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Introduction
In last meeting 3GPP TSG RAN WG4 Meeting #110, the conclusions on RRM requirements for NR NTN enhancement were listed in WF [1]. Regarding the topics on NTN-TN and NTN-NTN mobility and service continuity in the WF, we herein in this contribution present our views and proposals on the remaining open issues.
Discussion
[bookmark: _Hlk147849822]Issue 4-1: TN to NTN cell reselection
	[bookmark: _Hlk151026905]Agreement: (ad-hoc agreement)
· Requirement applicability
· Only inter-frequency cell reselection from TN to NTN only in FR1-NTN
· Timer-based measurement triggering parts not applicable for cell reselection from TN to NTN
· The requirements apply provided that UE has valid SIB19
· UE is not required to ensure having a valid version of SIB19 and the exact time of reacquiring SIB19 is up to UE implementation.
Online Agreement: 
· Measurement requirements on inter-frequency cell reselection from NR TN to NTN
· Kcarrier_TN * Tdetect/measure/evaluate,NR_Inter_TN +  + T_GNSS if the UE does not support the feature for enhanced RRM requirements defined in TS38.306 [14]  or if the enhancedMeasurementLEO-r17 is not enabled, or within Kcarrier_TN * Tdetect/measure/evaluate,NR_Inter_TN +  if the UE supports the feature for enhanced RRM requirements defined in TS38.306 [14]  and the enhancedMeasurementLEO-r17 is enabled.
· The parameter Kcarrier_TN is the number of NR TN inter-frequency carriers indicated by the serving cell.
· The parameter Kcarrier_NTN is the number of NR NTN inter-frequency carriers indicated by the serving cell.
· Tdetect/measure/evaluate,NR_Inter_TN is the NR TN inter-frequency cell re-selection requirement defined in Table 4.2.2.4-1 in TS38.133
· Tdetect/measure/evaluate,NR_Inter_NTN is the NR NTN inter-frequency cell re-selection requirement defined in Table 4.2C.2.4-1 in TS38.133
· T_GNSS is TTFF (Time To First Fix) of which value is left undefined in RRM spec. If UE GNSS has been switched ON, T_GNSS can be assumed zero.
· The note below is to be implemented in RRM requirement spec: 
· the above requirement does not assume UE always performs NTN cell detection/measurement as well as TN cells.
· Implement the requirements for TN-to-NTN cell reselection in IDLE mode in a new subclause under clause 4.2.
· FFS how to implement in CR the impact to the TN-to-TN requirement under this scenario in the maintenance phase.
Updated agreement on top of adhoc agreement:
· The requirements apply provided that network provides SIB19. UE is not required to ensure having a valid version of SIB19 and the exact time of reacquiring SIB19 is up to UE implementation.



