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1. Introduction
For EN-DC, RAN2 made a lot of progress on measurement configuration & coordination as well as gap configuration & coordination, as summarized below. In this contribution, we provide more views on NE-DC case.  
· Measurement configuration and reporting:
· MN(LTE) supports B1 and B2 event measurement on NR frequencies;
· MN(LTE) only support SSB based NR measurement, doesn’t support CSI-RS based NR measurement;
· SN(NR) can only configure intra-RAT measurement, doesn’t support inter-RAT measurement; 
· The measure results of NR serving cell and best neighbour cells can be included in MN(LTE) A3/A4/A5 events and B1/B2 events reporting.
· Measurement coordination:
· MN(LTE) indicates the number of frequency layers that can be used in the SN;
· Re-negotiation (SN signaling to MN for the purpose to ask for more number of frequency layer) is not supported (at least in Rel-15).  
· Gap configuration:
· Per-UE gap or independent LTE/FR1 gap is configured by MN, and UE performs gap calculation based on the SFN and subframe of PCell;
· Independent FR2 gap is configured by SN, and UE performs gap calculation based on the SFN and subframe of PSCell;
· UE can report the gap capability to network. For independent gap capable UE, the network can configure either per-UE gap or per-FR gap, and MN indicates the used gap type in Uu interface. 
· Gap coordination:
· For per-UE gap or independent LTE/FR1 gap, MN transmit the gap pattern to SN via CG-ConfigInfo;
· For per-UE gap, if SN hasn’t received the gap pattern from MN, and SN wants to configure gap assisted FR1/FR2 measurements, SN can send the FR1/FR2 frequencies to MN via CG-Config; 
· For independent LTE/FR1 gap, if SN hasn’t received the gap pattern from MN, and SN wants to configure gap assisted FR1 measurements, SN can send the FR1 frequencies to MN via CG-Config;
· For independent FR2 gap, if MN wants to configure gap assisted FR2 measurements, MN can send the FR1 frequencies to SN via CG-ConfigInfo.  
2. Consideration on measurement framework
The architecture of NE-DC is illustrated in figure 1:


Figure 1. Architecture of NE-DC
For study on the measurement framework in NE-DC, following attributes and principles can be taken into consideration:
· SRB3 is not supported in NE-DC;
· MN(i.e. NR) may operate in the higher spectrum, while SN(i.e. LTE) may operate in the lower spectrum; 
· The inter-node message between MN and SN will be defined in 36.331;
· RAN2 should try to minimize the impact on LTE specification.
· Measurement configuration and reporting
Although SRB3 is not supported in NE-DC, due to different RAT, in order to support flexible SCell addition/deletion in SN node, it makes sense to support SN configured measurements. On the other hand, in case the MN operates in the higher spectrum and with small coverage, PCell handover is likely to happen more frequently. To avoid throughput reduction, MN handover with/without SN change should be supported in NE-DC. Then a similar measurement reporting mechanism can be inherited.
Proposal 1	In NE-DC, adopt the following measurement framework:
· SN configured measurement and measurement reporting can only be encapsulated in LTE RRC message via SRB1; once MN receives SN measurement report from UE, MN forwards it to SN via Xn interface; 
· Both intra-RAT and inter-RAT measurement are supported at MN side, while only intra-RAT measurement is supported at SN side;
· MN supports both SSB based and CSI-RS based NR measurements;
· The available measurement results of LTE serving cell and best neighbour cells can be included in MN configured NR A3/A4/A5 events and LTE B1/B2 events.  
· Measurement coordination
If proposal1 is adopted, measurement coordination mechanism is required to avoid that the configured measurements exceed the UE capability. Since inter-RAT measurements are not supported at SN side, the only thing that needs to be coordinated is the number of measured LTE frequencies configured by the MN and SN. For simplicity, at least in R15, we can reuse the hard split solution as defined in EN-DC.
Proposal 2	In NE-DC, reuse the measurement coordination framework as defined in EN-DC:
· MN indicates a maximum number of measured LTE frequency layers that can be used in SN via SCG-ConfigInfo in 36.331;
· Re-negotiation (SN signaling to MN for the purpose to ask for more number of frequency layer) is not supported (at least in Rel-15)
3. Consideration on gap configuration and coordination
· Gap configuration
According to RAN4 LS [1], the following gap patterns are defined for MR-DC case (not only EN-DC). 
Table 1. Applicability for Gap Pattern Configurations supported by the E-UTRA-NR dual connectivity UE
	Measurement gap pattern configuration
	Serving cell 
	Measurement Purpose
	Applicable Gap Pattern Id

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

	
	
	FR1 and/or FR2 
	[0-11]

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

	Per FR measurement gap
	E-UTRA and, FR1 if configured
	E-UTRA only
	[0,1,2,3] 


	
	FR2 if configured
	
	No gap 

	
	E-UTRA and, FR1 if configured
	FR1 only 
	[0-11]

	
	FR2 if configured
	
	No gap

	
	E-UTRA and, FR1 if configured
	FR2 only
	No gap

	
	FR2 if configured
	
	[12-23]

	
	E-UTRA and, FR1 if configured
	E-UTRA and FR1 
	[0,1,2,3]

	
	FR2 if configured
	
	No gap

	
	E-UTRA and, FR1 if configured
	FR1 and FR2
	[0-11]

	
	FR2 if configured
	
	[12-23]

	
	E-UTRA and, FR1 if configured
	E-UTRA and FR2
	[0,1,2,3] 

	
	FR2 if configured
	
	[12-23]

	
	E-UTRA and, FR1 if configured
	E-UTRA and FR1 and FR2
	[0,1,2,3] 

	
	FR2 if configured
	
	[12-23]

	Note: if GSM or UTRA TDD or UTRA FDD inter-RAT frequency layer is configured to be monitered, only measurement gap pattern #0 and #1 can be used for per-FR gap in E-UTRA and FR1 if configured, or for per-UE gap.


