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Introduction
[bookmark: OLE_LINK20]RAN4 started initial discussion on RRM for NR WI [1] in last RAN4 #82 meeting. Actually most of RRM requirements are highly dependent on RAN1/2 design. Considering the timeline, it is encouraged to focus on issues that are less RAN1/2 dependent, e.g. 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.
In this contribution, we provide our initial view on UE measurement capabilities in NR. Our starting point is to first take a close look at and summarize the UE measurement capabilities in E-UTRAN. And then analyze the difference between E-UTRAN and NR. After discussion some observations and proposals are provided.
UE measurement capabilities in E-UTRAN
In this section we summarize the UE measurement capabilities in E-UTRAN according to TS36.133.
Most E-UTRAN UE support measurement for intra-frequency, inter-frequency and inter-RAT. For intra-frequency measurement, most UE don’t need gaps. Meanwhile, most UE require gaps to identify and measure inter-frequency and/or inter-RAT cells. 
For intra-frequency measurement without gap, there is capability requirement of number of cells the UE shall be capable of perform measurement for. In LTE, the number of cells was derived from system simulation. More specifically, RAN4 first discusses and agrees on simulation scenarios and the side condition level with which a cell can be considered as detectable. And then simulation campaign is ran to determine the final number of cells.
For inter-frequency and inter-RAT measurement with gap, the capabilities requirements (Monitoring of multiple layers) consist of following aspects:
a) Measurement quantities
b) Number of frequency layers
c) Number of carriers per RAT group
d) Number of cells per inter-frequency
We would like to highlight that the inter-frequency and inter-RAT measurement capabilities have impact on related measurement requirements. Take inter-frequency measurements without DRX for example, the requirement can be found in TS36.133 Table 8.1.2.3.1.1-1, which is reproduced here:
Table 8.1.2.3.1.1-1: Measurement period and measurement bandwidth
	Configuration
	Physical Layer Measurement period: TMeasurement_Period _Inter_FDD [ms] (normal performance)
	Physical Layer Measurement period: TMeasurement_Period _Inter_FDD [ms] (reduced performance)
	Measurement bandwidth [RB]

	
0
	480 x Kn x Nfreq,n
	480 x Kr x Nfreq,r
	6

	1 (Note)
	240 x Kn x  Nfreq,n
	240 x Kr x  Nfreq,r
	50

	Note: This configuration is optional


As can be found in the above table, physical layer measurement period is scaled with Nfreq, which is the number of inter-frequencies being monitored. A larger number of Nfreq leads to longer measurement period for each inter-frequency cell, which will degrade the mobility performance. However, rather small number of Nfreq is also harmful to system performance. Especially for complicated scenarios, i.e. surrounding by quite a lot of inter-frequency carriers deployment, UE might miss some of them and eventually have poor mobility performance. 

[bookmark: OLE_LINK18]Consideration in NR
A NR UE shall also be capable of intra-frequency, inter-frequency and/or inter-RAT measurement. 
Number of cells to be monitored
For SA or NSA with NR PCell scenarios, we believe system simulation is also needed to determine the minimum number of cells being monitored at the same time. Similar approach for simulation can be foreseen, i.e. first try to agree on scenarios (better to align with other working group) and side condition, and then run simulation campaign to determine the final number. For example, following steps can be considered:
1. preliminarily run system simulation to obtain the coarse side condition of edge UE
2. based on coarse side condition, run link simulation to determine the fine side condition, taking power consumption and delay into account
3. run system simulation to collect the number of cells whose quality is above the side condition derived from link simulation
[bookmark: _Ref481488658]Observation 1: For SA or NSA with NR PCell scenarios, both system level and link level simulations are needed to determine the number of cells being monitored.

[bookmark: OLE_LINK19]For NSA case with LTE PCell, since the NR cell can only work as PSCell, the measurement of neighbor cells is only for PSCell management. Thus the number of cells required to be monitored simultaneously is expected to be much smaller than that of SA case. The number would most likely depend on actual deployment. It’s unlikely to deploy too many NR cells on a single gNB.
[bookmark: _Ref481488661]Observation 2: for NSA case with LTE PCell, the number of NR cells being monitored is expected to be much smaller than that of SA case. 

