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1. Introduction
In previous RAN4 meeting, several papers have discussed on RRM requirement impact due to flexible numerology in NR. In this paper, we provide our consideration on RRM measurement requirement with flexible numerologies of subcarrier spacing for NR.
2. Discussion
In NR, multiple numerologies are supported in RAN1 in the previous meeting. The related agreement in RAN1 was captured in the LS [1] sent to RAN4:
	R1-1613652	[DRAFT] LS on subcarrier spacing and carrier frequencies	Ericsson
RAN1 has agreed on a subcarrier spacing fc=15·2n as the subcarrier spacing for NR. RAN1 has also discussed the possible values of the integer n and at RAN1 currently discuss to support of at least 15, 30, 60, 120, 240, and 480 kHz while the need for smaller subcarrier spacings of e.g., 3.75 kHz is for further study according to the decision at RAN1 #86:
· NR numerology scalability should allow at least from [3.75 kHz] to 480 kHz subcarrier spacing 
· Necessity of support for less than 15 kHz subcarrier spacing (e.g., 3.75 kHz) should be studied
The feasibility of a certain subcarrier spacing may depend on e.g. implementation imperfections such as phase noise at different carrier frequencies. The feasibility may also depend on the deployment scenario. RAN1 would therefore ask RAN4 for feedback which subcarrier spacings that are feasible at different carrier frequencies. 
RAN1 is currently studying the design and performance of phase noise tracking reference signal


In LTE, only numerology of 15 kHz subcarrier spacing is supported. However for NR, multiple numerologies are supported. Thus, it is worth to investigate how to define RRM requirements with different numerologies of subcarrier spacing.
In LTE, the RRM requirements is determined by the measurement bandwidth, and the measurement bandwidth is compose of number of RBs, e.g. 20MHz equal to 100RBs with the subcarrier spacing is 15KHz. However in NR, the same measurement bandwidth would have different number of RBs with different numerologies of subcarrier spacing configuration, in other words, the same number of RBs would have different size of measurement bandwidth, as illustrate in figure 1, one PRB with subcarrier spacing of 15 KHz equal to 180KHz measurement bandwidth, and one PRB with subcarrier spacing of 30 KHz equal to 360KHz measurement bandwidth. 


Figure 1: RB with different subcarrier spacing
Therefore, for a given number of RBs, RRM performance requirements would be different with different numerologies of subcarrier spacing. 
What’s more, the RRM measurement performances are generally related to the measurement of the related reference signal REs within a given measurement period. Resource Element (RE) was defined as the resource unit in time and frequency. In NR, RAN1 has agreed that resource element (RE) is defined by one subcarrier and one symbol, so different numerologies of subcarrier spacing would have different size of RE. And thus, for a given bandwidth or a given number of RBs, the samples of REs used for measurement will be less with different numerologies of subcarrier spacing.
Observation 1: For a given measurement bandwidth or a given number of RBs, the samples of REs used for measurement would be less with expanding the subcarrier spacing.

RSRP/RSRQ requirement is one of important aspects for RRM measurement requirement, and in LTE, RSRP/RSRQ is defined as the linear average over the power contributions of the REs that carry cell-specific reference signals within the considered measurement frequency bandwidth. For a RE with different numerologies of SCS, e.g. SCS1 = 15 KHz and SCS2 = 30 KHz. The signal strength of measured RSRP1 and RSRP2 would be the same over RE1 and RE2, since the available CRS in RE2 is two times as many as those in RE1, and RE2’s size is also two times of RE1’s size. However, the RSRP/RSRQ measurement accuracy would be degraded with higher subcarrier spacing regardless the additional noise and interference due to the propagation channel, as illustrated in figure2, since the available samples of REs will be less for average. Thus, for a given measurement bandwidth, the measurement accuracy of RSRP/RSRQ would be degraded with expanding the subcarrier spacing.


Figure 2: RSRP/RSRQ with different numerologies of subcarrier spacing
Observation 2: For a given measurement bandwidth and measurement period, the measurement accuracy of RSRP/RSRQ would be degraded with expanding the subcarrier spacing regardless the additional noise and interference due to the propagation channel.

From above observations, a straightforward way is to define the RRM performance requirement with metric represented by subcarrier spacing. It means that the RRM requirement could be subcarrier spacing specific, like the measurement period depends on the subcarrier spacing, the wider subcarrier spacing configured, the much time measurement would be taken. And there is an alternative solution to define a basic RRM requirement, e.g. subcarrier spacing of 15 KHz as baseline, and RRM requirement over different numerologies of subcarrier spacing would be determined by scaling the basic requirement of 15 KHz subcarrier spacing.
Proposal 1: The RRM performance requirement could be defined with metric represented by subcarrier spacing.
Proposal 2: The alternative solution is to define a basic RRM requirement, e.g. subcarrier spacing of 15 KHz as baseline, and RRM requirement over different numerologies of subcarrier spacing would be determined by scaling the basic requirement of 15 KHz subcarrier spacing.
3. Conclusion
In this contribution, we discuss the RRM requirements with different numerologies of subcarrier spacing, from the above analysis, we observed that RRM requirements should be defined with different subcarrier spacing. And the observations and proposals are presented as follows:
Observation1: For a given measurement bandwidth or a given number of RBs, the samples of REs used for measurement would be less with expanding the subcarrier spacing.
Observation2: For a given measurement bandwidth and measurement period, the measurement accuracy of RSRP/RSRQ would be degraded with expanding the subcarrier spacing regardless the additional noise and interference due to the propagation channel.
Proposal1: The RRM performance requirement could be defined with metric represented by subcarrier spacing.
Proposal2: The alternative solution is to define a basic RRM requirement, e.g. subcarrier spacing of 15 KHz as baseline, and RRM requirement over different numerologies of subcarrier spacing would be determined by scaling the basic requirement of 15 KHz subcarrier spacing.
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