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1	Introduction
A new WI on solutions for NR to support non-terrestrial networks (NTN) was approved at RAN#86, with an updated WID approved at RAN#88 [1]. The WI aims to specify the following control plane enhancements:
· 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
· Connected mode
· Enhancement necessary to take into account location information (UE & Satellite/HAPS) and/or ephemeris in determining when to perform hand-over, in order to have a high degree of hand-over control for hand-over robustness and coverage management.
· Enhancement to existing measurement configurations to address absolute propagation delay difference between satellites (e.g. SMTC measurement gap adaptation to the SSB/CSI-RS measurement window) [RAN2/4].
· 
· Service continuity for mobility from TN to NTN and from NTN to TN systems (to be addressed when connected mode mobility has sufficiently progressed)

· Identify potential issues associated to the use of the existing Location Services (LCS) application protocols to locate UE in the context of NTN and specify adaptations if any [RAN2/3]
Agreements from RAN2#116e:


Agreements:
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. FFS on how UE performs location acquisition.



Agreements via email - from offline 102:
1. When UE uses location based cell reselection enhancements, it's up to UE implementation to guarantee that a valid location information is available
2. For quasi-earth fixed cell, same as legacy, UE shall perform neighbour cell measurements of “higher priority NR inter-frequency or inter-RAT frequencies” regardless of the distance between UE and serving cell reference location.

Agreements via email - from offline 102 - second round:
1. For quasi-earth fixed cell, UE should start measurements on neighbour cells before the serving cell stops covering the current area, regardless of (the distance between UE and serving cell reference location) or (if legacy Srxlev/Squal condition is met, i.e., serving cell’s Srxlev/Squal is better than a threshold).

Agreements online:
1. Distance based cell reselection criteria for quasi-earth fixed cell is supported
2. For quasi-earth fixed cell, the cell stop time of neighbour cell(s) is NOT broadcast



In this contribution, we provide our view on Idle mode aspects for NTN focusing on SI aspects as instructed in Agenda for this meeting:
8.10.3.2	Idle/Inactive mode
Focus on system information aspects


Remaining aspects on cell reselection

Ranking of cells
The remaining aspect on cell reselection is how tservice (or eventually the location) is accommodated into the cell reselection rules.

[bookmark: _Toc92787947]RAN2 needs to consider how tservice (or eventually the location) is accommodated to the cell reselection.

When a UE ranks the cells that are subject to the cell reselection evaluation procedure, i.e. the serving cell and neighbor cells that are candidates for cell reselection, the UE checks the rules for Tservice and UE location such that an NTN cell is removed from ranking if its Tservice is too small or if the UE’s distance to the center of the cell is too large. UE may also rank only cells that fulfill the service or location related criterion. 

[bookmark: _Toc46742969][bookmark: _Toc92787949]RAN2 discuss how to apply tservice in the ranking rules for cell reselection. 

SMTC for idle mode
In RAN2#116e, the agreement on UE-based solution for SMTC adjustments was made.
Agreements via email - from offline 103 (second round):
1. UE assistance information for NTN SMTC adjustments is event-triggered. Details of the triggering event are FFS (pending the decision on supported assistance information type).
1. RAN2 aims to minimize the number of configurable measurement gaps required for monitoring configured SMTCs in NTN. At least gap length and UE capabilities impact the number of required measurement gaps.
1. UE-based solution for SMTC adjustments in NTN is supported for IDLE/INACTIVE UEs. FFS how does the UE perform the necessary shifts in SMTC.

 
The UE behavior in IDLE state, in case that the number (M) of SMTCs broadcasted by network is greater than a UE’s capability to handle (N), is unclear.
If an RRC_IDLE/RRC_INACTIVE UE is unable to monitor all the SMTCs broadcast in its serving cell (e.g. only M SMTCs out of N broadcast SMTCs), it could for example assess the relevance/suitability of the broadcast SMTCs based on the available information, e.g. satellite positions in relation to the UE, and choose to monitor only the M most relevant/suitable SMTCs. A rule for such an SMTC “ranking” could be specified.
Another possibility is that the UE (if it cannot monitor all the broadcast SMTCs simultaneously) uses timesharing between monitoring of different SMTCs, which will result in less frequent monitoring than the periodicities of the SMTC windows. For instance, if the network broadcasts 4 SMTCs and the UE is capable of monitoring only 2 SMTCs simultaneously, the UE could monitor SMTC1 and SMTC2 during a first time period, then switch to monitoring SMTC3 and SMTC4 during the subsequent time period, and then switch back to monitoring SMTC1 and SMTC2, etc. (i.e. timesharing between monitoring of different subsets of the broadcast SMTCs).


[bookmark: _Toc92787950]RAN2 needs to discuss the mechanism or behavior how RRC_IDLE/RRC_INACTIVE UE chooses SMTCs to measure, from all SMTCs broadcasted by network. 

