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Introduction

In RAN3#103bis meeting, the following cases have been added into TR37.816 [1]:

- Intra-system Too Late Handover

- Intra-system Too Early Handover

- Intra-system Handover to Wrong Cell

- Inter-system/ Too Late Handover

- Inter-system/ Too Early Handover

- Unnecessary HO to another system

- Inter-system HO ping-pong

- SN change failure in case of EN-DC, NGEN-DC, NE-DC and NR-DC (FFS)

- Successful HO Report (FFS)
Reminding that reducing unnecessary HO is one of the important requirements of MRO, not only for inter-system case, but also for intra-system case.
Discussion
Problem
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Figure1: A unnecessary HO scenario in intra-system case
As shown in Fig.1, the coverage of cell B is inside of the coverage of cell A. Firstly, cell A is the serving cell for the UE, then UE is handed over to cell B, shortly after, UE is handed over back to cell A. It can be detected as a unnecessary handover. In order to avoid such consecutive handover, the cell A could decrease the priority of cell B or add it into a HO blacklist, as a result, the UE will keep connecting with cell A even if it goes into the coverage of cell B. 

Here, we should notice that the characteristics of cell B, if cell B is implemented as a capacity enhanced cell, the above operations for rapid handover will be fine. However, if cell B is serving as coverage extension cell, i.e., the implementation of cell B is used to cover the coverage hole in cell A, the affected UEs will miss the optimal time to be handed over to cell B due to the wrong operations in cell A, then immediately occur RLF. Finally, those UEs have to perform cell reselection and establish connection with cell B. Thus, such solutions for unnecessary handover could carry too late HO due to ambiguity of cell characteristics that cell B is contained in cell A and compensates the coverage hole of cell A.

Solution

How to distinguish the cell characteristics in the above discussed scenario is the key to solve the problem. One possible solution is listed in the following part:

The straightforward thinking is to get the concerned cell characteristics from expected cell type extension. Several methods are provided to get cell type information of neighbour cell, e.g. Transfer the cell type information during X2 setup procedure and NG-RAN node configuration update procedure. It could be the easy way for NG-RAN node to know its neighbour cell’s characteristics in order to avoid wrong operations in serving NG-RAN node.
Conclusion 
In our contribution, we have clarified the consideration of cell characteristics in rapid HO detection. And we also try to resume the correct handover parameter settings after the serving NG-RAN node performs wrong operations.

Proposal: The serving NG-RAN node should know the characteristics of the neighbour cell, e.g. if the neighbour cell is contained in the serving cell, whether the neighbour cell is compensating the coverage hole of serving cell or just enhancing the capacity, in order to avoid applying wrong operations in the serving cell.

The proposed TP for TR is provided in Annex, while the current Unnecessary HO to another system TP also needs to be refined in order to avoid vague description (inter-system ≠ inter-RAT).
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TP for TR37.816:

5.3.2.2 

Inter-system Unnecessary HO
Failure events definition
UE is handed over from NG-RAN to other system (e.g.UTRAN) even though quality of the NG-RAN coverage was sufficient for the service used by the UE. The handover may therefore be considered as unnecessary HO to another system (too early Inter-system HO without connection failure)
Detection mechanism
To be able to detect the Unnecessary HO to another system, an NG-RAN may choose to put additional coverage and quality condition information into the HANDOVER REQUIRED message in the Handover Preparation procedure when an inter-system HO from NG-RAN to another system occurs. The RAN node in the other system, upon receiving this additional coverage and quality information, may instruct the UE to continue measuring the source RAT (NG-RAN) during a period of time, while being connected to another system (e.g. E-UTRAN), and send periodic or single measurement reports to the other system (e.g. E-UTRAN). When the period of time indicated by the source system (NG-RAN) expires, the RAN node in the other system (e.g. E-UTRAN), may evaluate the received measurement reports with the coverage/quality condition received during the inter-system HO procedure and decide if an inter-system unnecessary HO report should be sent to the RAN node in the source system (NG-RAN).
Impact to NG/S1 interface:

An inter-system unnecessary HO report should be sent from LTE system to the NR system. 
5.3.2.3 

Inter-system HO ping-pong
Failure events definition
A UE is handed over from a cell in a source system (e.g. NG-RAN) to a cell in a target system different from the source system (e.g. E-UTRAN), then within a predefined limited time the UE is handed over back to a cell in the source system, while the coverage of the source system was sufficient for the service used by the UE. The event may occur more than once.
Detection mechanism
The statistics regarding ping-pong occurrence may be based on evaluation of the UE History Information IE in the HANDOVER REQUIRED message. If the evaluation indicates a potential ping-pong case and the source NG-RAN node of the 1st inter-system handover is different than the target NG-RAN node of the 2nd inter-system handover, the target NG-RAN node may use the HANDOVER REPORT message to indicate the occurrence of potential ping-pong cases to the source NG-RAN node.
Impact to Xn interface:

HO Report message which is used to indicate the inter-system ping-pong event.

5.3.2.4 

Intra-system Unnecessary HO 
Failure events definition
UE is handed over from CellA to CellB in the case of intra-system and then quickly handover back to CellA without RLF. The handover may therefore be considered as intra-system unnecessary HO.
Detection mechanism
Based on UE history information, the NG-RAN node may detect such issue, however, there has the possibility that if CellB is implemented as a capacity enhanced cell, the above operations for rapid handover should not be accounted as Intra-system unnecessary HO.
Impact to Xn interface:

Transfer the UE history information during intra-system HO. HO Report message which is used to indicate the intra-system ping-pong event.

The serving NG-RAN node should know the characteristics of the neighbour cells. 
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