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Introduction
Major progress has been made in RAN2#96 meeting in respect of RRM and mobility with RRC involvement, and the following FFSs are left for further discussion [1]. 
Agreements for connected active
1: 	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.
FFS: Which beams the UE selects from the detected beams in order to derive a cell level quality. Options to be studied: 
	a/ best beam, 
	b/ N best beams, 
	c/ all detected beams
	d/ beams above a threshold.
	Other options are not precluded

Agreements
1	At least events like LTE A1-A6 and periodic will be supported for NR (modification to the events may be considered)
FFS other events may be studied
2	Measurement report will contain cell measurements
FFS whether the measurement report contains beams measurements

Agreements
1	At least cell id and all information required to access the target cell will be included in the HO command. 
2	For at least some cases information required for contention based and contention free access can be included in the HO command
3	To be studied what beam related information of the target cell may be required.
4	Study the possibility of handover where a condition configured by the gNB is used by the UE to determine when it executes the handover.


However, no much progress has been made so far for RRM and mobility without RRC involvement particularly for beamforming scenarios. In this paper, we present our views on these left issues, including L2 RRM and mobility without RRC involvement, beam based measurement mechanism, cell quality derivation, measurement configuration and measurement events design. 
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0. [bookmark: _Toc423019950][bookmark: _Toc423020279][bookmark: _Toc423020296]Beam based Measurement
Beamforming technique is used to compensate large path loss in high frequency system, and the narrower the beam is the more beamforming gain it can provide. To derive a reasonable coverage the beam has to be narrow enough, and at the same time the NR cell has to be covered by many narrow beams. For DL-based mobility in RRC connected mode UE should perform RRM measurement which includes L1 filtering and L3 filtering at least. When the cell is covered by many beams spatially or temporally multiplexed, for example, UE may detect several serving beams simultaneously or over time. The measurement filtering mechanism should also be improved regarding this. Besides L1 filtering is implementation dependant, the behaviour of the L3 filtering is standardised and the configuration of the layer 3 filtering is provided by RRC signalling. 
In NR the “cell” concept is yet to be defined, but for different deployment scenarios, a gNB may have a single or multiple cells under its coverage, where one or multiple TRPs may exist within each cell. This impacts both mobility and measurement. Assuming all TRPs in a cell are synchronized, and RRC anchored only at the gNB for all of its cells: 
· For intra-gNB and inter-cell mobility management (MM), we see the need to introduce L2 RRM when RRC is NOT necessarily involved. This is for TRP switching, mobility reports/signalling, or RRM filtering all at L2---L2 here refers to any layers below RRC and above L1.
· When the serving site (a TRP or a cell) for the UE stays the same but the beam pair(s) are dynamically changed, beam management (BM) handling UE-TRP beam operations may be sufficient, i.e., without involving MM nor RRC signaling.  Note that BM is normally RAN1-focused for being more local, timing critical, and lighter weighted than the RAN2-focused MM.
In a beamforming enabled cell, for each of UE detected beam, the UE can derive a L1 filtering result. There are at least 3 options to handle L1 filtering results of all detected beams described as follows.
Option 1: each beam (pair) has a dedicated L3 filtering result.
As shown in Figure 1, after L1 filtering result is ready, it will be input into the L3 filter to obtain a L3 filtering result for each individual beam before a post-L3 filtering combination of the results. Since UE gets the RRM measurement result of each beam, in this way UE can report the quality of every detected beam (pair), or it can perform combination of individual measurements to report only a combined or cell level quality. 
· The L1 or L3 filtered results for each beam pair can be like existing LTE, for example, timing average,.
· The L3 beam level combination can be any of the existing options, e.g., best beam (pair), N best beam (pairs), beam (pairs) above a threshold, etc., based on the L3 filtered results.


Fig. 1 beam level L3 filtering
Option 2: each beam (pair) has a dedicated L1 filter, and L3 filtering is based on combined individual beams at L1-level. 
Take high frequency systems for example, where channel variation is very large and individual beam may not be detected by UE constantly due to beam blockage. In this circumstance,  for blocked beams pair(s), the  L3 filtering could not work well due to lack of L1 filtering result. In addition, the detected beam pairs may oscillates to transient CH dynamics, which may cause a lot of ping-pongs if those pairs are directly used for MM.
· Therefore, MM should only consider the beam pairs aligned/selected by BM. This BM operation is illustrated as a “combination” module in Figure 2.
· The combination can be any of the existing options, e.g., best beam (pair), N best beam (pairs), beam (pairs) above a threshold.
· L3 filter can be like the existing LTE L3 filter, i.e., a timing average of the combined results.
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Fig. 2 L3 filtering based on combination of L1 filtering results of beams 
For scenarios when CH stays stable, which means at least part of beams can be detected all the time, the option 1 can be used. And if high frequency channel varies fast, then the option 2 may be better.However, both option 1 and option 2 are used for inter-gNB mobility with RRC signalling involved. As discussed earlier, for situations when intra-gNB TRP/cell switching is needed, L2 MM without necessary RRC involvement suffice, while underlying BM may mask any beam-level dynamics with the same serving sites. For such situations, we have Option3 3 as shown in Figure 
Option 3: each beam (pair) has a dedicated L1 filter, while multi-beam L2 and/or L3 filtering plus report (whichever is needed) is done based on individual beams.


