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1	Introduction 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK132][bookmark: OLE_LINK133]In new radio (NR) system, there are three categories of measurement are agreed: intra-frequency measurement without gaps, intra-frequency measurement with gaps, and inter-frequency measurement (with gaps). It was also agreed in RAN4 #85 meeting that in FR1, the required sample number for intra-frequency measurements without gaps is 5, with a lower bound of measurement delay 200ms. Besides, there is a note in [2], this basic requirement has not considered the UE must conduct multiple component carriers (CCs) when SCells are configured, or the gap sharing when all SMTC occasions are fully overlapping with measurement gaps. In fact, even though only part of SMTC occasions are overlapping with gap, the requirement must be carefully addressed as well. In this paper, we would like to discuss the SS-blocks (SSB) based intra-frequency measurement without gaps requirements in cases that 1) carrier aggregation (CA) is applied, 2) SMTC occasions are fully or partially overlapping with measurement gaps, and 3) SMTC occasions are not aligned with the DRX On-duration. Besides, the measurement requirements in other scenarios, intra-frequency measurement with gaps, DRX mode, de-activated Scell are also addressed.
2	Intra-frequency measurement without gap sharing
In [2], the agreed TSSB_measurement_period in no DRX case is represented as max(200, [5] x SMTC period) ms. Considering that the values [5] and 200 need to be further modified to address the scenarios mentioned above, it would be easier to equivalently re-write the requirement as “[5] x max (40, SMTC period)”. So that we can better know how many samples UE can use in different scenarios. We will use this notation in all the following discussions.
Since the configurations of SMTC for intra-frequency measurement and Gap are independent, part or all of the SMTC occasions may be collided with the measurement gap (MG). For the case all of the SMTC occasions are collided with gaps, intra-frequency measurement, inter-frequency measurement and perhaps RLM are sharing the gaps. The requirement is similar to the Intra-frequency measurement with gaps and will be discussed in the next section. In this section, we focus on the case that only part of SMTC occasions are collided with gaps. 
Based on the SMTC periodicity were agreed in RAN1 #91, and the totally [24] MG configurations were agreed in RAN4 #85. Denote , the ratio of MGRP over SMTC periodicity, as listed in Table 1. For every  SMTC occasions, only  occasions can be used to conduct intra-frequency measurement. Therefore, the required sample number should be modified as , where . We observe that
[bookmark: _Ref503795827]Observation 1 : When When SMTC windows are partially overlapped with the measurement gap, the measurement period should be modified to guarantee the same number of valid samples, i.e., the required sample number should be modified by, where .

Table 1: All values of  in different combinations of MGRP and SMTC periodicity when SMTC occasions are partially overlapping with measurement gap
	
	MGRP [ms]

	
	20
	40
	80
	160

	SMTC periodicity
[ms]
	5
	4
	8
	16
	32

	
	10
	2
	4
	8
	16

	
	20
	N/A
	2
	4
	8

	
	40
	N/A
	N/A
	2
	4

	
	80
	N/A
	N/A
	N/A
	2

	
	160
	N/A
	N/A
	N/A
	N/A



We then consider the carrier aggregation scenario. Assume that there are  component carriers in FR1 and  component carriers in FR2 configured to UE. The SMTC configuration of these  component carriers could be all the same. In order to support intra-frequency measurement in this worst case, the buffer resource and complexity are extremely high. The delay requirement should be further scaled up by . Detail can be referred in [7].
[bookmark: _Ref503796038][bookmark: _Ref503767334]Observation 2: In intra-freq. measurement, the requirement should consider CA and is scaled up by 


