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1   Introduction
This contribution describes the RRM measurement configuration and reporting process for mobility management (MM) considering beamforming, which considers different input signals (xSS/xRS) for different purposes, e.g., MM with RRC vs. MM without RRC involvement. . It is a companion paper to [4], where a uniform RRM measurement model for mobility with or without RRC involvement was proposed with configurable inputs (xSS/xRS), a new beam combination/filtering module, and scenario-specific measurement reporting process. Here we also elaborate on some differences between MM and Beam Management (BM) in the process based on our understanding.
RAN2#96 agreed that connected state cell-level mobility is based on a common RRM measurement framework regardless of network beam configurations (e.g., number of beams) and the UE beam configuration.Later on RAN2#97 has agreed that network can configure the UE to report the N best beams. In RAN2#97bis, further agreements are reached as below regarding CSI-RS and SS-block measurements for MM:
Agreements

1
In NR, as in LTE, it should be possible to include cell quality (e.g. RSRP and/or RSRQ) in the measurement report.

2
UE can indicate the SS block identifier (terminology to be confirmed by RAN1 LS) of x best beams where x is configurable in measurement reports triggered by the events on SS block. 

FFS whether it is needed for all events. 

FFS how the UE can choose the best beams. 

FFS whether quality of the beams are also reported

FFS whether the same applies for CSI-RS
Agreements

1: 
CSI-RS configured for RRM purpose can be used to derive a cell level quality
2:
Events A1-A6 can be configured to use CSI-RS. Events are evaluated on the cell level quality.

3
Previous agreements on measurement model and cell quality derivation are also applicable for CSI-RS.
4
When the serving cell quality is above S-Measure, the UE is not required to measure the IDLR RS and CSI-RS for neighbor cells.

All the above can be accommodated into the uniform RRM model in [2] by flexible configurations of  measurement objects and report process. In parallel, RAN1#87 has also reached the following agreement for SS-block-RSRP measurement.

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
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

· …
· A reporting setting at least including
· Information indicating selected beam(s)

· L1 measurement reporting
Therefore, in our understanding SS-block applies at least to cell-level MM from both the serving and neighboring cells, and intra-cell BM (e.g., beam alignment), while CSI-RS is applicable to BM. In addition, RAN1#88bis has reached the following agreements for both SS-block and CSI-RS based measurements for MM:
RAN1 Agreements:
· For CONNECTED mode RRM measurement for L3 mobility based on CSI-RS, NR supports following targets for CSI-RS design and configuration:
· Design:

· Reuse CSI-RS design for beam management as baseline

· Identify additional requirements on the CSI-RS to support L3 mobility

· Configuration:

· Support measurement of a large number of beams

· Minimize configuration overhead, reporting overhead, and UE complexity 

· FFS: Detailed signaling or format
RAN1 Agreements
· Clarify previous RAN1 agreements on the RSRP definition for DL RRM measurements for L3 mobility as follows

· Define SS block RSRP and CSI-RS RSRP as

· SS block RSRP : measured RSRP from SSS

· FFS additional use of PBCH-DMRS for measurement 

· CSI-RS RSRP : measured RSRP from CSI-RS in connected mode

Therefore, it is our understanding that it is desirable to share RRM measurements (e.g., of CSI-RS and SS-block) for BM and MM as much as possible, but the measurement objects of beam-level quality and the correspondingly derived cell-level quality and their report processs  may be different: :

· RAN1 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 

· RAN2 is mainly for cell-level mobility management (MM) by comparing the cell quality that is derived from multiple beams in serving and neighboring cells, be it with or without RRC involvement.

Observation 1: Measurements considering beamforming for MM and BM may share common objects and process, but cell-level measurement for MM (with or without RRC)  and beam-specific measurement for BM  may be configured differently.

The above difference can be resolved to some extent by configurations of the RRM model (say, the one proposed in [4]). RAN2#97 has agreed that network should be able to configure RRM measurements via dedicated signalling to be performed on additional RS and/or IDLE RS, and measurement events can be configured for xSS and for additional RS for RRM measurement. For example, the connected mode measurements of “additional RS” (e.g., CSI-RS) in our understanding is applicable to both “L1/L2 mobility” (e.g., RAN1’s BM), and in RAN2 terms the connected mode MM with or without RRC involvement, derive similar metrics (RSRP and RSRQ), but the reporting are different in terms of timing, layering, and messaging formats.  RAN2 may also be involved in configuration and measurement reporting of BM, etc., though 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.
Observation 2: Different measurement configurations on the same process may support 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., CSI-RS, etc.).
2   Measurement configuration and report
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’s CRS, (SS-block based) beam sweeping is used in NR without an always-on RS for measurement. When the measured beams transmit signal in one narrow direction, UE must use the corresponding Rx beam to perform the measurement. Therefore, considering the UE power saving and design complexity, the gNB should try to reuse UE-side measurement but configure it for which beams to measured, how or on what time/frequency/beam resources, what xRS/xSS, all based on  for cell-level mobility vs beam-level management purpose. In addition, RAN2#88bis has reached the following agreements:

In addition, RAN2#88bis has reached the following agreements:

Agreements

1
For the purpose of Zero/Minimum RRC involvement mobility, a the CSI-RS configuration should be at least configurable to UE by dedicated signalling (does not preclude this CSI-RS configuration being used for other purposes)
2
…
3
UL SRS or measurements reported from UE on the DL reference signal, or other information known to the network, can be used in the maintenance of CSI-RS configuration.

FFS whether CSI-RS configuration for Zero/Minimum RRC involvement mobility and measurement reporting for maintenance of CSI-RS configuration is within RRC or MAC or L1.
Hence we have the following proposal:
Proposal 1: gNB/TRP should reuse UE-side measurements of common objects (xSS/xRS) for different purposes (i.e., BM vs. MM) through flexible configuration methods
Proposal 2: The configuration of UE measurement should be at L3 for MM with RRC involvement, or at lower layers otherwise, e.g., L2/MAC or L1.
In order to obtain the beam information of neighbour nodes (gNB or TRP) for mobility or inter-cell beam coordination, gNBs should exchange their cell-level MM or beam-level BM configuration accordingly. The former is for the purpose of inter-node mobility-induced handover, the latter may be for inter-node interference cancelation. The configuration may include different filtering criteria, beam sets, RSRP/RSRQ trigger thresholds,  and beam sweeping (SS-burst-set) pattern, etc.. The measurements for BM vs. MM may be different, but the measurements from serving and neighboring sites for mobility purposes  should be comparable to each other. Actually RAN2#88bis has also reached the following agreements:
Agreements

1: NR UE shall not consolidate NR-SS beam measurements and CSI-RS beam measurements together to derive a cell level measurement. 

2: NR UE shall compare cell level measurements of different cells using the same type of RS(s). In another words, NR does not support comparison between NR-SS based measurement of a cell and CSI-RS based measurement of another cell.

Proposal 3: Given the same measurement objects, neighbour gNBs/TRPs should coordinate and be aligned in their MM measurement configurations, including configurations of RRM filtering criteria, control or data beams, report triggers, and (RX/TX) beam patterns, etc.
After UE detects the configured beams and xSS/xRS to measure, e.g., 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 required for the combined quality but at a granularity loss. 
Considering the overhead and reporting/control latency, a combined beam quality by L2~L3 filtering is more with L2~L3 reports for mobility with (L3) or without (L2) RRC involvements. 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 4: RRM measurement reports for BM should be at L1/L2 and include beam level quality, while the RRM measurement reports for MM should be at L3 (with RRC involvement) or L2 (without RRC involvement) and include only cell-level or combined beam quality from serving and neighbour cells.
3   Conclusion
In this paper, we discussed the beam based (RRM) measurement mechanism for mobility management vs. beam management:
Observation 1: Measurements considering beamforming for MM and BM may share common objects and process, but cell-level  measurement for MM (with or without RRC)  and beam-specific measurement for BM  may be configured differently.

Observation 2: Different measurement configurations on the same process may support 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., CSI-RS, etc.).
Accordingly, we have the following proposals:
Proposal 1: gNB/TRP should reuse UE-side measurements of common objects (xSS/xRS) for different purposes (i.e., BM vs. MM) through flexible configuration methods
Proposal 2: The configuration of UE measurement should be at L3 for MM with RRC involvement, or at lower layers otherwise, e.g., L2/MAC or L1.

Proposal 3: Given the same measurement objects, neighbour gNBs/TRPs should coordinate and be aligned in their MM measurement configurations, including configurations of RRM filtering criteria, control or data beams, report triggers, and (RX/TX) beam patterns, etc.
Proposal 4: RRM measurement reports for BM should be at L1/L2 and include beam level quality, while the RRM measurement reports for MM should be at L3 (with RRC involvement) or L2 (without RRC involvement) and include only cell-level or combined beam quality from serving and neighbour cells.
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