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1 Introduction

In RAN1#107e, RAN1 made following agreements related to satellite ephemeris and common TA parameters, which are necessary for NTN UEs to do TA pre-compensation.
	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:

· Support serving satellite ephemeris format bit allocations for LEO/MEO/GEO based non-terrestrial access network:

· Position and velocity state vector ephemeris format is 17 bytes payload. 

· The field size for position (m) is 78 bits

· Position range is driven by GEO : +/- 42 200 km

· The quantization step is 1.3m for position

· The field size for velocity (m/s) is 54 bits

· Velocity range is driven by LEO@600 km: +/- 8000 m/s

· The quantization step is 0.06 m/s for Velocity

· Orbital parameter ephemeris format 18 byte payload

· Semi-major axis α (m) is 33 bits

· Range: [6500, 43000]km

· Eccentricity e is 19 bits

· Range: ≤ 0.015

· Argument of periapsis ω (rad) is 24 bits

· Range: [0, 2π]

· Longitude of ascending node (Ω rad) is 21 bits

· Range: [0, 2π]

· Inclination i (rad) is 20 bits

· Range: [- π/2 , + π/2]

· Mean anomaly M (rad) at epoch time to is 24 bits

· Range: [0, 2π]




	Agreement
Using indicated Higher-layer Common TA parameters, if configured, the UE can determine the one-way propagation time ( [image: image2.png]Delay )
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  calculation as follows:
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Where:
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· TACommon, TACommonDrift and TACommonDriftVariation are Common TA parameter defined in RAN1 Meeting #106-bis-e
· [image: image13.png]Delay (1)



is the distance between the satellite and the uplink time synchronization reference point divided by the speed of light. DL and UL are frame aligned at the reference point with an offset given by [image: image15.png]N4 offset



.
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 is derived by the UE based on [image: image19.png]Delay (@)



 to pre-compensate the two-way transmission delay between the uplink time reference point and the satellite.



In addition, RAN2 receives a LS from RAN4 in [1] asking some questions related to neighbour cell information required for UE measurement and mobility, which seems also related to the content of system information. In this contribution, we would like to discuss what else needs to be included in system information and how should UE acquire NTN-specific system information.
2 Discussion 
Based on RAN1#107e’s meeting agreement, satellite ephemeris can be formulated in two forms, PVT format and Keplarian format, and which format to choose is up to network. Note that for the PVT format, it needs to be updated frequently for the NGSO case because satellite is moving and its position will be constantly changing. For common TA parameters, although RAN1 has introduced several parameters (i.e. TACommon, TACommonDrift and TACommonDriftVariation) and intends to reduce the overall updating frequency for these parameters, from RAN1’s simulation, the updating interval is still on the level of tens of seconds, even with both TACommonDrift and TACommonDriftVariation provided. This updating frequency is way too high compared to the TN case, which is normally on the level of few hours, resulting in frequent SI modification. 
Observation 1 NTN-specific system information may need to be updated frequently. 
If the current modification period is applied to the broadcasted ephemeris and common TA, the modification period should match with the update frequency of these parameters, which means that network may need to configure a very short modification period. In this way, UEs in RRC idle or RRC inactive mode are required to wake up more often to monitor for SI change indication and this would cause the UEs to consume more power. Instead, one alternative would be that ephemeris and common TA are broadcasted in a similar manner as that for UTC, i.e. network may update ephemeris and common TA at any transmission occasion, but does not trigger SI change notifications in the cell or cause the change of value tag in SIB1. Note that this is also beneficial for network to save paging resources.
Observation 2 If the current modification period is applied to the broadcasted ephemeris and common TA, UEs in RRC idle or RRC inactive mode is required to wake up more often to monitor for SI change indication, which would cause the UEs to consume more power and also waste more paging resources.
Proposal 1 Update of ephemeris and common TA information does not affect the value tag in SIB1 and does not trigger SI modification procedure.
In RAN4’s LS in [1], RAN4 is asking for UE measurements and mobility, whether following information is required or if there is other information required.
	(A1) Neighbor cell Ephemeris information and the format, e.g. PVT format or Keplarian format

(A2) Common TA

(A3) Validity timer information for neighbor cell measurements, e.g. if it is different from that for serving cell open loop TA control

· Would the timer length, if provided, be different from that for serving cell? For example, a required accuracy of service and/or feeder link delay information for neighbor cell measurement may not need to be as accurate as that for serving cell open loop TA control.

