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1	Introduction
In RAN#80, it was approved [1] that NR-NR DC is introduced in Rel-15 late drop with assumption of synchronous mode from L1 aspects. Specifically, the scope for NR-NR DC is approved in RAN plenary in exception sheet [2] as below:
	For SA (Option 2) only:
·     NR-NR Dual connectivity aspects
‐  Synchronous mode from physical layer aspects;
‐  Band combination(s) for FR1 + FR2;
‐  MCG fully in FR1 and SCG fully in FR2
‐  Common radio protocols and network interfaces applicable to both synchronous and asynchronous mode of operations.


In RAN4 #88, the following agreements have been reached for NR-DC measurement related issues, which have been captured in WF [3]:
	Proposal-1: RAN4 adopt similar concepts of per-UE and per-NR measurement gap for NR-NR Dual Connectivity.
Proposal-2: RAN4 adopt the applicability rule for gap pattern configurations supported by the UE with NR-NR Dual Connectivity operation.
	Measurement gap pattern configuration
	Serving cell
	Measurement Purpose
	Applicable Gap Pattern Id

	Per-UE measurement gap
	FR1, or
FR1 + FR2
	E-UTRA only Note 3
	0,1,2,3

	
	
	FR1 and/or FR2
	0-11

	
	
	E-UTRAN and FR1 and/or FR2 Note 3
	0,1,2,3

	Per FR measurement gap
	FR1
	E-UTRA only Note 3
	0,1,2,3

	
	FR2
	
	No gap

	
	FR1
	FR1 only
	0-11

	
	FR2
	
	No gap

	
	FR1
	FR2 only
	No gap

	
	FR2
	
	12-23

	
	FR1
	E-UTRA and FR1 Note 3
	0,1,2,3

	
	FR2
	
	No gap

	
	FR1
	FR1 and FR2
	0-11

	
	FR2
	
	12-23

	
	FR1
	E-UTRA and FR2 Note 3
	0,1,2,3

	
	FR2
	
	12-23

	
	FR1
	E-UTRA and FR1 and FR2 Note 3
	0,1,2,3

	
	FR2
	
	12-23

	NOTE 1:	When E-UTRA inter-RAT RSTD measurements are configured and the UE requires measurement gaps for performing such measurements, only Gap Pattern #0 can be used. 
NOTE 2: Measurement purpose which includes E-UTRA measurements includes also inter-RAT E-UTRA RSRP and RSRQ measurements for E-CID
NOTE 3: Editor’s note: a note to be added in Table 9.1.2-3 on that measurement gap patterns #2 and #3 are supported only by the UEs which have a corresponding capability of short measurement gap once RAN2 specifies the capability.



Proposal 3: For UE with NR-NR DC configured, RAN4 adopt the same requirement for number of layers for multiple monitoring as NR Standalone mode, i.e., 
	
	
	NR inter-frequency 
carrier
	E-UTRA TDD 
inter-RAT carrier
	E-UTRA FDD 
inter-RAT carrier
	Total effective carriers

	# of effective carrier freq.
	NR RRC_IDLE state
	7
	7
	7
	14 (including one serving layer)

	
	NR RRC_CONNECTED state
	7
	7
	7
	13

	
	NR RRC_CONNECTED state with NR-NR DC configured 
	7
	7
	7
	13



For SFTD related requirement for NR-NR DC in Rel-15, RAN4 has concluded that Rel-15 requirements are needed for the following case:
· SFTD between NR PCell and NR neighbour cell, before NR PSCell is configured


In this contribution, we would like to further provide our views on NR-DC measurement.  
2 Discussion
2.1 Measurement Mode
In EN-DC and NR SA, UE measurement mode’s impact on UE behaviour and expected UE performance are introduced in Section 9.1.2 (the latest version shown below).
	For per-FR measurement gap capable UE configured with E-UTRA-NR dual connectivity, when serving cells are in E-UTRA and FR1, measurement objects are in both E-UTRA /FR1 and FR2,
-	If MN indicates UE that the measurement gap from MN applies to E-UTRA/FR1/FR2 serving cells, UE fulfils the per-UE measurement requirements for both E-UTRA/FR1 and FR2 measurement objects based on the measurement gap pattern configured by MN;
-	If MN indicates UE that the measurement gap from MN applies to only LTE/FR1 serving cell(s),
-	UE fulfils the measurement requirements for FR1/LTE measurement objects based on the configured measurement gap pattern;
-	UE fulfils the requirements for FR2 measurement objects based on effective MGRP=20ms;
For per-FR measurement gap capable UE, when serving cells are in E-UTRA, FR1 and FR2, or in E-UTRA and FR2, measurement objects are in both E-UTRA /FR1 and FR2,
-	If MN indicates UE that the measurement gap from MN applies to E-UTRA/FR1/FR2 serving cells, UE fulfils the per-UE measurement requirements for both E-UTRA/FR1 and FR2 measurement objects based on the measurement gap pattern configured by MN.



