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[bookmark: _GoBack]In NR, UE may be requested to perform measurement, filtering, and reporting for beams. Since the number of detectable beams in NR is much larger than the number of detectable cells in LTE, the complexity of UE measurement entity may increase significantly if UE is requested to perform measurement, filtering, and reporting for too many beams. In this paper, we discuss the complexity concerns about beam-level L3 filtering and potential solutions.
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Complexity concerns
RAN2 has adopted the measurement model below in TS 38.300 [1], where ‘K’ beams correspond to the measurements on NR-SS block or CSI-RS resources configured for L3 mobility by gNB and detected by UE at L1.


Figure 1.	NR Measurement Model
In NR measurement model, cell quality is derived by averaging the best beam and the N-1 best beams above an absolute threshold. For beam reporting, in each cell the best SS block / CSI-RS is reported and up to x-1 / y-1 next highest measured SS blocks / CSI-RSs above the absolute threshold are reported. The same absolute threshold is used for cell and beam reporting. For each cell, UE needs to perform K+1 L3 filtering operations (one for cell quality and K for detected beams).
Observation 1:	In NR, UE complexity scales up with the number of beams to be measured.
Potential solutions
1.1.1 Restricted number of measurement quantities per beam
In RAN2#99bis meeting, companies showed concerns about the complexity due to beam-level measurement. Proposals about restricting measurement quantity for beam level reporting are shown in [2].
In the RAN2-NR#2 (June 2017) meeting, RAN2 has agreed on the following:
Agreements
…
8	Beam measurement (based on NR-SS and CSI-RS) can be included in the measurement report and can be configured by the network (i.e. network configures the UE to report beam identifier only, beam measurement result and identifier, or no beam reporting)
9: 	Measurement quantities can be configured by the network for beam measurement reporting. RAN1 to confirm the measurement quantities to be supported.
…
In the RAN2#99 meeting (August 2017), RAN2 further made the following agreements:
Agreements
1:	Cells in the cellsTriggeredList are reported (i.e. TTT has expired and leaving condition has not been met, same as LTE) 
2:	Measurement quantity to be reported for cell quality can be same as trigger quantity or both RSRP/RSRQ. Measurement quantity to be reported for beam measurements can be same as (cell) trigger quantity or both RSRP/RSRQ.
… 
The above agreements clearly state the NW can request UE to report both RSRP and RSRQ for beam measurements. If the type of measurement quantity for beam reporting is to be restricted, we have to revert previous agreements.
Observation 2:	If the type of measurement quantity for beam reporting is to be restricted, we have to revert previous agreements.
1.1.2 Delayed L3 filtering operation
In NR RRM, L3-filtered cell quality is used to evaluate the triggering criteria for event-driven measurement reporting. Only the best beam and other beams above threshold are considered in cell quality derivation. Beam-level measurements are mainly used to identify beams in target cell for UE to perform contention-free random access (CFRA) upon handover, and may also enable the network to make better handover decision (e.g., to reduce the Ping-Pong occurrences). 
In RAN2 email discussion 99#32 [3], companies discussed s-Measure configuration and its impact on cell and beam measurements in NR. Most companies suggest that L3 beam measurement for reporting, if configured, shall be started when the UE starts to perform cell level measurements. This implies that for neighbour cells, the UE shall start the L3 beam measurements when the condition for s-Measure is fulfilled.
This issue is still left FFS in current TS 38.331 draft (Subclause 5.5.3.1).
	Editor’s Note: FFS Whether L3 filtered beam measurements of neighbour cells for reporting are immediately triggered by s-Measure.


Since beam-level information is used when a neighbour cell is being considered as a target, it was proposed [4] to introduce another threshold for beam filtering, and UE performs beam-level filtering for the beams of only those cells whose cell level measurements are within a threshold (Y dB) of the serving cell. If the proposal is agreed, the L3-filtered beam measurements reflect a relatively (compared to cell quality) short-term beam quality. This is beneficial for the usage of beam-level measurements: Upon handover, UE would prefer to perform CFRA on a beam that is strong in recent measurements.
Observation 3:	If UE does not to perform beam-level L3 filtering immediately when it starts neighbour cell measurements, the L3-filtered beam measurements reflect a relatively short-term beam quality.
Proposal 1:	L3 filtered beam measurements of a neighbour cell for reporting are immediately triggered when UE starts to measure the cell.
1.1.3 Restricted number of measured beams
According to LTE intra-frequency measurement requirements in TS 36.133 [5], the UE shall be able to identify a new detectable FDD intra frequency cell within a given duration, and the UE shall be capable of performing RSRP, RSRQ, and RS-SINR measurements for 8 identified intra-frequency cells (when no measurement gap). In NR, there shall be similar requirements for cell measurements, i.e., the UE shall be capable of performing RSRP, RSRQ, and RS-SINR measurements for Ncell identified-intra-frequency cells. For beam measurements, we may also introduce similar requirements stating that the UE shall be capable of performing RSRP, RSRQ, and RS-SINR measurements for Nbeam identified intra-frequency beams. In this way, the number of filtering operations and UE complexity can be controlled.
Observation 4:	The number of filtering operations and UE complexity can be controlled by introducing UE measurement capability requirements about the number of beams to measure.
Since measurement requirements are defined by RAN4, we may need to send LS to RAN4 to express our concern on UE complexity introduced by beam measurements, and ask RAN4 to define the number of beams per frequency the UE shall be capable of performing measurements on. 
Moreover, if requirements on measured numbers of beams are defined, the UE may select beams in each cell in different ways, depending on whether requirements on measured numbers of cells are also defined. If no requirements on measured numbers of beams are defined, UE may simply select strongest beams regardless of cells. Otherwise, UE may be required to measure a given number (one or more) of beams from each cell. Therefore, RAN4 needs to clarify whether requirements on number of cells to measure are defined, and if yes, the relation between cell and beam measurement requirements.
Proposal 2:	RAN2 sends a LS to RAN4 about measurement capability, asking RAN4 to (1) define the total number of beams per frequency the UE shall be capable of performing measurements on, and (2) clarify whether requirements about number of cells to measure are defined, and if yes, the relation between cell and beam measurement requirements.
Conclusion
We have the following observation:
Observation 1:	In NR, UE complexity scales up with the number of beams to be measured.
Observation 2:	If the type of measurement quantity for beam reporting is to be restricted, we have to revert previous agreements.
Observation 3:	If UE does not to perform beam-level L3 filtering immediately when it starts neighbour cell measurements, the L3-filtered beam measurements reflect a relatively short-term beam quality.
Observation 4:	The number of filtering operations and UE complexity can be controlled by introducing requirements on number of beams to be measured.
It is proposed to discuss and decide on the following proposals:
Proposal 1:	L3 filtered beam measurements of a neighbour cell for reporting are immediately triggered when UE starts to measure the cell.
Proposal 2:	RAN2 sends a LS to RAN4 about measurement capability, asking RAN4 to (1) define the total number of beams per frequency the UE shall be capable of performing measurements on, and (2) clarify whether requirements about number of cells to measure are defined, and if yes, the relation between cell and beam measurement requirements.
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