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1. Introduction
In last RAN4 meeting, the measurement procedure requirement for NR NTN has been discussed and the agreements were captured in the WF[1].
In this contribution, we further discuss the measurement procedure requirements for NTN, including following topics:
· Measurement based on Cell Service Time
· NTN multiple SMTC
2. Measurement based on Cell Service Time
In last RAN4 meeting, followings were agreed.
	Issue 1-5-1: Measurement based on Cell Service Time
Companies’ views are not much different from each other. The following is suggested to agree on principles that can be found from most of the comments.
Agreement:
· UE in RRC Idle/Inactive mode shall be able to detect, measure, and evaluate neighbour cells before a serving cell stops serving the area, if Serving cell service time information is broadcasted and applicable, regardless of whether the distance condition based on serving cell reference location or the legacy Srxlev/Squal condition are met. When to start detection, measurement, and evaluation is up to UE implementation.
· FFS whether UE shall start the detection, measurement and evaluation on neighbour cells at the time when the legacy S/R criteria are met, e.g. serving cell RSRP is worse than threshold.
· The above does not apply when the time span from the last slot of SI transmission within SI modification period where the broadcasting of ‘serving cell stop time’ is started to the first slot when the cell is scheduled to stop serving the area according to the broadcasted information is less than Tdetect,NR_Intra and K*Tdetect,NR_Inter. Tdetect,NR_Intra, K, and Tdetect,NR_Inter are FFS.


Regarding issue 1-5-1, it was discussed also in RAN2, and the conclusions from RAN2 is:
	RAN2#116-bis-e
Agreements:
1.	A new NTN-specific SIB is introduced (SIBx), scheduled by SIB1
2.	Introduce the following serving cell information to the corresponding SIBx (scheduled by SIB1):
	- Ephemeris;
	- common TA parameters;
	- validity duration for UL sync information;
	- t-Service;
	- cell reference location;
	- Epoch time.
	Also send a LS to RAN1 asking whether some parameters might be sent more frequently
3.	For quasi-earth fixed cell, same as legacy, UE shall perform neighbour cell measurements of “higher priority NR inter-frequency or inter-RAT frequencies” regardless of the remaining serving time
4.	RRC_INACTIVE mode is supported for NTN
Agreements via email - from offline 103 - third round
1.	Update of ephemeris and common TA information does not affect the value tag and does not trigger SI modification procedure.
2.	The ntnUlSyncValidityDuration applies to the whole SIBX. UE acquires the updated SIBX when the timer expires. FFS whether to also include it in the LS to RAN1. FFS if this applies only to Connected mode or to idle mode UE as well
3.	Location information can be used to determine when to start measurement.
4.	UE may choose not to perform neighbour cell measurements of “NR intra-freq or inter-freq with equal or lower priority, or inter-RAT freq with lower priority”, if (the distance between UE and serving cell reference location is shorter than a threshold) and (legacy Srxlev/Squal condition is met, i.e., serving cell’s Srxlev/Squal is better than a threshold).
5.	Location-based measurement initiation is only applied if the cell broadcasts location-related parameters (e.g. a threshold) and by implementation the UE has location information.
6.	Before the stop-time based measurements are triggered, the UE measurements follow Legacy behaviour (i.e., based on Srxlev/Squal) and there is no measurement relaxation.
7.	Cell stop time is not applied to cell ranking in determining the target cell for reselection.

RAN2 # 116e
· When UE uses location based cell reselection enhancements, it's up to UE implementation to guarantee that a valid location information is available
· For quasi-earth fixed cell, same as legacy, UE shall perform neighbour cell measurements of “higher priority NR inter-frequency or inter-RAT frequencies” regardless of the distance between UE and serving cell reference location.
· For quasi-earth fixed cell, UE should start measurements on neighbour cells before the serving cell stops covering the current area, regardless of (the distance between UE and serving cell reference location) or (if legacy Srxlev/Squal condition is met, i.e., serving cell’s Srxlev/Squal is better than a threshold).
· Distance based cell reselection criteria for quasi-earth fixed cell is supported
· For quasi-earth fixed cell, the cell stop time of neighbour cell(s) is NOT broadcast
RAN2 #115e
Agreements via email - from offline 108:
1.	Broadcast of cell stop time in SIB is only applicable to quasi earth fixed cell (not to moving cell). No further work in this release to address any moving cell specific details on using the cell stop time to assist measurements or cell reselection
2.	For quasi-earth fixed cell, the reference location of the cell (serving cell or the neighbor cells) is broadcast in system information
Agreements via email - from offline 108 third round:
1.	For quasi-earth fixed cell, UE should start measurements on neighbour cells before the serving cell stops covering the current area.
2.	For quasi-earth fixed cell, the broadcast “timing information on when a cell is going to stop serving the area” refers to the time when a cell stops covering the current area.
3.	For quasi-earth fixed cell, specify that UE should start measurements on neighbour cells before the broadcast stop time of the serving cell, i.e. the time when the serving cell stops covering the current area, and the exact time to start measurements is up to UE implementation.


