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This contribution presents the RRM measurement configuration and reporting for mobility management (MM) considering beamforming, and also our understanding of some key differences between MM and Beam Management (BM) in these areas.
RAN2#96 has reached the following agreement regarding connected state cell-level mobility:
Agreements for connected active
· RRM measurement for cell level mobility should be performed based on a common framework regardless of network beam configurations (e.g., number of beams) and the UE beam configuration.
· Measurement report will contain cell measurements. FFS whether the measurement report contains beams measurements

Later on RAN2#97 reached agreements on measurement report considering beamforming:
· Support reporting of individual beam measurement i.e. that network can configure the UE to report the N best beams. 
· Actual beam result may be reported (as in LTE). FFS whether it will be possible to report 'beam' based on idle RS (RAN1 issue)

It is our understanding that the measurement of beam-level quality and the correspondingly derived cell-level quality are reported by the UE to the network side for different purposes:
· the former is mainly for beam-specific L1/L2 beam management (BM), also interpreted as L1/L2 mobility in RAN1, normally in the same serving cell of one or multiple TRPs, and 
· the latter is mainly for cell-level mobility management (MM) by comparing the cell quality that is derived from multiple beams in serving and neighboring cells. 
Observation 1: RAN1 and RAN2 may have different interpretation of mobility considering beamforming, and hence the measurement configuration and reports for cell-level mobility and beam-specific beam management may be understood differently.

RAN2#97 has also agreed on the following:

Agreements
1:    Measurement events can be configured for xSS and for additional RS for RRM measurement. 
2:	At least event A1-A6 can be configured for xSSFSS Which events that can be configured for additional RS

Agreements
1	An RRC_CONNECTED UE should be able to perform RRM measurements on always on IDLE RS (e.g. synchronization signal). 
2	An RRC_CONNECTED UEs should be able to perform RRM measurements on additional RS (e.g. CSI-RS, MRS, etc.).
3	Network should be able to configure RRM measurements via dedicated signalling to be performed on additional RS and/or IDLE RS 
Above agreements 2 and 3 are based on the assumption that RAN1 will define additional RS or connected mobility purposes which is not yet concluded in RAN1.

In parallel, RAN1 has also reached the following agreement for one SS-block-RSRP measurement, which in our understanding applies at least to cell-level mobility measurement of the Idle Mode RS (e.g., synchronization signal) from both the serving and neighboring cells.
RAN1 Agreement: RSRP(s) can be measured from the IDLE mode RS. One RSRP value is measured from the IDLE mode RS per SS block. 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
By contrast, RAN1 has not reached agreements for connected mode report except the measurements of “additional RS”, which in our understanding is applicable to “L1/L2 mobility”, or in RAN2 terms the connected mode BM. The relevant RAN1 agreement for BM that was made at RAN1 Jan Adhoc and RAN1#88 is listed as below: 
RAN1 Agreements:
· A UE can be configured with the following high layer parameters for beam management:
· N≥1 reporting settings, M≥1 resource settings
· The links between reporting settings and resource settings are configured in the agreed CSI measurement setting
· CSI-RS based P-1 & P-2 are supported with resource and reporting settings
· P-3 can be supported with or without reporting setting  
· A reporting setting at least including
· Information indicating selected beam(s)
· L1 measurement reporting
· FFS details (e.g., based on RSRP or CSI, etc.)
· Time-domain behavior: e.g. aperiodic, periodic, semi-persistent
· Frequency-granularity if multiple frequency granularities are supported
· A resource setting at least including
· Time-domain behavior: e.g. aperiodic, periodic, semi-persistent
· RS type: NZP CSI-RS at least
· At least one CSI-RS resource set, with each CSI-RS resource set having K≥1 CSI-RS resources
· FFS whether or not support >1 CSI-RS resource set per resource setting
· Some parameters of K CSI-RS resources can be the same, e.g. port number, time-domain behavior, density and periodicity if any
Observation 2: RRM measurement considering beamforming has different aspects, i.e., L1/L2 beam-specific BM based on at least additional RS (e.g., CSI-RS, etc.), and cell-level MM based on at least the IDLE mode RS (e.g., synchronization signals) and possibly connected mode additional RS (e.g., MRS, etc.).

Though RAN2 may also be involved in configuration and measurement reporting, etc., BM is mainly a RAN1 topic.  Despite the above agreements so far, the details of the mobility measurement configuration and report considering beamforming needs to be further discussed at RAN2, in particular in contrast to BM that is being further discussed at RAN1. 

