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1. Introduction 
In RAN2#105 meeting, measurement variations in satellite systems was addressed during discussing report of email discussion [104#54] [NR - NTN]. The following agreements were captured.
1. Agreements:

2. =>
UE location and satellite ephemeris information would be beneficial.  

3. =>
The TR will capture the characteristic of the measurement variations in satellite systems 

In RAN2#107 meeting, we have the following agreement based on the email discussion [2]

Agreements 

1. Only cell level mobility is considered in NTN from a RAN2 perspective.

2. When discussing NTN mobility challenges/solutions, RAN2 will prioritize transparent GEO (A) and LEO with moving beam (C2, D2) architectures during the study item phase. Additional scenarios may be considered pending outcome of NTN study in RAN1.

In this contribution, we will discuss how measurement report is triggered in NTN.

2. Discussion
In the email discussion [1], four measurement triggers are introduced for discussion:

1. Inclusion of location information in the measurement report [15, 17]: Location information may be piggy backed onto the measurement report to provide the network additional information when determining whether to HO.

2. Conditional triggering of measurement reporting [16, 19, 20]: The triggering of measurement reporting can be based on UE location. This may be based on UE location vs a reference location, or a combination of location and RSRP/RSRQ.
3. Location-based weighting of measurement results [18]: the RSRP/RSRQ variation between cell centre and edge can made to be the same as in the terrestrial case. This could be accomplished by weighting the RSRP/RSRQ of the UE’s location based on the UE’s distance from cell center.
4. Coarse location reporting [16]: As fine location resolution may not always be needed, to limit location reporting overhead, a set of reference locations may be defined enabling coarse location reporting
Given the above solutions, we think it is necessary to unify a solution applies both idle mode UE for cell (re)selection, and connected mode UE for handover. Although connected UE mobility is configured by RRC dedicated signaling, and the idle mode cell (re)selection is configured by system information, we have to avoid the circumstance that a UE which have reselect to a neighbor cell, but after it enters to connected mode, it handover to the old cell immediately. 
Proposal 1: it is proposed to introduce a unified solution to address both the idle mode mobility triggering condition and cell (re)selection criteria. 

In previous RAN2 meeting discussion, UE location and satellite ephemeris based measurement report triggering mechanism was proposed to handle long propagation. This solution can be up to the configuration of NTN base station, also the ephemeris information stored in UE should be leveraged:

By this means, the NTN gNB configures the related location information to UEs, by RRC dedicated signaling or SIB broadcast. This location information indicates the locations where UE should trigger the measurement report as a triggering event. But it is difficult to define the frontier of the locations for measurement report. Hereby we have some options to indicate the location information to the UE:
Firstly, we have to define how the gNB configures the location information to the UEs to trigger the location based measurement report:
Signaling for location based measurement report trigger:

Option 1: NTN gNB broadcasts location information SIB. 

In this option, NTN gNB broadcasts the location information in SIB. But it is quite obvious that given the fast speed of LEO, if a list of fixed information are broadcasted, then the broadcasted information will change very rapidly with the velocity and direction of the satellite. 
Observation 1: broadcasted the dynamic location information in SIB for location based measurement report.  

Option 2: NTN gNB broadcast/groupcasts the location information 
In broadcast/groupcast approach, as in LTE MBMS/SC-PTM, the M-RNTI/G-RNTI is configured to the associated UEs. Unlike SIB broadcasting, MBMS/SC-PTM can update the location information dynamically. But the challenge is by far 3GPP has not standardize the solution of MBMS/SC-PTM in NR, so if we progress with this option, it seems we have wait the finalization of MBMS/SC-PTM, which is impractical. 
Observation 2: MBMS/SC-PTM likely multi-cast and groupcast can configure the location information for measurement report triggering dynamically. 

Option 3: NTN gNB configures the location information by RRC dedicated signaling to every UE.
As such, by RRC dedicated signaling, gNB has to configure all UEs the same list of locations that should trigger UE measurement report, by which a lot of redundant signaling overhead are introduced. But if we don’t send the location information by RRC dedicated signaling, broadcasted SIB can’t update the location information where UE should trigger measurement report, given the movement of LEO satellite. 
Observation 3: location information for triggering measurement report by dedicated RRC signaling works but it brings a lot of signaling overhead. 
3. How to identity the location for location based measurement report trigger?

