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Introduction
For NR MRO, it has been agreed that the mobility optimization solution should take LTE as baseline. In the objective of WID, it is request to introduce mobility history information stored by UE for RRC_IDLE, RRC_INACTIVE and RRC_CONNECTED states in NR, taking LTE mobility history information as a baseline.
In RAN3 specification of TS38.423 and TS38.413, UE history information has already been included in the Handover Preparation procedures. And in this contribution, we make some analysis on recording and reporting of the Mobility History and State by UE, covering the RRC_CONNECTED, RRC_IDLE and RRC_INACTIVE states.
Discussion
0. The Mobility History and State in NR 
In LTE, the mobility performance of UE could be enhanced by analysing the parameters of Mobility History and State. And the optimum parameters for Handover Preparation procedures could be set based on the Mobility History and State information [1,2]. For NR, it is also need to introduce the Mobility History and State information to enhance the mobility performance.
In LTE, Mobility State indicates the UE mobility state just prior to UE going into RRC_CONNECTED state, and the Mobility History Information is stored in UE, covering the RRC_CONNECTED and RRC_IDLE states. A UE can store the mobility history information of maximum of 16 most recently visited cells or time spent outside E-UTRA, the most recently visited cell is stored first in the list. There are two branches of recording mobility history information in different cases:
1) Upon change of cell, consisting of PCell in RRC_CONNECTED or serving cell in RRC_IDLE, to another E-UTRA or inter-RAT cell or when entering out of service, the UE History Information includes the cell identity and the timeSpent of the entry as the time spent in the previous PCell/serving cell. 
2) Upon entering E-UTRA (in RRC_CONNECTED or RRC_IDLE) while previously out of service and/or using another RAT, the UE History Information includes the timeSpent of the entry as the time spent outside E-UTRA only.
The signalling structure of VisitedCellInfoList IE is shown as follows:
-- ASN1START

VisitedCellInfoList-r12::=	SEQUENCE (SIZE (1..maxCellHistory-r12)) OF VisitedCellInfo
VisitedEUTRACellInfo ::=		SEQUENCE {
	visitedCellId-r12					CHOICE {
		cellGlobalId-r12						CellGlobalIdEUTRA,
		pci-arfcn-r12							SEQUENCE {
			physCellId-r12							PhysCellId,
			carrierFreq-r12							ARFCN-ValueEUTRA-r9
		}
	}																OPTIONAL,
	timeSpent-r12						INTEGER (0..4095),
	...
}
-- ASN1STOP
In NR, the UE history information IE in RAN3 specification of TS38.413 is shown as in Table 1, which contains information about cells that a UE has been served by active state prior to the target cell, and the last visited cell may include either NG-RAN/E-UTRAN/URTAN/GERAN cell.
Table 1 Last Visited Cell Information IE
	IE/Group Name
	Presence
	IE type and reference
	Semantics description

	CHOICE Last Visited Cell Information
	M
	
	

	>NG-RAN Cell
	
	
	

	>>Last Visited NG-RAN Cell Information
	M
	9.3.1.97
	

	>E-UTRAN Cell
	
	
	

	>>Last Visited E-UTRAN Cell Information
	M
	OCTET STRING
	Defined in TS 36.413 [16].

	>UTRAN Cell
	
	
	

	>>Last Visited UTRAN Cell Information
	M
	OCTET STRING
	Defined in TS 25.413 [28].

	>GERAN Cell
	
	
	

	>>Last Visited GERAN Cell Information
	M
	OCTET STRING
	Defined in TS 36.413 [16].


Since the history transmission among the network nodes could consider the history information received from UE, it is reasonable to also enable UE to record history information of more than one RAT in NR, which may include both E-UTRA cells and NR cells. The possible VisitedCellInfoList IE structure is shown as follow. For the UE variable of VisitedCellInfoList:
· [bookmark: OLE_LINK18][bookmark: OLE_LINK19]When UE leaving an NR cell, an entry could be added to include the NR cell information and the time spent in the cell; 
· When UE leaving an E-UTRA cell, an entry could be added to include the E-UTRA cell information and the time spent in the cell; 
· When UE entering a cell from out of service state, an entry could be added to only include the time spent for out of service without any cell information.
VisitedCellInfoList information element
-- ASN1START

VisitedCellInfoList-r16::=	SEQUENCE (SIZE (1..maxCellHistory-r16)) OF VisitedCellInfo-r16

