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1. Introduction
The RAN2#115 meeting made the following agreement regarding discontinuous coverage:
	[bookmark: _Hlk61535257]RAN2 confirms that the following will be supported: discontinuous coverage without excessive UE power consumption and without excessive failures / recovery actions. It is expected that this need to be taken into account at least for Idle mode. The requirement is applicable for all reference scenarios (GEO, MEO and LEO).
Satellite assistance information will be used by the UE for predicting coverage discontinuity. The details of the assistance information is FFS. FFS whether any applicable agreements made in NR-NTN can be reused.
The details of UEs actions when predicted to be out of coverage is FFS, e.g. stopping unnecessary cell search in the Idle mode, and FFS to what extent this need to be specified. 
It is FFS to what extent it need to be specified the details of UE’s prediction of discontinuous coverage and its ability to detect when it is back in coverage.
RAN2 sends an LS to SA2 and CT1 (cc: RAN3) for the possible alignment work in their specification due to the support of discontinuous coverage.


In this contribution we discuss the potential solutions for idle UE power saving in discontinuous coverage.
2. [bookmark: Proposal_Beacon]Discussion
For IoT NTN, there could be discontinuous coverage due to low-density satellite constellation or deployment costs, e.g. microsatellite platforms including Cube satellites. In this case UE may remain long periods of time without being able to detect a satellite cell, and therefore may suffer additional and unnecessary power consumption which is essential to IoT devices. Such problem could happen in idle mode procedures including cell selection/reselection and PSM.
For cell selection the UE shall scan RF channels based on stored information of carrier frequencies if available (Stored Information Cell Selection), or scan all RF channels if no suitable cell is found based on stored information or no stored information (Initial Cell Selection). Apparently in discontinuous coverage scenario when serving cell becomes unavailable, no suitable cell or acceptable cell will be found so the UE will keep on scanning all RF channels before and after entering “Any Cell Selection” state according to current specification.
Observation 1: UE in idle mode will keep on scanning all RF channels until finding a suitable/acceptable cell, which consumes power but is useless when approaches coverage interruption in discontinuous coverage.
For cell reselection, serving cell measurement is always performed and neighboring cell measurement is mandatory if serving cell quality is lower than threshold. Therefore in discontinuous coverage scenario when serving cell becomes unavailable and there is no available neighboring cell, UE will keep on measuring/scanning as well according to current specification.
Observation 2: UE in idle mode always measures serving cell RSRP/RSRQ and mandatorily triggers neighboring cell measurement when the measured RSRP/RSRQ is lower than threshold, which consumes power but is useless when approaches coverage interruption in discontinuous coverage.
Based on the above analysis, enhancements are necessary for idle mode UE in discontinuous coverage, especially to avoid unnecessary cell search or measurement in cell selection/reselection. Considering that no cell selection/reselection is needed when there is coverage interruption (i.e. coverage hole), the first step is to determine the coverage interruption period for a UE. The network can provide some assistance information including the satellite ephemeris and time to start/stop serving, which can refer to the discussions and agreements in NR NTN.
Proposal 1: RAN2 to discuss the satellite assistance information for the UE in discontinuous coverage, to determine the coverage interruption period.
With such assistance information and its location information, UE can determine its coverage interruption period and therefore can avoid unnecessary scanning or measurements. This can be implemented by UE disabling/enabling serving cell measurement and neighboring cell measurement triggering when coverage interrupts/restores. For neighbouring cell triggering, applying offset (may be infinite) to the measurement criteria or relaxed monitoring can also be considered.
To use relaxed monitoring it is required that less than 24 hours have passed since measurements for cell reselection were last performed and the UE has performed intra-frequency or inter-frequency measurements for at least TSearchDeltaP after selecting or reselecting a new cell. It is obvious that relaxed monitoring is initially a trade-off between cell quality decline and measurement triggering, but not for discontinuous coverage. To leverage relaxed monitoring for discontinuous coverage, the cell quality tolerance (SSearchDeltaP) has to be large enough to forbid further measurement. Meanwhile TSearchDeltaP is better to be shorter (now at least 5min) for efficient power saving.
Proposal 2: RAN2 to discuss enhancements for idle mode UE to avoid unnecessary cell search or measurement due to discontinuous coverage.
Another mechanism that can be used to solve this issue is Power Saving Mode (PSM). PSM is a power saving mechanism similar to power-off. The UE can request the use of PSM during an attach or TAU, and the network accepts the use of PSM by providing an Active Time value for timer T3324. Upon expiry of the timer T3324 (starting when entering IDLE), the UE may enter PSM if no PDN connection for emergency bearer services is established. And the duration of PSM is restricted by periodic TAU/RAU timer T3412. If configured appropriately, the UE may enter PSM (T3324 expiration) at the beginning of coverage interruption to avoid unnecessary cell search or measurement, and/or quit PSM (T3412 expiration) at the end of coverage interruption for possible data reception. However, considering that Active Time (T3324) and periodic TAU/RAU timer (T3412) can only be configured in attach or TAU/RAU procedure, how to align T3324/T3412 configuration with coverage interruption precisely needs further discussion and NAS signalling could be involved. Figure 1 show some possible cases of timing relation between PSM duration and coverage interruption period.
[image: ]
Fig.2 Timing relation of PSM and network coverage
(1) T1 (start of coverage interruption) is earlier than T3324 expiration. UE remains in IDLE before T3324 expiration, and measurement/scanning for cell selection/reselection is performed, causing unnecessary power consumption.
(2) T1 is later than T3324 expiration. UE cannot be paged after entering PSM before T1, i.e. MT service is unavailable between T3324 expiration and T1.
(3) T2 (end of coverage interruption) is later than T3412 expiration. UE triggers TAU/RAU that will fail due to no coverage, causing unnecessary power consumption.
(4) T2 is earlier than T3412 expiration. UE cannot be paged before T3412 expiration, i.e. MT service is unavailable between T2 and T3412 expiration. If network coverage window is short and within T2 to T3412 expiration, UE may miss it and thus has to wait for the next coverage window for reception.
Observation 3: Misalignment of PSM duration with coverage interruption period could lead to unnecessary power consumption or unreachable MT services.
Therefore to use PSM for discontinuous coverage it is necessary to align PSM duration with coverage interruption period at UE. The satellite assistance information can be used as well.
Proposal 3: RAN2 to consider enhancements to PSM for aligning PSM duration with coverage interruption period at UE in discontinuous coverage.
3. Conclusion
In this contribution we give further discussion on idle UE power saving in discontinuous coverage of IoT NTN. It is observed that:
Observation 1: UE in idle mode will keep on scanning all RF channels until finding a suitable/acceptable cell, which consumes power but is useless when approaches coverage interruption in discontinuous coverage.
Observation 2: UE in idle mode always measures serving cell RSRP/RSRQ and mandatorily triggers neighboring cell measurement when the measured RSRP/RSRQ is lower than threshold, which consumes power but is useless when approaches coverage interruption in discontinuous coverage.
Observation 3: Misalignment of PSM duration with coverage interruption period could lead to unnecessary power consumption or unreachable MT services.
The following proposals are given:
Proposal 1: RAN2 to discuss the satellite assistance information for the UE in discontinuous coverage, to determine the coverage interruption period.
Proposal 2: RAN2 to discuss enhancements for idle mode UE to avoid unnecessary cell search or measurement due to discontinuous coverage.
Proposal 3: RAN2 to consider enhancements to PSM for aligning PSM duration with coverage interruption period at UE in discontinuous coverage.
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