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Introduction
Rel-17 IoT NTN was a work item designed to adapt LTE IoT specifications to work over Non-Terrestrial networks. The WID for related to discontinuous coverage is the following [1]: 
	Others:
-	Support of discontinuous coverage without excessive UE power consumption and without excessive failures / recovery actions. Minor enhancements to the existing power saving mechanisms e.g. DRX, PSM, eDRX, relaxed monitoring, and (G)WUS can be considered, and if found needed, specified, to support discontinuous coverage;



In this contribution we discuss issues related to the deactivation of AS and monitoring during out-of-coverage when the UE is in a discontinuous coverage network.
Discussion
Background on discontinuous coverage
Discontinuous coverage was introduced for Rel-17 IoT NTN to enable a UE to sleep during periods of no coverage in networks where there are not enough  satellites to continuously cover the earth. What was specified is to allow the UE to not perform any idle mode Access Stratum actions when the UE has determined that it is out of coverage. For UEs to be able to determine that they are out of coverage, a new SIB containing either time stamps and coverage parameters or long-term ephemeris parameters was introduced. The information in this new SIB allow the UE to accurately predict when future coverage will be available. 
The current specification text is quite brief on how a UE should operate [2]: 
------------------- 36.304 -------------------
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. 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 coverage the UE shall perform all idle mode tasks.
------------------- 36.304 -------------------
One issue that was unclear for SA2 and CT1 regarding how a UE in discontinuous coverage should operate in relation to terrestrial networks or other non-terrestrial networks that are not discontinuous. This resulted in an LS sent to RAN2 [3]. 
In RAN2#119bis-e the issue regarding how the UE should operate was discussed [4]. One of the key issues was the fact that if a UE is required to monitor for terrestrial RATs/PLMNs, then not a lot of power saving would be gained from going to sleep. RAN2 thus came to the following conclusion [5]: 
--------------- R2-2210865 ---------------
RAN2 would like to thank SA2 for the LS asking for comment on the deactivation of the Access Stratum functions due to DC and whether it applies to:
1) satellite E-UTRAN access only, 
2) E-UTRAN access (satellite and terrestrial), 
3) to a complete deactivation of the AS functions for all the RATs supported by the UE, or 
4) depends on UE implementation.
 
RAN2 discussed the question and would like to clarify that it is up to UE implementation to deactivate Access Stratum functions due to DC. This applies to any RAT supported by the UE including satellite and terrestrial access.
--------------- R2-2210865 ---------------
Finally, the issue was further discussed at RAN#98-e with operators having strong concern about the UE powering down and potentially not performing any terrestrial cell measurements [6]. 
Observation 1: There is a strong concern from operators on deactivation of UE AS due to discontinuous coverage in IoT NTN. 
To address this concern, in this contribution we suggest some tools to allow an operator to enable the UE to monitor terrestrial cells, if needed. As the work on Rel-18 is currently on-going, it would be possible to maintain the same behaviour as agreed in previous meetings for Rel-17 and then introduce a more refined behaviour for a Rel-18 IoT NTN UE. Thus RAN2 needs to decide how to proceed. 
Proposal 1: RAN2 to determine whether to address operators concern on discontinuous coverage operation in IoT NTN Rel-17 or Rel-18.
Monitoring during out-of-coverage
The main issue of powering down during discontinuous coverage is that a UE will not be mandated to monitor other cells/frequencies or RATs when the UE is out-of-coverage. The original purpose was for the UE to save power during the out-of-coverage scenario, as a UE should likely not connect to a discontinuous coverage unless absolutely necessary. However, at the time it was not considered that a discontinuous coverage network operates close to a terrestrial cell. To consider this case, an operator can be given tools to have a UE perform monitoring of terrestrial cells or other non-discontinuous coverage cells. 
One option is that the discontinuous coverage cell broadcasts information about non-discontinuous coverage cells or frequencies that are used by UEs to monitor terrestrial or non-terrestrial non-discontinuous coverage networks during out-of-coverage. This can for instance be done by broadcasting the legacy SIBs used to give cell reselection parameters for intra-frequency, inter-frequency and inter-RAT frequencies. These SIBs are SIB3 through SIB8 and SIB24 and SIB27 for LTE-M and SIB3-NB through SIB5-NB and SIB27-NB for NB-IoT (a list of the different SIBs are found in the annex). The cells or frequencies in the SIBs can be assumed to concern terrestrial or non-discontinuous coverage cells.
The way that this can be implemented for an operator in a discontinuous coverage network is that the network for instance broadcasts GERAN Inter-RAT cell reselection parameters in SIB7 which is then used by the UE to occasionally measure for GERAN frequencies. If none of the SIBs are broadcasted, then the UE may completely power down its AS functionality. This means that a network operator can be given the option of allowing for a UE to completely power down if configured to. 
