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1. Introduction 
According to WID RP-201256, following is the assumption.
· FDD is assumed for core specification work for NR-NTN.
· NOTE: This does not imply that TDD cannot be used for relevant scenarios e.g. HAPS, ATG
· Earth fixed Tracking area is assumed with Earth fixed and moving cells
· UEs with GNSS capabilities are assumed.
· Transparent payload is assumed
In addition, following objectives are specified.
· Idle mode: 
· Definition of additional assistance information for cell selection/reselection (e.g. using UE location information, satellite Ephemeris information)
· Definition of NTN (satellite/HAPS) cell specific information in SIB
In this document, we address the issues to consider for enhancement in IDLE mode operation. 
2. Discussion 
Cell reselection
According to WID [1], both earth-fixed and earth-moving cells are assumed to be supported, i.e., from UE’s perspective, the radio cell could be moving over the Earth or could be stationary temporarily for a certain duration. Steering antenna technology can be used to fix the beam over the Earth area.
It is possible that a satellite may use multiple antennas to form multiple narrow beams, and the beams may operate on different frequency (e.g., different bandwidth parts) to mitigate interference among the beams. A single beam can be configured to operate as a cell. However, the multiple beams may be configured to operate as a single cell. Though multiple beams within the same cell operate in different frequencies, each SSB can indicate the same PCI and same system information. In this case, a UE can select the best beam in the cell and such beam change within a cell will be transparent to upper layers (e.g., RRC, NAS) as described in [2]. 
Moving cell case:


Figure 1 Moving cell scenario
If the beam size is considered 100 km and multiple beams, for example 3 beams/cell as shown in Figure 1, are configured to operate as a single cell, then UE may need to reselect a cell every 39.6 seconds in the case of LEO satellites. However, frequent cell reselection (e.g., every 39.6 seconds) in IDLE mode could drain UE’s battery as this procedure involves cell measurements and acquisition of the updated system information. Therefore, some enhancement to reduce the frequency of cell reselection procedure can be considered based on UE’s and satellite position.
[bookmark: _Toc47635770][bookmark: _Toc47635778][bookmark: _Toc47637857][bookmark: _Toc47638074]Enhancement to reduce the frequency of cell reselection procedure should be considered based on UE’s and satellite position.
Temporary fixed cell case:


Figure 2 Temporary fixed cell scenario
As shown in Figure 2, beams A1, A2 and A3 form cell ID A for a certain duration using beam steering technology by the satellite. Note that for smooth satellite switch, beam A3 from satellite A and beam B1 from satellite B in the figure are superimposed for a satellite handover duration, after which beam B1 moves to take over the area of B2, B2 to B3 and B3 to C1. The benefit of such scheme is that cell reselection is less frequent than in moving cell scenario. For example, if a beam stays in a cell for 60 seconds (depending on supported minimum and maximum elevation angles for beam steering), then UE performs cell reselection every 180 seconds. For a stationary UE, such frequency of cell reselection could be high.
However, there are consequences of such fixed cell scenario. The antenna steering technology is complicated and costly which could make deployment hard. When antenna is steered with a low elevation angle, the beam may be stretched further and the cell coverage (e.g., beam shape) may change. For smooth satellite handover, beams from different satellites are superimposed which requires more satellite resources as they use different frequencies. Also, UE needs to point the antenna back and forth every time new beam takes over the area, which can cause interruption, e.g., for paging monitoring if the change in elevation angle is large. The operation with smaller elevation angles also has a significant impact on the link budget. RAN1 feedback may be needed to address all the issues with the antenna steering mechanism.  
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Any enhancement for cell reselection will be applicable to both moving cell and fixed cell scenario to further improve the power consumption, e.g., reduced frequency of system information acquisition. For example, upon feeder link switch or service link switch (satellite switch), the RTD will change and this needs to be updated in the system information. Similarly, neighbour cell list for intra and inter frequency cell reselection may need to be updated. However, SI update procedure to inform the UEs about such changes would be power consuming.
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System information
As described in WID [1], additional assistance information specifically for NTN, for example, satellite ephemeris, pre-compensation offset, initial BWP configurations for multiple beams is needed to be broadcast in the system information to help UE in satellite measurements and cell reselection. The information can be specific to satellite or cell.
It can be further discussed what satellite information are included and how to optimize the size, for example as specified in TR 38.821, the ephemeris data can be quite substantial for satellite networks with many satellites. In addition, the validity of the ephemeris or refresh rate of such information should be defined as UE sees different satellites over time.
The exact refresh rate can be further discussed. At least such satellite specific information, e.g., RTD variation and ephemeris, can be decoupled with the cell specific system information and scheduled periodically, though it is possible to carry it in existing SIB, e.g., SIB9 which contains information related to GPS time and Coordinated Universal Time (UTC). This is because the continuous change in satellite specific information does not need to trigger UE to acquire the existing SIBs, i.e., SIB1/SIB9. In this case, it is more efficient if a new SIB is introduced for satellite specific information.
[bookmark: _Toc47481706][bookmark: _Toc47482374][bookmark: _Toc47604769][bookmark: _Toc47605318][bookmark: _Toc47635776][bookmark: _Toc47637861][bookmark: _Toc47638078]A new SIB is introduced to carry the satellite specific information. Optimization to TBS, refresh rates and scheduling information can be further discussed. 
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Following observation are made.
Observation 1.	Enhancement to reduce the frequency of cell reselection procedure should be considered based on UE’s and satellite position.
Observation 2.	RAN1 feedback is needed to address many issues of antenna steering mechanism for fixed cell approach.

[bookmark: _GoBack]Based on the observations, following proposals are made.
Proposal 1	Enhancement to reduce the frequency of cell reselection procedure and SIB1 acquisition is considered.
Proposal 2	A new SIB is introduced to carry the satellite specific information. Optimization to TBS, refresh rates and scheduling information can be further discussed.
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