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1 Introduction

With respect to UE measurement capabilities, the following was agreed in RAN4 NR AH #2 [1]:

· Clarity is needed on the intra/interfrequency definition used for eg categorizing measurement objects for measurement capabilities requirements, categorising measurement objects for delay/accuracy requirements, categorising measurement objects for event evaluation, measurement grouping at different measurement occasions, etc

· Consideration may also be given to more than 2 categorizations between intra-frequency/inter-frequency. One example would be intra-frequency measurements that are performed without retuning, intra-frequency measurements that are performed with retuning, inter-frequency measurements that are performed without retuning, and inter-frequency measurements that are performed with retuning . Interested companies may study naming and definitions of measurement categories.

· As a next step consider what is the reference for intra-frequency SS block based measurement objects

· Option 1 : Same SS block centre frequency location for serving cell and target cell

· Option 2 : Same gNB transmission centre frequency for serving cell and target cell

· Option 3 : SS block can be measured without retuning UE RF or measurement gap

· Option 4 : Other reference

· Finally, the intra/inter-frequency definition also may consider CSI-RS based measurements

· For NR measurement capability, it was agreed: there will be no NR FDD/TDD differentiation in the number of carriers to be monitored.

· Interested companies should evaluate further the minimum requirements on number of inter-frequency and interRAT layers to monitor

· Interested companies should evaluate further he methodology for determining capability for number of cells, number of beams etc to measure:

· Serving cell

· Non-serving cells (neighbour cells)
2 Discussion
2.1 Number of cells and beams

Multi-beam operation is among the key NR features. There may be transmit beams and receive beams. The number of transmit beams in DL in a cell is likely in practice to correspond to the numbers (L) of SS blocks per SS burst set, which were agreed in RAN1 as follows.
Agreements:
· The transmission of SS blocks within SS burst set is confined to a 5 ms window regardless of SS burst set periodicity

· Within this 5 ms window, number of possible candidate SS block locations is L
· The maximum number of SS-blocks within SS burst set, L, for different frequency ranges are

· For frequency range up to 3 GHz, L is 4
· For frequency range from 3 GHz to 6 GHz, L is 8
· For frequency range from 6 GHz to 52.6 GHz, L is 64
· Note that RAN1 assumes minimum number of SS blocks transmitted within each SS burst set is one to define performance requirements
Given that the beam quality changes in time and the UE may need to filter the samples over time for each beam, keeping track of a large number of beams in parallel may be costly and also time and memory consuming for the UE. Furthermore, in practical deployments not all beams will be detectable within a cell and perhaps only a few best beams are of interest, so setting the requirements based on the assumption that the UE is able to measure and report in parallel e.g. on 64 beams per cell (for above 6 GHz) is unrealistic.
In [2], it is observed that in a dense indoor scenario with 9 beams per cell in 3-sector sites, the total number of detectable beams (of all cells) at 90%-ile is 14-15 and the number of detectable cells is 6. The numbers are approximately twice as small when the number of beams per cell decreases from 9 to 5. The results suggest that in similar scenarios with 64 beams per cell, the number of detectable beams may go up to 100 (in total, belonging to serving and neighbor cells).
· Observation 1: At least in the high-frequency range where the number of configurable beams is expected to be large, measuring all configurable or even all detectable beams in a cell in parallel may be very resource consuming and not practically needed either.
In NR, it will be possible to perform measurements on CSI-RS also for mobility, on the serving and neighbor cells. Hence, it is important that NR UE is able to detect, measure and report a certain minimum number of beams also on neighbor cells. 
· Observation 2:The minimum number of beams which the UE shall be able to detect, measure, and report in parallel on neighbor cells needs to be also decided.
RAN4 will also have to decide the minimum number of cells to be measured in parallel. However, in the last meetings RAN4 faced the difficulty of defining and differentiating between intra- and inter-frequency, which also made it difficult to discuss the UE capabilities in each case. 
In [3], it is proposed that the legacy approach for differentiating between intra- and inter-frequency is further adapted in NR, e.g., comparing the SS block center frequency in NR instead of cell bandwidth center in LTE. With this approach, the minimum number of intra-frequency cells in NR can be the same as in LTE. However, the minimum number of inter-frequency cells and the minimum number of inter-frequency carriers needs to be increased in NR compared to LTE, especially considering large bands.
· Proposal 1:For intra-frequency, the UE shall be able to measure and report in parallel for
· A minimum number of intra-frequency cells per frequency,  Ncells,intra, is[ 8],

· A minimum number of beams per intra-frequency cell, Nbeams,intra (Nbeams<=L), is 32 for above 6 GHz range,
· Proposal 2: For intra-frequency, the UE shall be able to measure and report in parallel for

· A minimum number of inter-frequency cells Ncells,inter, is[ 8] per inter-frequency,

· A minimum number of inter-frequencies, Nfreq, is [7].
· Proposal 3: The number of inter-RAT frequency layers shall only include Nfreq, E-UTRA, which includes LTE frequency layers configured by any of the NR PSCell and NR PCell. Nfreq, E-UTRA=[3].
2.2 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 4: While developing requirements, RAN4 considers UEs which:

· Support a single numerology

· Support two or more numerologies but no parallel operation (may be more loose requirements compared to the single-numerology support, when the UE is configured to use multiple numerologies)
· Support two or more numerologies with parallel operation (the requirements ideally should be the same as for the single-numerology support but the number of parallel numerologies shall be small)
· Proposal 5: For UEs supporting multiple numerologies, the UE is not required to use more than 2 numerologies in parallel, at least in the same frequency band.
2.3 Event triggered reporting

In LTE, a UE can be requested to make measurements under different measurement identities, where each measurement identity corresponds to either event based reporting, periodic reporting, logged measurement reporting or no reporting.

At least event-based reporting and periodic reporting will also be specified for NR, so the corresponding UE capabilities for support of event triggering and reporting criteria are also needed in order to limit the number of different reporting criteria the UE may be requested by one or more network nodes to track in parallel.
· Proposal 6: Similar to LTE, RAN4 specifies Ecat per measurement category and the maximum total number of reporting criteria.
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