As listed in the above table, it was agreed to define the measurement delay for inter-frequency cell TN+NTN. While at the same time, we understand that the scenario of reselection from TN to NTN is valid only when a UE served in a TN cell detects low signal strength of serving TN cell, which is the prerequisite for the UE searching TN+NTN frequency layers. However, the condition of searching for and measuring TN+NTN inter-frequency layers isn’t presented and agreed.
In legacy TN requirement, ‘Srxlev ≤ SnonIntraSearchP or Squal ≤ SnonIntraSearchQ’ is the condition of the measurement, the simplest solution is reusing ‘Srxlev ≤ SnonIntraSearchP or Squal ≤ SnonIntraSearchQ’ (and valid SIB19) as the condition for the measurement delay for inter-frequency cell TN+NTN. However, one of problematic consequences is that the latency of cell reselection to a proper TN neighbor cell is prolonged unnecessarily. Such that we suggest splitting the condition of searching for and measuring TN only inter-frequency layers and the condition of searching for and measuring TN+NTN inter-frequency layers. 
One example of solutions is additionally adding an offset to SnonIntraSearchP and SnonIntraSearchQ, e.g., in Clause 4.2.2.4, 
· If Srxlev ≤ SnonIntraSearchP or Squal ≤ SnonIntraSearchQ then the UE shall search for and measure inter-frequency layers belonging to TN of higher, equal or lower priority in preparation for possible reselection.
· If Srxlev ≤ (SnonIntraSearchP – [ONTN] or Squal ≤ SnonIntraSearchQ – [ONTN] then the UE shall search for and measure inter-frequency layers belonging to TN and NTN of higher, equal or lower priority in preparation for possible reselection, provided UE has valid satellite information.
The introduction of the offset can avoid a TN+NTN capable UE to behave worse cell reselection capability compared to a TN only capable UE. Obviously, it is unfair for a TN+NTN capable UE to reselect to a TN cell with longer delay.
Proposal 1: The agreement ‘the above requirement does not assume UE always performs NTN cell detection/measurement as well as TN cells.’ is vague. RAN4 shall clarify it. To our understanding, the interpretation is that the legacy requirements on measurements of TN only inter-frequency cells anyway shall not be impacted, i.e., no way to delay the existing legacy TN requirements.
Observation 1: A TN+NTN capable UE shall not behave worse cell reselection capability compared to a TN only capable UE, e.g., spending longer delay before reselecting to a same TN cell.
Proposal 2: Split the condition of searching for and measuring TN only inter-frequency layers and the condition of searching for and measuring TN+NTN inter-frequency layers. One example of solutions is adding an offset to SnonIntraSearchP and SnonIntraSearchQ, e.g., in Clause 4.2.2.4. 
· If Srxlev ≤ SnonIntraSearchP or Squal ≤ SnonIntraSearchQ then the UE shall search for and measure inter-frequency layers belonging to TN of higher, equal or lower priority in preparation for possible reselection.
· If Srxlev ≤ (SnonIntraSearchP – [ONTN] or Squal ≤ SnonIntraSearchQ – [ONTN] then the UE shall search for and measure inter-frequency layers belonging to TN and NTN of higher, equal or lower priority in preparation for possible reselection, provided UE has valid satellite information.
Proposal 3: ‘Having valid SIB19’ isn’t necessary. The UE may get the satellite information (ntn-Config) in RRC Release message.
Observation 2: NW may determine the time when to provide satellite information to the served UEs in its coverage, such that the UE doesn’t need to decide the time when to start the measurements on NTN cells w.r.t. the UE position and satellite ephemeris information.

Issue 4-2: NTN to TN cell reselection
	Agreement: (ad-hoc agreement)
· Requirement applicability
· Only inter-frequency cell reselection from NTN in FR1-NTN to TN
· FFS inter-RAT cell resection



Proposal 4: cell resection from NR NTN to LTE TN shall be defined, the measurement delay is NEUTRA_carrier * Tdetect/measure/evaluate,EUTRAN +  .

Issue 5-2-H2: (‘Hard’ Satellite switch) Interruption time
	Online Agreement:
· Starting point of the interruption time
· t-Service
· Tsearch
· Tfirst_SSB [ms], where Tfirst_SSB is the time to the end of the first complete SSB burst indicated by 
· SMTC of serving cell + ssb-TimeOffset + PDD propagation difference
· TIU 
· The interruption uncertainty in acquiring the first UL transmission resource, which can be a configured grant based PUSCH, dynamic grant based PUSCH, SR on PUCCH, according to NW configuration and scheduling, or PRACH if TA timer is not running and there is no PUCCH SR
· Note: Anything not compliant with RAN2 spec, if identified, will be removed.
· From T-service until the satellite switch completion, the UE is allowed to skip measurements other cells and satellites than the target satellite



The agreed Tsearch is intended to capture the time difference between the target satellite and the source satellite, in this way, the formula ‘SMTC of serving cell + ssb-TimeOffset + PDD propagation difference’ is proposed.
Observation 3: The first issue is that ‘SMTC of serving cell’ isn’t a valid definition. Since the UE shall have the knowledge of SSB periodicity of serving cell, it can be changed as ‘SSB periodicity of serving cell’.
Proposal 5: Change ‘SMTC of serving cell’ to ‘SSB periodicity of serving cell’.
The second issue is PDD propagation difference. The definition is driven from or relevant to the UE capability ‘serviceLinkPropDelayDiffReporting-r17’ whose definition is copied in below table. What may cause misunderstanding is that ‘serviceLinkPropDelayDiffReporting-r17’ only covers service link propagation delay difference. Someone may wrongly treat ‘PDD propagation difference’ herein as the propagation difference only covering service link propagation.
	serviceLinkPropDelayDiffReporting-r17
Indicates whether the UE supports the reporting of service link propagation delay difference between serving cell and neighbour cell(s). A UE supporting this feature shall also indicate the support of nonTerrestrialNetwork-r17.


