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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
The SI on network controlled repeater was completed in RAN1#110 [1] and a work item was approved in RAN#97-e with following features involving RAN1[2]
	The objectives of NR NCR WI follow the recommendations defined in TR 38.867 and will focus on scenarios and assumption listed below:
· Network-controlled repeaters are inband RF repeaters used for extension of network coverage on FR1 and FR2 bands based on the NCR model in TR38.867
· For only single hop stationary network-controlled repeaters
· The NCR is transparent to the UE.
· Network-controlled repeater can maintain the gNB-repeater link and repeater-UE link simultaneously
With these considerations, NR NCR supports the following features:
Specify the signalling and behavior of the following side control information for controlling the NCR-Fwd [RAN1, RAN2]
· Beamforming
· UL-DL TDD operation
· ON-OFF information
Note: Power control aspect will be checked in RAN#98e.
Specify control plane signalling and procedures [RAN2, RAN1]
· The configuration of signalling for side control information indication
· NOTE: Down-selection of solutions in section 7.2 of TR 38.867 is needed


[bookmark: _Ref129681832]In this contribution, we provide our views on signaling of various side control information (SCI) to NCR and the behavior of NCR.
Signalling side control information to 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. However, the NCR-MT does not require full set of carriers to receive SCI and hence may not be operating in all the carriers used by NCR-Fwd.  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 NCR-Fwd the SCI is applicable. E.g., if NCR-Fwd operates in carrier 1 to 5, NCR-MT operates in carrier 1, 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. Therefore, gNB should indicate the carriers of NCR-Fwd for which the OFF indication is applicable. 
Observation 1: NCR-MT does not require full set of carriers to receive SCI and hence may not be operating in all the carriers used by NCR-Fwd
Proposal 1: gNB indicates along with SCI in which carrier of NCR-Fwd the SCI is applicable.
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. The TDD configuration provided by gNB to the UE in NR can be reused in case of NCR. The following agreement was made in RAN1#110 [2] regarding behavior of NCR in F symbols
	Agreement
For the flexible symbol based on the semi-static configuration (e.g., TDD-UL-DL-ConfigCommon, TDD-UL-DL-ConfigDedicated), following options are considered for the NCR-Fwd on these symbols
· Option 1: The NCR-Fwd is expected to be OFF or not forwarding over these symbols
· Option 2: The NCR-Fwd will follow the TDD operation determined by NCR-MT, i.e., determined by NCR-MT based on the received SFI indication or scheduling from gNB  
· Note: It means that no new side control signalling is needed.
· Option 3: The NCR-Fwd will follow a new dynamic side control signalling of DL/UL forwarding over these symbols to NCR-Fwd


[bookmark: _Hlk114839409]The option 1 is like defining a default behavior for NCR for F symbols. However, by defining NCR as OFF in F symbols the UE connected to NCR cannot be dynamically configured as DL/UL. For e.g., if NCR and UE connected to gNB through NCR are configured F in slot n, then based on option 1 the NCR will be OFF in slot n and cannot serve UE. Further, TS 38. 213 [3] has following clause
	Sec. 11.1 of TS. 38.213
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-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated if provided, or when tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated are not provided to the UE
-	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 


Based on the clause, a UE can receive or transmit in F symbols even though not configured UL/DL by DCI format 2_0. However, by insisting option 1 at NCR, the UE connected to gNB through NCR cannot be configured with other DCI formats as well. Hence, option 1 imposes restriction on the UEs connected to gNB through NCR compared to the UEs which are connected directly to gNB. Again, in case of option 1, there is no point in configuring F symbols in TDD configuration other than providing switching gap between DL and UL symbols.
Observation 2: Option 1 imposes restriction on the UEs connected to gNB through NCR compared to the UEs which are connected directly to gNB
In option 2, in F symbols the NCR-Fwd follow the DL/UL configuration given to NCR-MT. Therefore, option 2 mandate gNB to provide DL/UL configuration to F symbols at NCR-MT whenever NCR-Fwd is ON. However, there can be scenarios in which NCR-MT is not transmitting/receiving, whereas NCR-Fwd is active and forwarding signals between gNB and UE. For e.g., the RAN1#109-e made the following agreement [4]
	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


