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1 Introduction
In this contribution, we discuss on the issue for measurement capability for NR based on agreed WF[1] in the last meeting.
2 Discussion 
In the last RAN4 meeting, the followings related to definition for intra/inter-frequency measurement in NR were agreed in WF.

	· Three categories of measurement are agreed

· Intra-frequency measurement without RF retuning

· Intra-frequency measurement with RF retuning

· Inter-frequency measurement with RF retuning

It is FFS if the center frequency of SS block of serving and/or target cell is shifted within the cell identification and measurement period.


In legacy LTE, measurement capability is defined for both intra-frequency measurement and inter-frequency measurement with measurement gap(MG). MG is needed for RF retuning and it is only considered for inter-frequency measurement.

In NR, three categories of measurement were agreed as follows.

· Intra-frequency measurement without RF retuning

· Intra-frequency measurement with RF retuning

· Inter-frequency measurement with RF retuning

For intra-frequency measurement without RF retuning, the measurement capability of intra-frequency measurement in LTE can be reused. Herein, periodicity of SMTC is needed to be considered for requirements of cell identification delay and measurement period.
For intra-frequency measurement with RF retuning, multiple SS bursts are assumed to be configured as that one SS burst is located at same frequency of serving SS burst and the other SS burst is located at different position from SS burst of serving cell. If NW configures the neighboring  SS burst at same frequency of serving SS burst, the number of monitoring cells can be same as intra-frequency measurement without RF retuning. Herein, MG and SMTC should be also considered together since they can give impact on requirements of cell identification delay and measurement period. In the last meeting, it was noted that when SMTC period is smaller than MGRP, only partial of SMTC can be covered by the MG. Under the configuration, intra-frequency measurements without MG and with MG can be performed. 
Figure 2.1 shows 2 examples. Figure 2.1(a) shows intra-frequency measurement with MG configuration  with {MGRP, MGO} = {80ms, 0ms} and SMTC with {SMTCP, SMTCO} = {40ms, 0ms}.  Figure2.1(b) shows another intra-frequency measurement with MG configuration with {MGRP, MGO} = {80ms, 0ms} and 2 SMTCs with {SMTCP, SMTCO} = {80ms, 0ms} and {80ms, 40ms}. Like this, the 2 SMTC configurations on serving frequency were already agreed in RAN1. From 2 examples, we can know that measurement opportunity is same between w/o MG and w/ MG for intra-frequency under SMTC configuration. Here, SMTCP is SMTC periodicity and SMTCO is SMTC offset.
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 Figure2.1. Example of configuration for intra-frequency measurement w/o MG and w/ MG

From the example in Figure2.1, we can observe the following.
· Observation 1: Measurement opportunity for intra-frequency is related to configuration of MG and SMTC. Under same SMTC, the measurement opportunity for intra-frequency can be same for both w/o MG and w/ MG..
Based on the analysis and observation for intra-frequency measurement, we propose as follows.
· Proposal 1: Define same number of monitoring cells for intra-frequency w/o MG and for intra-frequency w/ MG.
· Ncell,intra-frequency-w/o RF retuning = 8

· Ncell,intra-frequency-w RF retuning = 8

For inter-frequency measurement with RF retuning, number of monitoring cells is needed to be defined regarding number of measuring inter-frequencies. In LTE, 4 cells per inter-frequency and 3 different inter-frequencies are specified for measurement capability for non-IncMon. In NR, inter-frequencies regarding wideband operation should be considered additionally. It can require the number of monitoring inter-frequencies to be increased. It makes long delay to measure and report all of them. Therefore, it is necessary to decide carefully the number of monitoring frequencies by taking impact on mobility management by long delay, practical deployment scenario of NR inter-frequency and RAN1 decision on wideband operation into account. Herein, total number of monitoring frequencies with RF retuning includes 1 intra-frequency measurement and multiple inter-frequency measurements.
Beside, MG configuration and SMTC should be considered for the inter-frequency measurement capability. To cover the union of SMTC of different frequencies, SMTC period larger than MGRP can be considered. If intra-frequency SMTC periodicity is configured with smaller than or equal to MGRP and inter-frequency SMTC periodicity is configured with larger than MGRP, measurement opportunity for inter-frequency is lower than intra-frequency. It means to need longer measurement time like LTE. Based on the analysis, we propose as follows.
· Proposal 2: Define carefully the number of monitoring inter-frequency by taking impact on mobility management by long delay due to increasing inter-frequencies, as well as practical deployment scenario of NR inter-frequency and RAN1 decision on wideband operation into account.
· Ninter-freq,w/ RF retuning = 6 

· Nfreq,w/ RF retuning = 7 (=Ninter-freq,w/ RF retuning  + Nintra-freq,w/ RF retuning)
· Ncell,inter-frequency-w RF retuning = 4
For measurement capability of beam, it can be differently defined according to frequency range. The reason is that the maximum number of SS-blocks within SS burst set, L is different as follows.

· The maximum number of SS-blocks within SS burst set, L

· For frequency range up to 3 GHz, L is 4

· For frequency range from 3 GHz to 6 GHz, L is 8

· For frequency range from 6 GHz to 52.6 GHz, L is 64
According to current RAN1 decision on SS blocks within SS burst set, each SS block can represent independent beam or same beam. For beam measurement capability, it is desirable to assume independent beam based SS block. And we need to decide baseline among 3 options as follows. 

