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1 Introduction
At RAN#65 following way forward on PCell interruption [1] has been presented and endorsed:

· Dedicated signaling will be introduced in Rel-11 to allow interruptions for SCell measurement cycles shorter than 640ms. This signalling is under network control i.e. 

· If explicitly permitted by eNodeB, the UE is allowed to cause PCell interruptions for measCycleSCells shorter than 640ms (the same requirement in terms of missed ACK/NACK probability as in Rel-10 applies)

· Otherwise, the UE applies Rel-10 UE behaviour 

· Introduce a Rel-11 UE capability for the UEs who need the interruptions for measCycleSCells shorter than 640ms to inform the network whether the UE needs interruptions

· The capability will be per UE
According to this WF RAN4 and RAN2 are going to introduce appropriate changes in specifications. Those changes will be relevant for Rel-11 and Rel-12 PCell interruption due to measurements on deactivated SCell. However, from Rel-12 features point of view also other types of measurements causing interruptions should be considered in this discussion.
In this contribution we are trying to identify all types of measurements and Rel-12 features which require similar solution as PCell interruption due to measurements on deactivated SCell. 
2 Discussion
During RAN4 discussion on PCell interruption due to measurements on deactivated SCell other cases when interruption may occur have been identified. Those cases are:
- inter-frequency measurements (e.g. for single receiver UE which can support intra-frequency contiguous CA or for a single-chip UE with several receivers),
- SCell activation/deactivation/addition/release (for single receiver UE which can support intra-frequency contiguous CA; single-chip UE with several receivers).

For a single receiver UE or a single-chip UE cases that would cause PCell interruption, the UE actually needs interruption in each case of deactivated SCell measurement, inter-frequency measurement, as well as for each SCell activation /deactivation /addition /release. Since WF [1] assumes introduction of Rel-11 UE capability for the UEs which need the interruption due to deactivated SCell measurements to inform the network whether the UE needs interruptions, in later stage it can be considered introduction of  single UE capability indicator whether the UE needs PCell interruptions in all of the cases.
Observation 1: It is possible to introduce single UE capability indicator for indicating that the interruptions are needed in deactivated SCell measurement, inter-frequency measurement and SCell activation/deactivation/addition/release.
In previous RAN4 discussions, it has been stated that to remove the packet loss and avoid scheduling ambiguity and OLLA problem due to the unsynchronized PCell interruption, synchronized gaps between UE and network are desired for PCell interruption. Thus the configuration procedure between eNB and UE for the synchronized gaps can be specified which is desired to accommodate all the PCell interruption cases, including:
· The deactivated SCell measurement. It has been stated by some UE chipset vendors that 1 TTI is enough for each time of tuning ON and OFF (X or Y in figure 1), and 40 TTIs (Z in figure 1) in between the gaps could be enough for several sample measurement. The X, Y, Z should be discussed according to the UE implementation. How long the measurement will be repeated (K in figure 1) should be discussed as well, i.e. whether it depends on UE implementation or network configuration. 

· The inter-frequency measurements by utilizing the unused RF chain of non-configured CC. It has already been agreed in [7] a UE that cannot perform inter-frequency/RAT measurements without introducing interruption for its active receiver chain shall indicate need for gap-assisted measurements to the network, and UE chipset vendors claimed benefits of introducing interruption for more power saving. Small gap introduced in [6] could be considered. In intra-band inter-frequency measurement case, up to 5-TTI gap for tuning on/off (X or Y in figure 1) may be needed it is also possible UE will use less TTIs according to some optimized implementation; and for inter-band inter-frequency measurement case, 1 TTI gap (X or Y in figure 1) for tuning on/off may be enough. How long the tuning ON/OFF for measurement (K in figure 1) will be repeated and how long the measurement needed between each tuning on and off (Z in figure 1) is depending on the RAN4 discussion.

· The UE SCell activation/deactivation/addition/release, where currently 5 TTIs (X or Y in figure 1) are assumed for intra-band and 1 TTI (X or Y in figure 1) is assumed for inter-band, but it is possible some UEs may need less TTIs for intra-band case, thus the PCell SF scheduling availability would be increased. And it is also the case that one of the gap, either for tuning ON or for tuning OFF, will be omitted. 
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Figure 1: Illustration on Synchronized gap for PCell Interruption 
A summary could be provided according to the analysis above:
· The value X and Y of SF amount for tuning ON and OFF could be 0, 1, or a value up to 5TTIs. It may be different in each specific case, e.g. deactivated SCell measurement, inter-frequency measurement and SCell activation/deactivation/addition/release.