(A4) The amount of frequency compensation, if DL frequency compensation for the service link Doppler is applied

(A5) DL Polarization information




While it is not explicitly mentioned in RAN4’s LS whether idle mode or connected mode UEs are the targeted scenario when stating UE measurements and mobility, we think at least idle mode UEs should be in the scope of RAN4’s discussion.

In RAN2#116e meeting, following agreement was made on Idle/Inactive UEs measurement.

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.

This agreement means that for Idle/Inactive UEs, some timing adjustment for SSB measurement has to be done at UE side, because network is not aware of each Idle/Inactive UE’s service link delay and thus cannot pre-compensate it. For UE-based SMTC adjustment to work, we think at least following information needs to be broadcasted to the UE.

· (A1) Neighbour cell Ephemeris information. This is used by the UE to adjust SMTC by applying the service link’s propagation delay difference between serving cell and neighbour cells.

· (A3) Validity timer information for neighbour cell’s ephemeris information. This is used by the UE to evaluate the validity of neighbour cell’s ephemeris information in order to know when it can be used for SMTC adjustment.
· (A5) DL polarization information. RAN1#106bis-e has agreed to support polarization signalling for non-serving cell in RRM measurement configuration. We believe it is also needed in SIB for Idle/Inactive UE measurement.
Regarding (A2) common TA mentioned in the RAN4’s LS, we don’t think it is required for Idle/Inactive UE measurement. Common TA is more relevant to TA pre-compensation during RACH procedure and is not so relevant to measurement. If something has to be considered, it should be the feeder link delay for each neighbour cell if serving does not want to compensate it when broadcasting the SMTC information, in which case, UE uses neighbour cell’s service link delay and feeder link delay to adjust SMTC for SSB measurement.
In summary, for Idle/Inactive UE measurement and mobility, we think following information needs to be broadcasted in SIB and we can send a reply LS to RAN4 for Idle/Inactive UE measurements.

· (A1) Neighbour cell Ephemeris information. 

· (A3) Validity timer information for neighbour cell’s ephemeris information.
· (A5) DL polarization information.

· (A6) Neighbour cell’s feeder link delay
Proposal 2 Following information needs to be broadcasted for Idle/Inactive UE measurements and mobility.
(A1) Neighbour cell Ephemeris information. 

(A3) Validity timer information for neighbour cell’s ephemeris information.
(A5) DL polarization information.

(A6) Neighbour cell’s feeder link delay
Proposal 3 RAN2 send a reply LS to RAN4 on information required for Idle/Inactive UE measurements.
3 Conclusion
Based on the discussion in section 2 we have following observations and proposals: 
Observation 1
NTN-specific system information may need to be updated frequently.
Observation 2
If the current modification period is applied to the broadcasted ephemeris and common TA, UEs in RRC idle or RRC inactive mode is required to wake up more often to monitor for SI change indication, which would cause the UEs to consume more power and also waste more paging resources.


Proposal 1 Update of ephemeris and common TA information does not affect the value tag in SIB1 and does not trigger SI modification procedure.
Proposal 2 Following information needs to be broadcasted for Idle/Inactive UE measurements and mobility.

(A1) Neighbour cell Ephemeris information. 

(A3) Validity timer information for neighbour cell’s ephemeris information.
(A5) DL polarization information.

Proposal 3 (A6) Neighbour cell’s feeder link delay
Proposal 4 RAN2 send a reply LS to RAN4 on information required for Idle/Inactive UE measurements.
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