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Introduction
In this contribution, we provided our views on NR NTN enhancement for RRM requirements related to IDLE/INACTIVE mode mobility and Ka band operations.

Discussion 
NTN-TN and NTN-NTN cell reselection enhancements
NTN-NTN Cell reselection enhancement for earth moving cell
The following agreements were made in RAN2 for earth moving cell. 
	· RAN2 understands that for earth-moving cell reselection, 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 (FFS whether a new epochTime IE is needed). RAN2 understanding is that both PVT and orbital parameters can be used for this. FFS if additional information is needed to allow more accurate measurements.
· For earth-moving cell, new IE is introduced to indicate the reference location of serving cell.
· For cell (re)selection in earth-moving system, a distance threshold is introduced for location-based measurement initiation, which reuses distanceThresh in SIB19.
· For cell (re)selection in earth-moving system, time-based measurement initiation is used to address feeder-link switch case.
· Time-based cell reselection criteria is not pursued in R18.


Based on the above agreements in RAN2, RAN2 understands that a UE can derive the trajectory of serving cell indicated reference location based on ephemeris and epoch time. However, it is not a final conclusion on how to derive the trajectory of serving cell since further discussion on the accuracy and additional information is still ongoing. RAN4 needs to further wait for RAN2’s final conclusion, and then study accuracy for the trajectory of serving cell and reselection requirements.
· Proposal 1: Wait for RAN2’s final conclusion for earth moving cell to define RRM requirements.

NTN-TN Cell reselection enhancements (to reduce UE power consumption)
For NTN-TN mobility, RAN2 is discussing how to indicate TN coverage to UE, and the following agreements were made in RAN2 in the last meeting.
	· For signaling the TN coverage, the corresponding geographical area information is provided by broadcast signalling by the network via a list of (possibly overlapping) areas where each area is defined using center location coordinates + radius (where the area is meant to describe a group of cells, not just a single one). FFS on the SIB. FFS on whether additional information in dedicated signalling is needed/useful
· Area center location and its radius for TN coverage information is signalled using Ellipsoid-Point and radius separately. FFS if Rel-17 referenceLocation and distanceThresh are directly reused
· Decision on the size of TN coverage area list is postponed until more is known on the format of this information and how is it sent.
· The discussion on how to indicate the frequency information for each TN coverage area should be combined with the discussion on which SIB will be used to indicate the TN coverage area, possibly based on evaluation of the signalling overhead
· The acquired TN area coverage information remains valid until the next system information update of the SIB including TN coverage info
· Working assumption: We do not introduce new triggers making the UE reacquire the TN coverage information from SI
· On a frequency band number shared by TN and NTN (e.g., n1), if NTN-specific assistance information is NOT provided for a neighbour cell configured in SIB3/SIB4, UE assumes this is a TN neighbour cell. This understanding is also applicable for Rel-17 and it does not need any spec update


Based on the above agreements, the reference point and radius of TN coverage are indicated if there are TN networks nearby. So, if UE receives the TN coverage information, the measurement for TN cell reselection should be performed. However, RAN4 needs to discuss when to trigger the measurement for TN cell reselection. If the TN network is nearby, the UE should try to measure TN cells regardless of the current NTN serving cell quality. Therefore, when measuring the TN cell should be free of the condition for serving cell quality (i.e., Srxlev and Squal), distanceThresh, and t-service.
· Proposal 2: When to measure the TN cell for cell reselection should be independent of the condition for serving cell quality (i.e., Srxlev and Squal), distanceThresh and t-service used for NTN-NTN cell reselection if TN coverage information is indicated.
Overall the requirements for NTN-TN cell reselection could reuse existing TN cell reselection requirements, but the UE needs to measure both TN and NTN for cell reselection. RAN4 needs discussion on the impact on the existing TN/NTN RRM requirements for cell reselection when TN coverage information is indicated. 
· Proposal 3: RAN4 to discuss the impact on the existing TN/NTN RRM requirements for cell reselection when TN coverage information is indicated for both intra- and inter-frequency

