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1 Introduction

In the WID on SON/MDT support for NR [1], one of the objectives is to support UE mobility history information

· Specification of mobility history information stored by UE for RRC_IDLE, RRC_INACTIVE and RRC_CONNECTED UEs, taking LTE mobility history information as a baseline (see TR 38.840)
This contribution aims to provide our view on how UE provides mobility history information for NR.
2 Discussion

LTE supports mobility history information stored by UE covering RRC_CONNECTED and RRC_IDLE as below [2]:

If the UE supports storage of mobility history information, the UE shall:

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:

2>
include an entry in variable VarMobilityHistoryReport possibly after removing the oldest entry, if necessary, according to following:

3>
if the global cell identity of the previous PCell/ serving cell is available:
4>
include the global cell identity of that cell in the field visitedCellId of the entry;
3>
else:

4>
include the physical cell identity and carrier frequency of that cell in the field visitedCellId of the entry;
3>
set the field timeSpent of the entry as the time spent in the previous PCell/ serving cell;

1>
upon entering E-UTRA (in RRC_CONNECTED or RRC_IDLE) while previously out of service and/ or using another RAT:

2>
include an entry in variable VarMobilityHistoryReport possibly after removing the oldest entry, if necessary, according to following:

3>
set the field timeSpent of the entry as the time spent outside E-UTRA;
Observation 1: LTE mobility history information stored by UE can follow LTE by covering RRC_CONNECTED, and RRC_IDLE states.
Proposal 1: NR mobility history information stored by UE can follow LTE by covering RRC_CONNECTED, RRC_INACTIVE and RRC_IDLE states.
We can find that in LTE, when UE changes of cells from E-UTRAN to another E-UTRAN, inter-RAT cell or when entering out of service, UE stores its mobility history in the E-UTRAN cell with visistedCellId and timeSpent. The visitedCellId is the global cell Identity of the previous PCell if it is available, otherwise, only includes the PCI and Carrier frequency of that cell. 
In LTE, when UE enters E-UTRA (in RRC_CONNECTED or RRC_IDLE) while previously out of service and/ or using another RAT, UE only set the field timeSpent of the entry as the time spent outside E-UTRA. 

Similar mechanism can be applied to NR. With only difference that there is a new state: RRC_INACTIVE in NR and NR doesn’t support inter-RAT mobility within RRC_INACTIVE state, i.e, when UE enters NR cell from RRC_INACTIVE in eLTE, UE enters RRC_IDLE state. Therefore, when UE enters NR while it previously out of service and/or using another RAT, UE can only be in RRC_CONNECTED or RRC_IDLE in NR.
Observation 2: in LTE, the mobility history information is stored by UE when the following cases happen: 
Upon changing from E-UTRA cell, consisting of PCell in RRC_CONNECTED or serving cell in serving cell in RRC_IDLE) to another E-UTRA or inter-RAT cell or when entering out of service.
   Upon entering E-UTRA cell (in RRC_CONNECTED or RRC_IDLE) while previously out of service and/or using another RAT.
Proposal 2: in NR, the mobility history information can be stored by UE when the following cases happen: 
Upon changing from NR cell, consisting of PCell in RRC_CONNECTED or serving cell in RRC_INACTIVE or serving cell in RRC_IDLE) to another NR or inter-RAT cell or when entering out of service.
   Upon entering NR cell (in RRC_CONNECTED or RRC_IDLE) while previously out of service and/or using another RAT.
In LTE, UE indicates mobilityHistoryAvail in RRCConnectionResumeComplete /RRCConnectionsetupComplete, eNB retrieves it via UEInformationRequest/UEInformationResponse procedure, mobilityHistoryReportReq is used as field indication. Similar mechanism can be applied to NR.
Proposal 3: in NR, UE can indicate the availability of mobility history in RRCSetupComplete/ RRCResumeComplete with mobilityHistoryAvail indication. gNB can retrieve mobilityHistoryinfo via UEInformationRequest with mobilityHistoryReportReq indication. UE reports to gNB the mobility history in UEInformationResponse.

In LTE, the source eNB collects and stores the CONNECTED mode UE History Information as long as the UE stays in one of its cells, the resulting information is then used in subsequent handover preparations by means of the Handover Preparation procedures over the S1 and X2 interfaces, which provide the target eNB with a list of previously visited cells and associated (per-cell) information elements. The Handover Preparation procedures also trigger the target eNB to start collection and storage of UE history Information and thus to propagate the collected information. The connected mode UE mobility history information can be used to avoid ping-pong HO. 

