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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 legacy LTE, measurement capability is defined for both intra-frequency measurement and inter-frequency measurement with measurement period of 200ms and 480ms respectively. Measurement gap(MG) is only considered for inter-frequency measurement.

However,  NR is different from LTE in respect with beam forming(BF). Even though performing NR intra-frequency measurement, MG is needed when Rx beam switching is performed from serving cell to target cell at UE. It is not RF tuning but space tuning. For NR inter-frequency measurement, MG is needed regardless of Rx beam switching if UE does not have multiple RF chain. 
For definition of intra/inter frequency measurement, only RF retuning is considered. 

Here, 3 options were agreed for intra-frequency in [1].
· NR intra-frequency

· Option 1 : Same SS block centre frequency location for serving cell and target cell

· Option 2 : Same gNB transmission centre frequency for serving cell and target cell

· Option 3 : SS block can be measured without retuning UE RF or measurement gap

For analysis on definition of NR intra-frequency, some scenarios are taken into account as Figure 2.1.
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Figure 2.1. Scenarios of NR measurement

Table 2.1 summarizes NR intra/inter-frequency measurement vs MG for target cell in aspects of RF retuning for the scenarios in Figure2.1.

Table 2.1. NR intra/inter-frequency measurement vs MG due to RF retuning for Target Cell
	
	A1-1
	A1-2
	A1-3
	A2-1
	A2-2
	A2-3
	B1-1
	B1-2
	B1-3
	B2-1
	B2-2
	B2-3

	Opt1
	Intra w/o MG
	Intra w/ MG
	Intra w/ MG
	Inter w/ MG
	Inter w/o MG
	Inter w/ MG
	Intra w/o MG
	Intra w/ MG
	Intra w/ MG
	Inter w/ MG
	Inter w/o MG
	Inter w/ MG

	Opt2
	Intra w/o MG
	Intra w/ MG
	Intra w/ MG
	Intra w/ MG
	Intra w/o MG
	Intra w/ MG
	Inter w/o MG
	Inter w/ MG
	Inter w/ MG
	Inter w/ MG
	Inter w/o MG
	Inter w/ MG

	Opt3
	Intra w/o MG
	Inter w/ MG
	Inter w/ MG
	Inter w/ MG
	Intra w/o MG
	Inter w/ MG
	Intra w/o MG
	Inter w/ MG
	Inter w/ MG
	Inter w/ MG
	Intra w/o MG
	Inter w/ MG


From Table2.1, the followings are observed.
· Option1 & Option2
· For measurement of target cell, there are 4 different measurement definitions 
· intra-frequency measurement without MG
· inter-frequency measurement with MG 

· intra-frequency measurement with MG
· inter-frequency measurement without MG
· For measurement of serving cell, there are 2 different measurement definition with assumption that measurement of serving cell is intra-frequency measurement

· intra-frequency measurement without MG

· intra-frequency measurement with MG

· Option3 

· For measurement of target cell, there are 2 different measurement definitions 

· intra-frequency measurement without MG

· inter-frequency measurement with MG 

· For measurement of serving cell, there are 2 different measurement definition with assumption that measurement of serving cell is intra-frequency measurement

· intra-frequency measurement without MG

· intra-frequency measurement with MG

Herein, intra-frequency measurement with MG and inter-frequency measurement without MG are different from existing measurements. Therefore, new naming of definition for NR intra/inter frequency measurement is needed. 
· Naming of NR intra/inter frequency measurement

· Intra-frequency type0 measurement = intra-frequency measurement without MG by RF tuning

· Intra-frequency type1 measurement = intra-frequency measurement with MG by RF tuning

· Inter-frequency type0 measurement = inter-frequency measurement without MG by RF tuning

· Inter-frequency type1 measurement = inter-frequency measurement with MG by RF tuning

Comparing 3 options, option3 is more simple and close to existing UE behaviour of measurement for target cell. Therefore, option3 is recommended as baseline. 
· Naming of NR intra/inter frequency measurement for Option3

· Intra-frequency type0 measurement = intra-frequency measurement without MG by RF tuning

· Intra-frequency type1 measurement = intra-frequency measurement with MG by RF tuning

· Only for serving cell

· Inter-frequency measurement

For measurement capability, it is related to target cell, so that intra-frequency type0 and inter-frequency can be taken into account. And, another MG due to beam switching should be also considered. MG due to beam switching can be assumed to be applied for measurement of target cell.
The number of beam 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
Table 2.2 and Table 2.3 summarize our preference for measurement capability which includes the number of cell, the number of beam, identification delay and measurement period for intra-frequency type0 measurement and inter-frequency measurement respectively. 
Table 2.2. Measurement capability of intra-frequency type0
	
	LTE
	NR

	PSS/SSS periodicity[ms]
	5
	SS burst set periodicity(for target cell)

	
	
	5
	10
	20
	40
	80
	160

	Cell Identification Delay [ms]
	800
	K2) * Ncells4) * max(MGRP5), SMTC )