As shown in Figure 1, we further consider the following 2 cases: 
a) SMTC and DRX On-duration are not aligned, e.g., Figure 1(a)
b) SMTC and DRX On-duration are aligned, e.g., Figure 1(b)
In NR, the SS-blocks are broadcast signals, but the DRX cycle is UE specific. It is impossible for network to always align the SMTC window On-duration and the DRX On-duration for all UEs. In [4], we analyze the non-alignment impact on UE power consumption. Based on the assumption it applied, non-aligned case may consume up to 20.0% additional UE power consumption than the aligned case. We suggest to further scale up the requirement by  for non-aligned case, as shown in Tables 2 and 3. Note that  could be a factor depending on the DRX cycle.
[bookmark: _Ref503796045][bookmark: _Ref503767336][bookmark: _Ref503795389]Observation 3 : In DRX mode, when SMTC window and DRX on duration are not aligned, measurement requirement need to be further relaxed and scaled by equals [1.2 to 1.5].




Figure 1(a) Non-aligned SMTC and DRX On-duration.
Figure 1(b) SMTC and DRX On-duration are aligned, SMTC comes before the DRX On-duration.

The final results that combine all the above considerations are shown. Table 2 and Table 3 list measurement period for intra-frequency measurements without gaps and deactivated SCell measurement period, respectively. 
[bookmark: _Ref503796230]Proposal 1: Adopt Table 2 and Table 3 as the measurement period for intra-frequency measurements without gaps and measurement period for deactivated SCell in FR1, respectively.
Table 2 (9.2.5.2-1 in[2]): Measurement period for intra-frequency measurements without gaps 
(Frequency FR1)
	DRX cycle
	T SSB_measurement_period  

	No DRX, 
or DRX cycle ≤ 0.04
	Ceil([5]× K p-intra Note 2 × Knon-aligned(DRX) Note 4) × Kca Note 3× max(40, SMTC period) Note 1

	0.04 < DRX cycle ≤ 2.56
	Ceil([5]× K p-intra Note 2× Knon-aligned(DRX) Note 4) × Kca Note 3 × max(40, SMTC period, DRX) Note 1

	…
	…

	…
	…

	Note 1 : If different SMTC periodicities are configured for different cells, the SMTC period in the requirement is the one used by the cell being identified
Note 2 : Kp-intra =Pintra/( Pintra -1) and Pintra = MGRP / (SMTC periodicity).
Note 3 : Kca = Ceil (Ncc,FR1 /2) + Ncc,FR2, where Ncc,FR1 and Ncc,FR2 are the number of configured SCells in FR1 and FR2, respectively.  
Note 4 : Knon-aligned (DRX) = 1 when DRX on-duartion and SMTC occasions are aligned. Otherwise, Knon-aligned (DRX) = TBD (should be no less than 1.2)



Table 3 (9.2.5.2-3 in[2]): Measurement period for intra-frequency measurements without gaps (deactivated SCell) (Frequency range FR1)
	DRX cycle
	T SSB_measurement_period  

	No DRX, 
or DRX cycle ≤ 0.04
	Ceil([5]× K p-intra Note 2 × Knon-aligned(DRX) Note 4) × Kca Note 3× max(40, SMTC period, MeasCycleSCell) Note 1

	0.04 < DRX cycle ≤ 2.56
	Ceil([5]× K p-intra Note 2× Knon-aligned(DRX) Note 4) × Kca Note 3 × max(40, SMTC period, DRX, MeasCycleSCell) Note 1

	…
	…

	…
	…

	Note 1 : If different SMTC periodicities are configured for different cells, the SMTC period in the requirement is the one used by the cell being identified
Note 2 : Kp-intra =Pintra/( Pintra -1) and Pintra = MGRP / (SMTC periodicity).
Note 3 : Kca = Ceil (Ncc,FR1 /2) + Ncc,FR2, where Ncc,FR1 and Ncc,FR2 are the number of configured SCells in FR1 and FR2, respectively.  
Note 4 : Knon-aligned (DRX) = 1 when DRX on-duartion and SMTC occasions are aligned. Otherwise, Knon-aligned (DRX) = TBD (should be no less than 1.2)