Fig. 3. Multi-beam L2 or L3 filtering based on L1 filtered results of individual beams 
As shown in Figure 3, there could be multiple receiving beams at the UE side. Then the input to the Layer 1 filtering may be the measurements (samples) of multiple beam pairs (a beam pair consists of a Tx beam and a Rx beam). Based on the deployment scenarios,  Layer 2 and/or Layer 3 filtering can take the L1 outputs for further filtering (i.e., combination).
· For intra-gNB MM without RRC involvements, faster L2 filtering and reports may suffice
· For  inter-gNB MM with RRC involvements, L3 filtering and messaging may be needed.
· L2 and/or L3 reports can be used accordingly to generate DL RRM reports to the network side.
Proposal 1: For L3 mobility with RRC involvements, if beamformed channel is stable, L3 filtering of individual beams (option 1) can be performed; otherwise L3 filtering should be performed based on combination of L1 filtering results of beams (option 2).
Proposal 2: For different mobility scenarios, cell quality may be derived based on multi-beam combination by a L2 filtering (without RRC) or L3 filtering (with RRC) of L1 filtering results of beams (option 3).
The combination method at different layers should be common no matter it is performed based on L1, L2, or L3 filtering results. It is about how to derive a multi-beam cell quality for MM based on measurements from individual beams exactly given the underlying link-level beam management, such as beam tracking ability and accuracy.
There are several options for multi-beam combination:
1. UE only uses best beam quality instead of combining individual beams. This option is suitable if accurate beam tracking can be implemented, i.e. UE can always choose the best beam as serving beam.
2. UE combines part of beams, e.g. beams whose RSRP is more than a threshold, or UE combines finite number of beams, e.g. best N beams. This option can be applied if beam tracking is implemented among candidate serving beams. The combining algorithm may simply be averaging.
3. UE combines all simultaneously detected (or eligible serving) beams to derive a cell quality if beam varies fast so that beam tracking has to be performed in all detected beams. The combining algorithm may simply be averaging.
Proposal 3: different cell quality evaluating methods combining the best beam/part of beams/all detected beams should all be supported according to different beam tracking performance.
0. Measurement configuration and report
Different from LTE, beam sweeping is used in NR and there is no always existing BRS 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 inform the UE which level of beam filtering  should be executed for MM purpose, or when and in which direction the measured beam will be transmitted for BM purpose.
Proposal 4: gNB configures UE beam measurement over a set (serving and candidate beams) or over individual beams for different purposes (MM or BM) of RRM measurement.
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 MM) or beam-level (for BM) configuration accordingly. The configuration may include L2/L3 filtering criteria for MM, or beam width, directions, angular, single beam sweeping or multiple beam sweeping for BM, etc. 
[bookmark: _GoBack]Proposal 5: neighbour NBs exchange their measurement information, including L2/L3 filtering criteria for MM, or beam width, directions, angular, single beam sweeping or multiple beam sweeping, etc., for BM.
After UE detects multiple beams in NR cells from both of serving cells and neighbour cells, for RRM measurement reporting, there are two options:
1. UE reports individual beam (pair) measurement result.
2. UE reports combined quality of multiple beams.
With option 1, gNB can derive all beams’ information if all the detected beams are reported, which generates more system overhead; with option 2, smaller system overhead is needed to report a combined quality. 
Considering the overhead and reporting/control latency, a combined beam quality is more suitable to be reported for L2/L3 mobility, which can present a longer term cell quality. Otherwise for BM an individual reports using fast L1/L2 signaling may be needed. 
So we have the following proposal:
Proposal 6: UE reports the combined beam quality of serving cell and of neighbour cells for cell level mobility management. It can also report beam level measurement results according to gNB configuration.
Proposal 7: Beam (pair)-specific measurement value could be reported for beam management, or better mobility performance.

