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Introduction

Based on existing agreements in RAN2, SN MHI has been agreed to be stored and nested with MN MHI into one complete report if available. However there are still some issues required to be further discussed which includes the stored PSCell numbers, how to store MHI as well as how to include the information when SN is released. This contribution will tries to give a detailed analysis and propose possible solutions.
Discussion
Shown below is the MHI structure captured current running CR [1]:
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            CHOICE {

            cgi-Info                 CGI-Info-Logging-r16,

            pci-arfcn-r16            SEQUENCE {

                physCellId-r16           PhysCellId,

                carrierFreq-r16          ARFCN-ValueNR

            }

        },

        eutra-CellId-r16         CHOICE {

            cellGlobalId-r16         CGI-InfoEUTRA,

            pci-arfcn-r16                SEQUENCE {

                physCellId-r16               EUTRA-PhysCellId,

                carrierFreq-r16              ARFCN-ValueEUTRA

            }

        }

    }                                        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-r17            CHOICE {

            cgi-Info-r17             CGI-Info-Logging-r16,

            pci-arfcn-r17            SEQUENCE {

                physCellId-r17           PhysCellId,

                carrierFreq-r17          ARFCN-ValueNR

            }

        },

        eutra-CellId-r17         CHOICE {

            cellGlobalId-r17         CGI-InfoEUTRA,

            pci-arfcn-r17                SEQUENCE {

                physCellId-r17               EUTRA-PhysCellId,

                carrierFreq-r17              ARFCN-ValueEUTRA

            }

        }

    }                                                 OPTIONAL,

    timeSpent-r17            INTEGER (0..4095),

    ...

}

-- TAG-VISITEDCELLINFOLIST-STOP

-- ASN1STOP

It can be seen that SN MHI is nested inside each entry of PCell stored wherein for each PCell the maximum PCell number can be stored is maxPSCellHistory-r17. First issue requires to be clarified on above structure is that whether UE stores the PCell transition chronologically as in legacy MN MHI. For example, assuming for each PCell entries UE can store up to 6 PSCell information, if UE first operates in DC mode in PCell 1 and PSCell2, then UE HO to PCell 2 in SA mode, after a duration UE comes back to PCell 1 and DC in PSCell 4. In this scenarios, there could be two possible ways to store SN MHI:

Alt1: Merge the last PSCell information in previous created PCell1 entries if any
Alt2: Store PCell change information chronologically in MHI (i.e., the same condition to create new PCell in legacy stills applied )
Alt1 allows merge all PSCell information in one PCell yet while alt2 can provide the trajectory of how UE camps on each cell, which will then be used to derive/verify the mobility state of UE, therefore it is proposed to the conditions to create new PCell entries as in legacy are still applied, i.e., UE still stores PCell information chronologically as in legacy without merging the PSCell in PCell if UE has connected to other PCell in between.
Observation 1: To store PCell change information chronologically in MHI (i.e., create new PCell entries the same way as in legacy) can provide the trajectory of how UE camps on each cell, which help to derive/verify the mobility state of UE
Proposal 1: When storing SN MHI UE still store PCell change information chronologically (i.e., the conditions to create new PCell entries as in legacy are still applied )
Following numbers have been proposed in summary [2] as candidates of maximum number for PSCell (across all PCells) can be stored: 16, 32 and 64. Although as NW vendor we prefer to have a large values for allowed PSCell numbers we do respect UE vendors’ concern on the memory thus we don’t hold a strong opinion here. But we do like to further analysis how to store the PSCell information from signalling strcuture design point of view
In current specs maximum number of PCell entries is 16, which mean for the above candidates the number of PSCell proposed, each PCell entries can have maximum 1, 2, or 3 PSCell stored. Therefore it is possible that PCell has not changed but the PSCell change information has exceed the maximum allowed number for each PCell entries. 
Observation 2: Since the space to store PSCell information is limited for each PCell, it is possible PCell remains unchanged but the PSCell change information has exceed the maximum number allowed for each PCell. 

In such situation to allow continuously storing of the both PSCell change and PCell change information UE shall create a new entry to store the PCell+PSCell information instead of replacing the earliest PSCell information within the same PCell entry otherwise the actual UE’s transition between cells will not be mapped thus the judgement on UE mobility state might be jeopardized
Observation 3:Simply replacing the earliest PSCell information within the same PCell entry when reaching maximum allowable PSCell number in one PCell entry cannot reflect the actual UE movement thus jeopardize the determination on UE mobility state.
Therefore it is proposed that UE to create a new PCell entry if upon PSCell transition while being on same PCell and the maximum PSCell number of the PCell entry has reached.
Proposal 2: UE creates a new PCell entry if upon PSCell transition while being on same PCell and the maximum PSCell number of the PCell entry has reached.

