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1. Introduction
In RAN4#90e meeting, a way forward for NTN RRM measurements was approved [1]. This document will discuss the topics for RRM measurement requirements for NTN and present our understanding and proposals.

2. Discussion
In the way forward [1], the results for some topics are listed. They are discussed further as following.
· General RRM requirements (Issue #6-1)
	· Proposal: The following RRM requirements are the candidates to be discussed for NTN RRM measurement. More items may be added pending on the progress in other WGs.
The candidate RRM requirements are listed in a table. 



From RAN2 agreements, S criterion will be used for mobility for NTN system. In general, we think the moving speed of satellites should be considered for specifying RRM measurement requirements. The velocity of LEO1200 satellites will be 7.56km/s. The diameter of cell will be at 90km ~190km range for FR1 and at 40km ~ 90km range for FR2. The UE will stay in a cell only 11.9s ~ 25.1s for FR1, and 5.3s ~ 11.9s for FR2. It is similar as case of UE using on HST. It supports 500km/h of high speed train. Assume the distance between gNB is 3km, UE will stay in a cell of HST 21.6s. So the mobility based on measurement is feasible, but some limitations should be considered.
It is well known that the antenna model for satellite defined in 38.811[2] as:
	1		[image: ]
	[image: ]	[image: ]
[image: A close up of a logo

Description generated with very high confidence]
Figure 6.4.1-1: Satellite antenna gain pattern for aperture radius 10 wavelengths, a=10 c/f
The main beam will cover a cell. The signal strength will change less at cell centre, but change fleetly at cell border. So long DRX will not be applied for NTN system. We think that the DRX cycle should not be longer than 320ms, i.e. 5 measurement samples will not be longer than1.6s.
Observation 1: The DRX should not be longer than 320ms for NTN system.
The side condition should not be too low. In current NR RRM specification, normal side condition for measurements is -6dB Es/Iot. The time requirement for cell search is 20 DRX period, i.e. 6s for 320ms DRX. It should not be applied for NTN system. In handover requirement, the cell search is defined one SMTC at Es/Iot ≥ -2 dB. So the side condition for measurement requirements may be defined as Es/Iot ≥ -3 dB, i.e. measurement or cell search will need only two or three samples. Final side condition will be decided after RAN1 SSB finishes the design for NTN system.
Observation 2: The side condition for RRM measurement requirements may be defined at Es/Iot ≥ -3 dB.

Receiving beam sweep will be needed for FR2 UE. In NR RRM requirements, beam sweeping factor of value 8is used for FR2. It should not apply for NTN UEs. We think the UE has gravity detector, and has the capability to know what direction is up. So NTN FR2 UE should not need receiving beam sweep, or reduced beam sweeping. 
Observation 3: NTN FR2 UE should not need receiving beam sweep, or reduced beam sweeping, e.g. 2 times.

· RRM procedures based on UE position (Issue #6-2/3)
In way forward [1], it is listed as below:
	· Proposal: RAN4 shall consider requirements for A-GNSS in 38.171 as a starting point when defining requirements for further RRM procedures based on UE position. RAN4 needs to verify if existing A-GNSS requirements are sufficient for position/location based new procedures introduced by other working groups, if any. FFS on whether/how to consider following aspects:
· update period and accuracy of satellite/HAPS PVT
· lossy compression of PVT information
· time/frequency error propagation from feeder link(s)
· Conclusion: How to configure SMTC and/or MG considering propagation delay information from satellite/HAPS is not in the scope of RAN4 unless requested otherwise by other working group(s), e.g. RAN2



In our understanding, the velocity of satellites should be stable and the orbit is known. The PVT of satellites should be foreseeable. We think the update rate of ephemeris parameters need not very high. Take 1200km LEO satellite as an example, the distance change between UE and satellite will only be about 24m/s, and velocity change will be only 0.15m/s from UE point of view. So it may be sufficient that the update rate of ephemeris parameters is 1 time per second.
The change of UE PVT should not be very frequent. The velocity change of 10km/s and position change of 30m/s may be reasonable. Update rate of UE PVT of 1 time per second may be appropriate.
Observation 4: It may be appropriate that the update rate of ephemeris parameters is 1 time per second.

The pre-compensation of time/frequency error propagation from feeder link will be done by gNB and will be used for all UEs in a cell. The PVT of satellite and gNB should be more accurate and its error may be negligible compare with pre-compensation of service link done by UE.
The pre-compensation of time/frequency error propagation from feeder link calculated by gNB can be inform UE and done by UE, or be done by gNB itself. How to do the pre-compensation of feeder link should be decided by RAN1.
Observation 5: How to do the pre-compensation of feeder link should be decided by RAN1 and its error may be negligible compare with pre-compensation of service link done by UE.

· Measurements and Mobility (Issue #6-4/5/6)
In way forward [1], it is listed as below:
	· Proposal: RAN4 to discuss measurement and mobility for the following scenarios
· Intra-NTN for both RRC Connected and Idle/Inactive modes with higher priority
· between GEO type satellites
· between LEO type satellites at the same altitude
· between earth fixed cells or between earth moving cells
· FFS: whether/which to prioritize
· depending on satellite/cell deployment topologies consider both scenarios where cells are within a satellite and belong to different satellites 
· FFS: between HAPs
· between NTN and TN for RRC Inactive/Idle modes
(note) not all possible mix of scenarios may be available



In our understanding, the signals of GEO, LEO, or HAPS are NR signal on a frequency. The NTN RRM measurements are not different from TN RRM measurements. The limitations for NTN RRM measurements are only the DRX cycle should not be too long, and the SINR of signal measured should not be too low. It may not be defined their priority ahead and can be set measurement frequency priority by network as TN NR system.
HAPS can be measured as very large cell, and can be measured as normal gNB.
The NTN UE should support TN also, and could be configured measurement on TN frequency. No special issues are expected for RRM measurements.
Observation 6: The priority for GEO, LEO, and HAPS may not be defined their priority ahead and can be set measurement frequency priority by network as TN NR system.
Observation 7: HAPS can be measured as very large cell.

