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1. Introduction
[bookmark: _Toc12718547]The discussion intends to discuss remaining CP issues in NTN, including neighboring cell measurement clarification and propagation delay difference report.
2. Discussion
2.1. [bookmark: OLE_LINK2]Neighboring cell measurements
--------------------------------------------------- 38.300-h30 ---------------------------------------------
[bookmark: _Toc124536348]16.14.3.3	Measurements
The same principle as described in 9.2.4 applies to measurements in NTN unless here under specified.
The network can configure:
-	multiple SMTCs in parallel per carrier and for a given set of cells depending on UE capabilities;
-	measurement gaps based on multiple SMTCs;
-	assistance information (e.g., ephemeris, Common TA parameters) provided in SIB19 for UE to perform measurement on neighbour cells in RRC_IDLE/RRC_INACTIVE/RRC_CONNECTED.
NW-controlled adjustment of SMTCs can be based on UE assistance information reported in RRC_CONNECTED. A UE in RRC_IDLE/RRC_INACTIVE can adjust SMTCs based on its location and assistance information in SIB19.
UE assistance information consists of the service link propagation delay difference(s) between serving the cell and neighbour cell(s).
For a UE in Idle/Inactive mode it's up to UE implementation whether to perform NTN neighbour cell measurements on a cell indicated in SIB4 but not included in SIB19.
For a UE in Connected mode, it's up to UE implementation whether to perform NTN neighbour cell measurements on a cell included in the measurement configuration but not included in SIB19.
In the quasi-earth fixed cell scenario, UE can perform time-based and location-based measurements on neighbour cells in RRC_IDLE/RRC_INACTIVE:
-	The timing and location information associated to the serving cell is provided in SIB19;
-	Timing information refers to the UTC time when the serving cell stops serving the current geographical area;
-	Location information refers to the reference location of the serving cell and a distance threshold to the reference location.
Measurement rules for cell re-selection based on timing information and location information are specified in clause 5.2.4.2 in TS 38.304 [10].
--------------------------------------------------- 38.300-h30 ---------------------------------------------
During post-meeting email discussion of NTN stage 2 CR, there are some discussion on how UE performs  neighboring cell measurements when some cells are presented in SIB19 but not in Measurement configuration (i.e., in measObjectNR) or not in SIB4. Due to limit time left to clarify the required information needed for neighboring cell measurements, above highlighted sentence are added which suggest to leave the issue to implementation. However considering neighboring cell measurements are important feature for UE mobility management, it is preferred to further clarify the required information for UE to perform measurements based on the liaisons among WGs, and discuss if UE implementation is good enough for this purpose.
Observation 1: UE implementation is used for handling the issues when some cells are presented in SIB19 but not in Measurement configuration (i.e., in measObjectNR) or not in SIB4, which is compromise due to limit time for companies to check the required information for performing measurements.
Observation 2: RAN2 can further discuss if UE implementation is good enough after clarifying the required information for NTN neighboring cell measurements.
For idle/inactive neighboring cell measurement
There are some exchanges among different WGs (RAN1/RAN2 and RAN4) on required information required for neighboring cell measurements and mobility purpose (e.g., handover)., where the liasons exchanged are given in below table:
	RAN4 trigger the question in R2-2200129 on what’s needed parameters on measurements and mobility and the availability of such information in RAN2.

	RAN2 reply LS in R2-2201884 , which gives answers to RAN4’s questions. 
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 respectfully asks RAN1 to take into account the above information and provide answer to the Question 1 on whether following parameters need to be provided to UEs for neighbor cell measurements and handover
(1) A2/B2 (common TA parameters), 
(2) A3/B3 (Validity timer information for neighbor cell measurements/target cell mobility, e.g. if it is different from that for serving cell open loop TA control),
(3) Separate validity durations for PVT parameters and Orbital parameters, and
(4) A5/B5 (DL and UL Polarization information).

	[bookmark: OLE_LINK1]RAN1 reply LS in R2-2204131 
Regarding the question whether A2/B2 (common TA parameters) need to be provided to UEs for neighbor cell measurements and handover:
RAN1 answer: From RAN1 perspective, if configured on neighbour/target cell, A2/B2 (high-layer common TA parameters: TACommon, TACommonDrift and TACommonDriftVariation) can be helpful for measurement and are necessary for mobility purpose (in case of network assisted cell change/handover).
Regarding the question whether A3/B3 need to be provided to UEs for neighbor cell measurements and handover:
RAN1 answer: Validity duration information should be provided based on neighbor cell since it may be different from the serving cell (e.g. satellite for neighbor cell is different). Further, from RAN1 perspective, the Epoch time of assistance information (i.e. Serving satellite ephemeris and Common TA parameters) should be also provided to the UE.
Regarding the separate validity durations for PVT parameters and Orbital parameters:
RAN1 answer: The validity duration may be different for serving and target/neighbor cells.
Regarding the question whether A5/B5 (DL and UL Polarization information) need to be provided to UEs for neighbor cell measurements and handover:
RAN1 answer: The polarization information needs to be provided to UE for neighbor cell measurements and handover as per the following agreements made at RAN1#106-e:

