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1	Introduction
In the Rel-18 WID [1], there is an objective to further enhance the support of discontinuous coverage:
	4.1.3    Further enhancement to discontinuous coverage
-    Study and specify, if needed, mobility management enhancements and power saving enhancements for discontinuous coverage, taking into account the conclusions from the SA2 study (FS_5GSAT_Ph2).  [RAN2, RAN3].



The following are the main remaining issues to be addressed for the WID.
· 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”
· Additional satellite information for UE
· Autonomous RRC Release

In addition to the above issues, some further enhancements for paging related to UE mobility scenarios in discontinuous coverage also requires further discussion. In this discussion paper we further analysed the above issues.
2	Discussion
[bookmark: _Hlk134785526]2.1 Additional Satellite assistance information
In release 17 it was agreed that SIB32 provides satellite assistance information for up to 4 satellites. This enables the UE predicts (4) future coverage windows, while in discontinuous coverage, because the satellite assistance information defines the satellite ephemeris and radio coverage (footprint) information. The information is limited to 4 satellites due to the limited system information transport block size, which for NB-IoT is 680 bits.
As noted in the introduction, the UE may move while in the discontinuous coverage scenario. The SA2 also discussed this aspect and concluded the following:
	[bookmark: _Hlk127351973]-	AMF/MME obtains UE unreachability period information (timing information when UE moves out/in of NTN coverage) from an AF via the NEF/SCEF, from the UE or from OAM. The AMF/MME also takes into account UE location/mobility/trajectory information.


In some scenarios, the UE may also be aware of this location/mobility/trajectory information. Such information may enable the UE to determine that the information provided in SIB32 is not relevant for the future location(s) of the UE. Therefore, the UE may be forced to read additional future SIB32s to eventually receive the satellite assistance information, which fits the time & location where the UE expects to be active again.
[bookmark: _Hlk134785385]Observation 1: UE may determine that the SIB32 satellite assistance information is not relevant for the future location(s) of the UE. 
This issue can either be addressed by the network providing additional broadcast information or via dedicated RRC signalling of additional satellite assistance information to the UE. 
At RAN2#121 the following was agreed:
	RAN2 can continue to check whether dedicated RRC signalling can be used for providing satellite information corresponding to discontinuous coverage.


This was further discussed at RAN2#121bis, but not agreed:
	Proposal 1 (For discussion): RAN2 to discuss how to support signalling of additional satellite information using one of the following options:
-	Option1: Dedicated signalling
-	Option 2: Additional information in SIBs e.g. using an additional new SIB or SIB segmentation


