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1. Introduction

In RAN#92 e-meeting, the WID of NB-IoT/eMTC support for Non-Terrestrial Networks has been approved [1]. One of the objectives is to support discontinuous coverage for IoT NTN. 

	Specify the following IoT NTN specific enhancements not covered by NR_NTN_Solutions WI agreements, according to Section 8 in TR 36.763:

...
- 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 focus on the main issues caused by discontinuous coverage for NB-IoT/eMTC support for NTN and propose some solutions that have not much impacts on the specifications.
2. Discussion 
2.1 Idle mode

According to current specification TS 36.304, for UE which is not camped on any cell, UE enters into Any Cell Selection state and keeps trying to find a suitable cell of any PLMN to camp on. This would happen for IoT UEs over NTN in the discontinuous coverage scenario. Since UEs cannot be covered by the satellite, such continuous cell search is useless. Moreover, as eMTC and NB-IoT UEs are sensitive to power consumption, such cell search should also be avoided. 
During SI stage of IoT NTN, in RAN2#114 e-meeting, an agreement related to support of discontinuous coverage has been reached as below:

	· For a UE, it shall be possible to predict discontinuous coverage based on the satellite assistance information. To the extent possible/reasonable: The UE is expected to save power by not attempting to camp or connect when coverage is not there. To the extent possible/reasonable: The network is expected not try to reach UEs that are out of coverage. Note that it is still an expected requirement that UE and Network are synchronized w.r.t. when the UE is awake and reachable (e.g. for paging]. 


According to the above agreement, UE and also network are expected to predict discontinuous coverage in order that they could keep a consistent understanding of the start and stop of discontinuous coverage. During this time period (for convenience, such time period is called as dormancy time period in the following discussion), UE could keep in a status similar as in PSM or outside PTW if eDRX is configured, e.g., not attempting to camp or connect, and the core network could avoid to page the UE. 

Under the discontinuous coverage scenario, for UE in idle mode, in light of the huge coverage of the satellite and the low speed movement of UE, the discontinuous coverage that UE may pass though may be determined by the cells that UE used to camp on. But for the core network, as it cannot know the location of a UE in idle mode, it may underestimate or overestimate the dormancy time period. For example, UE 1 may be in cell center of cell 1 (e.g. related to satellite 1), UE 2 may be under the overlap of cell 1 and cell 2 (e.g. related to satellite 2), and may move to cell 1 or cell 2. If the core network determine the dormancy time period based on cell 1 and cell 2, it may be too big for UE1. If the core network determine the dormancy time period based on cell 1, it may be too big for UE 2. In a summary, it’s not easy for the core network to predict the dormancy time period about discontinuous coverage for a certain UE. The straightforward way to deal with this issue is that, UE could report the dormancy time period about the discontinuous coverage estimated by itself to the core network via NAS procedure.

Proposal 1a: UE is expected to estimate the start and stop of when coverage is not there based on the satellite assistance information and report this dormancy time period to the core network via NAS procedure.
Proposal 1b: UE can determine the dormancy time period about the discontinuous coverage based on the cells that UE used to camp on. 

Moreover, according to discussion above and also proposal 1, we assume UE’s behavior in this dormancy time period may be similar as that in PSM, or even as that outside PTW when eDRX is configured. So based on UE’s report, network can further provide suitable eDRX or PSM configuration to UE and in such configuration, the time period of outside PTW or running time period of T3412 can be overlapped with the dormancy time period about the discontinuous coverage. By this way, eDRX/PSM scheme can be reused in the discontinuous coverage scenario as much as possible and additional specification work for new UE behavior might be avoided. 

Proposal 2: eDRX/PSM should be reused to support the discontinuous coverage.

In current specifications, the starting time of PTW is determined by UE ID. That may make it not easy to align the time period of outside PTW with the dormancy time period. A minor adjustment, e.g., a configured offset to shift the starting time of PTW may be needed. The similar issue may also exist for T3412 in PSM. These things may need further discussion in RAN or SA2.

2.2 Inactive mode

For trade-off between power saving and service reachability, eMTC UE can be indicated by gNB to enter into inactive mode, other than idle mode. But under the discontinuous coverage, according to the current specification TS 36.304, UE in inactive mode would also enter into Any Cell Selection state and keep trying to find a suitable cell of any PLMN to camp on. This would be useless and cause much UE power consumption. 
For resolving this issue for eMTC UE, firstly, we can consider to transit the UE to idle mode when the coverage hole is coming. Based on the discussion in section 2.1, the UE can try to make use of the eDRX/PSM schemes and further enhancements for idle mode to achieve more power saving in discontinuous coverage.

For transition to idle mode, one way is to let eNB page UE to setup the connection and then directly release UE into idle mode. This is signaling inefficient and obvious undesired. Hence, it may be more suitable to let UE in inactive mode transit into idle mode by itself under the discontinuous coverage.
The most suitable time point to enable UE in inactive mode transit into idle mode is the time close to the start time of the discontinuous coverage. 
Proposal 3: It’s suggested that eMTC UE in inactive mode can transit into idle mode by itself at the time point close to the starting time of the discontinuous coverage.
2.3 Connected mode
During study phase for IoT over NTN, in RAN2#113bis e-meeting, RAN2 have agreed that for both NB-IoT and eMTC in connected mode, legacy RLF and re-establishment procedures can be used and minor enhancement can be considered.

