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1	Introduction
At RAN #95e the release 18 work item for IoT support of non-terrestrial networks was updated [1]. In this contribution we provide input to potential further updates related to discontinuous coverage and long connections.
2	Discontinuous Coverage
In release 17 the RAN working groups have specified some support for discontinuous coverage. However, it was agreed that there might be insufficient time in release 17 to discuss all potential enhancements. Therefore, the release 18 WID includes the following  [1]:
4.1.3    Further enhancement to discontinuous coverage
This objective will be revisited at RAN#96e / June 2022, subject to Rel-17 IoT-NTN status on discontinuous coverage at RAN#96e, SA#94e, CT#95e.

Based on the progress in release 17 we see a need to further discuss several aspects related to discontinuous coverage in release 18. The general aim is to ensure energy efficient UE operation and limited network signalling for paging.
Observation 1: Further discussion of discontinuous coverage enhancements is needed in release 18.
RAN2 could discuss the following topics:
1. Support dedicated RRC signalling of neighbour satellites’ satellite assistance information for coverage prediction. 
Currently the SIB32, containing satellite assistance information (ephemeris and radio coverage information) for coverage prediction in discontinuous coverage, can only carry information regarding a few satellites. The reason is the limited system information transport block size, which for NB-IoT is 680 bits i.e. up to 3 satellites can be described in the Earth-Moving Cell case. It will be beneficial if the network can provide information on additional satellites via dedicated RRC signalling to avoid UE having to wake-up frequently for reading multiple SIBs carrying information on different satellites.
2. Common understanding on coverage prediction between Core Network, eNB and UE, to facilitate paging.
In release 17 there was no discussion on how to optimize the paging procedure for discontinuous coverage. The legacy procedure is challenged by the uncertainty of when the UE is in coverage and especially in terms of synchronizing the understanding between UE and CN of when the UE can be reached (paged). Furthermore, the eNB may also need such coverage information e.g., to perform multiple paging attempts in RAN (paging escalation). Finally, paging enhancements to support UE movement while in discontinuous coverage can also be studied as UE movement was not considered in release 17.
Proposal 1: RAN to define a release 18 objective on discontinuous coverage for IoT NTN as follows:
4.1.3   Further enhancement to discontinuous coverage:
Study, and specify if needed, support for dedicated RRC signalling of satellite assistance information and paging enhancements including support for UE movement.
In addition to the two above topics, it may also be good to consider whether further enhancements are needed for the existing power saving mechanisms e.g., PSM and eDRX to support discontinuous coverage. The MME is responsible for configuring these parameters, but the MME may require input on the future coverage prediction from the UE. The progress of this topic first needs to be confirmed by SA2.
Observation 2: Further enhancements on PSM and eDRX support of discontinuous coverage may also be needed. This is dependent on SA2 progress. This can be revisited at RAN#97e.
2	Long connections
The current release 18 WI on IoT NTN includes a performance enhancement as follows [1]:
Study and specify, if needed, improved GNSS operations for a new position fix for UE pre-compensation during long connection times and for reduced power consumption. Simultaneous GNSS and NTN NB-IoT/eMTC operation is not assumed. [RAN1]

The objective was included in release 18 because the release 17 work was limited to “sporadic short transmission” in the WID [2] concerning GNSS measurements and during RAN1 discussions concerning both SIB acquisition and GNSS measurements: 
Agreement: (RAN1 #106-e)
· Satellite ephemeris read on SIB are valid for the duration of sporadic short transmission in RRC_CONNECTED.
· Common TA parameters if indicated and read on SIB are valid for the duration of sporadic short transmission in RRC_CONNECTED.
· Note: The duration of the short transmission is not longer than the “validity timer for UL synchronization” referred to in the WID objective (but which still needs further discussion for specifying further details)

Agreement: (RAN1 #106-e)
For sporadic short transmission, UE in RRC_CONNECTED should go back to idle mode and re-acquire a GNSS position fix if GNSS becomes outdated.

Agreement (RAN1 #107-e)
Send LS to RAN2 to take the following RAN1 agreements into consideration to specify the aspects related to GNSS position validity:
· For sporadic short transmission, UE in RRC_CONNECTED should go back to idle mode and re-acquire a GNSS position fix if GNSS becomes outdated 
· The UE autonomously determines its GNSS validity duration X and reports information associated with this valid duration to the network via RRC signalling.
· X = {10s, 20s, 30s, 40s, 50s, 60s, 5 min, 10 min, 15 min, 20 min, 25 min, 30 min, 60 min, 90 min, 120 min, infinity}
· Note: The duration of the short transmission is not longer than the “validity timer for UL synchronization” referred to in the WID objective (but which still needs further discussion for specifying further details)

