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1. Introduction

In RAN2 #94 meeting [1], several agreements have been reached for intra NR RAT mobility:

· 1 NR eNB corresponds to 1 or many TRPs

· As baseline, NR shall support a state with network controlled mobility handling and a state with UE controlled mobility.
· For typical NR inter-eNB network controlled mobility, minimise the required measurement configuration to be provided to the UE to configure measurements (e.g. avoid the need to provide detailed 'cell' level information).
· Minimise context move as a consequence of UE based mobility.
 Moreover, it was also agreed to have two levels of network controlled mobility:
(1) RRC driven at 'cell' level
(2) Zero/Minimum RRC  involvement (e.g. at MAC /PHY)
In RAN2 #95 meeting [2], RAN2 preference related to RRC based mobility was agreed:
· In connected active we are able to use non-UE specific RS for measurements (UE may not need to be aware whether the RS is UE-specific or non-UE specific)
· The non-UE specific RS can be found by the UE without much configuration
· The non-UE specific RS encodes an identity
In this contribution, impact of beamforming on cell level mobility is discussed.
2. Discussion

In NR, a cell could utilize beamforming where multiple beams are used to cover DL and/or UL coverage area. In addition to providing antenna gain, beamforming can also provide benefit of resource reuse. When a cell utilizes beamforming, different UE covered by different beams of the cell can share the same radio resources at the same time without interfering with each other. In practice, it is likely that a UE is covered by more than one beam due to multi-path. The multiple beams may come from one TRP, as illustrated in figure 1. If a cell is composed of multiple TRPs, the multiple beams may also be possible to come from multiple TRPs of the cell, as illustrated in UE 1 of figure 2. 
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Figure 1: a UE is covered by multiple beams (single TRP)
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Figure 2: a UE is covered by multiple beams (multiple TRPs)
A cell using beamforming should maintain beam candidate(s) for a UE by network controlled beam management [3]. The beam candidate(s) is the beam(s) that could be used by the cell to communicate with the UE for transmission and/or reception. If a UE is covered by multiple qualified beams of a cell, it would be better for the cell to maintain multiple beam candidates for the UE, e.g. all qualified beams are considered as beam candidates of the UE. A beam is qualified if radio quality of the beam is good enough, e.g. above a threshold. Compared with maintaining a single beam candidate, e.g. the best beam of the UE, maintaining multiple beam candidates can bring the benefits of higher reliability and scheduling flexibility. For example, as illustrated in figure 2, UE1 can be covered by beams 2 and beam 6 of a cell, and UE2 is only covered by beam 2 of the cell. In this situation, UE2 can only be served via beam 2 while UE1 can be served via beam 2 and beam 6. If beam 2 is blocked or congested, UE1 can still be served via beam 6. Moreover, UE1 can also be served by beam 2 and beam 6 together to increase the data throughput or reliability. On the other hand, maintaining multiple beam candidates can also avoid interferences via the overlapped beam(s). For example, if the cell maintains beam 2 and beam 6 for UE1 and beam 2 for UE2, the cell can understand that beam 2 is an overlapped beam between UE1 and UE2 so as to avoid scheduling the same radio resources to both UEs for uplink/downlink transmissions at the same time. Therefore, it is beneficial and should be supported in NR to serve a UE by maintaining more than one beam candidate in a cell if the UE is covered by multiple qualified beams. 
Proposal 1:
NR supports maintaining multiple beam candidates to serve the UE in a cell, e.g. a UE is covered by multiple qualified beams of the cell.
In RAN2 #94 meeting [1], it was agreed that there are two levels of network controlled mobility where cell level mobility is driven by RRC. Regarding network controlled mobility on cell level, network should decide whether to change a serving cell for a UE based on various factors including radio condition, loading, etc. Some assistance information should be provided by the UE, e.g. measurement results of serving cell and neighbour cells in a measurement report. For a cell utilizing beamforming with multiple beams, radio quality of a cell should be measured by considering beams of the cell, since the cell communicates with a UE on beam basis. If a UE can be covered by multiple qualified beams of a cell, the multiple qualified beams should be taken into consideration when deciding the serving cell since all qualified beams can be used to serve the UE and multiple qualified beams brings higher reliability and scheduling flexibility. Information related to qualified beam(s) could be reported to network to assist the network decision.
Proposal 2: 
If a cell is using beamforming, radio quality of the cell for cell level mobility is derived from qualified beam(s) of the cell.
If radio qualities of qualified beams are considered for cell level mobility, a UE should obtain measurement result with respect to a specific beam for assisting network decision or UE evaluation of a cell. Therefore, the UE needs to differentiate different beams of a cell during measurement so as to e.g. evaluate whether a specific beam is qualified or not. To this end, the UE measurement should be performed on beam basis and some beam specific DL reference signal should be provided to the UE for measurement. 
A UE should be aware of whether a cell provides beam specific DL reference signal. If the beam specific DL reference signal is provided to the UE, the UE measures the cell on beam basis. The signal may be dedicated to a specific UE or common for all UEs in the cell. How to provide the signal may depend on whether the measurement is needed for the state with network controlled mobility and/or the state with UE controlled mobility, e.g. via common or dedicated signaling. Detailed design also depends on RAN1.
Proposal 3:
Beam specific DL reference signal is provided for UE measurement.
3. Conclusion

In this contribution, we discuss the impact of beamforming on cell level mobility, and have the following proposals:
Proposal 1:
NR supports maintaining multiple beam candidates to serve the UE in a cell, e.g. a UE is covered by multiple qualified beams of the cell.
Proposal 2:
If a cell is using beamforming, radio quality of the cell for cell level mobility is derived from qualified beam(s) of the cell.

Proposal 3:
Beam specific DL reference signal is provided for UE measurement.
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