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1	Introduction
In RAN4# 99-e a WF on NTN RRM measurement requirements was approved [1]. In this contribution we develop some of the topics which were agreed to continue study in mobility part in the WF.
2	Discussion
The following was agreed for General Mobility issues:
	· Sub-topic 2-1: General Mobility
· Issue 2-1-1: Inter-cell mobility requirements
· The issue relies on L1/L3 mobility and beam management mechanism firstly defined by RAN1 and RAN2. RAN4 can develop corresponding requirements based on RAN1/2 procedures.
· [bookmark: _Hlk76450862]Issue 2-1-2: Number of measurement cells
· RAN4 to discuss/determine measurement capacity needed for intra-satellite and inter-satellite first and then the number of measurement cells for intra-satellite and inter-satellite. FFS on the specific number of cells.
· Issue 2-1-3: Location/timer-based measurement relaxation
· Defer discussion until RAN2 has progressed on the issue



Related to Issue 2-1-1: Inter-cell mobility requirements, there are some parameters and characteristics which influent RAN4 requirements definition.
· Cell (PCI)/beam/frequency planning (e.g., BWP for multiple beams per cell) 
· LEO/GEO (e.g., latencies difference)
· Earth-fixed (includes service link switch for Earth fixed beams) /Earth-moving
· CHO Cell selection and reselection method
· Etc.
There are some inspirations on measurement time boundaries based on satellite/beam dwelling time. 
Observation 1:
· For Earth-moving beams with LEO, the satellite/beam dwelling time is derived more from geometry:
· Earth-moving beams  Earth-sweeping NR cells 
· If satellite beam is NR cell  HO for each satellite beam switch
· If all satellite beams from one satellite are SS Block beams, UE can switch beam without HO
· HO rate for stationary UE: 
· With total footprint of a LEO satellite has a diameter of about 4000 km (600 km height, elev angle > 10 deg). 
· Satellite beam=cell:
· HO rate for a stationary UE is one HO in every 26 seconds (200km diam) or 13 seconds (100km diam).
· Satellite beams from one satellite are SS Block beams
· The satellite is visible for approximately 9 minutes and the UE has to do one HO every 9 minutes
Below figures depict satellite dwelling time in 1000 seconds with granularity of 1 second based on assumption in R1-1911858.
Observation 2:
· For Earth-fixed beams with LEO, the satellite/beam dwelling time is a bit complex with respect to detailed mechanisms of CHO and service link switch and relevant parameters. Here we assume a simplified mechanism in which serving satellite is the one with strongest power level received at UE side and ideal switch which hasn’t any measurement and processing latencies.
· For LEO 600 scene, it’s observed that 50 percentile is at about 125 seconds, dwelling time less than 10 seconds only happens at probability of 14 out of 1000, i.e., 0.14%.
· For LEO 1200 scene, it’s observed that 50 percentile is at about 160 seconds, dwelling time less than 10 seconds only happens at probability of 3 out of 1000, i.e., 0.03%.
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Figure 1: Satellite dwelling time in LEO 600 scene
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Figure 2: Satellite dwelling time in LEO 1200 scene
Observation 3: Satellite dwelling time in Earth-fixed/Earth-moving scenario is different and should be reflected into detailed system level study.

Related to Issue 2-1-2: Number of measurement cells need to be checked, essentially, it’s a problem about general UE’s measurement capability. 
Observation 4: In response to Issue 2-1-2, the following existing requirements in should be evaluated for measurement again in NTN from beginning, it is vague and reasonless to start from terrestrial system:
· Number of cells per frequency layer
· Number of beams per cell
· Number of beams per frequency layer 
One of differences and new aspects in NTN is service link switch which belongs to mobility between NTN cells. cells intra-satellite and cell intra-satellite 
Similarly, monitoring carrier for NR in idle mode and connected mode is pasted separately as follows:
· FDD E-UTRA inter-frequency carriers
· TDD E-UTRA inter-frequency carriers
· NR inter-frequency carriers 
· Total inter-frequency carriers
· Etc.
Observation 5: In NTN, monitoring carrier for NR in idle mode and connected mode is different from existing stuffs in terrestrial system, e.g.
· NTN doesn’t need to cover Multi-RAT carriers but need to take impact by NT-NTN mobility into account. 
· Total inter-frequency carriers number relies on network scenarios which needs further system level study.
· Monitoring latency is critical in NTN case, it will likely be a function of the number of carriers the network configure the UE to monitor. i.e., the latencies are a consequence of the network configuration and will be known to the network.
· Monitoring carrier in idle mode and connected mode may be different
· LEO(Earth-fixed/Earth-moving) /GEO mobility
· Etc.
Proposal 1: Current topics under discussion are diverse and have not been converged to an/some aligned approaches. In the same way as NR has done, system level study (simulation may be required) is needed to define number of SS block beams to be detected, number of cells to be detected and so forth.  
From RRM perspective, the first step is to align scenario assumptions before detailed system level study including:
· L1 measurement should capture the difference of mapping relationship between SSB index and BWP index in LEO Earth-fixed, LEO Earth-moving and GEO. 
· L3 measurement should capture inter-cell mobility with different CHO approaches in LEO Earth-fixed (includes service link switch for Earth fixed beams), LEO Earth-moving and GEO.
Proposal 2: if system level study is assumed, the steps of study assumptions and cases need to be defined to prevent efforts are wasted in alternative approaches and corner cases.

