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1. Introduction
In RAN#101-e meeting, RAN4 has some discussion on measurement requirement for NR NTN, and the WF on NR NTN RRM requirements was approved in [1]. In this contribution, we discuss the measurement related requirements for NR NTN and provide our proposals.
2. Discussion
RRM requirements for TN-NTN case
In RAN4#100e meeting, for TN-NTN scenarios, it was agreed to define measurement and mobility requirements for RRC_idle/inactive mode, and FFS whether to define measurement and mobility requirements for RRC_Connected mode. According to RAN2’s conclusion, the same CHO trigger conditions and RRM events can be used within NTN and NTN-TN mobility, and the specific further enhancement for TN-NTN mobility in RRC_Connected mode is deprioritized. It means that the mobility enhancement for NTN case can be applied to TN-NTN case. Thus, the NTN mobility requirements can be applied to TN-NTN mobility. 
	Agreements in RAN2#114e:
1. Same CHO trigger conditions and RRM events can be used within NTN and NTN-TN mobility provided these are supported by the UE. NTN-TN means both “from NTN to TN (hand-in)” and “from NTN to TN (hand-in) and from TN to NTN (hand-out)". FFS for enhancements.
Agreements in RAN2#115e:
1. RAN2 down priorities further enhacnements for connected mode for Rel-17 for TN-NTN mobility	


Proposal 1: RAN4 to define measurement and mobility requirements in RRC_Connected mode for TN-NTN case, and the NTN measurement and mobility requirement is applied to TN-NTN case.
UE measurement capabilities
In legacy TN network, UE measurement capabilities are defined based on the number of carrier, cell and SSB. However, since the satellite deployment is different from TN system, especially in the early phase, the NTN deployment is not as dense as TN network, thus, the UE measurement capabilities for NTN case should be defined separately from TN case. And, it is proposed that the UE is capable to monitor at least 3 NTN carriers. The number of cells/SSB to be monitored is highly depend on the satellite implementation, e.g. frequency reuse factor and PCI mapping scheme into satellite beam.
Proposal 2: UE shall be capable to monitor at least 3 NTN carriers, FFS whether and how to define UE measurement capabilities on number of cell/SSB.
Gapless measurement with multiple SMTCs
The multiple SMTCs in one frequency layer was introduced by RAN2 is aimed to address the propagation delay difference issue due to the different type of satellite. And according to RAN2 conclusions, in NW-based solution, the network can configure up to 2 SMTCs in parallel for one frequency layer, and the UE should use all of them as there is no switching between or activation/deactivation of configured SMTCs, and UE can optionally support 4 SMTCs in parallel. For the measurement without gap on the frequency layer with multiple SMTCs, if the SMTCs are too close or partial overlapping, UE may not have the capability to perform the measurements continuously or simultaneously, as shown in figure 1. Considering the UE capability on continuously or simultaneously measurements, the minimum distance for two SMTC in parallel should be defined. If the 2 SMTCs are partially overlapping in time domain or the minimum distance is less than 5ms, the 2 SMTC occasions can be considered as colliding. If the time gap between 2 SMTCs in parallel is smaller than the minimum distance, UE can drop the measurement on one of the SMTC if UE is not capable to perform continuously or simultaneously measurements, and the delay requirement for the measurement without gap should be extended by a scaling factor.


Figure 1: 2 SMTCs are overlapping
Proposal 3: Two SMTC occasions in parallel are defined as colliding (overlapping) if the 2 SMTCs are partially overlapping in time domain or the minimum distance is less than 5ms.
Proposal 4: For gapless measurement, if SMTCs in parallel are colliding (overlapping), the delay requirement for measurement without gap should be extended by a scaling factor.
Gap-based measurement with multiple SMTCs
When UE performs the measurements with gap on the two configured SMTCs with different offset due to service link propagation delay difference, single gap pattern is not able to cover the 2 SMTCs with different offset, and UE is expected to be configured with 2 gap patterns for the measurements, as shown in figure 2. Similar to the proximity condition for concurrent gaps, the minimum distance for two gap occasions should be defined. If the 2 gap occasions are partially overlapping in time domain or the minimum distance is less than 5ms, the 2 gap occasions can be considered as colliding. If the time gap between 2 gap occasions is smaller than the minimum distance, the delay requirement for the measurement with gap should be extended by a scaling factor.


