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[bookmark: _Ref165266342]Introduction
In RAN2#112-e meeting, the following agreements on measurement were reached [1]:
Agreements_RAN2#112-e:
1. The existing measurement framework (e.g. measurement configuration, execution and reporting) is the baseline, and all the existing measurement criteria and event can be used in NTN. Support for new measurement is not excluded.
2. Legacy SSB periods (as in TN) shall be supported in NTN. 
3. The Location-based measurement event, in combination with the existing measurement event in NR, should be supported in NTN for both moving cell and fixed cell scenarios. FFS on how to configure the location based measurement event.
4. RAN2 understanding that UE shall not be forced to detect the SSB burst outside the corresponding configured SMTC window in NTN, just like the principle in TN.
5. SMTC and gap configuration in NTN are configured based on the timing of PCell
6. RAN2 can first identify the scenarios and discuss how serious the impact is before addressing any enhancement for SMTC configuration in NTN.
7. RAN2 can’t assume that the network will always have UE accurate location info for SMTC window configuration in NTN
8. UE along with the network in NTN should also have the same understanding of the timing, including the timing for measurement gap, to avoid any un-synchronized scheduling between UE and the network, just like the way we have in TN

In this contribution, we will discuss some issues on measurement in NTN and provide some suggestions.
Discussion
Measurement initiation condition
In R16, connected mode UE based on s-MeasureConfig to perform measurements on non-serving cells, which is the threshold for NR SpCell RSRP measurement. But in NTN system, the near-far effect is not pronounced. So, UE cannot make sure whether itself is in the serving cell center or edge based on serving cell measurement result in NTN system. If UE trigger non-serving cell measurements based on the serving cell RSRP, UE may measure non-serving cells too early or too late.
Observation 1: Criterion based on signal strength of serving cell for measurements on non-serving cells is inadequate in the NTN system as the near-far effect is not pronounced. 
Considering the deterministic movement of satellites and satellites cell, UE can estimate whether itself is in the cell center or edge based on the satellite cells and UE location information. So, RAN2 should study measurement initiation condition for non-serving cells based on serving cell and UE location information.
Proposal 1: RAN2 should study measurement initiation condition for non-serving cells based on location information, the following options can be considered.
Option 1: UE can perform measurements on non-serving cells based on the distance between UE and the serving satellite.
Option 2: UE can perform measurements on non-serving cells based on the distance between UE and the center of serving cell.
Option 3: UE can perform measurements on non-serving cells based on a geographical area scope referring to the coverage information of serving cell.
Location based measurement event
[bookmark: OLE_LINK10]In RAN2#112 e-meeting [1], location based measurement event has been introduced, in combination with the existing measurement event in NR, for both moving cell and fixed cell scenario. FFS on how to configure the location based measurement event.
Similar to location based CHO triggering event which we have discussed in companion tdoc on conditional handover [2], location based measurement event can be configured according to the distance between UE and cell center and a geographical area scope referring to the cell coverage information, for regular and irregular cells, respectively.
Proposal 2: Location based measurement event can be configured based on the distance between UE and cell center for satellite cells with regular shape.
Proposal 3: Location based measurement event can be configured based on a geographical area scope referring to the cell coverage information for satellite cells with irregular shape.
SMTC and measurement gap enhancement
In TN, the propagation delay between UE and different gNBs is little difference. But, in NTN system, the propagation delay difference between serving cell and neighbor cells is quite larger than that in TN system. As shown in Figure 1, Cell 1 is associated with satellite SA1 and gateway GW1 and Cell 2 is associated with satellite SA2 and gateway GW2, and UE in the coverage overlapping area of Cell 1 (serving cell) and Cell 2 (neighbour cell). For transparent payload scenario, the propagation delay is included two part: service link (, ) delay and feeder link (, ) delay. The path lengths between GW1 and GW2 to UE are  and  respectively, and the length difference between  and  may be quite large. So, the propagation delay difference between the serving cell and the neighbour cell may be quite larger than the length of SMTC window/ measurement gap.