In our view, the provisioning of additional satellite information is beneficial if the UE remains within the coverage area but is not expecting to communicate before the coverage provided by the 4 satellites, defined by SIB32, have passed. For example, if the 4 satellites define 4 coverage windows within the next 4 hours, but the UE is aware that it will only trigger uplink data every 12 hours, it will be a waste of UE energy to receive multiple SIB32 versions until satellite assistance information for the right coverage window is received. 
By use of dedicated RRC signaling (option 1), the network could provide satellite assistance information, which would suit the UE’s traffic profile. The additional satellite information should have content similar to the SIB32 i.e. satellite ephemeris and satellite footprint information.
[bookmark: _Hlk134785403][bookmark: _Hlk142649458]Proposal 1 : RAN2 to discuss the provisioning of additional satellites’ information via dedicated RRC signalling where the additional information includes satellite ephemeris and satellite footprint information.
However, if multiple UEs need the same satellite assistance information (which is not already in SIB32) it may be more efficient to provide the information via a new SIB (option 2). Given the large satellite coverage area and the correspondingly large number of UEs, it is worth noting that there may be UEs with different device and traffic profiles requiring them to be active at different points in time. Therefore, there may be a need for the new satellite assistance information to cover multiple satellites defining coverage at a wide range of time instances. Clearly each individual UE may only be interested in a subset of the information, which fits the time schedule where the UE expects to be connected.
[bookmark: _Hlk134785439]Observation 2: Each UE may only need a subset of the new satellite assistance information depending on the device and traffic profile.
With current SIB provisioning means the UE will have to receive the entire SIB to obtain the target subset(s) of satellite assistance information. This impacts the total time the UE is ON with no benefit for the UE. If the network intends to provide information on many satellites it could also be difficult for the network to provide the information without exceeding the SIB size limitations discussed during release 17 specification work of the SIB32 (leading to the maximum of 4 satellites).
[bookmark: _Hlk134607825]One alternative method, which could be considered by RAN2 is to split the signaling of satellite assistance information into segments, such that the new NTN SIB at one transmission occasion (recall SIB is repeated with a certain periodicity) covers one subset of the satellite assistance information and at the next occasion another subset. Therefore, the network can first determine future coverage opportunities for a number of satellites in the time domain and then segment the satellite assistance information such that the first segment contains information for coverage in the interval 0-T, the next segment T-2T and so forth. If the network provides the mapping between transmission occasions and satellite assistance information subsets the UE is able to selectively receive only the subset it needs, and the network is able to provide satellite assistance information on more satellites. Figure 2 provides an example of how satellite assistance information for different satellites can be split into different SIB occasions.
[bookmark: _Hlk134785461]Proposal 2A: New system information for transmission of additional satellite information over SIB32 for coverage window estimation with multiple satellites.
Proposal 2B: RAN2 to discuss how a UE can read only a subset of the SIB with additional satellite assistance information, when the SIB has different information content at different SIB transmission occasions.
[image: ]
[bookmark: _Ref101514844]Figure 2 Example of segmentation of satellite assistance information into SIB transmission occasions.
In addition to the current information in SIB32, we think it would also be beneficial to include the carrier frequency information of the satellites to facilitate the cell search after the discontinuous coverage gap. Such information can be added directly in the SIB32.
[bookmark: _Hlk142649486]Proposal 3: The SIB32 can also include carrier frequency for improved cell search.
[bookmark: _Hlk134785584]2.2 Paging during discontinuous coverage
For coverage window/unreachability period prediction by the UE, a key issue is the inaccuracy of the simple orbital predictors deployed in some UEs. If the UE makes an erroneous estimate of the coverage it means it will wake up to monitor for paging when there is no radio coverage available.  
Another reason for UE failure in monitoring for paging is that the coverage may change due to UE movement. The NTN IoT WID also list this potential UE movement in the note, mentioned in the introduction of this contribution. When the UE moves it may result in the coverage window/reachability period, which was predicted and communicated with the network, no longer is valid. This is especially likely in the discontinuous coverage scenario, where the time between coverage opportunities can be multiple hours  [3], allowing even a rather slow-moving UE to move a significant distance. 
[bookmark: _Hlk134785637][bookmark: _Hlk131079286]Observation 3: UE prediction error and UE movement may result in misalignment of the paging window and the coverage window/unreachability period.
The misalignment of the estimated coverage window/unreachability period and the paging monitoring window is a challenging problem to solve, but it is important, because it can result in high UE energy consumption due to futile PDCCH monitoring and high NW signalling overhead, because of paging escalation. There may be approaches on both UE and network sides to address the issue. For example, the network can extend the paging attempt a few paging cycles before/after the coverage window if the UE does not respond to paging within the coverage window, which was based on the erroneous unreachability period estimate. 
[bookmark: _Hlk134785653][bookmark: _Hlk142649614]Proposal 4: Network can extend the paging before/after the coverage window within its PTW  if the UE does not respond to paging within the estimated coverage window.
Likewise, the UE may extend the monitoring for paging outside the estimated coverage window, if the UE determines radio coverage is available based on measurements. For example, if UE determines there is radio coverage earlier than expected (i.e. before the end of the unreachability period) the UE can initiate paging monitoring earlier. Likewise, if the UE determines there is radio coverage after the unreachability period has started, the UE can continue the paging monitoring. In order to reduce the signaling and energy impact, the network could configure the number of additional paging cycles where paging will be attempted before/after the original paging window. However, it is clear that there is a risk of some futile paging monitoring/transmissions because of the potential misalignment. 
[bookmark: _Hlk134785682]Proposal 5: UE can extend the paging monitoring outside the estimated coverage window if radio coverage is available. Network can configure the number of additional paging cycles where paging will be attempted.
To further reduce the impact of the misaligned window, if the UE identifies a shift of the window, it could notify the network to realign the paging window, the coverage window and the unreachability period. 
[bookmark: _Hlk134785689]Proposal 6: UE may report to the network to realign the paging monitoring and coverage windows if UE notices there is radio coverage before or after the expected reachability period.