3	Ephemeris data

In TR 38.821 [2] it has been captured that ephemeris data should be provided to the UE, for example to assist with pointing a directional antenna (or an antenna beam) towards the satellite, and to calculate a correct Timing Advance (TA) and Doppler shift. Procedures on how to provide and update ephemeris data have not yet been studied in detail, though. 
Another aspect discussed during the study item and captured in TR 38.821, is the validity time of ephemeris data. Predictions of satellite positions in general degrade with increasing age of the ephemeris data used, due to atmospheric drag, maneuvering of the satellite, imperfections in the orbital models used, etc. Therefore, the publicly available TLE data are updated quite frequently, for example. The update frequency depends on the satellite and its orbit and ranges from weekly to multiple times a day for satellites on very low orbits which are exposed to strong atmospheric drag and need to perform correctional maneuvers often. 
As this is very much a RAN1 topic, in fact RAN1 has concluded on the ephemeris format and is preparing input to RAN2. The RAN1 conclusion is to provide all ephemeris in broadcast information.

[bookmark: _Toc92787948]The RAN1 conclusion is to provide all ephemeris in broadcast information.

RAN2 had discussed ephemeris in RAN2#113 and had the following agreements:


Agreements:
1. The NTN ephemeris is divided into serving cell’s ephemeris and neighbour’s ephemeris. FFS how would they differ regarding e.g. the required accuracy or signalling impact.    
1. Consider pre-configuration in uSIM, NAS, SIB and RRC signalling for providing the NTN ephemeris. Further discussion depends on the agreed ephemeris contents.  

As RAN1 has agreed to provide full ephemeris in system information it is suggested that possible pre-configuration is not further discussed in release 17.

[bookmark: _Toc92787951]RAN2 to agree that possible pre-configuration is not further discussed in release 17.

Then, as there will be ephemeris for several cells broadcasted by the same satellite it would be useful for the UE to know which cells are served by the same satellite for which ephemeris data is broadcast. Thus, we suggest to provide UE with such list.

[bookmark: _Toc92787952]RAN2 to conclude that for each satellite for which the ephemeris data is broadcast, the network can broadcast a list of cells served by the satellite.


There is also a RAN2 agreement that the ephemeris is divided into camped normally cell’s and neighbour’s part. To support UE mobility in RRC_IDLE and RRC_INACTIVE state, i.e. cell reselection, a satellite could broadcast, e.g. in the system information, ephemeris data of other satellites, optionally coupled with information about the cells these other satellites serve (such as carrier frequency, BWP, PCI, CGI, SSB ARFCN, SMTC, cell reselection parameters such as threshold(s) and offset(s), etc.). This can be limited to cells that are neighbors, and hence possible candidates for cell reselection, and the satellite(s) serving these cells. 
RAN1 parameter excel gives the following parameters related to ephemeris of serving cell for two different ways of providing the ephemeris info:

	ServingSatelliteEphemerisStateVectorX
	New
	ServingSatelliteEphemerisStateVectorX
	Indicate  the x-coordinate of serving  Satellite position state vector in ECEF The unit is m
	-42200000…+42200000

	ServingSatelliteEphemerisStateVectorY
	New
	ServingSatelliteEphemerisStateVectorY
	Indicate  the y-coordinate of serving  Satellite position state vector in ECEF The unit is m
	-42200000…+42200000

	ServingSatelliteEphemerisStateVectorZ
	New
	ServingSatelliteEphemerisStateVectorZ
	Indicate  the z-coordinate of serving  Satellite position state vector in ECEF The unit is m 
	-42200000…+42200000

	ServingSatelliteEphemerisStateVectorVx
	 
	ServingSatelliteEphemerisStateVectorVx
	Indicate the x-coordinate of serving  Satellite velocity state vector in ECEF The unit is m/s
	- 8000…+ 8000

	ServingSatelliteEphemerisStateVectorVy
	 
	ServingSatelliteEphemerisStateVectorVy
	Indicate the y-coordinate of serving  Satellite velocity state vector in ECEFThe unit is m/s
	- 8000…+ 8000

	ServingSatelliteEphemerisStateVectorVz
	 
	ServingSatelliteEphemerisStateVectorVz
	Indicate the z-coordinate of serving  Satellite velocity state vector in ECEF The unit is m/s
	- 8000…+ 8000

	ServingSatelliteEphemerisSemiMajorAxis
	New
	ServingSatelliteEphemerisSemiMajorAxis
	Indicate the following ephemeris orbital parameter for the serving satellite:
- Semi-major axis α 
The unit of Semi-major axis α is m
	6500 000… 43000 000

	ServingSatelliteEphemerisEccentricityE
	New
	ServingSatelliteEphemerisEccentricityE
	Indicate the following ephemeris orbital parameter for the serving satellite:
- Eccentricity e 
	0…0.015

	ServingSatelliteEphemerisArgumentOfPeriapsis
	New
	ServingSatelliteEphemerisArgumentOfPeriapsis
	Indicate the following ephemeris orbital parameter for the serving satellite:
- Argument of periapsis ω
The unit of Argument of periapsis ω is Radian
	0…2π

	ServingSatellite EphemerisLongitudeOfAscendingNode
	New
	ServingSatellite EphemerisLongitudeOfAscendingNode
	Indicate the following ephemeris orbital parameter for the serving satellite:
- Longitude of ascending node Ω
The unit of Longitude of ascending nod is Radian
	0…2π