	RAN1#106-e Agreement:
Support polarization signalling for target serving cell in handover command message.
RAN1#106-e Agreement:
Support polarization signalling for non-serving cell in RRM measurement configuration






Based on above, below can be captured:  
Observation 3: For all RRC states, RAN2 consider SMTCs, ephemeris, epoch time and DL polarization is needed for neighboring cell measurements
Observation 4: For all RRC states, RAN1 concludes that DL polarization, validity time as well as epochTime of assistance information is needed for neighboring cell measurements with further RAN1 agreements that DL polarization is provided in RRM measurement configuration for non-serving cells as well as in Handover command for target cell.
Observation 5: RAN2 has agreed that UE in idle/inactive will based on neighboring cell ephemeris and UE location to autonomous adjust the SMTC while for connected mode UEs NW will configure UE SMTC for measurements.
The remaining part is on common TA parameters since RAN1 only stated that common TA is helpful for measurements. Based on RAN1’s reply LS RAN2 further discussed the issues in [offline-106] of RAN2#118 meeting and reached further agreements as shown below:
	from offline 106 – second round [R2-2206196]:
2.The following IEs/parameters are broadcast per neighbour cell in NTN: 
	Ephemeris, 
	DL and UL polarization,
	Epoch time of assistance information
	Validity duration
	FFS how to handle the validity timer for neighbour cell. FFS if epoch time can be same or different. FFS about other parameters

	Agreements via email – from offline 106 – second round [R2-2206210]:
3.RAN2 signalling supports having the epoch time of the serving cell applicable to the neighbour cell’s assistance information (i.e. the same epoch time can be used for both cells).
4.Neighbour cell assistance information for NTN, including SMTC assistance information, is provided via SIB19.
5.Common TA parameters and Kmac of the neighbour cell are used to support IDLE/Inactive UEs in NTN to perform SMTC adjustments.
6.Target cell’s polarization information is provided via ntn-PolarizationDL-r17 and ntn-PolarizationUL-r17 in NTN-Config-r17 included in RRCReconfiguration comprising reconfigurationWithSync.

	Agreements-from offline 106 – third round:[R2-2206501]
2.Polarization information for RRM measurement purposes is provided via ntn-PolarizationDL-r17 and ntn-PolarizationUL-r17 in measurement configuration.
3.Solutions for reducing signalling overhead for the orbital part of the neighbour cell ephemeris will not be further discussed in NR NTNT Rel-17


Highlighted in yellow are assistance information (common TA and K-mac) needed for UE to adjust SMTCs in idle/inactive states which is agreed to be provided in SIB19.  Therefore, despite RAN1 only states that common TA is helpful, it is further confirmed by RAN2 that this information is required for SMTCs adjustment, which is required for reliable neighboring cell measurements.
Observation 6: RAN2 further agreed that common TA and K-mac of neighboring cell is needed for UE to adjust SMTC in idle/inactive connected, which is necessary for reliable neighboring cell measurements.
Based on above, it can be concluded that for idle/inactive UE below information are necessary for neighboring cell measurement:
· Ephemeris of neighboring cells
· Common TA of neighboring cell;
· K-Mac of neighboring cell;
· DL polarization 
· validity time
· epochTime of assistance information (e.g., common TA)

Observation 7: Below parameters are necessary for neighboring cell measurements when UE is in idle/inactive mode:
· Ephemeris;
· Common TA ;
· Kmac;
· DL polarization 
· validity time
· epochTime of assistance information (e.g., common TA)

