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1 Introduction

The mobility related measurements have been discussed in RAN2 meeting [1] and the following agreements about the measurement and events for NR intra-RAT were reached.
Agreements

1
At least events like LTE A1-A6 and periodic will be supported for NR (modification to the events may be considered)

FFS other events may be studied
2
Measurement report will contain cell measurements

FFS whether the measurement report contains beams measurements
The mobility management between MN and SN in EN-DC case has been discussed in previous RAN2 meeting [2] with following agreements. 
Agreements:

1: 
On receiving the request for SN change, the master accepts/rejects (e.g. taking into account available information, network connectivity, etc) whether to carry out the requested inter-secondary nodes change (i.e. different Xx interface). The master may select a different target node in different frequency for the SN change based on the NR inter-frequency measurement maintained by master itself;
1a: MN can also trigger an inter-frequency the SN node change without any request from the SN.
2: 
Final RRC message for the inter-SN change will be generated from master node

3:
SN does not provide the NR measurement results to the MN;

FFS: UE can be configured with MN NR measurement configuration and SN NR measurement configuration on inter frequencies which are different from the serving frequencies used in SN. UE cannot be configured with MN NR measurement configuration on the serving SN frequencies. (This does not preclude MN NR measurement configuration to include inter-freq events that include the serving cell measurement)

FFS on how to coordinate the NR measurement configuration between MN and SN;

FFS how to allow the MN to perform inter-RAT measurement for potential handover to the serving SN frequency.

In this contribution, we discuss the needed measurement events in NR inter-RAT and EN-DC case to support network controlled mobility in Multi-RAT environment.
2 Discussion
2.1 Inter-RAT measurement events in NR without dual connectivity  
The typical scenario for NR deployment would be that NR cells will co-exist with LTE cells, especially in the early implementation phase, as it has been agreed that NSA solution with LTE as master will be specified first. Two basic deployment scenarios have been identified in [2]. In the first one there is a full overlapping with coverage areas between LTE and NR cells, and the in second one cells have different coverage areas, so that either LTE or NR provides full coverage with macro cells and other RAT is used to provide e.g. additional capacity with small cells. In the early deployment phase, it could be assumed that macro level coverage is usually provided by LTE and additional capacity is then provided by NR cells with smaller coverage. 
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Figure1: NR and LTE co-existence deployment scenario
If UE is served by the RAT which does not provide full coverage (and even in the full coverage deployments there could be coverage holes inside one RAT) in certain geographical area, it is very important to be able to handoff the UE to another RAT in the case when it loses the coverage of the currently serving RAT. The describe scenario could happen especially in the early phase deployment of the additional RAT in area, where some other RAT is already used to provide the cellular coverage. As there is already cellular coverage available, it can be assumed that the new RAT does not offer continuous coverage, but more like additional capacity where needed. This sort of deployment scenario obviously leads to coverage holes with that later deployed RAT. And when UE is moving through the area where serving RAT does not provide continuous coverage, it will lose the service if it cannot be handed to another RAT when coverage of currently serving RAT is lost.
To enable efficient handover between NR and LTE the UE served by NR should be able to measure LTE cells as configured by the gNB. LTE Inter-RAT measurements in NR can be based on RSRP/RSRQ measurements and they can be used in the same way as they are used in LTE for cell selection in connected mode. 

Observation 1: Inter-RAT measurements are needed in NR to support efficient Inter-RAT handover procedures between NR and another LTE   
Proposal 1: Inter-RAT measurements to LTE should be introduced to NR

Proposal 2: Inter-RAT measurement to LTE could be based on RSRP/RSRQ measurements in the same way as they are used for handover in connected mode in LTE 

In LTE, UE can report Inter-RAT measurements to NW either periodically or event triggered. Even that with both solutions could provide the needed measurement information to NW, there are some benefits to use event based measurement reporting over periodical. However, as the NW does not know how UE is moving, it is difficult for NW to figure out when Inter-RAT measurements are needed, and to configure periodical measurements reporting for shorter period than infinite. In event triggered case the measurements are reported to NW only when needed leading to a significant savings in signalling load compare to periodical reporting. 

