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[bookmark: _Ref528762725]Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In the last RAN2 meeting, an agreement was made as follows for discontinuous coverage enhancement [1]:
Provide carrier frequency for the existing satellite list in SIB32 to facilitate cell selection and reduce service interruption after an NTN coverage gap (FFS if the information can be considered as valid after the validity of SI)
This contribution will discuss remaining issues for discontinuous coverage enhancement based on the open issues listed in the email discussion summary [2][3] and open issues postponed from previous meetings.
[bookmark: OLE_LINK24][bookmark: OLE_LINK25]Discussion
2.1	Open issues listed in running CR email discussions
· RRC Issue 3-1: Whether to capture a note in RRC about “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” [2]
Currently, when RLF is detected, UE shall trigger RRC reestablishment procedure. Without a note as the shown in above RRC open issue captured in the Spec, UE needs to trigger RRC reestablishment procedure as in legacy, which may result in unnecessary UE power consumption. However if the note is captured in the specification, how to consider “not enough time for UE to finish the procedure of RRC re-establishment” may result in extra discussion.
In order to avoid extra discussion, it is proposed that RAN2 concludes to capture the note but leaves how the UE evaluates “not enough time for UE to finish the procedure of RRC re-establishment” to UE implementation.
Proposal 1: Capture a NOTE in RRC Spec “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”, and leave it to UE implementation on how to evaluate whether there is “enough time” or not.
· [bookmark: OLE_LINK27][bookmark: OLE_LINK28]RRC Issue 3-2: Whether and how to apply the “early stop of T310 and early start of T311 due to t-Service expiry” to discontinuous coverage scenario [2]
Obviously for the discontinuous coverage scenario, making UE trigger RRC reestablishment procedure immediately upon t-service is not a smart choice. The UE could not select suitable cell during coverage gap. And we have made the below agreement to not introduce any enhancement to a UE in RRC_CONNECTED during/after a coverage gap.
Agreements via email – from offline 115:
1. RAN2 will not introduce any enhancement to allow a UE in RRC Connected to stay in RRC_CONNECTED during/after a coverage gap (e.g. suspend RLM/RLF, activation time in RRC Reconfiguration, CHO enhancement)
So the UE should go to RRC_IDLE from RRC_CONNECTED upon t-Service expiry, if T310 is running for discontinuous coverage, without starting T311 to trigger RRC reestablishment procedure.
Proposal 2-a: UE should apply early stop of T310 and go to RRC_IDLE state upon expiry of t-Service for the discontinuous coverage scenario.
This principle is also applicable for the earth-moving cell scenario:
Proposal 2-b: UE should apply early stop of T310 and go to RRC_IDLE, if it becomes out of the current serving cell coverage for the discontinuous coverage scenario. 
· 38.304: RAN2 to discuss how to capture frequency information in SIB32 for cell selection in DC scenario. Whether to capture the changes as part of the SIB32 reception or in TS36.304 to be decided. [3]
Currently, the RRC_IDLE/INACTIVE behaviors are captured in 36.304, and 36.331 only captures the related parameters needed by these behaviors. For discontinuous coverage scenarios, the frequency information in SIB32 is used for UE to perform cell selection, so it is better to capture the related UE behavior in 36.304.
Proposal 3:  UE behavior on how to use the frequency information in SIB32 for cell selection in discontinuous coverage scenario should be captured in TS 36.304.
2.2	Open issues postponed from previous meetings
· Postponed open issue 1: RRC release 
In previous meeting [4], we made the following agreement:
Agreements online:
[bookmark: OLE_LINK5]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)
As mentioned by the earlier discussion, RLF may occur before or upon the serving satellite stops providing service coverage, so that the UE may be unable to receive the RRC Release message. And for this case the UE is not required to trigger RRC reestablishment as mentioned in earlier discussions. The NW could be aware that UE loses connection due to discontinuous coverage. 
Observation 1: In the discontinuous coverage scenario, UE may fail to receive RRC release message before the loss of NTN coverage (e.g. due to RLF).
Taking above situation into consideration, at the UE side, UE autonomous release should be supported. For (quasi-)earth-fixed NTN deployment, UE should autonomously release itself to RRC_IDLE upon t-Service for discontinuous coverage. For earth-moving NTN deployment, UE should autonomously release itself to RRC_IDLE when UE becomes out of the current serving cell’s coverage for discontinuous coverage scenario.
Proposal 4: For discontinuous coverage, RAN2 should support UE autonomous release upon detection of coverage gap, i.e. UE shall go to RRC_IDLE:
· Upon t-Service for (quasi-)earth-fixed cell; or
· Upon being out of current serving cell coverage for earth-moving cell.