In NR Rel-15, the similar mechanism is already supported. The source gNB collects and stores the CONNECTED mode UE history information with a list of last visited cells and Time UE Stayed in Cell, the collected information is propagated to target cell over N2 and Xn interface by means of Handover preparation procedures.
9.2.38
UE History Information[3]
The UE History Information IE contains information about cells that a UE has been served by in active state prior to the target cell. The overall mechanism is described in TS 36.300 .

NOTE:
The definition of this IE is aligned with the definition of the UE History Information IE in TS 36.413 .

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Last Visited Cell List
	
	1..<maxnoofCells>
	
	Most recent information is added to the top of this list
	–
	–

	>Last Visited Cell Information
	M
	
	9.2.39
	
	–
	–


	Range bound
	Explanation

	maxnoofCells
	Maximum number of last visited cell information records that can be reported in the IE. Value is 16.


9.2.3.64
UE History Information [4]
The UE History Information IE contains information about cells that a UE has been served by in active state prior to the target cell. The overall mechanism is described in TS 36.300 .
NOTE:
The definition of this IE is aligned with the definition of the UE History Information IE in TS 38.413 .

	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	Last Visited Cell List
	
	1..<maxnoofCellsinUEHistoryInfo>
	
	Most recent information is added to the top of this list

	>Last Visited Cell Information
	M
	
	9.2.3.65
	


	Range bound
	Explanation

	maxnoofCellsinUEHistoryInfo
	Maximum number of last visited cell information records that can be reported in the IE. Value is 16.


Observation 4: RAN propagates the CONNECTED mode UE mobility history collected by RAN by means of handover preparation procedure is supported by LTE and NR.
In LTE, the mobility history information collected by UE is propagated to the other RAN node after information retrieval by one RAN node. In NR, this can also be supported it by propagating the UE collected mobility history information to the other RAN node by means of handover preparation procedure and Retrieve UE context procedure. 
UE collected mobility history information including IDLE and INACTIVE mode mobility history is helpful for the NW to perform UE specific mobility optimization, e.g. gNB can configure UE specific RNA by combining those cells or RNA areas UE most frequently moves in and out into a single cell list or RNA area list, this can reduce signalling overhead for RAN notification area update and is also beneficial for UE power saving. 
The stored UE mobility history information can also be used for paging optimization with recommended cells based on UE Collected mobility history information which covers RRC_INACTIVE and RRC_IDLE state.

Observation 5: Propagating the mobility history information collected by UE to the other RAN node is useful for the NW to perform UE specific mobility optimization.
Proposal 4: RAN can propagate the mobility history information collected by UE to the other node by means of handover preparation procedures over Xn/N2.
When the UE collected mobility history information is retrieved by the RAN, the reported results are deleted at the UE side. But the NW can store the retrieved UE history information in AS context for RRC_INACTIVE and the mobility history information can be leveraged by the other RAN node for UE RNA optimization by means of UE context retrieval procedure.
Proposal 5: Mobility history information collected and reported by the UE can be stored at RAN side for RRC_INACTIVE and propagated to the other RAN node by means of UE Context Retrieval procedure.
3 Summary

Observation 1: LTE mobility history information stored by UE can follow LTE by covering RRC_CONNECTED, and RRC_IDLE states.
Proposal 1: NR mobility history information stored by UE can follow LTE by covering RRC_CONNECTED, RRC_INACTIVE and RRC_IDLE states.

Observation 2: in LTE, the mobility history information is stored by UE when the following cases happen: 
Upon changing from E-UTRA cell, consisting of PCell in RRC_CONNECTED or serving cell in serving cell in RRC_IDLE) to another E-UTRA or inter-RAT cell or when entering out of service.

   Upon entering E-UTRA cell (in RRC_CONNECTED or RRC_IDLE) while previously out of service and/or using another RAT.

Proposal 2: in NR, the mobility history information can be stored by UE when the following cases happen: 
Upon changing from NR cell, consisting of PCell in RRC_CONNECTED or serving cell in RRC_INACTIVE or serving cell in RRC_IDLE) to another NR or inter-RAT cell or when entering out of service.

   Upon entering NR cell (in RRC_CONNECTED or RRC_IDLE) while previously out of service and/or using another RAT.

Proposal 3: in NR, UE can indicate the availability of mobility history in RRCSetupComplete/ RRCResumeComplete with mobilityHistoryAvail indication. gNB can retrieve mobilityHistoryinfo via UEInformationRequest with mobilityHistoryReportReq indication. UE reports to gNB the mobility history in UEInformationResponse.

Observation 4: RAN propagates the CONNECTED mode UE mobility history collected by RAN by means of handover preparation procedure is supported by LTE and NR.

