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1. Introduction

In the last meeting, a way forward on NR RRM was agreed [1]. It is agreed that the impact on the measurement accuracy (e.g. RSRP) from the multiple subcarrier spacing shall be studied in RAN4.This contribution provides discussion on the impact on the measurement requirements from the flexible numerology .

2. Discussion 
2.1 Consideration on measurement requirements for multiple usage scenarios
In LTE, the measurement requirements include measurement delay and measurement accuracy. There are different requirements for different scenarios. Take intra-frequency RSRP measurement with no DRX as an example，the measurement requirements for different scenarios are shown in Table 1. The reason why different measurement requirements are specified is that different usage scenario has different requirements demand. For eMTC and NB-IOT scenario, the main feature is low cost, so the measurement requirements are relaxed compared with legacy UE. As for the different requirements between eMTC and NB-IOT, it is due to the different NRS design and measurement bandwidth.
Table 1 measurement requirements of intra-frequency RSRP
	
	Measurement delay (ms)
	Measurement accuracy (dB)

	UE category >= 1
	200
	+-4.5dB

	UE category M1 (CE mode A)
	480
	+-7dB

	UE category M1 (CE mode B)
	800
	+-8dB

	UE category NB (normal coverage)
	800
	+-6dB

	UE category NB (extended coverage)
	1600
	+-10.3


Observation 1: In LTE, there are different measurement requirements target for different scenarios. 

For NR, in order to guarantee the mobility performance, the current measurement quantity (eg, RSRP, RSRQ and RS-SINR) should be considered. And the measurement requirements also should include measurement delay and measurement accuracy to guarantee the mobility performance.
There are three usage scenarios for 5G NR including eMBB, URLLC, mMTC. eMBB addresses the human-centric use cases for access to multi-media content, services and data. Compared with existing mobile broadband, the system performance and user experience should be improved. URLLC has stringent requirements for capabilities such as throughput, latency and availability. And mMTC is characterized by a very large number of connected devices typically transmitting a relatively low volume of non-delay-sensitive data. 
It can be seen that these three usage scenarios have different features, resulting in different measurement performance demand. Compared with eMBB or URLLC scenario, the measurement requirements of mMTC scenario may be relaxed due to its low cost feature. And the measurement requirements of URLLC may be more tightened than in eMBB case due to its stringent requirements for latency and other capabilities. If the same measurement requirements are applied, the performance of each scenario may be not guaranteed. It is a good way to use the same methodology as in LTE, defining different measurement requirements for different scenarios.
Observation 2: In NR, different usage scenario has different measurement performance demand. It is a good way to define different measurement requirements for different scenarios.

2.2 Consideration on measurement requirements for single usage scenario
In the January NR meeting, RAN1 made following agreements on NR mobility [2]:
	· The following always-on signals are used for RRM measurement for L3 mobility in IDLE mode:

· NR synchronization signal, or
· NR synchronization signal, and additional DM-RS for PBCH if DM-RS is supported for PBCH, or

· Note: How to use DM-RS for RRM measurement is up to UE implementation

· DM-RS for PBCH if DM-RS is supported for PBCH

· Note that down selection will be needed if DM-RS for PBCH is supported

· For CONNECTED mode RRM measurement for L3 mobility, the following RS can be used if needed, in addition to IDLE mode RS:

· FFS: CSI-RS,

· FFS: RS separately designed from CSI-RS

· Note that possibility of multiplexing of wideband RS in SS block is not precluded


From above agreements, it can be concluded that RRM measurement is performed on at least synchronization signals for both idle and connected state. In November Reno meeting, RAN1 agreed that for initial access, UE can assume a signal corresponding to a specific subcarrier spacing of NR-PSS/SSS in a given frequency band. In terms of the given frequency band, two frequency range categories are assumed in RAN1 NR meeting. The default subcarrier spacing for frequency range category #1(below 6 GHz) is selected from [15KHz, 30KHz, 60KHz]. The candidate default subcarrier spacing for frequency range category #2(from 6 GHz to 52.6GHz) are [120KHz, 240KHz]. In addition, it is not precluded that more frequency categories are introduced. It can be seen that different subcarrier spacing of synchronization signals are adopted for different frequency range.
In addition to synchronization singals, reference signals (DMRS for PBCH or CSI-RS) could also be used for RRM measurement. The numerology of such reference signals is same with data. According to RAN1 agreements, specification supports multiplexing numerologies in TDM and/or FDM within/across (a) subframe duration(s) from a UE perspective. So additional measurement reference signals may have multiple numerologies.
No matter what kind of signals are used for RRM measurement , different subcarrier spacing may be adopted for the same sencario (e.g. eMBB). This mechanism may have impact on measurement requirements. Measurement requirements are defined according to the necessary number of measurement samples and power consumption. As discussed above, for single usage scenario (eg, eMBB), the measurement requirements is based on its target measurement demand. It is possible that one set of requirements (accuracy, time delay) are defined for certain scenario. Same measurement bandwidth with various subcarrier spacing will result in different measuremnet performance. So if fixed minimum measurement bandwidth is used for all the possible subcarrier spacing, one set of requirements cannot apply to each numerology. In order to solve above issue, one possible solution is to change the minimum measurement bandwidth according to the numerology adopted.
Observation 3: For single usage scenario, different numerology may be adopted. It is a better way to consider flexible minimum measurement bandwidth according to the subcarrier spacing. 
3. Conclusion
This contribution provides discussion on the measurement requirements for NR and the observations are:

Observation 1: In LTE, there are different measurement requirements target for different scenarios.
Observation 2: In NR, different usage scenario has different measurement performance demand. It is a good way to define different measurement requirements for different scenarios.

Observation 3: For single usage scenario, different numerology may be adopted. It is a better way to consider flexible minimum measurement bandwidth according to the subcarrier spacing. 
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