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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;
Proposal 1: Take LTE mobility history information stored by UE as a baseline, if the UE supports storage of mobility history information, the mobility history information is stored by the UE, covering RRC_CONNECTED, RRC_INACTIVE and RRC_IDLE.
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. 

The similar mechanism can be applied to NR:
Proposal 2: Upon changing from NR cell, consisting of PCell in RRC_CONNECTED or serving cell in RRC_INACTIVE or serving cell in RRC_IDLE in NR, the mobility history information is stored when the following cases happen:

· Change from NR to another NR cell
· Change from NR to inter-RAT cell

· Change from NR to be out of service
Proposal 3: The contents of NR mobility history information of changing from NR cell include:

· The global cell identity of that cell in the field visitedCellId of the entry (if the global cell identity of the previous PCell/ serving cell is available)

· The physical cell identity and carrier frequency of that cell in the field visitedCellId (if the global cell identity of the previous PCell/ serving cell is not available)

· timeSpent field of the entry as the time spent in the previous PCell/ serving 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. Only difference is that in NR, there is a new state: RRC_INACTIVE, but current NR doesn’t support inter-RAT mobility within RRC_INACTIVE state, i.e, when UE moves from RRC_INACTIVE in eLTE to NR, UE enters RRC_IDLE state. So, 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. 
Proposal 4: Upon entering NR cell (in RRC_CONNECTED or RRC_IDLE), the mobility history information is stored when the following cases happen:

· Enter NR cell from another NR cell

· Enter NR cell from inter-RAT cell 

· Enter NR cell from be out of service
Proposal 5: The contents of the mobility history of entering NR cell include timespent field as the time spent outside of the NR.

In LTE, UE indicates mobilityHistoryAvail in RRCConnectionResumeComplete /RRCConnectionsetupComplete, eNB retrieves it via UEInformationRequest/UEInformationResponse procedure, mobilityHistoryReportReq is used as field indication.
Proposal 6: Follow LTE, UE indicates the availability of mobility history in RRCSetupComplete/ RRCResumeComplete with mobilityHistoryAvail indication.
Proposal 7: gNB retrieves mobilityHistoryinfo via UEInformationRequest with mobilityHistoryReportReq indication. UE reports to gNB the mobility history in UEInformationResponse.
In LTE, it is optional for UE to support the storage of mobility history information and the reporting in UEInformationResponse message. We propose the same way in NR
Proposal 8: It is optional for UE to support the storage of mobility history information and the reporting in UEInformationResponse message in NR.
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. [3][4][5]

In NR Rel-15, the similar mechanism is 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.[6][7]
Observation 1: in LTE and NR, the collected information of CONNECTED mode UE mobility history information is propagated to target node over S1/X2 and Xn/N2 interface respectively.
The mobility history information collected by UE retrieved by one gNB can also be propagated to the other node by means of handover preparation procedures over Xn/N2 and UE Context Retrieval procedure over Xn for RRC_INACTIVE UE. The UE collected mobility history information is helpful for the NW to perform UE specific mobility optimization, e.g. gNB can configure UE specific RNA by including those UE most frequently moves in and out cells or RNA area into a whole cell list or RNA area list, this can reduce signalling over of RAN notification area update and is also beneficial to UE power consumption. The stored UE mobility history information can also be used for paging optimization with recommended cells based on collected UE mobility history information.
Proposal 9: The mobility history information collected by UE retrieved by one gNB can also be propagated to the other node by means of handover preparation procedures over Xn/N2 and UE Context Retrieval procedure over Xn.
3 Summary
Proposal 1: Take LTE mobility history information stored by UE as a baseline, if the UE supports storage of mobility history information, the mobility history information is stored by the UE, covering RRC_CONNECTED, RRC_INACTIVE and RRC_IDLE.
Proposal 2: Upon changing from NR cell, consisting of PCell in RRC_CONNECTED or serving cell in RRC_INACTIVE or serving cell in RRC_IDLE in NR, the mobility history information is stored when the following cases happen:

· Change from NR to another NR cell

· Change from NR to inter-RAT cell

· Change from NR to be out of service
Proposal 3: The contents of NR mobility history information of changing from NR cell include:

· The global cell identity of that cell in the field visitedCellId of the entry (if the global cell identity of the previous PCell/ serving cell is available)

· The physical cell identity and carrier frequency of that cell in the field visitedCellId (if the global cell identity of the previous PCell/ serving cell is not available)

· timeSpent field of the entry as the time spent in the previous PCell/ serving cell.

Proposal 4: Upon entering NR cell (in RRC_CONNECTED or RRC_IDLE), the mobility history information is stored when the following cases happen:

· Enter NR cell from another NR cell

· Enter NR cell from inter-RAT cell 

· Enter NR cell from be out of service
Proposal 5: The contents of the mobility history of entering NR cell include timespent field as the time spent outside of the NR.

Proposal 6: Follow LTE, UE indicates the availability of mobility history in RRCSetupComplete/ RRCResumeComplete with mobilityHistoryAvail indication.
Proposal 7: gNB retrieves mobilityHistoryinfo via UEInformationRequest with mobilityHistoryReportReq indication. UE reports to gNB the mobility history in UEInformationResponse.

Proposal 8: It is optional for UE to support the storage of mobility history information and the reporting in UEInformationResponse message in NR.
Observation 1: in LTE and NR, the collected information of CONNECTED mode UE mobility history information is propagated to target node over S1/X2 and Xn/N2 interface respectively.
Proposal 9: The mobility history information collected by UE retrieved by one gNB can also be propagated to the other node by means of handover preparation procedures over Xn/N2 and UE Context Retrieval procedure over Xn.
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