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1. Introduction
In RAN4#108bis meeting, RAN4 discussed the RRM core requirements for NR NTN enhancement, the WF has been approved in [1].
In this contribution, we further discuss the RRM impact of NR NTN mobility enhancement based on the progress of RAN2 and RAN4.
2. [bookmark: _Hlk70326378][bookmark: OLE_LINK2][bookmark: OLE_LINK1]Idle/Inactive mode mobility enhancements
Issue 4-1: TN to NTN cell reselection
[bookmark: _Hlk147849822]Agreement:
· FFS: whether/how to define TN to NTN cell reselection.
First of all, in the current spec, the basic cell reselection requirements for TN-to-NTN is not defined. Based on our observation, both TN to TN and NTN to NTN can not be directly reused, if the requirement need to be defined, then new requirements should be considered. However, the cell reselection requirements for TN-to-NTN is more like TN requirements, we are not sure whether it belongs to NTN WI scope.
Secondly, RAN2 hasn’t achieved any agreement about TN to NTN cell reselection enhanced mechanism. For this part, we should wait further conclusion from RAN2.
Proposal 1: Deprioritize the TN to NTN cell reselection scenario.

Issue 4-2: NTN to TN cell reselection
Agreement:
· UE is allowed to skip TN neighbour cells measurement in an area where there is no coverage of the frequency based on the provided TN cell coverage information and UE GNSS position information. FFS whether and how to implement it RAN4 CR.
· FFS on how to enhance NTN-to-TN cell reselection in case of mismatch between practical TN cell coverage and TN cell coverage information provided by serving cell.
The basic cell reselection requirements for NTN-to-TN is not defined in the current spec. Based on our observation, both TN to TN and NTN to NTN can not be directly reused, if the requirement need to be defined, then new requirements should be considered. According to the agreements from RAN2#123 that both of the NR TN coverage and EUTRA TN coverage can be provided, RAN4 should define inter-frequency NTN-to-TN cell re-selection requirements and inter-RAT NTN-to-TN cell re-selection requirements.
Proposal 2: Define inter-frequency NTN-to-TN cell re-selection requirements and inter-RAT NTN-to-TN cell re-selection requirements.
RAN2 introduce the TN measurements skipping scheme for UE power saving benefit. Based on our understanding, although there is still room for further power saving in this coverage information mismatching case, we think the remaining parts that cannot be optimized are tolerable.

Issue 4-3: NTN to NTN time-based measurement initiation for cell reselection in earth-moving cell
Agreement:
Further discuss the requirements on time-based measurement initiation for cell reselection in earth-moving cell based on following Options:
· Option 1: For NTN to NTN time-based measurement initiation for cell reselection in earth-moving cell, the existing RRC idle/inactive mode requirements referring to ‘t-service’ are reused.
· Option 2: Enhance the requirements on time-based measurement initiation for cell reselection in earth-moving cell
· Introduce coverage information of serving cell for helping UE to assess the available time left for cell reselection measurement before UE leaves the coverage area of serving cell
· Option 3: For earth-moving cell, time-based measurement initiation may only apply to hard satellite switch in RAN2 design. (Nokia)
Based on RAN2’s following agreement, the ‘t-service’ signaling will be reused in earth moving cell scenario. Besides, the UE behavior of ‘t-service’ triggered measurement is exactly same with the existing behavior in quasi-fixed cell scenario according to the RAN2 design. As a consequence, for NTN to NTN time-based measurement initiation for cell reselection in earth-moving cell, the existing RRC idle/inactive mode requirements referring to ‘t-service’ can be reused.
	For the IE used to trigger UE neighbor cell measurements prior to feeder link switch, re-use the same field of t-Service-17 as in Rel-17 and update the field description accordingly.


Proposal 3: For NTN to NTN time-based measurement initiation for cell re-selection in earth-moving cell, the existing RRC idle/inactive mode requirements referring to ‘t-service’ can be reused.

