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Introduction
In RAN2#111-e [4], the following agreements regarding cell selection/cell reselection in relation to ephemeris and idle mode issues were made:
Agreements:
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 via email - from offline 106:
1. The network type (i.e., TN or NTN) should be known to UE. FFS whether to achieve this in an implicit or explicit way.
2. Postpone the discussion on whether to introduce a new SIB until we have more progress on the content of NTN specific system information.

In RAN2#112-e [5], the following agreement in regards to control plane issues was reached :
Agreements:
1. Existing cell reselection principles are considered as baseline and that information about when a cell is going to stop serving the area and information about new upcoming cell can be further considered. In which form and how this is exactly implemented in the cell reselection principles is FFS.

In RAN2#113-e [6], the following agreements for Idle/Inactive mode procedures in relation to ephemeris were reached :

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.    
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.

Finally, in RAN2#113bis-e [7], in regard to RACH the following agreements were made.
Agreements:
1. RAN2 wait for RAN1’s feedback on UE obtaining UE-gNB RTT.
2. RAN2 send an LS to RAN1, focusing on below aspects:
	-	Ask RAN1 to prioritize the TA pre-compensation work on whether and/or what parameters to broadcast for TA pre-compensation, and when broadcasted, how often the broadcasted parameters are expected to change over time;
	-	RAN2 has agreed to use UE-gNB RTT as the offset to start some UP timers (e.g. drx-HARQ-RTT-TimerDL). Ask RAN1 to provide inputs on (i) how UE acquires UE-gNB RTT and (ii) what additional information needs to be broadcasted other than that for TA pre-compensation, if any.

Also, in RAN2#113bis-e [7], for connected mode enhancements which need information from the UE or from the network in terms of time/timer or location the following agreements were made.
Agreements: 
1. 	Timing information in CHO execution triggering for NTN describes the time after which the UE is allowed to execute CHO to the candidate target cell.
2.	Working assumption: the timing information for CHO execution triggering in NTN is defined in the form of a timer/timers. This can be revised and a solution based on UTC/system frame number can be considered if problems are found (e.g. if the timer lacks accuracy due to RTT in NTN).
3.	The location in location-based CHO execution triggering for NTN describes the distance between the UE and the reference location of the cell (serving cell or the target cell). FFS what the reference location of the cell is (e.g. cell center or other) and how this is provided to the UE

Each of these agreements above indicate that there are conclusions or intermediate milestones reached that are heavily dependent on availability of ephemeris data on UE in some form. This information, however, is currently blocked due to progress in RAN1 (on how much information is needed, what information has to be delivered to the UE, in what form and in what frequency). In some sense, this has led to the stalling of progress in RAN2 in terms of items relating to pre-compensations, RACH, Idle/Inactive mode procedures and connected mode handover procedures. In this contribution, we explain the need for ephemeris information in these areas showing how availability at UE can not only be achieved easily without losing network control but also can help RAN2 progress further and quicker on these topics.

Discussion
Ephemeris and Pre-compensation
Based on [Offline-103][NTN][RACH Aspects] from RAN2#113bis-e [7], it was concluded that UE-gNB RTT needs to be used as offset value to start ra-ResponseWindow, msgB-ResponseWindow and ra-ContentionResolutionTimer. While there are differences of opinion on if this value needs to be reported back to the network during RACH, the main concern is how this value itself is obtained. This would need some form of ephemeris at the UE which depends on RAN1 progress. In case, RAN1 concludes on the content and the frequency of such updates, it is still unclear if at all RAN2 can broadcast this in SIB1 as concluded in RAN2#111-e [4] or if an entirely new SIB is needed. 
Further as [8] suggests, 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.”
Also, from [8], ephemeris fixes need to be received at the receiver (UE) a few seconds earlier before the desired transmissions which will further complicate SIB designs for earth-moving satellite architectures due to the small amount of time the satellite is in visible range to the UE. 
“Satellites broadcast a new ephemeris every two hours. The ephemeris is generally valid for 4 hours, with provisions for updates every 4 hours or longer in non-nominal conditions. The time needed to acquire the ephemeris is becoming a significant element of the delay to first position fix, because as the receiver hardware becomes more capable, the time to lock onto the satellite signals shrinks; however, the ephemeris data requires 18 to 36 seconds before it is received, due to the low data transmission rate.”
We, therefore, have the following observation. 

