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1 Introduction

In [1], a WF on RRM was agreed, with the following topics suggested for further discussion during RAN4#83:
· Analysis of decisions made in other working groups eg RAN1, RAN2 in April and earlier meeting rounds, in view of the impact to RAN4 RRM requirements

· UE measurement capabilities such as number of cells, number of beams, number of frequency layers to be monitored, number of numerologies to handle in parallel, etc.
· Consideration of requirements for NR UE transmit timing

· Expected measurement requirements needed for enabling NSA option 3 operation

· Draft system level simulation plan
· Draft link level simulation plan (Note: It will not be possible to agree simulation assumtions or provide resuts until further progress is made in RAN1 eg on NR-SS and CSI-RS design)

· RRM Specification structure for 38.133

· NR Measurement definitions and reference point

· UE architecture 

· the need for measurement gaps for inter-frequency and inter-RAT measurements

· Interruption requirements

· Other contributions are not precluded

In this contribution, we further discuss UE measurement capacity and capabilities.
2 Discussion

2.1 Frequency layers
In NR, the UE capability will likely have at least the same number of dimensions as in LTE or even more.

For example, the total number of frequency layers for monitoring and measurements have been limited also in other RATs, and those can be grouped for RRC connected state as follows:
· Serving frequency layers (i.e., the carriers of the PCell, SCells, and PSCell)
· Inter-frequency carriers 

· Inter-RAT carriers

In a similar way, the total number of frequency layers for monitoring and measurements can be grouped for RRC IDLE state or RRC inactive state as follows:

· Serving frequency layer (i.e., the carrier of the PCell)

· Inter-frequency carriers 

· Inter-RAT carriers

In RRC connected state the number of serving frequency layers is typically determined by the supported CA combinations, which tends to be release independent. The same approach for counting the number of supported serving carriers should also apply in NR.

The numbers of inter-frequency carriers and inter-RAT carriers are specified by several parameters. For example, in LTE, these are summed up in Nfreq as follows:
Nfreq = Nfreq, E-UTRA + Nfreq, UTRA + Mgsm + Nfreq, cdma2000 + Nfreq, HRPD,
where, e.g., the numbers are specified per RAT (e.g., the number of monitored E-UTRA inter-frequency carriers is 3) but also the total (7 carriers). Furthermore, to allow for increased carrier monitoring, different Nfreq numbers were further specified for normal and reduced performance, i.e., Nfreq =Nfreq,n + Nfreq,r, which are further specified for selected RATs. With the increased carrier monitoring, the number of monitored E-UTRA inter-frequency carriers is 8, while the total number of monitored carriers is 12.
Increased carrier monitoring should not be of a highest priority for NR, at least in the first NR release, since the basic carrier monitoring needs to be developed first.
· Proposal 1: Normal carrier monitoring should be prioritized in NR discussions for Rel-15.

For SA NR, perhaps the same approach as above could be reused, though the set of RATs may be narrowed down. Also, it should be kept in mind that inter-RAT UTRA is not in Rel-15.
In NSA NR, measurements can be configured by both LTE PCell and NR PSCell, so the same non-serving carrier may appear to be inter-frequency or inter-RAT, depending on the configuring RAT. In addition, the number of serving carriers within MCG and SCG should correspond to the number of component carriers for which RF requirements shall be defined by the RAN4 RF group.
· Observation 1: In NSA NR, there is a need to more clearly distinguish between inter-RAT and inter-frequency carriers, to avoid double counting of the frequency layers.
Until recent releases, it has also been a common understanding that there is typically no need for measurement gaps for serving carriers, while measurement gaps are needed for inter-frequency and inter-RAT. With the introduction of FeMTC, measurement gaps may also be needed for intra-frequency measurements when bandwidth-limited UE need to retune to the central PRBs in order to receive PSS/SSS, while it may be configured to receive data in other parts of the system bandwidth. In NR, RAN4 is still discussing whether measurement gaps may or may not be needed for intra-frequency measurements. Furthermore, the border between intra- and inter-frequency is more blurred in NR at this stage.
· Observation 2: In NR, the definitions of intra- and inter-frequency may be revisited. Also, intra-frequency measurements may or may not be gapless, which is yet to be decided.
· Proposal 2: Nfreq (number of inter-frequency and inter-RAT NR and E-UTRA carriers excluding serving carriers) is defined as follows:

