3GPP TSG-RAN WG2 Meeting #118 electronic	R2-2204963
Online, May 9-20, 2022

Agenda item:		6.10.3.2.1
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK3][bookmark: OLE_LINK36]Source:		Lenovo
Title:		Remaining issues of provisioning neighbor cell satellite information
Document for:		Discussion
1. Introduction
RAN2 have decided on how to provision serving cell ephemeris as well as its associated parameters. Considering that the neighbor cell ephemeris needs to be provisioned to UE from RAN2 perspective, it is also necessary to decide on how to provision it as well as its associated parameters including the epoch time and validity time. This issue is discussed in this contribution with potential options proposed.
2. [bookmark: Proposal_Beacon]Discussion
For the serving cell ephemeris and its associated parameters, which are essential for uplink synchronization, it has been agreed in RAN2#116bis that:
	· A new NTN-specific SIB is introduced (SIBx), scheduled by SIB1
· Introduce the following serving cell information to the corresponding SIBx (scheduled by SIB1): Ephemeris; common TA parameters; validity duration for UL sync information; t-Service; cell reference location; Epoch time.


However, as in RAN2#116 it has been assumed that from RAN2 perspective the neighbor cell ephemeris is also needed, but there is no agreement on how to provision the neighbor cell ephemeris as well as it associated parameters to the UE. Considering the progress of Rel-17 it is necessary to make some agreements on this issue.
Provisioning of serving cell ephemeris and associated parameters
For implementation, SIBXX is represented in the 38.331 running CR as:
	SIBXX
SIBXX contains satellite assistance information.
SIBXX information element
-- ASN1START
SIBXX-r17 ::= SEQUENCE {
   ntn-Config             NTN-Config                 OPTIONAL,       -- Need R	
   t-Service-r17          INTEGER (0..549755813887)  OPTIONAL,       -- Need R	
   referenceLocation-r17  ReferenceLocation-r17      OPTIONAL,       -- Need R
   ta-Report-r17          ENUMERATED {enabled}       OPTIONAL        -- Need R
}
-- ASN1STOP

	SIBXX field descriptions

	ntn-Config
Provides Ephemeris data, common TA parameters, koffset, validity duration for UL sync information and epoch time when included in SIBxx.

	…


And the ntn-Config is represented as:
	NTN-Config
The IE NTN-Config provides parameters needed for the UE to access NR via satellite access. FFS more detailed description.
NTN-Config information element
-- ASN1START
-- TAG-NTN-CONFIG-START
NTN-Config-r17 ::=           SEQUENCE {
[bookmark: OLE_LINK153][bookmark: OLE_LINK154][bookmark: OLE_LINK167][bookmark: OLE_LINK168]    epochTime-r17                  EpochTime-r17                             OPTIONAL,  -- Need R
    ntnUlSyncValidityDuration-r17  ENUMERATED{s5, s10, s15, s20, s25, s30, s35, s40, s45, s50,
                                       s55, s60, s120, s180, s240}           OPTIONAL,  -- Need R
…
    ephemerisInfo-r17              EphemerisInfo-r17                         OPTIONAL   -- Need R
    ...
}
EpochTime-r17 ::=               SEQUENCE {
    sfn-r17                        INTEGER(0..1023),                                                 
    subFrameNR-r17                 INTEGER(0..9)                                                 
}
…
}
-- TAG-NTN-CONFIG-STOP
-- ASN1STOP
	NTN-Config field descriptions

	EphemerisInfo 
This field provides satellite ephemeris either in format of position and velocity state vector or in format of orbital parameters. This field is excluded when determining changes in system information, i.e. changes of XXX should neither result in system information change notifications nor in a modification of valueTag in SIB1.  

	epochTime
Indicate the epoch time for assistance information (i.e. Serving satellite ephemeris in IE ephemerisInfo and Common TA parameters). When explicitly provided through SIB, or through dedicated signaling, EpochTime is the starting time of a DL sub-frame, indicated by a SFN and a sub-frame number signaled together with the assistance information.The reference point for epoch time of the serving satellite ephemeris and Common TA parameters is the uplink time synchronization reference point. If this field is absent, the epoch time is the end of SI window where this SIBxx is scheduled. This field is mandatory present when provided in dedicated configuration.

	…





Options of provisioning of neighbor cell ephemeris and associated parameters
Firstly, it is necessary to check what contents are needed for the neighbor cell ephemeris and its associated parameters. For the ephemeris itself, it is expected that neighbor cell ephemeris will support the same formats (position and velocity state vector, or orbital parameters) as that for the serving cell ephemeris. Except for the neighbor cell ephemeris, at least the following associated parameters need to be known by UE as well to make use of the ephemeris:
· Validity duration: although UL sync is not needed for neighbor cell, it is still necessary to know when a neighbor cell ephemeris is valid. Besides, in RAN2#117 it was agreed that:
	The validity timer information for neighbour cell’s ephemeris information should be introduced in system information and it can be the same as or different from the validity timer of the serving cell.


