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1. Introduction
In [1], the impacts of EN-DC scenario to current TS38.133 were approved. 
	NR Measurement gap
	Applicability table and measurement mode for NE-DC needs to be defined.


Besides of those two aspects, in this contribution we also discuss the impacts on the other aspects for measurement gap requirements.
2. Overview of the impacts
The measurement gap requirements consists of following parts and we would like to analyse them one by one.
· UE behaviour during measurement gap

· Measurement gap applicability

· Starting point of MG

· Measurement mode during MG

· Interruption during MG

· UE behaviour before and after MG

· Measurement gap sharing

3. Impacts analysis for MG in EN-DC

· UE behaviour during measurement gap

A new bullet of clarification for NE-DC is needed on top of current definitions. In order to differentiate NE-DC and EN-DC in NSA terminology, we also need to use “E-UTRA–NR dual connectivity” in the UE behaviour definition. 

---------------------------------------------------Proposed change-------------------------------------------------------- 

During the per-UE measurement gaps the UE:

-
is not required to conduct reception/transmission from/to the corresponding E-UTRAN PCell, E-UTRAN SCell(s) and NR serving cells for E-UTRA–NR dual connectivity  except the reception of signals used for RRM measurement

-
is not required to conduct reception/transimssion from/to the corresponding NR serving cells for SA except the reception of signals used for RRM measurement
-
is not required to conduct reception/transmission from/to the corresponding PCell, SCell(s) and E-UTRAN serving cells for NR-E-UTRA dual connectivity except the reception of signals used for RRM measurement
During the per-FR measurement gaps the UE:

-
is not required to conduct reception/transmission from/to the corresponding E-UTRAN PCell, E-UTRAN SCell(s) and NR serving cells in the corresponding frequency range for E-UTRA–NR dual connectivity except the reception of signals used for RRM measurement
-
is not required to conduct reception/transmission from/to the corresponding NR serving cells in the corresponding frequency range for SA except the reception of signals used for RRM measurement

-
is not required to conduct reception/transmission from/to the corresponding PCell, SCell(s) and E-UTRAN serving cells in the corresponding frequency range for NR-E-UTRA dual connectivity except the reception of signals used for RRM measurement
Proposal 1: new bullets for UE behaviour clarification during MG in NE-DC scenario shall be added into the current TS38.133.

· Measurement gap applicability

The measurement applicability for NE-DC might be similar as EN-DC case, but one thing need to be consider is non-NR RAT measurement in NE-DC. NR-NR DC doesn’t need to measure 2G/3G because of there is no direct communication between 5G-CN and 2G/3G-CN in Rel-15. In EN-DC, since LTE is the primary cell and LTE may need to configure 2G/3G measurement for inter-RAT HO purpose, and therefore EN-DC can configure 2G/3G measurement. However, in NE-DC, NR is the primary cell and NR CN cannot communicate with 2G/3G, that is, NR cannot trigger HO between NR and 2G/3G RAT. Even though LTE is the PSCell in NE-DC, but in this case LTE RRC only need to configure LTE RAT measurement for PSCell switching or SCell configuration/activation in SCG. Hence, in NE-DC case, the 2G/3G RAT measurement shall not be required.

Proposal 2: 2G/3G RATs measurement shall not be required for NE-DC case. 
Based on the proposal 2, the measurement gap applicability for NE-DC could be revised from the EN-DC case,
Table 1. Measurement gap applicability for NE-DC

	Measurement gap pattern configuration
	Serving cell 
	Measurement Purpose
	Applicable Gap Pattern Id
	Comments

	Per-UE measurement gap
	FR1 +  E-UTRA , or

FR2 + E-UTRA, or

FR1 + FR2 + E-UTRA

	E-UTRA only
	0,1,2,3
	Same as EN-DC case. The measurement gap pattern #2, 3 are supported by the UEs which indicate the capability signalling of supportedGapPattern to network.

	
	
	FR1 and/or FR2 
	0-11
	Pattern 0-11 shall be supported if only NR MOs are configured.

	
	
	E-UTRA and FR1 and/or FR2
	0, 1, 2, 3, 4, 6, 7, 8,10
	Same as EN-DC case. The measurement gap pattern #2, 3, 6, 7, 8, 10 are supported by the UEs which indicate the capability signalling of supportedGapPattern to network.

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


	Same as EN-DC case The measurement gap pattern #2, 3 are supported by the UEs which indicate the capability signalling of supportedGapPattern to network.

	
	FR2 if configured
	
	No gap 
	Same as EN-DC case.

	
	E-UTRA and, FR1 if configured
	FR1 only 
	0-11 
	Same as EN-DC case.

	
	FR2 if configured
	
	No gap
	Same as EN-DC case.

	
	E-UTRA and, FR1 if configured
	FR2 only
	No gap
	Same as EN-DC case.

