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1	Introduction
Release 17 has introduced enhancements to Mobility History Information. The first version of the RRC specification for the Rel-17 (TS38.331v17.0.0) established an initial version of the overall procedure. Though, it requires further polishing to reflect the agreement made in the course of the Work Item (captured in the Annex of this document).
In this contribution, we discuss anticipated UE behaviour for the enhancement, and propose to agree necessary clarifications.
2	Rel-17 MHI 
2.1	Nested MHI structure with PSCells
Following the Rel-17 RAN2 agreements, the UE should store PScell in a nested structure. I.e., adding any entry for PSCell (either time with no PSCell or PScell id) should take place only if there is an existing and associated entry for PCell in the VarMobilityHistoryReport variable. [H098][N094][N095][E121][H071][E122] issues raised in Rel-17 ASN.1 RIL relate to the same procedure. Thus, we propose to address them collectively, as they are overlapping and can get resolved if a common understanding is established.
While we agree to the intention of the raised issues[H098][H071][E121][E122], the proposed changes do not fully clarify additional conditions when the PSCell entry can be added.
 In our understanding, a new PSCell entry in the VarMobilityHistory (VisitedPSCellInfo) can be added into the VisitedCellInfoList once:
1. The UE is capable of new rel-17 capability (pscell-MHI-Report-r17, contrary to the legacy UE capability) [N095]
2. The UE is in RRC CONNECTED (to distinguish its recording and potential association with ‘a latest’ PCell recorded in RRC IDLE or RRC INACTIVE) 
3. The UE generated a PCell entry for RRC CONNECTED (i.e. RRC_IDLE and RRC_INACTIVE do not apply, as this is not relevant state to indicate no time for PSCell, i.e. it is always true) (even without available PSCellId, the UE need to indicate ‘no PSCell’ time entry)
Due to the agreement that the UE will also record “no time” with PSCell, we understand that whenever the UE is in RRC_CONNECTED (in Stand Alone or Dual Connectivity), it needs to “open “ the variable entry for PSCell, i.e. VisitedPSCellInfo. Even the ‘empty’ entry will serve the purpose to indicate there was no PSCell associated to the recorded PCell.
Observation 1: Adding PSCell info to an existing PCell entry or to the latest PCell may confuse the MHI content with RRC_IDLE and RRC_INACTIVE entries.
Proposal 1: RAN2 to confirm that for the UE capable of Rel-17 MHI, VisitedPSCellInfo is generated always for RRC_CONNECTED, upon addition of the PCell entry. 


A new PSCell entry (visitedPSCellId and timeSpent) can be added once:
1. The UE generated a PCell entry for RRC CONNECTED (as above)
2. A new PSCell was addition was perfomed (implies new visitedPSCellInfo with both entries: visitedPSCellId and timeSpent)
Proposal 2: RAN2 to confirm that VisitedPSCellInfo contains only timeSpent in case there was no PSCell added, and visitedPSCellInfo contains both (visitedPSCellId and timeSpent) upon addition of a new PSCell.
2.2 	timeSpent for PSCells
The existing procedures, require the UE to set the timeSpent field in the visitedPSCellInfo (see Annex) for time spent within a PSCell, once the concerned cell has been left:
3>	set the field timeSpent of the entry as the time spent in the previous PSCell while being connected to the current PCell;
This approach has been adopted from Rel-16, once the UE had to record only consecutive PCells. However, the requirement to set the entries in an a-posteriori manner does not work, as the triggering procedures to set the PSCell entry mix up with the UE going through RRC_IDLE (serving cells additions) or PCell connection with ‘no PSCell’ time set. Determination of what is the “latest”/”current”/”the same” cell becomes convoluted.
Following the understanding on nested MHI structure in section 2.1 , we believe the existing and ‘running’ entries for PSCell should be set:
· at the PSCell change or release, or
· at the PCell change or release (only RRC CONNECTED), in case of only ‘timeSpent’ recorded. 
Proposal 3: RAN2 to confirm that ‘timeSpent’ for PSCell should be set: at PSCell change or release(to indicate an actual time), or at PCell change or release (even without PSCell, to indicate no PSCell time).

