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1. Introduction
This contribution identifies several issues existing in the location-based cell reselection procedure introduced by Rel-18 IoT NTN in the current Spec, and provides proposals and corresponding TP to address these issues.
2. Discussion
[bookmark: _GoBack]2.1	Way to derive the serving cell reference location for earth moving cell
For earth moving cell, its coverage area is sliding on the earth with the motion of satellite. For UE supporting location-based measurement initiation, it needs to determine whether it will move out of the cell by calculating the real-time reference location, as specified TS 36.304. The following procedure is excerpted from clause 5.2.4.2 TS 36.304 [1] as an example. 
	-	If distanceThresh and referenceLocation are broadcast in SystemInformationBlockType31, and if the UE supports location-based measurement initiation and has obtained its location information:
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]-	If referenceLocation is set to fixedCell, referenceLocation is used as serving cell reference location. If referenceLocation is set to movingCell, the UE derives the serving cell reference location based on ephemeris, epochTime, referenceLocation and the UE location.
-	If the distance between the UE and the serving cell reference location is shorter than distanceThresh, the UE may choose not to perform intra-frequency measurements. Else, the UE shall perform intra-frequency measurements.


Based on the current spec, the UE derives the serving cell reference location based on ephemeris, epochTime, referenceLocation and the UE location. However, UE's own location is not needed when deriving the real-time reference location, because the real-time reference location is only relevant to the info of ephemeris, epochTime and referenceLocation at epochTime of the serving satellite. The UE location should be deleted from the above procedure.
Proposal 1: The “and the UE location” should be removed from “UE derives the serving cell reference location based on ephemeris, epochTime, referenceLocation and the UE location” in clause 5.2.4.2/5.2.4.2a in TS 36.304. 
2.2	Capabilities of location-based measurement initiation for EFC and for EMC
In Rel-18 IoT NTN, location-based measurement initiation for cell reselection is supported for both earth moving cell and earth fixed cell. As specified in TS 36.306 [2], the support of location-based measurement initiation for earth moving cell and for earth fixed cell are defined as two separate capabilities as follows:
	[bookmark: _Toc155951179]6.19.6	Cell reselection measurements triggering based on location for fixed cell
It is optional for UE camped on NTN earth fixed cell to support triggering of early cell reselection measurements based on the reference location broadcasted by the cell as specified in TS 36.304 [14]. This feature is only applicable if the UE supports ntn-Connectivity-EPC-r17.
[bookmark: _Toc155951180]6.19.7	Cell reselection measurements triggering based on location for earth moving cell
It is optional for UE camped on NTN earth moving cell to support triggering of early cell reselection measurements based on the reference location and associated reference time and ephemeris broadcasted by the cell as specified in TS 36.304 [14]. This feature is only applicable if the UE supports ntn-Connectivity-EPC-r17.


Compared with location-based measurement initiation for earth fixed cell, to support location-based measurement initiation for earth moving cell, the UE needs additional capability to derive the real-time reference location of the serving cell based on ephemeris, epochTime and referenceLocation. However, in TS 36.304, the corresponding procedures have not distinguished these two capabilities. The following procedure is excerpted as an example from [1]. According to this procedure, one kind of understanding is that only if the UE supports location-based measurement initiation for both earth moving cell and earth fixed cell, can it enter the "if" loop at 1st level and take the remaining steps (since the following procedures assume the UE can behave, no matter the NW configures fixedCell or movingCell). 
	-	If distanceThresh and referenceLocation are broadcast in SystemInformationBlockType31, and if the UE supports location-based measurement initiation and has obtained its location information:
-	If referenceLocation is set to fixedCell, referenceLocation is used as serving cell reference location. If referenceLocation is set to movingCell, the UE derives the serving cell reference location based on ephemeris, epochTime, referenceLocation and the UE location.
-	If the distance between the UE and the serving cell reference location is shorter than distanceThresh, the UE may choose not to perform intra-frequency measurements. Else, the UE shall perform intra-frequency measurements.


