to NCR in TDD configuration.
Further, based on the above agreement, same TDD configuration is applicable for NCR-MT and NCR-Fwd if they are operating in same frequency band. However, following agreements were made in RAN1#109-e regarding active links at the NCR, based on which simultaneous operation of C-link and backhaul link in DL is under the control of gNB whereas in UL it is subjected to the capability of NCR. Therefore, the gNB, in addition to providing the TDD configuration, should specify to which links the TDD configuration is applicable. Otherwise, NCR may unnecessarily monitor the link which is not active. For e.g., gNB has configured slot n as DL for NCR. The NCR should know whether the DL is for C-link, backhaul link or both. The gNB can explicitly signal the active unit/links to the NCR as SCI or NCR can derive the active unit/link implicitly based on its capability and other control information signalled by the gNB.

Proposal 4: Study mechanism for informing active unit/link (C-link, backhaul link or both) to the NCR. 

	Agreement
Recommend to capture the following examples of the transmission/reception of C-link and backhaul link by NCR in TR 38.867.

· The DL of C-link and DL of backhaul link can be performed simultaneously or in TDM way.
· The UL of C-link and UL of backhaul link can be performed in TDM way
· Note-1: Multiplexing is under the control of gNB with consideration for NCR capability
· Note-2: Simultaneous transmission of the UL of C-link and UL of backhaul link is subject to NCR’s capability


2.3 ON/OFF information

The gNB can configure the NCR to go to OFF state when gNB is not scheduling any UE through NCR. ON/OFF configuration for NCR helps in energy saving and interference management. Following agreements were made in RAN1#109-e [2] regarding signalling ON/OFF configuration to NCR.
	Agreement
ON-OFF information is beneficial and recommended for network-controlled repeater to control the behaviour of NCR-Fwd.
· FFS: Detailed mechanism of ON-OFF indication and determination
· FFS: explicit indication or implicit indication of ON-OFF information
Agreement
The following options can be considered to indicate the ON-OFF information from gNB to NCR for controlling the behaviour of NCR-Fwd:
· Option 1: Explicit indication with on-off state (e.g., via dynamic or semi-static signalling) or on-off pattern (e.g., periodic/semi-static ON-OFF pattern or new DRX-like pattern for ON-OFF)
· Option 2: Implicit indication via the signalling for other information (e.g., beam, DL/UL configuration, or PC information)
· Note: This example does not imply that PC information is necessary or not.
· Other solutions (e.g., potential combination of explicit and implication solution) can be further discussed.


The ON/OFF indication can be signalled explicitly by the gNB using semi-static and dynamic methods. For e.g., the gNB can signal to the NCR the ON/OFF configuration for each slot for a certain set of slots. Further, the NCR can derive the ON/OFF configuration in a time instant implicitly using the other SCI signalled by the gNB. For e.g., the NCR goes to OFF state when DL/UL configuration or AL beam indication is not provided by the gNB.

Proposal 5: Support both explicit and implicit method for signaling ON/OFF configuration to NCR
2.4 Beamforming information

The following agreements were made in RAN1# 109-e regarding backhaul link and C-link beamforming
	Agreement
Both fixed beam and adaptive beam can be considered at NCR for both C-link and backhaul-link.
· FFS: the mechanism for indication and determination of beam.
· Note: Fixed beam refers to the case that beam at NCR for both C-link and backhaul-link cannot be changed.
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.


The NCR-MT is like a UE. Therefore, the beam management framework between gNB and UE in NR can be reused for determining the C-link beam at NCR. Further, the same beam is assumed for C-link and backhaul link, when NCR-MT and NCR-Fwd operate in same set of carriers.
Proposal 6: The beam management framework between gNB and UE in NR can be reused for determining the C-link and backhaul link beam at NCR.
The following agreements were made in RAN1# 109-e regarding access link beamforming
	Agreement
At least for FR2, beam information is beneficial and recommended as the side control information for network-controlled repeater to control the behaviour of NCR at least for access link
· FFS: Detailed mechanism of indication.
· Note: There are no supporting evaluation results on FR1 at this point to reach similar conclusion
Agreement
Both the dynamic indication and semi-static indication can be considered for the beam of access link for NCR-Fwd.
· FFS: the details of each indication
· FFS: the maximum number of beams configured for NCR-Fwd access link
Agreement
The beam correspondence is assumed for:
· the DL/UL of the access link at NCR-Fwd