To avoid the unnecessary ambiguity, we suggest using ‘propagation delay difference’ to replace ‘PDD propagation difference’ and add note to interpret ‘propagation delay difference’. One example of the note is:
Propagation delay difference is the propagation delay difference including service link and feeder link before satellite switch and after satellite switch.
Proposal 6: Change ‘PDD propagation difference’ to ‘propagation delay difference’ to avoid misunderstanding on PDD. And, add note for clarification: Propagation delay difference is the propagation delay difference including service link and feeder link between before satellite switch and after satellite switch.
Proposal 7: Since ‘propagation delay difference’ is determined by UE, to restrict the range of choice for decision-making, it is advised to include a maximum allowable value, e.g., ﻿ up to [x]ms.

Issue 5-2-S1: (‘Soft’ Satellite switch) RAN2 LS on soft satellite switch
	Agreement: (ad-hoc agreement – details for LS reply is separately discussed/approved, ledy by Apple)
· It is feasible that a soft satellite switch capable UE can perform downlink synchronization with the target NGSO satellite and keep the connection (DL and UL) with the source NGSO satellite simultaneously under the following conditions.
· Only if SSBs from the two satellites are spaced apart from each other at least by [1 OFDM symbol] in the time domain at UE Rx side.
· [If the UE not capable of parallelMeasurementWithoutRestriction-r17 then scheduling restriction shall be expected within the duration from Tstart to T service.]

Agreement: 
Further discuss on the solutions of alleviating the scheduling restriction problem can be further discussed in maintenance phase. 



Also considering below agreement:
	During soft satellite switching without PCI change, 
-	if SSB burst from source satellite and target satellite are not colliding on time domain at UE Rx side, it is feasible that a UE supporting soft satellite switch without PCI change can start synchronizing to the target satellite while still being connected to the source satellite. 
-	Otherwise, it is infeasible. 
Two SSB bursts are considered colliding if at least one of the following conditions is met:
-	the two bursts are fully or partially overlapping in time domain, or
-	the distance between the two bursts is equal to or smaller than 1 ODFM symbol.



Collision issue may occur when source satellite and target satellite transmit signals to a UE simultaneously. The collision may happen in two cases: ‘SSB from source satellite +SSB from target satellite’ or ‘DL transmission from source satellite +SSB from target satellite’. It appears that the discussions cover two kind of scheduling issues, as shown in Fig.1.
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Figure 1 Collision in same UE

· data1 +SSB_target_sat: the solution is: [If the UE not capable of parallelMeasurementWithoutRestriction-r17 then scheduling restriction shall be expected within the duration from Tstart to T service.]
· SSB_source_sat +SSB_target_sat : the solution is limit the SSB offset.
In which, scheduling restriction may be specified a bit, as shown in Figure 2, the symbols SSB for target satellite may fall into the data symbol before it or after it at UE, compared with the symbols SSB for target satellite at gNB. Then the worst case is a symbol before or after SSB is scheduling restricted. 
Proposal 8: If the UE not capable of parallelMeasurementWithoutRestriction-r17 then scheduling restriction (caused by the target satellite) may apply to the symbols before/after and on SSB for target satellite within the duration from Tstart to T service.
[image: A screenshot of a computer

Description automatically generated]
[bookmark: _Ref163487375]Figure 2 Scheduling restriction


However, the solution only can solve or abbreviate the collisions in same UE served by the gNB.  Such solution wouldn’t solve the more general issue on the collision between UEs, e.g., Assuming one beam per cell, if the gNB sends DL data to UE1 via the source satellite, this DL data will also reach all other UEs in the cell, and the other UEs will have different distance differences and propagation delay differences from UE1, as shown in Fig.3. In this case, data1 +data2, SSB_source_sat + data2 are new collision cases (from UE1 point of view).
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Figure 3 Collision between UEs

Observation 4: Current agreements specify the collision case of DL transmission+SSB and SSB+SSB to single UE. The DL transmission from one satellite to a UE may fall into the symbols in which other UEs receives SSB or data from another satellite, and vice versa. It may cause performance degradation. NW implementation is able to be aware of it and address it by some ways.

