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In previous meeting we discussed many issues about PSCell MHI Enhancement, and has reach some agreements for baseline [1],
SN Related MHI Information:
2	RAN2 to confirm that the PSCell transition is part of MHI.
3	PSCell MHI is reported only to PCell.
4	UEInformationResponse message is used to convey the PSCell MHI to the MN.
5	Take Option 1 ‎(PSCell MHI nested within the PCell MHI) as baseline.
In this contribution, we intend to discuss the rest detailed issues about PSCell MHI enhancement:
· Capability of PSCell MHI;
· Max value of PSCell entry;
· Recording of PSCell MHI if SN is released/added;
· The Appropriate DC Scenarios for PSCell MHI.
Discussion
Capability of PSCell MHI
In Email 887.5[2], it is discussed that whether a capability bit or an explicit indicator (mobilityHistoryPSCellAvail) is needed to be introduced for PSCell MHI report. Since the PCell MHI has been introduced in both LTE and NR for a long time, it is better to first discuss whether current capability can be used for reference for the PSCell enhancement.
In LTE, the UHI is one of the optional features without UE radio access capability parameters [3]:
	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 [4]:
	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 enhance the support of PSCell record and report, Email 887.5[2] provided 2 options:
· Option-1: Introduce an explicit capability indicator that indicates that the UE is capable of storing the PSCell related MHI.

· Option-2: Introduce an explicit indicator (mobilityHistoryPSCellAvail) in RRCSetupComplete and RRCResumeComplete indicating whether the UE has PSCell related information available in its stored visitedCellInfoList.
For option-2, since the PSCell MHI is agreed to be nested in the PCell MHI, it is impossible to request and fetch the PSCell MHI information separately. Therefore an explicit indicator in the complete message seems inappropriate. 
For option-1, since the legacy MN MHI is one of the optional features without UE radio access capability parameters, to enhanced the support of PSCell record and report, we consider an parallel optional feature could be defined without indicating to the NW, and explicit capability indicator is also unnecessary. A consideration raised in Email 887.5[2]  for explicit capability indicator is that the PSCell MHI capability will inform the network that the MHI report by UE may be much larger that the legacy MHI. Firstly, we have already discussed how to limit the total number of PSCell (across all PCells) related information to reduce the whole UE memory and the size of reporting message; Secondly, since the MHI report is not an immediate report procedure, size is not a bottleneck for storing and reporting such information.
Therefore, an parallel optional feature could be defined, for (NG)EN-DC in LTE and for NR-NR DC in NR respectively.
Proposal 1: Define optional feature for PSCell mobility history information storage and reporting without any indicator to the network.
Max value of PSCell entry
For max value of PSCell entry, in the discussion of Email 887.5[2] there are two branches:
· To record a total number of PSCell MHI across all PCells;
· To record total number of PSCell MHI within each PCell respectively.
We do not think it is necessary to record total number of PSCell MHI within each PCell respectively. The cell size UE passed by may be small or large. And in each PCell, the UE may have or have not one or more PSCells. Consider the PSCell MHI capable UE can provide a fixed maximum memory size, a total number of PSCell MHI across all PCells is enough and simple. To reduce the memory impact, the total number of PSCell across all PCells could be set to 16.
Proposal 2: Set the total number of PSCell MHI entries across all PCells to 16.
Recording of PSCell MHI if SN is released/added
Since the solution of “PSCell MHI should be nested within the PCell MHI” is agreed as the baseline in last meeting, the recording of UE and the format of record entries for PSCells and PCells could be further defined.
[bookmark: _Toc90578244]It is FFS in Email 887.5[2]  that how to deal with the PSCell MHI if the SN is released or added, and an editor’s note is also added in the running CR of TS 38.331.
Based on the proposals we provided in last meeting [5], we think only recording the time UE stayed in each PSCell cannot exactly reflect in which time UE stayed in the PSCell when UE stayed in the specific PCell. The node needs to use the continuous information to estimate the UE mobility state, otherwise the estimation may not be accurate or correct because the network may estimate the UE mobility based on two PSCells which are not continuous in the mobility history [6]. Therefore, it is proposed that the cases of SN release, SN addition should be reflected.
Proposal 3: The SN release and SN addition should be reflected in the PSCell history information.
For SN release, there is already a condition that upon release of a PSCell an entry in visitedPSCellInfoList will be added if any, to store the released PSCell ID and the time spent in the PSCell.
For SN addition, an open issue is that how does a PSCell MHI capable UE record the PCell without PSCell. If nothing will be recorded, the SN addition case has no impact on the specification since there is no PSCell before the SN is added. Then without exact time recording, the SN addition cannot be reflected. Therefore if a PSCell MHI capable UE needs to record the case of the PCell without PSCell, the PCell-only time should also be recorded.
Proposal 4: The time UE stayed in PCell without PSCell should be reflected.
To reflect the proposed cases above, a better way is to design the PSCell history information as below:
Within each entry of PCell, a list of entries of PSCells and “no PSCell” markers are extended in chronological order:
· For PSCell, the PSCell ID and the time UE stayed in the cell should be recorded;
· For “no PSCell” marker, the time UE elapsed without PSCell should be recorded.
Note that if UE connected to the PCell without connecting PSCell in the beginning or in the end of the PCell, the “no PSCell” marker should also be recorded. In this recording format, the total time spent in a PSCell entry list should be equal to the time UE recorded in the corresponding PCell entry.


To use this format, the network could clearly know in which time the UE connected to a PSCell within the PCell, and know whether there is a UE handover to the target PCell without PSCell change.
Proposal 5: The time UE stayed in each PSCell and UE stayed without PSCell should all be recorded in the PCell entry in chronological order.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]The Appropriate DC Scenarios for PSCell MHI
The appropriate DC scenarios for PSCell MHI can be discussed separately from the technical issues. After last meeting the PSCell MHI has been introduced in TS 38.331, i.e. for NR-DC scenario. But in WID, the scope is only “UE history information in EN-DC” [7].
Since it is RAN3 agreement that “Enhancement of UE History Information for Secondary Node applies to all MR-DC scenario”, the scope of UE history enhancement should at least include both EN-DC and NR-DC. The modification involves both the TS36.331 and TS 38.331.
Proposal 6: Also add the PSCell history information in TS36.331.
Conclusion
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Proposal 1: Define optional feature for PSCell mobility history information storage and reporting without any indicator to the network.
Proposal 2: Set the total number of PSCell MHI entries across all PCells to 16.
Proposal 3: The SN release and SN addition should be reflected in the PSCell history information.
Proposal 4: The time UE stayed in PCell without PSCell should be reflected.
Proposal 5: The time UE stayed in each PSCell and UE stayed without PSCell should all be recorded in the PCell entry in chronological order.
Proposal 6: Also add the PSCell history information in TS36.331.
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