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1	Introduction 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK132][bookmark: OLE_LINK133]In RAN4 #94Bis meeting, it is agreed that companies are encouraged to provide input and views on following early measurement reporting (EMR) issues [1]:
	Agreements
1. On measurement requirements for LTE inter-RAT EMR carriers:
· RAN4 use existing cell detection, measurement period and accuracy of cell re-selection for NR inter-RAT measurements for EMR measurements for overlapping carriers
2. Number of LTE EMR carriers:
· The number of LTE EMR inter-frequency carriers remain unchanged compared to Rel-15
3. Cell detected status:
· Agreement: Define cell detected status based on LTE baseline and on:
· The detected cell is on the overlapping or non-overlapping carrier (as indicated by dedicated RRC signalling or SIB), and
· A T331 is provided during connection release, and 
· The carrier frequency of the detected cell and the serving cell are among the supported band combination of the UE
· Note: last line was already agreed in RAN4#94e meeting.

Way Forward
1. On Define measurement requirements for NR inter-frequency and LTE inter-RAT EMR carriers:
· Cell detection, measurement period and accuracy of cell re-selection for NR inter-RAT measurements for EMR measurements for non-overlapping carriers
· The UE beam-level measurement capability requirements for EMR:
· option 1: same as the number of beams in the existing inter-frequency requirements for RRC_CONNECTED state.
2. Number of NR Inter-RAT carriers:
· Option 1:
· Define number of NR inter-RAT EMR carriers to measure:
1. option 1: 8 
2. option 3: 1 
3. option 2: 2
· Option 2:
· The number of reported carriers of CRS based and/or SSB based measurement in LTE IDLE/INACTIVE mode (overlapping and non-overlapping carriers) should not extend the measurement capability defined in Rel-15
· In LTE IDLE/INACTIVE mode DC and CA measurement, UE at least shall be able to measure N=3 carriers for EMR when UE is in cell center and UE at least shall be able to measure N=1 carriers for EMR when UE is not in cell center
· Total number of overlapping + non-overlapping EMR carriers N (including LTE inter-frequency+ NR inter-RAT) 
1. N= 3, when UE is in cell center
2. N= 1, when UE is not in cell center
3. When Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ, UE measure N = X+Y carriers (total number of overlapping + non-overlapping EMR carriers N, including NR inter-frequency+ LTE inter-RAT)
4. When Srxlev ≤ SnonIntraSearchP or Squal ≤ SnonIntraSearchQ, UE measure N = X carriers (total number of overlapping + non-overlapping EMR carriers N, including NR inter-frequency+ LTE inter-RAT) 
5. Where Y>0.
· Others not precluded
3. Cell detected status
· discussed further:
· The detected cell remains detectable in terms of signal quality
· The detected SSBs of a cell remains detectable in terms of signal quality
· T331 status – specifically and “timer is not expired”


In this paper, we discuss the all the related issues for LTE IDLE/INACTIVE DC measurement. 
2	Discussion on scenarios of the early measurement reporting   
We would like to firstly discuss the scenarios that RAN4 has to consider for the early measurement reporting as shown in Table 1. The first one is LTE CRS based measurement in LTE IDLE/INACTIVE mode and RAN4 had already discussed the corresponding requirements in the LTE euCA section. The remaining 3 scenarios are:   
· NR SSB based measurement in LTE IDLE/INACTIVE mode for DC purpose; 
· LTE CRS based measurement in NR IDLE/INACTIVE mode for DC purpose, 
· NR SSB based measurement in NR IDLE/INACTIVE mode for both DC and CA purposes. 
[bookmark: _Ref32311594]  Table 1: Measurements of inter-frequency CA candidate cells
	scenarios
	EMR requirement
	Purpose
	Spec
	Requirement
Framework
	Capability

	1
	LTE CRS based measurement in LTE IDLE/INACTIVE
	CA
	36.133
	Done
	ca-IdleModeMeasurements-r15 
in LTE RRC

	2
	NR SSB based measurement in LTE IDLE/INACTIVE
	DC
(EN-DC)
	36.133
	TBD
	endc-IdleModeMeasurements-r16 
in LTE RRC

	3
	LTE CRS based measurement in NR IDLE/INACTIVE
	DC
(NE-DC)
	38.133
	TBD
	idleModeMeasurementsEUTRA
in NR RRC 

	4
	NR SSB based measurement in NR IDLE/INACTIVE
	DC ,CA
(NR-DC, NR-SA)
	38.133
	TBD
	idleModeMeasurementsNR 
in NR RRC 



In this contribution, we will focus on the scenario 2. 
3	Discussion on requirement framework of LTE IDLE/INACTIVE DC measurement    
In this section, we will provide our own view on the remaining issues.
1. EMR measurements for non-overlapping carriers:
In euCA, the requirement of EMR overlapping carriers is the same with that of re-selection carriers. Besides, RAN4 didn’t specified measurement period for EMR non-overlapping carriers. We suggest to reuse this principle in LTE IDLE/INACTIVE mode DC measurement.
[bookmark: _Ref32360493][bookmark: _Ref40392274]Proposal 1: RAN4 not to specify the measurement period of non-overlapping EMR carriers