Based on RAN2 agreement, we think UE is required to start measurement on neighbour cells before the broadcasted stop time of the serving cell, and the exact time to start measurement is up to UE implementation. After starting the neighbour cell measurement, UE shall meet the IDLE mode neighbour cell evaluation requirement. Based on RAN2 agreement that “before the stop-time based measurements are triggered, the UE measurements follow Legacy behaviour (i.e., based on Srxlev/Squal) and there is no measurement relaxation”, that means in RAN4 we assume the legacy measurement triggering condition should be still applied for NTN, that is: UE shall start the detection, measurement and evaluation on neighbour cells at the time when the legacy S/R criteria are met, e.g. serving cell RSRP is worse than threshold.
Proposal 1: For NTN, before the stop-time based measurements are triggered, UE shall still start the detection, measurement and evaluation on neighbour cells at the time when the legacy S/R criteria are met, e.g. serving cell RSRP is worse than threshold.
When the time span from the last slot of SI transmission within SI modification period where the broadcasting of ‘serving cell stop time’ is started to the first slot when the cell is scheduled to stop serving the area according to the broadcasted information is less than Tdetect,NR_Intra and K*Tdetect,NR_Inter, the UE in RRC Idle/Inactive mode is not required to detect, measure, and evaluate neighbour cells before a serving cell stops serving the area. Since if the Tdetect,NR_Intra and K*Tdetect,NR_Inter is too long, then it would require network to broadcast the ‘serving cell stop time’ as early as possible before the first slot when the cell is scheduled to stop serving the area. Broadcast of cell stop time in SIB is only applicable to quasi earth fixed cell (not to moving cell), and therefore it would not be so critical to shorten the UE measurement too much and K could be chosen based on UE measurement capability in IDLE/Inactive mode or K could be the carriers with higher priority. 
Since same cell Selection/Reselection delay requirements will apply for UE Idle/Inactive mode for LEO and GEO scenarios and the requirements shall be based on LEO scenario assumptions, we think the HST intra-frequency cell reselection delay requirement could be applied for NTN intra-frequency and inter-frequency cell reselection delay requirement as a baseline.
Proposal 2: The NTN cell reselection requirement does not apply when the time span from the last slot of SI transmission within SI modification period where the broadcasting of ‘serving cell stop time’ is started to the first slot when the cell is scheduled to stop serving the area according to the broadcasted information is less than Tdetect,NR_Intra and K*Tdetect,NR_Inter.
· Tdetect,NR_Intra is the NTN intra-frequency cell detection delay in IDLE/Inactive mode
· could use HST intra-frequency cell detection delay in IDLE/Inactive mode as baseline.
· Tdetect,NR_Inter is the NTN inter-frequency cell detection delay in IDLE/Inactive mode.
· could use HST intra-frequency cell detection delay in IDLE/Inactive mode as baseline.
· K is one of the following options:
· Option1: K is the inter-frequency carrier number based on NTN UE measurement capability in IDLE/Inactive mode
· Option 2: K is the higher priority inter-frequency carrier number
3. Multiple SMTCs for NTN 
In last meeting, RAN2 replied RAN4 LS (R2-2201883), duplicated as below,
	(Q1) Would there be any association information between SMTC and Cell/SSB-IDs and/or Satellite?
RAN2 answer: The association between SMTC and satellite is left to network implementation. The association between SMTC and the Cell will be signalled in newly introduced SMTC list (SSB-MTC4List-r17). For each SMTC, this list includes a list of cells that are following the signalled offset in SSB-MTC4List-r17. Existing SSB-MTC is still the baseline SMTC configuration.
RAN2 has not made any decision on whether to provide a list of cells the satellite is serving in the system information. RAN2 will further provide update, if needed.
(Q2) Would there be any dynamic mechanism enabling/disabling or activating/deactivating the configured SMTCs for one measurement object?
RAN2 answer: RAN2 has agreed that there is no dynamic mechanism to activate and deactivate a configured SMTC.
(Q3) Would the legacy SMTC lengths be re-used for NTN SMTC configuration, i.e. no additional NTN specific new SMTC lengths?
RAN2 answer: Yes
(Q4) Would configuring multiple SMTCs overlapping with each other in the time domain for the same measurement object be allowed? If yes, would the SMTCs be allowed to be activated concurrently?
RAN2 answer: Yes. All the configured SMTCs may overlap in time domain for the same measurement object and can be used in parallel. 
There will be optional UE capability reporting whether UE is able to use 4 SMTCs in parallel. RAN2 has decided that it is essential for UEs to support 2 SMTCs in parallel.
(Q5) Whether and how would a valid time information of SMTC be defined?
RAN2 answer: RAN2 has not decided on whether validity timer for SMTC configuration is defined. RAN2 will further provide update, if needed.
(Q6) Would the periodicities of multiple SMTCs configured by an MO be identical?
RAN2 answer: With newly introduced signaling (SSB-MTC4List-r17), only offset will be signalled differently, and periodicity and duration of the multiple SMTCs are identical for an MO.
(Q7) RAN4 would also like ask for clarification on the interpretation of “in parallel” in the LS R2-2109219 below, e.g. does it mean multiple SMTCs can be activated and in use simultaneously and the SMTCs can overlapping with each other?
RAN2 answer: Yes. See response to Q4.