· Beam measurement capability

· Option 1 : per cell based monitoring beam
· Pros : number of beams per cell and/or per frequency is same so easy to manage beam. 
· Cons : Total monitoring beam number is increased with scaling of number of cells independent of beam condition per cell. It increases UE power consumption.  
· Option 2 : per frequency based monitoring beam
· Pros : Total monitoring beam number can be reduced by removing low measurement of beam. It is possible to monitor more beam for good cell in aspect of measurement.
· Cons : Management of beam is complicated. Because, the number of monitoring beam can be different per cell.
· Option 3: total number based monitoring beam 
· Pros : Total monitoring beam number can be reduced by removing low measurement of beam. It is possible to monitor more beam for good cell in aspect of measurement.
· Cons : Management of beam is complicated more than option2. Because, the number of monitoring beam can be different per cell and per frequency.
In aspect of reducing total monitoring beam number, Option 2 and Option 3 are better than Option1. Between Option2 and Option3, Option2 is better in aspect of management complexity since it considers per-frequency based beam management. 
· Proposal 3: Define per-frequency based monitoring beam as baseline for measurement capability of beam. 
· Proposal 4: Separate measurement capability of beam into intra-frequency and inter-frequency. 
· Proposal 5: Define measurement capability of beam separately according to frequency range.
· Proposal 6: With proposal 3 to 5, the number of beam to be monitored is scaled with 1.5 for below 6GHz and with 2 for above 6GHz to number of cell to be monitored as follows.
· For frequency range up to 3 GHz
· Nbeam, intra-freq,w/o RF retuning = 1.5 * Ncell,intra-frequency-w/o RF retuning = 12

· Nbeam, intra-freq,w/ RF retuning  = 1.5 * Ncell,intra-frequency-w/ RF retuning   = 12

· Nbeam, inter-freq,w/ RF retuning  = 1.5 * Ncell,inter-frequency-w/ RF retuning   =   6
· For frequency range from 3 GHz to 6 GHz
· Nbeam, intra-freq,w/o RF retuning = 1.5 * Ncell,intra-frequency-w/o RF retuning = 12

· Nbeam, intra-freq,w/ RF retuning  = 1.5 * Ncell,intra-frequency-w/ RF retuning   = 12

· Nbeam, inter-freq,w/ RF retuning  = 1.5 * Ncell,inter-frequency-w/ RF retuning   =   6
· For frequency range from 6 GHz to 52.6 GHz
· Nbeam, intra-freq,w/o RF retuning = 2 * Ncell,intra-frequency-w/o RF retuning = 16

· Nbeam, intra-freq,w/ RF retuning  = 2 * Ncell,intra-frequency-w/ RF retuning   = 16

· Nbeam, inter-freq,w/ RF retuning  = 2 * Ncell,inter-frequency-w/ RF retuning   =   8
3 Conclusion
In this paper, we analysed measurement capability of 3 categories such as intra-frequency measurement without RF retuning, intra-frequency measurement with RF retuning and inter-frequency measurement without RF retuning. And, measurement capability of beam definition was also analysed with 3 options. Based on the analysis, we provide observation and proposals as follows.

· Observation 1: Measurement opportunity for intra-frequency is related to configuration of MG and SMTC. Under same SMTC, the measurement opportunity for intra-frequency can be same for both w/o MG and w/ MG..
· Proposal 1: Define same number of monitoring cells for intra-frequency w/o MG and for intra-frequency w/ MG.
· Ncell,intra-frequency-w/o RF retuning = 8

· Ncell,intra-frequency-w RF retuning = 8
· Proposal 2: Define carefully the number of monitoring inter-frequency by taking impact on mobility management by long delay due to increasing inter-frequencies, as well as practical deployment scenario of NR inter-frequency and RAN1 decision on wideband operation into account.
· Ninter-freq,w/ RF retuning = 6 

· Nfreq,w/ RF retuning = 7 (=Ninter-freq,w/ RF retuning  + Nintra-freq,w/ RF retuning)

· Ncell,inter-frequency-w RF retuning = 4
· Proposal 3: Define per-frequency based monitoring beam as baseline for measurement capability of beam. 
· Proposal 4: Separate measurement capability of beam into intra-frequency and inter-frequency. 
· Proposal 5: Define measurement capability of beam separately according to frequency range.
· Proposal 6: With proposal 3 to 5, the number of beam to be monitored is scaled with 1.5 for below 6GHz and with 2 for above 6GHz to number of cell to be monitored as follows.
· For frequency range up to 3 GHz
· Nbeam, intra-freq,w/o RF retuning = 1.5 * Ncell,intra-frequency-w/o RF retuning = 12

· Nbeam, intra-freq,w/ RF retuning  = 1.5 * Ncell,intra-frequency-w/ RF retuning   = 12

· Nbeam, inter-freq,w/ RF retuning  = 1.5 * Ncell,inter-frequency-w/ RF retuning   =   6

· For frequency range from 3 GHz to 6 GHz
· Nbeam, intra-freq,w/o RF retuning = 1.5 * Ncell,intra-frequency-w/o RF retuning = 12

· Nbeam, intra-freq,w/ RF retuning  = 1.5 * Ncell,intra-frequency-w/ RF retuning   = 12

· Nbeam, inter-freq,w/ RF retuning  = 1.5 * Ncell,inter-frequency-w/ RF retuning   =   6

· For frequency range from 6 GHz to 52.6 GHz
· Nbeam, intra-freq,w/o RF retuning = 2 * Ncell,intra-frequency-w/o RF retuning = 16

· Nbeam, intra-freq,w/ RF retuning  = 2 * Ncell,intra-frequency-w/ RF retuning   = 16

· Nbeam, inter-freq,w/ RF retuning  = 2 * Ncell,inter-frequency-w/ RF retuning   =   8
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