· Measurements and Mobility (Issue #6-4/5/6)
In way forward [1], it is listed as below:
	· Proposal: For the existing mobility methodologies, RAN4 to study whether the existing requirements can be reused for NTN scenarios, e.g.
· S-criteria based cell (re)selection
· Time- or timer-based CHO
· Proposal: For location-based mobility methodologies, RAN4 to discuss the following when relevant detailed procedures are provided by RAN2
· Cell (re)selection
· CHO



Based on above consideration, we think that the existing mobility methodologies can be reused for NTN scenarios. The DRX cycle and the number of measurement samples should be limited.
Observation 8: The existing mobility methodologies can be reused for NTN scenarios with limitation of DRX cycle and the number of measurement samples.

· Interruption/Measurement Gaps for GNSS Measurements (Issue #6-7)
In way forward [1], it is listed as below:
	· Observation: FFS: whether interruptions or measurement gaps is expected for GNSS measurements during NTN operation.
· Companies are encouraged to investigate further and provide input if any technical issues are found. If any, RAN4 to discuss whether/how to define interruption and/or measurement gap for GNSS measurement in detail.
[information-only] Technical comment from Apple:
In RF discussion, the NTN GTW session agreed in RAN4#98e to work on both S- and L-band for the WI. We did not see big issue in terms of interference between GNSS and S-band, but L-band UL is very close to GNSS. So, we are not sure if there is a potential issue for that combination from IDC harmonic/emission interference perspective. If the IDC harmonic/emission interference exists and is not negligible, we may consider to protect GNSS measurement from aggressor NTN transmission. Secondly, this case is different from legacy NR, because NTN capable UE is mandatory to support GNSS measurement and also GNSS measurement is essential for NTN connection. We think all these IDC interference aspects have to be checked by RAN4 RF session, and we are also checking with our RF experts. 
[Information-only] Technical comments from THALES
For exemplary L-band (see the GTW agreement from [98e][310]), NTN UE in-device coexistence study with GNSS may be required for this band.
Moreover, for the time being it is not clear the impact of interruption/measurement gaps on the UE capability to synchronize. It also depends on the type of constellation, the width and the type of cell (e.g. if Earth fixed cell or Earth moving cell).



It is agreed that NTN UE will support GNSS, and perform time/frequency pre-compensation based on PVT information obtained from GNSS. So the GNSS receiving should not be interrupted. If the interference is unavoidable, the GNSS receiving should have higher priority than communication, i.e. interrupting data communication serving. As mentioned above, the update rate of PVT can be 1 time per second. The interruption on data communication due to GNSS receiving should be allowed and may be negligible.
Observation 9: The GNSS receiving should not be interrupted, and interrupting data communication can be allowed.

· New SMTC and Measurement Gaps (Issue #6-8/9)
	· Proposal: RAN4 to study the following aspects for further discussion of (new) SMTC and Measurement Gap based requirements in NTN
· Propagation delay and/or reception power differences between cells
· between GEO type satellites
· between LEO type satellites at the same altitude
· between earth fixed cells or between earth moving cells
· FFS: whether/which to prioritize
· depending on satellite/cell deployment topologies consider both scenarios where cells are within a satellite and belong to different satellites 
· FFS: between HAPs
· whether/how to account for delay propagation from feeder link is up to RAN1/RAN2 assumption/design
· Detailed requirements will be discussed when RAN2 solutions, if any, are provided
· FFS: whether/how to split detailed work between Rel-17 work items, NTN and MG enhancement



The difference of propagation delay between GEO and LEO, between different altitudes LEO, between different angle LEO to UE, are very huge. For measurement not using GAP, i.e. intra-frequency measurement, the propagation delay difference can’t impact measurement, and have no special requirements for SMTC. For measurement using GAP, current measurement GAP may not cover all scenarios. It may use longer measurement GAP and support multiple GAP patterns to solve this issue. It should be decided how to deal with these issues by RAN1/RAN2.
Observation 10: The propagation delay difference can’t impact SMTC configuration and measurement not using GAP. Using longer measurement GAP and supporting multiple GAP patterns may solve this issue for measurement using GAP. How to deal with these issues should be decided by RAN1/RAN2.

3. Conclusion
In this contribution, we discuss several topics of measurement requirements for NTN and present following observations:
Observation 1: The DRX should not be longer than 320ms for NTN system.
Observation 2: The side condition for RRM measurement requirements may be defined at Es/Iot ≥ -3 dB.
Observation 3: NTN FR2 UE should not need receiving beam sweep, or reduced beam sweeping, e.g. 2 times.
Observation 4: It may be appropriate that the update rate of ephemeris parameters is 1 time per second.
Observation 5: How to do the pre-compensation of feeder link should be decided by RAN1 and its error may be negligible compare with pre-compensation of service link done by UE.
Observation 6: The priority for GEO, LEO, and HAPS may not be defined their priority ahead and can be set measurement frequency priority by network as TN NR system.
Observation 7: HAPS can be measured as very large cell.
Observation 8: The existing mobility methodologies can be reused for NTN scenarios with limitation of DRX cycle and the number of measurement samples.
Observation 9: The GNSS receiving should not be interrupted, and interrupting data communication can be allowed.
Observation 10: The propagation delay difference can’t impact SMTC configuration and measurement not using GAP. Using longer measurement GAP and supporting multiple GAP patterns may solve this issue for measurement using GAP. How to deal with these issues should be decided by RAN1/RAN2.
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