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1 Introduction
NR supports multiple numerologies. In RAN1 NR adhoc meeting, TR38.802 (R1-1700590) with agreements of numerologies was approved. 

In LTE, the RRM requirement is determined by the measurement bandwidth. The measurement bandwidth is in unit of MHz or number of RB. 50 RBs equal to 10 MHz since subcarrier spacing is always15kHz.

However in NR, different numerologies are supported. 10MHz may equal to e.g. 50/100/150 RBs since the subcarrier spacing is different. Therefore it is necessary to discuss how to determine RRM requirements over different numerologies.

This paper provides discussion over RRM requirements over different numerologies
2 Discussion on RRM requirement over different numerologies

Numerologies will impact RRM requirement. For a given bandwidth in unit of RB, different subcarrier spacing will determine how many REs are available for measurement during a given time, thus impact measurement accuracy and measurement period requirement.

In LTE, only numerology with 15kHz subcarrier spacing is supported. For NR, multiple numerologies are supported. Therefore, an extra dimension of numerologies will also affect RRM requirement, along with bandwidth, SNR side conditions. Therefore it is worth while to discuss how to define RRM requirements over different numerologies for a given bandwidth and side conditions.

RRM requirements are generally associated with reference signal measurement performance to obtain signal strength (RSRP/RSRQ requirement) and timing information (RSTD, UE Rx-Tx measurement and UE Tx timing requirement). For conducted RRM requirement, the measurement performances are generally determined by the number of reference signal REs within a given measurement period.
In LTE, both unit of RB and unit of Hz are used for defining RRM requirement. These two units are the same for LTE since only one subcarrier spacing is supported.

Observation1: In LTE, both unit of RB and unit of Hz are used for defining RRM requirement

However for NR, if we use RB number and absolute time in second as units, different subcarrier spacing will determine how many REs available during a given measurement time. The measurement period requirements over different numerologies with different subcarrier spacing can be derived by scaling a basic requirement of 15KHz subcarrier spacing by an integer N.
If we use Hz and second as metrics for defining RRM requirement, the number of REs available during a certain period will not be affected by different numerologies. 
Thus there are two options for choosing unit for RRM requirement

Option1: RRM requirements are determined by the RB number

· Define basic RRM requirements based on 15KHz subcarrier spacing numerology

· The measurement period requirements over different numerologies with different subcarrier spacing are derived by scaling a basic requirement of 15KHz subcarrier spacing by an integer N.

Option2: RRM requirements are determined by the unit in Hz
· Aim to define a single measurement period for different carrier spacing.

Observation2: How to choose the unit of BW and time will impact RRM requirement.
NR supports different numerologies and different services, ie. eMBB/URLLC. Different accuracy requirements may be needed for different services. However, there are too many combinations of numerology, bandwidth and UE capabilities. It would be hard to define RRM requirements for each combination. Thus it is beneficial to aim to maintain the same accuracy requirements and measurement period over different numerologies for a given bandwidth, side conditions and services.
Proposal1: two options for choosing unit for RRM requirement


Option1: RRM requirements are determined by the RB number

· Define basic RRM requirements based on 15KHz subcarrier spacing numerology

· The measurement period requirements over different numerologies with different subcarrier spacing are derived by scaling a basic requirement of 15KHz subcarrier spacing by an integer N.

Option2: RRM requirements are determined by the unit in Hz
· Aim to define a single measurement period for different carrier spacing.

Observation3: If we use Hz and second as metrics for defining RRM requirement, the number of REs available during a certain period will not be affected by different numerologies.

If we use Hz and second as metrics for defining RRM requirement, the number of REs available during a certain period will not be affected by different numerologies. For conducted RRM requirement without RF component impact, we can keep a single RRM requirement for different numerologies. In principle The RRM measurement period requirement shall not be affected by different numerologies. The RRM measurement accuracy requirement shall not be affected by different numerologies in principle..
LTE RRM requirements are generally defined assuming that measurement bandwidth remains unchanged. NR may have dynamical bandwidth over time. At least for single carrier operation, NR should allow a UE to operate in a way where it receives at least downlink control information in a first bandwidth and where the UE is not expected to receive in a second MEASUREMENT bandwidth that is larger than the first bandwidth within less than X µs. 

NR dynamical bandwidth will impact NR RRM requirements. If during the measurement period the bandwidth is changed, the measurement performance will change accordingly. It is also possible that both network and UE cannot know in advance the timing and value of bandwidth change. Thus it is difficult to predict that the bandwidth during the measurement period.
In the last meeting, RAN1 reached the following agreement regarding flexible bandwidth and numerology:
· One or multiple bandwidth part configurations for each component carrier can be semi-statically signaled to a UE
· A bandwidth part consists of a group of contiguous PRBs
· Reserved resources can be configured within the bandwidth part
· The bandwidth of a bandwidth part equals to or is smaller than the maximal bandwidth capability supported by a UE
· The bandwidth of a bandwidth part is at least as large as the SS block bandwidth
· The bandwidth part may or may not contain the SS block

· Configuration of a bandwidth part may include the following properties
· Numerology
· Frequency location (e.g. center frequency)
· Bandwidth (e.g. number of PRBs)
· Note that it is for RRC connected mode UE
· FFS how to indicate to the UE which bandwidth part configuration (if multiple) should be assumed for resource allocation at a given time
· FFS neighbour cell RRM
As shown in the figure1, it is possible that a minimum measurement bandwidth will be defined. In this way, even after bandwidth change, the measurement period may keep the same since measurement bandwidth is not changed. It is also possible that the measurement bandwidth also change over time. Thus the measurement period may change. The numerology changing over time may not affect the measurement period, but it depends on reference signal design.
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Proposal2: Study how to define RRM requirements if measurement bandwidth and numerology change over time.
3 Conclusion

This contribution discusses on RRM requirements over different numerologies.

Observation1: In LTE, both unit of RB and unit of Hz are used for defining RRM requirement

Observation2: How to choose the unit of BW and time will impact RRM requirement.
Observation3: If we use Hz and second as metrics for defining RRM requirement, the number of REs available during a certain period will not be affected by different numerologies.

Proposal1: two options for choosing unit for RRM requirement


Option1: RRM requirements are determined by the RB number
· Define basic RRM requirements based on 15KHz subcarrier spacing numerology

· The measurement period requirements over different numerologies with different subcarrier spacing are derived by scaling a basic requirement of 15KHz subcarrier spacing by an integer N.

Option2: RRM requirements are determined by the unit in Hz
· Aim to define a single measurement period for different carrier spacing.
Proposal2: Study how to define RRM requirements if measurement bandwidth and numerology change over time.
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