[bookmark: _Hlk134785786]2.4 RRC Connected UEs in discontinuous coverage
At RAN2#121 the following was agreed:
	RAN2 may consider enhancements for connected UE upon detecting discontinuous coverage (e.g., suspend RLM, RLF detection, and RRC re-establishment process)


At RAN2#121bis it was further agreed:
	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)

Agreements online:
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)



If the UE knows the discontinuity in coverage when it is in connected mode, the UE may decide to release the RRC connection instead of triggering the re-establishment procedure. To avoid the mismatch in the state of the RRC connection the UE may trigger request to release the RRC connection prior to actual RLF event to inform the NW about the RRC connection release. This may lead to release of RRC connection earlier that actual RLF situation. If the early release is to be avoided the UE can implicitly release on RLF but the NW should also aware of this UE behaviour so that it can decide to locally release the UE context based on its DC estimation and also the data transmission status and latest reported radio-conditions.
[bookmark: _Hlk134785821]Proposal 8: RAN2 to discuss support for UE request for RRC connection release based on DC estimation. FFS support for implicit RRC connection release.

In RAN2-123, the following agreement was mode related to UE behavior on RLF declaration when it has knowledge on discontinuous coverage.
Agreements:
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)

The UE may consider multiple factors into account before triggering re-establishment when it knows that the discontinuity in coverage is about to start. The time to complete re-establishment and also the active time it has after re-establishment to complete the pending transmissions.  So the decision to whether trigger re-establishment or go to RRC-IDLE can be left to UE implementation without specification changes and also any NOTE in the specification.
[bookmark: _Hlk134785831]Proposal 9 : Leave the decision on whether the UE initiates connection (re-) establishment to the UE implementation when the remaining time in the current cell during discontinuous coverage is insufficient to complete a new connection establishment procedure
In addition to mobility management, the SA2 report also considered UE power saving. The work targeted the configuration of PSM and eDRX to avoid cell search when there is no coverage. However, in release 18 the RAN1 and RAN2 are also specify GNSS measurements during long connections, e.g. by use of network or UE-triggered GNSS measurement gaps. Such GNSS measurements consume energy and prohibit 3GPP communication, while they are ongoing, and thus their interaction with the discontinuous coverage UE behavior can be examined to improve UE power saving. 
Based on the SIB3, SIB31 and SIB32 the UE can estimate that the remaining coverage time of a cell or satellite is short. If the remaining GNSS validity duration is even shorter, the question is whether the UE shall attempt to reacquire the GNSS position fix or not, because there will be limited time in which the UE can benefit from the new GNSS validity duration. We think it will be beneficial for RAN2 to discuss this issue, because avoiding a GNSS measurement when there is limited remaining coverage time can improve the battery life of the UE. Furthermore, the remaining time can also be used to communicate with the cell if the GNSS validity duration has not expired yet.
[bookmark: _Hlk134785839]Proposal 10: RAN2 to discuss UE behavior when the UE has limited remaining GNSS validity duration and the remaining discontinuous coverage time is also short.
3	Conclusion
This document has made the following observations and proposals:
Additional System Information contents for DC  
Observation 1: UE may determine that the SIB32 satellite assistance information is not relevant for the future location(s) of the UE.
Proposal 1 : RAN2 to discuss the provisioning of additional satellites’ information via dedicated RRC signalling where the additional information includes satellite ephemeris and satellite footprint information.
Observation 2: Each UE may only need a subset of the new satellite assistance information depending on the device and traffic profile.
Proposal 2A: New system information for transmission of additional satellite information over SIB32 for coverage window estimation with multiple satellites.
Proposal 2B: RAN2 to discuss how a UE can read only a subset of the SIB with additional satellite assistance information, when the SIB has different information content at different SIB transmission occasions.
Proposal 3: The SIB32 can also include carrier frequency for improved cell search.
RAN Impacts for idle mode paging reception with DC 
Observation 3: UE prediction error and UE movement may result in misalignment of the paging window and the coverage window/unreachability period.
Proposal 4: Network can extend the paging before/after the coverage window within its PTW  if the UE does not respond to paging within the estimated coverage window.
Proposal 5: UE can extend the paging monitoring outside the estimated coverage window if radio coverage is available. Network can configure the number of additional paging cycles where paging will be attempted.
Proposal 6: UE may report to the network to realign the paging monitoring and coverage windows if UE notices there is radio coverage before or after the expected reachability period.
Connection Release and RLF Enhancements for DC
Proposal 7: RAN2 to discuss support for UE request for RRC connection release based on DC estimation. FFS support for implicit RRC connection release.
Proposal 8 : Leave the decision on whether the UE initiates connection (re-) establishment to the UE implementation when the remaining time in the current cell during discontinuous coverage is insufficient to complete a new connection establishment procedure
Proposal 9: RAN2 to discuss UE behavior when the UE has limited remaining GNSS validity duration and the remaining discontinuous coverage time is also short.
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