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1	Introduction
In last meeting [1], RAN2 discussed the open issues on discontinuous coverage for IoT-NTN and has achieved the following agreements: 
	· RAN2 can continue to check whether dedicated RRC signalling can be used for providing satellite information corresponding to discontinuous coverage.
· RAN2 will support enhancements in paging and eDRX, in alignment with the work in SA2 and CT1. FFS on the details
· RAN2 may consider enhancements for connected UE upon detecting discontinuous coverage (e.g., suspend RLM, RLF detection, and RRC re-establishment process) 
· Companies supporting the store and forward approach can bring a proposal to the plenary for TEI18 or for updating the WID


This contribution will discuss the remain issues and potential enhancements on discontinuous coverage.
2 Discussion
As specified in TS 36.331 [2], SIB32 broadcasts the satellite assistance information for discontinuous coverage, and up to 4 satellites are involved due to the limitation of SIB size. In TR 23.700-28 [3], SA2 pointed that the limitation to 4 satellites could limit coverage information to only a short period in the future (e.g. 2 hours). And SA2 expects that the number of satellites RAN broadcasts ephemeris data for will be increased from 4 in Rel-17 to 8 in Rel-18.
	[bookmark: _Toc116639264][bookmark: _Toc117591044]7.4.1	To UE
The solution in Release 17 relies on broadcast of satellite ephemeris data in a SIB defined in TS 36.331 [16]. The solution is limited to support of ephemeris data for up to 4 satellites. The solution in Release 17 contains the following limitations.
-	A UE would be expected to calculate whether and when each satellite will be visible from a UE location and assume that the satellite might be accessed if the satellite is visible (e.g. with an elevation above 10 degrees). This could be a significant processing burden to an IoT UE, at the opposite of KI#2 objective to save power
-	There is no information in the SIB on whether a satellite supports only certain PLMNs, only certain countries, is operating only at certain times (e.g. not late at night to reduce operating cost) or whether radio cell coverage is for an entire area of satellite visibility or only for some portion of that area.
-	There is no charging capability - this is a free service to all UEs.
-	There is no security - a fake base station could broadcast the SIB to spoof coverage or out of coverage at incorrect times.
-	The SIB seems to be restricted to one satellite RAT only and may not support coverage from all satellite RATs.
-	The limitation to 4 satellites could limit coverage information to only a short period in the future (e.g. 2 hours).
The number of satellites RAN broadcasts ephemeris data for will be increased from 4 in Rel-17 to 8 in Rel-18.
NOTE:	Whether the size of SIB is enough to carry the ephemeris data of 8 satellites needs to check with the RAN WG2.


During Rel-17 discussion, some companies proposed to support more satellite assistance information, such as by dedicated signaling, SIB segmentation, multiple SIBs, etc. We think the potential solutions can be considered in Rel-18 to convey more satellite assistance information for better support of discontinuous coverage. 
In comparison, the size of RRC signaling is larger than SIB and RRC signaling can convey more satellite assistance information. On the other hand, RRC signaling is UE specific and can include UE-specific neighbour cell/satellite information. However, the satellite assistance information may be common for many UEs in the same satellite. From the perspective of signaling efficiency, SIB message seems more efficient. 
Observation 1: RRC signaling can convey more satellite assistance information or UE-specific neighbour satellite information compared with SIB.
[bookmark: _GoBack]Observation 2: The satellite assistance information may be common for many UEs, SIB message seems more efficient from the perspective of signaling efficiency.
Considering the limited SIB size, multiple SIBs or SIB segmentation can be further considered, and the following alternatives can also be discussed.
- Alt.1: Similar to ETWS/CMAS notification (i.e. SIB 6/7/8), add 1-bit indication in Short Message to indicate whether there is satellite assistance information.
- Alt.2: The network may broadcast the association of multiple SIBs in SIB1, and the UE can acquire the corresponding SIB for satellite assistance information.
- Alt.3: Set a field in SIB32 to indicate whether there is other SIB including satellite assistance information.
- Alt.4: Set a field in SIB32 to indicate whether there is other SIB including supplemental satellite assistance information in the same SIB from another neighbour network.
Proposal 1: RAN2 discuss to transfer more satellite assistance information via dedicated signaling, SIB segmentation or multiple SIBs.
 
2.2	Discussion on enhancement for connected mode 
According to conclusion of TR 23.700-28, SA2 supports PSM/MICO/eDRX in R18 IoT-NTN. Both network centric and UE centric procedures are used to determine and coordinate the UE unreachability period and power saving parameters via NAS signaling, while RAN node cannot be aware of the UE unreachability period. When the satellite stops serving the current area, the UE would suddenly lose the coverage and connection. If the network is not aware of UE’s discontinuous coverage and still schedule the UE, it may lead to the waste of energy and resources. We think it’s beneficial to inform the out-of-coverage period to RAN node, e.g, for optimization on RRC release or paging procedure. Although the UE unreachability information can be provided from CN to RAN node, we think the UE can also provide this information to RAN from RAN2 perspective. 
Proposal 2: The UE can provide the out-of-coverage information to RAN node, e.g, for optimization on RRC release or paging.
In legacy procedure, the UE context should be removed by RAN node after the UE is released to idle mode. However, in discontinuous coverage scenario, we think it’s beneficial for RAN node to keep the UE out-of-coverage information even if the UE enters into idle mode, e.g. for future paging procedure. For example, if the RAN node receives the paging from CN or other RAN node for the UE which is out of coverage, the RAN node can reject the paging or indicate the UE is out of coverage. By this way, the signaling overhead for paging can be decreased.
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Figure 1
Proposal 3: The UE out-of-coverage information can be kept by RAN node even if the UE enters into idle mode.
In RAN3#118 meeting, a new cause value ‘Release due to discontinuous coverage’ is introduced for the UE Context Release Request procedure between eNB and MME, so eNB can be aware of the actual reason for this release is due to discontinuous coverage. From RAN2 perspective, if there is no specific cause value for discontinuous coverage in Uu interface, the UE may not know this release is due to discontinuous coverage, and the UE can continue to perform the legacy idle AS functions, e.g. measurement in idle mode or paging monitoring. Therefore, a same cause value ‘Release due to discontinuous coverage’ can be introduced in RRCRelease message.
Proposal 4: A new cause value ‘Release due to discontinuous coverage’ is introduced in RRCRelease message.
3	Conclusion
Here are the proposals for discontinuous coverage for IoT-NTN.
Observation 1: RRC signaling can convey more satellite assistance information or UE-specific neighbour satellite information compared with SIB.
Observation 2: The satellite assistance information may be common for many UEs, SIB message seems more efficient from the perspective of signaling efficiency.
Proposal 1: RAN2 discuss to transfer more satellite assistance information via dedicated signaling, SIB segmentation or multiple SIBs.
Proposal 2: The UE can provide the out-of-coverage information to RAN node for e.g, optimization on RRC release or paging.
Proposal 3: The UE out-of-coverage information can be kept by RAN node when the UE enters into idle mode.
Proposal 4: A new cause value ‘Release due to discontinuous coverage’ is introduced in RRCRelease message.
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