The access link at NCR is used for communication between NCR-Fwd and the UE connected to it. The UE performs channel measurements on the signals forwarded by NCR-Fwd in access link, reports the measurements to the gNB through NCR and attaches to the best beam. The gNB should activate  the best beam in access link of NCR when that UE is scheduled. E.g., if beam 3 is the best beam for UE1  in access link of NCR, then the gNB should activate beam 3 when scheduling UE1. Therefore, the gNB should know which beam in access link of NCR is the best for each UE. This can be managed using SSB and CSI-RS. The management of SSB/CSI-RS through NCR is discussed in our companion contribution [3]. Further, the active beam in access link also depends on the beamforming capability of the NCR. E.g., the NCR can form a total of “N” beams in access link, of which “M” beams can be simultaneous. The gNB should decide which “M” beams to be active at a given point of time and should inform the NCR to activate them. The selection of M beams depends on the interference measurements as well. E.g., if beam 1 in access ink of NCR is interfering with beam 3, then beam 1 and beam 3 cannot be active at the same time. Similarly, the active beam at access link depends on the type of signal forwarded. Wide beams may be active for forwarding broadcast signals whereas narrower beams may be active in case of UE specific signals. E.g., the gNB commands the NCR to form broader beams during SSB transmission as compared to CSI-RS transmission or data transmission. Therefore, the active beam in access link of NCR depends on various factors like beamforming capability of the NCR, scheduling of the UE, type of signal forwarded and interference measurements. Consequently, flexible mechanism is needed to indicate access link beamforming information to NCR.
Observation 3: The active beam in access link depends on beamforming capability of the NCR, scheduling of the UE, type of signal forwarded and interference measurements.
The mechanism of informing beamforming configuration to NCR also depends on the type of signal forwarded by the NCR. E.g., SSB is a broadcast signal with a periodicity. The gNB signalling SSB related beamforming information to the NCR at every SSB occasion can lead to signalling overhead. Therefore, gNB can semi-statically indicate the beamforming configuration in access link and periodicity in case of periodic signals to the NCR. However, in case of UE specific signals, the beamforming information depends on scheduling. Therefore, in such cases the access link beamforming information can be provided dynamically. The gNB signalling access link beam at NCR in each symbol increases the scheduling flexibility but at the cost of signaling overhead. Therefore, gNB signaling to NCR access link beamforming information per slot for a certain duration of time is supported.  

Proposal 7: In case of periodic signals, gNB semi-statically indicates the beamforming configuration in access link and periodicity to the NCR.
Proposal 8: Signaling access link beamforming information per slot for a certain duration of time is supported. 
Further, there can be several ways in which the beamforming information is provided to the NCR. E.g., it can be in terms of beam indices or actual weight matrices to form the beams. In case of beam indices, the signalling is simpler, but the actual beams formed by the NCR cannot be controlled by the gNB. In the latter case, the signalling might have more overhead, but more flexibility of beamforming is available by the gNB. Thus, we need to study the pros and cons of various ways in which the beamforming information can be provided and reach an optimal solution.

Observation 4: Beamforming information can be provided to the NCR in several ways e.g., indices, precoders etc. 
Proposal 9: Study the contents of the beamforming information to be provided by the gNB to the NCR. 
2.5 Timing information

Multiple transmissions and receptions are possible at NCR in C-link, backhaul link and access link. E.g., if  all three links of NCR support DL and UL, total of 6 operations are possible at NCR. Defining a reference point and aligning timing of various operations w.r.t. the reference point is essential for efficient operation of NCR, especially to avoid interference and overlap between DL and UL operations. The following agreements were made in RAN1# 109-e regarding timing of various operations at NCR

	Agreement
For the timing of NCR, the following assumption is considered as baseline:
· 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



The NCR-MT receives DL signals from gNB and transmit UL signals to gNB, just like normal UE. Therefore, the timing relation between DL and UL operations at UE can be reused at NCR-MT. Further, based on the above agreement, timing of DL-Rx and UL-Tx at NCR-Fwd is aligned with DL-Rx and UL-Tx at NCR-MT, respectively. Further, the NCR-Fwd acts as an amplify and forward unit that receives signals from gNB (or UE) and transmits to UE (or BS). However, an internal delay occurs between the reception of the signal at the NCR-Fwd and forwarding of the signal by the NCR-Fwd. Fig. 1 illustrates the timing of various transmission and reception operations at NCR, where T1 is the propagation delay between gNB and NCR, T2 denote the propagation delay between NCR and UE, and Tp denotes the internal delay at NCR. The gNB requires the value of internal delay at NCR to ensure the synchronization accuracy across nodes less than 3 µs. Further, various operations at NCR happens at different timings that lead to overlap between operations. The gNB insert guard symbols to avoid overlap between certain operations at NCR, which further requires knowledge of internal delay at gNB.
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Fig. 1: Timing of transmissions and receptions at NCR

Observation 5: The transmission from NCR-Fwd will be delayed from reception because of the internal delay at NCR.

Observation 6: Propagation delays and internal delay leads to overlap between various operations at NCR.

Proposal 10: Support NCR signaling internal delay to gNB.

Proposal 11: Support gNB inserting guard symbols at NCR.