0. Measurement events
Configurable measurement events
In beamformed systems, traditional measurement events can be kept but the mobility scenario can be different, which involves intra-TRP beam management, intra-cell TRP switching or mobility management, inter-cell or inter-gNB handover. Such mobility scenarios call for the corresponding measurements and measurement reports. To cater for such different level or measurements, different measurement trigger thresholds could be issued by taking into account the intra/inter-cell operations that are related to different level of signaling. Typically, inter-cell or inter-gNB shall request higher threshold since context/data transfer is required for this level of mobility while intra-cell or intra-TRP shall request lower threshold since no RRC or context/data transfer is required for this level of beam operation. Moreover, it could be considered that during the measurement events configuration, gNB could indicate whether the UEs compare the cell-specific measurement result or beam-specific measurement result from serving cell and/or neighbouring cell, and further indicate the level of meassurements the UEs report when measurement events are satisfied.
Proposal 8: with respect to the multiple level multi-beam mobility and the corresponding measurement reports, different thresholds and different level of signaling could be configured by the network.
Proposal 9: during the measurement events configuration, gNB could indicate whether the UEs compare the cell-specific or beam-specific measurement result from serving cell and/or neighbouring cell, and further indicate whether the UEs report which kind of measurement result.
Beam related measurement events
Measurement events can be associated with specific scenarios. It provides the abstraction of UE perceived radio environment to gNB with event identification. So if UE can add beam related measurement information in measurement report, it is natural to abstract these measurement results based on scenarios to reduce report overhead. Whether beam level measurement events can trigger a measurement report can be a FFS at RAN1 (for beam management) or RAN2 (for mobility management). For clarify, we described some example event  as below: 
Event D1:  beam quality becomes better than threshold

Entering condition: 

Leaving condition: 
The variables in the formula are defined as follows:
· Mcp is the measurement result of the target beam resource (dBm for beam-RSRP). 
· Hys is the hysteresis parameter for this event (dB)
· Thresh is the offset parameter for this event (dB)

Event D2: beam quality becomes offset better than the best beam quality

Entering condition: 

Leaving condition: 
The variables in the formula are defined as follows:
· Mcp is the measurement result of the target beam resource (dBm for BEAM-RSRP). 
· Mrp is the measurement result of the strongest beam resource (dBm for BEAM-RSRP).
· Hys is the hysteresis parameter for this event (dB)
· Off is the offset parameter for this event (dB)

Event D3: beam quality becomes offset better than a configured reference beam quality
Event D4: beam quality becomes worse than threshold
Event D5: best N beam quality are changed, N is a preconfigured number
Event D6: The measurement result of a candidate beam quality becomes offset better than that of the worst reference beam quality
Proposal 10: the need and exact definition of events demanding for beam specific or multi-beam measurement shall be studied.
Conclusion
In this paper, we discussed the beam based measurement mechanism and how to derive cell quality from individual beams, and we have the following proposals:
Proposal 1: For L3 mobility with RRC involvements, if beamformed channel is stable, L3 filtering of individual beams (option 1) can be performed; otherwise L3 filtering should be performed based on combination of L1 filtering results of beams (option 2).
Proposal 2: For different mobility scenarios, cell quality may be derived based on multi-beam combination by a L2 filtering (without RRC) or L3 filtering (with RRC) of L1 filtering results of beams (option 3).
Proposal 3: different cell quality evaluating methods combining the best beam/part of beams/all detected beams should all be supported according to different beam tracking performance.
Proposal 4: gNB configures UE a beam measurement over a set (serving and candidate beams) or over individual beam for different purposes (MM or BM) of RRM measurement.
Proposal 5: neighbour NBs exchange their beam measurement information, including L2/L3 filtering criteria for MM, or beam width, directions, angular, single beam sweeping or multiple beam sweeping etc., for BM.
Proposal 6: UE reports the combined beam quality of serving cell and of neighbour cells for cell level mobility management. It can also report beam level measurement results according to gNB configuration.
Proposal 7: Beam (pair)-specific measurement value could be reported for beam management, or better mobility performance.
Proposal 8: with respect to the multiple level multi-beam mobility and the corresponding measurement reports, different thresholds and different level of signaling could be configured by the network.
Proposal 9: during the measurement events configuration, gNB could indicate whether the UEs compare the cell-specific or beam-specific measurement result from serving cell and/or neighbouring cell, and further indicate whether the UEs report which kind of measurement result.
Proposal 10: the need and exact definition of events demanding for beam specific or multi-beam measurement shall be studied.
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