· NSA NR: Nfreq = Nfreq, NR + Nfreq, E-UTRA 
· SA NR: Nfreq = Nfreq, NR + Nfreq, E-UTRA 
· Proposal 3: Per-RAT numbers of carriers are defined as:

· NSA and SA: The baseline number of inter-frequency NR layers, at least with the current terminology, is Nfreq, NR =3. 
· NSA: Nfreq, E-UTRA includes only the LTE inter-frequency carriers configured by LTE PCell but not NR carriers configured by LTE since these are counted as NR inter-frequency in Nfreq, NR 
· SA: Nfreq, E-UTRA includes the LTE carriers configured by a serving NR cell, even though the number may be the same as for NSA

· Proposal 4: The total numbers of carriers are:

· NSA NR: Nfreq = Nfreq, NR + Nfreq, E-UTRA = [6]
· SA NR: Nfreq = [6]
· Proposal 5: To enable selecting of NR carriers to be configured as a PSCell, also the existing Nfreq in LTE needs to be updated to include Nfreq, NR for inter-RAT measurements on NR carriers.

As of measurements within a carrier (currently termed “intra-frequency”) but on different parts of the bandwidth, if RAN4 decides on the needs for measurement gaps for such measurements, then also the number of “intra-carrier layers” used in parallel may need to be restricted.
· Proposal 6: If gaps are to be used for intra-frequency measurements, the number of intra-carrier layers may also need to be restricted. Which may also depend on whether multiple SS block locations in frequency within the same carrier are allowed in different cells.
2.2 Number of cells and number of beams
Like in LTE, RAN4 needs to also determine the minimum number of intra-frequency and inter-frequency cells the UE will be required to measure. 
The number of intra-frequency cells and beams depends on how many of them are detectable (or seen at a certain SINR) by the UE in typical NR deployment scenarios and is to be based on system simulations. The numbers may also be different for different frequency ranges, since more beams can be envisioned at higher frequencies, e.g., the number of cells may be smaller (e.g., 4 at higher frequencies instead of 8 which may be a baseline for lower frequencies) when the minimum number of beams per cell that the UE shall be able to detect and measure in parallel increases.
The number of inter-frequency cells has to be determined while taking into account whether the UE is also expected to measure multiple beams within a single inter-frequency cell. For example, it may be smaller than that for intra-frequency, if the UE measures also multiple beams in inter-frequency cells.
· Proposal 7:  The numbers of intra-frequency cells and beams are based on system simulations.
· Proposal 8: The numbers of intra-frequency cells and beams may be different for lower and higher frequencies.
· Proposal 9: The number of inter-frequency cells is not necessarily smaller than that for intra-frequency, e.g., when multiple beams per cell are measured for intra-frequency but not inter-frequency.
2.3 Numerologies
In NR, UE will support multiple numerologies, implying that there may be measurements configured in parallel (i.e., during overlapping time periods) 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. 

Multiple numerologies in parallel may further imply different numerologies multiplexed in the frequency or time domain. If the latter may be supported by all UEs, the former may be a UE capability.
The number of measurements the UE can support in parallel may also be impacted by the corresponding numerologies, even if a single numerology is used for all. And there may be a further impact if different numerologies are used in parallel.
 It is likely that not all UEs will support all numerologies, but it may be also so that even not all supported numerologies can be used at the same time. Furthermore, given that smaller subcarrier spacing may be more demanding requiring more samples in frequency and a larger FFT size, it is likely that the UE measurement capability may also depend on the numerologies used in parallel.

· Proposal 10:  If multiple numerologies are specified for a carrier, the UE shall be able to support at least two different numerologies in parallel (e.g., one for SS block measurements and another one for CSI-RS measurements or for channel quality estimation).

2.4 Event triggered reporting
Event triggering reporting will also be specified for NR, so the corresponding UE capabilities for support of event triggering and reporting criteria are also needed.
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