In last RAN4 meeting, we also had some agreements as:
	Issue 3-1-1: The maximum number of SMTCs per Frequency layer
Conclusion:
Wait for RAN2 reply LS.
Issue 3-1-2: Capability on the number of Measurement Cell Groups
Conclusion:
Wait for RAN2 reply LS.
Issue 3-1-4: Measurement with multiple SMTCs
Agreement:
· Item-1: Scheduling restriction
· Option 1: Scheduling restriction is always allowed for measurement of cells belonging to a different satellite than the serving cell if not fully confined within MG. No scheduling restriction for measurement of cells belonging to serving cell.
· Option 2: Same as Option 1, but only for the case where either serving or target measurement cells is LEO. Otherwise, no scheduling restriction is defined.
· Option 3: For both intra- and inter- frequency measurements, the UE uses measurement gaps; the UE is not required to measure the SSB-s unless the SSB-s are completely contained in the measurement gaps.
· Option 4: Please add yours, if any.
· Item-2: Scaling factor
· Option 1: When a measurement frequency is configured with multiple SMTCs with different offset values, the measurement frequency is treated as multiple independent measurement frequencies in terms of measurement period/interval and CSSF (Carrier Specific Scaling Factor) which represents the number of measurement carriers that share one cell search/measurement engine.
· Option 2: Different solutions in terms of whether and exact number of scaling factor for the following cases:
· Whether UE can measure multiple SMTCs within one periodicity, and how many SMTCs can be measured in parallel.
· If not all of them can be used by UE in parallel, whether or not UE and NW are in-sync in terms of which SMTCs will be in use at a given time 
· Option 3: When a measurement frequency is configured with multiple LEO satellites to measure, the number of LEO satellites is accounted in CSSF for connected mode and Kcarrier for idle/inactive mode.
· For all options, there can be more aspects to be taken into account, e.g. fully vs. partially overlapping SMTCs
· Item-3: SSBs fully or partially contained SMTC
· Wait for further progress from RAN2
· Item-4: Requirements when the number of configured SMTCs per Frequency layer is beyond UE capability
· Option 1: UE is not expected to be configured with more SMTCs than its capability
· Option 2: UE can be configured with more SMTCs than its capability. In such a case, requirements are FFS, e.g. not applicable or based on the worst case
· Different options can be adopted depending on UE RRC state.
· Item-5: Fully or partially colliding SMTCs
· Option 1: SMTCs on the same frequency do not overlap
· Option 2: Consider cases where MTCs on the same frequency can fully or partially overlap, and define same or different requirements for fully-, partially-, and non-overlapping cases.
· Option 3: Please add yours, if any.
· Item-6: Please add, if any.