In case of TDM between C-link and backhaul link, either NCR-MT/ NCR-Fwd will be active at a time. In such cases the NCR-MT does not require DL/UL configuration from gNB whereas NCR-Fwd requires dynamic configuration. Further, TS 38. 213 [3] has following clause
	Sec. 11.1.1 of TS. 38.213
For a set of symbols of a slot indicated to a UE as flexible by tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated if provided, or when tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated are not provided to the UE, and if the UE detects a DCI format 2_0 providing a format for the slot using a slot format value other than 255
-	if one or more symbols from the set of symbols are symbols in a CORESET configured to the UE for PDCCH monitoring, the UE receives PDCCH in the CORESET only if an SFI-index field value in DCI format 2_0 indicates that the one or more symbols are downlink symbols


Based on the clause, the NCR-MT monitor for DCI scheduling PDCCH in the F symbols, if the F symbols overlap with CORESET and indicated as DL by gNB. However, in case of opt. 2, the indication of DL from the gNB can be for the NCR-Fwd and not for NCR-MT. Therefore, option 2 creates unnecessary monitoring at NCR-MT. Further, in case of NCR-MT operating in subset of the carriers in which NCR-Fwd is operating, the DL/UL configurations can be different across the carriers. However, option 2 cannot provide separate configuration for NCR-MT and NCR-Fwd. Therefore, a separate DL/UL configuration for NCR-Fwd is necessary and hence support option 3. 
Observation 3: Option 2 has the following limitations
· Mandates gNB to provide DL/UL configuration to F symbols at NCR-MT even when gNB is not expecting any transmission/reception from NCR-MT
· Creates unnecessary monitoring at NCR-MT (e.g., when F symbols overlap  with CORESET and given DL configuration)
· Does not support the scenario in which where NCR-MT operating in subset of the carriers in which NCR-Fwd is operating and  the DL/UL configuration is different across the carriers
Proposal 2: Support separate DL/UL configuration for NCR-Fwd (Option 3).
Further, based on the above agreement in RAN1#109-e, the C-link and backhaul link can operate in simultaneously or in TDM manner. Therefore, the following modes of operation can arise at NCR
1. Only NCR-MT is active 
2. Only NCR-Fwd is active 
3. Both NCR-MT and NCR-Fwd are active simultaneously
To support these cases, 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.
Observation 4: NCR supports following modes of operation
1. Only NCR-MT is active 
2. Only NCR-Fwd is active 
3. Both NCR-MT and NCR-Fwd are active simultaneously
Proposal 3: Support gNB informing explicitly/implicitly the active unit/link (C-link, backhaul link or both) to the NCR. 
ON/OFF configuration
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 [4] regarding signalling ON/OFF configuration to NCR.
	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. 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-Fwd turns ON in a slot in which a DL/UL configuration or an AL beam indication is provided by the gNB. However, signalling using only explicit or implicit method has its own limitations. For e.g., if an explicit indication is missed, the NCR may not be able to operate as indicated by gNB. In this case, it is beneficial if using other SCI (implicit indication), NCR can determine its ON/OFF state. Hence, a combination of explicit and implicit method is more suitable. Further, configuring NCR as ON/OFF only by semi-static means will restrict the scheduling of UEs connected to NCR. For e.g., if slot n is configured as OFF for an NCR through semi-static signaling or periodic/semi-static ON-OFF pattern, then the gNB cannot dynamically schedule UEs connected through NCR in slot n. Therefore, there should be provision to provide ON/OFF configuration dynamically.  
Proposal 4: Support combination of explicit and implicit method for signaling ON/OFF configuration to NCR
Observation 5: Configuring NCR as ON/OFF only by semi-static means (e.g., semi-static signalling or periodic/semi-static ON-OFF pattern) restrict gNB dynamic scheduling of UEs connected to NCR
Proposal 5: Support provision for dynamically configuring ON/OFF to NCR
Beamforming configuration
Signaling beamforming capability
During initial access, the NCR-MT measures the SSBs transmitted by gNB and associates with the gNB using the best SSB beam. Once the connection is established between gNB and NCR-MT, the NCR can report to gNB its ability for beamforming as capability information, based on which gNB decides the beamforming configuration in the access link of NCR in each point of time. For example, an NCR reports to the gNB the total number of beams supported in access link and the number of simultaneous beams supported in access link.  Now, the gNB can assign which beams have to be active in each time instant at the access link of NCR.
Proposal 6: Support NCR reporting its ability for beamforming (e.g., the total number of beams supported in access link, number of simultaneous beams supported in access link etc.) as capability information to gNB
Signaling for forwarding SSB/CSI-RS
Once NCR-MT establishes connection with gNB, the NCR-Fwd will be activated and start forwarding the signals transmitted by the gNB. Even though NCR is unaware of the signals forwarded, gNB has to configure NCR differently based on the signals forwarded. E.g., the gNB should configure NCR to use broad beam in symbols used for forwarding SSB, whereas narrow and UE specific beam in slots for forwarding PDSCH.
