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Introduction
In RAN2#123 meeting, RAN2 handled proposals in the report of “[Post122][113][IoT NTN Enh] Discontinuous coverage” [1]. More specifically, RAN2 discussed aspects of UE behavior related to RRC connection release and RRC re-establishment upon detection of a discontinuous coverage gap [2]: 
	RRC connection release
Proposal 2: UE performs autonomous RRC release based on a timer (e.g., same as MUSIM mechanism) or upon detection of the coverage gap (e.g., stop AS operation related to NTN). No further enhancement is needed.
· Continue in the next meeting

UE behaviour related to RLF
Proposal 3: UE may directly go to RRC_IDLE after RLF is triggered, if there is not enough time for the UE to finish the procedure of RRC re-establishement due to the discontinuous coverage. FFS whether a NOTE is needed for this.
· RAN2 understands that UE may directly go to RRC_IDLE after RLF is triggered, if there is not enough time for the UE to finish the procedure of RRC re-establishment due to the discontinuous coverage (FFS whether this needs to be captured in the specs, e.g. a NOTE)

Additional information to UE
Proposal 4: Further discuss which (or none) of the following information is needed to be provided additionally:
-	Ephemeris of more satellites (5/15)
-	Footprint information of more satellites (5/15)
-	Carrier frequency for cell searching after a coverage gap (6/15)
· Continue in the next meeting



In this contribution, we discuss some of the remaining proposals on discontinuous coverage enhancement based on the outcomes of the email discussion “[Post122][113][IoT NTN Enh] Discontinuous coverage” [1].
Discussion
Out-of-coverage information for discontinuous coverage
In RAN2#121 the following proposal was proposed from [3]:
	Proposal 2c): Additional measurement assistance information (e.g., PCI or serving frequency) to help UE accelerate measurements and re-gain uplink sync more efficiently is left for FFS.


One of the papers proposing this have the following proposals [4]: 
	Proposal 1: Measurement assistance information, i.e., PCI or carrier frequency, is provided in SIB32 to facilitate measurements and a faster uplink sync and ensure minimal disruption to paging reception after an NTN coverage gap.


For Rel-17 IoT NTN maintenance during RAN2#121 there were discussions on discontinuous coverage, more specifically the problem of what the UE shall measure and what part of AS functions that are allowed to be shut down while the UE is in discontinuous coverage [5]. As a result, the compromise was that the changes in idle mode specifications from 36.304 V17.3.0 to V17.4.0 was that only the AS functions related to NTN was powered down compared to all AS functions being powered down:
----------------- 36.304 V17.4.0 -----------------
If SystemInformationBlockType32 has been received and if the UE has determined that it is out of coverage using available satellite assistance information (e.g. ephemeris parameters and coverage parameters in current or previously received SystemInformationBlockType32, SystemInformationBlockType31, t-Service in SystemInformationBlockType3 or other parameters), the AS configuration (e.g. priorities provided by dedicated signalling and logged measurements) is kept, but the UE need not perform any idle mode tasks related to NTN. It is up to UE implementation to handle running timers. The detection of out of coverage using satellite assistance information is up to UE implementation and once in NTN coverage the UE shall perform all idle mode tasks related to NTN.
The issue with the current specifications is that the notion of idle mode tasks related to NTN is not well-defined and can be enhanced in Release 18. 
Observation 1: The notion of “idle mode tasks related to NTN” can be enhanced in Release 18.   
The enhancements that can be introduced is that it can be defined to what entity or frequencies that these idle mode tasks would be related to. This could enable a network to better control how a UE may operate in a network which contains discontinuous coverage network elements. If for instance a specific frequency, that may be important to measure regardless of discontinuous coverage, this can be configured by a network. Thus we propose the following regarding measurement assistance information: 
Proposal 1: Measurement assistance information can be provided to control how the UE shall perform idle mode tasks (i.e. whether a UE can power down specific frequencies during discontinuous coverage) in a discontinuous coverage NTN.  
Establishing a connection with discontinuous coverage network
In discontinuous coverage scenarios, the satellite’s coverage may only be visible to a UE during so-called satellite’s flyover time (i.e. coverage period). The signalling between the UE and network is impacted in case of insufficient flyover duration needed to complete a given RRC procedure (or a new connection establishment).
In this purpose, if a UE attempts to initiate a RRC procedure but the remaining time of the satellite coverage is insufficient to complete this procedure, the UE needs to avoid triggering the RRC procedure (e.g. RRC re-establishment), which is destined to fail due to the discontinuous coverage, in order to avoid power and resource wastage. This understanding was confirmed by RAN2 agreement in RAN2#123 meeting [2]:
	1.	RAN2 understands that UE may directly go to RRC_IDLE after RLF is triggered, if there is not enough time for the UE to finish the procedure of RRC re-establishment due to the discontinuous coverage (FFS whether this needs to be captured in the specs, e.g. a NOTE)