Actually, it is possible for the UE to implement only one of these two capabilities. If the UE supports one of these two capabilities, it can perform location-based measurement initiation in NTN with corresponding cell type. But in the current procedure as cited above, it is unclear how such UE supporting only one cell type shall behave. 
Observation 1: In current TS 36.304, it is unclear how a UE supporting location based measurement initiation for either movingCell or fixedCell (but not both) shall perform the location based measurement for cell reselection, due to lack of capability distinction on cell type in the related procedure. 
Hence, to avoid ambiguity in the current procedure, we propose to specify the location-based measurement procedures for earth moving cell and for earth fixed cell separately based on the corresponding UE capability.
Proposal 2: Separate the procedures on location-based measurement for earth-moving cell and for earth-fixed cell in clause 5.2.4.2/5.2.4.2a in TS 36.304, based on the corresponding UE capability. 
2.3	Missing location-based measurement initiation condition for intra-frequency measurements
In the TS 36.304, the location-based measurement initiation condition is missing in the following procedure in clause 5.2.4.2 for intra-frequency measurement, i.e. when the condition of "if the serving cell fulfils Srxlev > SIntraSearchP and Squal > SIntraSearchQ" is fulfilled, the UE shall also evaluate the location-based measurement initiation condition; otherwise UE will always perform “the UE may choose not to perform intra-frequency measurements”,  making the location-based measurement location unable to take any effect.
	-	If the measurements are performed using RSS as specified in [10] and the serving cell fulfils Srxlev > SIntraSearchP:
[bookmark: _Hlk152441191]-	If distanceThresh and referenceLocation are broadcast in SystemInformationBlockType31, and if the UE supports location-based measurement initiation and has obtained its location information:
-	If referenceLocation is set to fixedCell, referenceLocation is used as serving cell reference location. If referenceLocation is set to movingCell, the UE derives the serving cell reference location based on ephemeris, epochTime, referenceLocation and the UE location.
-	If the distance between the UE and the serving cell reference location is shorter than distanceThresh, the UE may choose not to perform intra-frequency measurements. Else, the UE shall perform intra-frequency measurements.
-	Else, the UE may choose not to perform intra-frequency measurements.
-	Else if the serving cell fulfils Srxlev > SIntraSearchP and Squal > SIntraSearchQ, the UE may choose not to perform intra-frequency measurements.
-	Otherwise, the UE shall perform intra-frequency measurements.


Observation 2: Location-based measurement initiation is missing for the intra-frequency measurements in the current TS 36.304. 
It is straightforward that location based measurement should also be applicable for intra-frequency measurements, and there is the following proposal from our perspective: 
Proposal 3: In clause 5.2.4.2 in TS 36.304, for intra-frequency measurements, add the procedure that UE shall perform location-based measurement initiation evaluation under the condition of "Else if the serving cell fulfils Srxlev > SIntraSearchP and Squal > SIntraSearchQ". 
2.4	Proposed TP 
Based on above proposals 1, 2 and 3, the proposed TP is given in Annex A (with the Proposal for which each change is made being identified by the revision name). We suggest RAN2 to adopt the TP in Annex A.
Proposal 4: RAN2 adopts TP in Annex A. 
3. Conclusion
In this contribution, we discuss the errors in TS 36.304 with the following observations and proposals:
Observation 1: In current TS 36.304, it is unclear how a UE supporting location based measurement initiation for either movingCell or fixedCell (but not both) shall perform the location based measurement for cell reselection, due to lack of capability distinction on cell type in the related procedure. 
Observation 2: Location-based measurement initiation is missing for the intra-frequency measurements in the current TS 36.304. 

Proposal 1: The “and the UE location” should be removed from “UE derives the serving cell reference location based on ephemeris, epochTime, referenceLocation and the UE location” in clause 5.2.4.2/5.2.4.2a in TS 36.304.