As stated in the objective above, the scope is to improve GNSS operations during long connection times. Such long connections can occur, for example when UE or eNB is utilizing many repetitions to ensure sufficient link budget for IoT UE or when a connection is long due to large amounts of data being transferred in RRC Connected mode. It is worth noting the use of repetitions in NB-IoT uplink can result in transmissions lasting 10 s and 40 s for NPRACH and NPUSCH, respectively, and thus the long connection may be longer than the NTN cell availability for a certain area.
Since the release 17 work only addressed “short sporadic transmission” it was agreed the UE can move to RRC Idle in case of a failure, e.g. caused by expiry of the GNSS validity duration or the satellite assistance information validity duration. For a long connection, this approach is problematic because the UE will most likely have to reconnect to continue the data transfer. This results in increased UE energy consumption, latency and signalling. 
As noted above, the release 18 objective is limited to study and specify improved GNSS operations for the long connection. If the intention is to support long connections, there are additional issues which also need to be studied and potentially specified, because those issues may also occur during a long connection.
Observation 3: Support of long connections in IoT NTN may require a study of further issues in addition to addressing improved GNSS operations.
RAN1 and/or RAN2 should also discuss at least the following topics to support long connection in IoT NTN release 18:
1. Satellite assistance information (SIB) acquisition during RRC Connected mode. 
The connection time can be longer than the validity duration of the SIB, which, according to current release 17 specs, means the UE would have to start a transmission all over again, because it will move to RRC Idle upon expiry of the validity duration, reacquire the SIB and then set up a new RRC Connection.

1. Repetition/HARQ continuation between cells. 
The NB-IoT NTN does not currently allow handover, but, as noted above, the connection time can be longer than the NTN cell availability. If the number of repetitions is reduced to ensure they complete within the NTN cell availability time the link budget is effectively limited, especially if UEs are not ready to transmit right at the start of NTN cell availability. Alternatively, the UE may not be able to transmit or complete the data transmission in the NTN cell or even in any single NTN cell, and all the transmission repetitions may be wasted. 

1. Transmission using different UL segment durations. 
In release 17 it was agreed to split transmissions into segments, where the UE can adjust time and frequency pre-compensation. This is necessary to account for the drift that happens due to satellite movement. However, for the short connections of release 17 it was agreed to only use one segment duration per transmission. When using a long connection, it is evident that the minimum segment duration which fulfils the transmission accuracy requirement will vary, because the UE’s experienced drift depends on the relative position of the satellite. If the release 17 approach is applied to a long connection the network would have to use the worst-case assumption i.e., a short segment duration, which means some transmissions are interrupted too frequently, leading to extended transmissions and latency. For cases with repetition of one NPUSCH/NPRACH lasting as long as even 10s or 40s, the worst-case selection for segment and the corresponding gap may cause significant increase of UL pre-compensation per segment and resource waste (because of the gap).

Observation 4: To ensure proper system operation during long connections in IoT NTN, SIB acquisition in RRC Connected mode, repetition/HARQ continuation between cells, and use of different UL segment durations may be required.
Based on the above discussion, it seems beneficial to expand the scope of the release 18 IoT NTN work item to ensure there is general support for long connections by considering (via a study and discussion) the identified potential issues, which may occur during long connections. 
Proposal 2: RAN to update the objective on long connections as follows:
Study and specify, if needed, schemes for supporting long connections, including improved GNSS operations for a new position fix for UE pre-compensation and for reduced power consumption, SIB acquisition during RRC Connected mode, repetition/HARQ continuation between cells, and UL segment durations changing during long repetition/connections. [RAN1, RAN2]
3	Conclusion
This document has made the following observations:
Observation 1: Further discussion of discontinuous coverage enhancements is needed in release 18.
Observation 2: Further enhancements on PSM and eDRX support of discontinuous coverage may also be needed. This is dependent on SA2 progress.
Observation 3: Support of long connections in IoT NTN may require a study of further issues in addition to addressing improved GNSS operations.
Observation 4: To ensure proper system operation during long connections in IoT NTN, SIB acquisition in RRC Connected mode, repetition/HARQ continuation between cells, and use of different UL segment durations may be required.

We propose the following:
Proposal 1: RAN to define a release 18 objective on discontinuous coverage for IoT NTN as follows:
4.1.3   Further enhancement to discontinuous coverage:
Study, and specify if needed, support for dedicated RRC signalling of satellite assistance information and paging enhancements including support for UE movement.

Proposal 2: RAN to update the objective on long connections as follows:
Study and specify, if needed, schemes for supporting long connections, including improved GNSS operations for a new position fix for UE pre-compensation and for reduced power consumption, SIB acquisition during RRC Connected mode, repetition/HARQ continuation between cells, and UL segment durations changing during long repetition/connections. [RAN1, RAN2]
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