Item-1: Scheduling restriction
When the satellite type is different from serving cell, it would need UE to maintain two kinds of reception (T/F compensation) for both neighbor cell measurement and serving cell data/control reception. Since UE may or may not know the satellite type of the target cells, to define a minimum requirement for UE, we think option 1 makes more sense.
Proposal 3: Scheduling restriction is always allowed for measurement of cells belonging to a different satellite than the serving cell if not fully confined within MG. No scheduling restriction for measurement of cells belonging to serving cell.
Item-2: Scaling factor
RAN2 agreed that all the configured SMTCs may overlap in time domain for the same measurement object and can be used in parallel. UE can measurement multiple SMTCs within one periodicity, but the number of SMTCs measured by UE shall be based on UE capability and scheduling restriction impacts.
In RAN2 discussion, for NW-based solution, the network can configure up to 2 SMTCs in parallel and the UE uses all of them, i.e. there is no switching between or activation/deactivation of configured SMTCs. And UE can also optionally indicate support for 4 SMTCs (in this case the NW can configure up to 4 SMTCs in parallel). We still need to consider the actual configuration based on different conditions. 
If the SMTCs configured per measurement object for specific ssbFrequency are for intra-frequency measurement without MG for NTN measurement, RAN4 needs to consider the impact of using multiple SMTCs, e.g., scheduling restriction in SMTCs. In typical SMTC configuration of 20ms, the worst scheduling restriction (due to mixed numerology in FR1) is UE cannot receive or transmit within the whole SMTC window of 5ms, and therefore the total loss due to scheduling restriction is 5/20=25%. Since it’s unclear if those multiple SMTCs could be parietally overlapped with each other or not, we think RAN4 needs to consider the influence of scheduling restriction to determine the number of SMTCs for use in parallel. The following figures are examples of scheduling restriction when multiple SMTCs are used in parallel.
If UE doesn’t have scheduling restriction for intra-frequency MO without MG, it’s fine for UE to use 4 SMTCs for NTN MO based on network configuration if UE indicates the capability of supporting 4 SMTCs for MO.
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Figure 1. examples for scheduling restriction by using multiple SMTC for intra-frequency MO without MG
Proposal 4: based on network configuration on one MO, UE uses multiple SMTCs simultaneously within SMTC periodicity and the delay scaling factor of this MO could be determined by 
Proposal 5: For intra-frequency MO without MG and inter-frequency MO without MG,
· The maximum number of SMTCs simultaneously used by UE within SMTC periodicity per measurement object for the same ssbFrequency shall meet both of following conditions, 
· smaller than or equal to the SMTC number indicated in UE capability, and
· guarantee the total scheduling restriction length less than or equal to [25%] of the SMTC periodicity length. 
Based on proposal 5, if the UE supported SMTC number in real specific scenario is smaller than in the UE capability report, RAN4 to discuss if network could indicate a SMTC pattern to UE, or let UE reports such SMTC usage pattern to network. The pattern is used to indicate which SMTCs are used in which SMCT periodicity and then network could keep scheduling on those unused SMTCs in each SMTC periodicity. 
Proposal 6: when the UE supported SMTC number in real specific scenario is smaller than in the UE capability report, FFS if network could indicate a SMTC pattern to UE or let UE reports such SMTC usage pattern to network.

Item-4: Requirements when the number of configured SMTCs per Frequency layer is beyond UE capability
We think UE is not expected to be configured with more SMTCs than its capability, otherwise, there is no meaning to let UE report such capability to network.
Proposal 7: UE is not expected to be configured with more SMTCs than its capability.