Observation 1: Satellite data typically needs to be updated very in-frequently as opposed to the frequent broadcasts that are needed for 3GPP terrestrial networks. 

So, until RAN1 concludes on the contents of information of ephemeris, on the frequency of the content in terms of delivery to the UE, the procedural changes on RAN2 are stalled. Also, it is unclear if the current SIBs are sufficient or if additional SIBs need to be introduced for the purpose of ephemeris delivery to the UE at the most opportune time. For a freely available ephemeris database that can simple be downloaded from the internet is all this complication and wait necessary? We, therefore, have the following proposals as a way forward for RAN2.

Proposal 1: RAN2 assumes that the entire ephemeris is always available on the UE for pre-compensation and continues with protocol enhancements as needed. 

Proposal 2: RAN2 will send an LS to RAN1 on the assumption of entire ephemeris at the UE.

 These proposals will ensure that there is no unnecessary back and forth between RAN2 and RAN1 in terms of the ephemeris parameters or in terms of frequency of the updates needed. Also, this will allow RAN1 to concentrate on the usage of the entire ephemeris database for designing the pre-compensation architecture of NTN rather than wasting their time on the parameters themselves potentially letting them conclude quicker. RAN2 can also independently design and move forward with how to utilize these pre-compensation parameters on the UE to make reliable RACH transmissions.  

Ephemeris and NTN Cell Selection and Cell Reselection Procedures
From RAN2#112-e [5], RAN2#113-e [6] and RAN2#113bis-e [7], it was concluded that some form of ephemeris will be available at the UE in order to do cell selection and cell reselection procedures. However, in the recent meetings it was also concluded that freely available ephemeris information at the UE will be now be split into serving and neighbor cell information and that additionally, timing information on how long this cell is available will be broadcasted. Discussions are also happening on when the new cell is available in terms of time etc. are also continuing. Once again, all this information can be derived from the freely available ephemeris database at both the UE and the network. If the network can simply provide the satellite cell ID mapping to the UE in terms of a satellite ID or some other method, the UE can simply utilize this entire information to perform the same procedures as those currently being envisioned without the need for unnecessary additional broadcasts. 

Observation 2: Ephemeris allows UE to know the current serving satellite and the neighbor satellite information. Ephemeris also provides the UE with the time the current serving satellite is in range and when a new satellite will be available for the UE to reselect to. UE does not have the cell ID to satellite mapping which needs to be provided to the UE from the network. 

Observation 3: Availability of ephemeris at the UE will reduce the overhead of broadcast information needed from the network.

Using the observations above, we have the following proposals for NTN Idle mode procedures 

Proposal 3: RAN2 assumes availability of entire ephemeris at the UE for cell selection and cell reselection for progress. FFS on how cell ID is mapped to satellite ID.
 
Ephemeris and Multi-Satellite Configurations
The availability of entire ephemeris at the UE is also advantageous in terms of network not having to include additional indications in terms of satellite configurations of LEO or GEO or MEO. This data can be easily derived at the UE using the database. Network once again needs to just send the mapping information of the cell ID with the satellite ID. In such multi-satellite configuration deployments (specifically GEO + LEO or GEO + HAPS or LEO+HAPS), the broadcast information needed would be extremely prohibitive on the network. We, therefore, have the following observation and proposal for multi-satellite configurations.  

Observation 4: Availability of ephemeris at the UE will relieve the network of huge broadcast sizes in multi-satellite configuration environments. 

