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1. Introduction
In RAN#98bis-e meeting, RAN4 has some initial discussion on RRM requirement for NTN system, and the WF on NR NTN RRM requirements was approved in [1]. And the WF on measurement related requirements are copied as follows.
	Topic #6: NTN Measurements
· At least RSRP measurement accuracy for NTN-specific operation should be considered as a candidate option
· No concern raised so far. There are also other measurements like RSRQ and SINR to consider
· Consider new measurement type requirements for
· New HO procedures defined by RAN2 if any (part of normal RAN4 working process)
· All scenarios NTN-to-NTN, NTN-to-TN and TN-to-NTN
· Discuss once the Intra NTN mobility has sufficiently progressed. Intra NTN mobility refers to idle and connected mode mobility between NTN cells (e.g. intra or inter satellite).
· No concern raised so far
· Select a list of (core) measurement requirements to be considered with priority
· After sufficient progress is made in RAN1 / RAN2
· However, an initial list has been already proposed


In this contribution, we discuss the measurement related requirements for NTN system and provide our proposals.
2. Discussion
2.1	Measurement gap
According to TR38.821 [2], A UE can be served by different types of satellite, e.g. LEO satellite MEO satellite or GEO satellite. The altitude for different types of satellite can be from 600Km to 35768Km, and the propagation delay between different types of satellites can be varied between 4ms and 477.48ms correspondingly. Since the SMTC and measurement gap configuration in NTN are configured based on the timing of PCell, thus, the time difference between signal delay 1 and signal delay 2 will cause the SSB signal window of target neighbour cell is not within the measurement gap window configured by the serving cell, as shown in Figure 1. 
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Figure 1: Propagation delay difference between satellites
Observation 1: The propagation time difference between serving cell and target neighbour cell will cause the reference signal window of target neighbour cell is not within the measurement gap window configured by the serving cell.
In RAN2#113bis-e meeting [3], RAN2 discussed the potential enhancement in NTN, e.g. the enhancement on the SMTC configuration and measurement gap configuration, aiming to address the issues associated with the different/larger propagation delays. And the related agreement on SMTC configuration and measurement gap configuration are captured as follows:
Agreements - via email (from offline [106])
1. 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?
2. The configuration of one or multiple offsets is left up to the network implementation.
3. It is up to network to update the SMTC configuration of the UE to accommodate the different propagation delays.

Agreements online:
1. Measurement gaps enhancements should be supported. FFS on the details
According to RAN2 agreements, network can configure multiple SMTC configuration with different offsets for one frequency in NR NTN, and one SMTC configuration can be associated with a set of cells per satellite. In addition, in order to support the measurement on SMTC with different offsets, the measurement gap enhancement with multiple measurement gap pattern should be supported. In MG enhancement WI, the concurrent MGs can be configured for the measurements with different periodicity and/or offset of reference signals from different cells or frequency layers that cannot be covered by one measurement gap. 
Proposal 1: the concurrent MG discussed in Rel-17 MG enhancement WI can be applied for the SMTC configurations with different offsets in one frequency layer in NR NTN.
2.2	Cell selection and reselection 
In terrestrial network system, the UEs in RRC_IDLE mode perform the cell reselection based on the measurement of RSRP/RSRQ, as the UE can determine it is near a cell edge due to a clear difference in RSRP as compared to cell center. However, the existing measurement mechanism is not suitable for NTN scenarios due to the unobvious near-far effect, as illustrated in figure 2. UE may suffer frequently ping-pong effect between serving cell and neighbour cell based on existing cell reselection mechanism.


Figure 2: A sketch of near-far effect in different scenarios: (a) Terrestrial Network; (b) NTN
RAN2 had some discussion on cell reselection for NTN system in RAN2#111e and RAN2#112e meeting [4] [5], and the following consensus were made in RAN2:
	RAN2#111:
1.	Cell selection / reselection in NR is the baseline in NTN idle mode procedure.
2.	Satellite/HAPS ephemeris based cell selection and reselection should be defined for NTN (FFS what the term satellite/HAPS ephemeris actually means). FFS when this ephemeris based cell selection / reselection can be used. FFS whether UE location (and/or other information) based cell selection and reselection should be introduced for NTN
3.	The satellite ephemeris should be provided to UE, at least for Satellite/HAPS ephemeris based cell selection and reselection (FFS what the term satellite/HAPS ephemeris actually means).
4.	The network type (i.e. TN or NTN) should be known to UE. FFS whether to achieve this in an implicit or explicit way.
5.	The existing cell reselection priority configuration can be taken as a baseline in NTN. FFS on any further enhancement.
6.	Postpone the discussion on whether to introduce a new SIB until we have more progress on the content of NTN specific system information.