The SSB forwarded by the NCR-Fwd is used by the UEs to connect to gNB through NCR. The gNB can use the following options to forward SSB through an NCR
· Opt 1: NCR amplifying and forwarding any SSB received in the backhaul link using access link beam sweeping 
· Opt 2: NCR forwarding a subset of the SSBs transmitted by the gNB using access link beam sweeping (no backhaul link beam sweeping)
· Opt 3: NCR receiving a subset of SSBs transmitted by the gNB using backhaul link beam sweeping and forwarding using access link beam sweeping 
· Opt 4: gNB transmitting a subset of SSBs in only one beam (beam 1), NCR receiving using one beam (beam 2) such that beam 1 and beam 2 form the best beam pair (e.g., the SSB beam to which the NCR-MT is attached to the gNB) in backhaul link and forwarding using access link beam sweeping
· Opt 5: NCR generating the SSB and forwarding using access link beam sweeping 
In opt 1, the NCR will forward any SSB that is received in the backhaul link (no backhaul link beam sweeping) using the access link beam indication given by the gNB. Here, there is no correspondence between the number of SSBs forwarded and the beam forming capability of NCR. The NCR is a low cost and reduced capability device compared to gNB. Therefore, the NCR may not have the capability to form as many beams as a gNB. E.g., in FR2, the gNB can handle up to maximum of 64 SSB beams. If an NCR has reported capability to form 16 then, the NCR forwarding all the 64 SSBs transmitted by the gNB leads to forwarding of multiple SSB using same access link beam. Further, all the SSB beams may not have good strength to serve the UEs even after amplifying and forwarding, that significantly degrade the performance at the UE. E.g., the NCR forwards 4 SSBs on each of the 16 beams it can form in access link to cover its coverage area. It is possible that all the 4 SSBs forwarded in a particular access link beam have very poor strength. This will affect the coverage area of the NCR.  Therefore, NCR amplifying and forwarding any SSB received in the backhaul link is not efficient and results in performance degradation. Therefore, it is beneficial to configure NCR to forward subset of the SSBs that are handled by gNB, based on the capability reported by the NCR. 
In opt 2, based on the beamforming capability reported by the NCR, the gNB determines the number of SSB that can be handled by the NCR and indicates to the NCR to forward them. E.g., The NCR can form 16 beams in access link. During the connection of NCR-MT with the gNB, the gNB may be aware of the best 16 SSB beams for NCR (e.g., from the NCR-MT’s report on SSBs). Hence, the gNB indicates the access link beam for forwarding only those 16 SSBs. The NCR uses a single beam to receive the SSBs in the backhaul. 
The operation in opt 3 is like opt 2 except for the fact that the NCR performs backhaul beam sweeping to receive SSB from gNB. 
In opt 4, the gNB sends to the NCR, a subset of SSBs to forward using the best beam pair in backhaul link. E.g., the best pair in backhaul can be the beam pair with which NCR-MT established connection with gNB. 
In opt 5, the NCR has the capability to generate SSB. Therefore, the gNB provides configuration of the SSBs to the NCR, based on which NCR generates SSB and forwards it in access link. As SSB is a periodic signal that is preconfigured, a minimal configuration of SSBs can be provided statically or semi-statically for the opt 5. Now, the SSB cannot be generated at the NCR-Fwd as the NCR-Fwd is defined as a function entity to perform the amplify-and-forwarding of UL/DL RF signal between gNB and UE via backhaul link and access link. However, the NCR-MT has the capability to decode the SSB to maintain the connection with the gNB. Hence, the SSB can be generated at NCR-MT using the decoded SSB and configuration provided from the gNB and sent to NCR-Fwd for forwarding in the access link. Now to enable opt 5, the configuration from NCR-MT to NCR-Fwd needs to be supported. Apart from this, the timing synchronisation between the gNB and NCR to forward the SSB also needs to be maintained. Given the significant performance improvement achieved using opt 5 (as shown in Fig. 1), it is beneficial to further study the potential ways to enable it.
Fig. 1 compares the performance of various options mentioned above for FR2 scenario.  In this simulation, the layout consists of a single gNB, a single NCR and multiple UEs dropped in the coverage area of the NCR. The detailed assumption is listed in Table-I in Appendix. The C.D.F. of max-RSRP (i.e., the RSRP for the best beam) observed by UEs for two cases is shown: (A) The NCR supports 8 access beams, and (B) The NCR supports 16 access beams.
For both the 8 and 16 access beam cases it is observed that:
1. For Opt 1, where the NCR amplifies and forwards any SSB received in backhaul, it is not efficient and its performance is degraded as compared to Opt 2 where the NCR amplifies and forwards a subset of the SSBs configured by the gNB.
2. Opt 3, where the NCR receives a subset of SSBs using backhaul sweeping, further improves the performance as compared to Opt 2 with a fixed backhaul beam.
3. Further performance improvement is observed for Opt 4 where the subset of SSBs from gNB is sent on the best-beam pair in backhaul.
4. A significant performance improvement is observed for Opt 5 where NCR can generate SSBs based on the configuration received from gNB.

