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Introduction
In RAN#94-e the SID for Network-Controlled Repeaters was agreed [1] and the latest WID updates were approved in RAN#98-e [2]. The updated objectives of the WID are the following: 
	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
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
Specify the solution of network-controlled repeater management (i.e., the identification and authorization/validation of NCR) [RAN3, RAN2]
· NOTE: Down-selection of solutions in section 8 of TR 38.867 is needed taking into account the feedback of other working groups (i.e., SA3 and SA5). From a security point of view, the feasibility of NCR validation procedure in solution 1 and the feasibility of solution 2 will be decided by SA3.The selected solution shall provide inter-vendor interoperability.

Study the RRM functions to be supported and specify the RRM requirements of NCR-MT if necessary [RAN2, RAN4]
Study and specify the RF and EMC requirements of NCR if necessary [RAN4]
Note: The existing requirements defined in RAN4 can be reused if applicable.
Note: The work in RAN4 for beam related is expected to start on FR2 first.



In this contribution we discuss short term link failure case. 
Discussion
In this contribution we discuss how to handle NCR FWD entity when C-link has temporally failed. The baseline guidance to refer was RAN1 agreed as following:

	R1#112
Agreement
For aperiodic beam indication,
· The value range of slot offset of time resource is (0…14)
· The maximum number of time resource is 112.
· The maximum bitwidth of beam index field in DCI is 6.
Agreement
· Once a beam failure is detected in C link by NCR-MT, NCR-Fwd is OFF until the beam failure is recovered recovery is completed.




Since FWD will amdplify&forward the received signal via configured backhaul link beam(s), and this backhaul link beam could be the C-link beam itself. C-link beam can have the temporal failure such as beam blocking, but can be identified and recovred by BFD and BFR mechanism. As shown in the above, in this BFD duration, NCR FWD would be OFF.
Here the beam failure is determined by checking the signal strength and its duration undergoing deteriorate. As BF is detected, FWD goes OFF. The motivation is that the backhaul link beam which is also C-link beam currently used is bad. Therefore this leads to the bad RF signal relayed to the NCR and also UL RF signal from NCR and would be meaningless for operating NCR.
We found some similar cases which can be considered as the same situation as this: start of T310 and time alignment timer (TAT) expiry.

Start of timer T310 
T310 is introduced to define out-of-sync status of the physical layer DL link. It starts when RRC layer received the configured consecutive out-of-sync indicators for spcell, while this indicator is generated from lower layer by obeying the 38.133 measurement requirement. The section 5.3.10.1 of TS 38.331[3] says that this situation as ‘detection of physical layer problems’. Therefore, start of T310 means currently UE and gNB are in out-of-sync status. This is the same situation as BFD where the configured number of BF indication is consecutively received from lower layer at MAC. Even in RRC spec, the reference signal to measure RLM, i.e., for out-of-sync detection and to measure BFD can be configured interchangeably. As shown in TS 38.331 below, a single RS can be used for both purposes. 

RadioLinkMonitoringRS ::=           SEQUENCE {
    radioLinkMonitoringRS-Id            RadioLinkMonitoringRS-Id,
    purpose                             ENUMERATED {beamFailure, rlf, both},
    detectionResource                   CHOICE {
        ssb-Index                           SSB-Index,
        csi-RS-Index                        NZP-CSI-RS-ResourceId
    },
    ...
}

Observation 1. The significance of link venerability is same for both case of BFD and T310 start (out-of-sync) in the NCR-FWD operation perspective.

Based on this reasoning, we propose that same handling of FWD operation, i.e., OFF the FWD when T310 is started. The recovery of out-of-sync can be via consecutive reception of in-sync indications. This also leads to the stop of T310. 
Proposal 1. RAN2 agree that NCR-FWD to be turned OFF when T310 timer starts, and turned ON when T310 stops due to the reception of the consecutive in-sync indications.

Regarding FWD configuration handling, it is same as the BF case. Therefore, there is no need of special treatment of FWD configuration upon T310 start/stops.
Proposal 2. RAN2 agree that handling of NCR-FWD configuration regarding T310 start/stop is same as BFD/BFR case.