Issue 5-2-S2: (‘Soft’ Satellite switch) Interruption time
	Agreement: (Needs online discussion)
· The starting point of the downlink synchronization time/interruption time.
· Between t-serviceStart and t-Service, the exact starting time is up to UE implementation
· The starting point of the interruption time.
· t-Service
· Online Agreement: Satellite switch latency Requirement
· If t-Service – t-serviceStart >= Tsearch + T∆ + Tmargin and UE is able to perform downlink synchronization with the target NGSO satellite and keep the connection (DL and UL) with the source NGSO satellite simultaneously
· Satellite switch ending pint is no later than is Tprocessing + TIU from t-Service
· Otherwise
· Satellite switch latency ending pint is no later than Tsearch + T∆ + Tmargin + Tprocessing + TIU from t-serviceStart
· Interruption is allowed only after t-Service

Agreement: 
· Satellite switch delay (Tsoft-switch), from t-serviceStart to the time instance for the first UL transmission to the target satellite, is defined as below:
· Tsoft-switch = max(t-Service - t-serviceStart, Tsearch + T∆ + Tmargin) + Tprocessing + TIU
· ‘The time instance for the first UL transmission to the target satellite’ is no earlier than t-Service.

Online Agreement:
· Tsearch
· Tfirst_SSB [ms], where Tfirst_SSB is the time to the end of the first complete SSB burst indicated by 
· SMTC of serving cell + ssb-TimeOffset + PDD propagation difference 
· TIU (ending point of interruption is at TIU)
· The interruption uncertainty in acquiring the first UL transmission resource, which can be a configured grant based PUSCH, dynamic grant based PUSCH, SR on PUCCH, according to NW configuration and scheduling, or PRACH if TA timer is not running and there is no PUCCH SR
· Note: Anything not compliant with RAN2 spec, if identified, will be removed.
· T∆: Same as the existing requirements
· Tmargin: Same as the existing requirements
· Further discuss whether UE is allowed to skip or deprioritize measurements on the serving cell and neighbor cells from T-serviceStart in maintenance phase



Since in hard satellite switch it is agreed that from T-service until the satellite switch completion, the UE is allowed to skip measurements on other cells and satellites than the target satellite, it also can be applied to soft satellite switch, i.e., UE is allowed to skip measurements on other cells and satellites than the target satellite from T-serviceStart. It is agreed that the UE shall start measurements on target satellite from T-serviceStart and access target satellite after T-service. Considering short time period between T-serviceStart  and T-service, the most important task for the UE in the time period is completing measurement and DL synchronization to the target satellite, in this manner, neighbor cell measurements can be deprioritized to avoid longer latency of operationson the target satellite.  start  
Further, it's worth noting that the end point of skipping neighbor cell measurements, in soft/hard satellite switch, shall take the SMTC reconfiguration after satellite switch into account, because after soft/hard satellite switch, the serving cell is mostly likely to reconfigure SMTC configuration since the ineligible time difference of the between the propagation delay from same neighbor satellite to the UE and before satellite switch and after satellite switch.  
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Figure 4 SMTC change after satellite switch

Observation 5: After soft/hard satellite switch, the cell is mostly likely to reconfigure SMTC configuration since the  ineligible time difference of the between the propagation delay from same neighbor satellite to the UE and before satellite switch and after satellite switch.  
Proposal 9: In soft satellite switch the UE is allowed to skip measurements on other cells and satellites than the target satellite from T-serviceStart until ﻿SSB reconfiguration on the cell completes after satellite switch.
Proposal 10: In hard satellite switch the UE is allowed to skip measurements on other cells and satellites than the target satellite from T-service until ﻿SSB reconfiguration on the cell completes after satellite switch.
Another issue is about TIU, its interpretation is ‘The interruption uncertainty in acquiring the first UL transmission resource, which can be a configured grant based PUSCH, dynamic grant based PUSCH, SR on PUCCH, according to NW configuration and scheduling, or PRACH if TA timer is not running and there is no PUCCH SR’ 
The wording is a little messy, we understand that no PUCCH SR is because UE shall release PUCCH if TAT timer expires, no need to note no PUCCH SR again when TAT timer expires, we suggest changing to ‘The interruption uncertainty in acquiring the first UL transmission resource, which can be a configured grant based PUSCH, dynamic grant based PUSCH, SR on PUCCH, if TAT timer is running according to NW configuration and scheduling, or PRACH if TAT timer is not running’.
Proposal 11: The note to TIU (ending point of interruption is at TIU) is updated to ‘The interruption uncertainty in acquiring the first UL transmission resource, which can be a configured grant based PUSCH, dynamic grant based PUSCH, SR on PUCCH according to NW configuration and scheduling if TA timer is running, or PRACH if TA timer is not running and there is no PUCCH SR’.
 
Issue 5-2-S2: Change LEO to NGSO
As discussed and proposed in RAN2, it is preferred to use NGSO replacing LEO. 
Proposal 12: RAN4 shall check the feasibility of using the term ‘NGSO’ to replace ‘LEO’. In the manner, RAN4 shall check any potential impact if current requirements/test cases in TS38.133 for LEO satellite can or cannot work with NGSO satellite.