Proposal 2: Separate the procedures on location-based measurement for earth-moving cell and for earth-fixed cell in clause 5.2.4.2/5.2.4.2a in TS 36.304, based on the corresponding UE capability. 
Proposal 3: In clause 5.2.4.2 in TS 36.304, for intra-frequency measurements, add the procedure that UE shall perform location-based measurement initiation evaluation under the condition of "Else if the serving cell fulfils Srxlev > SIntraSearchP and Squal > SIntraSearchQ".
Proposal 4: RAN2 adopts TP in Annex A. 
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Annex A: TP to TS 36.304
5.2.4.2	Measurement rules for cell re-selection
For NB-IoT measurement rules for cell re-selection is defined in clause 5.2.4.2.a.
When evaluating Srxlev and Squal of non-serving cells for reselection purposes, the UE shall use parameters provided by the serving cell.
Following rules are used by the UE to limit needed measurements:
-	If the measurements are performed using RSS as specified in [10] and the serving cell fulfils Srxlev > SIntraSearchP:
-	If distanceThresh and referenceLocation set to movingCell are broadcast in SystemInformationBlockType31, and if the UE supports location-based measurement initiation for earth moving cell and has obtained its location information:
-	If referenceLocation is set to fixedCell, referenceLocation is used as serving cell reference location. If referenceLocation is set to movingCell, the The UE derives the serving cell reference location based on ephemeris, epochTime, referenceLocation and the UE location.
-	If the distance between the UE and the serving cell reference location is shorter than distanceThresh, the UE may choose not to perform intra-frequency measurements. Else, the UE shall perform intra-frequency measurements.
-	Else if distanceThresh and referenceLocation set to fixedCell are broadcast in SystemInformationBlockType31, and if the UE supports location-based measurement initiation for earth fixed cell and has obtained its location information:
-	If the distance between the UE and the referenceLocation is shorter than distanceThresh, the UE may choose not to perform intra-frequency measurements. Else, the UE shall perform intra-frequency measurements.
-	Else, the UE may choose not to perform intra-frequency measurements.
-	Else if the serving cell fulfils Srxlev > SIntraSearchP and Squal > SIntraSearchQ, the UE may choose not to perform intra-frequency measurements.:
-	If distanceThresh and referenceLocation set to movingCell are broadcast in SystemInformationBlockType31, and if the UE supports location-based measurement initiation for earth moving cell and has obtained its location information:
-	The UE derives the serving cell reference location based on ephemeris, epochTime, referenceLocation.
-	If the distance between the UE and the serving cell reference location is shorter than distanceThresh, the UE may choose not to perform intra-frequency measurements. Else, the UE shall perform intra-frequency measurements.
-	Else if distanceThresh and referenceLocation set to fixedCell are broadcast in SystemInformationBlockType31, and if the UE supports location-based measurement initiation for earth fixed cell and has obtained its location information:
-	If the distance between the UE and the referenceLocation is shorter than distanceThresh, the UE may choose not to perform intra-frequency measurements. Else, the UE shall perform intra-frequency measurements.
-	Else, the UE may choose not to perform intra-frequency measurements.
-	Otherwise, the UE shall perform intra-frequency measurements.
-	The UE shall apply the following rules for E-UTRAN inter-frequencies and inter-RAT frequencies which are indicated in system information and for which the UE has priority provided as defined in 5.2.4.1:
-	For an E-UTRAN inter-frequency or inter-RAT frequency with a reselection priority higher than the reselection priority of the current E-UTRA frequency the UE shall perform measurements of higher priority E-UTRAN inter-frequency or inter-RAT frequencies according to TS 36.133 [10].