For idle/inactive UE, all above information can already be provided by NW in SIB19 through NTN-config. If NW intends for UE to measure neighboring cell measurements on certain frequencies, NW will provide the required information in SIB19, which is NW implementation. No further clarification is needed.
Observation 8: Current signalling can already support required information for idle/inactive neighboring cell measurement as descried in observation 6, which is guaranteed by proper NW implementation.
When PCIs are present in NTN-NeighCellConfig of SIB19, it is assumed that NTN-Config applies at least on the PCIs indicated in SIB19, if PCIS are not configured, it can be assumed that the NTN-Config applicable to all detected PCIs on the associated frequency. In addition, SIB3/4 can configures UE with cell and frequency specific information for both neighboring cell measurements and cell reselection, where cell specific parameters associated with each PCIs are used for cell reselection criteria evaluation. 
Observation 9: SIB3/4 contains frequency and optional cell specific parameters for neighboring cell reselection and measurements where cell specific parameters associated to each PCI are used for  cell reselection criteria evaluation.
Considering current signalling structure, there could be below cases for the same frequency indicated in SIB19 and SIB3/4：
· Case 1: When PCIs are NOT present in NTN-NeighCellConfig of SIB19
· Case 1-1: A detected PCI is in the PCI list of SIB3/4. 
· Case 1-2: A detected PCI is NOT in the PCI list of SIB3/4.
· Case 1-3: SIB3/4 doesn’t configured with PCI list
For case 1-1 When PCIs are NOT present in NTN-NeighCellConfig of SIB19, it is assumed that the NTN-Config is applicable for all possible PCIs detected in this frequency. In this case, UE can apply the cell specific configured in SIB3/4 for neighboring cell measurements, which shall be intended behavior. While current stage 2 leaves it to UE implementation, which is not desired. For case 1-2 UE can still performs neighboring cell measurement on the PCIs included in SIB3/4 or on the detected PCIs, but it may not be the PCIs that NW interested for cell reslection as no criterion can be applied. Therefore it is fine to leave it to UE implementation. As for case 1-3, only frequency specific parameters are presented in both NTN-NeighCellConfig of SIB19 and SIB3/4, UE will measure based on all possible PCIs, which is legacy behavior. 
Observation 10: When PCIs are not present in NTN-NeighCellConfig of SIB19 it is assumed that the NTN-Config is applicable for all possible PCIs detected in this frequency, which makes it possible for UE to perform NTN neighboring cell measurements.
Proposal 1: When PCIs are not present in NTN-NeighCellConfig of SIB19 idle/inactive UE shall perform neighboring cell measurements on PCIs indicated by SIB3/4 of the same frequency.
For proposal 1, the situation falls into the category that cell is indicated in SIB3/4 but not in SIB19, therefore updates to stage 2 is needed.
· Case 2: When PCIs are present in NTN-NeighCellConfig SIB19
· Case 2-1: A detected PCI is in both the PCI field of NTN-NeighCellConfig of SIB19 and the PCI list of SIB3/4. 
· Case 2-2: A detected PCI is in the PCI field of NTN-NeighCellConfig of SIB19 but NOT in the PCI list of SIB3/4.
2-2a: SIB3/4 doesn’t configure PCI list
2-2b: SIB3/4 with PCIs different from that in SIB19
· Case 2-3: A detected PCI is in the PCI list of SIB3/4 but NOT in the PCI field of NTN-NeighCellConfig of SIB19.
· Case 2-4: A detected PCI is NEITHER in the PCI list of SIB3/4 NOR in the PCI field of NTN-NeighCellConfig of SIB19. 
For case 2-1, UE will perform neighboring cell measurements as indicated, the behavior is clear and valid. For case 2-3: it cannot guaranteed that the NTN-Config can applied to PCIs indicated in SIB3/4, UE can still tries its best yet the results can not be guaranteed. For case 2-4, both cell-specific parameters for reslection and NTN-Config cannot be guaranteed to be used for the detected PCI, it is unlikely for UE to perform measurements. For case 2-2, there are two sub-cases. For case 2-2a, since SIB3/4 doesn’t specified additional rules for cell reselection, which implies UE shall try all the PCIs that it can measured. In this subcase, UE shall consider measurement on PCIs indicated in SIB19. For case 2-2b, UE is able to perform neighboring cell measurements, but may not be used it for neighboring cell reselection since no cell specific parameters for cell reslection has been specified. 
Observation 11: When PCIs are not configured in SIB3/4, it implies frequency specific priorities are used for cell reslection, UE shall consider all PCIs that it can be able to measure, i.e., PCIs that indicated by SIB19.
If no PCIs is configured in SIB3/4, UE uses all possible PCIs detected on the configured frequency, which is legacy behavior. And UE follows SIB19 to perform neighboring cell measurements are also aligned with the intended behavior, no specs update is needed.
Proposal 2: When PCIs are not configured in SIB3/4, idle/inactive UE performs neighboring cell measurements on PCIs that is present in SIB19 on the same frequency (No specs impact) 

