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1 Introduction
In 3GPP RAN1#87 meeting and RAN1 NR Ad-Hoc meeting, the following agreements were made on the RRM measurement for mobility [1] [2]:

Agreements:
· For cell level measurement in multiple beam operation scenario, following examples for RRM measurement quantity in connected mode can be considered for evaluations
· Example 1: The quantity is measured on the best received DL signal resource for RRM measurement 
· Example 2: The quantity is a function of quantities measured on best received “N” DL signal resources for RRM measurement 
· FFS: value of N, 
· FFS: N is fixed in the specification; or can be signaled via RRC signaling on the RRM measurement configuration
· Other options are not precluded.
Agreement:

· RSRP(s) can be measured from the IDLE mode RS. 

· One RSRP value is measured from the IDLE mode RS per SS block.

· FFS: UE measures one RSRP value from multiple SS blocks in an SS burst set

· The measured values are referred to “SS-block-RSRP”

· It is RAN1’s understanding that “SS-block-RSRP” may correspond to the “beam quality” in RAN2 agreements in multi-beam case, at least in IDLE mode.

· RSRP(s) can be measured from the additional RS for CONNECTED mobility if such additional RS are defined (note that this is not yet agreed in RAN1)
· FFS: How to derive RSRP value(s) utilizing the antenna ports and resource(s) of the RS

· FFS: Association of the measured qualities in CONNECTED mode to the “beam quality” in RAN2 agreement in CONNECTED mode

· Note: It is up to RAN2 how to derive cell-level quality from the measured value(s) for L3 mobility

Agreement: 

· The additional RS for mobility if defined can be transmitted on multiple beams.
In this contribution, we want to discuss on the beam configuration of MRS and the related RRM measurement configuration for multi-beam case.
2 Multi-beam MRS and RRM measurement
In LTE system, each cell transmits reference signals with a single beam with omni-direction for mobility purpose. While in 5G NR, it is possible to transmit MRS with multi-beam at the gNB side to improve the cell coverage, especially in the high-frequency band. Moreover, gNB may use a variable number of concurrent beams and flexible beam width. Thus, for RRM measurement in 5G NR, the beam configuration of MRS in a serving cell and neighboring cells should be considered in order to select the best target cell.
In 5G NR, if gNB needs to transmit MRS by multi-beam, it should be considered whether the same or different beam configuration should be used for the serving cell and neighboring cells. Regarding the beam configuration of MRS, three alternatives have been proposed:

1) Alt 1: Beam configuration for MRS is predefined in the specification for a given frequency range
2) Alt 2: Beam configuration for MRS is selected by gNB
3) Alt 3: Single beam configuration for MRS is predefined in the specification for all frequency ranges

For alternative 3, where single beam configuration for MRS is predefined for all 5G NR carriers, UE could perform RRM measurement and report for mobility regardless of the beam configuration even for inter frequency neighboring cells. However, it is quite difficult to find a suitable beam configuration for all carriers with different frequency ranges. Meanwhile, the coverage of the MRS is quite doubtable using a single beam configuration considering different frequency range.