	
(A) The max-RSRP for 8 access beams    in NCR
	
 (B) The max-RSRP for 16 access beams in NCR


[bookmark: _Ref32218]Fig. 1: Performance comparison for various options of SSB forwarding from NCR.
Observation 6: NCR amplifying and forwarding any SSB received in the backhaul link is not efficient and results in performance degradation.
Proposal 7: Support configuring NCR to forward subset of the SSBs that are handled by gNB based on beamforming capability reported by the NCR.
Observation 7: The following observations are made for the various options at the NCR for forwarding SSBs in FR 2
	a. For Opt 1, where the NCR amplifies and forwards any SSB received in backhaul, it is not efficient and its performance is degraded as compared to Opt 2 where the NCR amplifies and forwards a subset of the SSBs configured by the gNB.
	b. Opt 3, where the NCR receives a subset of SSBs using backhaul sweeping, further improves the performance as compared to Opt 2 with a fixed backhaul beam.
	c. Further performance improvement is observed for Opt 4 where the subset of SSBs from gNB is sent on the best-beam pair in backhaul.
	d. A significant performance improvement is observed for Opt 5 where NCR can generate SSBs based on the configuration received from gNB. It will be substantially beneficial to further study the potential ways to enable it.
Proposal 8: Down select from the following options at the NCR for forwarding SSBs in FR2;
Option A: NCR receiving a subset of SSBs transmitted by the gNB using backhaul link beam sweeping and forwarding using access link beam sweeping 
	Option B: gNB transmitting a subset of SSBs in only one beam (beam 1), NCR receiving using one beam (beam 2) such that beam 1 and beam 2 form the best beam pair (e.g., the SSB beam to which the NCR-MT is attached to the gNB) in backhaul link and forwarding using access link beam sweeping
	Option C: NCR generating the SSB and forwarding using access link beam sweeping 
In all the options mentioned above the gNB signals to the NCR the access link beam to forward each SSB. The access link beam indication can be given semi-statically, as SSB is a periodic signal that is preconfigured. This reduces the signaling overhead.  The NCR can identify the time instant of forwarding each SSB using the SSB periodicity information, obtained from SSB decoding at the NCR-MT during initial access. 
Proposal 9: Signaling to the NCR the access link beam to forward each SSB is supported.
The number of access link beams depends on the capability of NCR. Fig. 2  compares the performance of forwarding SSB using access link beam sweeping from NCR for different number of access beams. Both the FR1 and FR2 scenarios are shown.
	
	


Fig. 2: Performance comparison for different number of SSB access beams.
Observation 8: For FR2, it is observed that decreasing the number of forwarded SSB access link beams results in performance degradation. Specifically for single SSB broadcast beam (i.e., no access link beam sweeping) the performance degradation is significant.
Proposal 10: Support the forwarding of SSB using access link beam sweeping for FR2.
Observation 9: For FR1, it is observed that performance of the case with access link beam sweeping is close to that of the case with single access beam (i.e., no access link beam sweeping) and there is not much performance improvement.
Proposal 11: No access link beam sweeping required for forwarding of SSB for FR1.
The UEs measure on the SSBs forwarded by the NCR and report the measurements to gNB through NCR, based on which the gNB establishes connection with the UE. Now, there can be an ambiguity when a UE tries to establish connection with gNB through NCR. Consider the scenario in Fig. 3: A gNB is broadcasting n SSBs beams in its coverage area and indicating the NCR to forward the same n SSBs in its own coverage area. There are two UEs, one in the coverage area of gNB but not the NCR, and the other in the coverage area of NCR. Both these UEs report the measurements for SSB-k. However, the SSB-k transmitted by gNB and the SSB-k forwarded by NCR can be in a different direction. Even if the connection with both the UEs is established, the gNB has no way of knowing where the UEs are located, and hence the subsequent UE-dedicated transmissions may not be on the correct beams and result in performance degradation or wastage of resources.
Observation 10: The SSB forwarding through NCR may result in UE connection ambiguity when some  UEs try to connect directly to gNB and some UEs connect through NCR.
Proposal 12: Study the UE connection ambiguity problem and come up with potential solutions.
The UEs measure on the SSBs forwarded by the NCR and report the measurements to gNB through NCR, based on which the gNB establishes connection with the UE. Now, the gNB can signal to the NCR the access link beam for forwarding CSI-RS to the connected UE. The gNB can maintain a mapping between the CSI-RS resource ID and the access link beam used at the NCR to forward it. This helps the gNB to identify the beam of NCR to which each UE is connected. However, the NCR should not be informed about the mapping. 
Proposal 13: Mapping between CSI-RS resource ID and access link beam is transparent to NCR.


