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In last meetings, RAN3 has discussed the enhancement on mobility history of CONNECTED mode between nodes [1]:
	Enhancement of UE History Information for Secondary Node applies to all MR-DC scenario
UE history information of secondary node includes: PSCell list, time UE stayed in the cell
It is beneficial if the MR-DC based UHI and the legacy UHI are correlated when received.
Wait for RAN2 agreements before discussing UE History Information from UE
Enhancement of UE History Information for Secondary Node does not apply to LTE DC scenarios


RAN3 will not discuss further until acquire the agreement from RAN2 to achieve an aligned solution together with RAN2. In last meeting RAN2 has just agreed to further investigate Mobility history information enhancements. Therefore RAN2 needs to discuss the mobility history information record by UE in CONNECTED/IDLE/INACTIVE mode and the report of the recorded history information. In this contribution, we intend to discuss the record content and the reporting procedure of such enhancement.
Discussion
Enhanced Content of Mobility History Information
For LTE, the UE could record the legacy UHI when the UE leaving PCell in RRC_CONNECTED or serving cell in RRC_IDLE, or when the UE entering E-UTRA (in RRC_CONNECTED or RRC_IDLE). For NR, besides the recording of leaving or entering the NR cell in RRC_CONNECTED/RRC_INACTIVE/RRC_IDLE, the mobility between LTE and NR could also be recorded in the NR UHI. Now there is only MN information in UE history information. We propose to include PSCell index in UE history information to help SN selection or SN change. It is probable to improve the success rate for PSCell change with the reference of SN information in UE history information. 
The content of traditional MN UHI includes PCell identity list and the time UE stayed in each cell. These two elements could be recorded by UE for SN UHI directly. DC scenario only exists in RRC_CONNECTED mode, so the PSCell related information is only enhanced for RRC_CONNECTED mode. Even UE may not be aware of the CGI of PSCell due to the network will not broadcast system information other than radio frame timing and SFN, the PSCell ID of PCI/frequency could also be recorded. Therefore since in MN UHI the CGI and frequency/PCI could be choose by UE, the current UHI parameters and signaling format could be re-used by the SN UHI.
Proposal 1: Enhance UE history information to include PSCell related information: PSCell list, the time UE stayed in each PSCell.
Correlation of the Mobility History Information from MN and SN
If the PSCell for UHI could be successfully introduced, the UE will record the UHI content per PCell and per PSCell. So whether to correlate the MN UHI and the SN UHI needs to be discussed. There are 2 options for this issue:
Option1: UE records the PCell UHI and the PSCell UHI respectively;
Option2: UE correlated PSCell UHI with the legacy PCell UHI.


                             
Option 1 Respective lists for PCell(s) and PSCell(s)              Option 2 Correlation list of PCell(s) and PSCell(s)
For option 1, the lists of PCell(s) and PSCell(s) are recorded respectively. The network cannot deduce when the UE connected to the PSCell, which PCell the UE connected at the same time. Since the number of entries in the legacy PCell list cannot exceed 16, the same number of 16 could also be used as limit for PSCell(s). Therefore for the enhanced PSCell UHI, the whole signaling size of both PCell and PSCell UHI is double compared with the PCell UHI only.
For option 2, in each entry of PCell, multiple PSCells could be recorded with the stay time. The correlation of the PCell and each PSCell is clear. But since the UE may move with the case of “PCell change but PSCell not change” or “PCell not change but PSCell change”, multiple PSCells could be recorded in one PCell entry, and the same PSCell IDs may be recorded  in more than one PCell entry with different stay time. The signaling size needed for this option 2 maybe larger than option 1.
Compare the 2 options, to make clear the relationship of the PCells and the PSCells is the essence to record and report the PSCell UHI, therefore option 2 is preferable.
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If the option 2 of correlation list of PCell(s) and PSCell(s) could be approved, the case of PCell change and the case of all the PSCell change with the same PCell could be reflected clearly. But the cases of SN Addition and the SN Removed are still not reflected. To enhance such cases, more detailed information may be needed. The enhancement could be further discussed after the decision of the basic option above.
Proposal 3: Whether other parameters are needed for PSCell mobility history information enhancement could be discussed further.
Report of Mobility History Information
The UE can record the MN UHI of CONNECTED/IDLE/INACTIVE mode and record the SN UHI of CONNECTED mode. When the network request the UE to report the UHI, it is better for the UE to report the UHI of both MN and SN to the same node. It is, especial for the option 1 above, the UE could report all the UHI to the MN node. And then the current MN node could use the UHI itself to improve i.e. HO or send to current SN to improve the i.e. PSCell change, if any. Therefore SN node is not allowed to request for UHI from UE.
Proposal 4: UE reports the recorded mobility history information of both PCell(s) and PSCell(s) to current PCell.
The Appropriate DC Scenarios for the Enhancement
It is RAN3 agreement that “Enhancement of UE History Information for Secondary Node applies to all MR-DC scenario” and “Enhancement of UE History Information for Secondary Node does not apply to LTE DC scenarios”. Therefore we could discuss the appropriate DC scenario includes (NG)EN-DC, NR-NR DC and NE-DC. Since NE-DC is also not a commonly used scenario, it is suggest only enhance the scenarios of (NG)EN-DC and NR-NR DC. To perform the enhancement, if UE changes/enters/leaves a SgNB, the PSCell related information should be recorded. The modification involves both the TS36.331 and TS 38.331.
Proposal 5: Enhanced PSCell history information report could be applied to (NG)EN-DC and NR-NR DC scenarios, and does not be applied to LTE DC and NE-DC scenarios.
Additional UE Capability
In LTE, the UHI is one of the optional features without UE radio access capability parameters [2]:
	It is optional for UE to support the storage of mobility history information and the reporting in UEInformationResponse message as specified in TS 36.331 [5].


In NR, it is similar as in LTE [3]:
	Mobility history information storage
It is optional for UE to support the storage of mobility history information and the reporting in UEInformationResponse message as specified in TS 38.331 [9]. UE is not required to report this capability.


This optional feature is only applied for MN, and to enhanced the support of PSCell record and report, an parallel optional feature could be defined, for (NG)EN-DC in LTE and for NR-NR DC in NR respectively.
Proposal 6: Additional optional feature is needed for PSCell history information storage and reporting.
Conclusion
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[bookmark: _GoBack]Proposal 1: Enhance UE history information to include PSCell related information: PSCell list, the time UE stayed in each PSCell.
Proposal 2: UE correlated PSCell mobility history information with the related PCell mobility history information.
Proposal 3: Whether other parameters are needed for PSCell mobility history information enhancement could be discussed further.
Proposal 4: UE reports the recorded mobility history information of both PCell(s) and PSCell(s) to current PCell.
Proposal 5: Enhanced PSCell history information report could be applied to (NG)EN-DC and NR-NR DC scenarios, and does not be applied to LTE DC and NE-DC scenarios.
Proposal 6: Additional optional feature is needed for PSCell history information storage and reporting.
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