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Introduction
In RAN #92-e the WID for the NB-IoT/eMTC support for NTN was agreed [1]. One aspect, which has impact on UE and network is discontinuous coverage. Additionally, what scenario to be supported in Rel 17 should be discussed. In this contribution we discuss these RAN1 items. 
[bookmark: _Hlk510705081]Discontinuous coverage
Discontinuous coverage may be an important scenario for NTN, especially at early stage when small number of satellites are in the orbits. It will be an issue how to handle UE’s transmission/repetition when there is discontinuous coverage. There are also other issues related to paging and UE sleeping discussed by RAN2. 
Data transfer continuation in discontinuous coverage
During the study item phase, we discussed [2] the issue of a data transfer using repetitions, which could potentially require longer time than the cell would be available. This issue still exist and would also be applicable to the discontinuous coverage scenario.
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]Our understanding of the issue is as follows: For each HARQ process, LTE NB-IoT transmission time will be decided as repetition time * number of RU * number of slot in RU. When considering largest repetition time, number of RU, number of slot in RU defined in LTE, the maximum transmission time could be 0.5 ms * 128 * 10 * 16 = 10240 ms for 15kHz SCS or 2 ms * 128 * 10 * 16 = 40960 ms for 3.75kHz SCS. This time length could be larger than the time before UE need to handover or perform a cell reseletion with high speed satellite, where the coverage of one cell may be 50/7.56=6.61s based on assumption of 50km satellite beam diameter for set 1, or 234/7.56=31s for set 3 with 234km satellite beam diameter, resulting that UE can not complete the repetition before change of cell. In the discontinuous coverage scenario, it may lead to a situation where the current cell is available for 6-31 s after which there will be minutes or hours until the next satellite (and cell) is available.
Repetition continuation for the HARQ process should be considered and it should be guaranteed that the repetition from coverage of two cells should be able to be combined. Therefore, after a handover (eMTC) or RLF+ cell reselection (NB-IoT) the data transfer could continue instead of restarting. Candidate solution should be supported for IoT over NTN for both uplink and downlink data transfers and related candidate solutions could be evaluated and discussed in detail in the WI phase. 
As an example, Figure 1 provides an illustration of an uplink data transfer scenario. In the first step, the UE request uplink resources at the source cell. Based on the buffer status, channel status and remaining coverage time for the UE, the source cell determines that 8 repetitions are required, but that only 4 can be completed towards the source cell before it no longer covers the UE. Therefore, the source cell can initiate coordination with a certain target cell, such that when the UE reselects to the target cell, the target cell will provide an uplink grant for the remaining 4 repetitions. 
[image: ]
[bookmark: _Ref79140907]Figure 1 Illustration of continution of uplink data transfer between two cells.
If such functionality is not supported it will limit the number of repetitions, which the network can schedule in uplink and downlink, and therefore also the coverage, because the link budget depends on the number of repetitions. Furthermore, even if the number of repetitions for example only lead to transmission time, which is half of the coverage time (i.e. 3.3 s for the 50 km cell) this will result in the network only being able to schedule such UEs in the first half of the coverage time. This will limit the spectral efficiency and increase the latency.
Specifically, RAN1 can consider if such continiuation is feasible on the PHY layer in terms of keeping soft bits/repetition data, while solutions on higher layer RLC can also be envisioned. For the discontinuous coverage scenario it needs to be evaluated if it is feasible for UE and/or network to maintain the data, which has already been transferred, until the next cell becomes available.
Proposal 1: Solution of repetition continuation for HARQ process and combination of repetition from coverage of two cells, especially for LEO with high speed satellite movement, should be considered to address both continuous coverage mobility scenario and the discontinuous coverage scenario. 
Satellite assistance information for discontinuous coverage
In the IoT NTN SI technical report 36.763 section 7.3.1.2 it is noted that:Satellite assistance information (e.g. ephemeris information), can be used for the handling of coverage holes or discontinuous satellite coverage in a power efficient way. For a UE, it should be possible to predict discontinuous coverage based on the satellite assistance information. To the extent that is possible/reasonable, the UE is expected to not attempt to camp or connect when there is no satellite coverage. To the extent that is possible/reasonable, the network is expected not try to reach UEs that are out of coverage. 
NOTE 1:	It is an expected requirement that the UE and the network are synchronized w.r.t. when the UE is awake and reachable (e.g. for paging).

In RAN2 #116-e some contributions suggest the network provides the “satellite assistance information” for the discontinuous coverage scenario, which was noted in the TR. The information may differ from ephemeris information, as previously defined by RAN1, because it is focused on allowing the UE to determine when there is radio coverage available and not on enabling the UE to perform pre-compensation. The ephemeris information only defines the satellite(s) position in space, but does not contain information related to radio coverage on Earth, because ephemeris is mainly used to perform pre-compensation. However, it is important for the UE to be able to estimate the radio coverage in discontinuous coverage scenarios, because the UE needs to have an understanding of upcoming coverage availability (i.e. coverage windows) such that the UE can plan sleep and active states accordingly. 
In the discontinuous coverage scenarios, the satellite availability and duration between satellite availability varies significantly. The variations depend on the constellation design, UE location, and the minimum elevation angle. In [3] we provided simulation results for LEO satellites at 600 km. The details are available in that contribution [3], but here we repeat the main observations. The satellite is defined to be available when the elevation angle between UE and satellite exceeds a minimum threshold, being 10 degrees or 20 degrees in the present simulations.