In the current LTE, the following two Inter-RAT measurement events have been specified in [4]: 

Event B1: The event is triggered when neighbour cell becomes better than absolute threshold 
Event B2: The event is triggered when Pcell becomes worse than absolute threshold 1 and neighbour cell becomes better than another absolute threshold 2.

Compare to current LTE, in NR the Inter-RAT co-existence/Interworking would be in different level due tight Interworking between LTE and NR (EN-DC) from the start. To support this functionality the above mentioned Inter-RAT measurement can be taken as a starting point and additional Inter-RAT measurement events are FFS. 

Observation 2: Both Inter-RAT event types can be seen useful also in NR.  
Proposal 3: B1 and B2 type Inter-RAT measurement events should be introduced to NR. 
2.2 Inter-RAT measurement events in EN-DC 
It has been agreed [2] that SgNB addition, SgNB release and SgNB change can be initiated and controlled by MN when EN-DC has been configured. It has been also agreed that separate measurement configuration in MN and SN will be used, and measurement reports are passed to the node which has configured the measurement and related measurement events and received measurement reports are not shared between MN and SN. To support the above mentioned SgNB mobility procedures by MN when EN-DC is configured, some additional measurement events would be needed.
SgNB addition
The SgNB addition is always initiated and controlled by MN and existing B1measurement event can be configured and reused for this purpose and no additional events are needed in MN side.
Proposal 4: MN can configure B1 measurement event for SN addition in EN-DC

SgNB release

The SgNB release is always controlled by MN, but can also be initiated by SgNB. To support SN initiated SgNB release, the A2 (serving cell becomes worse than threshold) can be configured and reused in SN side. After the event has been triggered, the SN can then request MN to release SgNB. For MN initiated SgNB release, the equivalent measurement event for inter-RAT case will be needed as the existing A2 event can be configured only for intra-RAT case. 
Proposal 5: A2 measurement event can be used for SN initiated SgNB release

Proposal 6: New measurement event B3 (serving inter-RAT cell becomes worse than threshold) is needed to support MN initiated SgNB release.

SgNB change

For SN initiated SgNB change the existing A3, A5 and A6 events can be reused, and no additional measurement are needed for that purpose. To support the MN initiated SgNB change, or the situation when MN wants to select another target for SgNB change than SN proposes, some new inter-RATmeasurement events should configurable by MN for NR side to the UE.
Proposal 7: A3, A5 and A6 measurements event can be used for SN initiated SgNB change

Proposal 8: New Inter-RAT measurement events should be introduced to support MN initiated SgNB change:
B4: Inter-system neighbour cell becomes better than the inter-system serving cell by an offset

B5: Inter-system neighbour cell becomes better than the inter-system secondary serving cell by an offset 

B6: Inter-system serving cell becomes worse than threshold 1 and neighbouring inter-system cell becomes better than threshold 2

3 Conclusions:

Based on the discussion the following observation and conclusion were made:
Observation 1: Inter-RAT measurements are needed in NR to support efficient handover between NR and another RAT

Observation 2: Both Inter-RAT event types can be seen useful also in NR.  
Proposal 1: Inter-RAT measurements to LTE should be introduced to NR

Proposal 2: Inter-RAT measurement to LTE could be based on RSRP/RSRQ measurements in the same way as they are used for handover in connected mode in LTE 

Proposal 3: B1 and B2 type Inter-RAT measurement events should be introduced to NR. 
Proposal 4: MN can configure B1 measurement event for SN addition in EN-DC

Proposal 5: A2 measurement event can be configured and re-used for SN initiated SgNB release 

Proposal 6: New measurement event B3 (serving inter-RAT cell becomes worse than threshold) is needed to support MN initiated SgNB release.

Proposal 7: A3, A5 and A6 measurements event can be used for SN initiated SgNB change

Proposal 8: New Inter-RAT measurement events should be introduced to support MN initiated SgNB change:

· B4: Inter-system neighbor cell becomes better than the Inter-system serving cell by an offset 
· B5: Inter-system neighbor cell becomes better than the inter-system secondary serving cell by an offset

· B6: Inter-system serving cell becomes worse than threshold 1 and neighboring inter-system cell becomes better than threshold 2
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