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1. Introduction
In this paper, we share some further analysis on the system information for NTN, as well as the idle mode mobility for intra-NTN and TN-NTN case.
2. [bookmark: _Toc12718547]Discussion
2.1. System information
· Ephemeris
The following agreements have been made in RAN1 [1] on broadcasting the ephemeris:
-----------------------------------------------
Support serving-satellite ephemeris broadcast based on one or more of the following:
· Set 1: Satellite position and velocity state vectors: 
· position X,Y,Z in ECEF (m)  
· velocity VX,VY,VZ in ECEF (m/s)
· Set 2: At least the following parameters in orbital parameter ephemeris format:
· Semi-major axis α [m] 
· Eccentricity e 
· Argument of periapsis ω [rad] 
· Longitude of ascending node Ω [rad] 
· Inclination i [rad] 
· Mean anomaly M [rad] at epoch time to
· FFS: Whether pre-provisioned ephemeris based on orbital elements can be used as reference. Thereby, only delta corrections can be broadcast in order to reduce the overhead
· FFS: The field size for each parameter
· FFS: The impact on signaling due to the required accuracy of serving-satellite ephemeris
· FFS: Whether down-selection is needed or both sets are supported

Agreement:
Specifications should support delivery of ephemeris information using both ephemeris formats, i.e., state vectors and orbital elements.
Agreement:
· A validity duration configured by the network for satellite ephemeris data indicates the maximum time during which the UE can apply the satellite ephemeris without having acquired new satellite ephemeris.
· FFS: Associated UE behaviour if the UE does not read the ephemeris within the validity duration.
· FFS: Whether the same validity duration can be applied for Common TA.
-----------------------------------------------
Observation 1: RAN1 has agreed that the serving satellite’s ephemeris should be broadcast and both ephemeris formats, i.e., state vectors and orbital elements, should be supported.
On the two formats, i.e. the state vectors and the orbital elements, we understand different formats are meant for different cases and either one of them would be provided for a single satellite.
Thus, we have the following proposal:
Proposal 1: A choice structure of the ephemeris format, i.e., state vectors and orbital elements, should be introduced in system information.
Besides the serving satellite’s ephemeris, which would be useful in pre-compensation, it is worth discussing whether we need also to broadcast the neighbor satellite’s ephemeris.
The system information usually contains information for initial access and cell selection/reselection. The initial access information mainly concerns the serving cell as well as the serving satellite. NTN specific cell reselection enhancements agreed so far are mainly applicable for quasi-earth fixed cell, in which the cell stop time or reference location of neighbour cells can be provided to UE if needed. Thus, we understand the need for broadcasting the ephemeris for neighbor satellite is not clear and prefer not to broadcast such information.
Proposal 2: The ephemeris of neighbor satellites is not broadcast, unless clear need is acknowledged.
RAN1 also mentioned that a validity duration configured by the network for satellite ephemeris data indicates the maximum time during which the UE can apply the satellite ephemeris without having acquired new satellite ephemeris.
From RAN2’s perspective, the following options can be considered:
· Option 1: The ephemeris info is valid as long as the SIB containing the ephemeris is not updated, i.e. the update of ephemeris would result in SI change notification and/or change of value tag. 
· Option 2: Explicit indication of the valid time and the change of such information would not result in SI change notification or change of value tag, UE would reacquire after the timer expires.
Which option to select and whether the update of the ephemeris would trigger SI change notification or value tag change is also related to the update frequency of the ephemeris information of the serving satellite ephemeris. More input from RAN1 is expected on how frequent the serving satellite’s ephemeris would be updated and whether it is related to the format.
Proposal 3: An LS should be sent to RAN1 to ask how frequent the serving satellite ephemeris would be updated and whether it is related to the format.
· Where to include the NTN specific access information?
As agreed in either RAN1 or RAN2, we would have NTN specific parameters for access to a NTN cell, e.g. the ephemeris of the serving satellite, the common TA and the flag to enable UE specific TA report during RACH procedure. Regarding the provisioning of such information, we understand the following options can be considered:
· Option1: Include all these information related to initial access to a NTN cell in the existing SIB1.
· Option 2: Introduce a new SIB1-NTN and all the NTN specific information for initial access would be included in this new SIB1-NTN.
Considering the limited size of SIB1, would prefer to go for option 2 and introduce a NTN specific SIB1.
Proposal 4: A SIB1-NTN should be introduced to broadcast NTN specific access information, e.g. the ephemeris of the serving satellite, the common TA and the flag to enable UE specific TA report during RACH procedure.
2.2. Idle mode mobility
2.2.1. Intra-NTN
· Time assisted cell reselection
The following agreements have been made last on the time assist cell reselection [2]:
Agreements via email - from offline 108:
1. Broadcast of cell stop time in SIB is only applicable to quasi earth fixed cell (not to moving cell). No further work in this release to address any moving cell specific details on using the cell stop time to assist measurements or cell reselection
Agreements via email - from offline 108 third round:
1. For quasi-earth fixed cell, UE should start measurements on neighbour cells before the serving cell stops covering the current area.
