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1 Introduction

In this contribution, we further discuss UE measurement capacity in NR.
2 Discussion
2.1 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.
· Proposal 1: UE shall be able to detect and keep track of at least Nbeam,intra=[32] beams in total per intra-frequency.

· Proposal 2: UE shall be able to detect and keep track of at least Nbeam,inter <Nbeam,intra beams in total per inter-frequency.

2.2 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.

Due to the tx beamforming possibility in NR, the number of detectable cells can increase in NR compared to LTE and it also depends on the number of tx beams. However, for each cell the UE will be detecting multiple beams / SS blocks, which adds to the complexity, time, power consumption, etc., so it is proposed that the number of intra-frequency cells in NR is at least the same as the number in LTE.
· Proposal 3: UE shall be able to detect and keep track of at least Ncell,intra=[8] cells in total per intra-frequency.

Per inter-frequency in LTE the UE is required to detect 4 cells. In NR, due to the definition of intra-/inter-frequency and the range of bandwidths, the number of inter-frequencies is expected to be higher, which may suggest a larger number of cells per inter-frequency in NR compared to LTE.
· Proposal 4: UE shall be able to detect and keep track of at least Ncell,inter=[8] cells in total per inter-frequency.
2.3 Number of frequencies

In LTE, the UE is not required to monitor more than 3 inter-frequencies. However, in NR the minimum number of inter-frequency carriers needs to be increased compared to LTE, especially considering larger bands.

· Proposal 5: UE shall be able to detect and keep track of at least Nfreq=[7] inter-frequencies.
2.4 Number of numerologies

It’s commonly understood that multiple numerologies will be supported in NR. For example, for data, it was agreed in the RF group during NR AH#2 that SCS of 15 kHz, 30 kHz, and 60 kHz will be supported in LTE reframing bands and in frequency bands below 6 GHz, while 60 kHz and 120 kHz will be supported for frequency bands above 24 GHz. The set of supported SCSs for CSI-RS will likely be the same as for data (RAN1 agreement: “In NR, for a given bandwidth part, support the case where CSI-RS for CSI acquisition and beam management is always transmitted with the same numerology as the PDSCH of the UE if PDSCH is present; FFS the case when PDSCH is not present”). SCS for SS blocks is still being discussed but it will be one SCS that is actually used per frequency band, even though two SCSs may be supported in some frequency bands.

From a single UE perspective, the support of multiple numerologies, implying that there may be measurements configured in parallel (note that “parallel” does not necessarily mean receiving in the same slot or subframe but may also be during overlapping measurement time periods, i.e., multiple numerologies can be in TDM) based on different numerologies on different carrier frequencies or even on the same carrier frequency (e.g., SS block measurements and CSI-RS measurements), in addition to that the data and control channels may also be based on a different numerology than RS numerology for measurements. 

It is also likely that not all NR UEs will support the same set of numerologies, even for the same frequency band. Furthermore, lower-complexity UEs supporting operations with different numerologies may not support such operations in parallel, in which case the operations would be performed in sequence and thus introducing additional delay.

· Proposal 6: For UEs supporting multiple numerologies in parallel (e.g., measurement based on different numerologies over a certain time period), shall not be required to use more than 2 numerologies in parallel.

2.5 UE rx beamforming

The number of tx beams or different SS blocks within a cell in NR can be very large, e.g., up to 64 for the above 6 GHz frequency range. In addition to tx beamforming, there will also be UE rx beamforming, which increases the number of combinations of network tx beams and UE rx beams, which may impact the measurement quality but it is likely to also require more efforts in the UE to find out the relevant beam combinations. At the same time, there may also be so that different UEs have different UE rx beamforming capability e.g. in terms of the number of rx beams. Hence, it is proposed that the RRM requirements are specified based on the least UE rx beamforming capability (i.e., the minimum capability for all UEs), which may suggest that at least for the lower frequency range the requirements are specified based on the results for UEs without rx beamforming.
· Proposal 7: At least for below <6 GHz frequency range specify RRM requirements based on the results for UE without rx beamforming capability.
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