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Introduction
In this contribution, we discuss an issue about whether inter-RAT cell reselections are counted for idle/inactive-mode UE to determine its mobility state.
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Problem description
Description in TS 38.304
In NR, an idle/inactive-mode UE determines its mobility state based on number of cell reselections, if corresponding parameters are broadcasted. This is described in TS 38.304, as captured below.
______________________________________________________________________________________
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The UE mobility state is determined if the parameters (TCRmax, NCR_H, NCR_M and TCRmaxHyst) are broadcasted in system information for the serving cell.
State detection criteria:
Normal-mobility state criteria:
-	If number of cell reselections during time period TCRmax is less than NCR_M.
Medium-mobility state criteria:
-	If number of cell reselections during time period TCRmax is greater than or equal to NCR_M but less than or equal to NCR_H.
High-mobility state criteria:
-	If number of cell reselections during time period TCRmax is greater than NCR_H.
The UE shall not consider consecutive reselections where a cell is reselected again right after one reselection for mobility state detection criteria.
State transitions:
The UE shall:
-	if the criteria for High-mobility state is detected:
-	enter High-mobility state.
-	else if the criteria for Medium-mobility state is detected:
-	enter Medium-mobility state.
-	else if criteria for either Medium- or High-mobility state is not detected during time period TCRmaxHyst:
-	enter Normal-mobility state.
If the UE is in High- or Medium-mobility state, the UE shall apply the speed dependent scaling rules as defined in clause 5.2.4.3.1.
______________________________________________________________________________________
For a multi-RAT UE, cell reselection may be intra-RAT (from one NR cell to another NR cell) or inter-RAT (e.g. from NR to LTE). The text in TS 38.304 does not specify explicitly whether inter-RAT cell reselections should be counted when determining UE mobility state based on the number of cell reselections within a given duration.
Observation 1:	The text in idle/inactive-mode procedure specification (TS 38.304) does not specify explicitly whether inter-RAT cell reselections should be counted when determining UE mobility state based on the number of cell reselections within a given duration.
Test case in TS 38.523
In UE conformance specification (TS 38.523[2]), we have the following test case related to inter-RAT 
______________________________________________________________________________________
6.2.3.9.1	Test Purpose (TP)
(1)
with { UE in NR RRC_IDLE state and in high mobility state }
ensure that {
  when { UE detects higher priority E-UTRA cell as candidate for reselection }
    then { UE reselects to the new cell taking into account the scaling factor }
            }
…
Table 6.2.3.9.3.2-1: Time instances of cell power level and parameter changes for FR1
	
	Parameter
	Unit
	NR Cell 1
	NR Cell 2
	E-UTRA Cell 1
	Remark

	T1
	Cell-specific RS EPRE
	dBm/15kHz
	-
	-
	-98
	The power level values are assigned to ensure the UE registered on NR Cell 2.

	
	SS/PBCH
SSS EPRE
	dBm/SCS
	-98
	-84
	-
	

	T2
	Cell-specific RS EPRE
	dBm/15kHz
	-
	-
	-84
	E-UTRA Cell 1 becomes the highest ranked cell.

	
	SS/PBCH
SSS EPRE
	dBm/SCS
	-115
	-106
	-
	

	T3
	Cell-specific RS EPRE
	dBm/15kHz
	-
	-
	-98
	NR Cell 1 becomes the highest ranked cell.

	
	SS/PBCH
SSS EPRE
	dBm/SCS
	-84
	-98
	-
	

	T4
	Cell-specific RS EPRE
	dBm/15kHz
	-
	-
	-84
	E-UTRA Cell 1 becomes the highest ranked cell.

	
	SS/PBCH
SSS EPRE
	dBm/SCS
	-115
	-106
	-
	

	Note 1:	Power level “Off” of NR cell is defined in TS 38.508-1 [4] Table 6.2.2.1-3.
Note 2:	Power level “Off” of E-UTRA cell is defined in TS 36.508 [7] Table 6.2.2.1-3.


…
Table 6.2.3.9.3.2-3: Main behaviour
	St
	Procedure
	Message Sequence
	TP
	Verdict

	
	
	U - S
	Message
	
	

	1-2
	Void
	-
	-
	-
	-

	3
	The SS changes the power level setting
according to the row "T2" in table 6.2.3.9.3.2-1/2.
	-
	-
	-
	-

	4
	Wait for 40s for the UE to perform cell reselection procedure. (Note 1, Note 3)
	-
	-
	-
	-

	5
	The SS changes the power level setting
according to the row "T3" in table 6.2.3.9.3.2-1/2.
	-
	-
	-
	-

	6
	Wait for 41s for FR1 or 137s for FR2 for the UE to perform cell reselection procedure. (Note 2, Note 4)
	-
	-
	-
	-

	7
	The SS changes the TAC of NR Cell 2 to 2 according to table 6.2.3.9.3.3-2 and waits for 6 s to ensure that SIB1 is modified.
	-
	-
	-
	-

