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1. Introduction
In RAN4 #71 AH meeting, the measurement GAP configuration for DC was discussed [1 - 3]. On the other hand, in RAN2 e-mail discussion, the following issue was discussed as one of measurement related issues [4].

Measurement GAP

Issue 3: is gap alignment needed between the MeNB and the SeNB?
As the result of this e-mail discussion, the following is proposed in this RAN2 meeting [5].
Proposal 13: gap alignment is needed between the MeNB and the SeNB
Since the above proposal 13 is based on majority views in RAN2, this proposal will be agreed obviously in this RAN2 meeting. As the result of this agreement, the measurement GAP patterns between MeNB and SeNB are aligned. In this contribution, we discuss and propose the measurement GAP for DC based on the above RAN2 decision which will be agreed.
2. Discussion
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Figure 1: A common gap case based on a legacy measurement GAP pattern.
Figure 1 shows a case where the measurement GAP patterns are aligned between MCG and SCG in subframe level. Since the starting timings of subframes are not always aligned between MCG and SCG, there may be subframes which are partly overlapped the start or end of the gap on the other CG, e.g. i + 8 and j + 1 in Figure 1. The overlap part of subframe is up to 33 us in synchronized scenario and up to 500 us in unsynchronized scenario [6]. In synchronized scenario, since the length of the overlap part is almost the same as CA case, the impact of overlap part would be almost same as CA case. This means that the measurement GAP configuration for can reuse that for DC in synchronized scenario. Based on the above analysis, RAN4 reached the following consensus in RAN4 #71 AH meeting [6].
· Measurement GAP configuration

· For synchronised scenario

· If RAN2 agreed the common GAP, then existing GAP configuration can be reused, i.e. common GAP and 6 ms MGL on both MCG and SCG
So the following discussion in this contribution focuses the measurement GAP configuration for DC in unsynchronized scenario.
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Figure 2a: A case where interruption may occur.
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Figure 2b: A case where interruption may penalize the actual measurement length of 5ms.
Depending on UE implementation, there may be interruptions in the subframe overlapping to the gap on the other CG due to frequency tuning on the RF chain. If this interruption actually occurs, it is desirable to stop NW/UE communication in such subframes, i.e. i + 8 in MCG and j + 1 in SCG in Figure 2a, if total NW performance is took into account. Since the reduction in the number of subframes directly affects the reduction in the maximum throughput, the number of such interrupted subframes should be minimized.
It should also be noted that the measurement of inter frequency and inter RAT itself may be affected by interruption. For example, when the part of measurement GAP is overlapping to the start or end of the gap of the other CG as described in Figure 2b, the interruption would also affect the central 5ms in MGL used for measurements on the other CG. If this is the case, such interruption may penalize the actual measurement length of 5ms, which will result in acquisition failure of PSS/SSS coming every 5ms. 

Observation 1: There may be some interruptions on the subframe overlapping to the gap on the other CG.

Observation 2: Interruption may penalize the actual measurement length of 5ms, which will result in acquisition failure of PSS/SSS coming every 5ms.

If such interruption actually occurs, we should address the solutions in order to avoid such interruption. Our proposal which can avoid such interruption is the new measurement GAP configuration of SCG as below, described in Figure 3.
Proposal: Following measurement GAP configuration should be specified for DC unsynchronized scenario.
· For MCG

· To reuse the legacy GAP configuration.
· For SCG

· No scheduling period is extended from 6ms to 7ms, but Measurement period of SCG, i.e. MGL of SCG,  is 6 ms.

· Measurement period of SCG where UE measures the inter freq. or inter RAT cell(s) with the RF chain related to SCG is aligned to measurement GAP of MCG
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Figure 3: Proposed measurement GAP configuration for DC in unsynchronized scenario

One of the most important points in our proposal is to set 6 ms MGL of SCG and to align the measurement period of SCG to that of MCG. Since 7ms MGL of SCG would leave UE to much flexibility in term of measurement timing, it is not always true that the measurement period of SCG is aligned to that of MCG. In addition, even if no scheduling period is extended from 6ms to 7ms, the measurement period which is not aligned to that of MCG may cause performance degradation due to the interruption as described in Figure 4. Based on the above analysis, the measurement period of SCG should be aligned to that of MCG. 
Observation 3: Even if no scheduling period of SCG is extended from 6ms to 7ms, the measurement period which is not aligned to that of MCG may cause performance degradation due to the interruption.
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Figure 4: An example of a problematic case where measurement period of SCG is not aligned to that of MCG even if no scheduling period of SCG is extended from 6ms to 7ms.

3. Conclusion

In this contribution, we discussed and proposed the measurement GAP for Dual Connectivity in unsynchronized scenario. Our proposals and observations are summarized as below;

Observation 1: There may be some interruptions on the subframe overlapping to the gap on the other CG.

Observation 2: Interruption may penalize the actual measurement length of 5ms, which will result in acquisition failure of PSS/SSS coming every 5ms.

Observation 3: Even if no scheduling period of SCG is extended from 6ms to 7ms, the measurement period which is not aligned to that of MCG may cause performance degradation due to the interruption.
Proposal: Following measurement GAP configuration should be specified for DC unsynchronized scenario.

· For MCG

· To reuse the legacy GAP configuration.

· For SCG

· No scheduling period is extended from 6ms to 7ms, but Measurement period of SCG, i.e. MGL of SCG,  is 6 ms.

· Measurement period of SCG where UE measures the inter freq. or inter RAT cell(s) with the RF chain related to SCG is aligned to measurement GAP of MCG
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