If a UE in RRC connected mode enters into the discontinuous coverage, it is highly possible that RLF occurs and then an RRC reestablishment procedure is triggered. According to the current TS 36.331, if a suitable cell couldn’t be detected during T301 (with value range from ms2500 to, ms10000), UE will enter into RRC idle mode. Therefore, under the discontinuous coverage, if T301 is too short, the continuous cell searching during the RRC reestablishment procedure couldn’t make UE find a suitable cell and therefore the probability to successfully re-establish RRC connection to a new satellite may be also very low.

Observation 1: In the discontinuous coverage, it is highly possible that RLF occurs for UE in connected mode and the probability to successfully reestablish RRC connection may be very low.

In order to increase the probability of successfully RRC reestablishment under the discontinuous coverage, we need solution to resolve the problem that UE hardly find a target cell during RRC reestablishment. According to the agreement in RAN2#114 mentioned in section 2.1, UE is possible to predict discontinuous coverage. Such information could help UE to avoid the cell searching in the coverage hole and start the cell searching after the coverage is resumed. The only remaining issue may be that the length of T301 is not enough. So it can be considered to extend the length of T301, or start T301 after coverage hole.

Proposal 4: In order to ensure sufficient time for cell detection and increase the probability of successful RRC connection reestablishment to a new satellite under the discontinuous coverage in IoT over NTN, it’s suggested to extend T301, or start T301 after coverage hole.

Furthermore, as eNB can also have knowledge about existence of coverage hole, we think it’s no need to maintain the RRC connection until the RLF occurs. Such RRC connection maintenance cannot guarantee the service QoS and is bad to the UE’s power saving. Therefore, another option may be to let eNB proactively release/suspend the UE before the RLF occurs. Later, if a suitable cell can be found, UE can setup/resume the connection as soon as possible and with less signaling. We think this is already allowed by eNB implementation.

Observation 2: In discontinuous coverage, eNB implementation can proactively release/suspend the UE before the RLF occurs.

Moreover, in order to help UE to find a new cell quickly, eNB can provide some assistance information about new cells in RRC release/suspend message (e.g., IdleModeMobilityControlInfo for eMTC, or RedirectedCarrierInfo for NB-IoT). Moreover, such assistance information can be constructed according to the location of UE in connected mode, the information related to coverage hole and the load of satellite etc., and then it could be more helpful to narrow down the cell searching range and in turn be good to UE power saving. 

Observation 3: eNB can provide some assistance information about new cells, via RRC release/suspend message.
One additional issue is that, such assistance information is only valid during a time period, e.g., for eMTC, IdleModeMobilityControlInfo is only valid if T320 (with value range of min5, min10, min20, min30, min60, min120, min180) is running, and for NB-IoT, RedirectedCarrierInfo is only valid if T322 (with value range of min5, min10, min20, min30, min60, min120, min180) is running. Once T320 or T322 expires, such cell reselection priority information provided by the idleModeMobilityControlInfo or RedirectedCarrierInfo would be discarded. In other word, if T320 or T322 is too short, UE couldn’t complete the cell searching based on such assistance information during T320 or T322. Possible ways for dealing with such issue may be also to extend the length of T320 or T322 or start T320 or T322 after coverage hole.

Proposal 5: For eMTC and NB-IoT over NTN, in order to prolong the validation of assistance information in RRC message for discontinuous coverage case, the related timers, e.g., T320 or T322 can be extended or started after coverage hole.  

3. Conclusion

Based on the discussion we make the following observations and proposals:

Observation 1: In the discontinuous coverage, it is highly possible that RLF occurs for UE in connected mode and the probability to successfully reestablish RRC connection may be very low.

Observation 2: In discontinuous coverage, eNB implementation can proactively release/suspend the UE before the RLF occurs.

Observation 3: eNB can provide some assistance information about new cells, via RRC release/suspend message.
Proposal 1a: UE is expected to estimate the start and stop of when coverage is not there based on the satellite assistance information and report this dormancy time period to the core network via NAS procedure.
Proposal 1b: UE can determine the dormancy time period about the discontinuous coverage based on the cells that UE used to camp on. 

Proposal 2: eDRX/PSM should be reused to support the discontinuous coverage.

Proposal 3: It’s suggested that eMTC UE in inactive mode can transit into idle mode by itself at the time point close to the starting time of the discontinuous coverage.
Proposal 4: In order to ensure sufficient time for cell detection and increase the probability of successful RRC connection reestablishment to a new satellite under the discontinuous coverage in IoT over NTN, it’s suggested to extend T301, or start T301 after coverage hole.

Proposal 5: For eMTC and NB-IoT over NTN, in order to prolong the validation of assistance information in RRC message for discontinuous coverage case, the related timers, e.g., T320 or T322 can be extended or started after coverage hole.  
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