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Introduction
In RAN2#121 meeting, RAN2 handled some of the proposals in the email discussion “[offline 102] Enhancements to discontinuous coverage” [1] and agreed the following [2]: 
	Agreements:
1. RAN2 can continue to check whether dedicated RRC signalling can be used for providing satellite information corresponding to discontinuous coverage.
2. RAN2 will support enhancements in paging and eDRX, in alignment with the work in SA2 and CT1. FFS on the details
3. RAN2 may consider enhancements for connected UE upon detecting discontinuous coverage (e.g., suspend RLM, RLF detection, and RRC re-establishment process)
4. Companies supporting the store and forward approach can bring a proposal to the plenary for TEI18 or for updating the WID



However, RAN2 did not discuss the following remaining proposals in [offline 102] in [1]:
	Proposal 1: RAN2 will discuss if UE should provide out-of-coverage information as an assistance to the network (eNB) (11/21)
Proposal 2a): For earth-moving cells, some assistance information (similar to NR-NTN) will be broadcast in SIB31 to assist the UE to verify if the remaining time of current cell’s coverage is sufficient to accommodate a new connection establishment. (15/21)
Proposal 2b): The decision if UE will initiate the connection establishment if the remaining time in the current cell is not sufficient for a new connection establishment is left up to UE implementation. 
Proposal 2c): Additional measurement assistance information (e.g., PCI or serving frequency) to help UE accelerate measurements and re-gain uplink sync more efficiently is left for FFS.
Proposal 4: RAN2 will discuss if RRC Release message needs any change/enhancement to enhance discontinuous coverage



In this contribution, we discuss some of the remaining proposals on enhancements of discontinuous coverage.
Discussion
Out-of-coverage information for discontinuous coverage
In the last meeting the following proposal was proposed from [offline 102] in [1]:
	Proposal 2c): Additional measurement assistance information (e.g., PCI or serving frequency) to help UE accelerate measurements and re-gain uplink sync more efficiently is left for FFS.


One of the papers proposing this have the following proposals [3]: 
	Proposal 1: Measurement assistance information, i.e., PCI or carrier frequency, is provided in SIB32 to facilitate measurements and a faster uplink sync and ensure minimal disruption to paging reception after an NTN coverage gap.


For Rel-17 IoT NTN maintenance during RAN2#121 there were discussions on discontinuous coverage, more specifically the problem of what the UE shall measure and what part of AS functions that are allowed to be shut down while the UE is in discontinuous coverage [4]. As a result, the compromise was that the changes in idle mode specifications from 36.304 V17.3.0 to V17.4.0 was that only the AS functions related to NTN was powered down compared to all AS functions being powered down:
----------------- 36.304 V17.4.0 -----------------
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 related to NTN. 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 NTN coverage the UE shall perform all idle mode tasks related to NTN.
----------------- 36.304 V17.4.0 -----------------
The issues with the current specifications is that the notion of idle mode tasks related to NTN is not well-defined and can be enhanced in Release 18. 
Observation 1: The notion of “idle mode tasks related to NTN” can be enhanced in Release 18.   
The enhancements that can be introduced is that it can be defined to what entity or frequencies that these idle mode tasks would be related to. This could enable a network to better control how a UE may operate in a network which contains discontinuous coverage network elements. If for instance a specific frequency, that may be important to measure regardless of discontinuous coverage, this can be configured by a network. Thus we propose the following regarding measurement assistance information: 
Proposal 1: Measurement assistance information can be provided to control how the UE shall perform idle mode tasks (i.e. whether a UE can power down specific frequencies during discontinuous coverage) in a discontinuous coverage NTN.  

Establishing a connection with discontinuous coverage network
In discontinuous coverage scenarios, the satellite’s coverage may only be visible to a UE during so-called satellite’s flyover time (i.e. coverage period). The signalling between the UE and network is impacted in case of insufficient flyover duration needed to complete a given RRC procedure (or a new connection establishment). 
In this purpose, if a UE attempts to initiate a RRC procedure but the remaining time of the satellite coverage is insufficient to complete this procedure, and then the UE may decide to not perform this procedure or simply postpone triggering it until the next available satellite’s coverage period. This way, the UE would avoid the problem of power and resource wastage due to triggering a RRC procedure (or a new connection establishment) that is destined to fail under insufficient satellite’s coverage period. 
This understanding was confirmed by the majority view in the following proposal from [offline 102] in [1]:
	Proposal 2a): For earth-moving cells, some assistance information (similar to NR-NTN) will be broadcast in SIB31 to assist the UE to verify if the remaining time of current cell’s coverage is sufficient to accommodate a new connection establishment. (15/21)



Observation 2: The UE may avoid performing a given RRC procedure in the case of insufficient satellite coverage time to complete this procedure. 
Proposal 2(a): The UE verifies whether it has sufficient coverage time to complete a given RRC procedure (or a new connection establishment). 
Proposal 2(b): The UE initiates a given RRC procedure if it has sufficient coverage time to complete this procedure. Otherwise, the UE will not initiate the procedure or will wait for the next available satellite coverage period.

