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Discussion
1 
Introduction
In RAN #75 meeting, the WID of NR was approved in [1], the RRM specification related scopes are self-contained as below,

	·    Radio Resource Management
· Conducted RRM requirements for below 6GHz 
· Note: Conducted and/or OTA RRM requirements for between 6GHz and 24 GHz will be specified once bands within this range are introduced into WID
· OTA RRM requirements for above 24GHz
· Requirements for Non-Stand-alone operation
· Requirements related to following procedures are not included.
· Idle mode mobility 
· Requirements for Stand-alone operation
· OTA test aspect affecting UE RF, BS RF and RRM core requirements


And as the flexible numerology in NR was studied as one of important RRM topics in NR SI [2], in this contribution based on the latest agreements of RAN1&RAN2 we provide some further considerations and numeric analysis on the NR RRM impacts from the flexible numerologies in NR. 
	Flexible Numerology

Agreements

· Requirements (e.g., measurement time, measurement  accuracy, cell discovery time, beam based measurement requirements, delay requirements etc) will  support different subcarrier spacing in NR

· It is necessary to study suitable conditions to handle e.g. different numerologies (for example, grouping or rules to scale requirements between numerologies)to avoid needing to investigate and specify each configuration in detail 

· Requirements will support scenarios where the same and different numerologies are configured within one channel bandwidth e.g. for SA, and for different component carriers in carrier aggregation and dual connectivity

· Any requirements for fixed numerologies are investigated before requirements for dynamic or mixed numerologies

Way forward

· Companies to investigate in what circumstances UE is aware of neighbour subcarrier spacing, and the potential impact on the requirements of the known and unknown numerology

· Discuss the impact of different numerologies


2 Discussion 
One of new important aspects in NR is the multiple numerologies. The latest RAN1 agreements on the multiple numerologies in NR achieved over the previous meetings are self-contained below. 
	R1-1613652
[DRAFT] LS on subcarrier spacing and carrier frequencies
Ericsson

Agreed in R1-1613748 with following updates
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


And RAN1 also agreed that a certain subcarrier spacing will be specified at the different frequency. It can avoid the higher power consumption and other potential problems brought by the ambiguity on the subcarrier spacing in NR. This is helpful to reduce UE complexity. 
However, it seems other problems brought by the different numerology for RAN4 requirements are still be noted. For example, in NR the different subcarrier spacing may result in the different accuracy requirements. Some evaluation simulation results will be provided for the following two cases:

· The subcarrier spacing of measurement reference signal= 15k
· The subcarrier spacing of measurement reference signal = 60k
And practically the coherent combination among the closest available RE in the frequency domain will be assumed. The other important simulation assumptions will be provided in Appendix. 
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Figure 1. RSRP with the different subcarrier spacing
Based on the simulation results above, we can see that the absolute RSRP accuracy requirement with 60kHz subcarrier spacing can be looser than these with 15Khz obviously. For example, when SINR is -6dB under EVA channel, the absolute RSRP measurement accuracy can be less than -3dB and -1dB for 60KHz and 15KHz subcarrier spacing respectively. 
Observation 1: The measurement accuracy requirements with the different subcarrier spacing can be much diverse.

Thus the reported RSRP per RE [3] could be misaligned among all measurement cells in which only the subcarrier spacing are various. In other words, in NR the reported RSRP depending on the all CRS REs is not accurate enough to justify the real signal strength among the measurement cells/carriers in which the subcarrier can be vary. For example, the relative RSRP between the two measured cells can be biased by the different subcarrier spacing indeed. 

Observation 2: In NR, the RSRP per RE could not accurately trigger the inter-frequency mobility management events because of the variable numerology.

From the RAN4 standardization works perspective, if the different RSRP measurement accuracy requirements needed for the different numerology combination, it will increase too much standardization works and testing cases for such cases at least. 
Observation 3: The different RSRP measurement accuracy requirements for the multiple numerology will increase the RAN4 standardization working loading significantly.

Particularly, in case of different subcarrier spacing RSRP measurement performance may be different regarding to the frequency offset. In the higher frequency band, the larger subcarrier spacing can be more tolerated with the fixed frequency offset. 

Observation 4: The frequency offset and EVM under the different subcarrier spacing may impact on RSRP accuracy measurement alignment. 
Therefore, the proposal below can be drawn:
Proposal 1: The misalignment between the measurements (e.g. RSRP) with the different subcarrier spacing shall be studied in NR WI.
Proposal 2: The feasibility of same measurement accuracy requirements for the different numerologies is preferable and shall be studied in NR WI in RAN4. 
3 Conclusion
In this contribution the RRM impacts from the multiple numerologies in NR was provided. The following observations and proposals can be drawn: 
Observation 1: The measurement accuracy requirements with the different subcarrier spacing can be much diverse.

Observation 2: In NR, the RSRP per RE could not accurately trigger the inter-frequency mobility management events because of the variable numerology.

Observation 3: The different RSRP measurement accuracy requirements for the multiple numerology will increase the RAN4 standardization working loading significantly.
Observation 4: The frequency offset and EVM under the different subcarrier spacing may impact on RSRP accuracy measurement alignment.

Proposal 1: The misalignment between the measurements (e.g. RSRP) with the different subcarrier spacing shall be studied in NR WI.
Proposal 2: The feasibility of same measurement accuracy requirements for the different numerologies is preferable and shall be studied in NR WI in RAN4. 
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5 Appendix

Table 5.2.1-3: Simulation parameters for measurement

	Parameters
	Value
	Comments

	Measurement bandwidth
	6 resource blocks
	Both RSRP and RSSI measured over 6 RB

	System bandwidth
	6 resource blocks
	

	L1 measurement period
	200 ms
	

	Measurement sampling rate
	-
	Implementation dependent

	L3 filtering
	disabled
	

	Transmit antenna
	1
	

	Receive antennas
	2
	The receive diversity rule as defined in TS 36.214. Both antennas with equal gain, no correlation between them.

	DRX/DTX
	OFF
	DRX/DTX to be considered at later stage

	Propagation conditions
	EVA, EPA
	AWGN for alignment purposes

	CP Length
	Normal
	

	Frequency band
	2.7 GHz
	

	Ês/Iot
	-8 to +3 dB
	To be varied


