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Introduction
One of the objectives for RAN2 [1] is to support “Provisioning of ephemeris”. The WID emphasizes that this enhancement (as well as some other user plane enhancements) should use the agreements reached in the NR_NTN_Solutions WI as baseline. 

In this contribution, we provide some views on how this objective can be achieved.
Discussion
The discussion of ephemeris is still ongoing in RAN1 and RAN2, and the details of what kind of ephemeris information is sent to the UE, as well as the mechanisms to distribute ephemeris information are still FFS. Some relevant agreements from previous RAN2 meetings are pasted below for reference. Our views on this topic can be found in [4].

Agreements: (from R2-111e)
1.	 Cell selection / reselection in NR is the baseline in NTN idle mode procedure.
2.	 Satellite/HAPS ephemeris based cell selection and reselection should be defined for NTN (FFS what	the term satellite/HAPS ephemeris actually means). FFS when this ephemeris based cell selection /	reselection can be used. FFS whether UE location (and/or other information) based cell selection and	reselection should be introduced for NTN
3.	 The satellite ephemeris should be provided to UE, at least for Satellite/HAPS ephemeris based cell selection and reselection (FFS what the term satellite/HAPS ephemeris actually means).

Agreements: (from R2-113e)
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.    
2.	Consider pre-configuration in uSIM, NAS, SIB and RRC signalling for providing the NTN ephemeris. Further discussion depends on the agreed ephemeris contents. 
3.	RAN2 thinks that a UE needs to know whether the network is a TN or NTN no later than SIB1 reception
4.	The information on when a cell is going to stop serving the area and/or the timing information (e.g., timer or absolute time) about new upcoming cell is supported at least in Earth-fixed NTN scenario. FFS if both types of information are needed. FFS if this is known from system information and/or the ephemeris.

Based on the above agreements and discussion in RAN1, it is observed that satellite ephemeris is required for a variety of purposes.
· Time and frequency pre-compensation to account for UE-gNB RTT and Doppler shift, for random access
· Ephemeris based cell selection and reselection
· Ephemeris information could also be used to indirectly signal
· Network and satellite type: e.g., TN, NTN GEO, or NTN LEO
· Timing information on when a cell is going to stop serving some area

The term ephemeris as used above is quite broad and includes the following.
· Almanac: coarse information about a satellite system that can be valid for many days. This is referred as “Essential elements of ephemeris” in TR 38.821 [2]
· Ephemeris: finer information about satellite orbital position that can be valid for a few hours
· “Finer” ephemeris: even finer information that includes corrections to ephemeris and accounts e.g., for antenna beam steering, valid for a few seconds to a few minutes

While the details of ephemeris handling are not yet finalized, we observe that some components of ephemeris change slowly (over a few days or hours) and some components can vary more rapidly (of the order of minutes or tens of seconds). Also, the size of the different components of ephemeris information varies. Typically, the almanac is many times larger than (fine) ephemeris because it contains information about the entire satellite constellation. As suggested in [3], the ephemeris data itself varies at a very low frequency as quoted below:  
“Satellite data is updated typically every 24 hours, with up to 60 days data loaded in case there is a disruption in the ability to make updates regularly. Typically, the updates contain new ephemerides, with new almanacs uploaded less frequently. The Control Segment guarantees that during normal operations a new almanac will be uploaded at least every 6 days.”

Observation 1: Ephemeris consists of different kinds of information which can change at different rates and have different sizes.

We note that there are several options for provisioning ephemeris on the table such as pre-configuration in USIM, signaling via NAS, system information broadcast, and dedicated RRC signaling. Since different components of ephemeris can vary at different time scales and also differ significantly in size, it is possible to consider that the different components of ephemeris are delivered using different mechanisms. 

In particular, the use of NAS mechanisms for delivering slowly changing ephemeris information appears to be very attractive. For more rapidly changing ephemeris, the use of RRC (either broadcast or dedicated) seems more appropriate.

Proposal 1: NAS mechanisms be used for slowly changing ephemeris, and RRC signaling for rapidly changing ephemeris.

Energy consumption is an important consideration for NTN IoT UEs. If a new SIB is defined for ephemeris, then the UE is forced to acquire system information whenever the system information changes. On the other hand, UEs may not need to acquire the latest ephemeris until they need to initiate random access. For this reason, it seems desirable not to trigger system information modification for ephemeris related SIB(s).

Proposal 2: System information modification procedure is not invoked for ephemeris related SIBs.

In order to ensure that the UE uses valid ephemeris information, RAN can specify a validity period which can be used by the UE to check if the version of the ephemeris stored in the UE is valid. If not, the UE can proceed to acquire the latest ephemeris related SIB.

Proposal 3: A validity period is used to ensure that the ephemeris information used by the UE is valid.

Details of how the validity period is specified (e.g., in the spec or via RRC signalling) can be discussed later if Proposal 3 is found agreeable. 
Conclusions
In this document, we provide our views on how ephemeris is provisioned. Our observations and proposals are summarized below.

Observation 1: Ephemeris consists of different kinds of information which can change at different rates and have different sizes.

Proposal 1: NAS mechanisms be used for slowly changing ephemeris, and RRC signaling for rapidly changing ephemeris.

Proposal 2: System information modification procedure is not invoked for ephemeris related SIBs.

Proposal 3: A validity period is used to ensure that the ephemeris information used by the UE is valid.
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