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1 Introduction
In RAN4 NR ad hoc #3, the following was agreed [1]:

WF on UE measurement capability:

· The measurement capability shall be defined per reference signal type. 
· Option 1: define capability on number of cells per frequency layer and number of beams per cell
· Option 2: define capability on number of beams per frequency layer
· Option 3: define capability on number of cells per frequency layer and number of beams per frequency layer
· Final decision is to be made in RAN4#84bis
· Definition of “Number of cells per frequency layer”:
· The UE SSB based measurement capability for the number of cells to monitor should be specified as frequency range dependent (e.g. Sub-6GHz, mmWave)
· Sub-6GHz:
· For SSB based intra-frequency measurement with and without measurement gap, UE is required to at least simultaneously monitor [8] identified SSB based intra-frequency cells
· For SSB based inter-frequency measurement, the NR UE shall be capable of performing SSB based measurements of at least [4] cells per frequency layer 
· mmWave:
· For SSB based intra-frequency measurement with and without measurement gap, UE is required to at least simultaneously monitor [x] identified SSB based intra-frequency cells
· For SSB based inter-frequency measurement, the NR UE shall be capable of performing SSB based measurements of at least [y] cells per frequency layer 
· x, y and z are TBD
· Definition of “Number of beams per cell”:
· The UE SSB based measurement capability for the number of beams to monitor should be specified as frequency range dependent (e.g. Sub-6GHz, mmWave)
· Sub-6GHz:
· For SSB based intra-frequency measurement with and without measurement gap, UE is required to at least simultaneously monitor [m1] identified SSB based intra-frequency beams per cell 
· For SSB based inter-frequency measurement, the NR UE shall be capable of performing SSB based measurements of at least [n1] identified beams per cell 
· mmWave:
· For SSB based intra-frequency measurement with and without measurement gap, UE is required to simultaneously monitor [m2] identified SSB based intra-frequency beams per cell 
· For SSB based inter-frequency measurement, the NR UE shall be capable of performing SSB based measurements of at least [n2] identified beams per cell 
· Definition of “Number of beams per frequency”:
· The UE SSB based measurement capability for the number of beams to monitor should be specified as frequency range dependent (e.g. Sub-6GHz, mmWave)
· Sub-6GHz:
· For SSB based intra-frequency measurement with and without measurement gap, UE is required to at least simultaneously monitor [k1] identified SSB based intra-frequency beams per frequency layer
· For SSB based inter-frequency measurement, the NR UE shall be capable of performing SSB based measurements of at least [h1] identified SSB based intra-frequency beams per frequency layer
· mmWave:
· For SSB based intra-frequency measurement with and without measurement gap, UE is required to at least simultaneously monitor [k2] identified SSB based intra-frequency beams per frequency layer
· For SSB based inter-frequency measurement, the NR UE shall be capable of performing SSB based measurements of at least [h2] identified SSB based intra-frequency beams per frequency layer
· Monitoring carrier number:

· IncMon feature shall be deprioritized in Rel-15 NR.
· the NR UE capability of frequency layers in CONNECTED mode is provided below for Release 15 NR.
	Release 15 LTE UE

	The UE shall be capable of monitoring at least per RAT group

-     Depending on UE capability, [x] TDD E-UTRA inter-frequency carriers, and

-     Depending on UE capability, [y] FDD E-UTRA inter-frequency carriers, and

-     Depending on UE capability, [8] NR inter-RAT carriers 

	the UE shall be capable of monitoring a total of at least [z1] effective carrier frequency layers comprising of any above defined combination of NR, E-UTRA FDD, E-UTRA TDD, UTRA FDD, UTRA TDD, GSM (one GSM layer corresponds to 32 carriers), cdma2000 1x and HRPD layers


	Release 15 LTE-NR NSA UE

	The LTE-NR NSA UE shall be capable of monitoring at least per RAT group

-     Depending on UE capability, [7] NR inter-frequency carriers
FFS: if E-UTRA should be included in 38.133

	the UE shall be capable of monitoring a total of at least [z2] effective carrier frequency layers comprising of any above defined combination of NR, [E-UTRA FDD, E-UTRA TDD if introduced].


· Define the same UE capability for both NSA and SA in terms of number of NR inter-frequency carriers
In this contribution, we further discuss UE measurement capacity in NR.
2 Discussion
2.1 Frequency layers monitored by the UE
In [1], it was agreed to have [8] NR inter-RAT frequency layers for LTE and [7] NR inter-frequency layers for NSA UEs. The number of E-UTRA frequency layers for NSA and whether E-UTRA should be included in 38.133 are still open issues.
In NSA, measurements on LTE carrier frequencies will be performed but still reported to LTE PCell and not to NR PSCell, so once NR PSCell is configured all LTE carrier frequencies are inter-frequency layers and it is reasonable to reuse the legacy LTE inter-frequency capability as well as the total number of effective carrier frequency layers.
· Proposal 1: The following E-UTRA frequency layers are to be monitored by NSA UEs:

· 3 FDD E-UTRA inter-frequency carriers, and

· 3 TDD E-UTRA inter-frequency carriers.

