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Introduction

We made the following progress at the RAN3#117-emeeting..

	Support UHI for CHO in Rel-17.
No consensus on whether to introduce new UHI feature regarding CPAC in Rel-17.

No consensus on the SCG activation/deactivation feature on UE history information in Rel-17.

No consensus on the solution to correlate MN and SN UHI when the cell dwelling time exceeds the maximum value.


In this paper, we would like to discuss the above left issues and provide the corresponding proposals.
Discussion
 How to accurately correlate MN and SN UHI
This issue has been discussed for several meetings, and according to previous discussions in [1], there are three candidate solutions now as follows.

Introduce optional time stamps to record the accurate PSCell release time when the PSCell dwelling time exceeds the upper bound value.

Allow the SN to add new cell entries with the same PSCell ID when the PSCell dwelling time exceeds the upper bound value.

Add an optional “multiplier” to each entry: when the max duration is reached, instead of adding another entry to the list of cells, this integer multiplier is increased. It can be an optional IE, which, if not included, is interpreted to be ‘1’ (i.e. it is the first counting for this cell). The value will then effectively represent how many “virtual” entries are to be counted for this cell. The integer value can be much higher than the max length of UHI, even if increased.

According to previous discussions, solution 2 seems to be acceptable by majority companies. However, there are two main drawback for this solution. The first one is that the correlation error still exists if the actual PSCell dwelling time exceeds 32768s (8×4096s). Secondly, if the UE is staying in the same PSCell for a long time, repeating PSCell entries would lead to reduced unique cell entries which further leads to potential loss of information.

Considering the above two drawbacks, we think that it is necessary to extend the PSCell numbers from 8 to 16 if solution 2 is chosen. Thus, longer PSCell dwelling time can be covered and more unique PSCell entries are kept to help the target NG-RAN node to make the right decision.
Observation 1:The multi-entry solution has two main drawbacks. The first one is that the correlation error still exists if the actual PSCell dwelling time exceeds 32768s (8×4096s). Secondly, if the UE is staying in the same PSCell for a long time, repeating PSCell entries would lead to reduced unique cell entries which further leads to potential loss of information.

Observation 2: It is necessary to extend the PSCell numbers from 8 to 16 to cover longer PSCell dwelling time and keep more unique PSCell entries to help the target NG-RAN node to make the right decision.
Proposal 1: Allow the SN to add new cell entries with the same PSCell ID when the PSCell dwelling time exceeds the upper bound value.

Proposal 2: Increase the PSCell entry numbers from 8 to 16.

Another related issue is whether corrections are needed for MN UHI to accurately correlate the MN and SN UHI when the PCell dwelling time exceeds the maximum value. The legacy UHI is used to detect Ping-pong issue which focuses on short dwelling time, and it is not needed to know the exact dwelling time for each PCell. While in R17, UHI is further enhanced to be applied to MR-DC scenarios. The correlated MN and SN UHI will be sent to the target NG-RAN node, and the target NG-RAN node will use the SN UHI included in the correlated UHI to detect SN Ping-pong issue, select the appropriate SN and determine whether the DC needs to be supported. Therefore, an accurate correlated MN and SN UHI would be helpful for the target NG-RAN node to make the right decision. When the UE stays in a PCell longer than the maximum value, the target NG-RAN node will get a wrong correlated MN and SN UHI if the MN makes the correlation with the maximum time duration. For example, when the UE stays in PCell 1 for 5000s, and then it moves to PCell 2. When the UE stays in the PCell 2 for 100s, the MN receives the SN UHI, and the MN needs to correlate MN and SN UHI. A possible situation is that the MN only records the UE stays in PCell 1 for 4096s since it is the standard maximum number that will be transferred to the target NG-RAN node. Then the correlated MN and SN UHI would be wrong. So we think we need to introduce stage 2 clarifications for MN UHI to solve the correlation error issue introduced by the MR-DC scenarios when the PCell dwelling time exceeds the upper bound value.

Observation 3: A correlation error will be caused if the PCell dwelling time exceeds the upper bound value.

Proposal 3: Introduce stage 2 corrections to indicate that if the UE stays in a PCell more than 4095s, the MN shall make the correlation based on the actual PCell stay time.
 Support UHI for CHO
At the last meeting, we agreed to support UHI for CHO in Rel-17. In case CHO in MR-DC, the target NG-RAN node is not aware of the source PSCell change after receiving the UHI via the Handover Request message, thus it is necessary to send the UHI to the target NG-RAN node after handover completion. At the last meeting, it is proposed to add the UE History Information IE to the SN Status Transfer message to solve this issue. We agree to adopt this method, but we think in addition to stage 3 corrections, stage 2 correction is also needed. Since according to the following lightened contents captured in TS 38.300, the UHI is only transferred by means of the Handover Preparation procedures.

	15.5.4
UE History Information from the UE

The source NG-RAN node collects and stores the UE History Information for as long as the UE stays in one of its cells.

The UE may report the UE history information when connecting to a cell of the NG-RAN node.

When information needs to be discarded because the list is full, such information will be discarded in order of its position in the list, starting with the oldest cell record. If the list is full, and the UE history information from the UE is available, the UE history information from the UE should also be discarded.

The resulting information is then used in subsequent handover preparations by means of the Handover Preparation procedures over the NG and XN interfaces, which provide the target NG-RAN node with a list of previously visited cells and associated (per-cell) information elements. The Handover Preparation procedures also trigger the target NG-RAN node to start collection and storage of UE history Information and thus to propagate the collected information.


Proposal 4: Introduce stage 2 corrections to indicate that in case of CHO, the updated UE history information is transferred by means of the SN Status Transfer procedure.
3. Conclusion

Based on above analysis, we provide the following observations and proposals.
Observation 1:The multi-entry solution has two main drawbacks. The first one is that the correlation error still exists if the actual PSCell dwelling time exceeds 32768s (8×4096s). Secondly, if the UE is staying in the same PSCell for a long time, repeating PSCell entries would lead to reduced unique cell entries which further leads to potential loss of information.

Observation 2: It is necessary to extend the PSCell numbers from 8 to 16 to cover longer PSCell dwelling time and keep more unique PSCell entries to help the target NG-RAN node to make the right decision.
Proposal 1: Allow the SN to add new cell entries with the same PSCell ID when the PSCell dwelling time exceeds the upper bound value.

Proposal 2: Increase the PSCell entry numbers from 8 to 16.

Observation 3: A correlation error will be caused if the PCell dwelling time exceeds the upper bound value.

Proposal 3: Introduce stage 2 corrections to indicate that if the UE stays in a PCell more than 4095s, the MN shall make the correlation based on the actual PCell stay time.
Proposal 4: Introduce stage 2 corrections to indicate that in case of CHO, the updated UE history information is transferred by means of the SN Status Transfer procedure.
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