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1 Introduction

Mobility Robustness optimization function has been extensively discussed in previous RAN3 meetings and the general principles have been agreed in [1]. One of the functions under discussion is inter system unnecessary HO to another RAT (e.g., E-UTRAN). In this paper, we briefly review the unnecessary HO in LTE network and provide further analysis and classifications on unnecessary HOs in NR system when deployed beside legacy LTE system.

2 Discussion
Unnecessary HO to another RAT has been standardized in LTE network when UE performs the HO towards another RAT (i.e., UTRAN or GERAN). The target for such solution is to optimize the configuration of inter RAT mobility (e.g., handover) in such a way to prolong the UE dwelling time in the newer radio access technology as newer RAT will provide a better quality of service for the UE. In the following we briefly explain the solution from LTE network. 

2.1 LTE Unnecessary HO to another RAT
In LTE network, and according to the TS 36.300 [2] enabling the detection of the Unnecessary HO to another RAT, has been facilitated by configuring additional coverage and quality condition measurement via the HANDOVER REQUIRED message in the Handover Preparation procedure when an inter-RAT HO from E-UTRAN to another RAT occurs. This may be done via Source RNC to Target RNC Transparent Container. The RAN node in the other RAT, upon receiving this additional coverage and quality information, may instruct the UE to continue measuring the source RAT (E-UTRAN) during a period of time, while being connected to UTRAN or GERAN. When the period of time indicated by the source RAT (E-UTRAN) expires, the RAN node in the other RAT (e.g. UTRAN or GERAN), may evaluate the received measurement reports with the coverage/quality condition received during the inter-RAT HO procedure and decide if an inter-RAT unnecessary HO report should be sent to the RAN node in the source RAT (E-UTRAN).  Hence the source node can adjust the inter RAT handover related parameters and thresholds in such a way to avoid such unnecessary HOs. 

Inter-RAT Unnecessary HO between LTE system and older technologies (that is basically an Inter-system unnecessary HO) has been implemented only in one direction i.e., when UE performs HO from LTE to older technologies (e.g., UTRAN or GERAN). In fact it is a solution to improve UE permanence in latest RATs as HO to older technologies may degrade service performance for the UE.

Observation 1 In LTE network, inter RAT unnecessary HO is only supported when UE performs HO from LTE to an older RAT like UTRAN or GERAN.
2.2 NR scenarios
Inter-system handover in NR system may be classified in the following categories:

1- Mobility from gNB connected to 5GC to an eNB connected to EPC

For mobility from gNB connected to 5GS to an eNB connected to EPC, the NG RAN node shall use the Source eNB to Target eNB transparent container to send the HO preparation signal to the target eNB connected to the EPC. In our understanding this mobility is very similar to handover from LTE to older technologies and hence we think should be supported. 
2- Mobility from eNB connected to EPC to gNB connected to 5GC

However, mobility from an eNB connected to EPC to the gNB connected to 5GC may not be defined as an “unnecessary” HO as UE will gain more benefits by connecting the the NG-RAN than to remain on E-UTRAN. One may argue that some of the services might be only provided in EPC (e.g., VoLTE), however the HO will not be initiated in such cases and UE will not be handed to the 5GS when the service is only provided by EPC.

3-  Mobility from ng-eNB connected to 5GC to eNB connected to the EPC
This type of mobility happens only if the provided services by 5GC is also provided by EPC. In such cases there will be no priority on connections via the ng-eNB compared to eNB as the required services can be provided by both nodes connected to different core network (namely, EPC and 5GC). Hence in our understanding, handover from ng-eNB to eNB connected to EPC can not be considered as unnecessary HO.  
4- Mobility between eNB connected to 5GS to the same eNB connected to the EPC (i.e. dual mode eNB case)
This type of HO may happen for the eNB connected to both core networks (EPC and 5GC), and if the UE would benefit from some specific services provided by one of the mentioned core network. Therefore, this type of HO cannot be called unnecessary HO because it is triggered by availability of a specific service in the target system. However, such cases can be handled internally by the eNB that performs inter-system intra-eNB HOs.  
Considering the above-mentioned classification and discussion we propose the following.

Proposal 1 RAN3 supports Unnecessary HO from NG-RAN to E-UTRAN in Release 16 MRO function. 
The corresponding CRs mirroring the proposal 1 are provided in [3,4,5].
3. Conclusion

In section 2 we made the following observations:

Observation 2 In LTE network, inter RAT unnecessary HO is only supported when UE performs HO from LTE to an older RAT like UTRAN or GERAN.
Based on the discussion in section 2 we made the following conclusion

Proposal 2 RAN3 supports Unnecessary HO from NR to legacy LTE in Release 16 MRO function. 
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