For alternative 2, gNB could flexibly select a suitable beam configuration for MRS based on the operating carrier and system traffic load. Obviously, the received power at the UE side would be high as a result of multi-beam transmission from the gNB side.  Narrower of the beam width, the higher received power would be expected at the UE side as illustrated in Fig. 1. Also, the received power at the UE side depends on the number of concurrent Tx beams at the gNB side as shown in Fig. 2. Thus for alternative 2, if gNB flexibly selects beam configuration for MRS, it is necessary to consider both the received power at the UE side and the Tx beam configuration for MRS at the gNB side when deciding the best target cell. The received power should be adjusted according to the Tx beam configuration for MRS. After adjustment, the received power can be used for cell reselection and handover decision. Much more ping-pong handover will be introduced if beam configuration is dynamically changed, thus semi-statically changed beam configuration is preferred. 
As the agreement in RAN1 87 meeting, in Example 2: The quantity is a function of quantities measured on best received “N” DL signal resources for RRM measurement. However, with alternative 2, it will be unfair to gNB with wider beam width. In order to ensure the fairness between different gNBs, it is better to not select the best  received “N” DL signal resources. It is reasonable to divide all beams in each cell into sectors, and only one best beam from each sector can be selected for the cell level quantity derivation or to be included in the measurement report. There are two options for beam sectors decision.
Option 1: The definition of the sector is predefined in the specification. E.g., each sector covers 60 degree angle, and the beam in the same sector is configured with the same sector ID which can be indicated by NR PSS/SSS/PBCH or beam RS or additional MRS to UE.
Option 2: The definition of the sector is decided by UE. gNB indicates the offset of received DL signal power to the UE. For each cell, UE ranks the received DL signal power of each beam in descending order. The best sector contains the best beam and beams whose received DL signal power is higher than the value of the received DL signal power of the best beam minus the offset. If there are some beams not being selected into the best sector, the same principle will be used to select the beams into the second best sector and so on.
Obviously, the disadvantage of option 1 is that some overhead and complexity will be introduced to indicate the sector ID of each beam. But the benefit is that it is fair for each gNB to select only one best beam in each sector. While for option 2, there is no need to indicate the sector ID of each beam but it is necessary to indicate the value of offset by SIB. And the UE complexity will be increased in order to decide the belonging sector of each beam and there may be some inaccuracy. 
After selecting the best “N” beams by option 1 or option 2, and after the adjustment of the received signal power of each beam by beam configuration parameters, the adjusted received signal power can be used to derive the cell quantity or to be included in the measurement report.

Proposal 1: For alternative 2, it is better to define a sector and only the best beam in each sector can be selected into the “N” beams for cell level quantity derivation or measurement report.

For alternative 1, the band-specific beam configuration is introduced. There is no need for UE to know the beam configuration for MRS in each cell on a given frequency. In this case, no cell specific beam information is needed when performing RRM measurement and report for mobility.

Furthermore for alternative 1, even if the band-specific beam configuration for MRS is used, it is still possible that more than one candidate beam configuration can be used for each frequency range. However, some implicit or explicit signaling may be introduced to indicate UE which one of the configurations is used and the maximum number of the candidate beam configurations should be limited. For example, only two beam configurations including single beam and one kind of multi-beam configuration. Single beam configuration can be used for low traffic load, similar to the scenario of small cell off; while multi-beam configuration can be used for high traffic load, similar to the scenario of small cell on.
In addition, same beam configuration for MRS does not mean same beam configuration for data transmission. gNB can flexibly select suitable beam configuration for data transmission. In order to further enhance the coverage and improve the received power of data channel, multi-beam Rx at the UE side may be adopted. But the MRS of serving cells and neighboring cells may come from different directions. Thus in order to perform RRM measurement, even for intra frequency neighboring cells, single beam with omni-direction should be used for the UE side reception. That means, similar to inter frequency measurements, particular measurement gap for intra-frequency measurement should be configured to UE. Within the measurement gap, the multi-beam Rx at the UE side for data reception would be interrupted.
Proposal 2: Frequency band specific beam configuration for MRS is more preferred.

Proposal 3: Measurement gap for intra-frequency measurement should be configured to UE with multi-beam Rx for the data channel.
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(a)  Narrow beam width                                                  (b) Wide beam width
Fig.1, Maximum one beam concurrent with narrow beam width and wide beam width respectively
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(a)  Maximum one beam concurrent                               (b) Maximum two beams concurrent

Fig.2, Maximum one beam concurrent and two beams concurrent respectively  

3 Conclusions
In this contribution, we presented the discussion on the beam configuration for MRS and RRM measurement. Based on our analysis, we have the following proposals:
Proposal 1: For alternative 2, it is better to define a sector and only the best beam in each sector can be selected into the “N” beams for cell level quantity derivation or measurement report. 

Proposal 2: Frequency band specific beam configuration for MRS is more preferred.
Proposal 3: Measurement gap for intra-frequency measurement should be configured to UE with multi-beam Rx for the data channel.
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