NTN-NTN Cell reselection enhancements (to reduce UE power consumption)
Based on current cell reselection in RRM specification, the measurements for cell reselection are triggered according to the distance between UE and reference location of the serving cell and t-service. If a new NTN cell is reselected and the remaining time to stop serving for the reselected NTN cell is short, frequent cell reselection and unnecessary measurements would occur, so the opportunity to reduce UE power consumption is lost. Therefore, for efficient cell reselection to reduce power consumption, t-service for intra-/inter-frequency cells should be considered, and UE can be allowed to preclude identification /measurement or reselection for the intra-/inter-frequency cell with shorter t-service remaining.
· Proposal 4: From power saving perspective, UE can be allowed to preclude identification /measurement or reselection for the intra-/inter-frequency cell with shorter t-service remaining to avoid frequent cell reselection and unnecessary measurement.
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Figure 1. NTN
We think another possible way to reduce UE power is related to measurement. UE may not detect the target satellites due to the elevation angle as shown in Fig. 1. Due the longer distance and NLOS by obstacles, the measurement performance for low elevation angle may be deteriorated (satellite 2 in Fig. 1). Moreover, if SMTCs are configured for the satellite which is below horizon (satellite 3 in Fig. 1), UE cannot detect the satellite. Hence, the elevation angle affects the energy efficiency of UE.
· Proposal 5: RAN4 to consider to preclude NTN cell measurement for low elevation angle to reduce UE power consumption
NR-NTN deployment in above 10 GHz
In RF session, NTN frequency range definition as below. 
	Frequency range designation
	Corresponding frequency range

	FR1-NTN1
	410 MHz – 7125 MHz

	FR2-NTN2
	17300 MHz – 30000 MHz

	NOTE 1: [NTN bands within this frequency range are regarded as a FR1 band when references from other specifications.]
NOTE 2: [NTN bands within this frequency range are regarded as a FR2 band when references from other specifications.]


FR2-NTN UE has beam tracking capability, so beam related to RRM requirements should be defined like NR FR2 RRM requirements. Since the UE types to be considered in FR2 NTN are VSAT, L/A/V-ESIM, the more narrow and larger number of beam in RRM requirements could be considered in order to cover a long distance to the satellite. But considering too many Rx beam for RRM requirements could cause long detection/measurement delay. And in the RF session, two types of antenna are considered such as array antenna and parabolic antenna. Neither antenna type might be precluded from defining RRM requirements. 
· Proposal 6: RAN4 to discuss how to define RRM requirements considering a larger number of Rx beam operations for FR2 NTN UE types
· Proposal 7: Both phased array antenna and parabolic antenna types should be considered for FR2 NTN RRM requirements.


Conclusion 
In this contribution, we provide our views on the RRM issues for Rel-18 NTN enhancement, and we propose
· Proposal 1: Wait for RAN2’s final conclusion for earth moving cell to define RRM requirements.
· Proposal 2: When to measure the TN cell for cell reselection should be independent of the condition for serving cell quality (i.e., Srxlev and Squal), distanceThresh and t-service used for NTN-NTN cell reselection if TN coverage information is indicated.
· Proposal 3: RAN4 to discuss the impact on the existing TN/NTN RRM requirements for cell reselection when TN coverage information is indicated for both intra- and inter-frequency
· Proposal 4: From power saving perspective, UE can be allowed to preclude identification /measurement or reselection for the intra-/inter-frequency cell with shorter t-service remaining to avoid frequent cell reselection and unnecessary measurement.
· Proposal 5: RAN4 to consider to preclude NTN cell measurement for low elevation angle to reduce UE power consumption
· Proposal 6: RAN4 to discuss how to define RRM requirements considering a larger number of Rx beam operations for FR2 NTN UE types
· Proposal 7: Both phased array antenna and parabolic antenna types should be considered for FR2 NTN RRM requirements.
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