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1. Introduction
The RAN4 requirements developed in the Rel.12 dual connectivity work item were limited to one component carrier in each carrier group (PCell and PSCell). For the Rel. 13 dual connectivity enhancements the requirements have to be extended to accommodate multiple CCs in one CG. In this paper we discuss the interruptions requirements that have to be specified to allow different implementations for these network deployments/configurations.

2. Discussion

Due to the limited coverage of the RAN4 requirements for Rel.12 dual connectivity(only PCell and PSCell), interruptions were specified only for a few cases such as PSCell addition/release and on/off switching during DRX under certain conditions. In order to allow different implementations, the interruption requirements have to be updated to accommodate multiple CCs per CG. As such, there is a need to cover the interruptions allowed for CA in dual connectivity also. So far, CA interruptions are allowed for the following cases:

· SCell addition/release

· SCell activation/deactivation

· Measurements on a CC when the SCell is deactivated(depending on the measurement cycles)

Since CA can be configured within each CG, the interruptions should be allowed in the same cases. The main difference compared to the CA operation is that the interruptions will affect all the active carriers irrespective of the carrier group they are in. The main difference compared to CA is that asynchronous operation between CG has to be taken into account.
In the Rel. 12 specifications, it was agreed to minimize the interruption impact by allowing only a 1ms interruption for other cases then PSCell addition even for asynchronous operation. Therefore, the UE has to align the interruptions to the boundary of the subframe on the active carrier, not the carrier causing the interruption. With CA within a CG, it is not clear whether the interruptions should be aligned to the subframe boundary of the CG that the CC is in or the other CG. For example, if MCG has 1 CC(PCell) and SCG has 2 CCs(PSCell and SCell) then turning the SCell RF on/off would cause an interruption on both PCell and PSCell. If the CG are async, there could be 2 cases as shown below:
1. Interruption is aligned to the MCG subframe boundary ⇒ 1ms interruption on MCG(PCell) and 2ms interruption on SCG(PSCell)

2. Interruption is aligned to the SCG subframe boundary ⇒ 2ms interruptions on MCG(PCell) and 1ms interruption on SCG(PSCell)

Both cases described above have different impact on the entire system and it is not clear which is the best option to minimize the overall impact without increasing the UE complexity too much. Possible criteria would be:

1. Minimize UL impact

As both MCG and SCG have UL connections carrying control information, it is difficult to use this criteria 
2. Align interruptions with the CG that has most carriers

It is not clear if this criteria minimizes the overall impact, however, the UE might have to dynamically change the alignment based on the number of carriers in each CG making it more difficult to implement.

3. Align interruptions with MCG
This criteria would minimize the impact on PCell and possibly on RRC control information that is exchanged on this carrier. This criteria also has the advantage that implementation is simpler.

4. Align interruptions with the CG that the CC belongs to

This criteria would be the simplest to implement and would most likely not change the overall impact as much.

Considering the above analysis it is difficult to identify the best solution. Hence, we propose to choose Option 4 above as the simplest and most straightforward to implement.

Proposal: Align the interruptions with the subframe boundary of the CG that the CC causing the interruptions belongs to. Allow 2ms interruption on the other CG.
3. Conclusion
In this paper we analyzed the introduction of interruptions for dual connectivity when CGs contain more than one component carrier. Interruptions should be introduced for the following cases:
· SCell addition/release

· SCell activation/deactivation

· Measurements on a CC when the SCell is deactivated(depending on the measurement cycles)
Based on our analysis, for the asynchronous case the interruptions should be aligned to the CG that the CC belongs to.
Proposal: Align the interruptions with the subframe boundary of the CG that the CC causing the interruptions belongs to. Allow 2ms interruption on the other CG.
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