VisitedCellInfo-r16 ::= SEQUENCE{
   VisitedCellTypeInfo-R16 ::= CHOICE{
     VisitedEUTRACellInfo-r16 ::= SEQUENCE{
       xxx
     },
     VisitedNRCellInfo-r16 ::= SEQUENCE{
       xxx
}
}                          OPTIONAL,
timeSpent-r16              INTEGER (0…4095)
}
-- ASN1STOP
[bookmark: OLE_LINK3][bookmark: OLE_LINK5][bookmark: OLE_LINK20]Proposal 1: The Visited Cell Information List in NR could record the history information in both LTE and NR cells, which includes cell specific information and time spent.
The Mobility History and State reporting functionality as part of the network mobility enhancements was reflected in the following three procedures in LTE[3]:
(1) Reception of the RRCConnectionSetup by the UE
In this procedure, Mobility History and State reporting is introduced during RRC_IDLE to RRC_CONNECTED transition to allow network to estimate the UE mobility. The UE includes the mobilityState and set it to the mobility state of the UE just prior to entering RRC_CONNECTED state. And if the UE supports storage of mobility history information and the UE has mobility history information available in VarMobilityHistoryReport, the UE includes the mobilityHistoryAvali. And the RRCConnectionSetupComplete message is used to confirm the successful completion of an RRC connection establishment.
	RRCConnectionSetupComplete-v1250-IEs ::= SEQUENCE {
	mobilityState-r12					ENUMERATED {normal, medium, high, spare}	OPTIONAL,
	mobilityHistoryAvail-r12			ENUMERATED {true}							OPTIONAL,
	logMeasAvailableMBSFN-r12			ENUMERATED {true}							OPTIONAL,
	nonCriticalExtension				RRCConnectionSetupComplete-v1320-IEs		OPTIONAL
}


(2) Reception of the RRCConnectionResume by the UE
In this procedure, if resuming an RRC connection from a suspended RRC connection, the UE includes the mobilityState and set it to the mobility state of the UE just prior to entering RRC_CONNECTED state. And if the UE supports storage of mobility history information and the UE has mobility history information available in VarMobilityHistoryReport, the UE includes mobilityHistoryAvail. And the RRCConnectionResumeComplete message is used to confirm the successful completion of RRC connection resumption.
	RRCConnectionResumeComplete-r13-IEs ::= SEQUENCE {
	selectedPLMN-Identity-r13				INTEGER (1..maxPLMN-r11)					OPTIONAL,
	dedicatedInfoNAS-r13					DedicatedInfoNAS							OPTIONAL,
	rlf-InfoAvailable-r13					ENUMERATED {true}							OPTIONAL,
	logMeasAvailable-r13					ENUMERATED {true}							OPTIONAL,
	connEstFailInfoAvailable-r13			ENUMERATED {true}							OPTIONAL,
	mobilityState-r13						ENUMERATED {normal, medium, high, spare}	OPTIONAL,
	mobilityHistoryAvail-r13				ENUMERATED {true}							OPTIONAL,
	logMeasAvailableMBSFN-r13				ENUMERATED {true}							OPTIONAL,
	lateNonCriticalExtension				OCTET STRING								OPTIONAL,
	nonCriticalExtension					RRCConnectionResumeComplete-v1530-IEs		OPTIONAL
}


(3) Reception of the UEInformationRequest message 


Figure 1 UE information procedure
Figure 1 illustrates the UE information procedure which is used by E-UTRAN to request the UE to report information in LTE. Upon receiving the UEInformationRequest, if mobilityHistoryReportReq is set to true, the UE includes the mobilityHistoryReport and set it to include entries from VarMobilityHistoryReport, and an entry includes visitedCellId which set to the global identity of the current and timeSpent which set to the time spent in the current cell. And the UEInformationResponse message is used by the UE to transfer the information requested by the E-UTRAN.
	UEInformationRequest-v1250-IEs ::= SEQUENCE {
	mobilityHistoryReportReq-r12		ENUMERATED {true}				OPTIONAL,	-- Need ON
	nonCriticalExtension				UEInformationRequest-v1530-IEs	OPTIONAL
}



	UEInformationResponse-v1250-IEs ::= SEQUENCE {
	mobilityHistoryReport-r12			MobilityHistoryReport-r12			OPTIONAL,
	nonCriticalExtension				UEInformationResponse-v1530-IEs		OPTIONAL
}
MobilityHistoryReport-r12 ::=	VisitedCellInfoList-r12