------------------------------------------- From running CR ----------------------------------------------------------------

1>
Upon change, or release of a PSCell or upon declaring failure in a PSCell (SCG RLF or SCG HOF) while being connected to the current PCell:

Editor´s note:  FFS: Whether to keep the ‘upon declaring failure in a PSCell (SCG RLF or SCG HOF)’ related text

Editor´s note:  FFS: Whether to add the SN addition and SN release related conditions as well.

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

------------------------------------------- From running CR ----------------------------------------------------------------
Last issue is how to capture the case when SN is added. According current running CR,a new entries of PSCell is created when PSCell is released/PSCell change or PSCell experience failure, there is nothing stored when SN is added. An example has been given in below, which shows how the MHI can be stored. In the figure, ti (i=0,1,2..) indicate the actual timing and Tyx means time duration from tx- ty (x,y=0,1,2...). And below the coordinates are how UE MHI is updated upon each transition.
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Figure 1 Example of MHI updates in DC
It can be observed that UE will create new PSCell entries while being connected the same PCell, and merge the stored PSCell info into the created PCell entry upon PCell changes. According to the existing procedure, only the timeSpent in PCell and the timeSpent in each PSCells will be stored , whereas NW cannot know how each PSCell durations are located in the timeline, e.g., whether UE switch between DC and SA alternately or UE spent a long time in SA and experience continuously PSCell change process. Taking example in above figure, the duration spent in SA (i.e., T10 and T43) is not known in MHI. Although NW can know the total time combined by using timeSpent in PCell and PSCells, but it cannot know if it is one duration or separated duration in different time periods.
Observation 4: Current SN MHI only the timeSpent in PCell and the timeSpent in each PSCell while being connected the same PCell, which makes it impossible for NW to derive how PSCell transition pattern, e.g., whether UE switch between DC and SA alternately or UE spent a long time in SA and experience continuously PSCell change process. 
One method to help store such information is to include timestamp in case SN addition or SN release, then based on the timeSpent together with the timeStamp information, NW can derive the time elapse from SN addition to last SN released. Also with the timeStamp information, NW can also try to correlate the MHI with other MDT results which could includes detailed location information and measurement results, thus NW can have a more clear view on the MHI stored and perform detailed analysis if needed.
Observation 5: Based on the timeSpent together with the timeStamp when SN is released/added, NW can derive non-DC time among different PSCell if any. Also NW can use timeStamp to search for relevant report (e.g., MDT) for more thorough analysis if needed.
Proposal 3: Timestamp is included in SN MHI in case SN addition/release.
Conclusion and proposals

Based on above analysis, we have the following proposals: 

Observation 1: To store PCell change information chronologically in MHI (i.e., create new PCell entries the same way as in legacy) can provide the trajectory of how UE camps on each cell, which help to derive/verify the mobility state of UE
Observation 2: Since the space to store PSCell information is limited for each PCell, it is possible PCell remains unchanged but the PSCell change information has exceed the maximum number allowed for each PCell. 

Observation 3:Simply replacing the earliest PSCell information within the same PCell entry when reaching maximum allowable PSCell number in one PCell entry cannot reflect the actual UE movement thus jeopardize the determination on UE mobility state.
Observation 4: Current SN MHI only the timeSpent in PCell and the timeSpent in each PSCell while being connected the same PCell, which makes it impossible for NW to derive how PSCell transition pattern, e.g., whether UE switch between DC and SA alternately or UE spent a long time in SA and experience continuously PSCell change process. 
Observation 5: Based on the timeSpent together with the timeStamp when SN is released/added, NW can derive non-DC time among different PSCell if any. Also NW can use timeStamp to search for relevant report (e.g., MDT) for more thorough analysis if needed.

Proposal 1: When storing SN MHI UE still store PCell change information chronologically (i.e., the conditions to create new PCell entries as in legacy are still applied )
Proposal 2: UE creates a new PCell entry if upon PSCell transition while being on same PCell and the maximum PSCell number of the PCell entry has reached.
Proposal 3: Timestamp is included in SN MHI in case SN addition/release.
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