3	Intra-frequency measurement with gap sharing
When UE conducts intra-frequency measurement with gap, or when intra-frequency measurement without gap but all of the SMTC occasions are collided with gaps, the measurement gaps need to be shared by intra-frequency measurement, inter-frequency measurement and perhaps RLM. In section 9.2 of 38.133 [5], it has been specified that the performance of intra-frequency measurement is scaled by Kintra = 1 / X * 100, where the value X is TBD. In this paper, we use the same notation Kintra to denote the scaling ratio, but it may need to be further modified if the gaps need to be shared with RLM (the details are addressed in [6]). Table 4 lists measurement period for intra-frequency measurements with gaps. 
Proposal 2 : Adopt Table 4 as the measurement period for intra-frequency measurements with gaps in RF1.

Table 4 (9.2.6.3-1 in[2]): Measurement period for intra-frequency measurements with gaps 
(Frequency FR1)DRX cycle
	DRX cycle
	T SSB_measurement_period  

	No DRX, 
or DRX cycle ≤ 0.04
	Ceil([5]× Kintra Note 2 × Knon-aligned(DRX) Note 4) × Kca Note 3× max(40, SMTC period, MGRP) Note 1

	0.04 < DRX cycle ≤ 2.56
	Ceil([5]× Kintra Note 2 × Knon-aligned(DRX) Note 4) × Kca Note 3 × max(40, SMTC period, MGRP, DRX) Note 1

	…
	…

	…
	…

	Note 1 : If different SMTC periodicities are configured for different cells, the SMTC period in the requirement is the one used by the cell being identified
Note 2 : Where Kintra denotes the ratio of intra-frequency in gap sharing 
Note 3 : Kca = Ceil (Ncc,FR1 /2) + Ncc,FR2, where Ncc,FR1 and Ncc,FR2 are the number of configured SCells in FR1 and FR2, respectively.  
Note 4 : Knon-aligned (DRX) = 1 when DRX on-duartion and SMTC occasions are aligned. Otherwise, Knon-aligned (DRX) = TBD (should be no less than 1.2)



4	Summary 
In this contribution, we have observed that
Observation 1 : When When SMTC windows are partially overlapped with the measurement gap, the measurement period should be modified to guarantee the same number of valid samples, i.e., the required sample number should be modified by, where .
Observation 2: In intra-freq. measurement, the requirement should consider he CA and relaxed by 
[bookmark: _GoBack]Observation 3 : In DRX mode, when SMTC window and DRX on duration are not aligned, measurement requirement need to be further relaxed and scaled by equals [1.2 to 1.5].
And we propose
Proposal 1: Adopt Table 2 and Table 3 as the measurement period for intra-frequency measurements without gaps and measurement period for deactivated SCell in FR1, respectively.
Proposal 2 : Adopt Table 4 as the measurement period for intra-frequency measurements with gaps in RF1.
Table 2 (9.2.5.2-1 in[2]): Measurement period for intrafrequency measurements without gaps 
(Frequency FR1)
	DRX cycle
	T SSB_measurement_period  

	No DRX, 
or DRX cycle ≤ 0.04
	Ceil([5]× K p-intra Note 2 × Knon-aligned(DRX) Note 4) × Kca Note 3× max(40, SMTC period) Note 1

	0.04 < DRX cycle ≤ 2.56
	Ceil([5]× K p-intra Note 2× Knon-aligned(DRX) Note 4) × Kca Note 3 × max(40, SMTC period, DRX) Note 1

	…
	…

	…
	…

	Note 1 : If different SMTC periodicities are configured for different cells, the SMTC period in the requirement is the one used by the cell being identified
Note 2 : Kp-intra =Pintra/( Pintra -1) and Pintra = MGRP / (SMTC periodicity).
Note 3 : Kca = Ceil (Ncc,FR1 /2) + Ncc,FR2, where Ncc,FR1 and Ncc,FR2 are the number of configured SCells in FR1 and FR2, respectively.  
Note 4 : Knon-aligned (DRX) = 1 when DRX on-duartion and SMTC occasions are aligned. Otherwise, Knon-aligned (DRX) = TBD (should be no less than 1.2)