	
	FR2 if configured
	
	12-23
	Same as EN-DC case.

	
	E-UTRA and, FR1 if configured
	E-UTRA and FR1 
	0, 1, 2, 3, 4, 6, 7, 8,10
	Same as EN-DC case. The measurement gap pattern #2, 3, 6, 7, 8, 10 are supported by the UEs which indicate the capability signalling of supportedGapPattern to network.

	
	FR2 if configured
	
	No gap
	Same as EN-DC case.

	
	E-UTRA and, FR1 if configured
	FR1 and FR2
	0-11 
	Same as EN-DC case.

	
	FR2 if configured
	
	12-23
	Same as EN-DC case.

	
	E-UTRA and, FR1 if configured
	E-UTRA and FR2
	0, 1, 2, 3, 4, 6, 7, 8,10
	Same as EN-DC case. The measurement gap pattern #2, 3, 6, 7, 8, 10 are supported by the UEs which indicate the capability signalling of supportedGapPattern to network.

	
	FR2 if configured
	
	12-23
	Same as EN-DC case.

	
	E-UTRA and, FR1 if configured
	E-UTRA and FR1 and FR2
	0, 1, 2, 3, 4, 6, 7, 8,10
	Same as EN-DC case. The measurement gap pattern #2, 3, 6, 7, 8, 10 are supported by the UEs which indicate the capability signalling of supportedGapPattern to network.

	
	FR2 if configured
	
	12-23
	Same as EN-DC case.


Regarding positioning related measurement, since LTE is still a serving cell in NE-DC and inter-frequency RSTD measurement can still be configured to this UE, it shall have same definition as EN-DC, i.e., when E-UTRA inter-frequency RSTD measurements are configured and the UE requires measurement gaps for performing such measurements, only Gap Pattern #0 can be used.

Proposal 3: the MG applicability table for EN-DC can be reused for NE-DC case except 2G/3G RATs measurement.

· Starting point of MG
In EN-DC, the starting point of per-UE MG is defined as the end of the latest E-UTRA subframe occurring immediately before the configured measurement gap among MCG serving cells subframes if the MGTA=0, however, in NE-DC the NR serving cell become the PCell in MCG and therefore, the corresponding definition for MG starting point shall be defined as below,
If per-UE measurement gap is configured with MG timing advance of TMG ms, the measurement gap starts at time TMG ms advanced to the end of the latest NR subframe occurring immediately before the configured measurement gap among MCG serving cells subframes.

For FR1 MG, there might be two different cases to be consider: (1) UE has FR1 NR serving cell (2) UE doesn’t have FR1 NR serving cell. In case (1), the MG starting point shall be based on the latest NR serving cell subframe boundary among MCG serving cells subframes in FR1 (if MGTA=0). In case (2), the MG starting point shall be based on the latest LTE serving cell subframe boundary among SCG serving cells subframes (if MGTA =0). So starting point the per-FR MG for FR1 shall be defined as:

If per-FR measurement gap for FR1 is configured with MG timing advance of TMG ms and UE has NR serving cell in FR1, the measurement gap for FR1 starts at time TMG ms advanced to the end of the latest NR subframe occurring immediately before the configured measurement gap among MCG serving cells subframes in FR1.

If per-FR measurement gap for FR1 is configured with MG timing advance of TMG ms and UE doesn’t have NR serving cell in FR1, the measurement gap for FR1 starts at time TMG ms advanced to the end of the latest E-UTRA subframe occurring immediately before the configured measurement gap among SCG serving cells subframes.

For FR1 MG, the MG starting point shall be based on the latest NR serving cell subframe boundary among MCG serving cells subframes in FR2 (if MGTA=0). So starting point the per-FR MG for FR2 shall be defined as:

If per-FR measurenet gap for FR2 is configured with MG timing advance of TMG ms, the measurement gap for FR2 starts at time TMG ms advanced to the end of the latest NR subframe occurring immediately before the configured measurement gap among MCG serving cells subframes in FR2.
Same as EN-DC, UE can also use the DL timing to derive the MG starting point. And the full definition for MG starting point is:

Proposal 4: the MG starting point definition for NE-DC is:

If per-UE measurement gap is configured with MG timing advance of TMG ms, the measurement gap starts at time TMG ms advanced to the end of the latest NR subframe occurring immediately before the configured measurement gap among MCG serving cells subframes.

If per-FR measurement gap for FR1 is configured with MG timing advance of TMG ms and UE has NR serving cell in FR1, the measurement gap for FR1 starts at time TMG ms advanced to the end of the latest NR subframe occurring immediately before the configured measurement gap among MCG serving cells subframes in FR1.

