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1 Introduction
In RAN1#85, multi-beam based approaches have been discussed and the following agreements were reached:

Agreements:
· RAN1 studies both multi-beam based approaches and single-beam based approaches for these channels/signals/measurement/feedback

· Initial-access signals (synchronization signals and random access channels)

· System-information delivery 

· RRM measurement/feedback
· L1 control channel

· Others are FFS
· Note: The physical layer procedure design for NR can be unified as much as possible whether multi-beam or single-beam based approaches are employed at TRP at least for synchronization signal detection in stand-alone initial access procedure

· Note: single beam approach can be a special case of multi beam approach

· Note: Individual optimization of single beam approach and multiple beam approach is possible
· Multi-beam based approaches

· In Multi-beam based approaches, multiple beams are used for covering a DL coverage area and/or UL coverage distance of a TRP/a UE

· One example of multi-beam based approaches is beam sweeping:

· When beam sweeping is applied for a signal (or a channel), the signal (the channel) is transmitted/received on multiple beams, which are on multiple time instances in finite time duration
· Single/multiple beam can be transmitted/received in a single time instance

· Others are FFS
· Single-beam based approaches

· In single-beam based approaches, the single beam can be used for covering a DL coverage area and/or UL coverage distance of a TRP/a UE, similarly as for LTE cell-specific channels/RS

In this contribution, we discuss the implementation of beamformed reference signals for the RRM measurement.
2 Discussion
2.1 Beam-based RRM measurement
In the current RRM measurement, since the reference signals is transmitted without beamforming while the user data is transmitted with beamforming, the measured power of the reference signal does not necessarily reflect the best cell for the cell (re)selection. This problem should be more serious as the beamforming gain increases. In RAN1#85, to address this issue, the beam-based RRM measurement has been decided for discussion.
For the RRM measurement with beamforming, there are currently two possibilities in the RS designs: UL-based RS and DL-based RS. It is proposed that UL-based RS may be beneficial for the mobility management of the RRC-connected UEs [1]. On the other hand, considering the impact of UE power consumption, the DU-based RS measurement will be necessary in the cell (re)selections for the RRC-idle UEs. In the following sections, we consider the potential improvement of DL-based RS, to enhance the DL-based RRM measurement procedures.
2.2 Beamforming for RRM idle mode UE
When the TRP provides the beamformed DL RS for the UEs in RRC idle mode for the RRM measurement, the beamforming gain should be configured depending on the UE locations. For example, when there is a tall building and the UE is at the high floor, it is probable that the TRP uses a high-gain beamforming with the beam pattern and power being appropriately chosen. However, if the coverage of the TRP is relatively small and the UE is on the ground, such beamforming may not be necessarily needed. 
Observation1: Need of DL RS beamforming for RRM measurement depends on the coverage of each TRP.
 The TRP may sometimes use vertical beamforming for DL RS when the UE is at certain locations in the high building. On the other hand, there should be no need to provide such vertical beamforming for DL RS if the UE is within the LOS in the TRP coverage. 
Observation2: Need of DL RS vertical/horizontal beamforming for RRM measurement depends on the coverage of each TRP.

2.3 Multi-beam and single-beam 
In the single-beam based approach, the TRP transmits the DL RS for the RRM measurement with a single time/frequency instance. In this case, the maximum power can be reduced when there are several gain peaks in the beam patterns. Therefore, sufficient gains may not be provided for the desired directions, which will be inconvenient when high gains are desired for the specific directions. 
In the multi-beam based approach, the TRP uses multiple time/frequency instances for the beamformed DL RS. This implementation allows more flexibility in the beam gain settings and a larger gain DL RS is, if necessary, achievable through the reduced number of beams simultaneously transmitted. If a single beam/single instance configuration is chosen for the multi-beam approach, the beamforming gain can be maximized. 

Observation3: Multi-beam based approach can provide DL RS with a larger beamforming gain than single beam based approach.
To reduce the number of the multiple time/frequency instances in the multi-beam based approach, the single/multiple beams should be implemented with a single time/frequency instance.  
Proposal 1: Single/multiple beams should be implemented with a single time/frequency instance.
2.4 TRP RRM measurement with ON/OFF
In Release-12 LTE, some specifications for small cell ON/OFF mechanism were added. Thus, the ON/OFF mechanism should be assumed for the TRP operation in NR.
 When some of the TRPs in the neighborhood are turned OFF, they will start to transmit only the discovery reference signals. Because they no longer transmit the DL user data, the TRP may need to transmit the DL RS for the measurement to the larger areas due to the absence of the neighboring TRPs. Since the ON/OFF mechanism is supposed to be dynamically configured, the configuration of TRP beamforming needs to be accordingly updated.
Proposal 2: The beamforming of DL RS should be reconfigured considering the behavior of neighboring TPR ON/OFF operations.
With the very fast change of DL RS configurations in the measurement, the measurement accuracy can be degraded due to the possible inconsistency of the averaging operation, which can occur within the averaging period. In order to minimize such undesirable effects, the TRP can provide information regarding the timing and/or duration of the beam configuration. When the information is provided from the TRP, the UE can avoid the inconsistency of the RRM measurement within the averaging duration and provide better measurement results.
Proposal 3: The TRP should provide information regarding the timing and/or duration of beam updating.
3. 
Conclusions
In this contribution, the following observations and proposals are made:
Observation1: Need of DL RS beamforming for RRM measurement depends on the coverage of each TRP.

Observation2: Need of DL RS vertical/horizontal beamforming for RRM measurement depends on the coverage of each TRP.

Observation3: Multi-beam based approach can provide DL RS with a larger beamforming gain than single beam based approach.
Proposal 1: Single/multiple beams should be implemented with a single time/frequency instance.
Proposal 2: The beamforming of DL RS should be reconfigured considering the behavior of neighboring TPR ON/OFF operations.
Proposal 3: The TRP should provide information regarding the timing and/or duration of beam updating.
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