This means that the UE would need to verify whether it has enough time to finish the RRC re-establishment procedure before the discontinuous coverage, otherwise, the UE needs to move to RRC_IDLE. In our view, in addition to RRC re-establishment, this UE behavior could be extend to triggering of any other RRC procedures. 
Proposal 2(a): The UE verifies whether it has enough time to finish a given RRC procedure before the start of the discontinuous coverage. 
Proposal 2(b): The UE may not initiate a given RRC procedure, or wait for the next available satellite coverage period, if there is not enough time for the UE to finish the procedure. 
The following is the remaining open point on whether to capture the above agreement on the UE behavior [2]: 
FFS whether this needs to be captured in the specs, e.g. a NOTE
During the discussion on how to specify RLF procedures in this case, some companies indicated that it can be specified in Stage 2, however we think that it needs to be specified in procedural text to avoid the UE skipping many procedures. In Annex A, in this document, we provide a TP with changes to address this FFS. 
Proposal 3: RAN2 to agree the TP for running CR for TS 36.331 in Annex A in this document.
RRC release for discontinuous coverage
In RAN2#121bis-e the following was agreed [6]:
	1. RAN2 to introduce enhancement to RRC Release using one of the following options (FFS which one):
	-	Explicit RRC Release using a new RRC Release cause
	-	UE Autonomous release (e.g. timer based or upon detection of coverage gap)


Observation 2: RAN2 is considering two options for RRC connection enhancements; (1) explicit RRC Release using a new cause, and (2) UE Autonomous release upon the UE detection of a coverage gap. 
Releasing a UE using RRC Release with a new RRC Release cause is being proposed due to RAN3 agreeing that a new release cause for discontinuous coverage is to be introduced. This is a reasonable option to be introduced for instance to ensure that certain actions are performed by the UE to reduce power consumption. 
For the UE autonomous release option, the suggested approach is that when a UE decides that it is about to enter a discontinuous coverage, the UE autonomously moves to RRC_IDLE state (or UE releases itself). 
In the ‘[Post122][113][IoT NTN Enh] Discontinuous coverage’ email discussion, the two options were discussed the following is the outcome [1]:
	· Option 1: Explicit RRC Release using a new RRC Release cause (6/15): 
- To make the UE and NW consistently understand the discontinuous coverage.
- An indication from AS to NAS is also needed.
· Option 2: UE Autonomous release (9/15)
- To solve the DC state mismatch between UE and network
- UE releases the RRC connection upon entering an unreachability period.
- MUSIM like mechanism can be applied here, i.e., UE send an leave indication to NW for RRC release.
- No enhancement is needed.
[…]
Proposal 2: UE performs autonomous RRC release based on a timer (e.g., similar as MUSIM mechanism) or upon detection of the coverage gap (e.g., stop AS operation related to NTN). No further enhancement is needed