· Epoch time: the epoch time is essential for accurate calculation based on the ephemeris, and for the serving cell ephemeris it is also agreed that the validity time starts at the epoch time. It is expected that the epoch time of neighbor cell ephemeris can be the same as or different from the epoch time of the serving cell.
For cell reselection purpose, in particular for the location-based cell reselection wherein too-far neighbor cell will be excluded, the neighbor cell reference location is optionally needed. Considering its purpose, this parameter can be included in the SIBs dedicated for cell reselection.
And for other associated parameters (common TA parameters, t-Service) that are necessary to the serving cell ephemeris, no essential necessity is observed for the neighbor cell ephemeris considering its different purpose (not for UL sync).
Observation 1: For neighbor cell ephemeris, UE at least needs to know the epoch time and validity time of the neighbor cell ephemeris. If location-based cell reselection is configured, neighbor cell reference location is also needed. Common TA parameters and t-Service for neighbor cell are not needed in this release.
As the neighbour cell ephemeris could be used both in CONNECTED and IDLE mode, at least provisioning in system information can be supported. Meanwhile from a functional point of view, it is better to include all ephemeris for NTN in the same SIB (i.e. SIBXX). Besides, as the running CR has provided implementations of the serving cell ephemeris that cover all necessary parameters, provisioning of neighbor cell ephemeris as well as its associated parameters in SIBXX is also time-efficient.
Proposal 1: Neighbor cell satellite ephemeris and its associated parameters (epoch time and validity time) can be provisioned to UE in SIBXX.
For the formats that have been agreed, the position and velocity state vector ephemeris format is 17 Bytes payload. And the orbital parameter ephemeris format 18 Byte payload. As a result the scale of the whole ephemeris data can be quite substantial for system information broadcasting and UE reception. Considering that a satellite constellation belonging to the same operator may typically share a common orbital plane or altitude, and may operate with organized and fixed intervals of distance, time or angle, there is no need to indicate the full ephemeris for each satellite in it. From this perspective the ephemeris for a satellite/HAP constellation can be compressed.
Observation 2: The neighbor cell ephemeris can be represented in a relative manner comparing to the serving cell ephemeris, to reduce the size of SIBXX.
For the detailed content of neighbor cell ephemeris, a simple and feasible way is to provision it in a relative manner. For instance, full serving cell ephemeris #1 can be included in SIBXX as absolute values (α1, e1, ω1, Ω1, i1, M1), while the neighbor cell ephemeris #2 can be represented as delta values (Δα2=α2-α1, Δe2=e2-e1, Δω2=ω2-ω1, ΔΩ2=Ω2-Ω1, Δi2=i2-i1, ΔM2=M2-M1), wherein the orbit plane parameters (Δα2, Δe2, Δω2, ΔΩ2, Δi2) can even be zero and thus omitted.
Proposal 2: For a satellite constellation, neighbor cell ephemeris can be indicated as delta values to the serving cell ephemeris in SIBXX.
To further save SIB size, network implementation can guarantee that the epoch time and validity time associated to neighbor cell ephemeris have the same value as those associated to serving cell ephemeris. This could be explicitly indicated by network or implicitly indicated as default.
Proposal 3: If network does not provision the particular values of the epoch time and validity time associated to neighbor cell ephemeris, the UE considers that the epoch time and validity time associated to neighbor cell ephemeris have the same values as those associated to serving cell ephemeris.
3. Conclusion
In this contribution, we discuss how to provision the neighbor cell ephemeris as well as its epoch time and validity time. The following observation are given:
Observation 1: For neighbor cell ephemeris, UE at least needs to know the epoch time and validity time of the neighbor cell ephemeris. If location-based cell reselection is configured, neighbor cell reference location is also needed. Common TA parameters and t-Service for neighbor cell are not needed in this release.
Observation 2: The neighbor cell ephemeris can be represented in a relative manner comparing to the serving cell ephemeris, to reduce the size of SIBXX.
And we propose:
Proposal 1: Neighbor cell satellite ephemeris and its associated parameters (epoch time and validity time) can be provisioned to UE in SIBXX.
Proposal 2: For a satellite constellation, neighbor cell ephemeris can be indicated as delta values to the serving cell ephemeris in SIBXX.
Proposal 3: If network does not provision the particular values of the epoch time and validity time associated to neighbor cell ephemeris, the UE considers that the epoch time and validity time associated to neighbor cell ephemeris have the same values as those associated to serving cell ephemeris.
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