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Discussion and decision
1      Introduction
In dual connectivity, RAN2 has not decided how to configure the measurement gap when the UE connects to both the MCG and SCG. Three contributions were submitted in last RAN2 meeting #85bis [1-3]. In this contribution, we summarize different options and compare benefit and tradeoff between each option and provide a way forward.

2      Discussion
2.1     Interruption when one RF has data transmission and the other RF performs measurement on some frequency:
Based on RAN4 requirement on CA, the interruption time for SCell addition/release is 1ms for inter-frequency case [4]. There will be 2 interruptions per measurement as shown in Figure 1 below. The figure shows the SCG interruption for inter-frequency case: 
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Figure 1: Interruption time for inter-frequency measurement when measurement gap is only applied to one cell group

However, RAN4 has not confirmed the interruption for dual connectivity case, therefore, we should send an LS to ask RAN4 regarding to the interruption time.
Proposal 1: RAN2 sends an LS to RAN4 for interruption time requirement in dual connectivity.
2.2     Different options for measurement gap

Currently in CA, the eNB configures one measurement gap per UE commonly applied to all serving cells and there is no data transmission during the measurement gap period. In dual connectivity, minimum requirement is that the UE has more than 1 RF chain so it is possible to support measurement using 1 RF chain and simultaneously reception and transmission on the other RF chain. The discussion is whether MCG and SCG should have its own measurement gap pattern and/or measurement gap should be aligned. These solutions are related to RF implementation and interruption between two RF chains depending on the frequency spacing (intra or inter-frequency) and has different trade-offs in terms of signaling overhead and UE’s continuous data transmission. So far, we have the following options: 
Note that the interruption colored in red in the Figures 2 to 6 are based on section 2.1. In all options, it is assumed that RF1 supports only f0, f1 and f5 and RF2 supports f1, f2, f3 and f4. 

Option 1: A single measurement gap only for MCG [2]
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Figure 2: Single measurement gap applied only on MCG
In option 1, only a single measurement gap is applied to MCG meaning RF2 has traffic on SCG all the time. Due to the capability of RF1, it can only measure f5 and resulting no measurements are performed on frequency f2,f3 and f4 (colored black).

Option 2: A single non-aligned measurement gap for both MCG and SCG
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Figure 3: Single non-aligned measurement gap for both MCG and SCG

In option 2, there is only a single measurement gap but they are not aligned between MCG and SCG. It results in maximum interruption when measurement gap applies.

Option 3: A single aligned measurement gap for both MCG and SCG [1,3]
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Figure 4: Single aligned measurement gap for both MCG and SCG
In option 3, a single aligned measurement gap applied on both MCG and SCG. Due to the frequency supported by the RFs, some of the frequencies may result in more measurement. No data transmission on the measurement gap.

Option 4: Aligned multiple measurement gaps for both MCG and SCG 
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Figure 5: Multiple non-aligned measurement gaps for both MCG and SCG
Option 4 allows multiple measurement gaps on MCG and SCG. Gaps are multiple of each other. In this case, SCG gap is two times MCG gap. The gaps are aligned results minimum interruption. Data transmission happen on MCG when gaps only apply on SCG. This option fully utilize if RF capability is known to the network.

Option 5: Non-aligned multiple measurement gaps for both MCG and SCG [2]
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Figure 6: Multiple aligned gaps for both MCG and SCG
Option 5 is non-aligned multiple measurement gaps on both MCG and SCG. It has the maximum interruption due to the misalignment.
2.3     Comparison of each option:
	
	Advantages
	Disadvantages

	Option 1: A single measurement gap only for MCG
	· No signaling required between MCG and SCG or UE for SFN alignment1
· The UE can transmit and receive data on SCG when performing measurement gap on MCG
	· Minor interruption on SCG cells

· RF implementation for MCG may not be capable of measuring some frequencies that the UE supports.

	Option 2: A single non-aligned measurement gap for both MCG and SCG
	· No signaling required between MCG and SCG or UE for SFN alignment1
· The UE can transmit/receive data from/to either SCG or MCG in most of the subframes.
· Shorter inter-frequency measurement gap pattern can be configured 
	· Interruption on both SCG cells and MCG cells at the boundary of the frames are maximum

	Option 3: A single aligned measurement gap for both MCG and SCG
	· No interruptions on both cells since both RF perform measurement at the same time

· Shorter inter-frequency measurement gap pattern can be configured
	· Signaling is required to align SCG and MCG. Either the UE has to send the alignment information or SCG has to send the SFN reference to MCG1
· No downlink data transmission on both MCG and SCG. RF may not be fully utilized. 

	Option 4: Aligned multiple measurement gaps for both MCG and SCG (gaps are multiples of each other)
	· The UE can transmit and receive data on SCG when performing measurement gap on MCG. Gaps can be configured by the network to be proportional to the number of frequency layers within the cell group results in maximum efficiency

· Shorter inter-frequency measurement gap pattern can be configured
	· Minimum interruption on SCG or MCG cells

· Signaling is required to align SCG and MCG. Either the UE has to send the alignment information or SCG has to send the timing reference to MCG1
· Signaling is required to indicate the UE capability to achieve optimum gap assignment

	Option 5: Non-Aligned multiple measurement gaps for both MCG and SCG
	· No signaling required between MCG and SCG or UE1
· Gaps can be configured by the network to be proportional to the number of frequency layers within the cell group results in maximize efficiency

· Shorter inter-frequency measurement gap pattern can be configured
	· Interruption on both SCG cells and MCG cells at the boundary of the frames

· Signaling is required to indicate the UE capability to achieve optimum gap assignment


Note 1: Even though we list SFN alignment as a disadvantage in the table, but other features such as DRX requires SFN alignment as well. Therefore, it may not be an additional need for measurement gap purpose. 
From the table summary above, some observations and tradeoff can be drawn below:
Observation 1: Single measurement gap for MCG only is not feasible in the case of some RF implementation. 
Observation 2: Measurement gaps alignment eliminates or reduces interruption on the other cell with the tradeoff of signaling the alignment information.

Observation 3: Single gap versus multiple gaps have the tradeoff between maximum efficiency on UE data transmission, power consumption and simplicity.  
Among all options, it seems option 3 and 4 are the better choices. But option 4 requires additional UE capability signalling so option 3 is preferred at this point. 
Observation 4: Advantage of a single aligned measurement gap for MCG and SCG is that there is no interruption on either cell groups.
Proposal 2: Kindly ask RAN2 to adopt a single aligned measurement gap.

3      Conclusion
In this contribution, we provide different options for measurement gaps configuration for MCG and SCG. Detailed comparison and study for each option are provided. We conclude with the following observations and proposals: 

Observation 1: Single measurement gap for MCG only is not feasible in the case of some RF implementation. 
Observation 2: Measurement gaps alignment eliminates or reduces interruption on the other cell with the tradeoff of signaling the alignment information.

Observation 3: Single gap versus multiple gaps have the tradeoff between maximum efficiency on UE data transmission, power consumption and simplicity.  
Observation 4: Advantage of a single aligned measurement gap for MCG and SCG is that there is no interruption on either cell groups.

Proposal 1: RAN2 sends an LS to RAN4 for interruption time requirement in dual connectivity.
Proposal 2: Kindly ask RAN2 to adopt a single aligned measurement gap.
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