Figure 2: Gap-based measurement with multiple SMTCs
Proposal 5: For gap-based measurement, UE is expected to be configured with multiple gap patterns for the measurements on multiple SMTCs in parallel.
Proposal 6: Two gap occasions are defined as colliding (overlapping) if the two gap occasions are partially overlapping in time domain or the minimum distance is less than 5ms.
Proposal 7: For gap-based measurement, if gap occasions are colliding (overlapping), the delay requirement for measurement with gap should be extended by a scaling factor.
RRM impact on UE assistance information
In addition, RAN2 also agreed to introduce UE assistance information which is used to (re)configure the SMTC configuration and measurement gap configuration for NW. 
	Agreements in RAN2#115e [2]:
1. In NTN, NW-based solution is supported, i.e. the final SMTC/measurement gap configuration is generated and provided by NW in NTN to a given UE (based on the propagation delay difference between at least one target cell and the serving cell of a given UE). FFS whether UE-based solution is supported or not.
2. In NTN, it is necessary of the UE to report assistant information to the NW (which can be configured by NW or upon NW’s request) to assist NW calculating the offset for SMTC/GAP configurations. FFS the detailed information.
Agreements in RAN2#116e [3]:
1. RAN2 will decide which option to choose for NTN assistance information for SMTC/MG once SA3 feedback on user consent is received. 
2. If propagation delay based UE assistance information for NTN SMTC is agreed, it is defined in the form of propagation delay difference. 
3. RAN2 assumes FL delay is known to and compensated by the network. RAN2 also assumes the UE needs to have neighbour cell ephemeris for the propagation delay estimation.


Regarding how to define the UE assistance information, the further conclusions from RAN2 are needed, and if the UE assistance information is defined based on the service link propagation delay difference between the serving satellite and the neighbour satellite. RAN4 may need to define the accuracy requirement and reporting mapping for the time difference between serving satellite and the neighbour satellite. Thus, the RRM impact on UE assistance information should be considered.
Proposal 8: The RRM impact on UE assistance information should be considered, e.g. the accuracy requirement and reporting mapping for the time difference between serving satellite and the neighbour satellite.
3. Conclusion
In this contribution, we discussed the measurement related requirements for NTN system and our observation and proposals are provided as follows:
Proposal 1: RAN4 to define measurement and mobility requirements in RRC_Connected mode for TN-NTN case, and the NTN measurement and mobility requirement is applied to TN-NTN case.
Proposal 2: UE shall be capable to monitor at least 3 NTN carriers, FFS whether and how to define UE measurement capabilities on number of cell/SSB.
Proposal 3: Two SMTC occasions in parallel are defined as colliding (overlapping) if the 2 SMTCs are partially overlapping in time domain or the minimum distance is less than 5ms.
Proposal 4: For gapless measurement, if SMTCs in parallel are colliding (overlapping), the delay requirement for measurement without gap should be extended by a scaling factor.
Proposal 5: For gap-based measurement, UE is expected to be configured with multiple gap patterns for the measurements on multiple SMTCs in parallel.
Proposal 6: Two gap occasions are defined as colliding (overlapping) if the two gap occasions are partially overlapping in time domain or the minimum distance is less than 5ms.
Proposal 7: For gap-based measurement, if gap occasions are colliding (overlapping), the delay requirement for measurement with gap should be extended by a scaling factor.
Proposal 8: The RRM impact on UE assistance information should be considered, e.g. the accuracy requirement and reporting mapping for the time difference between serving satellite and the neighbour satellite.
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