· The UE possible needs to report more details relevant with the needed gaps for each specific case, e.g inter-frequency measurement, SCell activation/deactivation/addition/release and deactivated SCell measurement. 

· A procedure between UE and eNB should be specified to negotiate the needed gap and when it will occurs (the pattern) in each specific case, e.g. deactivated SCell measurement, inter-frequency measurement and SCell activation/deactivation/addition/release.

One example on the information reported by UE and assumed by eNB/UE is: 

· UE reports {X=1 ms, Y=1 ms, Z=40 ms, K=1280ms} for deactivated SCell measurement, {X=1ms, Y=0ms, Z=5ms, K=80ms} for inter-band inter-frequency measurement, {X=3ms, Y=2ms, Z=20ms, K=200ms} for intra-band inter-frequency measurement, and {X=1ms, Y=1ms}for intra-band activation/deactivation/addition/release.   

· And eNB will feedback the decided gap configurations base on these information. RAN4 should discuss and limit the configuration options. 

· Same starting time points to apply the gap (pattern) for eNB and UE should be specified as well, e.g. for SCell activation/deactivation, the gap for tuning on/off will start at SF#N+5 when receive MAC CE on SF#N for deactivated SCell, etc. The starting point of the first gap for “tuning ON” for the deactivated SCell measurement may need more discussion. 

There could be different choices for the specification implementation and maybe some values could be fixed to remove complexity.  

Observation 2: Configuration procedure between eNB and UE for the synchronized gaps can be specified which is desired to accommodate all the PCell interruption cases, including deactivated SCell measurement, inter-frequency measurement and SCell activation/deactivation/addition/release.
Special attention is required also by new features initiated in Rel-12, for which PCell interruption is also an issue. Those features are 3DL CA and Dual Connectivity. In case of 3DL CA, PCell interruption may occur due to actions on any of SCCs as well as activated SCell interruption is also possible due to actions on other SCC. In particular, for ≥3DL CC CA, for cases when multiple inter-frequency carriers and/or multiple deactivated SCells are measured, it is desirable that the UE will align the interruption in PCell by simultaneously tuning the additional receivers so the PCell interruption only happens once due to inter-frequency or deactivated SCell measurement in all relevant frequencies. For example, in the case when a UE has CC1 as PCell and CC2+CC3 as deactivated SCells, when performing the deactivated SCell measurement, it is expected that the UE aligns the CC1 interruptions due to measurements on the CC2 and CC3. Similar case is considered for the inter-frequency measurement. With this approach, the PCell interruptions will be minimized. In case of Dual Connectivity it is expected that similar interrupt situations as discussed in CA will occur concerning deactivated SCell measurements as well as configuration and deconfiguration, activation and deactivation. Additionally, PSCell configuration and deconfiguration and interrupts caused by these actions should be considered. More details on Dual Connectivity interruptions are disclosed in [2].
Observation 3: RAN4 should consider also other features for which PCell interruption is an issue, like 3DL CA and Dual Connectivity.
Since current RAN4 discussion is concentrated on finding solution for an issue of PCell interruption due to measurements on deactivated SCell for 2CC CA, it is hard to predict if RAN4 would be able to handle also other cases of interruption, identified in this contribution, in Rel-12 timeframe especially in the light of high work load in RAN4.
Observation 4: RAN4 should decide how and when to handle with other cases of interruption identified in this contribution.
3 Conclusion 

This contribution identifies additional cases where interruptions may occur in similar way as PCell interruption due to measurements on deactivated SCell for 2CC CA. Those additional cases are inter-frequency measurements and SCell activation/deactivation/addition/release as well as new features like 3DL CA and Dual Connectivity. 
Based on short analysis, following observations have been made:
Observation 1: It is possible to introduce single UE capability indicator for indicating that the interruptions are needed in deactivated SCell measurement, inter-frequency measurement and SCell activation/deactivation/addition/release.
Observation 2: Configuration procedure between eNB and UE for the synchronized gaps can be specified which is desired to accommodate all the PCell interruption cases, including deactivated SCell measurement, inter-frequency measurement and SCell activation/deactivation/addition/release.
Observation 3: RAN4 should consider also other features for which PCell interruption is an issue, like 3DL CA and Dual Connectivity.
Observation 4: RAN4 should decide how and when to handle with other cases of interruption identified in this contribution.
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