TAT (time alignment timer) expiry

In TS 38.321[4], the following definition was used for TAT:
-	timeAlignmentTimer (per TAG) which controls how long the MAC entity considers the Serving Cells belonging to the associated TAG to be uplink time aligned;

TAT is used for the UE to (re)acquire the TA value from the network so that UL reference time between UE and gNB can be synchronized. When TAT is expired, UE will do (captured from TS 38.321):
	1>	when a timeAlignmentTimer expires:
2>	if the timeAlignmentTimer is associated with the PTAG:
3>	flush all HARQ buffers for all Serving Cells;
3>	notify RRC to release PUCCH for all Serving Cells, if configured;
3>	notify RRC to release SRS for all Serving Cells, if configured;
3>	clear any configured downlink assignments and configured uplink grants;
3>	clear any PUSCH resource for semi-persistent CSI reporting;
3>	consider all running timeAlignmentTimers as expired;
3>	maintain NTA (defined in TS 38.211 [8]) of all TAGs.
<skipped>
The MAC entity shall not perform any uplink transmission on a Serving Cell except the Random Access Preamble and MSGA transmission when the timeAlignmentTimer associated with the TAG to which this Serving Cell belongs is not running, CG-SDT procedure is not ongoing or SRS transmission in RRC_INACTIVE as in clause 5.26 is not on-going. Furthermore, when the timeAlignmentTimer associated with the PTAG is not running, CG-SDT procedure is not ongoing and SRS transmission in RRC_INACTIVE as in clause 5.26 is not ongoing, the MAC entity shall not perform any uplink transmission on any Serving Cell except the Random Access Preamble and MSGA transmission on the SpCell. The MAC entity shall not perform any uplink transmission except the Random Access Preamble and MSGA transmission when the cg-SDT-TimeAlignmentTimer is not running during the ongoing CG-SDT procedure as triggered in clause 5.27. The MAC entity shall not perform any uplink transmission except the Random Access Preamble and MSGA transmission when inactivePosSRS-TimeAlignmentTimer is not running during the procedure for SRS transmission in RRC_INACTIVE as in clause 5.26.


So TAT is expired, UE will not do any UL transmission but RA preamble. RA preamble doesn’t need to be time synched since it is used for the synchronization itself. That means gNB cannot decode the signal correctly without time reference.
Observation 2. If TAT is expired, UE will not do any UL transmission but RA preamble. 

For NCR case, normal operation is based on in-sync status in time between NCR and the serving gNB. Even NCR-FWD relays the RF signal received from access UE to the gNB, it is still important that UL timing should be in-sync, because the only information to be used at gNB for decoding the RF signal received from NCR is the reference time. As the cause of TA missing, in NCR case, even NCR will be not moving, still there would be beam change between LOS to NLOS and even for NLOS beams there would be different propagation delay for each beam chosen. Therefore, NCR-FWD operation needs to be stopped at least UL. For simplicity, we propose to turn FWD OFF when TAT is expired, and resume it after TAT is started again.
Observation 3. For NCR-FWD UL transmission, UL timing misalignment is also problematic to decode the relayed RF signal at gNB.

Proposal 3. RAN2 agree that NCR-FWD to be turned OFF when TAT is expired, and turned ON when TAT is started again.
Once TAT is expired, NCR-FWD configuration handling could be the same as BFD/BFR case. 
Proposal 4. RAN2 agree that handling of NCR-FWD configuration regarding TAT expiration/its recovery is same as BFD/BFR case.






