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1. Introduction
In RAN2#95, a discussion on Intra RAT Mobility in NR indicated the need to clarify some points related to mobility such as beam identifier and beam measurement reference before progressing on the mobility topic in NR.
In this contribution we discuss how to handle intra-cell and inter-cell mobility in a way that may reduce UE mobility latency and improve reliability of packet delivery in NR. 
2. Beam Configurations 
In this contribution we assume that each cell is covered by a grid of beams that span different directions of the cell coverage area (3D including elevation angle). The concept of multiple beams may fallback to just a single beam, defining the coverage of the whole cell (i.e. legacy case), as shown in Figure 1. 
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Figure 1: Cell with N beams (Beam ID 1 to N)

For a multiple beams cell, the number of beams and beams patterns in that cell are defined by the Beam Configuration. This way, different cells will have different beam configurations depending on the coverage requirement of each cell. For example, a high number of very narrow beams would give the largest cell radius, but fewer wider beams would allow faster cell acquisition. Moreover, in order to differentiate the cell beams, each beam has an identifier (Beam ID) which is unique within that cell.

Observation 1: RAN2 can assume a cell that is covered by a grid of beams (or a single beam) that span different directions of the cell coverage area.

Observation 2: RAN2 can assume each beam should have a unique identity (e.g., Beam ID), possibly derived from a beam specific reference signal (BRS).

2.1 Intra-Cell Mobility

In the case of UE moving from the coverage of one beam to that of another beam, within the same cell, the UE should perform beams measurements on beams belonging to that cell. For example, the UE can measure RSRP of each beam using the Beam Reference Signal (BRS) of that beam. These measurements could be reported periodically or in an event-triggered manner.

Proposal 1: from intra-cell mobility point of view, UE should perform beams measurements from the beams used in the same cell.
In the case of intra-cell mobility, and after the UE obtains the required beams measurements, the UE sorts the measured beams based on their strength (i.e. RSRP), then it reports only the measurements for the best (strongest) beams or just a list of the beam IDs of the best beams. Consequently, the gNB configures one of the reported best beams after taking into consideration other beam selection criteria (e.g. congestion level or traffic load).
Considering that operation in high frequency bands could results in high number of directional narrow beams in the NR cell, this could results in high signalling overhead and delay if the UE will have to measure all beams in that cell. In this purpose, one way to reduce the complexity of beams measurements, is for the network to inform the UE to only measure and report of a sub-set of the cell beams.

Proposal 2: the UE sorts the beams based on the measured beams strengths, and report only the measurements for the best beams. 
In the case of a single-beam connection, UE may lose the connection to the NR cell due to an obstacles between the UE and NR cell or due to the UE mobility in high frequency bands. Therefore, in order to reduce UE connection loss, UE may be connected to multiple beams (as shown in Figure 2) in order to achieve a diversity gain. This way, in the case of losing one beam (or more), the UE will still be connected to other beams (i.e. multiple beams) in the gNR cell, and should be able to tolerate the loss in received SNR (now combined from multiple beams). 
In Figure 2, (a) the UE communicates with the gNB in Cell1 using two-beams #3 and #4, then in (b) the UE moves within the coverage area of gNR Cell1 before losing connection to beam #4 due to an obstacle. Finally, in (c) the UE is connected to gNB in Cell1 using two beams #4 and #2. 
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Figure 2: Intra-cell mobility in NR (i.e. within NR Cell1)

Proposal 3: UE may be connected to multiple beams 

2.2 Inter-Cell Mobility
In the case of UE moving from the coverage of the serving cell to that of a neighbour cell, the network will initiate a handover procedure (i.e. with RRC involvement) of the UE to the neighbour cell. In this case, the UE should perform measurements from beams in the neighbour cell, and report the measurements to the serving cell. For example, the UE can measure RSRP of a beam using the BRS of that beam.

In order to facilitate inter-cell mobility, the UE may be configured to measure the signal strength of each beam in one or more neighbouring cells. If the serving gNB determines that a handover is required for the UE, then the serving gNB will provide to the target cell the information identifying the most suitable beam for the UE.

In the case of a single-beam connection, UE may lose the connection due to UE mobility in high frequency bands (or an obstacle between UE and gNB), and may result in increased service interruption during handover procedure. Therefore, in order to increase reliability and improve latency, during handover procedure, the UE may be connected to multiple beams from both the serving cell and the target cell. For example, as shown in Figure 3, both gNB in Cell1 and gNB in Cell2 operate a number of directional beams. Initially, the UE is communicating with its serving gNB in Cell1 using beams #5 and #6. Then the UE performs appropriate handover measurements on one or more neighbour cells (including Cell2) by measuring RSRP for all beams in that cell. In this example, the UE reports strong RSRP for beams #2 and #3 in Cell2. Therefore, when selecting Cell2 as a handover target cell, the current serving gNB in Cell1 is able to control handover of the UE to beams 2# and #3 of Cell2. Thus, when the UE performs a handover to the Cell2, it is potentially able to connect via the most suitable beams in that cell (assuming that those beams are available for the UE).
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Figure 3: Inter-cell mobility in NR (i.e. handover from NR Cell1 to NR Cell2)

Proposal 4: For inter-cell mobility, the UE should perform beam measurements from the beams used in the neighbour cell(s).

3. Conclusion

We discussed mobility based on beams in NR cell. 

Observation 1: RAN2 can assume a cell that is covered by a grid of beams (or a single beam) that span different directions of the cell coverage area.

Observation 2: RAN2 can assume each beam should have a unique identity (e.g., Beam ID), possibly derived from a beam specific reference signal (BRS).

We propose RAN2 to discuss and agree on following proposal: 
Proposal 1: from intra-cell mobility point of view, UE should perform beams measurements from the beams used in the same cell.

Proposal 2: the UE sorts the beams based on the measured beams strengths, and report only the measurements for the best beams. 

Proposal 3: UE may be connected to multiple beams 
Proposal 4: from inter-cell mobility point of view, the UE should perform beams measurements from the beams used in the neighbour cell(s).
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