For connected neighboring cell measurement
For connected mode neighboring cell measurement, the situation might be different from idle/inactive states. According to above, the required information for UE to performs neighboring cell measurement in connected includes DL polarization, validity duration, epochTime of assisting information and ephemeris, where validity duration, epochTime of assisting information and ephemeris is included in SIB19 while DL polarization is included in both MO and SIB19. 
Observation 12: validity duration, epochTime of assisting information and ephemeris used for connected mode neighboring cell measurement is included in SIB19 while DL polarization is included in both MO and SIB19.
One of the reasons to include the DL plolarization information in SIB19 is due to alignment to RAN1 agreements, another is because majority in RAN2 assumes that system information configuration is mainly for idle/inactive mode and cannot be trusted, therefore prefer to include the assisting information explicitly configured in MO. Since DL polarization information is duplicated in two places, to avoid conflicts in measurement below options can be considered:
·  Opt1: UE trusts that NW will guarantee that the DL polarization information provided in MO will not be conflicted to the ones associated to the same satellite in SIB19;
·  Opt2: UE always follows the measurement MO configuration if there are contradicts in DL polarization configuration
Option1 will out additional restrictions on NW implementation. Option 2 is more aligned to existing UE behavior (i.e., UE always follows MO configuration to perform measurement in connected mode ). But both options will require UE to obtain the needed information for neighboring cell measurements both from SIB 19 and measurement objectives, which may not be efficient. 
Observation 13: In NTN, UE will need to obtain information from both SIB19 and MO to perform neighboring cell measurements, which may not be efficient. 
To address this issue and to follow the same principle for connected mode measurement (i.e., UE always follow MO configuration), it is proposed to include all assisting information for connected neighboring cell measurements in MO, and UE always follow MO configuration to perform connected mode neighboring cell measurements.
Proposal 3：Include below assisting information in measurement configuration, and connected UE follows MO configuration to perform neighboring cell measurements
·  Neighboring cell ephemeris
·  Epoch time of associated assistance information
·  Validty timer duration

Corresponding CR to 38300 and 38331 to address above proposals are proposed in R2-2301138[6] and R2-2301139 [7]. It is proposed RAN2 to discuss and agree on the CR provided.
Proposal 4: RAN2 to discuss and agree on the CR provided in R2-2301138 and R2-2301139.
3. Conclusion and proposals
Based on the analysis in previous sections, the following observations and proposals are given: 
Observation 1: UE implementation is used for handling the issues when some cells are presented in SIB19 but not in Measurement configuration (i.e., in measObjectNR) or not in SIB4, which is compromise due to limit time for companies to check the required information for performing measurements.
Observation 2: RAN2 can further discuss if UE implementation is good enough after clarifying the required information for NTN neighboring cell measurements.
Observation 3: For all RRC states, RAN2 consider SMTCs, ephemeris, epoch time and DL polarization is needed for measurements
Observation 4: For all RRC states, RAN1 concludes that DL polarization, validity time as well as epochTime of assistance information is needed for neighboring cell measurements with further RAN1 agreements that DL polarization is provided in RRM measurement configuration for non-serving cells as well as in Handover command for target cell.
Observation 5: RAN2 has agreed that UE in idle/inactive will based on neighboring cell ephemeris and UE location to autonomous adjust the SMTC while for connected mode UEs NW will configure UE SMTC for measurements.
Observation 6: RAN2 further agreed that common TA and K-mac of neighboring cell is needed for UE to adjust SMTC in idle/inactive connected, which is necessary for reliable neighboring cell measurements.
Observation 7: Below parameters are necessary for neighboring cell measurements when UE is in idle/inactive mode:
· Ephemeris;
· Common TA ;
· Kmac;
· DL polarization 
· validity time
· epochTime of assistance information (e.g., common TA)
Observation 8: Current signalling can already support required information for idle/inactive neighboring cell measurement as descried in observation 6, which is guaranteed by proper NW implementation.
Observation 9: SIB3/4 contains frequency and optional cell specific parameters for neighboring cell reselection and measurements where cell specific parameters associated to each PCI are used for  cell reselection criteria evaluation.
Observation 10: When PCIs are not present in NTN-NeighCellConfig of SIB19 it is assumed that the NTN-Config is applicable for all possible PCIs detected in this frequency, which makes it possible for UE to perform NTN neighboring cell measurements.
Observation 11: When PCIs are not configured in SIB3/4, it implies frequency specific priorities are used for cell reslection, UE shall consider all PCIs that it can be able to measurement, i.e., PCIs that indicated by SIB19.
Observation 12: validity duration, epochTime of assisting information and ephemeris used for connected mode neighboring cell measurement is included in SIB19 while DL polarization is included in both MO and SIB19.
Observation 13: In NTN, UE will need to obtain information from both SIB19 and MO to perform neighboring cell measurements, which may not be efficient. 
Proposal 1: When PCIs are not present in NTN-NeighCellConfig of SIB19 idle/inactive UE shall perform neighboring cell measurements on PCIs indicated by SIB3/4 of the same frequency.
Proposal 2: When PCIs are not configured in SIB3/4, idle/inactive UE performs neighboring cell measurements on PCIs that is present in SIB19 with the same frequency (no specs impact). 
Proposal 3：Include below assisting information in RRM measurement configuration. Connected UE follows MO configuration to perform neighboring cell measurements
·  Neighboring cell ephemeris
·  Epoch time of associated assistance information
·  Validity timer duration

Proposal 4: RAN2 to discuss and agree on the CR provided in R2-2301138 and R2-2301139.
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