Proposal 4: RAN2 to provide solutions to address the preamble ambiguity issues at the network when receiving in a detection window multiple PRACHs that are sent from different UEs in different slots.

Ephemeris and Connected Mode Procedures 
For connected mode procedures, the discussion primarily is surrounded based on UE location or timing information in order to achieve conditional handovers. However, if ephemeris is available on the UE, the entire conditional handover procedure can be reverted back to existing Rel-16 measurements-based CHO. No additional location or timing information is needed. What would, however, be needed is the satellite ID to cell ID mapping and based on network implementation, the RSRP, RSRQ thresholds can be modified accordingly on when the handovers themselves need to be triggered for a particular cell ID. The location information then becomes implicit on the UE and the network and no additional exchanges on location boundaries or UE location need to be made between UE and the network. This simplified implementation would allow for faster agreements in RAN2 without impacting UE privacy or UE power consumption.  

Observation 5: Location based information whether reported by UE or indicated as boundaries by network will lead to power consumption on UEs. 

Observation 6: The timing information on satellite availability needed for executing enhanced CHO for NTN is already available through ephemeris. 

Proposal 5: RAN2 to discuss applying existing Rel-16 CHO procedures in NTN with entire ephemeris information on UE. 

With all the previous observations and proposals, we feel RAN2 should invest more time on providing the entire ephemeris database to the UE instead of depending on RAN1 for definitions on parameters or frequencies. This could be achieved using both AS or NAS mechanisms or using uSIM mechanisms as was agreed in RAN2#113-e [6].

Proposal 6: For faster progress and more easily achievable technical outcomes, RAN2 to invest time in mechanisms to provide entire ephemeris to UE in lieu of relying solely on RAN1. 

Conclusion
In this contribution, we provided our views on how having the entire ephemeris database on the UE will not only speed up agreements in RAN2 for various issues relating to RACH, idle and connected mode procedures, it would also lead to simpler and technically efficient changes in accommodating NTN into existing 3GPP architectures with the smallest amount of specification changes. For simplicity, we list all our observations and proposals below: 

Observation 1: Satellite data typically needs to be updated very in-frequently as opposed to the frequent broadcasts that are needed for 3GPP terrestrial networks. 

Observation 2: Ephemeris allows UE to know the current serving satellite and the neighbor satellite information. Ephemeris also provides the UE with the time the current serving satellite is in range and when a new satellite will be available for the UE to reselect to. UE does not have the cell ID to satellite mapping which needs to be provided to the UE from the network. 

Observation 3: Availability of ephemeris at the UE will reduce the overhead of broadcast information needed from the network.

Observation 4: Availability of ephemeris at the UE will relieve the network of huge broadcast sizes in multi-satellite configuration environments. 

Observation 5: Location based information whether reported by UE or indicated as boundaries by network will lead to power consumption on UEs. 

Observation 6: The timing information on satellite availability needed for executing enhanced CHO for NTN is already available through ephemeris. 

Proposal 1: RAN2 assumes that the entire ephemeris is always available on the UE for pre-compensation and continues with protocol enhancements as needed. 

Proposal 2: RAN2 will send an LS to RAN1 on the assumption of entire ephemeris at the UE.

Proposal 3: RAN2 assumes availability of entire ephemeris at the UE for cell selection and cell reselection for progress. FFS on how cell ID is mapped to satellite ID.

Proposal 4: RAN2 to provide solutions to address the preamble ambiguity issues at the network when receiving in a detection window multiple PRACHs that are sent from different UEs in different slots.

Proposal 5: RAN2 to discuss applying existing Rel-16 CHO procedures in NTN with entire ephemeris information on UE. 

Proposal 6: For faster progress and more easily achievable technical outcomes, RAN2 to invest time in mechanisms to provide entire ephemeris to UE in lieu of relying solely on RAN1. 
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