Considering that both the UE and network are aware on the start and duration of discontinuous coverage, hence, both the network and/or the UE may trigger the RRC connection release. However, we also understand the view of companies that support Option 1 in order to ensure a better alignment between the network and the UE on the discontinuous coverage and the triggering of the RRC release.
Observation 3: both explicit RRC release with a new cause value and UE autonomous release may be considered for releasing the UE upon detection of discontinuous coverage.
Proposal 4: Explicit RRC Release using a new RRC Release cause for discontinuous coverage is introduced to ensure better alignment between the network and the UE on the UE release due to discontinuous coverage.
As for how the UE uses the explicit RRC release message, one way is for certain idle mode procedures to be paused due to the discontinuous coverage. 
Proposal 5: Certain idle mode procedures are paused if a UE receives an RRC release with the new RRC release cause.
Another way that the new RRC Release cause can be used is when a UE is re-directed from a non-discontinuous coverage network towards a discontinuous coverage network. 
Proposal 6: The new RRC release cause is used to re-direct a UE from a non-discontinuous coverage network to a discontinuous coverage network.
When being re-directed towards a discontinuous coverage NTN, there is likely more information needed. We thus propose that information related to discontinuous coverage, such as satellite assistance information is provided in a re-direction message. In RAN2#121 [3], it was also agreed that RAN2 can continue to check whether dedicated RRC signaling may be used to provide satellite information corresponding to discontinuous coverage. We believe that one useful case for providing this information is in the use case of moving from a non-discontinuous coverage network to a discontinuous coverage network. 
Proposal 7: Discontinuous coverage-related information is provided in a re-direct message when being re-directed to a discontinuous coverage network.

