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1 
Introduction
In the previous RAN4 meetings, the impact of un-synchronized DC on the measurement gap has been analyzed. It was also agreed that the existing measurement gap can be unchanged for the synchronized DC only [1].  
Therefore in this paper, further considerations on the measurement gap configuration in case of un-synchronized DC are discussed. 
2 
Discussion

In [2] [4] it has been known that the additional measurement gap interruption problem will happen in case of un-synchronized MeNB and SeNB as shown in Figure 1 below.
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Figure 1.  Interruption in DC when MeNB and SeNB unsynchronized
In order to overcome the problem due to more measurement gap interruption time (e.g. 1ms), one of straightforward solutions is to extend the measurement gap length. However such alternative cannot resolve the interruption problem unless UE align RF re-tuning gap on MCG and SCG. For example in Figure 2, assuming UE always switches RF channel at the beginning of measurement gap of MCG and SCG, when the timing of SCG is behind of MCG about half a subframe the interruption will happen during 9th and 5th subframe of SCG.
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Figure 2. Extended measurement gap in DC 

Observation 1:  As RF re-tuning is always introducing interruptions to both data transmitting/receiving and measurements of on the other RF in the same RF-IC, it is necessary to align the RF re-tuning gaps within the measurement gaps of different CGs.
In case of un-synchronized MeNB and SeNB, the alternative in Figure 3 is necessary to align RF re-tuning gap and measurement period for both MCG and SCG measurements. To implement these measurement gap patterns of MCG and SCG in Figure 3, from the network perspective the measurement gap configurations for SCG can be proposed as:
a) The measurement gap configuration for MCG can be unchanged as defined in [5]. That is MCG measurement gap length is still be 6ms [3].

b) SCG measurement gap length shall be extended to 7ms.

c) Depending on the relative receive timing offset between MCG and SCG, SCG measurement gap configuration (e.g. measGapConfig) will be different. 
· If the receive timing of SCG is behind that of MCG, the first subframe of SCG measurement gap need to be 1 subframe ahead of that of MCG. For example, in the case 1 of Figure 3, in comparison with the measurement gap of MCG which occupies 0th to 5th subframe in the current frame, the measurement gap of SCG begins from 9th subframe of last frame and ends at 6th subframe of current frame while. 
· Else if the receive timing of SCG is ahead of MCG, the first subframe of SCG measurement gap can be same as that of MCG. For example, in the case 3 of Figure 3, the measurement gaps of both SCG and MCG begin from 0th subframe in the current frame.
Based on the measurement patterns of MCG and SCG in Figure 3, UE can start to re-tune RF channels and perform inter-frequency measurement simultaneously when measuring MCG and SCG. Consequently the problem of interruptions due to subframe boundary misalignment between MCG and SCG can be avoided as illustrated in Figure 3.
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Figure 3. Proposed measurement gaps in un-synchronized DC
Observation 2:  To avoid the problem of additional interruption time in case of un-synchronized DC, from network perspective the measurement gap of SCG shall be configured as:
· Extend SCG measurement gap to [6+1]ms

· The first subframe of SCG measurement gap shall be ahead that of MCG’s if the receive timing of SCG is behind that of MCG. Otherwise the first subframe of SCG measurement gap can be same as that of MCG’s.
From UE perspective, UE need align RF re-tuning gaps and measurement periods of both MCG and SCG. 

Therefore from RAN4 perspective, the following proposals can be drawn:
Proposal 1: Due to up to 0.5ms of the maximum subframe boundary timing difference in DC unsynchronized scenario, the measurement gap length of MCG and SCG can be specified as [6]ms and [6+1]ms respectively.
Proposal 2: UE need to align RF re-tuning gaps and measurement period for both MCG and SCG.
Proposal 3: To resolve the interruption problem in case of un-synchronized DC, a LS is needed to inform RAN4’s decision and ask RAN2 to define the corresponding signaling for the new measurement gap pattern for SCG.
3 
Conclusion
In this contribution, further considerations on the measurement gap configuration for un-synchronized DC are presented. In conclusion, the following observations and proposals can be drawn: 
Observation 1:  As RF re-tuning is always introducing interruptions to both scheduling data and measurements of neighbor cells, it is necessary to align the RF re-tuning gaps within the measurement gaps of different CGs.
Observation 2:  To avoid the problem of additional interruption time in case of un-synchronized DC, from network perspective the measurement gap of SCG shall be configured as:

· Extend SCG measurement gap to [6+1]ms

· The first subframe of SCG measurement gap shall be ahead that of MCG’s if the receive timing of SCG is behind that of MCG. Otherwise the first subframe of SCG measurement gap can be same as that of MCG’s.
From UE perspective, UE need align RF re-tuning gaps and measurement periods of both MCG and SCG.

Proposal 1: Due to up to 0.5ms of the maximum subframe boundary timing difference in DC unsynchronized scenario, the measurement gap length of MCG and SCG can be specified as [6]ms and [6+1]ms respectively.

Proposal 2: UE need to align RF re-tuning gaps and measurement period for both MCG and SCG.

Proposal 3: To resolve the interruption problem in case of un-synchronized DC, a LS is needed to inform RAN4’s decision and ask RAN2 to define the corresponding signaling for the new measurement gap pattern for SCG.
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