	ServingSatelliteEphemerisInclinationI
	New
	ServingSatelliteEphemerisInclinationI
	Indicate the following ephemeris orbital parameter for the serving satellite:
- Inclination i 
The unit of Inclination is Radian
	- π/2 ...+ π/2

	ServingSatelliteEphemerisMeanAnomalyM
	New
	ServingSatelliteEphemerisMeanAnomalyM
	Indicate the following ephemeris orbital parameter for the serving satellite:
- Mean anomaly M [rad] at epoch time to
The unit of Mean anomaly M is Radian
	0… 2π

	ntnUlSyncValidityDuration
	New
	ntnUlSyncValidityDuration
	A validity duration configured by the network for uplink synchronization assistance information (i.e. Serving satellite ephemeris and Common TA parameters) which indicates the maximum time during which the UE can apply assistance information without having acquired new assistance information.
The unit of ntnUlSyncValidityDuration is second
	{ 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 120, 180, 240}



Agreement
Confirm the working assumption made at RAN1#106-bis-e on serving satellite ephemeris bit allocations for LEO/MEO/GEO based non-terrestrial access network:
1. Support serving satellite ephemeris format bit allocations for LEO/MEO/GEO based non-terrestrial access network:
0. Position and velocity state vector ephemeris format is 17 bytes payload. 
0. The field size for position (m) is 78 bits
0. Position range is driven by GEO : +/- 42 200 km
0. The quantization step is 1.3m for position
0. The field size for velocity (m/s) is 54 bits
1. Velocity range is driven by LEO@600 km: +/- 8000 m/s
1. The quantization step is 0.06 m/s for Velocity
0. Orbital parameter ephemeris format 18 byte payload
1. Semi-major axis α (m) is 33 bits
0. Range: [6500, 43000]km
1. Eccentricity e is 19 bits
1. Range: ≤ 0.015
1. Argument of periapsis ω (rad) is 24 bits
2. Range: [0, 2π]
1. Longitude of ascending node (Ω rad) is 21 bits
3. Range: [0, 2π]
1. Inclination i (rad) is 20 bits
4. Range: [- π/2 , + π/2]
1. Mean anomaly M (rad) at epoch time to is 24 bits
5. Range: [0, 2π]


However, broadcasting up to date ephemeris data with full accuracy for multiple satellites will require that the satellite’s gNB has to be kept updated with this information. Note also that except for the case of geostationary satellites, the neighboring satellites which are relevant for cell reselection keep changing (as do the satellite(s) which serve the gNB’s own cell(s) in the transparent payload architecture case), so a gNB will have to be updated with ephemeris data of many more satellites than the number of satellites that are relevant for cell reselection at any one time.
A way to reduce the required update frequency of other satellites’ ephemeris data, as well as reducing the volume of the ephemeris data, is to only broadcast coarse ephemeris data about other satellites, while the ephemeris data with full accuracy is only broadcast by each satellite itself. The coarse ephemeris data of a neighbor satellite would be enough to enable a UE using directional reception (i.e. receive beamforming) to direct its receive beam accurately enough to capture the transmissions from the neighbor satellite. This allows the UE to synchronize with a cell served by that satellite and receive the broadcast full-accuracy ephemeris data, which in turn allows the UE to calculate a timing advance (TA) needed for a possible random access attempt.

[bookmark: _Toc92787953]RAN2 should start by defining the camped normally cell’s ephemeris and see then what is needed about neighbour cells/satellites.

For the camped normally cell’s ephemeris RAN2 should discuss the frequency of how often each parameter needs to be update and whether there is difference. It is possible RAN2 needs input from RAN1 about this. In case there are parameters that need to updated more frequently, these should be grouped and then again group parameters that do not need to updated and broadcasted so often. This way the network can control the amount of RMSI broadcasted. This would however mean some specification effort as it would change the way RMSI is scheduled. It is possible as no legacy UEs are served in the carrier.

[bookmark: _Toc92787954]RAN2 whether current size of RMSI is still ok or if scheduling of RMSI should be done such that it provides updated info while reducing total overhead.


Conclusion
In the previous sections we made the following observations: 
Observation 1	RAN2 needs to consider how tservice (or eventually the location) is accommodated to the cell reselection.
Observation 2	The RAN1 conclusion is to provide all ephemeris in broadcast information.
Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN2 discuss how to apply tservice in the ranking rules for cell reselection.
Proposal 2	RAN2 needs to discuss the mechanism or behavior how RRC_IDLE/RRC_INACTIVE UE chooses SMTCs to measure, from all SMTCs broadcasted by network.
Proposal 3	RAN2 to agree that possible pre-configuration is not further discussed in release 17.
Proposal 4	RAN2 to conclude that for each satellite for which the ephemeris data is broadcast, the network can broadcast a list of cells served by the satellite.
Proposal 5	RAN2 should start by defining the camped normally cell’s ephemeris and see then what is needed about neighbour cells/satellites.
Proposal 6	RAN2 whether current size of RMSI is still ok or if scheduling of RMSI should be done such that it provides updated info while reducing total overhead.
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