-	For an E-UTRAN inter-frequency with an equal or lower reselection priority than the reselection priority of the current E-UTRA frequency and for inter-RAT frequency with lower reselection priority than the reselection priority of the current E-UTRAN frequency:
-	If the measurements are performed using RSS as specified in [10] and the serving cell fulfils Srxlev > SnonIntraSearchP:
-	If distanceThresh and referenceLocation set to movingCell are broadcast in SystemInformationBlockType31, and if the UE supports location-based measurement initiation for earth moving cell and has obtained its location:
-	If referenceLocation is set to fixedCell, the referenceLocation is used as serving cell reference location. If referenceLocation is set to movingCell, the The UE derives the serving cell reference location based on ephemeris, epochTime, referenceLocation and the UE location.
-	If the distance between the UE and serving cell reference location is shorter than distanceThresh the UE may choose not to perform measurements of E-UTRAN inter-frequencies or inter-RAT frequency cells of equal or lower priority unless the UE is triggered to measure an E-UTRAN inter-frequency which is configured with redistributionInterFreqInfo. Else, the UE shall perform measurements of E-UTRAN inter-frequencies or inter-RAT frequency cells of equal or lower priority according to TS 36.133 [10].
-	Else if distanceThresh and referenceLocation set to fixedCell are broadcast in SystemInformationBlockType31, and if the UE supports location-based measurement initiation for earth fixed cell and has obtained its location:
-	If the distance between the UE and referenceLocation is shorter than distanceThresh the UE may choose not to perform measurements of E-UTRAN inter-frequencies or inter-RAT frequency cells of equal or lower priority unless the UE is triggered to measure an E-UTRAN inter-frequency which is configured with redistributionInterFreqInfo. Else, the UE shall perform measurements of E-UTRAN inter-frequencies or inter-RAT frequency cells of equal or lower priority according to TS 36.133 [10].
-	Else, the UE may choose not to perform measurements of E-UTRAN inter-frequencies or inter-RAT frequency cells of equal or lower priority unless the UE is triggered to measure an E-UTRAN inter-frequency which is configured with redistributionInterFreqInfo.
-	Else if the serving cell fulfils Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ:
-	If distanceThresh and referenceLocation set to movingCell are broadcast in SystemInformationBlockType31, and if the UE supports location-based measurement initiation for earth moving cell and has obtained its location:
-	If referenceLocation is set to fixedCell, the referenceLocation is used as serving cell reference location. If referenceLocation is set to movingCell, the The UE derives the serving cell reference location based on ephemeris, epochTime, referenceLocation and its current location.
-	If the distance between the UE and serving cell reference location is shorter than distanceThresh, the UE may choose not to perform measurements of E-UTRAN inter-frequencies or inter-RAT frequency cells of equal or lower priority unless the UE is triggered to measure an E-UTRAN inter-frequency which is configured with redistributionInterFreqInfo. Else, the UE shall perform measurements of E-UTRAN inter-frequencies or inter-RAT frequency cells of equal or lower priority according to TS 36.133 [10].
-	If distanceThresh and referenceLocation set to fixedCell are broadcast in SystemInformationBlockType31, and if the UE supports location-based measurement initiation for earth fixed cell and has obtained its location:
-	If the distance between the UE and referenceLocation is shorter than distanceThresh, the UE may choose not to perform measurements of E-UTRAN inter-frequencies or inter-RAT frequency cells of equal or lower priority unless the UE is triggered to measure an E-UTRAN inter-frequency which is configured with redistributionInterFreqInfo. Else, the UE shall perform measurements of E-UTRAN inter-frequencies or inter-RAT frequency cells of equal or lower priority according to TS 36.133 [10].
-	Else, the UE may choose not to perform measurements of E-UTRAN inter-frequencies or inter-RAT frequency cells of equal or lower priority unless the UE is triggered to measure an E-UTRAN inter-frequency which is configured with redistributionInterFreqInfo.
-	Otherwise, the UE shall perform measurements of E-UTRAN inter-frequencies or inter-RAT frequency cells of equal or lower priority according to TS 36.133 [10].
-	If the UE supports relaxed monitoring and s-SearchDeltaP is present in SystemInformationBlockType3, the UE may further limit the needed measurements, as specified in clause 5.2.4.12.