Conclusion
In this contribution, we discussed some of the remaining issues related to enhancements of discontinuous coverage. The following are the observations and proposals in this document:
Observation 1: The notion of “idle mode tasks related to NTN” can be enhanced in Release 18.        
Observation 2: RAN2 is considering two options for RRC connection enhancements; (1) explicit RRC Release using a new cause, and (2) UE Autonomous release upon the UE detection of a coverage gap. 
Observation 3: both explicit RRC release with a new cause value and UE autonomous release may be considered for releasing the UE upon detection of discontinuous coverage. 
Proposal 1: Measurement assistance information can be provided to control how the UE shall perform idle mode tasks (i.e. whether a UE can power down specific frequencies during discontinuous coverage) in a discontinuous coverage NTN.           
Proposal 2(a): The UE verifies whether it has enough time to finish a given RRC procedure before the start of the discontinuous coverage. 
Proposal 2(b): The UE may not initiate a given RRC procedure, or wait for the next available satellite coverage period, if there is not enough time for the UE to finish the procedure. 
Proposal 3: RAN2 to agree the TP for running CR for TS 36.331 in Annex A in this document.
Proposal 4: Explicit RRC Release using a new RRC Release cause for discontinuous coverage is introduced to ensure better alignment between the network and the UE on the UE release due to discontinuous coverage.
Proposal 5: Certain idle mode procedures are paused if a UE receives an RRC release with the new RRC release cause.
Proposal 6: The new RRC release cause is used to re-direct a UE from a non-discontinuous coverage network to a discontinuous coverage network.
Proposal 7: Discontinuous coverage-related information is provided in a re-direct message when being re-directed to a discontinuous coverage network.
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Appendix (TP to running CR for TS 36.331 v17.5.0 [6])
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The UE shall:
1>	in case any DAPS bearer is configured, only the target PCell is considered in the following;
1>	upon T310 expiry; or
1>	upon T312 expiry; or
1>	upon T318 expiry; or
1>	upon reaching t-Service if t-Service is broadcast; or
1>	upon random access problem indication from MCG MAC while neither T300, T301, T304 nor T311 is running; or
1>	upon indication from MCG RLC, which is allowed to be send on PCell, that the maximum number of retransmissions has been reached for an SRB or DRB:
2>	consider radio link failure to be detected for the MCG i.e. RLF;
2>	discard any segments of segmented RRC messages received;
2>	store the following radio link failure information in the VarRLF-Report (VarRLF-Report-NB in NB-IoT) by setting its fields as follows:
3>	clear the information included in VarRLF-Report (VarRLF-Report-NB in NB-IoT), if any;
3>	set the plmn-IdentityList to include the list of EPLMNs stored by the UE (i.e. includes the RPLMN);
3>	set the measResultLastServCell to include the RSRP and RSRQ, if available, of the PCell based on measurements collected up to the moment the UE detected radio link failure;
3>	except for NB-IoT, set the measResultNeighCells to include the best measured cells, other than the PCell, ordered such that the best cell is listed first, and based on measurements collected up to the moment the UE detected radio link failure, and set its fields as follows;
4>	if the UE was configured to perform measurements for one or more EUTRA frequencies, include the measResultListEUTRA;
4>	if the UE was configured to perform measurement reporting for one or more neighbouring UTRA frequencies, include the measResultListUTRA;
4>	if the UE was configured to perform measurement reporting for one or more neighbouring GERAN frequencies, include the measResultListGERAN;
4>	if the UE was configured to perform measurement reporting for one or more neighbouring CDMA2000 frequencies, include the measResultsCDMA2000;
4>	if the UE was configured to perform measurement reporting, not related to NR sidelink communication, for one or more neighbouring NR frequencies, include the measResultListNR;
4>	for each neighbour cell included, include the optional fields that are available;
NOTE 1:	The measured quantities are filtered by the L3 filter as configured in the mobility measurement configuration. The measurements are based on the time domain measurement resource restriction, if configured. Exclude-listed cells are not required to be reported.
3>	except for NB-IoT, if available, set the logMeasResultListWLAN to include the WLAN measurement results, in order of decreasing RSSI for WLAN APs;
3>	except for NB-IoT, if available, set the logMeasResultListBT to include the Bluetooth measurement results, in order of decreasing RSSI for Bluetooth beacons;
3>	if detailed location information is available, set the content of the locationInfo as follows:
4>	include the locationCoordinates;
4>	include the horizontalVelocity, if available;
3>	set the failedPCellId to the global cell identity, if available, and otherwise , except for NB-IoT, to the physical cell identity and carrier frequency of the PCell where radio link failure is detected;
3>	except for NB-IoT, set the tac-FailedPCell to the tracking area code, if available, of the PCell where radio link failure is detected;
3>	except for NB-IoT, if an RRCConnectionReconfiguration message including the mobilityControlInfo was received before the connection failure:
4>	if the last RRCConnectionReconfiguration message including the mobilityControlInfo concerned an intra E-UTRA handover:
5>	include the previousPCellId and set it to the global cell identity of the PCell where the last RRCConnectionReconfiguration message including mobilityControlInfo was received;
5>	set the timeConnFailure to the elapsed time since reception of the last RRCConnectionReconfiguration message including the mobilityControlInfo;
4>	if the last RRCConnectionReconfiguration message including the mobilityControlInfo concerned a handover to E-UTRA from UTRA and if the UE supports Radio Link Failure Report for Inter-RAT MRO:
5>	include the previousUTRA-CellId and set it to the physical cell identity, the carrier frequency and the global cell identity, if available, of the UTRA Cell in which the last RRCConnectionReconfiguration message including mobilityControlInfo was received;
5>	set the timeConnFailure to the elapsed time since reception of the last RRCConnectionReconfiguration message including the mobilityControlInfo;
4>	if the last RRCConnectionReconfiguration message including the mobilityControlInfo concerned a handover to E-UTRA from NR and if the UE supports Radio Link Failure Report for Inter-RAT MRO NR:
5>	include the previousNR-PCellId and set it to the global cell identity of the PCell where the last RRCConnectionReconfiguration message including mobilityControlInfo was received embedded in NR RRC message MobilityFromNRCommand message as specified in TS 38.331 [82] clause 5.4.3.3;
5>	set the timeConnFailure to the elapsed time since reception of the last RRCConnectionReconfiguration message including the mobilityControlInfo embedded in NR RRC message MobilityFromNRCommand message as specified in TS 38.331 [82] clause 5.4.3.3.
3>	except for NB-IoT, if the UE supports QCI1 indication in Radio Link Failure Report and has a DRB for which QCI is 1:
4>	include the drb-EstablishedWithQCI-1;
3>	except for NB-IoT, set the connectionFailureType to rlf;
3>	except for NB-IoT, set the c-RNTI to the C-RNTI used in the PCell;
3>	except for NB-IoT, set the rlf-Cause to the trigger for detecting radio link failure;
2>	if the UE is configured with (NG)EN-DC; and
2>	if T316 is configured; and
2>	if SCG transmission is not suspended; and
2>	if the SCG is not deactivated; and
2>	if neither NR PSCell change nor NR PSCell addition is ongoing (i.e. T304 for the NR PSCell is not running as specified in TS 38.331 [82], clause 5.3.5.5.2, in (NG)EN-DC):
3>	initiate the MCG failure information procedure as specified in 5.6.26 to report MCG radio link failure;
2>	else:
3>	if AS security has not been activated:
4>	if the UE is a NB-IoT UE:
5>	if the UE is connected to EPC and the UE supports RRC connection re-establishment for the Control Plane CIoT EPS optimisation; or
5>	if the UE is connected to 5GC, the UE supports RRC connection re-establishment for the Control Plane CIoT 5GS optimisation and the UE is configured with a truncated 5G-S-TMSI:
6>	if there is enough time for the UE to finish the RRC connection re-establishment, before the start of the discontinuous coverage:
67>	initiate the RRC connection re-establishment procedure as specified in 5.3.7;
6> else:
7>	perform the actions upon leaving RRC_CONNECTED as specified in 5.3.12, with release cause 'other';
5>	else:
6>	perform the actions upon leaving RRC_CONNECTED as specified in 5.3.12, with release cause 'RRC connection failure';
4>	else:
5>	perform the actions upon leaving RRC_CONNECTED as specified in 5.3.12, with release cause 'other';
3>	else:
4>	if there is enough time for the UE to finish the RRC connection re-establishment, before the start of the discontinuous coverage:
[bookmark: _GoBack]54>	initiate the connection re-establishment procedure as specified in 5.3.7;
4> else:
5>	perform the actions upon leaving RRC_CONNECTED as specified in 5.3.12, with release cause 'other';
Editor’s Note: Agreement: RAN2 understands that UE may directly go to RRC_IDLE after RLF is triggered, if there is not enough time for the UE to finish the procedure of RRC re-establishment due to the discontinuous coverage (FFS whether this needs to be captured in the specs, e.g. a NOTE)In case of DC or NE-DC, the UE shall:
1>	upon T313 expiry; or
1>	upon random access problem indication from SCG MAC; or
1>	upon indication from SCG RLC, which is allowed to be sent on PSCell, that the maximum number of retransmissions has been reached for an SCG, for a split DRB or for a split SRB:
2>	consider radio link failure to be detected for the SCG i.e. SCG-RLF;
2>	if the UE is configured with DC; or
2>	if the UE is configured with NE-DC and MCG transmission is not suspended:
3>	initiate the SCG failure information procedure as specified in 5.6.13 to report SCG radio link failure;
2>	else:
3>	initiate the connection re-establishment procedure as specified in TS 38.331 [82], clause 5.3.7.
In case of CA PDCP duplication, the UE shall:
1>	upon indication from an RLC entity, which is restricted to be sent on SCell only, that the maximum number of retransmissions has been reached:
2>	initiate the failure information procedure as specified in 5.6.21 to report RLC failure of type duplication;
If any DAPS bearer is configured and T304 is running, the UE shall:
1>	upon T310 expiry for the source PCell; or
1>	upon random access problem indication from source MCG MAC; or
1>	upon indication from source MCG RLC, which is allowed to be sent on source PCell, that the maximum number of retransmissions has been reached for an DRB:
2>	consider radio link failure to be detected for the source MCG;
2>	suspend the transmission of all DRBs in the source MCG;
2>	reset MAC for the source MCG;
2>	release the source connection;
The UE may discard the radio link failure information, i.e. release the UE variable VarRLF-Report (VarRLF-Report-NB in NB-IoT), 48 hours after the radio link failure is detected, upon power off or upon detach, and for NB-IoT, upon entering another RAT.