Figure 2 illustrates the CDF of satellite availability time for a user located at the Equator. The availability time is independent of the constellation, but only depends on the minimum elevation angle. The time is in the range of just a few seconds to about 9 minutes (10 degrees minimum elevation angle) depending on whether the satellite passes directly over the user or at a low elevation angle.
Observation 1: the satellite availability time varies from a few seconds to several minutes, depending on the minimum elevation angle and constellation.
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[bookmark: _Ref85546067]Figure 2 CDF of satellite availability timer for a user located at the Equator. Results are for multiple constellations and minimum elevation angles.
Figure 3 illustrates the duration between satellite availability for a user at the Equator. The time is highly dependent on the constellation and it can vary more than an order of magnitude. For example, the constellation B has about 90 % of the durations below 500 s, while the remaining 10 % is above 10 hours. For constellation C, 70-80 % of the durations are around 30 minutes, while the remaining durations are 2 hours or more. The most evenly distributed constellation is D, where around 55 % of the durations are 3/4 of an hour and the remaining is 1.5 hours.
Observation 2: the duration between satellite availability varies from minutes to hours, depending on the minimum elevation angle, UE location, and constellation.
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[bookmark: _Ref85548065]Figure 3 CDF of duration between satellite availability for a user located at the Equator. Results are for multiple constellations and minimum elevation angles.
Depending on the constellation and UE location, the UE will experience variations in the satellite available and the duration between satellite availability. Since UEs also have different traffic profiles and requirements they may have different preferences in terms of accessing the first available satellite or e.g. the first one available after 12 hours. Thus, UEs could benefit from UE-specific information about the coverage, but this implies high signaling load and UE power consumption. In addition, using serving cell ephemeris to predict future coverage is not a viable solution due to earth rotation (and potential UE movement). If the almanac (i.e. ephemeris information for multiple orbits/satellites) where to be signalled it would also imply high signaling load and UE power consumption.
Observation 3: providing ephemeris for multiple future satellites and orbits may lead to high signaling load and UE power consumption.
Therefore, the discussion in RAN2 is now focusing on satellite assistance information, which can e.g. provide information on the expected times when a certain number of satellites will provide coverage to the area. In order to not experience the abovementioned issues related to ephemeris, the satellite assistance information shall be simplified/compressed. This can be achieved by reducing the granularity/accuracy of the information, such that the information can cover more satellites/orbits, but with less accuracy per satellite/orbit. This is feasible, because the satellite assistance information should not be used for pre-compensation (i.e. time/frequency synchronization), when the UE attempts cell access, but instead only for estimation of the satellite availability and duration between satellites. 
Observation 4: simplified/compressed satellite assistance information can be used for estimation of satellite availability, but not pre-compensation.
One approach to achieve such simplification is to limit the position information per satellite to two points. The two points can either define the satellite’s position in space or the center of coverage on Earth. By relating at least one of the points to the coverage/position of the current satellite, serving the area, the UE can obtain knowledge about future satellite availability in the area. If the satellite’s position in space is used the information would need to complemented with parameter(s) defining the actual radio coverage on Earth. In RAN2 the use of a cell reference point and cell footprint size has been discussed.
Proposal 2: satellite assistance information can define two positions in space or two radio coverage positions on Earth for future satellite(s). This allows the UE estimate future satellites’ availability.
Figure 4 provides an illustration of a scenario, where the UE is camping on satellite A. At time T1 the satellite A broadcasts the satellite assistance information for satellite B. The information would, as noted above, comprise information on two future location points in space of satellite B, specifically the satellites location at time T2 and time T2+offset. 
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[bookmark: _Ref86307056]Figure 4 Example of satellite assistance information for satellite B broadcasted by satellite A.
Scenario 
It has been agreed that standalone scenario will be prioritized for IoT NTN in Rel 17. There are also other scenarios as inband, guard-band scenario, which may have shared spectrum with NR UE. However, in those scenarios, the spectrum sharing between LTE IoT UE and NR UE may cause interference issues and impact performance of both system and UE. Considering the limited time for WI in Rel 17, it is preferred the discussion can be focused on support of standalone deployments.
Proposal 3: It is preferred to focus the discussion on support of standalone deployments.  
Conclusion
In this contribution, we discussed discontinuous coverage and scenario, with our observations and proposals presented as following:
Observation 1: the satellite availability time varies from a few seconds to several minutes, depending on the minimum elevation angle and constellation.
Observation 2: the duration between satellite availability varies from minutes to hours, depending on the minimum elevation angle, UE location, and constellation.
Observation 3: providing ephemeris for multiple future satellites and orbits may lead to high signaling load and UE power consumption.
Observation 4: simplified/compressed satellite assistance information can be used for estimation of satellite availability, but not pre-compensation.

Proposal 1: Solution of repetition continuation for HARQ process and combination of repetition from coverage of two cells, especially for LEO with high speed satellite movement, should be considered to address both continuous coverage mobility scenario and the discontinuous coverage scenario. 
Proposal 2: satellite assistance information can define two positions in space or two radio coverage positions on Earth for future satellite(s). This allows the UE estimate future satellites’ availability.
Proposal 3: It is preferred to focus the discussion on support of standalone deployments.  
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