If t-Service is present in SystemInformationBlockType3 of the serving cell, UE shall perform intra-frequency, inter-frequency or inter-RAT measurements, before the time t-Service regardless whether the serving cell fulfils Srxlev > SIntraSearchP and Squal > SIntraSearchQ, or Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ. The exact time to start measurements before t-Service is up to UE implementation and t-ServiceStartNeigh if present in SystemInformationBlockType33 may be used to decide on when to start measurements. UE shall perform measurements of higher priority inter-frequencies or inter-RAT frequencies regardless of the remaining service time of the serving cell.
[bookmark: _Toc155946853]5.2.4.2a	Measurement rules for cell re-selection for NB-IoT
When evaluating Srxlev and Squal of non-serving cells for reselection purposes, the UE shall use parameters provided by the serving cell.
Following rules are used by the UE to limit needed measurements:
-	If the serving cell fulfils Srxlev > SIntraSearchP:
-	If distanceThresh and referenceLocation set to movingCell are broadcast in SystemInformationBlock31-NB, and if the UE supports location-based measurement initiation for earth moving cell and has obtained its location:
· If referenceLocation is set to fixedCell, the referenceLocation is used as serving cell reference location. If referenceLocation is set to movingCell tThe UE derives the serving cell reference location based on ephemeris, epochTime, referenceLocation and the UE location.
· If the distance between UE and serving cell reference location is shorter than distanceThresh, the UE may choose not to perform intra-frequency measurements. Else, the UE shall perform intra-frequency measurements.
-	Else if distanceThresh and referenceLocation set to fixedCell are broadcast in SystemInformationBlock31-NB, and if the UE supports location-based measurement initiation for earth fixed cell and has obtained its location:
· If the distance between UE and referenceLocation is shorter than distanceThresh, the UE may choose not to perform intra-frequency measurements. Else, the UE shall perform intra-frequency measurements.
-	Else, the UE may choose not to perform intra-frequency measurements.
-	Otherwise, the UE shall perform intra-frequency measurements.
-	The UE shall apply the following rules for NB-IoT inter-frequencies which are indicated in system information:
-	If the serving cell fulfils Srxlev > SnonIntraSearchP:
-	If distanceThresh and referenceLocation set to movingCell are broadcast in SystemInformationBlock31-NB, and if the UE supports location-based measurement initiation for earth moving cell and has obtained its location:
-	If referenceLocation is set to fixedCell, referenceLocation is used as serving cell reference location. If referenceLocation is set to movingCell, the The UE derives the serving cell reference location based on ephemeris, epochTime, referenceLocation and the UE location.
-	If the distance between the UE and serving cell reference location is shorter than distanceThresh, the UE may choose not to perform inter-frequency measurements. Else, the UE shall perform inter-frequency measurements.
-	Else if distanceThresh and referenceLocation set to fixedCell are broadcast in SystemInformationBlock31-NB, and if the UE supports location-based measurement initiation for earth fixed cell and has obtained its location:
-	If the distance between the UE and referenceLocation is shorter than distanceThresh, the UE may choose not to perform inter-frequency measurements. Else, the UE shall perform inter-frequency measurements.
-	Else, the UE may choose not to perform inter-frequency measurements.
-	Otherwise, the UE shall perform inter-frequency measurements.
-	If the UE supports relaxed monitoring and s-SearchDeltaP is present in SystemInformationBlockType3-NB, the UE may further limit the needed measurements, as specified in clause 5.2.4.12.
If t-Service is present in SystemInformationBlockType3-NB of the serving cell, UE shall perform intra-frequency or inter-frequency measurements before the time t-Service regardless whether the serving cell fulfils Srxlev > SIntraSearchP or Srxlev > SnonIntraSearchP. The exact time to start measurements before t-Service is up to UE implementation and t-ServiceStartNeigh if present in SystemInformationBlockType33-NB may be used to decide on when to start measurements.