As for the solution of explicit RRC Release using a new RRC Release cause, considering that UE autonomous release should be supported as the baseline, it is not essential to introduce an explicit RRC release mechanism as proposed. So we propose to not support RRC Release message using a new cause.
Proposal 5: For discontinuous coverage, explicit RRC Release using a new RRC Release cause is not supported.
· Open issue 2: FFS if the information can be considered as valid after the validity of SI
Last meeting RAN2 agreed to introduce frequency information in SIB32 to assistant cell selection as follows [1]:
1. Provide carrier frequency for the existing satellite list in SIB32 to facilitate cell selection and reduce service interruption after an NTN coverage gap (FFS if the information can be considered as valid after the validity of SI)
An open issue was left regarding whether this information can be considered as valid after the validity of SI. Firstly we should clarify the situation of SI invalidity for SIB32. Currently the SIB32 update is following the legacy mechanism, i.e. based on SI update notification. If no SI update notification is received and cell reselection is not performed, UE would consider the SIB32 as valid. When UE camps on the serving cell, the serving cell could ensure the SIB32 to be valid. If cell reselection is performed, UE would update the SIB32 for the new target cell or using the stored valid SIB32 based on systemInfoValueTag.
However, if the UE goes through the coverage gap due to discontinuous coverage, it is obvious that UE could not receive updated SI during the gap. Based on the current specification, the UE will consider the stored system information to be invalid after 24 (or 3) hours from the moment it was successfully confirmed as valid. So during the coverage gap, the case that UE considers the SIB32 to be invalid may occur.
Observation 2: During the coverage gap the stored SIB32 may be invalid due to the stored time exceeding the validity time (24h or 3h).
Considering that the motion of each satellite typically does not change, the information on how each satellite provides services to given area(s) will most likely not change much either. The possible change of the SIB32 may include e.g. addition of new satellite footprint information into or exclusion of one satellite footprint information from the SIB32, or change of the frequency information associated with  one satellite footprint. Based on the possible cases for SIB32 change we have the following observations:
· If change of SIB32 is to exclude one satellite footprint information from the SIB32, one frequency served by the satellite is not going to provide services as UE expectation. For this case, if the UE uses this information after it becomes invalid, the UE may perform measurement on a frequency that would not provide coverage for the UE. This seems not an essential problem for the UE. 
· If change of SIB32 is to add information on new satellite footprint, there will be one more frequency providing services by the satellite, but is unknown to the UE. Due to the lack of knowledge on this frequency by the UE, based on the invalid SI the UE may not perform measurement on this frequency.
· If change of SIB32 is to modify the frequency information for one satellite footprint, then for this case, if the UE performs measurement on the frequency provided by satellite footprint information based on the stored SIB32, the UE may not detect the frequency. The UE may miss the new cell to appear.
Based on above analysis, if the frequency for one satellite footprint is updated, the UE may miss the upcoming cell sometimes. To avoid such problem, if the SIB32 is invalid, UE should consider the frequency information in SIB32 to be invalid.
Proposal 6: After SIB32 invalid, UE will consider the frequency information in SIB32 to be invalid.
Conclusion
[bookmark: OLE_LINK6][bookmark: OLE_LINK7]In this document, we analyse issues for discontinuous coverage, and we find the observations and proposls as following:
Observation 1: In the discontinuous coverage scenario, UE may fail to receive RRC release message before the loss of NTN coverage (e.g. due to RLF).
Observation 2: During the coverage gap the stored SIB32 may be invalid due to the stored time exceeding the validity time (24h or 3h).

Proposal 1: Capture a NOTE in RRC Spec “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”, and leave it to UE implementation on how to evaluate whether there is “enough time” or not.
Proposal 2-a: UE should apply early stop of T310 and go to RRC_IDLE state upon expiry of t-Service for the discontinuous coverage scenario.
[bookmark: _GoBack]Proposal 2-b: UE should apply early stop of T310 and go to RRC_IDLE, if it becomes out of the current serving cell coverage for the discontinuous coverage scenario.
Proposal 3:  UE behavior on how to use the frequency information in SIB32 for cell selection in discontinuous coverage scenario should be captured in TS 36.304.
Proposal 4: For discontinuous coverage, RAN2 should support UE autonomous release upon detection of coverage gap, i.e. UE shall go to RRC_IDLE:
· Upon t-Service for (quasi-)earth-fixed cell; or
· Upon being out of current serving cell coverage for earth-moving cell.
Proposal 5: For discontinuous coverage, explicit RRC Release using a new RRC Release cause is not supported.
Proposal 6: After SIB32 invalid, UE will consider the frequency information in SIB32 to be invalid.
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