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Introduction
[bookmark: _Ref178064866]One of the objectives of the new study item [SI: FS_NR_newRAT] approved in RAN #71 is to study the mobility in NR [1]. In RAN2 #96 meeting, the following agreements for handover (HO) mechanisms under connective active mode have been reached [2]: 
	Agreements for handover mechanisms
1. NR shall support HO as part of the NR mobility procedures.
2. Network based mobility shall reuse the same principles as LTE (Rel-13) and for inter gNB HO consisting of at least:
· Source gNB initiates the HO over the Xn interface via a HO request
· Target gNB performs admission control and provides the RRC configuration as part of the HO acknowledgement
· Source gNB provides the configuration to the UE including the HO command via RRC
· The UE moves the connection to the target gNB via RRC
Further enhancements/modifications can be considered



In this contribution, key principles for handover in NR network are discussed. For simplicity, we assume each TRP has one beam in the following discussion, where the obtained proposals can also be easily extended to the case of each TRP with multiple beams.
Discussion
Two-Layer NR Architecture
According to the objectives of the SI [1], the RAN architecture may be split into ‘central units’ (CUs) and ‘distributed units’ (DUs). As such, the network operates as two layers, namely the CU layer and the DU layer. The CU layer consists of all the CUs, which corresponds to gNB with its coverage called NR cells, while the DU layer is composed by all the DUs, which are also known as transmission reception points (TRPs). One of the benefits to have this two-layer architecture is to provide high data throughput as well as minimize the handover (HO) overhead. 
[image: ]
Fig. 1. Two-Layer NR architecture and two intra-NR mobility scenarios
One way to achieve such two-layer network is to let all the TRPs within a NR cell transmit the common control channels, e.g., PSS, SSS, BCH and CRS in LTE standard, at the same time/frequency resources to provide a wide coverage. Fig. 1 illustrates the CU/DU splitting two-layer NR RAN architecture and the possible intra-NR mobility scenarios within such networks.
· Scenario 1: Intra-cell mobility: mobility within the same NR cell
· Scenario 2: Inter-cell mobility: mobility between different NR cells
As a result, when a UE moves around within a NR cell (Scenario 1), there is no need to conduct HO, while the data services are provided by one or more nearest TRPs so a higher data throughput can be achieved. Although HO within a NR cell is thus avoided, HO still occurs when the UE moves cross NR cell coverages. 
There are some open issues for inter-cell HO:
1)	As a UE moves between NR cells, the UE needs to be HO to the new cell, and it also needs to physically attach to a new TRP in the target cell. A 2-layer measurement and decision needs to be done.  
2)	Given a high density of TRPs, it will be very challenging for a UE to measure all of the neighbouring cells as well as TRPs, and thus different mechanisms of measurement are needed.
3)	TRPs may be turned ON or OFF according to UE attachment conditions, traffic tidal effects to save energy as well as to minimize interference. Measurement for the OFF TRPs during HO is an open issue.
As a summary, NR needs to standardize HO procedure for inter-cell mobility that covers the above issues.

NR RAN network is a two-layer architecture. Two intra-NR mobility scenarios exist in such network, namely, intra-cell mobility (Scenario 1) and inter-cell mobility (Scenario 2).
Observation 1 HO is avoided in Scenario 1, whereas HO is inevitable in Scenario 2. 
In Scenario 2, a two-layer measurement and decision needs to be investigated and standardized, including HO to the target NR cell, and physically attach to a new TRP.
TRPs may be turned ON or OFF according to UE attachment, to save energy and minimize interference. Measurement for the OFF TRPs should be considered during HO.

Inter-NR Cell Handover in Two-Layer NR Network
As stated above, HO is avoided for mobility within a NR cell. All the TRPs in a NR cell share a unique cell identity and a unique cell control channel. When a UE in connected status moves across the NR cells, inter-cell HO is needed, during which not only the NR cell needs to be chosen but also a specific TRP in the target cell needs to be identified to provide the data service to the UE, as shown in Fig. 2. In order to make decision on target NR cell and TRP, measurement configurations and related signalling are needed. Specifically, possible technical method for HO should include the following components: 
· Measuring. The UE needs to obtain measurement results by measuring candidate NR cells and candidate TRPs, wherein each NR cell includes multiple TRPs that share a common cell identity. 
· Selecting. The UE needs to select a target NR cell and a target TRP from the candidate NR cells and candidate TRPs according to the measurement results. 
· Accessing. The UE accesses the target NR cell as well as the target TRP.

In order to determine a technical method for inter-NR cell HO, three components, which are measuring, selecting, and accessing, should be studied.
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[bookmark: _Ref440385061]Fig. 2. Inter-NR cell HO scenario

Since a NR cell consists of densely deployed TRPs, with different edge-TRPs serving the UE at the HO triggering moment, the set of neighbouring NR cells to be measured will be different. For efficient operations, mechanisms are needed such that the measurement configuration for neighbouring NR cells is sent to the UE only when 1) the serving TRP of the UE is connected to an edge-TRP or 2) the UE is moving between edge-TRPs. 
[bookmark: OLE_LINK36][bookmark: OLE_LINK37]For inter-NR cell HO, the cell-level measurement should be triggered by the connection to edge TRPs. 

A TRP must be chosen as the HO target. An extra layer of measurement other than the NR cell layer (e.g., cell identity based) is beneficial because only the TRPs in the chosen NR cell needs to be measured so as to avoid unnecessary measurements.
Two-level measurement, namely, the TRP-level measurement and cell-level measurement should be studied for inter-NR cell HO.

A UE only needs to measure the TRPs in the target NR cell for TRP selection, so an edge-TRP list in the target NR cell needs to be known by the source NR cell and the UE. Moreover, TRPs could be turned ON/OFF from time to time, depending on the UE attachment situation. For an OFF TRP, it is necessary to inform the source cell and the UE when to measure the OFF TRPs, e.g., discovering reference signals’ timing information.. 
Information including the TRP list and status should be exchanges between different NR cells for inter-NR cell HO.

Conclusion
The followings have been observed:
1. NR RAN network is a two-layer architecture. Two intra-NR mobility scenarios exist in such network, namely, intra-cell mobility (Scenario 1) and inter-cell mobility (Scenario 2).
Observation 3 HO is avoided in Scenario 1, whereas HO is inevitable in Scenario 2. 
In Scenario 2, a two-layer measurement and decision needs to be investigated and standardized, including HO to the target NR cell, and physically attach to a new TRP.
TRPs may be turned ON or OFF according to UE attachment, to save energy and minimize interference. Measurement for the OFF TRPs should be considered during HO.

The followings have been proposed:
Proposal 1	In order to determine a technical method for inter-NR cell HO, three components, which are measuring, selecting, and accessing, should be studied.
Proposal 2	For inter-NR cell HO, the cell-level measurement should be triggered by the connection to edge TRPs.
Proposal 3	Two-level measurement, namely, the TRP-level measurement and cell-level measurement should be studied for inter-NR cell HO.
Proposal 4	Information including the TRP list and status should be exchanges between different NR cells for inter-NR cell HO.
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