Observation 5: Propagating the mobility history information collected by UE to the other RAN node is useful for the NW to perform UE specific mobility optimization.
Proposal 4: RAN can propagate the mobility history information collected by UE to the other node by means of handover preparation procedures over Xn/N2.
Proposal 5: Mobility history information collected and reported by the UE can be stored at RAN side for RRC_INACTIVE and propagated to the other RAN node by means of UE Context Retrieval procedure.
TS 38.423

<<<<<<<<<<<<<<<<<<<< Begin Text Proposal >>>>>>>>>>>>>>>>>>>>
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.3.1
	
	YES
	reject

	Source NG-RAN node UE XnAP ID reference
	M
	
	NG-RAN node UE XnAP ID
9.2.3.16
	Allocated at the source NG-RAN node
	YES
	reject

	Cause
	M
	
	9.2.3.2
	
	YES
	reject

	Target Cell Global ID
	M
	
	9.2.3.25
	Includes either an E-UTRA CGI or an NR CGI
	YES
	reject

	GUAMI
	M
	
	9.2.3.24
	
	YES
	reject

	UE Context Information
	
	1
	
	
	YES
	reject

	>NG-C UE associated Signalling reference
	M
	
	AMF UE NGAP ID

9.2.3.26
	Allocated at the AMF on the source NG-C connection.
	–
	

	>Signalling TNL association address at source NG-C side
	M
	
	CP Transport Layer Information

9.2.3.31
	This IE indicates the AMF’s IP address of the SCTP association used at the source NG-C interface instance.
	–
	

	>UE Security Capabilities
	M
	
	9.2.3.49
	
	–
	

	>AS Security Information
	M
	
	9.2.3.50
	
	–
	

	>Index to RAT/Frequency Selection Priority
	O
	
	9.2.3.23
	
	–
	

	>UE Aggregate Maximum Bit Rate
	M
	
	9.2.3.17
	
	–
	

	>PDU Session Resources To Be Setup List
	
	1
	9.2.1.1
	Similar to NG-C signalling, containing UL tunnel information per PDU Session Resource;

and in addition, the source side QoS flow ( DRB mapping
	–
	

	>RRC Context
	M
	
	OCTET STRING
	Either includes the HandoverPreparationInformation message as defined in subclause 10.2.2. of TS 36.331 [14], if the target NG-RAN node is an ng-eNB,

or the HandoverPreparationInformation message as defined in subclause 11.2.2 of TS 38.331 [10], if the target NG-RAN node is a gNB.
	–
	

	>Location Reporting Information
	O
	
	9.2.3.47
	Includes the necessary parameters for location reporting.
	–
	

	>Mobility Restriction List
	O
	
	9.2.3.53
	
	–
	

	Trace Activation
	O
	
	9.2.3.55
	
	YES
	ignore

	Masked IMEISV
	O
	
	9.2.3.32
	
	YES
	ignore

	UE History Information
	M
	
	9.2.3.64
	
	YES
	ignore

	UE History Information from the UE
	O
	
	OCTET STRING
	VisitedCellInfoList contained in the UEInformationResponse message (TS 38.331 [9])
	YES
	ignore

	UE Context Reference at the S-NG-RAN node
	O
	
	
	
	YES
	ignore

	>Global NG-RAN Node ID
	M
	
	9.2.2.3
	
	–
	

	>S-NG-RAN node UE XnAP ID
	M
	
	NG-RAN node UE XnAP ID

9.2.3.16
	
	–
	


9.1.1.9
RETRIEVE UE CONTEXT RESPONSE

This message is sent by the old NG-RAN node to transfer the UE context to the new NG-RAN node.

Direction: old NG-RAN node ( new NG-RAN node.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.3.1
	
	YES
	reject

	New NG-RAN node UE XnAP ID reference
	M
	
	NG-RAN node UE XnAP ID
9.2.3.16
	Allocated at the new NG-RAN node
	YES
	ignore

	Old NG-RAN node UE XnAP ID reference
	M
	
	NG-RAN node UE XnAP ID
9.2.3.16
	Allocated at the old NG-RAN node
	YES
	ignore

	GUAMI
	M
	
	9.2.3.24
	
	YES
	reject

	UE Context Information Retrieve UE Context Response
	M
	
	9.2.1.13
	
	YES
	reject

	Trace Activation
	O
	
	9.2.3.55
	
	YES
	ignore

	Masked IMEISV
	O
	
	9.2.3.32
	
	YES
	ignore

	Location Reporting Information
	O
	
	9.2.3.47
	Includes the necessary parameters for location reporting.
	YES
	ignore

	Criticality Diagnostics
	O
	
	9.2.3.3
	
	YES
	ignore

	UE History Information from the UE
	O
	
	OCTET STRING
	VisitedCellInfoList contained in the UEInformationResponse message (TS 38.331 [9])
	YES
	ignore


<<<<<<<<<<<<<<<<<<<< End Text Proposal >>>>>>>>>>>>>>>>>>>>
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