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Introduction
Measurement related requirements for NTN were discussed in RAN4#101-e, and the outcomes are captured in the WF [1]. Based on [1] the following issues are to be further discussed:
· Scaling of measurement period
· Scheduling restriction 
· Measurement capability
· Measurement gaps
· SMTC/MG determination 
· Measurement relaxation 
In this paper we will provide our views on the measurement related issues for NTN RRM.
Discussion
Scaling of measurement period
RRM measurements in NTN has differences compared to TN, and they may lead to separate considerations in defining the measurement requirements.
One difference is the timing difference between difference target satellites. In TN, there is some level of synchronization among cells such that the SSB of all cells on the same carrier can be measured with one SMTC. For NTN, such assumption does not hold, and RAN2 has been discussing using multiple SMTCs per MO for UE to measure different target satellites. We understand this is applicable in both GEO and LEO scenarios.
RAN4 has sent several questions regarding use of multiple SMTCs in LS to RAN2 [2]. While waiting for the feedback from RAN2, we would like to note following agreement from RAN2#116-e, which means that simultaneous of measurement of at least two SMTCs should be supported.
Agreements:
1. In NW-based solution, the network can configure up to 2 SMTCs in parallel and the UE uses all of them, i.e. there is no switching between or activation/deactivation of configured SMTCs. FFS whether this (UE support for 2 SMTCs) requires a UE capability. A UE can optionally indicate support for 4 SMTCs (in this case the NW can configure up to 4 SMTCs in parallel)
Supporting multiple SMTC windows per MO could cause some challenges to UE. Basically, UE is doing 4 times more cell search and measurement compared to one SMTC case if 4 SMTCs are in use. In some extreme case, the SMTC periodicity is 20ms and duration is 5ms, if the offsets are {0, 5, 10, 15}ms, UE would need to continuously perform cell search and measurement over time, if the requirements are still defined based on SMTC period. 
In [3], it was proposed to consider a scaling factor for measurement over multiple SMTC windows. We think this is a reasonable and simple solution to resolve the increased complexity due to multiple SMTC. 
Another difference is the frequency difference between difference target satellites, which has not been well addressed in RAN4. In TN, it is assumed that all the cells on the same carrier can be measured with same frequency as for serving cell data reception. A similar case in TN is HST scenario. However, in HST the difference between Doppler shifts in serving and neighbour cell can only be several hundred Hz, and it is already causing degradation to the measurement performance.
In NTN LEO scenario, the difference in Doppler shifts between serving and neighbour cell, or between different neighbour cells can be up to 50kHz. With such larger frequency difference UE may not be able to use serving cell frequency to measure neighbour cells, but it is likely that each neighbour cell needs to be measured with frequency compensated based on the assistance information. 
This means two neighbour cells belongs to different target satellites cannot be measured at the same time even they are time aligned (within same SMTC). If SMTC of two neighbour cells do not overlap, then it is the scenario of simultaneous measurement of multiple SMTCs as discussed above, for which we propose to consider scaling the measurement period with number of SMTCs. As a result, the final measurement period should scale with number of target satellites to be measured.
Proposal 1: The impacts of different timing shifts and different Doppler shifts for target satellites should be considered in NTN measurement requirements.
Proposal 2a: For GEO, measurement period for an MO is scaled with number of SMTCs for the MO. 
Proposal 2b: For LEO, measurement period for an MO is scaled with number of target satellites to be measured for the MO.
Scheduling restriction 
As discussed in section 2.1, for NTN measurement in GEO, it is possible to have multiple SMTCs. However, the measurement in each SMTC is rather similar as TN measurement, so the existing scheduling restriction e.g. due to mixed SCS between SSB and data, can be re-used.
For NTN measurement in LEO, it would be difficult for UE to receive data because there is larger Doppler offset between serving cell and neighbour cell, so we suggest that scheduling restriction is always allowed for measurement of cells belonging to different satellite than the serving cell.
Proposal 3a: For GEO, scheduling restriction as defined for TN is re-used.
Proposal 3b: For LEO, scheduling restriction is allowed for measurement of cells belonging to different satellite than the serving cell.
Measurement capability
As to the number of NTN frequency layers, considering that frequency re-use factor = 3 is a likely deployment, UE should be able to monitor at least 2 carriers which are served by the same satellite. 
For UE at the border of the satellite service area, or in earth moving cell scenario, UE may need to measure some other satellites than the serving one. However, we understand in typical deployments, these satellites are using the same carriers as the serving satellite, so it does not increase the need for UE to monitor more carriers. To make it safe we suggest to define the number of carriers UE needs to monitor as 3.
As agreed in RAN4#101-e, TN-NTN mobility for Connected mode is not precluded, so the total number of carriers UE needs to monitor should be larger to include some TN carriers.
As to the number of cells/beams, we understand it may be difficult to define number of cells because how to map satellite beams (foot prints) to cells can be up to deployment. In some cases, multiple satellite beams are mapped to one cell with different SSB beam for each cell, while in other cases, each satellite beam is mapped to one cell with one or multiple SSB beams. 
Although RAN4#100-e has agreed that deployment dependent requirements are allowed, we still prefer to define common requirements for all scenarios as much as possible. Therefore, we suggest to only define the requirements on the number of SSB beams. In our simulation results, the number of neighbour beams with >-6dB SNR ranges from 3 to 6 for 50% UEs. To make it safe we suggest to define the number of SSB beams UE needs to monitor per carrier as 8.