Fig. 3: UE connection ambiguity problem
Access link beamforming
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. 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 or PDSCH 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 11: 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. 
Observation 12: gNB dynamically indicating access link beam for forwarding periodic signals leads to signalling overhead
Proposal 14: Support gNB semi-statically indicating to the NCR the access link beamforming configuration (e.g., access link beam and periodicity) for forwarding the periodic signals 
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 15: Support gNB dynamically signaling access link beamforming configuration per slot for a certain duration of time 
Backhaul and C-link beamforming
The following agreements were made in RAN1# 110 regarding backhaul link and C-link beamforming [1]
	Agreement
In case that adaptive beams are adopted for C-link and backhaul link, the following mechanisms can be considered for the indication and determination of beams of backhaul link:
· Option 1: The beam of backhaul link is indicated by a new signaling.
· The new signaling is dynamic signaling and/or semi-static signaling (e.g., RRC signaling/ MAC CE) indicating a beam(s) from the set of beams of the C-link
· This does not imply that the beam of backhaul link is always indicated by the new signaling
· Option 2: The beam of backhaul link is determined by a pre-defined rule.
· In slots/symbols with simultaneous DL receptions / UL transmissions in both C-link and backhaul link, the beam of backhaul link is the same as the beam of C-link. Otherwise, the beam of backhaul link follows one of the beams of the C link.
· Other predefined rules are not precluded


An NCR deployment can be considered as a well-planned one with good and LoS channel conditions in the link with the gNB. Therefore, there is minimum requirement for beam adaptation in communicating with gNB and can be handled by the legacy UE beam management framework at NCR-MT. Further, in most of the scenarios the backhaul beam is same as that of C-link, or it follows some pattern which can be pre-defined. However, restricting the backhaul link beam using some pre-defined rule may not choose the best beam for all scenarios. For example, as shown in Fig.1 and mentioned in Observations 7 and 8 above, using backhaul link beam sweeping is beneficial while forwarding periodic broadcast signals. Using a pre-defined rule may restrict the backhaul beams that can be used for beam sweeping at NCR-Fwd. Further, the C-link may not support all the carriers supported by the backhaul link. Hence, the best beam for NCR-MT and NCR-Fwd may differ depending on the frequency of operation. Therefore, using pre-defined rule to follow one of the links of C-link may not be the best beams for all carriers of NCR-Fwd. Hence, a combination of Option-1 and Option-2 is supported. As a baseline, the beam of backhaul link is determined by a pre-defined rule. But if an explicit indication is signalled for backhaul beam, it overwrites the pre-defined rule.
Observation 13: Using pre-defined rule to determine the beam for backhaul link is restrictive 
Proposal 16: Support a combination of explicit indication and predefined rule for determining beam for backhaul link (combination of option 1 and option 2)
· Backhaul link reuse the beamforming at C-link when explicit indication is not provided by the gNB
Timing and guard 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. The following agreements were made in RAN1# 109-e and RAN1#110 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

Agreement
· For the timing of NCR, the following assumption is captured into TR 38.867.
· The DL transmitting timing of the NCR-Fwd is delayed after the DL receiving timing of the NCR-MT (or the NCR-Fwd) by the internal delay; 
The UL receiving timing of the NCR-Fwd is advanced before the UL transmitting timing of the NCR-MT (or the NCR-Fwd) by the internal delay 



