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Discussion and decision
1. Introduction
Handling of measurement gaps is one of the remaining open issues for dual connectivity. The main issues can be summarized as: 

(a) Whether the gap configuration shall be per UE or per Cell Group ; 

(b) Whether the gaps should be coordinated between the MeNB and SeNB, and if so, how;
(c) How to ensure enough tune-away duration for the UE in case of timing misalignment between MCG and SCG;
In this contribution, we discuss each of the above issues and propose solutions to them. 
2. Discussion
2.1. Measurement gap configuration
In CA operation, measurement gaps apply across all serving cells of the UE. In Dual Connectivity, a natural question to ask is whether MCG or SCG specific gaps should be introduced. The rationale being that, since MeNB and SeNB operate independently when scheduling, gaps configured for the purpose of MCG RRM should not impact the SCG scheduling and vice-versa. 

However, CG-specific gaps entail significant implementation and specification complexity, since:

1. A target frequency measured on one CG gap may require retuning by the RF chain used by the other CG. This would negatively impact the system performance.

2. Introducing additional signalling to indicate CG-specific gap capabilities of the UE requires significant implementation and standardization effort.

Overall, we do not think the potential advantages of CG-specific gaps justify the additional complexity and specification efforts. In fact, it seems the potential drawbacks outweigh any potential benefits.
Proposal 1:
Configured measurement gaps apply to both MeNB and SeNB, i.e, are UE-specific.  

2.2. Measurement gap coordination 
Since measurement gaps result in scheduling interruption, their impact on the system performance should be minimized. In dual connectivity, this impact can be alleviated by aligning gaps as much as possible, thus minimizing the throughput degradation at the UE
Proposal 2:
Measurement gaps are aligned across MCG and SCG.

In order to align the gaps, since MCG and SCG may be SFN and/or subframe asynchronous, timing coordination is necessary. In fact, this was already been acknowledged during the RAN2 #85bis meeting, in which RAN2 reached following agreement [1]:
1. In order to e.g. align DRX occasions or measurement gaps between MeNB and SeNB, RAN2 assumes that the network should be able to obtain the SFN timing difference to the MCG for the UE either based on:
· a network based mechanism (including X2 procedure or OAM), or 
· UE reporting (i.e. UE computes the SFN timing difference between SCG and MCG and reports it).

Therefore, we propose:
Proposal 3:
Measurement gap coordination is performed by:

i) Acquisition of the SFN timing difference between MeNB and SeNB;

ii) Coordinating the measurement gap configuration across MeNB and SeNB such that gap alignment is maximized;
2.3. Ensuring sufficient tune-away duration for the UE
Even if the network aligns the timing of the gaps, it is not always possible to completely align the timing of measurement gap patterns activated in the different links. This is because the eNBs may not be subframe aligned (while measurement gap pattern is configured based on subframe timing), or the eNBs may only be able to acquire rough information about the timing difference.
It is well known that the existing measurement gap length of 6ms is meant to ensure 5ms tune-away from the serving LTE link for measurement of other frequency or RAT. The remaining 1ms is used for retuning of UE’s RF. In the Figure 1 below however, it would not be possible for the UE to secure the minimum required measurement gap duration of 6ms due to time difference between MCG and SCG.
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Figure-1:
Timing difference between MCG and SCG
The problem can be solved by the UE autonomously extending the measurement gap of either MCG or SCG (or could be both) so that the extended gap will completely cover the measurement gap of the other Cell Group, ensuring the minimum required measurement gap duration of 6ms, as shown in the Figure 2 below.
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Figure-2:
Extending measurement gap 
Proposal 4:
To introduce UE autonomous extension of measurement gap when MCG and SCG are not subframe-level synchronous.
3. Conclusion
In this document we discussed measurement gaps for dual connectivity. The following proposals are made:
Proposal 1:
Configured measurement gaps apply to both MeNB and SeNB, i.e, are UE-specific.  

Proposal 2:
Measurement gaps are aligned across MCG and SCG.

Proposal 3:
Measurement gap coordination is performed by:

i) Acquisition of the SFN timing difference between MeNB and SeNB;

ii) Coordinating the measurement gap configuration across MeNB and SeNB such that gap alignment is maximized;
Proposal 4:
To introduce UE autonomous extension of measurement gap when MCG and SCG are not subframe-level synchronous.
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