 From our understanding, UE measurement mode’s impact in Section 9.1.2 (the latest version shown below) is not needed to be changed for NR-NR DC, by considering the following two facts: 
(1) Different from EN-DC (1st paragraph in the above specification excerpt), which can have the case with serving cells in E-UTRA and FR1 while measurement objects in both E-UTRA/FR1 and FR2, we only consider the NR-NR DC operation in which MCG fully in FR1 and SCG fully in FR2. Therefore there is no need to change or add requirement like this for NR-NR DC. 
(2) For the part where MN explicitly indicate per-UE measurement gap should be applied even though UE is capable of per-FR measurement gap capability, the similar requirement needs to be included for NR-NR DC with the following text changes needed: 
	For per-FR measurement gap capable UE, when serving cells are in E-UTRA, FR1 and FR2, or in E-UTRA and FR2, or in FR1 and FR2, measurement objects are in both E-UTRA /FR1 and FR2,
-	If MN indicates UE that the measurement gap from MN applies to E-UTRA/FR1/FR2 serving cells, UE fulfils the per-UE measurement requirements for both E-UTRA/FR1 and FR2 measurement objects based on the measurement gap pattern configured by MN.



Proposal 1: Measurement mode’s impact on NR-DC UE behavior and performance is considered, under the scenario of serving cells in FR1 and FR2, measurement objects are in both E-UTRA/FR1 and FR2.

2.2 Interrupted Slots for NR-NR DC
To consider the interrupted slots for NR-NR DC, it should be noted that only synchronous scenario is assumed in Rel-15 NR work item. Similar to EN-DC requirement, the interrupted slots should be specified by differentiate numerologies, MGL and MG timing advance applied. Specifically, the requirement as below tables 9.1.2-4 (Total number of interrupted slots on serving cells during MGL for Synchronous EN-DC and NR carrier aggregation with per-UE measurement gap or per-FR measurement gap for FR1) and table Table 9.1.2-4b (Total number of interrupted slots on FR2 serving cells during MGL for EN-DC and NR carrier aggregation with per-FR measurement gap for FR2) can be reused for synchronous NR-NR DC, with the following text changes needed:
	Table 9.1.2-4: Total number of interrupted slots on serving cells during MGL for Synchronous EN-DC and NR standalone (without and with synchronous NR-DC operation) with per-UE measurement gap or per-FR measurement gap for FR1
	NR SCS (kHz)
	Total number of interrupted slots on serving cells

	
	When MG timing advance of 0ms is applied
	When MG timing advance of 0.5ms is applied

	
	MGL=6ms
	MGL=4ms
	MGL=3ms
	MGL=6ms
	MGL=4ms
	MGL=3ms

	15
	6
	4
	3
	7
	5
	4

	30
	12
	8
	6
	12
	8
	6

	60
	24
	16
	12
	24
	16
	12

	120
	48
	32
	24
	48
	32
	24

	Note1:	For Gap Pattern ID 0, 1, 2 and 3, total number of interrupted subframes on MCG is MGL subframes when MG timing advance of 0ms is applied, and (MGL+1) subframes when MG timing advance of 0.5ms is applied.
Note2: 	NR SCS of 120 kHz is only applicable to the case with per-UE measurement gap.


…
Table 9.1.2-4b: Total number of interrupted slots on FR2 serving cells during MGL for EN-DC and NR standalone (without and with synchronous NR-DC operation) with per-FR measurement gap for FR2
	NR SCS (kHz)
	Total number of interrupted slots on FR2 serving cells

	
	When MG timing advance of 0ms is applied
	When MG timing advance of 0.25ms is applied

	
	MGL=5.5ms
	MGL=3.5ms
	MGL=1.5ms
	MGL=5.5ms
	MGL=3.5ms
	MGL=1.5ms

	60
	22
	14
	6
	22
	14
	6

	120
	44
	28
	12
	44
	28
	12






Proposal 2: For the number of interrupted slots for NR-DC, RAN4 adopt the same Table 9.1.2-4 for per-UE measurement gap or per-FR measurement gap for FR1, and the same Table 9.1.2-4b for per-FR measurement gap for FR2.