2.6 Power control information

Fig. 2 shows a scenario where the gNB 1 serves the NCR using Beam 1. gNB 2 serves UE 1 using Beam 2. Beam 3 is used by NCR to serve UE 2. Thus, if Beams 2 and 3 are active in DL in the same time-frequency resources, then UE 1 gets interfered by Beam 3 from the NCR. If gNB 1 knows which the beam from NCR that is interfering with other beams from adjacent gNBs, it can manage the interference created. One way to manage it is to perform DL power control on the beams from the NCR. Thus, power control information can be provided to the NCR by the gNB wrt each beam. 
[image: image2.png]



Fig. 2 Beam from NCR interfering with beam from adjacent gNB
Proposal 12: Support gNB signaling power control parameters to NCR and study the granularity of parameter, e.g., per beam.
2.7 Feedback information from NCR to gNB

The gNB should ensure that the NCR is decoding SCI and operating according to the decoded information to serve the connected UE. One way for monitoring is based on the UE feedback, however, the gNB cannot identify the failure of a packet is because of  error at NCR or UE. Also, monitoring based on UE feedback leads to delay. Therefore, NCR should send feedback for the SCI to gNB. This feedback mechanism helps the gNB to monitor the operation of NCR, identify whether the issue is at NCR or UE and perform appropriate correction measures. In one option, the NCR can send ACK/NACK as feedback to gNB based on the decoding of SCI. E.g., if NCR decoded SCI correctly, then ACK is sent to gNB. In another option, the NCR can send feedback after adjusting the NCR-Fwd operation based on SCI received. E.g., an SCI indicate the NCR use beam 2 in access link in slot n. Now, NCR use beam 2 in the access link to forward signal in slot n and signal ACK to the gNB.
Observation 7: Monitoring NCR operation based on UE feedback leads to delay and uncertainty at gNB whether the failure of a packet is because of  error at NCR or UE 
Proposal 13: Feedback mechanism from NCR to gNB is supported with the following options


Opt1: NCR sends feedback to gNB based on decoding of SCI
Opt2: NCR sends feedback to gNB based on NCR-Fwd operation 
2.8 Default configuration

The SCI is essential for efficient operation of NCR. However, ambiguity and conflict arise at NCR, when only certain SCI is provided to NCR. E.g., when NCR-Fwd is ON and access link beamforming configuration is not given for a time instant then NCR doesn’t know which beam to use for forwarding. To avoid such ambiguity and conflicts, BS can provide default configuration to NCR.
Proposal 14: Support signaling of default configuration as SCI for NCR.
3 Conclusion
The following observations and proposals are made in this contribution:

Proposal 1: gNB indicates along with SCI in which carrier of NR-Fwd the SCI is applicable.

Observation 1: Capability information of NCR is required at the gNB to decide the SCI and to dictate NCR efficiently.
Proposal 2: Support signalling of capability of NCR (e.g., beam forming, switching delay, etc.) to gNB.
Observation 2: F symbols are required at NCR to take care of the DL-UL switching delay at NCR and to dynamically configure UE connected to BS through NCR.
Proposal 3: Support signalling of F symbols to NCR in TDD configuration.
Proposal 4: Study mechanism for informing active unit/link (C-link, backhaul link or both) to the NCR. 

Proposal 5: Support both explicit and implicit method for signalling ON/OFF configuration to NCR 
Proposal 6: The beam management framework between gNB and UE in NR can be reused for determining the C-link and backhaul link beam at NCR.
Observation 3: The active beam in access link depends on beamforming capability of the NCR, scheduling of the UE, type of signal forwarded and interference measurements.
Proposal 7: In case of periodic signals, gNB semi-statically indicates the beamforming configuration in access link and periodicity to the NCR.
Proposal 8: Signaling access link beamforming information per slot for a certain duration of time is supported. 
Observation 4: Beamforming information can be provided to the NCR in several ways e.g., indices, precoders etc. 
Proposal 9: Study the contents of the beamforming information to be provided by the gNB to the NCR. 
Observation 5: The transmission from NCR-Fwd will be delayed from reception because of the internal delay at NCR.

Observation 6: Propagation delays and internal delay leads to overlap between various operations at NCR.

Proposal 10: Support NCR signaling internal delay to gNB.

Proposal 11: Support gNB inserting guard symbols at NCR.

Proposal 12: Support gNB signaling power control parameters to NCR and study the granularity of parameter, e.g., per beam.
Observation 7: Monitoring NCR operation based on UE feedback leads to delay and uncertainty at gNB whether the failure of a packet is because of  error at NCR or UE 
Proposal 13: Feedback mechanism from NCR to gNB is supported with the following options


Opt1: NCR sends feedback to gNB based on decoding of SCI

Opt2: NCR sends feedback to gNB based on NCR-Fwd operation 
Proposal 14: Support signaling of default configuration as SCI for NCR.
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