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[bookmark: _Ref35586532]Introduction
[bookmark: OLE_LINK32][bookmark: OLE_LINK33][bookmark: OLE_LINK1][bookmark: OLE_LINK2]In RAN2#121bis meeting, mobility enhancements for IoT NTN UE were discussed, and some open issues are left. In this contribution, we will give some discussion on the open issues.
Discussion
Solutions on coverage derivation of earth moving cell
For earth moving cell, the following agreement was achieved:
Agreements via email – from offline 114:
3. For moving cell, the UE can derive the trajectory of serving cell with rough accuracy based on serving satellite ephemeris and epochTime, with the assumption that the serving cell reference location broadcast by the network is the one at Epoch time (like in NR-NTN)
This is aligning with NR-NTN, but how to define the serving cell reference location broadcast by the network is still open. NR NTN has achieved the following agreement in last meeting:
2. For earth-moving cell, new IE is introduced to indicate the reference location of serving cell.
We think this agreement can also be reused in IoT NTN.
Proposal 1: For earth-moving cell, new IE is introduced to indicate the reference location of serving cell (like in NR-NTN).
Then the next is issue is how to define the new IE of the reference location of serving cell. The following two options can be considered:
· Option 1: Indicating the position of the reference location of serving cell at the epoch time directly
According to this option, the procedure of UE determining the current positon of the serving cell is:
a) Acquire the serving cell reference location at epoch time from the SIB: (x, y), from SIB
b) Determine the sub-satellite point of the satellite,(x0, y0) at epoch time, and calculate the relative position between the serving cell reference location at epoch time with sub-satellite point of the satellite: (Δx,Δy) =  (x, y)- ,(x0, y0)
c) Determine the sub-satellite point of the satellite,(x1, y1) at current time, and calculate the serving cell reference location at current time: (X, Y) = (x1, y1) +  (Δx,Δy)
· Option 2: Indicating a relative position between the serving cell’s reference location and the sub-satellite point at epoch time
According to this option, the procedure of UE determining the current positon of the serving cell is:
a) Acquire relative position between the serving cell reference location with sub-satellite point of the satellite: (Δx,Δy), from SIB
b) Determine the sub-satellite point of the satellite,(x1, y1) at current time, and calculate the serving cell reference location at current time: (X, Y) = (x1, y1) +  (Δx,Δy)
[bookmark: _GoBack]Obviously, the procedure of Option 2 is simpler. 
Furthermore, if option 1 is used, and if the reference location defined as R17 ReferenceLocation-r17 is used, the overhead is 48bit. However if option 2 is used and if the relative position is defined, it is obvious, the value range of the relative position is less than the absolute position defined as R17 ReferenceLocation-r17, the signaling overhead of the option 2 is less than option 1.
So we think Option 2 should be used for the new IE definition of the reference location of serving cell.
Proposal 2: New IE introduced for the reference location of serving cell is defined as a relative position between the serving cell’s reference location and the sub-satellite point.
Application of location-based connected mode mechanism initiation to RRC_IDLE
In last meeting, the following proposals are discussed, and some open issues are left:
Proposal 9          (13/14) For fixed cell, same mechanism of location-based connected mode measurement initiation can also be used in RRC_IDLE (like in NR-NTN).
· Agreed for eMTC NTN as: “For fixed cell, location-based measurement initiation can also be used in RRC_IDLE for cell re-selection purposes (like in NR-NTN)”
· Come back in the next meeting for NB-IoT NTN
Proposal 10       (12/14) For moving cell, same mechanism of location-based connected mode measurement initiation can also be used in RRC_IDLE. FFS whether to consider solution that does not require UE to update the GNSS for this same as in connected mode.
· Agreed for eMTC NTN as: “For moving cell, location-based measurement initiation can also be used in RRC_IDLE for cell re-selection purposes (like in NR-NTN). FFS whether to consider solution that does not require UE to update the GNSS for this same as in connected mode”
· Come back in the next meeting for NB-IoT NTN
For the concept of “location-based measurement”, the following agreements in the RAN2#121 meeting:
Agreements:
1. Location-based connected mode measurement initiation is supported in quasi-Earth-fixed cell (UE is not required to update the GNSS location for this). A serving cell reference location and a distance threshold/radius for detecting when to trigger connected mode measurements will be broadcast for quasi-Earth-fixed cell. FFS on whether the R17 IEs are reused or not. FFS if the same mechanism can also be used in idle (like in NR-NTN)
2. Location-based connected mode measurement initiation is supported in earth-moving cell (UE is not required to update the GNSS location for this). A serving cell reference location and a distance threshold/radius for detecting when to trigger connected mode measurements will be broadcast for earth-moving cell. FFS on whether the R17 IEs are reused or not. FFS on whether additional information needs to be broadcast to inform the UE how the reference location moves over time or if this can be derived from other information (e.g. Epoch time and ephemeris). FFS if the same mechanism can also be used in idle (like in NR-NTN)
So no matter the location-based measurement is for connected mode or for RRC_IDLE mode, the UE is not required to update the GNSS location for this (location-based measurement). That is, we have an assumption of the UE is not required to update the GNSS location, for location-based measurement (the detail mechanism for UE not required to update the GNSS location is FFS). Based on the assumption above, there is no issue for power assumption caused by frequent location check. 
Proposal 3: For NB-IoT NTN, location-based measurement initiation can also be used in RRC_IDLE for cell re-selection purposes (like in NR-NTN), with the assumption that the UE is not required to update the GNSS location for location-based measurement. 
Validity of the new defined SIBxx
The following agreement has been achieved in last meeting:
Agreements:
1. New SIBxx is introduced to broadcast the neighbor cell/satellite information.
However, the open issue as following is left:
Proposal 2          (Proposed way forward) A single validity duration is assumed for the new SIBxx including all neighbor satellites information. FFS whether it is defined as implicit (serving satellite validity duration) or explicit in SIBxx or both.
We prefer to define separate validity duration for the new defined SIBxx, which can provide UE assistant information to perform neighbor cell measurement. But we also agree that, SIBxx is not essential SIB, and the UE can still work well without SIBxx. So it can be left to UE implementation whether the UE will re-acquire the SIBxx when the validity duration is expiry. 
The validity duration of SIBxx can be optional, and when it is absent, the validity of SIB31 can be used, like NR NTN. 
Proposal 4: Single validity duration is assumed for the new SIBxx including all neighbor satellites information. If the validity duration is absent, the validity of SIB31 can be used (like NR NTN). It is UE implementation whether the UE will re-acquire the SIBxx when the validity duration is expiry. 
Conclusion
In this contribution, we will give some discussion on the open issues, the following proposal and observations are given:
Proposal 1: For earth-moving cell, new IE is introduced to indicate the reference location of serving cell (like in NR-NTN).
Proposal 2: New IE introduced for the reference location of serving cell is defined as a relative position between the serving cell’s reference location and the sub-satellite point.
Proposal 3: For NB-IoT NTN, location-based measurement initiation can also be used in RRC_IDLE for cell re-selection purposes (like in NR-NTN), with the assumption that the UE is not required to update the GNSS location for location-based measurement. 
Proposal 4: Single validity duration is assumed for the new SIBxx including all neighbor satellites information. If the validity duration is absent, the validity of SIB31 can be used (like NR NTN). It is UE implementation whether the UE will re-acquire the SIBxx when the validity duration is expiry. 
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