2.3 UE Measurement Capability
As agreed in last meeting, For UE with NR- DC configured, RAN4 adopt the same requirement for number of layers for multiple monitoring as NR Standalone mode, i.e., 
	
	
	NR inter-frequency 
carrier
	E-UTRA TDD 
inter-RAT carrier
	E-UTRA FDD 
inter-RAT carrier
	Total effective carriers

	# of effective carrier freq.
	NR RRC_IDLE state
	7
	7
	7
	14 (including one serving layer)

	
	NR RRC_CONNECTED state
	7
	7
	7
	13

	
	NR RRC_CONNECTED state with NR-NR DC configured 
	7
	7
	7
	13



However, it should be noted that both PCell and PSCell can configure NR inter-frequency carriers, while the way of identifying the total number of effective NR carrier frequencies for EN-DC can be reused. 
Proposal 3: Since both PCell and PSCell can configure NR inter-frequency carriers, the way of identifying the total number of effective NR carrier frequencies for EN-DC can be reused.

For the measurement on E-UTRA FDD/TDD inter-RAT carriers, we assume that it is reasonable to assume only PCell (i.e., PCell in FR1 for Rel-15 NR-DC) will configure E-UTRA inter-RAT measurement, considering the assumed non-ideal connection between FR1 NR MgNB and FR2 NR SgNB. 
Proposal 4: In Rel-15 NR-DC, only FR1 PCell will configure E-UTRA inter-RAT measurement.

2.4 Intra-frequency Measurement Requirement

For intra-frequency measurement requirement with multiple serving cells (multiple NR SCells in NR SA or EN-DC case), the requirement of single frequency layer is further scaled, which is a carrier-specific scaling factor to consider multiple frequency layers. From our understanding, the same assumption of searcher number for FR1+FR2 CA can be reused for FR1-FR2 NR-DC UE, and the same relaxing factor can be reused. 
Proposal 5: For UE with Rel-15 NR-DC operation, the same principle to derive carrier-specific scaling factor for FR1-FR2 NR CA case can be reused.
In FR1-FR2 NR CA, 2 searchers are assumed that one searcher is dedicated for PCC and half of the other searcher is dedicated to SCC where neighbor cell measurement is required, while the remaining half of the searcher is shared among FR1 SCCs and FR2 SCC where neighbor cell measurement is not required. Based on similar rule, we propose to have the following scaling factor for NR-DC case. 
Proposal 6: Based on similar principle as FR1-FR2 NR CA, the carrier-specific scaling factor for Rel-15 NR-DC can be defined as below:
Table. CSSFoutside_gap,i scaling factor in SA with NR-DC operation
	Scenario
	CSSFoutside_gap,i for FR1 PCC
	CSSFoutside_gap,i for FR1 SCC
	CSSFoutside_gap,i for FR2 PSCC

	CSSFoutside_gap,i for FR2 SCC where neighbour cell measurement is not required

	NR-DC (FR1 PCell and FR2 PSCell) Note 1
	1
	2×Number of configured SCell(s)
	2
	2×Number of configured SCell(s)

	Note 1:	NR-DC in Rel-15 only includes the scenarios where all serving cells in MCG in FR1 and all serving cells in SCG in FR2.



3 Conclusion
In this contribution, we provided our views for the expected changes on measurement related requirement (i.e., in Chapter 9 of TS38.133) due to the introduced NR-NR Dual Connectivity in late drop, with the following observations and proposals achieved: 
Proposal 1: Measurement mode’s impact on NR-DC UE behavior and performance is considered, under the scenario of serving cells in FR1 and FR2, measurement objects are in both E-UTRA/FR1 and FR2.
Proposal 2: For the number of interrupted slots for NR-DC, RAN4 adopt the same Table 9.1.2-4 for per-UE measurement gap or per-FR measurement gap for FR1, and the same Table 9.1.2-4b for per-FR measurement gap for FR2.
Proposal 3: Since both PCell and PSCell can configure NR inter-frequency carriers, the way of identifying the total number of effective NR carrier frequencies for EN-DC can be reused.
Proposal 4: In Rel-15 NR-DC, only FR1 PCell will configure E-UTRA inter-RAT measurement.
Proposal 5: For UE with Rel-15 NR-DC operation, the same principle to derive carrier-specific scaling factor for FR1-FR2 NR CA case can be reused.
Proposal 6: Based on similar principle as FR1-FR2 NR CA, the carrier-specific scaling factor for Rel-15 NR-DC can be defined as below:
Table. CSSFoutside_gap,i scaling factor in SA with NR-DC operation
	Scenario
	CSSFoutside_gap,i for FR1 PCC
	CSSFoutside_gap,i for FR1 SCC
	CSSFoutside_gap,i for FR2 PSCC

	CSSFoutside_gap,i for FR2 SCC where neighbour cell measurement is not required

	NR-DC (FR1 PCell and FR2 PSCell) Note 1
	1
	2×Number of configured SCell(s)
	2
	2×Number of configured SCell(s)

	Note 1:	NR-DC in Rel-15 only includes the scenarios where all serving cells in MCG in FR1 and all serving cells in SCG in FR2.
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