2. For quasi-earth fixed cell, the broadcast “timing information on when a cell is going to stop serving the area” refers to the time when a cell stops covering the current area.
3. For quasi-earth fixed cell, specify that UE should start measurements on neighbour cells before the broadcast stop time of the serving cell, i.e. the time when the serving cell stops covering the current area, and the exact time to start measurements is up to UE implementation.

Observation 2: The cell stop time of the serving cell is broadcast for a quasi-earth fixed cell and UE would use such information as assistance to decide when to start measurements.
In addition, it is still not clear whether the cell stop time of neighbor cells will also be broadcast. The following use cases have been mentioned in the past discussions on providing the cell stop time of neighbor cells:
· To exclude or down-prioritize neighbor cells who is going to disappear
· To help UE prioritize cell with longer valid time
Since the most important goal of cell reselection is to find a strongest cell and UE should not be exposed to the risk of losing coverage, we understand it would be better to down-prioritize cells with limited valid time rather than exclude such cells totally so that UE can still take these cells into consideration if there are no other choice. Slightly prioritizing cell with longer valid time among those with similar RSRP/RSRQ would also be an appropriate way forward to cater for the strongest cell goal as well as consideration on the cell valid time.
Proposal 5: The cell stop time of neighbor cells, if available is also broadcast as assistance information for UE to prioritize cells with longer valid time.
Thus, the following solution is recommended from our side: A rangeToBestCellNTN is broadcast in system information. UE rank the neighbor cells based on the R-criterion while the cells whose R value is within range to best cell of the R value of the highest ranked cell will be considered as candidate cells. Among all these candidate cells, UE will reselect to the cell with longest serving time.
Proposal 6: A rangeToBestCellNTN is broadcast in system information. UE rank the neighbor cells based on the R-criterion while the cells whose R value is within range to best cell of the R value of the highest ranked cell will be considered as candidate cells. Among all these candidate cells, UE will reselect to the cell with longest serving time.
· Location assisted cell reselection
The following agreement and working assumption has been achieve last meeting on the location assisted cell reselection:
Agreement:
1.	For quasi-earth fixed cell, the reference location of the cell (serving cell or the neighbor cells) is broadcast in system information
Working Assumption:
1. Location assisted cell reselection, with the distance between UE and the reference location of the cell (serving cell and/or neighbor cell) taken into account, is supported for quasi-earth fixed cell, if UE has valid location information, which means location acquisition will not be triggered at UE side only for location assisted cell reselection. FFS on the details.

Regarding how to use the location information to assist cell reselection, the following use cases have been discussed earlier:
· To identify the cell edge of a NTN cell and trigger measurements on neighbor cells
· To help UE prioritize neighbor cells with shorter distance to UE
Considering the near-far effect in NTN, we understand using the location info to identify the cell edge of a NTN cell would be helpful to trigger measurements on neighbor cells when UE moves towards the cell edge. The distance between UE and the reference location of the serving cell can be taken into consideration. A threshold for the distance can be configured and UE will trigger measurements on neighbor cells if the distance is above such a threshold.
Thus, we have the following proposal:
Proposal 7: A threshold for distance between UE and the serving cell reference location should be configured. UE shall perform measurements on neighbor cells if the distance to serving cell reference location is larger than or equal to the threshold.
2.2.2. TN-NTN mobility
· Options for Prioritizing TN over NTN
We have agreed that RAN2 continue discussing the exact solution for TN prioritization over NTN for idle mode. The following options have been discussed without reaching consensus:
· Option 1: It is ”hard” coded in the specification, e.g. in 38.304, that UE always prioritizes TN cell in cell reselection FFS, if prioritizing happens in measurement stage, cell ranking, or prior to selecting the suitable cell. 
· Option 2: Indicate in system information of TN or NTN cell or both, the need to prioritize TN in the area the NTN/TN cells are covering. FFS, if prioritizing happens in measurement stage, cell ranking, or prior to selecting the suitable cell. 
· Option 3: Broadcast in system information a TN or NTN specific offset to be applied to RSRP measurement result for cell quality.
· Option 4: UE’s relaxed measurement mode is impacted to prioritize TN. For example, if UE detects TN cell UE stops any relaxed measurement mode for TN UE might have applied. Or, UE is in relaxed mode only if it meets relaxed criteria in both TN and NTN. 
In our understanding, option 1 can be achieved by having a fixed reselection priority value in specs to be added to the broadcast priority value for TN frequencies (for inter-frequency case) or a fixed offset in specs to be added to the R value of TN cells (for both intra-frequency and inter-frequency cases) so that TN cells will always be prioritized as the reselection priority value or the R value will always be higher than NTN frequencies or cells.
Option 2 offers more flexibility compared to option 1 and NW can indicate the network type to be prioritized, e.g. TN or NTN. With the priority offset or R value offset mentioned above, if NW indicates “prioritize TN”, UE can add them to the TN frequencies or cells.