Issue 4-4: NTN to NTN location-based measurement initiation for cell reselection in earth-moving cell
[bookmark: _Hlk147849842]Agreement:
· For NTN to NTN location-based measurement initiation for cell reselection in earth-moving cell, RAN4 to define the requirements based on the existing requirements on ‘4.2C Cell Re-selection for NR UE for Satellite Access,’ and introduce a new definition of reference location and an extra location margin.
In earth moving cell, UE will derive the practical reference location through the ephemeris information and the initial reference location broadcast by network, the specific deriving method is up to UE. Anyway, UE deriving the practical reference will introduce additional error. We propose 20m as the extra location margin, similar as the satellite location error, which is also derived by UE based on ephemeris information.
Proposal 4: For NTN to NTN location-based measurement initiation for cell re-selection in earth-moving cell, an extra location margin 20m can be introduced due to UE deriving the practical reference location based on ephemeris information.

Issue 4-5: NTN to NTN higher priority frequency layer in earth-moving cell
Conclusion:
· No discussion in RAN4#108bis
In our perspective, whether the requirement need to be tightened is highly related to the service time of earth-moving cell.
Based on the information from TR 38.821, the service time of earth-moving cell is about 6.66s to 132.27s, which means for some cases, UE can not finish the higher priority frequency layer cell search, even the intra/inter-frequency cell detection. However, we think the serving time based on the practical NTN network deployment should be considered, other than the min/max value calculated by theoretical value. Therefore, the input from satellite network operator is needed.
Table 7.1-1: NTN scenarios versus delay constraints, Source [2]
	NTN scenarios
	A
	B
	C1
	C2
	D1
	D2

	
	GEO transparent payload
	GEO regenerative payload
	LEO transparent payload
	LEO regenerative payload

	Satellite altitude
	35786 km
	600 km

	Relative speed of Satellite with respect to earth
	negligible
	7.56 km per second

	Min elevation for both feeder and service links
	10° for service link and 10° for feeder link

	Typical Min / Max NTN beam foot print diameter (note 1) 
	100 km / 3500 km
	50 km / 1000 km


Observation 1: For earth-moving cell, before discussing whether to tighten the cell re-selection requirement,  the information of typical service time from real network deployment is needed. 