Re-directing to discontinuous coverage network and dedicated RRC signalling
The use of being connected to an NTN as well as discontinuous coverage NTN is to provide connectivity to IoT devices in areas where terrestrial network is unable to serve a UE. In many cases a mobile IoT UE may move from an area where a terrestrial network serves the UE to an area where the non-terrestrial network would be best to serve the UE. In many of these cases, the best option would be to re-direct the UE towards the discontinuous coverage network.
Re-directing a UE is done via RRC Connection Release procedure, where the UE might be re-directed to another RAT or another frequency. This can be done by including idle mode configurations, information about frequencies and RATs that the UE is being re-directed towards. 
In RAN2#121 the following was captured in the following proposal from [offline 102] in [1]:
	Proposal 4: RAN2 will discuss if RRC Release message needs any change/enhancement to enhance discontinuous coverage



One issue when a UE is re-directed from a continuous coverage network (terrestrial or non-terrestrial) is that the current information provided only gives the RAT, frequency and idle mode configurations. Another issue is that the idle mode procedures when re-directing towards a discontinuous coverage network may not work well if the discontinuous coverage network is not yet present. This scenario can be seen in Figure 1. 
Observation 3: Re-direction message only provides RAT, frequency and idle mode configurations. 

Figure 1. Scenario of mobility to discontinuous coverage cell via re-direct.
When being re-directed towards a discontinuous coverage NTN, there is likely more information needed. We thus propose that information related to discontinuous coverage, such as satellite assistance information is provided in a re-direction message. In RAN2#121 it was also agreed that RAN2 can continue to check whether dedicated RRC signaling may be used to provide satellite information corresponding to discontinuous coverage. We believe that one useful case for providing is in the use case of moving from a non-discontinuous coverage network to a discontinuous coverage network. 
Proposal 3: Discontinuous coverage-related information is provided in a re-direct message when being re-directed to a discontinuous coverage network.
Conclusion
In this contribution, we discussed some of the remaining issues related to enhancements of discontinuous coverage. The following are the observations and proposals in this document:
Observation 1: The notion of “idle mode tasks related to NTN” can be enhanced in Release 18.      
Observation 2: The UE may avoid performing a given RRC procedure in the case of insufficient satellite coverage time to complete this procedure. 
Observation 3: Re-direction message only provides RAT, frequency and idle mode configurations.
Proposal 1: Measurement assistance information can be provided to control how the UE shall perform idle mode tasks (i.e. whether a UE can power down specific frequencies during discontinuous coverage) in a discontinuous coverage NTN.      
Proposal 2(a): The UE verifies whether it has sufficient coverage time to complete a given RRC procedure (or a new connection establishment). 
Proposal 2(b): The UE initiates a given RRC procedure if it has sufficient coverage time to complete this procedure. Otherwise, the UE will not initiate the procedure or will wait for the next available satellite coverage period.
Proposal 3: Discontinuous coverage-related information is provided in a re-direct message when being re-directed to a discontinuous coverage network.
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Annex A (RAN2#121 report [2]) 

R2-2301952	[offline 102] Enhancements to discontinuous coverage	Mediatek	discussion	Rel-18	IoT_NTN_enh-Core
Proposal 1: RAN2 will discuss if UE should provide out-of-coverage information as an assistance to the network (eNB)
Proposal 2a): For earth-moving cells, some assistance information (similar to NR-NTN) will be broadcast in SIB31 to assist the UE to verify if the remaining time of current cell’s coverage is sufficient to accommodate a new connection establishment.
Proposal 2b): The decision if UE will initiate the connection establishment if the remaining time in the current cell is not sufficient for a new connection establishment is left up to UE implementation.
Proposal 2c): Additional measurement assistance information (e.g., PCI or serving frequency) to help UE accelerate measurements and re-gain uplink sync more efficiently is left for FFS.
Proposal 3: RAN2 will check if dedicated RRC signalling can be used for providing satellite information corresponding to discontinuous coverage.
· HW/ZTE think that this kind of information is common for the UEs and should rather be broadcast
· RAN2 can continue to check whether dedicated RRC signalling can be used for providing satellite information corresponding to discontinuous coverage.
Proposal 4: RAN2 will discuss if RRC Release message needs any change/enhancement to enhance discontinuous coverage.
Proposal 5: RAN2 will discuss possible enhancements in paging and eDRX, while taking into account works of SA2 and CT1.
· RAN2 will support enhancements in paging and eDRX, in alignment with the work in SA2 and CT1. FFS on the details
Proposal 6: RAN2 will not include a new IE in SIB 31 to signal that the cell is operating in store and forward mode.
· QC thinks that if we have any indication it should preferably be at application layer (not AS layer)
· Companies supporting the store and forward approach can bring a proposal to the plenary for TEI18 or for updating the WID

Proposal: Enhancements for connected UE upon detecting discontinuous coverage (e.g., enter IDLE, suspend RLM, RLF detection, and RRC re-establishment process) are FFS (14/21).
· RAN2 may consider enhancements for connected UE upon detecting discontinuous coverage (e.g., suspend RLM, RLF detection, and RRC re-establishment process) 


Agreements:
1.	RAN2 can continue to check whether dedicated RRC signalling can be used for providing satellite information corresponding to discontinuous coverage.
2.	RAN2 will support enhancements in paging and eDRX, in alignment with the work in SA2 and CT1. FFS on the details
3.	RAN2 may consider enhancements for connected UE upon detecting discontinuous coverage (e.g., suspend RLM, RLF detection, and RRC re-establishment process)
4.	Companies supporting the store and forward approach can bring a proposal to the plenary for TEI18 or for updating the WID
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