Table 3 (9.2.5.2-3 in[2]): Measurement period for intrafrequency measurements without gaps (deactivated SCell) (Frequency range FR1)
	DRX cycle
	T SSB_measurement_period  

	No DRX, 
or DRX cycle ≤ 0.04
	Ceil([5]× K p-intra Note 2 × Knon-aligned(DRX) Note 4) × Kca Note 3× max(40, SMTC period, MeasCycleSCell) Note 1

	0.04 < DRX cycle ≤ 2.56
	Ceil([5]× K p-intra Note 2× Knon-aligned(DRX) Note 4) × Kca Note 3 × max(40, SMTC period, DRX, MeasCycleSCell) Note 1

	…
	…

	…
	…

	Note 1 : If different SMTC periodicities are configured for different cells, the SMTC period in the requirement is the one used by the cell being identified
Note 2 : Kp-intra =Pintra/( Pintra -1) and Pintra = MGRP / (SMTC periodicity).
Note 3 : Kca = Ceil (Ncc,FR1 /2) + Ncc,FR2, where Ncc,FR1 and Ncc,FR2 are the number of configured SCells in FR1 and FR2, respectively.  
Note 4 : Knon-aligned (DRX) = 1 when DRX on-duartion and SMTC occasions are aligned. Otherwise, Knon-aligned (DRX) = TBD (should be no less than 1.2)



Table 4 (9.2.6.3-1 in[2]): Measurement period for intrafrequency measurements with gaps 
(Frequency FR1)
	DRX cycle
	T SSB_measurement_period  

	No DRX, 
or DRX cycle ≤ 0.04
	Ceil([5]× Kintra Note 2 × Knon-aligned(DRX) Note 4) × Kca Note 3× max(40, SMTC period, MGRP) Note 1

	0.04 < DRX cycle ≤ 2.56
	Ceil([5]× Kintra Note 2 × Knon-aligned(DRX) Note 4) × Kca Note 3 × max(40, SMTC period, MGRP, DRX) Note 1

	…
	…

	…
	…

	Note 1 : If different SMTC periodicities are configured for different cells, the SMTC period in the requirement is the one used by the cell being identified
Note 2 : Where Kintra denotes the ratio of intra-frequency in gap sharing 
Note 3 : Kca = Ceil (Ncc,FR1 /2) + Ncc,FR2, where Ncc,FR1 and Ncc,FR2 are the number of configured SCells in FR2 and FR2, respectively.  
Note 4 : Knon-aligned (DRX) = 1 when DRX on-duartion and SMTC occasions are aligned. Otherwise, Knon-aligned (DRX) = TBD (should be no less than 1.2)




5	Reference 
[1] R4-1709909, Way Forward on UE measurement definition and capability, Intel, Sep. 2017.
[2] R4-1714253, TP to TS 38.133: Intrafrequency NR measurement requirements, Ericsson, Nov. 2017.
[3] R4-1711940, LS on gaps for SS block measurement in NR, Ericsson, Oct. 2017.
[4] R4-1800109, Power consumption issue for non-aligned SMTC periodicity and DRX cycle, MediaTek Inc., Jan. 2018.
[5] R4-1714497, TP on measurement gap in TS38.133 section 9.1.2, Intel, Nov. 2017.
[6] R4-1800111, Discussion on gap sharing, MediaTek Inc., Jan. 2018.
[7] R4-1800114, Discussion on cell detection requirement for NR, MediaTek Inc., Jan. 2018.
Microsoft_Visio_Drawing1111111111.vsdx


SMTC windows (5ms)













DRX On Duration (4ms)



Time gap



image2.emf
SMTC windows (5ms)

DRX On Duration (4ms)


Microsoft_Visio_Drawing2222222222.vsdx


SMTC windows (5ms)











DRX On Duration (4ms)






image1.emf
SMTC windows (5ms)

DRX On Duration (4ms)

Time gap