Since NR has the similar signaling procedures as LTE, it is reasonable to reuse the reporting format of UE Mobility History and State in NR. 
Proposal 2: Reuse the reporting format of UE Mobility History and State in LTE for NR.
0. 	Extension Mobility History and State for RRC_INACTIVE
In the NR new air interface, the RRC INACTIVE state has been introduced. In this state, the UE behavior is similar to the IDLE state, and UE can perform system information reading, cell reselection, and the like. 
[bookmark: OLE_LINK4][bookmark: OLE_LINK6]Since UE has only one RRC state in NR at one time, the continuity of the Mobility History and State  recording should be maintained in the mutual conversion process of three states of RRC_IDLE, RRC_INACTIVE and RRC_CONNECTED. For the RRC_INACTIVE state characteristics, a UE in this state could perform behaviors of recording and reporting, and the principles of these behaviors are as for the RRC_IDLE state with no extra load. So for the continuity of the UE Mobility History and State information, the UE also needs to reuse the recording and reporting solution of UE Mobility History and State in RRC_IDLE mode for RRC_INACTIVE mode.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Proposal 3: Reuse the recording and reporting solution of UE Mobility History and State in RRC_IDLE mode for RRC_INACTIVE mode.
0. Enhancement of UE history information
In NR, a cell can use different amounts of beams according to the difference of frequency and services. A UE in RRC_CONNECTED state shall derive cell measurement results by measuring one or multiple beams per cell as configured by the network.
After the UE history information introduces beam related information, the network could accurately determine the location and speed of the UE. During Handover decision phase, the network could select the best cell and the appropriate beams faster and more accurately with the assistance information of beams, and the success rate of the handover process could be improved and the delay could be reduced. To record beam related information, the following three options could be considered:
Table 1 The way of beam recording
	
	Description
	Advantage
	Disadvantage

	Option 1
	Record the SSB index in the first used beam after UE successfully access to the cell, and the duration of time the UE stayed in the beam.
	Less memory and load for processor.
	The first beam may not be the appropriate beam.

	Option 2
	Record beam list according to the sequence of UE stayed in these beams chronological. Each item of the list includes the SSB index and the duration of time stayed in the beam. If the list is full, the oldest one will be removed, and the number of recorded beams could be 8. 
	All used beams could be recorded.
	More memory and load for processor.

	Option 3
	Record beam list including beams used in this cell. Each item of the list includes the SSB index and the total time UE stayed in this beam. The recorded beams could be 8.
	Record the range of activity of the beam used in per cell.
	More memory and load for processor, but less than Option 2.


[bookmark: OLE_LINK7][bookmark: OLE_LINK8][bookmark: OLE_LINK51][bookmark: OLE_LINK52][bookmark: OLE_LINK11][bookmark: OLE_LINK10]About the way of recording beam related information in UE History information, Option 1 records related information of the first used beam, although it has less memory and load for processor, but only the first beam may not reflect the path information of the UE comprehensively and it may not be the appropriate beam, especially the time stayed by UE is short, so Option 1 is not recommended. 
About Option 2, although it can provide the detailed path information of beams used in per cell for the network, but it occupies more memory and load for processor, so Option 2 is also not recommended. 
The recording way of Option 3 could integrate the beam information used in per cell by accumulating the time UE stayed in the same used beam, which better reflects the range of activity of the beam used per cell and need less memory and load compared to the Option 2. 
Considering all these comparisons, Option 3 is recommended.
[bookmark: OLE_LINK12][bookmark: OLE_LINK13]Proposal 4: Record a list of beams per NR cell with the total time UE stayed in each beam in UE history information.
Conclusion
[bookmark: OLE_LINK58][bookmark: OLE_LINK59][bookmark: OLE_LINK60][bookmark: OLE_LINK47][bookmark: OLE_LINK48]According to the analysis in section 2, we propose:
Proposal 1: The Visited Cell Information List in NR could record the history information in both LTE and NR cells, which includes cell specific information and time spent.
Proposal 2: Reuse the reporting format of UE Mobility History and State in LTE for NR.
Proposal 3: Reuse the recording and reporting solution of UE Mobility History and State in RRC_IDLE mode for RRC_INACTIVE mode.
Proposal 4: Record a list of beams per NR cell with the total time UE stayed in each beam in UE history information.
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