Number of frequency layers to be monitored
As discussed in section 2, capabilities of number of frequency layers to be monitored have impact on measurement requirements on each frequency layers. Measurement period and cell identification delay need to be scaled with this number. Legacy requirements of Nfreq come from deployment demand, as well as the consideration of UE complexity, power consumption and system performance. 
For SA case, it is recommended to have operator input on deployment plan before we conclude Nfreq. System performance can be evaluated by system simulation, in which the scaled requirements (e.g. measurement period, cell identification delay and etc.) of intra-frequency case with Nfreq is assumed. The intra-frequency requirements can be developed once the physical layer design of measurement candidate signals is finalized in RAN1.
For NSA case with LTE PCell, similar with discussion in section 3.1, the measurement of neighbor cells is only for PSCell management. It is also unlikely to deploy too many frequency layer on a single gNB. 
[bookmark: _Ref481488664]Observation 3: for NSA case with LTE PCell, the number of inter-frequency layers being monitored is expected to be much smaller than that of SA case.

Inter-RAT measurement
There are quite a lot of new bands for NR under discussion in RF session. Note that most of them are developed for NR only, especially for ones in high frequency (above 6GHz). At the very beginning of NR era, we don’t think a NR UE can support lots of bands or band combinations covering both low and high frequency. Instead, UE that supports band(s) above 24GHz probably cannot support any existing low frequency bands of LTE or any other RATs.
Meanwhile, there are also some NR bands which are re-farmed from existing LTE bands. So the NR UE that works on these bands could support both NR and LTE. Especially for NSA with LTE PCell case, UE mobility procedure is handled in LTE cell. Therefore UE needs to follow existing inter-RAT measurement requirements in TS36.133, including capabilities defined in TS36.133 section 8.1.2.1.
Thus from UE measurement capabilities point of view, we can have following observation:
[bookmark: _Ref481488667]Observation 4: a high frequency band NR UE probably cannot support any existing low frequency bands of LTE or any other RATs. 
[bookmark: _Ref481488670]Observation 5: UE that support NSA with LTE PCell needs to follow existing inter-RAT measurement capabilities requirements in TS36.133.

Number of beams to be monitored
Beamforming is one of the key technologies in NR. UE mobility can be handled in terms of changing serving beam(s), which means UE needs to monitor multiple beams from serving and even neighbour cells. That’s quite different from LTE. In LTE UE only need to maintain one measurement for each cell. Whilst in NR UE might need to maintain several measurements for each cell (one measurement corresponds to one received beam). According to RAN1 design, a gNB can have up to tens of downlink beam. It is impossible for a UE to monitor all the beams from a gNB. 
However, beam quality is quite sensitive to direction. Take the following figure for example, only TX beam 2 and 3 are visible.


Figure 1 downlink beamforming
In order to determine the number of beams to be monitored simultaneously, we need system simulation to figure out how many beams are visible (beam quality above certain threshold). Note that the mentioned thresholds may need to be derived from link level simulation. For instance, under what kind of single level the beam can be deemed as good enough to serve. After that we can further evaluate whether the amount of measurement is acceptable from UE complexity and power consumption perspective. Note that the system simulation results highly depend on the simulation assumption, such as the total number of gNB TX beams, beams directions, expected received beam quality and etc. And the beam level side condition here could be different from cell level side condition mentioned in section 3.1, especially in RRC_CONNECTED mode there is/are additional signal(s) available for measurement, e.g. CSI-RS and etc. 
[bookmark: _Ref481488680]Observation 6: both system level and link level simulations are needed to determine the number of beams to be monitored.

Conclusion
In this contribution we provide initial consideration on UE measurement capabilities in NR. After discussion the following observations are made:
Observation 1: For SA or NSA with NR PCell scenarios, both system level and link level simulations are needed to determine the number of cells being monitored.
Observation 2: for NSA case with LTE PCell, the number of NR cells being monitored is expected to be much smaller than that of SA case.
Observation 3: for NSA case with LTE PCell, the number of inter-frequency layers being monitored is expected to be much smaller than that of SA case.
Observation 4: a high frequency band NR UE probably cannot support any existing low frequency bands of LTE or any other RATs.
Observation 5: UE that support NSA with LTE PCell needs to follow existing inter-RAT measurement capabilities requirements in TS36.133.
Observation 6: both system level and link level simulations are needed to determine the number of beams to be monitored.
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