The regarding this issue, we also have the following options for location indication:

Option 1: accurate GNSS coordinate for location indication
But apparently this option is impractical to implement. GNSS coordinate are two very long number to indicate longitude and latitude. If every GNSS coordinate should be indicated to every UE, tremendous number of SIB should be introduced, which seems even stupid somehow. 

Observation 4: signal every GNSS coordinate to UE for location based measurement report triggering is impractical. 
Option 2: Zone based location indication

In V2X, we introduced zone based sidelink radio resource allocation solution. In the zone of V2X, the starting point of coordinate is preconfigured, and the length, width, and the number of zones are configured as well. With these information and UE’s GNSS module, UE is aware which zone it is located in, so as to select the radio resource corresponding to the zone. But in V2X, the zone numbers are repeated reused, there may be only 6 or 8 zone numbers. But in NTN system, the zone number may be unique globally. The details of zone based location indication can be further discussed in WI phase. 
Observation 5: zone based location indication can reduce the signaling overhead for the configuration of location based to UE. 
Proposal 2: It is proposed to develop a zone based location system to minimize the location information signaling overhead. 

Option 3: relative location to the satellite is configured to the UE
After the discussion of how to signal the location based measurement configuration, we discovered that if the location information is dynamic changed along with rapid speed of the satellite, it is impossible to apply configuration in SIB. Also, the RRC dedicated signaling configuration introduces too much signaling overhead, which is not a desirable approach as well. So if we can develop a static location indication, rather than a dynamic location indication, then the location indication will be unnecessarily be updated very frequently, by which a lot of singling overhead can be avoided.
Observation 6: if the location information can be identified by the unchanged threshold of location to a satellite, then this location information can be static, which is unnecessarily be updated very frequently. 
Proposal 3: RAN2 is kindly asked to develop a static location information for location based measurement report trigger. 

In addition, unlike the TN network, the ephemeris of satellites are stored and updated in UE, by which UE can predicate the location, velocity and direction of each satellite base station. So UE knows the location of satellite, and for location aware UE, e.g. GNSS module embedded UE, UE also knows the distance to nadir, and the elevation angel as well. 
As such, for every satellite, it knows the neighbor satellite location, so it knows the proper location of UE to determine the handover. So the serving satellite gNB is able to figure out the location range of the UE where should perform handover, given the altitude, the distance of the neighbor satellite, and the footprint of the satellite beam. All UE has to do is to report the location, along with the RSRP/RSRQ. 
Location information can be identified by the following options, which doesn’t require the dynamic configuration of location information: 

Option 1: by the elevation angle to the serving cell
Option 2: by the distance to the nadir of the serving cell.
The above two options are actually the same option. With the distance to the nadir, or the elevation angle to the satellite, UE can determine whether it is in the center of the cell, or in the edge of the cell, and how far it is to the center of the cell. By this means, UE can be configured to report measurement result. 
Option 3: by the zone with the starting point of the nadir of the serving cell. 
In this option, as we identified above, zone can be divided with the starting point of the nadir. The serving NTN gNB configures the size of the zone, and the rule of counting of the zone is pre-configured. By this means, NTN gNB configures the zone list for triggering measurement report. 
Proposal 4: RAN2 is kindly asked to discuss the above options of a static location information for location based measurement report trigger.
4. Conclusion
We propose RAN2 to discuss and agree on following proposals:
Observation 1: broadcasted the dynamic location information in SIB for location based measurement report.  

Proposal 1: it is proposed to introduce a unified solution to address both the idle mode mobility triggering condition and cell (re)selection criteria. 

Observation 2: MBMS/SC-PTM likely multi-cast and groupcast can configure the location information for measurement report triggering dynamically. 

Observation 3: location information for triggering measurement report by dedicated RRC signaling works but it brings a lot of signaling overhead. 

Observation 4: signal every GNSS coordinate to UE for location based measurement report triggering is impractical. 

Observation 5: zone based location indication can reduce the signaling overhead for the configuration of location based to UE. 
Proposal 2: It is proposed to develop a zone based location system to minimize the location information signaling overhead. 

Observation 6: if the location information can be identified by the unchanged threshold of location to a satellite, then this location information can be static, which is unnecessarily be updated very frequently. 
Proposal 3: RAN2 is kindly asked to develop a static location information for location based measurement report trigger. 

Option 1: by the elevation angle to the serving cell

Option 2: by the distance to the nadir of the serving cell.

Option 3: by the zone with the starting point of the nadir of the serving cell. 
Proposal 4: RAN2 is kindly asked to discuss the above options of a static location information for location based measurement report trigger.
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