[bookmark: _Hlk110332791]Based on the above agreements, 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 gNB) after an internal delay. Fig. 4 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 can lead to overlap between operations. E.g., DL-Tx from NCR-Fwd in a slot can overlap with DL-Rx at NCR-MT in subsequent slot by a factor proportional to Tp. The gNB should insert guard symbols to avoid overlap between the operations at NCR, which further requires knowledge of internal delay at gNB.
[bookmark: _Hlk110332804]
[bookmark: _Hlk110332829]Fig. 4: Timing of transmissions and receptions at NCR
Observation 14: Propagation delays and internal delay lead to overlap between operations at NCR.
Proposal 17: Support NCR signaling internal delay to gNB.
Proposal 18: Support gNB inserting guard symbols at NCR.
Power control information
The amplify and forward operation by NCR can create additional interference in the network. E.g., Fig. 5 shows a scenario where the gNB 1 serves UE2 using beam 3 of NCR and gNB 2 uses its beam 2 to serve  UE 1. Since UE1 and UE2 are in close proximity, 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. The interference can be minimized if gNB1 can perform DL power control on the beam3 of NCR. Therefore, power control information from gNB to NCR is necessary to handle the additional interference created by NCR in the network. 
Proposal 19: Support gNB signaling power control parameters to NCR


Fig. 5: Beam from NCR interfering with beam from adjacent gNB
[bookmark: _Hlk110333124]Default configuration and feedback information
The SCI is essential for efficient operation of NCR. However, ambiguity and conflict arise at NCR, when only certain SCI is available at the NCR. This can happen when some of the SCI is missed or not decoded correctly at the NCR. E.g., when OFF indication is missed by the NCR. In that case NCR continue in ON state and continue forwarding random signals resulting in interference. Similarly, 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, gNB can provide default configuration to NCR. E.g., signaling OFF as the default state avoid forwarding of random signals. Signaling default configuration further helps in reducing the signaling between the gNB and NCR. E.g., in case of defining OFF as default state, gNB has to send only ON indications to NCR. 
Observation 15: Missing an OFF indication leads to noise amplification and interference 
Proposal 20: Support gNB signaling default configuration to NCR.
Similarly, loss of SCI leads to unintended operation at NCR. E.g., when NCR fail to decode an ON indication, it will continue in OFF state without forwarding the information transmitted by the gNB, resulting in loss of information and performance degradation at UE side. Similarly, there can be unintended SCI receptions at the NCR. E.g., the NCR-Fwd is OFF but receives a beam indication from the gNB. No SCI is  expected for time instance when NCR-Fwd is OFF. This may be due to decoding failure of ON indication for the same time instant. Similarly, NCR can receive ON indication when NCR-Fwd is ON, which is unexpected in normal scenario. This may be due to missing of OFF indication in between. 
Observation 16: Conflict and unintended operation occurs at NCR when SCI is missed or not decoded correctly at the NCR 
Observation 17: Missing ON indication at NCR leads to packet loss and performance degradation at the UEs connected to NCR
[bookmark: _Hlk110934008]Therefore, the gNB should ensure that the NCR is decoding SCI correctly and operating according to the decoded information to serve the connected UEs. One way of monitoring NCR operation 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 if there is an issue at the NCR 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. In another option, the NCR can send feedback of its current operating state periodically to gNB regardless of whether an SCI is received or not. E.g., NCR feeds back the current ON/OFF state of NCR-Fwd periodically. This can help the gNB to monitor the current state of NCR-Fwd and it can trigger an ON indication again if it was missed at NCR.
[bookmark: _Hlk110934110]Observation 18: Monitoring the NCR operation based on UE feedback leads unnecessary delay and ambiguity at gNB
Proposal 21: 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
Opt3: NCR sends periodic feedback about the operating state to the gNB