Conclusion
In this contribution we discussed issues related to NCR short term link failure on backhaul. We have the following observations and proposals as a conclusion:
Observation 1. The significance of link venerability is same for both case of BFD and T310 start (out-of-sync) in the NCR-FWD operation perspective.
Proposal 1. RAN2 agree that NCR-FWD to be turned OFF when T310 timer starts, and turned ON when T310 stops due to the reception of the consecutive in-sync indications.
Proposal 2. RAN2 agree that handling of NCR-FWD configuration regarding T310 start/stop is same as BFD/BFR case.
Observation 2. If TAT is expired, UE will not do any UL transmission but RA preamble. 
Observation 3. For NCR-FWD UL transmission, UL timing misalignment is also problematic to decode the relayed RF signal at gNB.
Proposal 3. RAN2 agree that NCR-FWD to be turned OFF when TAT is expired, and turned ON when TAT is started again.
Proposal 4. RAN2 agree that handling of NCR-FWD configuration regarding TAT expiration/its recovery is same as BFD/BFR case.
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---------------------------- 38.331 V17.4.0 TP ----------------------------
[bookmark: _Toc60776823][bookmark: _Toc131064480]5.3.10.1	Detection of physical layer problems in RRC_CONNECTED
The UE shall:
1>	if any DAPS bearer is configured, upon receiving N310 consecutive "out-of-sync" indications for the source SpCell from lower layers and T304 is running:
2>	start timer T310 for the source SpCell.
1>	upon receiving N310 consecutive "out-of-sync" indications for the SpCell from lower layers while neither T300, T301, T304, T311, T316 nor T319 are running:
2>	start timer T310 for the corresponding SpCell.
2> if the UE is NCR-MT:
	3> indicate to NCR-Fwd to cease forwarding;

[bookmark: _Toc60776824][bookmark: _Toc131064481]5.3.10.2	Recovery of physical layer problems
Upon receiving N311 consecutive "in-sync" indications for the SpCell from lower layers while T310 is running, the UE shall:
1>	stop timer T310 for the corresponding SpCell.
1> If the UE is NCR-MT, and NCR-Fwd was ceased forwarding
2>indicate to NCR-Fwd to resume forwarding;
1>	stop timer T312 for the corresponding SpCell, if running.
NOTE 1:	In this case, the UE maintains the RRC connection without explicit signalling, i.e. the UE maintains the entire radio resource configuration.
NOTE 2:	Periods in time where neither "in-sync" nor "out-of-sync" is reported by L1 do not affect the evaluation of the number of consecutive "in-sync" or "out-of-sync" indications.
---------------------------- 38.331 V17.4.0 TP ----------------------------