	8
	The SS changes the power level setting
according to the row "T1" in table 6.2.3.9.3.2-1/2.
	-
	-
	-
	-

	9-14
	Steps 1 to 6 of the mobility registration updating procedure described in TS 38.508-1 [4] Table 4.9.5.2.2-1 are performed on NR Cell 2. ( Note 5)
	-
	-
	-
	-

	15
	The SS changes the power level setting
according to the row "T4" in table 6.2.3.9.3.2-1/2.
	-
	-
	-
	-

	16
	Check: Does the UE transmit an RRCConnectionRequest message on E-UTRA cell 1 within 2s? ( Note 6)
	-->
	E-UTRAN RRC:
RRCConnectionRequest
	1
	F

	17
	Check: Does the UE send an
RRCConnectionRequest on E-UTRA Cell 1 within 33s for after step 16? (Note 7)
	-->
	E-UTRAN RRC:
RRCConnectionRequest
	1
	P

	18-22
	Steps 2 to 6 of the generic test procedure in TS 38.508-1 [4] Table 4.9.7.2.2-1 are performed on E-UTRA cell 1.
	-
	-
	-
	-

	Note 1:	NCR (number of cell reselection) is 1.
Note 2:	NCR is 2.
Note 3:	The wait time for reselection to a newly detected Inter-RAT E-UTRA cell is selected to cover Tdetect, EUTRAN (32s) + Treselection (7s) + 640 ms system information blocks scheduling = 39.64s rounded up to 40s.
Note 4:	The wait time for reselection to an newly detected Inter-RAT NR cell is selected to cover Tdetect,NR (32s for FR1 and 4*32s=128s for FR2) + Treselection (7s) + 1280 ms system information block type scheduling = 40.28s rounded up to 41s for FR1 and 136.28s rounded up to 137s for FR2.
Note 5:	NCR is 3 and the UE enters high mobility state because number of cell reselections during time period TCRmax is greater than NCR_H.
Note 6:	The wait time for evaluating an inter-RAT cell is Treselection after scaling (2s).
Note 7:	The wait time for cell reselection procedure is selected to cover Tdetect, EUTRAN (32s) + Treselection after scaling (7s*0.25) + 640 ms system information blocks scheduling = 34.39s rounded up to 35s. The actual wait time is 33s which covers 35s - 2s (wait time in step 16).


______________________________________________________________________________________
In the above test case, UE is initially registered on a NR Cell. NCR is increased whenever UE performs cell reselection from NR to LTE or from LTE to NR. That is, inter-RAT cell reselections are counted in the procedure. UE enters high mobility state once the number of cell reselections during time period TCRmax is greater than NCR_H.
Observation 2:	In UE conformance specification (TS 38.523), inter-RAT cell reselections are counted when determining UE mobility state based on the number of cell reselections within a given duration.
Our view
Generally speaking, the scope of a specification is limited its own RAT. For example, we have the following NOTE in clause 1 (Scope) of TS 38.304 [1].
	NOTE:	When the UE is camped on or searching for a cell to camp on belonging to other RATs, the UE behaviour is described in the specifications of the other RATs.


[bookmark: _GoBack]From network deployment perspective, intra-RAT cells are geographically separated with possibly small overlaps, while the cell coverages of different RATs are likely to overlap with each other, or even the base stations are co-located. The reason why the number of cell reselections can be used to determine UE mobility is that UE can estimate the distance it has moved during a given duration based on the number of geographically separated cells it has crossed, with the assumption that average distance UE travels in a cell is similar for different deployments. Counting inter-RAT cell reselection may result in a much higher estimation of UE mobility and makes the mobility state determination more imprecise.
Therefore, we believe that inter-RAT cell reselections should NOT be counted when determining UE mobility state based on the number of cell reselections within a given duration. If RAN2 agrees to this view, we also need to discuss how to clarify this in 3GPP specifications, e.g., modification of TS 38.304 and/or LS to other WGs.
Proposal 1:	Inter-RAT cell reselections should NOT be counted when determining UE mobility state based on the number of cell reselections within a given duration.
Proposal 2:	If Proposal 1 is agreed, we discuss how to clarify this in 3GPP specifications.
Conclusion
This contribution discusses whether inter-RAT cell reselections are counted for idle/inactive-mode UE to determine its mobility state. We have the following observation:
Observation 1:	The text in idle/inactive-mode procedure specification (TS 38.304) does not specify explicitly whether inter-RAT cell reselections should be counted when determining UE mobility state based on the number of cell reselections within a given duration.
Observation 2:	In UE conformance specification (TS 38.523), inter-RAT cell reselections are counted when determining UE mobility state based on the number of cell reselections within a given duration.
It is proposed to discuss and decide on the following proposals:
Proposal 1:	Inter-RAT cell reselections should NOT be counted when determining UE mobility state based on the number of cell reselections within a given duration.
Proposal 2:	If Proposal 1 is agreed, we discuss how to clarify this in 3GPP specifications.
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