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1. Introduction
In RAN4 #70bis meeting, RAN4 started to discuss Dual Connectivity (DC) [1]. Although SFN and/or subframe timing in DC may or may not be aligned between MeNB and SeNB, the NW can align the measurement GAP patterns between MeNB and SeNB thanks to the report of timing difference from the UE [2]. However, the timings of start of subframe may or may not be aligned between MeNB and SeNB and this may require additional interruptions in start and end of the gaps to the other CGs even if the measurement GAP patterns are aligned in subframe level. Therefore, in this contribution, we discuss and propose the measurement GAP for DC, in order to clarify how to handle gaps with misaligned subframe border. 
2. Discussion
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Figure 1: A case where measurement GAP patterns are aligned between MCG and SCG in subframe level.
Figure 1 shows a case where the measurement GAP patterns are aligned between MCG and SCG. Since the timings of start of subframe are not always aligned between MCG and SCG, there may be subframes which are partly overlapping to the start or end of the gap on the other CG, e.g. i+8 and j+1 in Figure 1. 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 taking total NW performance 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.
Observation 1: Even if the measurement GAP patterns are aligned between MCG and SCG in a subframe level, the interruption due to the measurement of the other CG may occur, which needs UE venders to clarify if this is the case.
 Proposal 1: The number of subframes in which NW/UE needs to stop its communication should be minimized, if there is interruption in the subframe overlapping to start and end of the gap.
If such interruption actually occurs, we should address the solutions in order to avoid such interruption. Currently several solutions are proposed in RAN4 #71 meeting as in [3, 4]. In this section, further discussion on [3, 4] are executed and additional one option is also proposed for the most possible candidate in order to minimize the impact of such interruption and performance loss.
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Figure 2: Define bland new measurement GAP patterns for SCG[3].

[image: image3.png]GAPof SCG GAPOf SCG

(a) A case where MCG is relatively earlier than SCG (b) A case where SCG is relatively earlier than MCG




Figure 3: Re-use existing gap pattern and prohibit UL/DL transmission in the subframe overlapping to the GAP on the other CG[4].

In [3], it was proposed to reuse existing MGL in MCG and extend the MGL to 8 subframes in SCG as shown in Figure 2. In this case, although SCG subframe which is affected by the interruption is included in the gap on SCG, the MCG subframe which is affected by the interruption is not included in the 6 subframes of the gap on MCG. This would result in invisible packet loss from NW side and it should be considered to prohibit UL/DL transmission in such subframes. If this is the case, the number of subframes in which NW/UE needs to stop its communication is 7 subframes in MCG (6 subframe GAP + 1 prohibited subframe) and 8 subframes in SCG (8 subframe GAP). 
In [4], it was proposed to re-use existing measurement GAP pattern with the condition of prohibition of UL/DL transmission in the subframe that is overlapping with the gap on the other CG as described in Figure 3. In order to realize this solution, it is necessary for UEs to report which CG has earlier allocation among the same SFN and subframe together with SFN and subframe offset itself. In this case, the number of subframes in which NW/UE needs to stop its communication is 7 subframes in both MCG and SCG (6 subframe GAP + 1 prohibited subframe). If the measurement GAP patterns between MeNB and SeNB are aligned in a subframe level, then the proposal in [4] can limit the performance loss due to measurement interruption compared to the solution in [3].
Observation 2: Proposal in [4] offers better performance in terms of loss of UL/DL allocation comparing to the proposal in [3].
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, 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. This situation cannot be avoided completely as long as the measurement GAP patterns between MeNB and SeNB are aligned in subframe level. 
Observation 3: The interruption due to misaligned measurement GAP in DC would also occur during the subframes used for actual measurements which are central 5ms of MGL.
Due to observation 3, it should be noted that the solution proposed in [3, 4] are infeasible for the gap configuration in DC.
Observation 4: Bland new solution other than the solutions in [3, 4] should be considered taking proposal 1 and observation 3 into account.
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Figure 4: Align GAP start timing on SCG to that on MCG
In order to realize observation 4, it is proposed to align GAP start timing on SCG to that on MCG as illustrated in Figure 4. In this solution, UEs can use their own local clock to adjust the SCG GAP start timing to the subframe border of the subframe where gap starts on MCG, although the measurement GAP pattern of SCG is also configured to be aligned in a subframe level. With this solution, UE can avoid penalizing the actual measurement length of 5ms due to the interruption. In addition, in order to address proposal 1, UL/DL transmission should be prohibited in the subframe of SCG which partly overlaps to the start or end of the gap of MCG. Consequently, the number of subframes in which NW/UE needs to stop its communication is 6 subframes in MCG (6 subframe GAP) and 7 subframes in SCG (6 subframe GAP + 1 prohibited subframe), which means this solution offers less performance loss compared to the solutions in [3, 4].
Observation 5: If UE configures the measurement period of SCG at the same timing of that of MCG, there is no impact of the interruption due to the measurements of the other CG on measurement period, which are observed in Observation 3.
Proposal 2: Reuse existing measurement GAP with aligning GAP start timing on SCG to that on MCG, where prohibition of UL/DL transmission in the subframe that is overlapping with measurement GAP of MCG is needed.

3. Conclusion

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

Observation 1: Even if the measurement GAP patterns are aligned between MCG and SCG in a subframe level, the interruption due to the measurement of the other CG may occur, which needs UE venders to clarify if this is the case.

Proposal 1: The number of subframes in which NW/UE needs to stop its communication should be minimized, if there is interruption in the subframe overlapping to start and end of the gap.

Observation 2: Proposal in [4] offers better performance in terms of loss of UL/DL allocation comparing to the proposal in [3].

Observation 3: The interruption due to misaligned measurement GAP in DC would also occur during the subframes used for actual measurements which are central 5ms of MGL.

Observation 4: Bland new solution other than the solutions in [3, 4] should be considered taking proposal 1 and observation 3 into account.

Observation 5: If UE configures the measurement period of SCG at the same timing of that of MCG, there is no impact of the interruption due to the measurements of the other CG on measurement period, which are observed in Observation 3.

Proposal 2: Reuse existing measurement GAP with aligning GAP start timing on SCG to that on MCG, where prohibition of UL/DL transmission in the subframe that is overlapping with measurement GAP of MCG is needed.
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