Conclusion
The following observations and proposals are made in this contribution:
Observation 1: NCR-MT does not require full set of carriers to receive SCI and hence may not be operating in all the carriers used by NCR-Fwd
Proposal 1: gNB indicates along with SCI in which carrier of NCR-Fwd the SCI is applicable.
Observation 2: Option 1 imposes restriction on the UEs connected to gNB through NCR compared to the UEs which are connected directly to gNB
Observation 3: Option 2 has the following limitations
· Mandates gNB to provide DL/UL configuration to F symbols at NCR-MT even when gNB is not expecting any transmission/reception from NCR-MT
· Creates unnecessary monitoring at NCR-MT (e.g., when F symbols overlap  with CORESET and given DL configuration)
· Does not support the scenario in which where NCR-MT operating in subset of the carriers in which NCR-Fwd is operating and  the DL/UL configuration is different across the carriers
Proposal 2: Support separate DL/UL configuration for NCR-Fwd (Option 3).
Observation 4: NCR supports following modes of operation
1. Only NCR-MT is active 
2. Only NCR-Fwd is active 
3. Both NCR-MT and NCR-Fwd are active simultaneously
Proposal 3: Support gNB informing explicitly/implicitly the active unit/link (C-link, backhaul link or both) to the NCR. 
Proposal 4: Support combination of explicit and implicit method for signaling ON/OFF configuration to NCR
Observation 5: Configuring NCR as ON/OFF only by semi-static means (e.g., semi-static signalling or periodic/semi-static ON-OFF pattern) restrict gNB dynamic scheduling of UEs connected to NCR
Proposal 5: Support provision for dynamically configuring ON/OFF to NCR
Proposal 6: Support NCR reporting its ability for beamforming (e.g., the total number of beams supported in access link, number of simultaneous beams supported in access link etc.) as capability information to gNB
Observation 6: NCR amplifying and forwarding any SSB received in the backhaul link is not efficient and results in performance degradation.
Proposal 7: Support configuring NCR to forward subset of the SSBs that are handled by gNB based on beamforming capability reported by the NCR.
Observation 7: The following observations are made for the various options at the NCR for forwarding SSBs in FR 2
a. For Opt 1, where the NCR amplifies and forwards any SSB received in backhaul, it is not efficient and its performance is degraded as compared to Opt 2 where the NCR amplifies and forwards a subset of the SSBs configured by the gNB.
b. Opt 3, where the NCR receives a subset of SSBs using backhaul sweeping, further improves the performance as compared to Opt 2 with a fixed backhaul beam.
c. Further performance improvement is observed for Opt 4 where the subset of SSBs from gNB is sent on the best-beam pair in backhaul.
d. A significant performance improvement is observed for Opt 5 where NCR can generate SSBs based on the configuration received from gNB. It will be substantially beneficial to further study the potential ways to enable it.
Proposal 8: Down select from the following options at the NCR for forwarding SSBs in FR2;
Option A: NCR receiving a subset of SSBs transmitted by the gNB using backhaul link beam sweeping and forwarding using access link beam sweeping 
	Option B: gNB transmitting a subset of SSBs in only one beam (beam 1), NCR receiving using one beam (beam 2) such that beam 1 and beam 2 form the best beam pair (e.g., the SSB beam to which the NCR-MT is attached to the gNB) in backhaul link and forwarding using access link beam sweeping
	Option C: NCR generating the SSB and forwarding using access link beam sweeping 
Proposal 9: Signaling to the NCR the access link beam to forward each SSB is supported.
Observation 8: For FR2, it is observed that decreasing the number of forwarded SSB access link beams results in performance degradation. Specifically for single SSB broadcast beam (i.e., no access link beam sweeping) the performance degradation is significant.
Proposal 10: Support the forwarding of SSB using access link beam sweeping for FR2.
Observation 9: For FR1, it is observed that performance of the case with access link beam sweeping is close to that of the case with single access beam (i.e., no access link beam sweeping) and there is not much performance improvement.
Proposal 11: No access link beam sweeping required for forwarding of SSB for FR1.
Observation 10: The SSB forwarding through NCR may result in UE connection ambiguity when some  UEs try to connect directly to gNB and some UEs connect through NCR.
Proposal 12: Study the UE connection ambiguity problem and come up with potential solutions.
Proposal 13: Mapping between CSI-RS resource ID and access link beam is transparent to NCR.
Observation 11: The active beam in access link depends on beamforming capability of the NCR, scheduling of the UE, type of signal forwarded and interference measurements.
Observation 12: gNB dynamically indicating access link beam for forwarding periodic signals leads to signalling overhead
Proposal 14: Support gNB semi-statically indicating to the NCR the access link beamforming configuration (e.g., access link beam and periodicity) for forwarding the periodic signals 
Proposal 15: Support gNB dynamically signaling access link beamforming configuration per slot for a certain duration of time 
Observation 13: Using pre-defined rule to determine the beam for backhaul link is restrictive 
Proposal 16: Support a combination of explicit indication and predefined rule for determining beam for backhaul link (combination of option 1 and option 2)
· Backhaul link reuse the beamforming at C-link when explicit indication is not provided by the gNB
Observation 14: Propagation delays and internal delay lead to overlap between operations at NCR.
Proposal 17: Support NCR signaling internal delay to gNB.
Proposal 18: Support gNB inserting guard symbols at NCR.
Proposal 19: Support gNB signaling power control parameters to NCR
Observation 15: Missing an OFF indication leads to noise amplification and interference 
Proposal 20: Support gNB signaling default configuration to NCR.
Observation 16: Conflict and unintended operation occurs at NCR when SCI is missed or not decoded correctly at the NCR 
Observation 17: Missing ON indication at NCR leads to packet loss and performance degradation at the UEs connected to NCR
Observation 18: Monitoring the NCR operation based on UE feedback leads unnecessary delay and ambiguity at gNB
Proposal 21: 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
Opt3: NCR sends periodic feedback about the operating state to the gNB
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Appendix
[bookmark: _Ref110620935]Table-I: Evaluation assumptions for NCR beam sweeping simulation
	Parameters
	FR1
	FR2