Option 3 allows NW to configured an offset for the R value to be used to prioritize TN cells, which is applicable in both intra-frequency and inter-frequency cases. For inter-frequency cases, NW can also configure a reselection priority offset to be added to the existing reselection priority to ensure that TN frequencies will always have higher priority than NTN frequencies.
Option 4 would be helpful to detect a TN cell but it cannot fully achieve to goal to prioritize a TN cell thus is not preferred from our perspective.
In summary, an offset for the R value to be added to the R value of TN or a reselection priority offset to be added to the reselection priority of TN frequencies can be introduced to prioritize a TN cell or TN frequencies over NTN cell frequency.
Proposal 8: An offset for the R value to be added to the R value of TN or a reselection priority offset to be added to the reselection priority of TN frequencies should be introduced to prioritize a TN cell or TN frequencies over NTN cell frequency.
The following alternatives can be considered to configure enable use of the R value offset or the reselection priority offset:
· Alternative 1: The R value offset or the reselection priority offset is a fixed value in specs and should always be applied for all the TN cells during cell ranking.
· Alternative 2: The R value offset or the reselection priority offset is a fixed value in specs and the use of such offsets are enable by NW indicating “prioritize TN”.
· Alternative 3: The R value offset or the reselection priority offset is configured by network and will be used at UE side upon reception of such configuration.
To allow more flexibility in NW configuration to prioritize a certain NW type, we prefer to take alternative 3.
Proposal 9: The R value offset or the reselection priority offset is configured by network to prioritize a certain NW type, e.g. TN, and will be applied at UE side upon reception of such configuration.
· UE awareness of the neighbor cells’ NW type
It has been agreed that UE need to know whether the network is a TN or NTN no later than SIB1 reception. UE acquisition of a cell’s system information usually happens when UE tries to camp on this cell. 
If we want to prioritize neighbor cells of a certain NW type, it is better to do that in measurement stage and cell ranking as additional delay for SIB1 acquisition would be introduced during cell reselection if UE finally finds out that this cell is not the prioritized NW type and needs to reselect another cell.
Thus, we understand UE should be aware of the neighbor cells’ NW type via the serving cell’s system information.
Proposal 10: To prioritize TN over NTN cell during cell reselection, UE should be aware of the neighbor cells’ NW type via the serving cell’s system information.
The following alternatives can be considered on how to achieve this:
· Explicitly by adding NTN specific cell list in SIB3 or SIB4.
· Implicitly by adding a new SIB for NTN specific cell reselection information and would be used for TN-NTN mobility.
Proposal 11: Down select from the following alternatives on how to make UE aware of the neighbor cells’ NW type via the serving cell’s system information:
· Explicitly by adding NTN specific cell list in SIB3 or SIB4.
· Implicitly by adding a new SIB for NTN specific cell reselection information and would be used for TN-NTN mobility.
3. Conclusion and proposals
With the above analysis, we have the following conclusions and proposals:
Observation 1: RAN1 has agreed that the serving satellite’s ephemeris should be broadcast and both ephemeris formats, i.e., state vectors and orbital elements, should be supported.
Proposal 1: A choice structure of the ephemeris format, i.e., state vectors and orbital elements, should be introduced in system information.
Proposal 2: The ephemeris of neighbor satellites is not broadcast, unless clear need is acknowledged.
Proposal 3: An LS should be sent to RAN1 to ask how frequent the serving satellite ephemeris would be updated and whether it is related to the format.
Proposal 4: A SIB1-NTN should be introduced to broadcast NTN specific access information, e.g. the ephemeris of the serving satellite, the common TA and the flag to enable UE specific TA report during RACH procedure.
Observation 2: The cell stop time of the serving cell is broadcast for a quasi-earth fixed cell and UE would use such information as assistance to decide when to start measurements.
Proposal 5: The cell stop time of neighbor cells, if available is also broadcast as assistance information for UE to prioritize cells with longer valid time.
Proposal 6: A rangeToBestCellNTN is broadcast in system information. UE rank the neighbor cells based on the R-criterion while the cells whose R value is within range to best cell of the R value of the highest ranked cell will be considered as candidate cells. Among all these candidate cells, UE will reselect to the cell with longest serving time.
Proposal 7: A threshold for distance between UE and the serving cell reference location should be configured. UE shall perform measurements on neighbor cells if the distance to serving cell reference location is larger than or equal to the threshold.
Proposal 8: An offset for the R value to be added to the R value of TN or a reselection priority offset to be added to the reselection priority of TN frequencies should be introduced to prioritize a TN cell or TN frequencies over NTN cell frequency.
Proposal 9: The R value offset or the reselection priority offset is configured by network to prioritize a certain NW type, e.g. TN, and will be applied at UE side upon reception of such configuration.
Proposal 10: To prioritize TN over NTN cell during cell reselection, UE should be aware of the neighbor cells’ NW type via the serving cell’s system information.
Proposal 11: Down select from the following alternatives on how to make UE aware of the neighbor cells’ NW type via the serving cell’s system information:
· Explicitly by adding NTN specific cell list in SIB3 or SIB4.
· Implicitly by adding a new SIB for NTN specific cell reselection information and would be used for TN-NTN mobility.
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