Figure 1 the propagation delay difference between two cells 
If the SMTC/Measurement gap configuration did not consider the propagation delay difference between the serving cell and neighbor cells, UE may miss the SSB burst signal generated by neighbour cells with high possibility. The issue has been captured in the email discussion of Post113-e [3].
To solve this issue, some potential solutions for SMTC/measurement gap configuration are considered in the email discussion. In [3], most companies support enhancements of SMTC/measurement gap configuration. For SMTC configuration, majority prefer using one or more SMTC configuration(s) with one or more offset(s) associated to each SMTC configuration in order to account for the different propagation delays. For measurement gap configuration, majority support multiple measurement gap patterns. Network can configure multiple SMTC/measurement gap for different neighbour satellites with different propagation delay. 
But in the case, network need accurate propagation delay difference between serving cell and neighbour cell to (re)configure the SMTC/measurement gap windows. In RAN2#112 e-meeting [1], “RAN2 can’t assume that the network will always have UE accurate location info for SMTC window configuration in NTN” has been agreed. So, network cannot obtain the accurate propagation delay difference based on the UE location information, but it can be obtained by UE report, which will lead to high signalling overhead.
Observation 2: Network requires the propagation delay difference between serving cell and neighbor cells to update SMTC/measurement gap configuration. 
Considering security, the location of GW is unknown to UE, so the propagation delay of feeder link (as  and  in figure 1) is unknown to UE. Therefore, according to UE location information and ephemeris information, UE can only calculate the service link propagation delay difference. The feeder link propagation delay difference can be acquired by network to assist SMTC/measurement gap configuration.
Observation 3: The feeder link propagation delay difference can be acquired by network to assist SMTC/measurement gap configuration.
Proposal 4: UE should report the service link propagation delay difference between serving satellite and neighbor satellites to assist SMTC/measurement gap configuration.
For the configuration of SMTC/measurement gap, UE can report the neighbor Cell ID or the corresponding frequency whose SSB burst cannot be detected in NTN system. According to the Cell ID or the corresponding frequency information reported by UE, even if the propagation delay difference does vary a lot, network only need to update the SMTC/measurement gap configuration of the cell or frequency and UE only need to report service link propagation delay difference between serving and neighbor satellite of the cell or frequency to reduce the frequency of SMTC/ measurement gap configuration updates and signalling overhead.
[bookmark: OLE_LINK17]Proposal 5: Based on the report from UE about the neighbor Cell ID or the corresponding frequency whose SSB burst cannot be detected, network can update the corresponding SMTC/Measurement Gap configuration. 
Conclusions 
In this contribution, the following observations and proposals are given based on the discussion in section 2:
Observation 1: Criterion based on signal strength of serving cell for measurements on non-serving cells is inadequate in the NTN system as the near-far effect is not pronounced.
Proposal 1: RAN2 should study measurement initiation condition for non-serving cells based on location information, the following options can be considered.
Option 1: UE can perform measurements on non-serving cells based on the distance between UE and the serving satellite.
Option 2: UE can perform measurements on non-serving cells based on the distance between UE and the center of serving cell.
Option 3: UE can perform measurements on non-serving cells based on a geographical area scope referring to the coverage information of serving cell.
Proposal 2: Location based measurement event can be configured based on the distance between UE and cell center for satellite cells with regular shape.
Proposal 3: Location based measurement event can be configured based on a geographical area scope referring to the cell coverage information for satellite cells with irregular shape.
Observation 2: Network requires the propagation delay difference between serving cell and neighbor cells to update SMTC/measurement gap configuration. 
Observation 3: The feeder link propagation delay difference can be acquired by network to assist SMTC/measurement gap configuration.
Proposal 4: UE should report the service link propagation delay difference between serving satellite and neighbor satellites to assist SMTC/measurement gap configuration.
Proposal 5: Based on the report from UE about the neighbor Cell ID or the corresponding frequency whose SSB burst cannot be detected, network can update the corresponding SMTC/Measurement Gap configuration. 
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