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1 Introduction
In the Rel-18 WID [1] for IoT NTN enhancements, the objective on the discontinuous coverage enhancement is as following.

	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].


In this contribution, we will provide some general considerations on discontinuous coverage based on the latest SA2 progress.
2 Discussion

2.1 Background
According to the current specification [TS 36.304], an RRC_IDLE UE will try to camp on a suitable cell to access service as defined by the cell selection/reselection process. When RLF is detected, the RRC_CONNECTED UE will perform the cell selection during the RRC reestablishment procedure. In both cases, when no suitable cell can be found after a complete scan of all RATs and all frequency bands supported by the UE, the UE enters and remains in any cell selection state until it finds a cell to camp on. This is a very power consuming process and completely useless in the deployment of discontinuous satellite coverage, where the coverage holes are predictable.

In Rel-17, RAN2 has agreed that the UE can determine that it is out of coverage using available satellite assistance information (e.g. ephemeris parameters and coverage parameters in SIB31 and SIB32, or other parameters). If it is out of coverage, the AS configuration is kept, but the UE need not perform any idle mode operations.

For R18, the SA2 study on the discontinuous coverage enhancements includes the following two issues:
	The study item aims at investigating on further 5GC/EPC enhancements to support satellite access based on the R17 5GSAT_ARCH achievements with the following 5GC/EPC areas for study: 

· WT#1: Discontinuous coverage 
WT#1.1: Architectural enhancements to support discontinuous coverage for mobility enhancement (e.g. paging enhancement) 

WT#1.2: Architectural enhancements considering prediction, awareness & notification of UE wake-up time, power saving optimizations. 


According to the TR 23.700-28 for this study, SA2 listed some general descriptions of these two issues, as shown in the Annex, but haven’t made any conclusions. Based on this information, we will provide some analysis from RAN2 point of view.

2.2 Mobility management

According to the general description in TR 23.700-28, one aspect is to study how UE determines that it has to remain with no service or it has to attempt to register on available different RAT's/ PLMNs to receive the normal service during discontinuous coverage. 

In TN, if the UE is out of coverage, the UE will stay in cell selection stat, where the UE keeping performing the cell selection. UE will have a complete scan of all RATs and all frequency bands supported by the UE.

In R17 IoT NTN discontinuous coverage, the network will provide the assistance information of incoming satellites. If there is no satellite coverage, the UE will stop the AS function. In R17, RAN2 did not consider the coexistence between NTN and TN. We need first to clarify whether UE will perform TN measurement when UE is in discontinuous coverage of NTN but there is TN for the UE. This issue is also under discussion in CT1 [3]. 
In our understanding, UE should only stop the AS function in NTN-only coverage. If there is a suitable TN cell, the UE should perform cell selection to the TN cell to ensure normal service transmission. This is related to the following objective in R18 NR NTN WID[4]:
	· Specify cell reselection enhancements for RRC_IDLE/INACTIVE UEs to reduce UE power consumption (NTN-TN mobility is prioritized). [RAN2, RAN3, RAN4]


The motivation of this objective is to stop or relax TN measurement in NTN-only coverage. Therefore we should first discuss the principle in R18 IoT NTN and discuss further aspects based on progress of R18 NTN.

Proposal 1: If there is no TN cells in the discontinuous coverage, UE can stop the AS function. Otherwise, UE should only stop the measurement for IoT NTN.
According to the general description in TR 23.700-28, another aspect is how to reduce the impact of signalling load to target RAT or system due to large number of UEs’ access. In our understanding, there should be many TN cells in the large coverage of NTN cell. UEs will access different TN cells which makes the number of UEs per TN cell relatively low. Therefore, signalling load shouldn’t be an issue.

Proposal 2: RAN2 to confirm that the signalling load for UE reselecting to TN cells shouldn’t be an issue.

2.3 Power saving

In Rel-17, SA2 has agreed that only DRX is supported in the discontinuous coverage, the eDRX and PSM are not supported. The CN can configure the suitable TAU period based on the satellite coverage information in the coverage areas of the TAC list of the UE.

For PSM, the CN sends an Active timer to UE. When the Active timer expires, the UE deactivates its Access Stratum functions and enters PSM. But the UE will continue maintaining NAS timers, e.g. the periodic TAU timer. Before the periodic TAU timer expires, the UE shall resume Access Stratum functions and idle mode procedures to perform the periodic TAU procedure. Besides, the UE may resume idle mode procedures and Access Stratum functions any time while in PSM, e.g. for mobile originated communications. 

However, for discontinuous coverage case, when the UE is out of coverage, the UE should not resume the AS function and idle mode procedures to perform the periodic TAU procedure or mobile originated communications. In order to prevent this from happening, NAS should be aware of whether UE is in or out of coverage. In this case, unnecessary resume of AS function and idle mode procedures triggered by NAS can be avoided.