If per-FR measurement gap for FR1 is configured with MG timing advance of TMG ms and UE doesn’t have NR serving cell in FR1, the measurement gap for FR1 starts at time TMG ms advanced to the end of the latest E-UTRA subframe occurring immediately before the configured measurement gap among SCG serving cells subframes.

If per-FR measurenet gap for FR2 is configured with MG timing advance of TMG ms, the measurement gap for FR2 starts at time TMG ms advanced to the end of the latest NR subframe occurring immediately before the configured measurement gap among MCG serving cells subframes in FR2.

TMG is the MG timing advance value provided in mgta according to TS38.331[2].

In determining the measurement gap starting point, UE shall use the DL timing of the latest E-UTRA or NR subframe occurring immediately before the configured measurement gap among E-UTRA or NR serving cells.
· Measurement mode during MG 
Regarding NE-DC, if the serving cell are FR1 + LTE and LTE/FR1 + FR2 MOs are configured, if per-UE MG is configured, then all the MOs shall be measured based per-UE MG, which is same as EN-DC. If per-FR MG is configured and UE has no serving cell in that FR, an effective MGRP would be used, e.g. 20ms for FR2. If serving cell are LTE+FR1+FR2 or LTE+ FR2 and LTE/FR1 + FR2 MOs are configured, as long as per-UE MG is configured, all the MOs shall be based on per-UE MG. 

So in our understanding, all the measurement mode requirement for EN-DC can be reused for NE-DC case, and it only needs some clarification on current requirement, shown as below.

	For per-FR measurement gap capable UE configured with E-UTRA-NR dual connectivity or NR-E-UTRA 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 configured with E-UTRA-NR dual connectivity or NR-E-UTRA dual connectivity, 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.

If measurement gap is configured in one FR but measurement object is not configured in the FR, the scheduling opportunity in the FR depends on the configured measurement gap pattern.


Proposal 5: the measurement mode of NE-DC can be completely same as EN-DC case. 
When we are analysing the NE-DC measurement mode, we also identified one missing measurement mode for previous SA, that is,

	For per-FR measurement gap capable UE in NR standalone operation, when serving cells are in FR1 or 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;


· Interruption during MG
The current interruption requirement during MG is already generic enough to contain both EN-DC and SA cases, and we think all the numeric values in tables or figures in the current requirement can be applied for NE-DC case as well. The only thing need to do is to clarify the NE-DC serving cell group, since in NE-DC NR is the MCG serving cells. That means the interruption requirement for NE-DC shall apply to MCG instead of SCG, e.g.

	For NR-E-UTRA dual connectivity, if UE is not capable of per-FR-gap, total interruption time on MCG during MGL is defined only when MGL(N) = 6ms, 4ms and 3ms. And if UE is capable of per-FR-gap, total interruption time on FR1 serving cells in MCG during MGL is defined only when MGL(N) = 6ms, 4ms and 3ms, and total interruption time on FR2 serving cells in MCG during MGL is defined only when MGL(N) = 5.5ms, 3.5ms and 1.5ms, given that the reference time for per-FR gap in FR2 is based on an FR2 serving cell.


Proposal 6: all the numeric values in tables and figures of interruption during MG in EN-DC can be applied for NE-DC case, and only thing need to do is to clarify the NR serving cells are in MCG for NE-DC case.
· UE behaviour before and after MG
Since current UE behaviour before and after MG are defined for both EN-DC and SA cases, and based on the previous discussion/analysis, we didn’t see any new requirement is needed for NE-DC case. Hence, we think the current requirement of UE behaviour before and after MG can also be applied for NE-DC case, and nothing needs to be added into the current spec.
Proposal 7: nothing needs to be added into the current spec for UE behaviour before and after MG in NE-DC.
· Measurement gap sharing

The MG sharing mechanism for late drop scenarios has been discussed before, and some of the information was captured in WF [2], duplicated as below,
	· Considering different NR deployment scenarios (EN-DC, NE-DC, NR CA, NR-NR DC) by applying current gap occasion sharing mechanism, the frequency layer which matters mobility performance can not be prioritized: 

· In EN-DC case, LTE inter-frequency measurement (for inter-freq HO) needs to be prioritized than NR intra-frequency gap-based measurement, NR inter-frequency measurement, and other inter-RAT measurements (other RATs).

· In NE-DC case, NR intra-frequency gap-based measurement corresponding to NR serving cells in FR1 needs to be prioritized than other intra-frequency gap-needed measurement and all inter-freq/inter-RAT measurement. 

· In FR1-FR2 NR-NR DC, NR intra-frequency gap-based measurement corresponding to NR serving carrier(s) of MCG (i.e., FR1 CCs) needs to be prioritized than other intra-frequency gap-needed measurement and all inter-freq/inter-RAT measurement. 