It is clear that any inter-RAT related SIB (SIB6-8, SIB24 and SIB27 for LTE-M and SIB27-NB) should be considered as frequencies to monitor while out-of-coverage, i.e. they are not discontinuous coverage frequencies. Therefore we propose:
Proposal 2: Monitoring non-discontinuous coverage network while in out-of-coverage and camping on a discontinuous coverage network is configured by broadcasting relevant SIBs and UEs assuming these cells/frequencies should be monitored while out-of-coverage only. 
However, one question is whether other cell reselection info provided by SIB3 to SIB5 for LTE-M and SIB3-NB to SIB5-NB for NB-IoT should also be monitored while in in-coverage in a discontinuous coverage network. This is because it is possible that the cell reselection info may need to be used while a UE is in in-coverage in a discontinuous coverage network. This likely needs to be discussed by RAN2. Thus we propose the following:
[bookmark: _GoBack]Proposal 3: Discuss whether intra-frequency or inter-frequency cell reselection (SIB3-SIB5/SIB3-NB-SIB5-NB) should apply for a UE to perform monitoring when out-of-coverage in a discontinuous coverage only.  
To implement Proposal 2 we have a CR in R2-2301491. 
Proposal 4: RAN2 to agree to the CR in R2-2301491 as a baseline. 
Conclusion
In this contribution we discussed issues related to Rel-17 discontinuous coverage operation: 
Observation 1: There is a strong concern from operators on deactivation of UE AS due to discontinuous coverage in IoT NTN. 
Proposal 1: RAN2 to determine whether to address operators concern on discontinuous coverage operation in IoT NTN Rel-17 or Rel-18.
Proposal 2: Monitoring non-discontinuous coverage network while in out-of-coverage and camping on a discontinuous coverage network is configured by broadcasting relevant SIBs and UEs assuming these cells/frequencies should be monitored while out-of-coverage only. 
Proposal 3: Discuss whether intra-frequency or inter-frequency cell reselection (SIB3-SIB5/SIB3-NB-SIB5-NB) should apply for a UE to perform monitoring when out-of-coverage in a discontinuous coverage only.  
Proposal 4: RAN2 to agree to the CR in R2-2301490 as a baseline. 
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Annex A – Cell reselection SIBs in E-UTRAN
Below the SIBs that indicate any type of cell reselection info can be seen from 36.300:
------------------------------ 36.300 V17.3.0 ------------------------------
-	SystemInformationBlockType3 contains cell re-selection information, mainly related to the serving cell;
-	SystemInformationBlockType4 contains information about the serving frequency and intra-frequency neighbouring cells relevant for cell re-selection (including cell re-selection parameters common for a frequency as well as cell specific re-selection parameters);
-	SystemInformationBlockType5 contains information about other E‑UTRA frequencies and inter-frequency neighbouring cells relevant for cell re-selection (including cell re-selection parameters common for a frequency as well as cell specific re-selection parameters). It can also contain information about E-UTRA and NR idle/inactive measurements;
-	SystemInformationBlockType6 contains information about UTRA frequencies and UTRA neighbouring cells relevant for cell re-selection (including cell re-selection parameters common for a frequency as well as cell specific re-selection parameters);
-	SystemInformationBlockType7 contains information about GERAN frequencies relevant for cell re-selection (including cell re-selection parameters for each frequency);
-	SystemInformationBlockType8 contains information about CDMA2000 frequencies and CDMA2000 neighbouring cells relevant for cell re-selection (including cell re-selection parameters common for a frequency as well as cell specific re-selection parameters);
-	SystemInformationBlockType24 contains information about NR frequencies and NR neighbouring cells relevant for cell re-selection (including cell re-selection parameters common for a frequency), which can also be used for NR idle/inactive measurements;
[bookmark: _Hlk34648828]-	SystemInformationBlockType27 contains assistance information for inter-RAT cell selection to NB-IoT;
System information for NB-IoT is divided into the MasterInformationBlock-NB (MIB-NB) and a number of SystemInformationBlocks-NB (SIBs-NB):
-	SystemInformationBlockType3-NB contains cell re-selection information for intra-frequency, inter-frequency;
-	SystemInformationBlockType4-NB contains neighboring cell related information relevant for intra-frequency cell re-selection;
-	SystemInformationBlockType5-NB contains neighboring cell related information relevant for inter-frequency cell re-selection;
-	SystemInformationBlockType27-NB contains assistance information for inter-RAT cell selection to E-UTRAN and/or GERAN;
------------------------------ 36.300 V17.3.0 ------------------------------