The following was agreed for Conditional Handover, Cell selection and reselection:
	· Sub-topic 2-2: Conditional Handover
· All CHO-related issues are depending on ongoing RAN2 discussion. Defer discussion in RAN4 until RAN2 has concluded on the issue.
· Sub-topic 2-3: Cell selection and reselection
· Issue 2-3-1: Cell reselection delay requirements
· FFS, more conclusions from RAN2 necessary.
· Issue 2-3-2: Cell reselection margin
· FFS, more conclusions from RAN2 necessary.
· Issue 2-3-3: RRM measurement requirements for cell reselection
· FFS, more conclusions from RAN2 necessary.
· Issue 2-3-4: Impact of timing/location accuracy on cell reselection performance
· FFS, more conclusions from RAN2 necessary.



Observation 6: Still need to wait RAN2 conclusion on Conditional Handover, Cell selection and reselection.
2	Summary
Observation 1:
· For Earth-moving beams with LEO, the satellite/beam dwelling time is derived more from geometry:
· Earth-moving beams  Earth-sweeping NR cells 
· If satellite beam is NR cell  HO for each satellite beam switch
· If all satellite beams from one satellite are SS Block beams, UE can switch beam without HO
· HO rate for stationary UE: 
· With total footprint of a LEO satellite has a diameter of about 4000 km (600 km height, elev angle > 10 deg). 
· Satellite beam=cell:
· HO rate for a stationary UE is one HO in every 26 seconds (200km diam) or 13 seconds (100km diam).
· Satellite beams from one satellite are SS Block beams
· The satellite is visible for approximately 9 minutes and the UE has to do one HO every 9 minutes
Observation 2:
· For Earth-fixed beams with LEO, the satellite/beam dwelling time is a bit complex with respect to detailed mechanisms of CHO and service link switch and relevant parameters. Here we assume a simplified mechanism in which serving satellite is the one with strongest power level received at UE side and ideal switch which hasn’t any measurement and processing latencies.
· For LEO 600 scene, it’s observed that 50 percentile is at about 125 seconds, dwelling time less than 10 seconds only happens at probability of 14 out of 1000, i.e., 0.14%.
· For LEO 1200 scene, it’s observed that 50 percentile is at about 160 seconds, dwelling time less than 10 seconds only happens at probability of 3 out of 1000, i.e., 0.03%.
Observation 3: Satellite dwelling time in Earth-fixed/Earth-moving scenario is different and should be reflected into detailed system level study.
Observation 4: In response to Issue 2-1-2, the following existing requirements in should be evaluated for measurement again in NTN from beginning, it is vague and reasonless to start from terrestrial system:
· Number of cells per frequency layer
· Number of beams per cell
· Number of beams per frequency layer 
Observation 5: In NTN, monitoring carrier for NR in idle mode and connected mode is different from existing stuffs in terrestrial system, e.g.
· NTN doesn’t need to cover Multi-RAT carriers but need to take impact by NT-NTN mobility into account. 
· Total inter-frequency carriers number relies on network scenarios which needs further system level study.
· Monitoring latency is critical in NTN case, it will likely be a function of the number of carriers the network configure the UE to monitor. i.e., the latencies are a consequence of the network configuration and will be known to the network.
· Monitoring carrier in idle mode and connected mode may be different
· LEO(Earth-fixed/Earth-moving) /GEO mobility
· Etc.
Observation 6: Still need to wait RAN2 conclusion on Conditional Handover, Cell selection and reselection.
Proposal 1: Current topics under discussion are diverse and have not been converged to an/some aligned approaches. In the same way as NR has done, system level study (simulation may be required) is needed to define number of SS block beams to be detected, number of cells to be detected and so forth.  
Proposal 2: if system level study is assumed, the steps of study assumptions and cases need to be defined to prevent efforts are wasted in alternative approaches and corner cases.
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