	Layout
	Single sector with a single NCR
	Single sector with a single NCR

	ISD
	500m 
	200m

	Carrier frequency
	4GHz 
	30GHz 

	System bandwidth
	Up to 100MHz
 (See Table A.1-1 of TR 38.874 and Table 5.3.2-2 of 38.104)
	Up to 100MHz
 (See Table A.1-1 of TR 38.874 and Table 5.3.2-2 of 38.104)

	Subcarrier spacing
	30 kHz
	120 kHz

	Simulation bandwidth
	100 MHz (273 RBs)
See Table 5.3.2-1 of 38.104
	100 MHz (66 RBs)
See Table 5.3.2-2 of 38.104

	Channel model
	gNB-to-NCR: 3D UMa LOS (UMa LOS is perferred for this link.)
NCR-to-UE: 3D UMa
	gNB-to-NCR: UMi Street-Canyon LOS (UMi LOS is preferred for this link.)
NCR-to-UE: UMi Street-Canyon

	gNB Tx power
	gNB:
44 dBm 
NCR:
33 dBm 
See Table A.1-1 of TR 38.874
	gNB:
33 dBm
NCR:
33 dBm 
See Table A.1-1 of TR 38.874

	gNB antenna configuration
	gNB:
32 Tx /Rx antenna elements with (M, N, P, Mg, Ng) = (4, 4, 2, 1, 1) 
(dH, dV) = (0.5, 0.8)λ.
NCR :
32 Tx /Rx antenna elements with (M, N, P, Mg, Ng) = (4, 4, 2, 1, 1) 
(dH, dV) = (0.5, 0.8)λ.
Two sector for NCR (B-to-B): One for access and another for backhaul, with same antenna configuration as above.
See Table A.2.1-4 of TR38.802
	gNB:
256 Tx /Rx antenna elements with (M, N, P, Mg, Ng) = (4, 8, 2, 2, 2) 
(dH, dV) = (0.5, 0.5)λ. (dg,H,dg,V) = (4.0, 2.0)λ
NCR :
64 Tx /Rx antenna elements with (M, N, P, Mg, Ng) = (4, 8, 2, 1, 1) 
(dH, dV) = (0.5, 0.5)λ. (dg,H,dg,V) = (4.0, 2.0)λ
Two sector for NCR (B-to-B): One for access and another for backhaul, with same antenna configuration as above.
See Table A.2.1-4 of TR38.802

	gNB antenna height
	25m for gNB
10m for NCR 
See Table A.1-1 of TR 38.874
	10m for gNB
10m for NCR
See Table A.1-1 of TR 38.874

	NCR receiver noise figure
	NCR : 5dB
See Table A.1-1 of TR 38.874
	NCR : 7dB
See Table A.1-1 of TR 38.874

	UE antenna configuration
	Panel model 1: Mg = 1, Ng = 1, P = 2, 
dH = 0.5 λ
See Table A.2.1-4 of TR38.802
	32 Tx /Rx antenna elements with (M, N, P, Mg, Ng) = (2, 4, 2, 1, 2), (dH,dV)=(0.5λ, 0.5λ) 
See Table A.2.1-4 of TR38.802

	UE antenna height
	1.5m
See Table 6-1 of 38.901.

	UE receiver noise figure
	9dB
See Table A.1-1 of TR 38.874
	10dB
See Table A.1-1 of TR 38.874

	UE distribution
	- 100% outdoor (30km/h) 
- UEs are dropped independently with uniform distribution.
See Table A.1-1 of TR 38.874
	- 100% outdoor (30km/h) 
- UEs are dropped independently with uniform distribution.
See Table A.1-1 of TR 38.874

	Minimum (2D) distance
	gNB -to-NCR: 40m
NCR-to-UE: 10m (Medium Range) 
See Table A.1-1 of TR 38.874 and clause 2.3 of R4-2120654
	gNB -to-NCR: 20m
NCR-to-UE: 5m (Medium Range)
See Table A.1-1 of TR 38.874 and clause 2.3 of R4-2120654

	SSB pattern
	Case B
	Case D

	Performance metrics
	max RSRP (dBm)
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