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1.	Introduction
RAN4 measurement requirement discussion is pending on RAN2 measurement framework development. Thus, in this contribution, we provide our views on what RAN4 need to further investigate in the meantime for the following aspects.
· Network Topologies
· L1/L3 Measurements
· Interruption/Measurement Gaps for GNSS Measurements
2. 	Discussion
In NTN, as opposed to TN, a frequency reuse factor will likely be larger than 1 to mitigate inter-cell (inter-beam footprint) interference as shown in Figure 1. In the figure, different colors represent disjoint frequency resources. Depending on network deployment scenario, different frequency resources can be used as below:
· (Deployment-A) Cells in a set of frequency-reuse share one Cell-ID and have different BWP-IDs with different SSB-IDs
· (Deployment-B) Cells in a set of frequency-reuse have different Cell-IDs

In Deployment-A, UE mobility under a serving satellite can be dealt with BWP switching, i.e. L1 based mobility. On the contrary, UE mobility will likely be 3 based cell (re)selection and handover in Deployment-B.
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Figure 1. An example of NTN Cell deployment with Frequency Reuse Factor of 7

Observation 1: In NTN with frequency reuse factor larger than 1, inter-cell mobility under the same satellite can be seen as BWP switching based L1 mobility.

Proposal 1: RAN4 to discuss/determine whether or not inter-cell mobility requirements should be defined differently for the following cases based on RAN2 design:
· When a target cell belongs to the same satellite as a serving cell, e.g. it can be similar to L1 measurement based BWP switching
· When a target cell belongs to a different satellite from a serving satellite, e.g. it can be similar to legacy L3 measurement based inter-cell mobility

In NTN, as can be seen in Figure 1, SSBs of cells in a satellite will likely arrive at a UE at the same time with the same frequency offset unless cell or beam-footprint specific time/frequency pre-compensation is applied over the satellite. Therefore, UE may not always require exhaustive cell search prior to measurement for the cells. Besides, when UE is close to the centre of beam footprint, UE may not need to perform neighbor cell measurements as frequently and exhaustively as UEs at the edge of the beam footprint.
Proposal 2: RAN4 to discuss/determine whether to define same of different requirements in terms of the number of measurement cells for intra-satellite and inter-satellite, e.g. 7 cells for intra-satellite and 3 cells for inter-satellite, etc.
Proposal 3: RAN4 to discuss/determine whether to define location- and/or timer-based measurement relaxation, e.g. measurement interval can be relaxed when UE is close to the centre of beam footprint for GEO and/or non-GEO with at least earth-fixed cell

For inter-cell mobility support, whether or not UE has to be always configured with a measurement gap for neighbor cell measurement and measurement gap length/repetition-period may depend on frequency reused factor. In RAN2, NTN specific SMTC and Measurement Gap details are still under discussion.
[RAN2#113bis e-meeting]
1. 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).
2. Rel-17 NTN will not rely only on network implementation to address the issue explained in agreement 1.
3. Enhancements of the SMTC configuration is supported for Rel-17 NTN.
4. Optional new UE assistance is defined in Rel-17 NTN for network to properly (re)configure the SMTC and/or measurement gap
5. For Rel-17 NTN, one or more SMTC configuration(s) associated to one frequency can be configured. FFS solution details.
· The SMTC configuration can be associated with a set of cells (e.g., per satellite or any other suitable set per gNB determination).
· The multiple SMTC configurations are enabled by introducing different new offsets in addition to the legacy SMTC configuration. FFS how the offsets will be managed/signalled.
· FFS the following open questions: 
a) can the UE be configured with multiple SMTCs per carrier and use them all in parallel?
b) How the NW knows which SMTC (incl. offsets/periodicity, etc.) is relevant for a particular UE? 
c) Is there any validity: in time or for certain location only, foreseen in such multiple SMTC configuration?
d) What is the potential impact on the signalling, assuming this delay is a dynamic value?
e) What about the feeder link delay? Is it considered anywhere?
6. The configuration of one or multiple offsets is left up to the network implementation.
7. It is up to network to update the SMTC configuration of the UE to accommodate the different propagation delays.
8. Measurement gaps enhancements should be supported. FFS on the details
In addition, RAN2 has been developing NTN specific conditional handover mechanisms because L3 measurement based legacy inter-cell handover and/or re-selection will likely be less efficient in terms of latency and precise optimization due to near-far effects. 
Conditional Handover
[RAN2#112 e-meeting]
1. Reconfiguration with sync is the baseline for connected mode mobility in NTN (the use of legacy RLF and re-establishment mechanism are not excluded)
2. The CHO can be used in NTN for both moving cell and fixed cell scenarios, and the CHO procedure and execution condition defined in Rel-16 is the baseline for NTN CHO. 
3. NTN specific CHO execution condition can be further discussed.
4. Time or timer based CHO triggering event, in combination with the existing R16 CHO measurement based event, should be introduced for both moving cell and fixed cell scenario.  FFS on how to configure the time or timer based CHO triggering event. Also FFS how to consider the feeder/service link switch timing. 
5. Location based CHO triggering event, in combination with the existing R16 CHO measurement based event, should be introduced for both moving cell and fixed cell scenario. FFS on how to configure the location based CHO triggering event. FFS if location based CHO triggering event only (not in combination with other events) can also be considered.
[RAN2#113 e-meeting]
1. Support A4 event for NTN CHO. FFS whether other triggers need to be combined with this.
[RAN2#113bis e-meeting]
1. Timing information in CHO execution triggering for NTN describes the time after which the UE is allowed to execute CHO to the candidate target cell.
2. Working assumption: the timing information for CHO execution triggering in NTN is defined in the form of a timer/timers. This can be revised and a solution based on UTC/system frame number can be considered if problems are found (e.g. if the timer lacks accuracy due to RTT in NTN).
3. The location in location-based CHO execution triggering for NTN describes the distance between the UE and the reference location of the cell (serving cell or the target cell). FFS what the reference location of the cell is (e.g cell center or other) and how this is provided to the UE