2. Beam-level UE measurement capability for EMR:
In RAN2 #109-e meeting [2], it was agreed that 
For early measurement configuration and reporting, ASN.1 signalling to allow the configuration of
	-up to 8 E-UTRA and 8 NR carries to be measured
	-up to 8 E-UTRA and 8 NR carriers to be reported
	-up to 32 beams to be included in the NR results
LS to be sent to RAN4 (Ericsson), with the purpose of:
	- informing RAN2 decision (proposal 1) 
asking for input:
- clarification on the UE requirement aspects of early measurement performance and reporting








However, the number in ASN.1 signaling upper bound is not UE requirement. The required number of carriers or beams to be reported is up to RAN4. In Rel-15 RAN4 never had a discussion on the beam level requirement in IDLE/INACTIVE mode and it is also strange to specify beam level requirement in IDLE/INACTIVE mode only for EMR. Moreover, in Rel-15 UE is never mandated to acquire SSB index during IDLE mode measurement. Therefore, we prefer not to introduce beam level requirement for EMR in Rel-16.
[bookmark: _Ref40392276][bookmark: _Ref32360498]Proposal 2: RAN4 to confirm there is no beam-level UE measurement capability specified for EMR purpose

3. Number of NR Inter-RAT carriers:
Based on the agreement in NR IDLE/INACTIVE mode “Total number of carriers that the UE needs to measure for cell reselection and EMR (overlapping or not overlapping), including NR and LTE carriers, cannot exceed Rel-15 UE capability (as defined in 38.133, section 4.2.2.1),” our understanding is that similar principles can also be applied in LTE IDLE/INACTIVE mode CA and DC measurement, no matter UE is supporting re-selection only, or supporting both re-selection and any EMR measurement, the measurement capability will not be changed as shown in the following Table 2:
[bookmark: _Ref40187091]Table 2: Measurement capability for UE in IDLE/INACTIVE mode
	case
	Scenarios that UE support
	FDD E-UTRA 
(A)
	TDD E-UTRA 
(B)
	FDD UTRA 
(C)
	TDD UTRA
(D)
	GSM
(E)
	cdma2000 1x
(F)
	HRPD
(G)
	NR
(H)
	total carriers
(N)

	1
	Only reselection
	A≤3
	B≤3
	C≤3
	D≤3
	E≤32
	F≤3
	G≤3
	H≤8
	N≤10

	2
	Reselection
+scenario 1
	A≤3
	B≤3
	C≤3
	D≤3
	E≤32
	F≤3
	G≤3
	H≤8
	N≤10

	3
	Reselection
+scenario 2
	A≤3
	B≤3
	C≤3
	D≤3
	E≤32
	F≤3
	G≤3
	H≤8
	N≤10

	4
	Reselection
+scenario 1
+scenario 2
	A≤3
	B≤3
	C≤3
	D≤3
	E≤32
	F≤3
	G≤3
	H≤8
	N≤10



The first thing we would like to clarify is: for each case, whether RAN4 has common understanding that no RAN4 requirement is defined (up to UE implementation) when any of limitations listed in Table 2 is exceeded, i.e., A>3, or B>3, or C>3, D>3, or E>32, or F>3, or G>3, or H>8, or N>10. 
[bookmark: _Ref40384481][bookmark: _Ref40392277]Proposal 3: RAN4 to clarify no RAN4 requirement is defined (up to UE implementation) when any of following limitations, measurement capability for re-selection purpose, is exceeded: 
    • 3 FDD E-UTRA inter-frequency carriers
    • 3 TDD E-UTRA inter-frequency carriers
    • 3 FDD UTRA carriers
    • 3 TDD UTRA carriers    
    • 32 GSM carriers
    • 3 cdma2000 1x carriers
    • 3 HRPD carriers
    • 8 NR inter-RAT carriers