Proposal 3: For PSM, when the UE is out of coverage, NAS shouldn’t trigger AS to resume the AS function and idle mode procedures. 
For eDRX, the CN can send an eDRX cycle to the UE via NAS message. There is one paging time window for each eDRX cycle. The UE will only monitor paging during the Paging Timer Window. But the UE can trigger the UL transmission at any time.

In the discontinuous coverage, the CN can configure the suitable Paging Time Window, eDRX cycle and the TAC timer based on the satellite ephemeris data and UE location information, which can be left to SA2 to discuss. Similar with PSM, NAS shouldn’t trigger UL transmission when the UE is out of coverage.

Proposal 4: For eDRX, when the UE is out of coverage, NAS shouldn’t trigger UL transmission. 
Another aspect to consider is that one UE may be served by multiple satellites over time, which makes the discontinuous coverage unevenly distributed in time domain. In this case, during one eDRX cycle, there may be multiple satellites serving one UE, and the possible paging occasions may not be fully covered by one paging window in the eDRX cycle. Besides, it is difficult for the CN to reconfigure eDRX cycle timely when the serving satellite changes. As a result, the paging and subsequent scheduling will be delayed if the paging occasion is not within the configured paging window. Therefore, RAN2 should further investigate this issue to avoid service delay.
Proposal 5: RAN2 to confirm the issue that the paging occasions in case of multiple satellites may not be covered by the configured paging window in eDRX.
3 Conclusion

In this contribution, we discussed the discontinuous coverage in IoT NTN and have the following proposals:

Proposal 1: If there is no TN cells in the discontinuous coverage, UE can stop the AS function. Otherwise, UE should only stop the measurement for IoT NTN.

Proposal 2: RAN2 to confirm that the signalling load for UE reselecting to TN cells shouldn’t be an issue.

Proposal 3: For PSM, when the UE is out of coverage, NAS shouldn’t trigger AS to resume the AS function and idle mode procedures. 

Proposal 4:  For eDRX, when the UE is out of coverage, NAS shouldn’t trigger UL transmission.
Proposal 5: RAN2 to confirm the issue that the paging occasions in case of multiple satellites may not be covered by the configured paging window in eDRX.
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Annex- SA2 progress

Key Issues

5.1
Key Issue #1: Mobility Management enhancement with discontinuous satellite coverage
5.1.1
General description
In Rel-17, Tracking Area and therefore RAT specific MME configuration has been introduced in EPS in order to allow support for discontinuous coverage for satellite access in EPS.
The key issue intends to study the essential issues for mobility management related to discontinuous coverage modelling. At least the following aspects need to be further studied:
-
Identify gaps in rel.17 solution designed in EPS (e.g. concerning minimizing a period of no coverage and/or minimizing power consumption), considering at least below aspects:

a)
Study how UE determines that it has to remain with no service or it has to attempt to register on available different RAT's/ PLMNs to receive the normal service during discontinuous coverage in current NTN RAT.

NOTE:
Consider dependencies with RAN2 and CT1 since inter-RAT selection and PLMN selection related specifications are in control of RAN2 and CT1.

b)
Study how to reduce the impact to target RAT or system due to large number of UEs triggering signalling load on the target RAT or system to receive normal service.

-
Propose solution to resolve these gaps.

5.2
Key Issue #2: Power saving enhancement for UE in discontinuous coverage
5.2.1
General description
For a UE using a NG-RAN that provides discontinuous coverage (e.g. for satellite access with discontinuous coverage), the UE may be out of network coverage at a certain time. The UE may then attempt to scan for available cell due to the UL traffic or NAS layer signalling, e.g. Periodic Registration. In Rel-17, the UE in EPS may deactivate the access stratum when there is no network coverage, however there might still be some additional issues, e.g. whether de-registration occurs due to any inconsistency of CM states between UE and CN and, the usage of eDRX in CM-IDLE state, etc.

Therefore, for power saving mechanisms, like MICO mode and eDRX in CM-IDLE state, how to apply the power saving mechanism to ensure that the UE does not attempt PLMN access when there is no coverage still needs to be studied.

The key issue intends to study architectural enhancement for UE in discontinuous coverage.

At least the following aspects need to be investigated:

-
Based on the coverage information of the UE:

-
whether and how to enhance the power saving mechanisms, e.g. PSM, MICO mode and eDRX in CM-IDLE state, in order to make sure that the UE:

-
does not attempt PLMN access when there is no network coverage; and

-
when there is network coverage the UE attempts PLMN access as needed e.g. to transfer signalling, transfer data or receive paging, etc.

NOTE:
Network coverage can be provided by any RAT supported by the UE.