However, in current TS38.133, for EN_DC UE configured with per-UE measurement gap, measurement gap sharing shall be applies 
“when UE requires measurement gaps to identify and measure cells on intra-frequency carriers or when SMTC configured for intra-frequency measurement are fully overlapping with per-UE measurement gaps”, 
and,

“when UE is configured to identify and measure cells on inter-frequency carriers, E-UTRA gap-needed inter-frequency carriers and inter-RAT UTRAN carriers and/or inter-RAT GSM carriers”.
So RAN4 actually didn’t prioritize the LTE inter-frequency measurement over NR gap based intra-frequency measurement in the spec, after long discussion. Following the same logic, we also think that for Rel-15, we could reuse the existing MG sharing mechanism/table for NE-DC and the advanced gap sharing mechanisms could be further discussed in Rel-16. 
As in proposal 2, The MG sharing requirement for NE-DC shall not consider 2G/3G RATS measurements. Hence, in NE-DC, inter-frequency/inter-RAT MO includes inter-frequency NR measurement, gap-needed inter-frequency LTE measurement and inter-RAT LTE measurement, and intra-frequency MO includes gap-needed intra-frequency NR measurement and intra-frequency measurement whose SMTCs are fully overlapping with corresponding measurement gaps, shown as below,
	For NR-EUTRA dual connectivity UE configured with per-UE measurement gap, measurement gap sharing shall be applies when UE requires measurement gaps to identify and measure cells on intra-frequency carriers or when SMTC configured for intra-frequency measurement are fully overlapping with per-UE measurement gaps, and when UE is configured to identify and measure cells on inter-frequency carriers, E-UTRA gap-needed inter-frequency carriers and/or inter-RAT E-UTRAN carriers.
For NR-EUTRA dual connectivity UE configured with per-FR1 measurement gap, measurement gap sharing shall be applied when UE requires measurement gaps to identify and measure cells on FR1 intra-frequency carriers or when SMTC configured for FR1 intra-frequency measurement are fully overlapping with per-FR1 measurement gaps, and when UE is configured to identify and measure cells on FR1 inter-frequency carriers, E-UTRA gap-needed inter-frequency carriers and/or inter-RAT E-UTRAN carriers.


Proposal 8: in Rel-15, reuse the existing MG sharing mechanism/table for NE-DC, but the MOs which are sharing MGs shall be revised for NE-DC mode, and the advanced gap sharing mechanisms could be further discussed in Rel-16.

4. Conclusions

In this contribution we discuss the impacts of NE-DC scenario on the aspects for measurement gap requirements. A corresponding CR was submitted in [3].
Proposal 1: new bullets for UE behaviour clarification during MG in NE-DC scenario shall be added into the current TS38.133.

Proposal 2: 2G/3G RATs measurement shall not be required for NE-DC case. 
Proposal 3: the MG applicability table for EN-DC can be reused for NE-DC case except 2G/3G RATs measurement.

Proposal 4: the MG starting point definition for NE-DC is:

If per-UE measurement gap is configured with MG timing advance of TMG ms, the measurement gap starts at time TMG ms advanced to the end of the latest NR subframe occurring immediately before the configured measurement gap among MCG serving cells subframes.

If per-FR measurement gap for FR1 is configured with MG timing advance of TMG ms and UE has NR serving cell in FR1, the measurement gap for FR1 starts at time TMG ms advanced to the end of the latest NR subframe occurring immediately before the configured measurement gap among MCG serving cells subframes in FR1.

If per-FR measurement gap for FR1 is configured with MG timing advance of TMG ms and UE doesn’t have NR serving cell in FR1, the measurement gap for FR1 starts at time TMG ms advanced to the end of the latest E-UTRA subframe occurring immediately before the configured measurement gap among SCG serving cells subframes.

If per-FR measurement gap for FR2 is configured with MG timing advance of TMG ms, the measurement gap for FR2 starts at time TMG ms advanced to the end of the latest NR subframe occurring immediately before the configured measurement gap among MCG serving cells subframes in FR2.

TMG is the MG timing advance value provided in mgta according to TS38.331[2].

In determining the measurement gap starting point, UE shall use the DL timing of the latest E-UTRA or NR subframe occurring immediately before the configured measurement gap among E-UTRA or NR serving cells.
Proposal 5: the measurement mode of NE-DC can be completely same as EN-DC case. 
Proposal 6: all the numeric values in tables and figures of interruption during MG in EN-DC can be applied for NE-DC case, and only thing need to do is to clarify the NR serving cells are in MCG for NE-DC case.

Proposal 7: nothing needs to be added into the current spec for UE behaviour before and after MG in NE-DC.

Proposal 8: in Rel-15, reuse the existing MG sharing mechanism/table for NE-DC, but the MOs which are sharing MGs shall be revised for NE-DC mode, and the advanced gap sharing mechanisms could be further discussed in Rel-16.
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