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1 Introduction
When reviewing the mobility history information for PSCell in the latest RRC specification [1], it seems to us the current MHI recording for PSCell is not clear enough in case of SCG failure. In this contribution, we share our understanding on PSCell MHI and try to make it clear.
2  Discussion
In section 5.7.3.2 (SCG failure information) of TS38.331, upon an SCG failure (SCG RLF or reconfiguration with sync failure), UE may initiate the SCG failure information procedure to report the failure to the network. During this procedure, UE suspend SCG transmission and reset SCG MAC. Thus we understand UE is still configured with SCG and in dual connectivity state with current PSCell.
…………………….………………Section 5.7.3.2 in [1]………………………………………….…
5.7.3.2
Initiation

A UE initiates the procedure to report SCG failures when neither MCG nor SCG transmission is suspended and when one of the following conditions is met:

1>
upon detecting radio link failure for the SCG, in accordance with clause 5.3.10.3;

1>
upon detecting beam failure of the PSCell while the SCG is deactivated, in accordance with TS 38.321[3];

1>
upon reconfiguration with sync failure of the SCG, in accordance with clause 5.3.5.8.3;

1>
upon SCG configuration failure, in accordance with clause 5.3.5.8.2;

1>
upon integrity check failure indication from SCG lower layers concerning SRB3.

Upon initiating the procedure, the UE shall:

1>
if the procedure was not initiated due to beam failure of the PSCell while the SCG is deactivated:

2>
suspend SCG transmission for all SRBs, DRBs and, if any, BH RLC channels;

2>
reset SCG MAC;

1>
stop T304 for the SCG, if running;

1>
stop conditional reconfiguration evaluation for CPC or CPA, if configured;

1>
if the UE is in (NG)EN-DC:

2>
initiate transmission of the SCGFailureInformationNR message as specified in TS 36.331 [10], clause 5.6.13a.

1>
else:

2>
initiate transmission of the SCGFailureInformation message in accordance with 5.7.3.5.

<OMIT>
…………………….………………Section 5.7.3.2 in [1]………………………………………….…
Observation 1: UE is considered to be configured with SCG and in dual connectivity state with current PSCell upon SCG failure.
In our understanding, after transmitting the SCGFailureInformation message to the network, the UE may receive an RRCreconfiguration message in order to perform a PSCell change or release the dual connectivity.
Section 5.7.9.2 (mobility history information) in [1] is shown below. 
…………………….………………Section 5.7.9.2 in [1]………………………………………….…
5.7.9.2
Initiation
If the UE supports storage of mobility history information, the UE shall:

1>
If the UE supports PSCell mobility history information and upon addition of a PSCell:

2>
include an entry in visitedPSCellInfoList in variable VarMobilityHistoryReport possibly after performing the following, if necessary:

3>
if visitedPSCellInfoListReport is available in the visitedCellInfoList in variable VarMobilityHistoryReport:

4>
for the oldest PCell entry in visitedCellInfoList including visitedPSCellInfoListReport;

5>
remove the oldest entry in the visitedPSCellInfoListReport;

3>
else:

4>
remove the oldest entry in visitedPSCellInfoList in variable VarMobilityHistoryReport;

2>
for the included entry:

3>
set the field timeSpent of the entry according to following:

4>
if this is the first PSCell entry for the current PCell since entering the current PCell in RRC_CONNECTED:

5>
include the entry as the time spent with no PSCell since entering the current PCell in RRC_CONNECTED;

4>
else:
5>
include the time spent with no PSCell since last PSCell release or SCG failure since entering the current PCell in RRC_CONNECTED;

1>
If the UE supports PSCell mobility history information and 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:

2>
include an entry in visitedPSCellInfoList of the variable VarMobilityHistoryReport possibly after performing the following, if necessary:
3>
if visitedPSCellInfoListReport is available in the visitedCellInfoList in variable VarMobilityHistoryReport:

4>
for the oldest PCell entry in visitedCellInfoList including visitedPSCellInfoListReport;

5>
remove the oldest entry in the visitedPSCellInfoListReport;

3>
else:

4>
remove the oldest entry in visitedPSCellInfoList in variable VarMobilityHistoryReport;

2>
for the included entry:

3>
if the global cell identity of the previous PSCell 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 PSCell while being connected to the current PCell;

<OMIT>

…………………….………………Section 5.7.9.2 in [1]………………………………………….…
For the above scenario, consider the following example in figure 1.

· Assume the UE is configured with PSCell A at time T1. 
· Upon the SCG failure at time T2, according the yellow and green highlighted part in Section 5.7.9.2 in [1] , UE includes an entry 1 in visitedPSCellInfoList as [PSCell A, T2-T1]. 
· After transmitting SCGFailureInformation, at time T3, UE receives an RRCreconfiguration message for PSCell change or SCG release. Then according to the pink and green highlighted part, UE will include an entry 2 in visitedPSCellInfoList as [PSCell A, T3-T1].  
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Figure 1  PSCell change/release after SCG failure
Then in this scenario, UE will have 2 entries in visitedPSCellInfoList including entry 1[PSCell A, T2-T1] and entry 2[PSCell A, T3-T1]. The time information included in these 2 entries are not continuous but overlapped.
Observation 2: the time information included in the 2 entries are not continuous but overlapped in the above scenario.
For observation 2, we understand this is not desirable for PSCell MHI recording. It seems entry 1 is redundant in this case, because the time information in entry 1 has been totally covered by entry 2.  If the MHI is retrieved by the network, the network may not be able to interpret it correctly. For example, if UE reports with entry 1 [PSCell A, 80s] and entry 2 [PSCell A, 90s] to the network, the network may interpret it as the duration in PSCell A is 170s, which is obviously not correct. 
One possible option to solve this concern is that UE records entry 2 as [PSCell A, T3-T2] instead of [PSCell A, T3-T1] in the example in Figure 1. Therefore, it is proposed,

Proposal: UE includes the time spent since SCG failure in the entry of PSCell MHI created upon PSCell change/release if there is SCG failure before the PSCell change/release.
3 Conclusion 
In this contribution, we mainly discussed the PSCell MHI recording when considering the SCG failure case, and propose the following: 
Observation 1: UE is considered to be configured with SCG and in dual connectivity state with current PSCell upon SCG failure.

Observation 2: the time information included in the 2 entries are not continuous but overlapped in the above scenario.
Proposal: UE includes the time spent since SCG failure in the entry of PSCell MHI created upon PSCell change/release if there is SCG failure before the PSCell change/release.
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