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1 Introduction

Measurement gap may be required for inter-frequency measurement. Up to release 11, a measurement gap configuration is applied to all serving cells for simplicity reason. This paper discusses whether such approach is valid for dual connectivity.
2 Discussion
Some UE may or may not require measurement gap in some configurations. A general understanding is that UE does not need measurement gap to do inter-frequency measurement if UE has an additional RF circuit that is not used for the current configuration. MeasParameters in UE-EUTRA-Capability IE contains the relevant information. In short a single BOOLEAN value named interFreqNeedForGaps is signalled for each pair of {E-UTRA band combination in which UE is operating, E-UTRA band to be measured}, indicating whether the measurement gap is required to measure a E-UTRA band when serving cells are configured in a certain band combination.

Even though not specified explicitly, once configured, measurement gap is applied to all the serving cells. Ideally, measurement gap is better applied to only relevant serving cells (i.e. serving cells operating on the RF circuit to measure the concerned frequency). However, RF architecture is UE implementation and not visible to ENB; currently there is no mean to indicate ENB which serving cell is relevant serving cell for the inter-frequency measurement.

In dual-connectivity where inter-band non-contiguous band combination is the main scenario, applying the measurement gap to all the serving cells seems too much simplification sacrificing the throughput unnecessarily, where separate RF circuits would be mostly applied to MCG and SCG.
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Fig 1 Per UE measurement gap
One simple approach would be applying the measurement gap only either to MCG serving cells or to SCG serving cells as shown in the figure 2.
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Fig 2 Per Cell Group measurement gap
In the current signalling structure (both in UE capability reporting and in measurement gap configuration), it is impossible for ENB either to know which cell group the measurement gap is needed (from UE capability information) nor to indicate which cell group the measurement gap is configured (in measurement configuration). 
In the following, we will discuss how to achieve cell group specific measurement gap.

<Table 1>

	
	Description
	Signalling impact to UE capability reporting
	Signalling impact to measurement configuration

	Solution 0: Baseline
	Single MG configuration; both for MCG and SCG
	None
	None

	Solution 1 
	Single MG configuration; only for MCG 
	None
	None

	Solution 2 
	Single MG configuration; either for MCG, SCG or both
	Yes. To be discussed later
	1 bit indicator in measGapConfig

	Solution 3
	Multiple MG configurations; each for one cell group (or serving cells) 
	Yes. To be discussed later
	Additional set of measGapConfig


Solution 0 where a single MG configuration is applied to all serving cells would be a baseline. It is direct extension from Rel-11 measurement gap handling. However, it also requires some updates from the current specification.
Measurement gap occasion is determined by SFN and subframe number of PCell. In the current carrier aggregation, all the serving cells are SFN synchronized, so a single configuration returns timely aligned measurement gap applicable to all serving cells. In dual-connectivity it does not hold and SFN between MCG and SCG can be different. If we apply gapOffset to SCG serving cells, the actual measurement gaps would be different between SCG and MCG. 
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Fig 3 Direct extension of current solution to DC
Thus even if solution 0 is adopted, the spec needs to be updated that MG of the SCGs are not determined by SFN but by the actual time duration of MCG MG.
Solution 1 applying a single MG configuration to only MCG serving cells would have no impact to signalling (i.e. current signalling structure can be reused). However, this solution works only if following conditions are met.
· First condition: Separate RF circuits are applied to MCG serving cells and SCG serving cells

· Second condition: RF circuit of MCG is capable of measure the concerned frequency (it may not be possible if MCG and the concerned frequencies are far away in the frequency domain)
We assume above two conditions would be mostly fulfilled. If not fulfilled, UE wouldn’t be able to perform inter-frequency measurement for a certain measurement object, which may or may not be a serious problem.

Solution 2 applying a single MG configuration either to MCG, to SCG or both overcomes above limitations. However it would require new signalling both in capability reporting and measurement gap configuration. 
Solution 3 applying multiple MG configurations each of which applied to specific group of serving cells also overcomes above limitations and bears similar drawbacks. 
One concern on the solution 2 and 3 would be high impact to the current specification. In this solution UE reports each band/band combinations regarding whether measurement gap is required or not and if required which serving cells. Also ENB indicates in measGapConfig which set of serving cells (or cell group) the measurement gap is applied. The basic idea is to provide detailed information regarding measurement gap requirement (e.g. “in band combination of X + Y, to measure Z, UE requires measurement gap on X”, “in band combination of X+Z, to measure Y, UE requires measurement gap on Z” and so on). It sounds simple, but adding such information to already quite complicated signalling structure may not be an easy task.

3 Suggestions
Table 2 summarizes the pros and cons of each solution. 
<Table 2>

	
	Description
	Pros
	Cons

	Solution 0  
	Single MG configuration; both for MCG and SCG
	Least spec impact
	Throughput degradation

	Solution 1 
	Single MG configuration; only for MCG 
	Small spec impact 
	Inter-frequency measurement not possible in some case

	Solution 2 
	Single MG configuration; either for MCG, SCG or both
	Always work.

Good throughput
	Signalling impact

	Solution 3
	Multiple MG configurations; each for certain cell group (or serving cells) 
	Always work.

Good throughput
	Most signalling impact


Given the short time frame, our preference is to go for the simpler solution which still achieves cell group specific measurement gap.  
Proposal 1: To agree that cell group specific measurement gap is used for Dual Connectivity
Proposal 2: To agree that measurement gap is applied only to the MCG serving cells in release 12
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