As discussed in EN-DC scenario, for the per-FR FR2 gap pattern (i.e. gap pattern 12~23), considering it only influences the scheduling of serving cell operating on FR2 frequency, and only SCG can be configured with FR2 frequency, RAN2 concluded that FR2 gap should be configured by SN side, and the UE calculates the FR2 gap position based on the timing reference of PSCell.
However, in NE-DC, MN can operate on NR FR1 frequency or NR FR2 frequency or both FR1&FR2 frequencies. So the benefit of configuring FR2 gap via SN node does not exist. The relation between gap pattern and scheduling impact is shown in the following table:
	Gap pattern
	Schedule impact on 
MN serving cells
	Schedule impact on 
SN serving cell

	
	NR FR1 Cell(s)
	NR FR2 Cell(s)
	LTE Cell(s)

	Per-UE gap
	Yes
	Yes
	Yes

	Independent LTE/FR1 gap
	Yes
	No
	Yes

	Independent FR2 gap
	No
	Yes
	No


As it can be seen, irrespective of gap pattern, the scheduling of MN serving cell will be influenced, especially for FR2 gap, so it’s reasonable to let the MN configure all gap patterns. And for per-UE gap and independent LTE/FR1 gap, the MN should deliver the gap configuration to the SN if gap is enabled.
[bookmark: _GoBack]For the explicit indication of gap type (i.e. per-UE gap or per-FR1 gap), at least in Xn interface from MN to SN it is not needed due to the scheduling of all LTE serving cells will be impacted. For the Uu interface, the UE needs to differentiate the per-UE gap and per-FR1 gap via an explicit indication from network. Nevertheless, for FR2 gap, considering the particular MGL value range, then the MN only needs to indicate per-UE gap or per-FR gap type, while the UE can differentiate FR1 gap and FR2 gap by itself. So we propose:
Proposal 3	In NE-DC, adopt the following gap configuration framework:
· Either per-UE gap or per-FR gap is configured by MN;
· For either per-UE gap or independent LTE/FR1 gap, MN should indicate the gap pattern to SN via X2 interface, while the explicit gap type indication is not needed;
· For either per-UE gap or per-FR gap, MN can explicitly indicate the gap type to UE;
· UE calculates the gap pattern based on the SFN and frame of NR PCell.
· Gap coordination
If proposal 3 is adopted, the gap coordination is only needed when SN needs to configure gap assisted measurements, and SN has not already received a gap pattern from MN. However, differently from EN-DC and NGEN-DC, for measuring on LTE frequencies, assistance information might not be needed due to the periodicity of CRS/PSS/SSS in LTE is fixed 5ms. Additionally, gap pattern is decided by the MN itself and the MN is aware of the SMTC/CSI-RS configuration of each NR frequency.
Proposal 4	In NE-DC, assistance information (e.g. measured freq list) is not exchanged between MN and SN for gap coordination purpose.
4. Conclusion and proposals
RAN2 is kindly asked to discuss and adopt the following proposal:
Proposal 1	In NE-DC, adopt the following measurement framework:
· SN configured measurement and measurement reporting can only be encapsulated in LTE RRC message via SRB1; once MN receives SN measurement report from UE, MN forwards it to SN via Xn interface; 
· Both intra-RAT and inter-RAT measurement are supported at MN side, while only intra-RAT measurement is supported at SN side;
· MN supports both SSB based and CSI-RS based NR measurements;
· The available measurement results of LTE serving cell and best neighbour cells can be included in MN configured NR A3/A4/A5 events and LTE B1/B2 events.  
Proposal 2	In NE-DC, reuse the measurement coordination framework as defined in EN-DC:
· MN indicates a maximum number of measured LTE frequency layers that can be used in SN via SCG-ConfigInfo in 36.331;
· Re-negotiation (SN signaling to MN for the purpose to ask for more number of frequency layer) is not supported (at least in Rel-15)
Proposal 3	In NE-DC, adopt the following gap configuration framework:
· Either per-UE gap or per-FR gap is configured by MN;
· For either per-UE gap or independent LTE/FR1 gap, MN should indicate the gap pattern to SN via X2 interface, while the explicit gap type indication is not needed;
· For either per-UE gap or per-FR gap, MN can explicitly indicate the gap type to UE;
· UE calculates the gap pattern based on the SFN and frame of NR PCell.
Proposal 4	In NE-DC, assistance information (e.g. measured freq list) is not exchanged between MN and SN for gap coordination purpose.
5. Reference
[1]	R2-1801732 LS on measurement gap patterns	Source RAN4, To RAN2.



oleObject1.bin
LTE
(SN)


NR
(MN)


5GC


CP + UP


UP


CP + UP


NE-DC



image1.emf
LTE

(SN)

NR

(MN)

5GC

C

P

 

+

 

U

P

U

P

CP + UP

NE-DC