Measurement configuration and report
[bookmark: _Toc423019950][bookmark: _Toc423020279][bookmark: _Toc423020296]Similar to LTE’s CSI for link adaptation and HARQ vs. RSRP and RSRQ for L3 mobility, it is clear from the previous observations that NR’s RRM configuration and report mechanisms, including layers of signalling and the message formats, are very different between L1/L2 BM and cell-specific MM. 
Different from LTE, beam sweeping is used in NR and there is not always an existing RS for measurement. Also the measured beams transmit signal in one narrow direction and UE must use the corresponding Rx beam to perform the measurement. Therefore, considering the UE power saving and design complexity, the gNB should indicate to the UE which beams should be measured, how or on what time/frequency/beam resources the associated xRS/xSS will be transmitted for cell-level mobility (and intra-node or inter-node beam) management purpose. Assuming xRS/xSS are associated with specific beams or beam sets, we have the following proposal.
Proposal 1: gNB configures UE beam measurement over a (serving and candidate) beam set or individual beams differently for RRM measurements of different purposes (i.e., xSS/xRS for BM vs. MM).
In order to obtain the beam information of neighbour nodes (gNB or TRP) for mobility or beam measurement, gNBs should exchange their cell-level (for mobility management) or beam-level (for beam management) configuration accordingly. The former is for the purpose of inter-node mobility-induced handover, the latter may be for inter-node interference cancelation by beam management. The configuration may include L1~L3 filtering criteria, or beam levels or beam width, level-specific trigger thresholds,  and the single or multiple beam sweeping pattern, etc.. The measurements from neighboring nodes should serve the different purposes of BM vs. MM with proper levels of beams to measure, multi-beam combination or filtering criteria, so that the results are comparable to each other.
Proposal 2: Neighbour gNBs should be aligned in the measurement configurations for comparison purposes, including L1~L3 filtering criteria, beam width, level-specific triggers, single beam or multiple beam sweeping pattern, etc.
After UE detects the configured beams from both the serving cells and neighbour cells, there are two options for RRM measurement reports:
1. UE reports individual beam (pair) measurement result.
2. UE reports combined (cell-level) quality of multiple beams.
With option 1, gNB can derive all beams’ information if all the detected beams are reported, which has more potential usage at a cost of high measurement and signalling overhead; with option 2, smaller overhead is needed for the combined quality at a granularity loss. 
Considering the overhead and reporting/control latency, a combined beam quality by L2~L3 filtering is more suitable to be reported by L2~L3 reports for mobility with or without RRC involvements, which can present a longer term  radio quality of the serving nodes. Otherwise for beam management, individual beam quality with fast L1~L2 filtering and L1/L2 signaling may be needed. 
In the last meeting, it was already agreed to support the RRM reporting of individual beam measurement from the UE to the network. So we have the following proposal:
Proposal 3: Beam level RRM measurement reports should be adopted at L1/L2 for the purpose of beam management, while reports of the combined beam quality from serving and neighbour cells should be adopted at L3/L2 for cell-level mobility management with or without RRC involvements.
Conclusion
In this paper, we discussed the beam based RRM measurement mechanism based on the following observations for mobility management vs. beam management:
Observation 1: RAN1 and RAN2 may have different interpretation of mobility considering beamforming, and hence the measurement configuration and reports for cell-level mobility and beam-specific beam management may be understood differently.

Observation 2: RRM measurement considering beamforming has different aspects, i.e., L1/L2 beam-specific BM based on at least additional RS (e.g., CSI-RS, etc.), and cell-level MM based on at least the IDLE mode RS (e.g., synchronization signals) and possibly connected mode additional RS (e.g., MRS, etc.).

Accordingly, we have the following proposals:
Proposal 1: gNB configures UE beam measurement over a (serving and candidate) beam set or individual beams differently for RRM measurements of different purposes (i.e., xSS/xRS for BM vs. MM).
Proposal 2: Neighbour gNBs should be aligned in the measurement configurations for comparison purposes, including L1~L3 filtering criteria, beam width, level-specific triggers, single beam or multiple beam sweeping pattern, etc..
Proposal 3: Beam-level RRM measurement reports should be adopted at L1/L2 for the purpose of beam management, while reports of the combined beam quality from serving and neighbour cells should be adopted at L3/L2 for cell-level mobility management with or without RRC involvements.
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