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Introduction
[bookmark: _Ref178064866][bookmark: _Ref462918989]At the RAN#86 meeting, upon successful completion of the “Study Item on NR support non-terrestrial network” [1], the corresponding work item was approved [2], with core part slated for completion by June 2021 (RAN#92), and the RAN4 performance part by December 2021 (RAN#94).
In this contribution, we provide our views regarding HAPS-Satellite location broadcasting.
Discussion
The WID in [2] has called out the following specifically.
· 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

One concept discussed is to provide ephemeris information about the satellite/HAPs location to UEs. For example, section 7.3.2.1.2 [1] discusses how knowledge of the ephemeris can be used to determine footprints of each of the beams and how this can be used simplify handover procedures. Satellite/HAPS location information has other uses as well. For example, section 7.3.2.1.3 of [1] discusses how ephemeris information can be leveraged for paging protocols. Another use described in [1] is to pre-compensate transmissions to account for large delays and Dopplers.
 
[bookmark: _GoBack]The method for providing ephemeris information to UE’s has not been specified. In addition, the concept of ephemeris for HAPs is not clear.  While HAPS motion is not predictable; its relative motion is also quite small compared to the motion of satellites. This allows us some leeway in the amount of information transmitted for HAPs and how often we need to transmit them.
Proposal
Given that ephemeris information needs to be disseminated periodically to all UEs, the use of system information seems natural. Our key idea is to propose that HAPS ephemeris information be broadcast in two SIBs. 
UEs (and other gNBs) need to know that the cell they are camping on is carried on a satellite or HAPS. Knowledge of gNB motion is useful in other terrestrial settings such as mobile trains as well. In [3], we explain why knowledge of mobility (of gNBs) helps in mitigating PCI confusion.
Since this information is needed even in idle/inactive mode (e.g., in RACH procedures), we propose that SIB1 carry a field to indicate that the cell belongs to a satellite/HAPS.
Proposal 1: SIB1 carried an indicator to notify that the cell is mobile.
Whether or not the indicator needs to distinguish between different types of satellites and HAPS is a topic that can be discussed further.
Proposal 2: RAN2 to discuss the granularity of moving cell indicator.
Ephemeris information and its periodicity is a function of the type of (moving) gNB. LEOs and HAPS may need to broadcast ephemeris at different rates. NR allows system information to be mapped to different periodicities, so we think a new SIB can be defined for ephemeris whose periodicity is set according to the need. 
Proposal 3: Ephemeris information in a new NTN optional SIB. The new optional SIB transmits either the satellite ephemeris or a HAPs ephemeris depending on the platform.
Currently the periodicity of system information can range from 80ms to 512ms. For ephemeris, much longer periodicities are acceptable. For example, a HAPS gNB may need to broadcast its location only every [1,10,50,100,1000] minutes.
Proposal 4: RAN2 to discuss if new values of SI periodicity need to be introduced for NTN.
A satellite will transmit using Satellite format, whereas a HAP will transmit using HAPs format and optionally a HAPS aircraft will transmit using aircraft format. For satellites, the ephemeris information has been discussed and documented in Appendix A.1 from [1]. For HAPS, we propose the following format:
Ephemeris format for HAPS:
name: timestamped_coordinates
type: array of compound fields [max length of 4]
subfield[0]: longitude_deg (double precision)
subfield[0]: latitude_deg (double precision)
subfield[0]: height_m (double precision)
subfield[0]: timestamp (uint64)
Subfield[0]: validity_timer (uint64)
Description: Cartographic coordinates are relative to the WGS84 reference ellipsoid of the Earth’s surface. Longitude and latitude are in degrees and height is the distance, in meters, above the WGS84 ellipsoid surface. Timestamp is a count of microseconds since the Unix epoch based and presumes that leap seconds are smeared according to https://developers.google.com/time/smear.
Optional (for HAPS and other aircraft)
name: aircraft_id 
type: scalar compound field
subfield: icao_aircraft_address (uint32)
subfield: aircraft_identification (ASCII string with max length of 7 chars)
Size (unpacked) if both populated = 128B  + 11B = 139 Bytes
We note that the ephemeris format above can also be applied to moving trains, aircraft, and other scenarios.
Proposal 5: The ephemeris format described in this document be adopted for HAPS.
Conclusions
In this document, we discussed several aspects related to ephemeris broadcast. Our proposals are summarized below.
Proposal 1: SIB1 carried an indicator to notify that the cell is mobile.
Proposal 2: RAN2 to discuss the granularity of moving cell indicator.
Proposal 3: Ephemeris information in a new NTN optional SIB. The new optional SIB transmits either the satellite ephemeris or a HAPs ephemeris depending on the platform.

Proposal 4: RAN2 to discuss if new values of SI periodicity need to be introduced for NTN.
Proposal 5: The ephemeris format described in this document be adopted for HAPS.
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