Issue 5-2: NTN to NTN Satellite switching without PCI change
Agreement:
· For satellite switching without PCI change
· define requirements for both hard and soft switch scenarios.
· TBD on how to define hard/soft satellite switch without PCI change (which will be determined mostly based on further clarification expected to be made by RAN2)
· define requirements for PRACH-based and for without RACH performed solution.
· The above does not necessarily mean that a common requirement formula cannot be defined. e.g. requirements for each case can be represented by a common formula with different definitions of respective components.
· Starting point of the interruption time for the switch is t-Service, FFS other starting point needs to be considered for other cases depending on RAN2 progress
· Ending point of the interruption time for the switch is PRACH transmission for PRACH-based case and [first UL transmission excepting PRACH for without RACH performed solution]
· Interruption time for the hard switch is defined as Tinterrupt = Tsearch + TIU + Tprocessing + T∆ + Tmargin 
· Tsearch = [Trs] ms 
· Tprocessing = [5] ms
· T∆, Tmargin and TIU are same as existing requirements
· FFS Interruption time for soft switch
· FFS on
· whether/how to define requirements resulting from separate link switch time instances for UL and DL. 
· Note: the starting and ending may be revisited depending outcome of discussions
· whether/how to define UE behavior (e.g. skipping/relaxation of L1/L3 measurement and evaluation) during the switch.
There are four valid cases under NTN to NTN satellite switching without PCI change scenario.
Case 1: Hard satellite switch, RACH based
For Case 1, starting point of the interruption time for the switch is t-Service, ending point of the interruption time for the switch is PRACH transmission, Therefore, the interruption time is defined as Tinterrupt = Tsearch + TIU + Tprocessing + T∆ + Tmargin 
· Tsearch = [Trs] ms 
· Tprocessing = [5] ms
· T∆, Tmargin and TIU are same as existing requirements
Case 2: Soft satellite switch, RACH based 
For Case 2, following agreements achieved in RAN2#123bis
In soft satellite switching, UE can start synchronizing with target satellite before T-service of source satellite.
We introduce a T-start which indicates the earliest occasion when the UE can start synchronizing with target satellite (actual signalling is FFS). In soft switch scenario, T-start of target satellite is earlier than T-service of source satellite (FFS if T-start is also used for hard satellite switch)
For soft satellite switching, the exact time when the UE starts synchronizing with target satellite (between T-start and T-service) is up to UE implementation
Network provides the sync information of target satellite in advance to UE before satellite switching, via broadcast signalling
At least soft satellite switching, network provides SSB information of target satellite to UE. FFS on the details: options include e.g. indicating a time offset/information or indicating a different SSB index for the target satellite (FFS for Hard satellite switch)
Although the starting point of the interruption time could between T-start and T-service, which up to UE implementation, from RAN4 worst case point of view, the starting point of the interruption time for the switch should still be t-Service, ending point of the interruption time for the switch is PRACH transmission, Therefore, the interruption time is defined as Tinterrupt = Tsearch + TIU + Tprocessing + T∆ + Tmargin 
· Tsearch = [Trs] ms for unknown target cell, 0ms for known target cell
· Tprocessing = [5] ms
· T∆, Tmargin and TIU are same as existing requirements
Case 3: Hard satellite switch, without performing RACH
Case 4: Soft satellite switch, without performing RACH
For Case 3 and 4, starting point of the interruption time for the switch is t-Service. However, RAN2 has not achieved the agreement about ending point of the interruption time for the switch. Based on our interpretation,  first UL transmission excepting PRACH for without RACH performed solution is needed to inform the network about UE accessing. We are also open to  wait more progress of RAN2.
Proposal 5: For the case of hard satellite switch RACH-based, the starting point of the interruption time for the switch should still be t-Service, ending point of the interruption time for the switch is PRACH transmission. The interruption time is defined as Tinterrupt = Tsearch + TIU + Tprocessing + T∆ + Tmargin 
· Tsearch = [Trs] ms 
· Tprocessing = [5] ms
· T∆, Tmargin and TIU are same as existing requirements
[bookmark: _GoBack]Proposal 6: For the case of soft satellite switch RACH-based, the starting point of the interruption time for the switch should still be t-Service, ending point of the interruption time for the switch is PRACH transmission. The interruption time is defined as Tinterrupt = Tsearch + TIU + Tprocessing + T∆ + Tmargin 
· Tsearch = [Trs] ms for unknown target cell, 0ms for known target cell
· Tprocessing = [5] ms
· T∆, Tmargin and TIU are same as existing requirements


Issue 5-3: NTN to NTN time and location-based trigger CHO enhancements
Agreement:
· Define time and location-based NTN to NTN CHO requirements without L3 measurement criteria by modifying the current NTN to NTN CHO requirements.
In IOT-NTN enh WI, RAN4 had similar discussion about time and location-based trigger CHO enhancements. Following agreements are achieved: 
	Agreement: 
· Introduce CHO requirements for NTN eMTC with time and location-based trigger conditions. DCHO = TRRC + Tmeasure + TEvent_DU +Tinterrupt + TCHO_execution
Where:
· TRRC is the RRC procedure delay
· TEvent_DU is the delay uncertainty which is the time from when the UE successfully decodes a conditional handover command until the time/location condition fulfilled. 
· Tmeasure is the measurements time. Tmeasure=0 if only condEventD1 or condEventT1 is configured.
· TCHO_execution is the conditional execution preparation time
· Tinterrupt is the interruption time.
· FFS Update Tinterrupt to include Tsearch, based on handover interruption requirement as in
· 5.5A.2.1.2	Interruption time for CEMode A
· 5.5A.3.1.2	Interruption time for CEMode A