TAT expiry 
---------------------------- 38.321 V17.4.0 TP ----------------------------
· [bookmark: _Toc29239826][bookmark: _Toc37296185][bookmark: _Toc46490311][bookmark: _Toc52752006][bookmark: _Toc52796468][bookmark: _Toc131023390]5.2	Maintenance of Uplink Time Alignment
RRC configures the following parameters for the maintenance of UL time alignment:
-	timeAlignmentTimer (per TAG) which controls how long the MAC entity considers the Serving Cells belonging to the associated TAG to be uplink time aligned;
-	inactivePosSRS-TimeAlignmentTimer which controls how long the MAC entity considers the Positioning SRS transmission in RRC_INACTIVE in clause 5.26 to be uplink time aligned;
-	cg-SDT-TimeAlignmentTimer which controls how long the MAC entity considers the uplink transmission for CG-SDT to be uplink time aligned.
The MAC entity shall:
1>	when a Timing Advance Command MAC CE is received, and if an NTA (as defined in TS 38.211 [8]) has been maintained with the indicated TAG:
2>	apply the Timing Advance Command for the indicated TAG;
2>  if NCR-Fwd was ceased forwarding due to TAT expiry, 
	3> indicate to NCR-Fwd to resume forwarding
2>	if there is ongoing Positioning SRS Transmission in RRC_INACTIVE as in clause 5.26:
3>	start or restart the inactivePosSRS-TimeAlignmentTimer associated with the indicated TAG.
2>	if CG-SDT procedure triggered as in clause 5.27 is ongoing:
3>	start or restart the cg-SDT-TimeAlignmentTimer associated with the indicated TAG.
2>	else:
3>	start or restart the timeAlignmentTimer associated with the indicated TAG.
1>	when a Timing Advance Command is received in a Random Access Response message for a Serving Cell belonging to a TAG or in a MSGB for an SpCell:
2>	if the Random Access Preamble was not selected by the MAC entity among the contention-based Random Access Preamble:
3>	apply the Timing Advance Command for this TAG;
3>	start or restart the timeAlignmentTimer associated with this TAG.
2>	else if the timeAlignmentTimer associated with this TAG is not running:
3>	apply the Timing Advance Command for this TAG;
3>	start the timeAlignmentTimer associated with this TAG;
3>	when the Contention Resolution is considered not successful as described in clause 5.1.5; or
3>	when the Contention Resolution is considered successful for SI request as described in clause 5.1.5, after transmitting HARQ feedback for MAC PDU including UE Contention Resolution Identity MAC CE:
4>	stop timeAlignmentTimer associated with this TAG.
3>	when the Contention Resolution is considered not successful as described in clause 5.1.5:
4>	if CG-SDT procedure triggered as in clause 5.27 is ongoing:
5>	set the NTA value to the value before applying the received Timing Advance Command as in TS 38.211 [8].
3>	when the Contention Resolution is considered successful for Random Access procedure while the CG-SDT procedure is ongoing:
4>	stop timeAlignmentTimer associated with this TAG;
4>	start or restart the cg-SDT-TimeAlignmentTimer associated with this TAG.
3>	when the Contention Resolution is considered successful for Random Access procedure while SRS transmission in RRC_INACTIVE is ongoing:
4>	start or restart the inactivePosSRS-TimeAlignmentTimer associated with this TAG.
2>	else:
3>	ignore the received Timing Advance Command.
1>	when an Absolute Timing Advance Command is received in response to a MSGA transmission including C-RNTI MAC CE as specified in clause 5.1.4a:
2>	apply the Timing Advance Command for PTAG;
2>	if there is ongoing Positioning SRS Transmission in RRC_INACTIVE as in clause 5.26:
3>	start or restart the inactivePosSRS-TimeAlignmentTimer associated with the indicated TAG.
2>	if CG-SDT procedure is ongoing:
3>	start or restart the cg-SDT-TimeAlignmentTimer associated with PTAG.
2>	else:
3>	start or restart the timeAlignmentTimer associated with PTAG.
1>	when the indication is received from upper layer for stopping the inactivePosSRS-TimeAlignmentTimer:
2>	stop the inactivePosSRS-TimeAlignmentTimer.
1>	when the indication is received from upper layer for starting the inactivePosSRS-TimeAlignmentTimer:
2>	start or restart the inactivePosSRS-TimeAlignmentTimer.
1>	when instruction from the upper layer has been received for starting the cg-SDT-TimeAlignmentTimer:
2>	start the cg-SDT-TimeAlignmentTimer.
1>	when instruction from the upper layer has been received for stopping the cg-SDT-TimeAlignmentTimer:
2>	consider the cg-SDT-TimeAlignmentTimer as expired.
1>	when instruction from the upper layer has been received for starting the TimeAlignmentTimer associated with PTAG:
2>	start the TimeAlignmentTimer associated with PTAG.
1>	when a timeAlignmentTimer expires:
2>	if the timeAlignmentTimer is associated with the PTAG:
3>	flush all HARQ buffers for all Serving Cells;
3>	notify RRC to release PUCCH for all Serving Cells, if configured;
3>	notify RRC to release SRS for all Serving Cells, if configured;
3>	clear any configured downlink assignments and configured uplink grants;
3>	clear any PUSCH resource for semi-persistent CSI reporting;
3>	consider all running timeAlignmentTimers as expired;
3>	maintain NTA (defined in TS 38.211 [8]) of all TAGs.
3> if UE is NCR-MT, indicate to NCR-Fwd to cease forwarding.
2>	else if the timeAlignmentTimer is associated with an STAG, then for all Serving Cells belonging to this TAG:
3>	flush all HARQ buffers;
3>	notify RRC to release PUCCH, if configured;
3>	notify RRC to release SRS, if configured;
3>	clear any configured downlink assignments and configured uplink grants;
3>	clear any PUSCH resource for semi-persistent CSI reporting;
3>	maintain NTA (defined in TS 38.211 [8]) of this TAG.
1>	when the inactivePosSRS-TimeAlignmentTimer expires:
2>	notify RRC to release Positioning SRS for RRC_INACTIVE configuration(s).
1>	when the cg-SDT-TimeAlignmentTimer expires:
2>	clear any configured uplink grants;
2>	if a PDCCH addressed to the MAC entity's C-RNTI after initial transmission for the CG-SDT with CCCH message has not been received:
3>	consider ongoing CG-SDT procedure as terminated;
3>	indicate the expiry of cg-SDT-TimeAlignmentTimer to the upper layer.
2>	flush all HARQ buffers;
2>	maintain NTA (defined in TS 38.211 [8]) of this TAG.