Item-5: Fully or partially colliding SMTCs
Based on RAN2 reply, the SMTCs in same MO could be fully or partially colliding SMTCs. However, due to the limited time, RAN4 may only consider the simplest case for requirement design, that is, SMTCs on the same frequency do not overlap; and leave the other possibilities to future release.
Proposal 8: For requirement simplicity, RAN4 assumes SMTCs on the same frequency do not overlap for requirement design in this release.
Regarding the multiple SMTCs with MG, RAN4 had following options:
	Issue 3-1-6: Measurement Gap
Agreement:
· RAN4 to discuss Gap-based measurement including the following aspects in detail based on further progress made by RAN2 NTN and RAN4 Concurrent MG WI before RAN4#102 e-meeting starts:
· Maximal number of MG 
· Matching between SMTC and MG if applicable
· Proximity condition for overlapping
· UE behavior during colliding gap occasion
· RAN4 to discuss how MG deals with unalignment,e.g. edge of SMTC window may cross MGL, due to propagation delay offset/timing error between serving cell and neighbor cell.


When the MG is configured, this MO with MG is expected to be measured within MG. The SMTC configuration shall be aligned with MG configuration. There might be two possibilities, (1)each MG contains one SMTC; (2)one MG contains more than one SMTCs, as shown in the following figures. So that means concurrent MG number cannot be directly be used as the upper bound for multiple NTN SMTC number. The multiple NTN SMTC number shall be determined by how many these SMTCs could be contained in the concurrent MGs based on UE capability in MG enhancement WI, which is 2 per-FR1 MGs or 2 per-UE MGs. In NTN, FR2 is not a prioritized scenario so far, we propose to use 2 as the max MG number.
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Figure 2. examples for the relation between MG and SMTC for NTN MO
Proposal 9: In R17 RRM, maximal number of concurrent MG in NTN is 2 for per-UE MGs or for per-FR1 MGs.
Proposal 10: for intra-frequency MO with MG and inter-frequency MO with MG, the maximum number of SMTCs simultaneously used by UE within SMTC periodicity per measurement object for the same ssbFrequency shall meet both of following conditions:
· smaller than or equal to the SMTC number indicated in UE capability, and
· guarantee these SMTCs can be contained in active measurement gaps. 
4. Other aspects for Measurement procedure requirement
The last meeting agreement was:
	Issue 3-3-1: Measurement requirements and serving cell SIB reading time
Agreement:
The following will be discussed in RAN4#102 e-meeting after receiving RAN2 reply LS.
· The reading time of essential information for NTN neighbor cell measurement should be accounted in the measurement period measurements, if identified as necessary. And the issue will be treated in all relevant requirements commonly.


In RAN2 LS (R2-2201884), the agreement was:
	Question-1: Would the parameters listed above be relevant to measurements and mobility? If the answer is dependent on satellite types, e.g. GSO and NGSO, and RRC state, what would be the answers to the respective satellite types?
RAN2 answer: For measurement purpose, SMTCs, ephemeris, epoch time and DL polarization information would be relevant regardless of satellite types and RRC state. 
RAN2 has agreed the assumption that feeder link delay is known to and compensated by the network. The network can compensate feeder link delay to configure SMTCs to UEs in the connected mode. In addition, RAN2 has agreed for IDLE mode measurements that UE autonomously adjusts the SMTCs based on location and ephemeris. It is FFS whether network assistance information is provided to UEs. 
RAN2 think feeder link delay (i.e., common TA and K_MAC) of the neighbor cell should also be provided to UE for neighbor cell SMTC adjustment. However, RAN1 feedback is needed to decide whether common TA parameters (TACommon, TACommonDrift, TACommonDriftVariation and [TACommonThirdOrder]) of the neighbor cells need to be provided to the UEs for neighbor cell measurements. 
RAN2 assumes it is up to network whether to use PVT format or Keplerian format for both serving and neighbor cells. RAN1 feedback is needed to decide whether the validity timer information for serving and neighbor/target cell needs to be different or whether there will be separate validity timers for PVT parameters and orbital parameters.
RAN1-107e had made the conclusion that DL frequency compensation by gNB for the service link Doppler is not supported in Release 17, therefore, (A4) and (B4) are not needed.
For handover, a UE would need those parameters listed in the LS regardless of satellite types except (B4).
Question-2: Would there be parameters that are not listed but necessary for measurements and mobility from RAN2 perspective? If the answer is dependent on satellite types, e.g. GSO and NGSO, and RRC state, what would be the answers to the respective satellite types?
RAN2 answer: For neighbor cell measurement, please see the response to the Question 1. Additionally for IDLE mode measurement trigger in NGSO fixed cell, (A6): serving cell stop time and reference location are also needed.
For handover, following additional parameters are also needed.
 (B7): Epoch time of the ephemeris
 (B8): Kmac (to determine UE-gNB RTT and perform RACH to target), 
Question-3: Would the parameters be available to UE, e.g. provided by serving cell, for measurements and mobility? If the answer is dependent on satellite types, e.g. GSO and NGSO, and RRC state, what would be the answers to the respective satellite types?
RAN2 answer: Yes. 
Questions-4: What would be the expected UE behavior from the perspective of handover, measurement, and measurement reporting if any or all of the information listed above is not provided to the UE by a serving cell or if any of all of the provided information cannot be used by the UE because, e.g. the validity timer expires? If the answer is dependent on satellite types, e.g. GSO and NGSO, and RRC state, what would be the answers to the respective satellite types?
RAN2 answer: RAN2 assumes all the information needed for measurement and handover would be provided to the UE by the network. If any of the information is not available or is not valid, then the UE would have to acquire the system information of the target or neighbor cell which is not desirable from handover interruption time point of view.