We think similar agreements can also apply to NTN. Since the condition is only based on time or location, for the time when time/location condition event is fulfilled, UE may not performed the cell search of target cell during the last 5 seconds, which means that the target cell is unknown to UE. We support to include the Tsearch into Tinterrupt, and the value of Tsearch could follow legacy.
If the target cell is known, then Tsearch = 0 ms. 
If the target cell is an unknown intra-frequency cell and the target cell Es/Iot≥-2 dB, then Tsearch = Trs  ms. 
If the target cell is an unknown inter-frequency cell and the target cell Es/Iot≥-2 dB, then Tsearch = 3* Trs  ms.
Proposal 7: For NTN to NTN time and location-based trigger CHO enhancements, DCHO = TRRC + Tmeasure + TEvent_DU +Tinterrupt + TCHO_execution
· TRRC is the RRC procedure delay
· TEvent_DU is the delay uncertainty which is the time from when the UE successfully decodes a conditional handover command until the time/location condition fulfilled. 
· Tmeasure is the measurements time. Tmeasure=0 if only condEventD1 or condEventT1 is configured.
· TCHO_execution is the conditional execution preparation time
·  Tinterrupt = Tprocessing + TIU + T∆ + Tmargin+ Tsearch is the interruption time.
· If the target cell is known, then Tsearch = 0 ms. 
· If the target cell is an unknown intra-frequency cell and the target cell Es/Iot≥-2 dB, then Tsearch = Trs  ms. 
· If the target cell is an unknown inter-frequency cell and the target cell Es/Iot≥-2 dB, then Tsearch = 3* Trs  ms.
3. Conclusion
Based on the discussion above, the following observations and proposals are concluded. 
Proposal 1: Deprioritize the TN to NTN cell reselection scenario.
Proposal 2: Define inter-frequency NTN-to-TN cell re-selection requirements and inter-RAT NTN-to-TN cell re-selection requirements.
Proposal 3: For NTN to NTN time-based measurement initiation for cell re-selection in earth-moving cell, the existing RRC idle/inactive mode requirements referring to ‘t-service’ can be reused.
Proposal 4: For NTN to NTN location-based measurement initiation for cell re-selection in earth-moving cell, an extra location margin 20m can be introduced due to UE deriving the practical reference location based on ephemeris information.
Observation 1: For earth-moving cell, before discussing whether to tighten the cell re-selection requirement,  the information of typical service time from real network deployment is needed. 
Proposal 5: For the case of hard satellite switch RACH-based, the starting point of the interruption time for the switch should still be t-Service, ending point of the interruption time for the switch is PRACH transmission. The interruption time is defined as Tinterrupt = Tsearch + TIU + Tprocessing + T∆ + Tmargin 
· Tsearch = [Trs] ms 
· Tprocessing = [5] ms
· T∆, Tmargin and TIU are same as existing requirements
Proposal 6: For the case of soft satellite switch RACH-based, the starting point of the interruption time for the switch should still be t-Service, ending point of the interruption time for the switch is PRACH transmission. The interruption time is defined as Tinterrupt = Tsearch + TIU + Tprocessing + T∆ + Tmargin 
· Tsearch = [Trs] ms for unknown target cell, 0ms for known target cell
· Tprocessing = [5] ms
· T∆, Tmargin and TIU are same as existing requirements
Proposal 7: For NTN to NTN time and location-based trigger CHO enhancements, DCHO = TRRC + Tmeasure + TEvent_DU +Tinterrupt + TCHO_execution
· TRRC is the RRC procedure delay
· TEvent_DU is the delay uncertainty which is the time from when the UE successfully decodes a conditional handover command until the time/location condition fulfilled. 
· Tmeasure is the measurements time. Tmeasure=0 if only condEventD1 or condEventT1 is configured.
· TCHO_execution is the conditional execution preparation time
·  Tinterrupt = Tprocessing + TIU + T∆ + Tmargin+ Tsearch is the interruption time.
· If the target cell is known, then Tsearch = 0 ms. 
· If the target cell is an unknown intra-frequency cell and the target cell Es/Iot≥-2 dB, then Tsearch = Trs  ms. 
· If the target cell is an unknown inter-frequency cell and the target cell Es/Iot≥-2 dB, then Tsearch = 3* Trs  ms.
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