One specific issue for LEO is the number of target satellites. As discussed before, due to large Doppler offsets, measurement of different satellites will lead to more scheduling restriction and longer measurement period, so we suggest to additionally define number of target satellites UE needs to monitor as a measurement capability for LEO.
Proposal 4a: Define the following common measurement capability requirements for all scenarios:
· the number of NTN carriers UE needs to monitor is 3
· the number of NTN and TN carriers UE needs to monitor is X (>3)
· the number of SSB beams UE needs to monitor per carrier is 8
Proposal 4b: Define the following addition measurement capability requirements for LEO
· the number of target satellites UE needs to monitor is 3
Measurement gaps
Based on our understanding, for MG based measurement, RAN4 may need to wait for further conclusion from RAN2.
Although it is likely that RAN2 will support multiple MGs for NTN measurement, it may be too early to conclude in RAN4 that the concurrent MG framework defined in MG Enhancement WI can be re-used. In our view, the concurrent MGs framework may not be applicable for the multiple STMC scenario for NTN. In particular, it was agreed that the association between MG and measurement is on the basis of frequency layer or dedicated use cases, so it may not support to associate SMTC#1 to MG#1 and SMTC#2 to MG#2, when SMTC#1 and SMTC#2 are for the same MO. In addition, concurrent MGs is an optional feature, so it is not necessarily supported by all NTN UEs.
Proposal 5: RAN4 to wait for further conclusions from RAN2 on MGs for defining requirements for MG based measurement. 
SMTC/MG determination 
In LEO scenario, due to fast moving of satellites, the timing of a neighbour cell can change dynamically. As a result, RAN2 is discussing different solutions for determining the timing of SMTC/MG, and both NW based and UE based solution are on the table, and UE based solution has been supported in Idle mode.
Agreements via email - from offline 103 (second round):
1. UE assistance information for NTN SMTC adjustments is event-triggered. Details of the triggering event are FFS (pending the decision on supported assistance information type).
2. RAN2 aims to minimize the number of configurable measurement gaps required for monitoring configured SMTCs in NTN. At least gap length and UE capabilities impact the number of required measurement gaps.
3. UE-based solution for SMTC adjustments in NTN is supported for IDLE/INACTIVE UEs. FFS how does the UE perform the necessary shifts in SMTC.
In RAN4#101-e, the issue of how to account for the propagation delay estimation error in the SMTC/MG configuration was discussed, e.g. whether the SMTC duration or MGL should be enlarged compared to the existing values considering the PD estimation error. In our view, this is a valid issue but RAN4 should wait for RAN2 conclusion on the solution to address the timing change, and RAN4 can further discuss e.g. whether determining of the correct timing should be a requirement or a side condition (NW responsibility), and whether some margin in the SMTC/MG configuration is needed.
Proposal 6: RAN4 waits for RAN2 inputs on determination of SMTC(s)/MG(s) timing before discussing whether to account for the propagation delay estimation error in the configuration.
Measurement relaxation 
In RAN4#101-e, some companies proposed to define measurement relaxation based on cell service time and reference location. 
For time based measurement relaxation, we discussed it as part of Idle mode mobility in our companion paper for mobility issues in NTN.
For location based measurement relaxation, we understand it has been precluded for Idle mode by the following RAN2 agreement. 
Agreements via email - from offline 102:
1. When UE uses location based cell reselection enhancements, it's up to UE implementation to guarantee that a valid location information is available
2. For quasi-earth fixed cell, same as legacy, UE shall perform neighbour cell measurements of “higher priority NR inter-frequency or inter-RAT frequencies” regardless of the distance between UE and serving cell reference location.
For Connected mode, we are open to discuss possible measurement relaxation based on location, depending on the detailed solution.
Proposal 7: RAN4 not to pursue location based measurement relaxation for Idle mode. FFS for Connected mode depending on the detailed solution.
In RAN4#101-e, some companies proposed that TN measurement relaxation is not applicable when UE detects any NTN cell. We do not think this is reasonable. Whether relaxed measurement is allowed or not should depend on the TN condition, e.g. if UE is in low mobility in TN camped cell, it means the possibility of cell reselection in near future is low, so UE can perform relaxed measurement for power saving, and this does not change no matter if an NTN cell is detected or not.
Proposal 8: TN cell measurement relaxation is not impacted due to NTN measurement.
Conclusions
In this paper we provided our views on measurement related issues for NTN RRM.
Proposal 1: The impacts of different timing shifts and different Doppler shifts for target satellites should be considered in NTN measurement requirements.
Proposal 2a: For GEO, measurement period for an MO is scaled with number of SMTCs for the MO. 
Proposal 2b: For LEO, measurement period for an MO is scaled with number of target satellites to be measured for the MO.
Proposal 3a: For GEO, scheduling restriction as defined for TN is re-used.
Proposal 3b: For LEO, scheduling restriction is allowed for measurement of cells belonging to different satellite than the serving cell.
Proposal 4a: Define the following common measurement capability requirements for all scenarios:
· the number of NTN carriers UE needs to monitor is 3
· the number of NTN and TN carriers UE needs to monitor is X (>3)
· the number of SSB beams UE needs to monitor per carrier is 8
Proposal 4b: Define the following addition measurement capability requirements for LEO
· the number of target satellites UE needs to monitor is 3
Proposal 5: RAN4 to wait for further conclusions from RAN2 on MGs for defining requirements for MG based measurement. 
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Proposal 7: RAN4 not to pursue location based measurement relaxation for Idle mode. FFS for Connected mode depending on the detailed solution.
Proposal 8: TN cell measurement relaxation is not impacted due to NTN measurement.
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