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1. Introduction
In last RAN4 meeting, a way forward on NRN RRM measurement requirements was approved in [1].

In this contribution, we further discuss the RRM measurement requirements for NTN and provide our views
2. Discussion
Measurement and mobility
· Proposal in RAN4#98 meeting: 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 last RAN4 meeting, the above scenarios were agreed to be discussed as high priority for NTN. 

In RAN2 discussion, the mobility in NTN can be categorized into the following scenarios:

· Scenario 1: Feeder link switch for earth fixed beam, with/without service link switch due to satellite switch

· Scenario 2: Feeder link switch for earth moving beam, with/without service link switch due to satellite switch

· Scenario 3: Service link switch for earth fixed beam due to satellite switch

· Scenario 4: Connected mode mobility for earth moving beam when the beam no longer serves the UE

· Scenario 5: Connected mode mobility for both earth moving and earth fixed beam due to UE movement

For both scenario 1 and 2, the handover caused by feeder link switch for both earth fixed and earth moving scenarios are common from RRM perspective. 

For service link switch for earth fixed beam due to satellite switch (scenario 3), the feasibility of having same PCI from two satellites during service link switch is still under discussion. Based on the current discussion, most companies believe having same PCI in this scenario is difficult due to the delay and delay difference between different satellites. So it seems that the handover caused by service link switch for earth fixed beam due to satellite switch is the same with handover for earth moving cell (scenario 4).
In scenario 5, mobility for earth moving cell due to UE movement is similar as scenario 4. And from UE perspective; mobility for earth fixed beam due to UE movement is the same as TN scenario.

Although RAN2 categorized the NTN mobility into 5 scenarios, all the scenarios are related to handover in connected mode and cell reselection in idle/connected mode from RRM perspective. And based on the above discussion, it seems that earth fixed cell scenario is a subset of earth moving cell scenario. So it is suggested to prioritize the measurement and mobility between earth moving cells.
In RAN2 discussion, the mechanism for HAPS mobility will reuse the NTN mechanisms. In order to complete RAN4 work in time, it is suggested RAN4 prioritize on the common RRM requirements for HAPS and NTN first, and deprioritize the HAPS dedicated requirements if any. 
To summarize, we propose RAN4 to discuss measurement and mobility for the following scenarios with high priority.
Proposal 1: RAN4 to discuss measurement and mobility for the following scenarios with high priority.
·  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
Interruption/Measurement Gaps for GNSS Measurements

· Proposal in RAN4#98 meeting: 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.

This issue was raised by company in last meeting email discussion. Since L-band UL is very close to GNSS, it is questionable whether there is any potential interference exists so that interruptions or measurement gaps may be expected for GNSS measurements during NTN operation.
RAN2 already specified IDC mechanism in Rel-17 RAN2 TEI. So if any interference exists between GNSS and NTN, IDC mechanism can be used to resolve the interference. So we think there is no need for RAN4 to discuss the RRM requirements for interruptions or measurement gaps due to GNSS measurements during NTN operation.

Proposal 2: Since IDC mechanism are specified in Rel-17 TEI, there is no need for RAN4 to discuss interruptions or measurement gaps for GNSS measurements during NTN operation.
New SMTC and Measurement Gaps

· Proposal in RAN4#98 meeting: 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

According to the outcome of RAN2 post meeting email discussion on the NTN SMTC and measurement gap, some proposals are recommended to be agreed. The SMTC/MG related proposals are copied as follows.
	Proposal 1.
[To agree] [21/21] For Rel-17 NTN, Rel-17 NR operation is enhanced (e.g. the SMTC configuration and UE measurement gap configuration) aiming to address the issues associated with the different/larger propagation delays, and the satellites (considering e.g. their deployment, mobility, height, minimum elevation and prioritizing typical NTN scenarios).
Proposal 3.
[To agree] [19/21] Enhancements of the SMTC configuration is supported for Rel-17 NTN.
Proposal 3.1.
[To agree] [13/21] To enable the usage one or more SMTC configuration(s) with one or more offset(s) associated to each SMTC configuration in order to account for the different propagation delays. FFS if SMTC configuration can be associated with one or more cells and/or with one or more satellites. FFS how to define the offset in relation to the propagation delay of the serving satellite and neighbor satellite(s). FFS the details on how multiple SMTC configurations work in relation to the new offsets (e.g. whether one or more offset(s) associated to each SMTC configuration).
Proposal 6.
[To agree] [17/21] Measurement gap window is not extended for Rel-17 NTN.
Proposal 7.
[To agree] [13/21] Multiple measurement gap patterns are supported for Rel-17 NTN.
Proposal 8.
[To agree] [17/21] Periodic adjustment of measurement gap is not enabled for Rel-17 NTN.
Proposal 9.
[To agree] [19/21] A UE cannot update measurement gap window autonomously for Rel-17 NTN.
Proposal 15.
[To agree] [18/21] Rel-17 NTN will not support that UE updates SMTC window based on relative movement of neighbor cell’s SSB.


It can be seen that the measurement gap window is not extended for Rel-17 NTN. Hence, there is no need to define new gap patterns for NTN in TS 38.133. 
Multiple measurement gap patterns are supported for Rel-17 NTN. And enhancement of SMTC configuration including more than one SMTC configuration may be supported for Rel-17 NTN.

Regarding multiple measurement gap patterns, this has some overlap with the measurement gap enhancement WI in RAN4. In order to avoid the duplicate work and maybe some even conflict conclusions, it is suggested that NTN multiple measurement gaps should be based on the outcome of RAN4 measurement gap enhancement WI, and further enhancement in NTN WI maybe considered for NTN scenario if needed.
Proposal 3: 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
· No new measurement gap pattern is needed according to RAN2 latest email discussion

· FFS: whether/how to split detailed work between Rel-17 work items, NTN and MG enhancement
· The multiple measurement gaps of NTN should be based on the outcome of MG enhancement WI, and further enhancement in NTN WI may be considered for NTN scenario if needed.
3. Conclusion
In this contribution, we further discuss the RRM measurement requirements for NTN, and the proposals are provided as follows:
Proposal 1: RAN4 to discuss measurement and mobility for the following scenarios with high priority.

·  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
Proposal 2: Since IDC mechanism will be specified in Rel-17 RAN2 TEI, there is no need for RAN4 to discuss interruptions or measurement gaps for GNSS measurements during NTN operation.
Proposal 3: 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
· No new measurement gap pattern is needed according to RAN2 latest email discussion

· FFS: whether/how to split detailed work between Rel-17 work items, NTN and MG enhancement
· The multiple measurement gaps of NTN should be based on the outcome of MG enhancement WI, and further enhancement in NTN WI may be considered for NTN scenario if needed.
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