Conclusion
Observation 1: A TN+NTN capable UE shall not behave worse cell reselection capability compared to a TN only capable UE, e.g., spending longer delay before reselecting to a same TN cell.
Observation 2: NW may determine the time when to provide satellite information to the served UEs in its coverage, such that the UE doesn’t need to decide the time when to start the measurements on NTN cells w.r.t. the UE position and satellite ephemeris information.
Observation 3: The first issue is that ‘SMTC of serving cell’ isn’t a valid definition. Since the UE shall have the knowledge of SSB periodicity of serving cell, it can be changed as ‘SSB periodicity of serving cell’.
Observation 4: Current agreements specify the collision case of DL transmission+SSB and SSB+SSB to single UE. The DL transmission from one satellite to a UE may fall into the symbols in which other UEs receives SSB or data from another satellite, and vice versa. It may cause performance degradation. NW implementation is able to be aware of it and address it by some ways.
Observation 5: After soft/hard satellite switch, the cell is mostly likely to reconfigure SMTC configuration since the  ineligible time difference of the between the propagation delay from same neighbor satellite to the UE and before satellite switch and after satellite switch.  
Proposal 1: The agreement ‘the above requirement does not assume UE always performs NTN cell detection/measurement as well as TN cells.’ is vague. RAN4 shall clarify it. To our understanding, the interpretation is that the legacy requirements on measurements of TN only inter-frequency cells anyway shall not be impacted, i.e., no way to delay the existing legacy TN requirements.
Proposal 2: Split the condition of searching for and measuring TN only inter-frequency layers and the condition of searching for and measuring TN+NTN inter-frequency layers. One example of solutions is adding an offset to SnonIntraSearchP and SnonIntraSearchQ, e.g., in Clause 4.2.2.4. 
· If Srxlev ≤ SnonIntraSearchP or Squal ≤ SnonIntraSearchQ then the UE shall search for and measure inter-frequency layers belonging to TN of higher, equal or lower priority in preparation for possible reselection.
· If Srxlev ≤ (SnonIntraSearchP – [ONTN] or Squal ≤ SnonIntraSearchQ – [ONTN] then the UE shall search for and measure inter-frequency layers belonging to TN and NTN of higher, equal or lower priority in preparation for possible reselection, provided UE has valid satellite information.
Proposal 3: ‘Having valid SIB19’ isn’t necessary. The UE may get the satellite information (ntn-Config) in RRC Release message.
Proposal 4: cell resection from NR NTN to LTE TN shall be defined, the measurement delay is NEUTRA_carrier * Tdetect/measure/evaluate,EUTRAN +  .
Proposal 5: Change ‘SMTC of serving cell’ to ‘SSB periodicity of serving cell’.
Proposal 6: Change ‘PDD propagation difference’ to ‘propagation delay difference’ to avoid misunderstanding on PDD. And, add note for clarification: Propagation delay difference is the propagation delay difference including service link and feeder link between before satellite switch and after satellite switch.
Proposal 7: Since ‘propagation delay difference’ is determined by UE, to restrict the range of choice for decision-making, it is advised to include a maximum allowable value, e.g., ﻿ up to [x]ms.
Proposal 8: If the UE not capable of parallelMeasurementWithoutRestriction-r17 then scheduling restriction (caused by the target satellite) may apply to the symbols before/after and on SSB for target satellite within the duration from Tstart to T service.
Proposal 9: In soft satellite switch the UE is allowed to skip measurements on other cells and satellites than the target satellite from T-serviceStart until ﻿SSB reconfiguration on the cell completes after satellite switch.
Proposal 10: In hard satellite switch the UE is allowed to skip measurements on other cells and satellites than the target satellite from T-service until ﻿SSB reconfiguration on the cell completes after satellite switch.
Proposal 11: The note to TIU (ending point of interruption is at TIU) is updated to ‘The interruption uncertainty in acquiring the first UL transmission resource, which can be a configured grant based PUSCH, dynamic grant based PUSCH, SR on PUCCH according to NW configuration and scheduling if TA timer is running, or PRACH if TA timer is not running and there is no PUCCH SR’.
Proposal 12: RAN4 shall check the feasibility of using the term ‘NGSO’ to replace ‘LEO’. In the manner, RAN4 shall check any potential impact if current requirements/test cases in TS38.133 for LEO satellite can or cannot work with NGSO satellite.
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