	Cell Measurement Period (CMP)[ms]
	2001)
	P3) * Ncells * max(MGRP, SMTC )

	# cells(monitored)
	8
	8

	Beam Measurement Period (BMP)[ms]
	N/A
	P * Ncells * max(MGRP, SMTC )

	# beam/Cell
	N/A
	2 for up to 3GHz, 

2 for from 3GHz to 6GHz, 

4 for from 6GHz to 52.6GHz

	Note 1 : Assume 5 sample times during 200ms (1 sample per 40ms)
Note 2 : Assume one-shot detection. K can be recommended with 1+P (1+P, 1 is for cell detection, P is for measurement).
Note3: Assume one-shot measurement with RX beam forming. P is # of Rx Beam. If Rx beam forming is not performed, i.e, omni-direction, P = 1.

Note4 : If Rx beam forming is performed, Ncells is # of cells, else, i.e, omni-direction, Ncells = 1.
Note5 : MGRP is measurement gap repetition period in Measurement Gap which is needed for beam switching.


Table 2.3. Measurement capability of inter-frequency 
	
	LTE
	NR

	PSS/SSS periodicity[ms]
	5
	SS burst set periodicity(for target cell)

	
	
	5
	10
	20
	40
	80
	160

	Cell Identification Delay [ms]/freq.
	(8 or 16)*480
	K2) * Ncells4) * max(MGRP5), SMTC )

	Cell Measurement Period (CMP)[ms]/freq.
	4801)
	P3) * Ncells * max(MGRP, SMTC )

	# cells(monitored)/freq.
	4
	4

	# freq.(monitored)
	3
	3

	Beam Measurement Period (BMP)[ms]/freq.
	N/A
	P * Ncells * max(MGRP, SMTC )

	# beam/Cell/freq.
	N/A
	2 for up to 3GHz, 

2 for from 3GHz to 6GHz, 

4 for from 6GHz to 52.6GHz

	Note 1 : Assume 6 sample times  in MGRP of 80ms(1 sample per 80ms)

Note 2 : Assume one-shot detection. K can be recommended with 1+P (1+P, 1 is for cell detection, P is for measurement).

Note3: Assume one-shot measurement with RX beam forming. P is # of Rx Beam. If Rx beam forming is not performed, i.e, omni-direction, P = 1.

Note4 : If Rx beam forming is performed, Ncells is # of cells, else, i.e, omni-direction, Ncells = 1.
Note5 : MGRP is measurement gap repetition period in Measurement Gap which is needed for RF tuning & beam switching.


In the tables, SS block based RRM measurement timing configuration (SMTC) which was agreed in RAN1 is used like DMTC for Small Cell enhancement in LTE.
Table 2.4 shows measurement capability for serving cell, i.e, intra-frequency type1. 
Table 2.4. Measurement capability of intra-frequency type1(for serving cell)
	
	LTE
	NR

	PSS/SSS periodicity[ms]
	5
	SS burst set periodicity(for target cell)

	
	
	5
	10
	20
	40
	80
	160

	Cell Identification Delay [ms]
	N/A
	K2) * max(MGRP4), SMTC )

	Cell Measurement Period (CMP)[ms]
	N/A
	P3) * max(MGRP, SMTC )

	# cells(monitored)
	N/A
	1

	Beam Measurement Period (BMP)[ms]
	N/A
	P * max(MGRP, SMTC )

	# beam/Cell
	N/A
	2 for up to 3GHz, 

2 for from 3GHz to 6GHz, 

4 for from 6GHz to 52.6GHz

	Note 1 : Assume 5 sample times during 200ms (1 sample per 40ms)

Note 2 : Assume one-shot detection. K can be recommended with 1+P (1+P, 1 is for cell detection, P is for measurement).

Note3: Assume one-shot measurement with RX beam forming. P is # of Rx Beam. If Rx beam forming is not performed, i.e, omni-direction, P = 1.
Note4 : MGRP is measurement gap repetition period in Measurement Gap which is needed for beam switching.


Based on the analysis, we propose as follows.
· Proposal 1: Define intra-frequency measurement and inter-frequency measurement based on Option3.
· Proposal 1: Define naming for NR intra-frequency measurement as follows
· Intra-frequency type0 measurement = intra-frequency measurement without MG by RF tuning

· Intra-frequency type1 measurement = intra-frequency measurement with MG by RF tuning

· Proposal 3: Table2.2 and Table 2.3 are proposed for NR measurement capability.
3 Conclusion
In this paper, we provided our view on definition on NR intra-frequency and inter-frequency measurement. And based on the view, we propose as follows.

· Proposal 1: Define intra-frequency measurement and inter-frequency measurement based on Option3.
· Proposal 1: Define naming for NR intra-frequency measurement as follows
· Intra-frequency type0 measurement = intra-frequency measurement without MG by RF tuning

· Intra-frequency type1 measurement = intra-frequency measurement with MG by RF tuning

· Proposal 3: Table2.2 and Table 2.3 are proposed for NR measurement capability.
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