	RAN2#112:
1.	Existing cell reselection principles are considered as baseline and that information about when a cell is going to stop serving the area and information about new upcoming cell can be further considered. In which form and how this is exactly implemented in the cell reselection principles is FFS.


According to the agreements in RAN2, the cell selection/reselection in legacy NR is the baseline in NTN idle mode procedure. In other word, the existing S criteria and R criteria defined in TN system can be reused in cell reselection in NTN. As the SMTC design specified in TN system is reused in NTN system, we think the measurement procedure are the same and the delay requirement can be reused for cell reselection in NTN scenarios. However, as the unobvious near-far effect for RSRP/RSRQ measurement in NTN scenarios, the reselection margin need to be revisited to avoid the ping-ping effect. 
Proposal 2: The existing cell reselection delay requirement based on the existing S/R criteria can be reused for cell reselection in NTN scenarios.
Proposal 3: RAN4 need to define the reasonable cell reselection margin for S/R criteria based cell reselection in NTN scenarios. 
RAN2 has also agreed the satellite/HAPS ephemeris based cell selection and reselection should be defined for NTN system. And RAN2 is discussing how to provide the UEs with satellite ephemeris information and what is should contain, once RAN2 completes the cell reselection procedure for NTN system, RAN4 should define the corresponding RRM requirement for cell reselection satellite/HAPS ephemeris based cell selection and reselection. 
Proposal 4: RAN4 is to define the RRM requirements for satellite/HAPS ephemeris based cell selection and reselection once RAN2 completes the cell reselection procedure for NTN.
2.3	Handover
RAN2 has agreed that the conditional handover can be used in NTN scenarios, and the CHO procedure and execution condition defined in Rel-16 is the baseline for NTN CHO. In addition, RAN2 has also agreed to introduce the time/timer based CHO triggering event and location based CHO triggering event for NTN CHO. The related agreements for NTN CHO are captured as follows:
	Agreements
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. The existing measurement framework (e.g. measurement configuration, execution and reporting) is the baseline, and all the existing measurement criteria and event can be used in NTN. Support for new measurement is not excluded.
5. Legacy SSB periods (as in TN) shall be supported in NTN



	Agreements
1.	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.
2.	DAPS HO for NTN is de-prioritized in this release.
3.	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.
4.	The Location-based measurement event, in combination with the existing measurement event in NR, should be supported in NTN for both moving cell and fixed cell scenarios. FFS on how to configure the location based measurement event.


In NR R16, Conditional Handover (CHO) is defined as a handover that is executed by the UE when one or more handover execution conditions are met. The UE starts evaluating the execution condition(s) upon receiving the CHO configuration, and stops evaluating the execution condition(s) once a handover is executed (legacy handover or conditional handover execution). According to 38.133, the CHO handover delay is defined the time between the end of the last TTI containing the RRC command and the start the transmission of the new uplink PRACH. Regarding the CHO for NTN scenario, the ending point of CHO may need to be updated, as the propagation delay should be considered in CHO procedure. Thus, it is more appropriate to define the reception of the new PRACH as the ending point of the NTN CHO procedure. In addition, the time/timer and location based triggering event has been introduced for NTN CHO, the corresponding delay requirement should be defined once RAN2 completes the configuration procedure for these triggering event.
Proposal 5：The timeline for NTN CHO should be defined the time between the end of the last TTI containing the RRC command and the end of the reception of the new PRACH.
Proposal 6: The existing conditional handover delay requirement defined in Rel-16 can be reused as baseline for NR NTN CHO.
Proposal 7: RAN4 is to define the RRM requirements for time/timer and location based CHO triggering event.
3. Conclusion
In this contribution, we discussed the measurement related requirements for NTN system and our observation and proposals are provided as follows:
Observation 1: The propagation time difference between serving cell and target neighbour cell will cause the reference signal window of target neighbour cell is not within the measurement gap window configured by the serving cell.
Proposal 1: the concurrent MG discussed in Rel-17 MG enhancement WI can be applied for the SMTC configurations with different offsets in one frequency layer in NR NTN.
Proposal 2: The existing cell reselection delay requirement based on the existing S/R criteria can be reused for cell reselection in NTN scenarios.
Proposal 3: RAN4 need to define the reasonable cell reselection margin for S/R criteria based cell reselection in NTN scenarios. 
Proposal 4: RAN4 is to define the RRM requirements for satellite/HAPS ephemeris based cell selection and reselection once RAN2 completes the cell reselection procedure for NTN.
Proposal 5：The timeline for NTN CHO should be defined the time between the end of the last TTI containing the RRC command and the end of the reception of the new PRACH.
Proposal 6: The existing conditional handover delay requirement defined in Rel-16 can be reused as baseline for NR NTN CHO.
Proposal 7: RAN4 is to define the RRM requirements for time/timer and location based CHO triggering event.
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