· Proposal 2: For NSA UEs, the total number of effective carrier frequency layers is 8.
The number of E-UTRA inter-frequency carriers needs to be also specified in 38.133 for NSA deployments, to avoid confusion, since the specified frequency layers are those to be monitored by the UE and not only those that are reported to the NR PSCell.
· Proposal 3: The number of E-UTRA inter-frequency carriers for NSA deployments is stated also in 38.133.
The proposals above are captured in a draft TP [2].
2.2 Number of numerologies

In [1], it was agreed that:
	Categories
	Conditions

	Intra-frequency measurement without measurement gap
	· the center frequency of the SSB of the serving cell and the center frequency of the SSB of the neighbour are the same, and 
· the subcarrier spacing of the SSB of the serving and neighbour cell are the same, and 
· UE operation CBW can cover both serving cell SSB and target cell SSB, and

	Intra-frequency measurement with measurement gap
	· the center frequency of the SSB of the serving cell and the center frequency of the SSB of the neighbour are the same, and 
· the subcarrier spacing of the SSB of the serving and neighbour cell are different, and/or 
· UE operation CBW cannot cover serving cell SSB and target cell SSB (the UE CBW in this case might vary among different OFDM symbols), and/or


The above implicitly means that RAN4 agrees that different numerologies cannot be measured in the same or overlapping time resources. The above is stated only for intra-frequency but the same would also apply for inter-frequency – within the same gap the UE is not capable of receiving signals with multiple numerologies on the same inter-frequency carrier; hence the measurement period would scale with the number of simultaneously scheduled numerologies per carrier.
· Proposal 4: The measurement period scales with the number of simultaneously scheduled numerologies per intra- or inter-frequency.
· Proposal 5: More than 2 numerologies shall not be assumed for parallel measurements, i.e., for the measurements with overlapping measurement periods.
2.3 Number of cells

Similar to LTE, a certain minimum number of cells per carrier frequency that the UE shall be able to detect and keep track of will also be defined in NR. The number of cells for the below 6 GHz frequency range has been already agreed [1] to be 8 for intra-frequency and 4 for inter-frequency. To account for the higher complexity 

Due to beamforming possibility in NR, the number of detectable cells can increase in NR compared to LTE. However, for each cell the UE will be detecting multiple beams / SS block bursts and the number of beams is up to 64 for the higher frequency range, which adds to the complexity, time, power consumption, etc. Taking this into account, it is proposed not to increase the minimum number of detected cells for mm-waves compared to the below 6 GHz frequency range.
· Proposal 6: For the above 6 GHz frequency range, UE shall be able to detect and keep track of at least:

·  [8] intra-frequency cells, 

· [4] inter-frequency cells.

2.4 Number of beams

As suggested by different system studies, the number of detectable beams can be large. For example, in [1] with 32 beams tx beams per cell, UE can detect approximately 15 beams in the baseline urban macro setup with a probability of 90%, which with 64 tx beams per cell is likely to result in detectable 30 beams. The number increases further significantly in hotspot scenarios. To limit UE complexity and power consumption, it is reasonable to not expect that UEs will be able to detect an infinite number of beams. The number may also be smaller for inter-frequency than for intra-frequency. Option 3 in [1] is preferred since the number of beams for the serving cell is typically much larger than for other cells but at the same time it depends a lot on the configuration.
· Proposal 7: UE shall be able to detect and keep track of at least Nbeam,intra=[32] beams in total per intra-frequency.

· Proposal 8: UE shall be able to detect and keep track of at least Nbeam,inter <Nbeam,intra beams in total per inter-frequency.
3 Summary

The following have been proposed in this contribution:

· Proposal 1: The following E-UTRA frequency layers are to be monitored by NSA UEs:

· 3 FDD E-UTRA inter-frequency carriers, and

· 3 TDD E-UTRA inter-frequency carriers.

· Proposal 2: For NSA UEs, the total number of effective carrier frequency layers is 8.
· Proposal 3: The number of E-UTRA inter-frequency carriers for NSA deployments is stated also in 38.133.
· Proposal 4: The measurement period scales with the number of simultaneously scheduled numerologies per intra- or inter-frequency.
· Proposal 5: More than 2 numerologies shall not be assumed for parallel measurements, i.e., for the measurements with overlapping measurement periods.
· Proposal 6: For the above 6 GHz frequency range, UE shall be able to detect and keep track of at least:

·  [8] intra-frequency cells, 

· [4] inter-frequency cells.

· Proposal 7: UE shall be able to detect and keep track of at least Nbeam,intra=[32] beams in total per intra-frequency.

· Proposal 8: UE shall be able to detect and keep track of at least Nbeam,inter <Nbeam,intra beams in total per inter-frequency.
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