The next question is what the corresponding UE behaviour is when RAN4 introduces more limitation on number of EMR carriers to be measured or reported? If we take case 2 for example, the detail limitations can be divided into overlapping and non-overlapping types, as shown in below Table 3. In last meeting, companies agreed “the number of LTE EMR inter-frequency carriers remain unchanged compared to Rel-15.” We would like to clarify whether RAN4 has common understanding that no RAN4 requirement is defined (up to UE implementation) when any of limitations listed in below table is exceeded, i.e., A>3, or B>3, or C>3, D>3, or E>32, or F>3, or G>3, or H>8, or N>10, or K>[1, 2, or 3]. 
[bookmark: _Ref40392279][bookmark: _Ref40385058]Proposal 4: RAN4 to clarify no RAN4 requirement is defined (up to UE implementation) when any of limitations shown in following table, measurement capability for re-selection purpose and EMR purpose, is exceeded 
                  Table 3: Measurement capability for UE in IDLE/INACTIVE mode
	Case 2
	FDD E-UTRA 
A≤3, (A=aR +aO+aN)
	TDD E-UTRA 
B≤3, (B=bR +bO+bN)
	FDD UTRA 
C≤3, (C=cR)
	TDD UTRA
D≤3, (D=dR)
	GSM
E≤32, (E=eR)
	cdma2000 1x
F≤3, (F=fR)
	HRPD
G≤3, (G=gR)
	NR
H≤8, (H=hR +hO+hN)
	Total carriers
N≤10, 
(K= kO+ kN)
K≤[1, 2, or 3],

	Re-selection
	aR
	bR
	cR
	dR
	eR
	fR
	gR
	hR
	

	Overlapping EMR
	aO
	bO
	N.A
	N.A
	N.A
	N.A
	N.A
	hO
	kO
(kO=aO+bO +hO)

	Non-overlapping EMR
	aN
	bN
	N.A
	N.A
	N.A
	N.A
	N.A
	hN
	kN
(kN=aN+bN +hN)




If aforementioned proposals can be confirmed in RAN4, we can reuse similar principles in scenario 2, i.e., NR SSB based measurement in LTE IDLE/INACTIVE.  



4. Not in cell center conditions and EMR
Considering that the EMR measurement results might not be useful once UE changes the PCell, so we prefer not to define EMR measurement requirements when UE is not in the cell center. In last meeting, companies said that it is RAN2’ agreement “The fields s-NonIntraSearchP and s-NonIntraSearchQ in SIB2 do not affect the idle/inactive UE measurement procedures.” However, our understanding is that “RAN2 agreement is to let RAN4 decide whether s-NonIntraSearchP and s-NonIntraSearchQ affect the idle/inactive UE measurement behaviour is UE implementation” 
The fields s-NonIntraSearchP and s-NonIntraSearchQ in SIB2 do not affect the idle/inactive UE measurement procedures. How the UE performs idle/inactive measurements is up to UE implementation as long as the requirements in TS 38.133 [14] are met for measurement reporting





So we suggest                                     
[bookmark: _Ref40392280]Proposal 5: RAN4 to reuse the “s-NonIntraSearchP and s-NonIntraSearchQ” to define the not in cell center condition in EMR

4	Summary 
In this contribution, we have the following proposals:
Proposal 1: RAN4 not to specify the measurement period of non-overlapping EMR carriers
Proposal 2: RAN4 to confirm there is no beam-level UE measurement capability specified for EMR purpose
[bookmark: _GoBack]Proposal 3: RAN4 to clarify no RAN4 requirement is defined (up to UE implementation) when any of following limitations, measurement capability for re-selection purpose, is exceeded: 
    • 3 FDD E-UTRA inter-frequency carriers
    • 3 TDD E-UTRA inter-frequency carriers
    • 3 FDD UTRA carriers
    • 3 TDD UTRA carriers    
    • 32 GSM carriers
    • 3 cdma2000 1x carriers
    • 3 HRPD carriers
    • 8 NR inter-RAT carriers
Proposal 4: RAN4 to clarify no RAN4 requirement is defined (up to UE implementation) when any of limitations shown in following table, measurement capability for re-selection purpose and EMR purpose, is exceeded 
                  Table 3: Measurement capability for UE in IDLE/INACTIVE mode
	Case 2
	FDD E-UTRA 
A≤3, (A=aR +aO+aN)
	TDD E-UTRA 
B≤3, (B=bR +bO+bN)
	FDD UTRA 
C≤3, (C=cR)
	TDD UTRA
D≤3, (D=dR)
	GSM
E≤32, (E=eR)
	cdma2000 1x
F≤3, (F=fR)
	HRPD
G≤3, (G=gR)
	NR
H≤8, (H=hR +hO+hN)
	Total carriers
N≤10, 
(K= kO+ kN)
K≤[1, 2, or 3],

	Re-selection
	aR
	bR
	cR
	dR
	eR
	fR
	gR
	hR
	

	Overlapping EMR
	aO
	bO
	N.A
	N.A
	N.A
	N.A
	N.A
	hO
	kO
(kO=aO+bO +hO)

	Non-overlapping EMR
	aN
	bN
	N.A
	N.A
	N.A
	N.A
	N.A
	hN
	kN
(kN=aN+bN +hN)



Proposal 5: RAN4 to reuse the “s-NonIntraSearchP and s-NonIntraSearchQ” to define the not in cell center condition in EMR
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