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1. Introduction
Issues related to single chip RF implementations of carrier aggregation have been discussed in previous meetings [1],[2], [3]. It was shown that such implementations will generate interruptions when an SCell is configured/deconfigured and when one of the RF chains is turned on/off. In order to allow for UE power consumption savings, it was proposed to extend the interruptions allowed for longer measurement cycles to shorter measurement cycles in RAN4#66 bis [4]. After lengthy discussions in RAN4 no agreement could be reached and the issue was presented to RAN#64 [5]. 
In this paper we discuss this issue based on the RAN plenary level discussion and the RAN4#71 discussion.

2. Discussion

The issue of PCell interruptions was discussed in RAN#64 but no conclusion was reached [5], [6]. The Rel.10 CR [6] was put on hold until RAN#65 and  RAN4 was tasked to explore Rel.11 solutions, potentially including singaling. One of the issues raised was that if interruptions are allowed only from Rel.11 onwards, a Rel.11 UE could cause interruptions in a Rel.10 network(UE is not aware of what release the network supports) and the network would not be able to handle them. Hence, if interruptions would not be allowed from Rel.10, some sort of signaling solution should be considered in order for Rel.11 UEs not to cause interruptions in older networks.

In RAN4#71 the following agreements were reached and captured in the meeting minutes for Rel.11 WF:
Option 1: >=640ms (current spec)

Option 2: >= 256ms conditioned on no gap is configured on PCell (SCell is deactivated)
Option 3: >=256ms
Agreement: Option 2 is the baseline for investigation.
However, based on the backwards compatibility issue discussed in RAN#64 it seems that if Option 2 or 3 is adopted, there would be no reason not to agree the Rel.10 CR [6] that extends the interruptions to shorter measurement cycles (Option 3). Adopting [6] from Rel.10 would be the simplest solution as there is no need to discuss any signaling solutions for later releases unless there is a real need for some optimizations in Rel.12.
Proposal 1: Extend the 0.5% interruptions to shorter measurement cycles 256ms and 320ms from Rel.10 [6].

We would also like to point out that no convincing arguments were shown so far on why the above solution is not feasible.

As the baseline agreement from RAN4#71, the proposal that UE should not cause interruptions if measurement gaps are configured is also agreeable to us. However, measurement gaps are currently used only for inter-frequency measurements and SCells are considered intra-frequency, hence, it should be made clear that the gaps should also be used for SCell measurements. Furthermore, if inter-frequency measurements(other frequencies than SCCs) are also configured, the deactivated SCells should be counted as an inter-frequency layer in the measurement period requirements. 
Solution from Rel.11 with signaling
As stated above, in RAN#64 RAN4 was tasked to explore solutions from Rel.11 onwards that could involve signaling. Considering the backwards compatibility problem shown above, a solution involving signaling could be broadcast based or dedicated. The broadcast based solution could be the eNB broadcasting a message that UEs are allowed to cause interruptions(actual conditions and interruption % should be discussed). A dedicated solution would be UE informing the network that it causes interruptions and eNB allowing the UE to cause interruptions or not. Such a solution would be more complicated to implement and should be band combination specific(UEs may cause interruptions for certain band combinations but not for others). This kind of solution would also involve RAN2 which would have to define the actual signaling.
Considering that we are approaching the end of Rel.12 already, solutions involving signaling are not our preferred way forward. Furthermore, the UE power consumption would depend on the network implementing this type of signaling and granting interruptions. 

Proposal 2: If a solution involving signaling is found necessary, the eNB should broadcast whether it allows interruptions or not. 

Solutions from Rel. 12
So far it has been argued that the interruptions can cause problems to the outer loop link adaptation that the eNB scheduler is using because their location is unknown to the eNB. In RAN4#71 a proposal to have UE driven visible interruptions was presented and a WF to study such a solution was agreed in [7].
Based on the description in [7], the UE could inform the network its preferred interruption pattern and the network would choose to allow it or not. A gap pattern should have 3 parameters as for inter-frequency measurements [8], the visible interruption length(VIL, 1ms or 5ms), the time between interruptions (ML) and the repetition period. Since the measurement period depends on the configured measurement cycle, the UE could have a preferred gap pattern for each measurement cycle or a universal gap pattern used for all the measurements. From [7] it is not clear whether there would be any limitations on the 3 parameters or the UE could pick any values it chooses(even though some constraint would likely be imposed). Allowing the UE to pick any values could enhance the performance and let the UE optimize the power consumption, however, the complexity on the network side(scheduler would have to deal with different patterns for the UEs)may lead to this feature not being deployed. On the other hand, it seems very difficult to find a gap pattern that would be agreeable to all companies in a short amount of time.
Considering the above and the discussion related to the measurement gap pattern optimization, we believe the “small gap” pattern should be used also for deactivated SCell measurements [8]. This pattern is the simplest and optimized for inter-frequency measurements. If 80ms MGRP is used then the DL throughput loss would be about 2.5%. 
Proposal 3: Use the “small gap” pattern defined for inter-frequency measurements for deactivated SCells also.
3. Conclusion
In this paper we discussed the PCell interruptions during deactivated SCell measurements. Considering the baseline agreement from RAN4#71 and the RAN#64 plenary discussion, our proposals are as follows:

Proposal 1: Extend the 0.5% interruptions to shorter measurement cycles 256ms and 320ms from Rel.10 [6].
As the baseline agreement in RAN4#71, it should be made clear that the gaps should also be used for SCell measurements. The number of deactivated SCells should also be taken into account in the linear scaling of the inter-frequency measurement delay.
Proposal 2: If a solution involving signaling is found necessary, the eNB should broadcast whether it allows interruptions or not.
We would like to point out to that this is not our preferred solution because of added complexity and because the UE power consumption will depend on the networks implementing this feature or not.
Proposal 3: Use the “small gap” pattern defined for inter-frequency measurements for deactivated SCells also.
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