For UE requirements pertaining to SMTC and measurement gap configurations and conditional handover, RAN4 discussion should put on hold until related RAN2 signaling/framework is mature unless RAN4 is explicitly asked by RAN2.
Proposal 4: UE requirements pertaining to SMTC and measurement gap configurations and conditional handover will be developed when RAN2 signaling/framework is settled or RAN4 is explicitly asked by RAN2.


For non-GEO, UE may have to predict radio link issue because service link quality can change much faster than GEO due to, e.g. pathloss change. On the other hand, in GEO, due to a large round trip delay, UE may also have to predict radio ink issue in a similar manner as non-GEO to avoid radio link re-establish procedure.

Proposal 5: RAN4 to investigate L1/L3 measurement requirements for GEO and non-GEO separately.
· Whether or not the requirements can be defined in the same manner for GEO and non-GEO will be determined after the investigation
· Whether legacy RLF and BFD requirements are relevant for NTN UEs, e.g. legacy BLER value of a hypothetical PDCCH transmission and/or PDCCH format for out-of-sync and BFD can be reused

3.	Conclusion
Observations and Proposals are summarized below:
Observation 1: In NTN with frequency reuse factor larger than 1, inter-cell mobility under the same satellite can be seen as BWP switching based L1 mobility.
Proposal 1: RAN4 to discuss/determine whether or not inter-cell mobility requirements should be defined differently for the following cases based on RAN2 design:
· When a target cell belongs to the same satellite as a serving cell, e.g. it can be similar to L1 measurement based BWP switching
· When a target cell belongs to a different satellite from a serving satellite, e.g. it can be similar to legacy L3 measurement based inter-cell mobility
Proposal 2: RAN4 to discuss/determine whether to define same of different requirements in terms of the number of measurement cells for intra-satellite and inter-satellite, e.g. 7 cells for intra-satellite and 3 cells for inter-satellite, etc.
Proposal 3: RAN4 to discuss/determine whether to define location- and/or timer-based measurement relaxation, e.g. measurement interval can be relaxed when UE is close to the centre of beam footprint for GEO and/or non-GEO with at least earth-fixed cell
Proposal 4: UE requirements pertaining to SMTC and measurement gap configurations and conditional handover will be developed when RAN2 signaling/framework is settled or RAN4 is explicitly asked by RAN2.
Proposal 5: RAN4 to investigate L1/L3 measurement requirements for GEO and non-GEO separately.
· Whether or not the requirements can be defined in the same manner for GEO and non-GEO will be determined after the investigation
· Whether legacy RLF and BFD requirements are relevant for NTN UEs, e.g. legacy BLER value of a hypothetical PDCCH transmission and/or PDCCH format for out-of-sync and BFD can be reused
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