Currently, the RRC procedures on setting the time related to state when the UE has no PSCell connection, is as follows:
5>	include the entry as the time spent with no PSCell since entering the current PCell in RRC_CONNECTED;
We believe the procedure is not explicit and may result in omission of the entire VisitedPSCellInfo. However, missing information on some of the PSCells would fail in generation the accurate ‘nested’ MHI.
Proposal 4:  RAN2 to confirm that upon inclusion of a timeSpent entry in visitedPSCellInfo, it should be set as dummified value (‘empty’ or ‘0’) to indicate no PSCell time. 
The above proposals are proposed in a CR in R2-2204878.
Proposal 5: RAN2 to consider the CR in R2-2204878
3	Conclusion
This document has made the following proposals:
Proposal 1: RAN2 to confirm that for the UE capable of Rel-17 MHI, VisitedPSCellInfo is generated always for RRC_CONNECTED, upon addition of the PCell entry. 
Proposal 2: RAN2 to confirm that VisitedPSCellInfo contains only timeSpent in case there was no PSCell added, and visitedPSCellInfo contains both (visitedPSCellId and timeSpent) upon addition of a new PSCell.
Proposal 3: RAN2 to confirm that ‘timeSpent’ for PSCell should be set: at PSCell change or release(to indicate an actual time), or at PCell change or release (even without PSCell, to indicate no PSCell time).
Proposal 4:  RAN2 to confirm that upon inclusion of a timeSpent entry in visitedPSCellInfo, it should be set as dummified value (‘empty’ or ‘0’) to indicate no PSCell time. 
Proposal 5: RAN2 to consider the CR in R2-2204878
Annex 
A. RAN2 agreements on Rel-17 MHI
RAN2#113bise-e:
Agreements:
Mobility history information enhancements

1	If PSCell MHI is introduced, at least include PSCell ID (may include CGI or frequency+PCI) and the time UE stayed in each PSCell into PSCell MHI.
‎

RAN2#115-e:

Agreements:
RA Report to the SN:
1 	UE reports the SN RACH report to the MN, and then MN sends the SN RACH report to SN.
[bookmark: _Hlk97763438]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.
Report and Content of SCG Failure Information:
6 	RAN2 confirms that the 5 information requested by RAN3 LS ‎ R3-211332 ‎ are needed, and how to report them to the network could be further discussed.


RAN2#116-e:

Agreements:
11	The total number of PSCell (across all PCells) related information that should be stored by the UE in the MHI in 16.
12	When the UE reaches the maximum number of PSCell, if it gets a new PSCell, the UE removes the oldest stored PSCell entry and stores the newly configured PSCell entry.
13	The UE includes the time spent with no PSCell in the MHI, when connected to a certain PCell.

RAN2#117-e:

Agreements:
8	Add “PCell” to the legacy MHI UE capability of “Mobility history information storage” only for R17
12	Introduce an optional UE capability with signalling for PSCell MHI Report.
 

B. Simplified VisitedCellInfoList structure
VisitedCellInfoList information element
-- ASN1START
-- TAG-VISITEDCELLINFOLIST-START

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

VisitedCellInfo-r16 ::=  SEQUENCE {
    visitedCellId-r16        CHOICE {        
--nr-CellId-r16 can be either nr-CellId or eutra-CellI, detailed encoding omitted
        }
    }                                        OPTIONAL,
    timeSpent-r16            INTEGER (0..4095),
    ...,
    [[
    visitedPSCellInfoList-r17    VisitedPSCellInfoList-r17                   OPTIONAL
    ]]
}

VisitedPSCellInfoList-r17 ::= SEQUENCE (SIZE (1..maxPSCellHistory-r17)) OF VisitedPSCellInfo-r17

VisitedPSCellInfo-r17 ::=    SEQUENCE {
    visitedCellId-r17            CHOICE {
----nr-CellId-r16 can be either nr-CellId or eutra-CellI, detailed encoding omitted
            }
        }
    }                                                 OPTIONAL,
    timeSpent-r17            INTEGER (0..4095),
    ...
}

-- TAG-VISITEDCELLINFOLIST-STOP
-- ASN1STOP