RAN2 thought it’s not desirable to let UE to acquire the SI of neighbor cell for HO, and it’s most likely network would provide such essential information to UE for HO and measurement. Thus, we propose:
Proposal 11: RAN4 to assume that the information needed for measurement and handover would be provided to the UE by the network, otherwise no requirement would be applied.
5. Conclusion
In this contribution, we further discuss the measurement procedure requirements for NTN.
Proposal 1: For NTN, before the stop-time based measurements are triggered, UE shall still start the detection, measurement and evaluation on neighbour cells at the time when the legacy S/R criteria are met, e.g. serving cell RSRP is worse than threshold.
Proposal 2: The NTN cell reselection requirement does not apply when the time span from the last slot of SI transmission within SI modification period where the broadcasting of ‘serving cell stop time’ is started to the first slot when the cell is scheduled to stop serving the area according to the broadcasted information is less than Tdetect,NR_Intra and K*Tdetect,NR_Inter.
· Tdetect,NR_Intra is the NTN intra-frequency cell detection delay in IDLE/Inactive mode
· could use HST intra-frequency cell detection delay in IDLE/Inactive mode as baseline.
· Tdetect,NR_Inter is the NTN inter-frequency cell detection delay in IDLE/Inactive mode.
· could use HST intra-frequency cell detection delay in IDLE/Inactive mode as baseline.
· K is one of the following options:
· Option1: K is the inter-frequency carrier number based on NTN UE measurement capability in IDLE/Inactive mode
· Option 2: K is the higher priority inter-frequency carrier number

Proposal 3: Scheduling restriction is always allowed for measurement of cells belonging to a different satellite than the serving cell if not fully confined within MG. No scheduling restriction for measurement of cells belonging to serving cell.
Proposal 4: based on network configuration on one MO, UE uses multiple SMTCs simultaneously within SMTC periodicity and the delay scaling factor of this MO could be determined by 
Proposal 5: For intra-frequency MO without MG and inter-frequency MO without MG,
· The maximum number of SMTCs simultaneously used by UE within SMTC periodicity per measurement object for the same ssbFrequency shall meet both of following conditions, 
· smaller than or equal to the SMTC number indicated in UE capability, and
· guarantee the total scheduling restriction length less than or equal to [25%] of the SMTC periodicity length. 
Proposal 6: when the UE supported SMTC number in real specific scenario is smaller than in the UE capability report, FFS if network could indicate a SMTC pattern to UE or let UE reports such SMTC usage pattern to network.
Proposal 7: UE is not expected to be configured with more SMTCs than its capability.
Proposal 8: For requirement simplicity, RAN4 assumes SMTCs on the same frequency do not overlap for requirement design in this release.
Proposal 9: In R17 RRM, maximal number of concurrent MG in NTN is 2 for per-UE MGs or for per-FR1 MGs.
Proposal 10: for intra-frequency MO with MG and inter-frequency MO with MG, the maximum number of SMTCs simultaneously used by UE within SMTC periodicity per measurement object for the same ssbFrequency shall meet both of following conditions:
· smaller than or equal to the SMTC number indicated in UE capability, and
· guarantee these SMTCs can be contained in active measurement gaps. 
Proposal 11: RAN4 to assume that the information needed for measurement and handover would be provided to the UE by the network, otherwise no requirement would be applied.
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