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Discussion 
1
Introduction
During RAN4#71 meeting an issue of PCell interruption due to measurements of deactivated SCell was discussed extensively. Several contributions were presented to identify solutions adequate for Rel-10, Rel-11 and Rel-12. At RAN#64 it has been decided that requirements for Rel-10 will not be changed and only Rel-11 and Rel-12 will be further discussed to investigate for final solutions.

In this contribution, we discuss a potential Rel-12 PCell interruption solution that, in order to remove the packet loss, enables the network to identify the UEs who require PCell interruptions. This solution has been already presented at RAN4#71 in contribution [1] and WF [2]. The idea of the solution is to enable an indication and synchronization between UE and eNB when the PCell interruptions occur for the UE. This allows the network to avoid the packet loss due to the PCell interruptions ensuring both good network performance and UE power saving opportunities.  

2
Discussion on Rel-12 PCell interruption solution 
As mentioned in [3] the PCell interruption is due to specific UE implementation and is not generic problem applicable for all UEs. Thus, it is desirable that the network can identify the UEs who need PCell interruptions. 

Identifying the UEs who cause PCell interruptions

If a UE causes interruption in PCell, it may happen when UE does:  

1) deactivated Scell measurements (e.g. for single receiver UE which can support intra-f contiguous CA, or for a single-chip UE with several receivers),

2) inter-frequency measurements (e.g. for single receiver UE which can support intra-f contiguous CA or for a single-chip UE with several receivers),

3) Scell activation/deactivation/addition/release (for single receiver UE which can support intra-f 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. Thus it is possible to indicate with a single UE capability indicator whether the UE causes PCell interruptions in all of the cases.

In addition, 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.
Observation 1: A UE that causes PCell interruptions can have a single UE capability indicator for indicating that the interruptions are needed in deactivated Scell measurement, inter-frequency measurement and Scell activation/deactivation/addition/release. This indicator could be band combination specific or applicable to all supported band combinations.
From the network viewpoint, since a new Rel-12 indication needs to be sent to eNB, it is possible that a legacy Rel-10 or Rel-11 network may not support the Rel-12 signalling and will not be able to comprehend such UE capabilities. In such a case, the UE behaviour will be unexpected from the eNB viewpoint. To solve this problem and to facilitate support for early implementation in UE and networks it is better to further consider that the network controls the UE behaviour, i.e. whether UE is allowed to use the indication. Thus, a UE that supports earlier implementation for this indicator and support both Rel-12 behaviour and Rel-10/11 release behaviour should default to legacy Rel-10/11 behaviour if the legacy network does not support the indication and indicate this to the UE. 

With network-based solution, the network indicates whether the UE is allowed to indicate that it causes interruptions. UEs that support the indication can then indicate their capabilities to network, which then makes the decision on which behaviour to apply for each UE. Such an approach would allow the network to know and control which UE’s are causing interruptions and which UE’s are not.
Proposal 1: Specify a single UE capability indicator which indicates that the UE causes PCell interruption for deactivated SCell measurement, inter-frequency measurement and SCell activation/deactivation/addition/release. This indicator could be band combination specific or to all supported band combinations. This UE indication is further only allowed if it is triggered by network. 
Synchronized gap for UEs causing PCell interruptions
In 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 [4], [5], synchronized gaps between UE and network are desired for PCell interruption. Thus the configuration procedure between eNB and UE for the synchronized gaps should 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.  
Proposal 2: The configuration procedure between eNB and UE for the synchronized gaps should be specified which is desired to accommodate all the PCell interruption cases, including deactivated SCell measurement, inter-frequency measurement, SCell activation/deactivation/addition/release.   

Proposal 3: LS should be sent out on RAN4#72 meeting to indicate the need for signalling to support Rel-12 PCell interruption, and whether to consider earlier implementation.
3
Conclusion

This contribution discusses on the potential Rel-12 PCell interruption solutions, which intent to ensure both network performance and UE power saving. 
Observation 1: A UE that causes PCell interruptions can have a single UE capability indicator for indicating that the interruptions are needed in deactivated SCell measurement, inter-frequency measurement and SCell activation/deactivation/addition/release. This indicator could be band combination specific or applicable to all supported band combinations.

Proposal 1: Specify a single UE capability indicator which indicates that the UE causes PCell interruption for deactivated SCell measurement, inter-frequency measurement and SCell activation/deactivation/addition/release. This indicator could be band combination specific or to all supported band combinations. This UE indication is further only allowed if it is triggered by network. 

Proposal 2: The configuration procedure between eNB and UE for the synchronized gaps should be specified which is desired to accommodate all the PCell interruption cases, including deactivated SCell measurement, inter-frequency measurement, SCell activation/deactivation/addition/release.   

Proposal 3: LS should be sent out on RAN4#72 meeting to indicate the need for signalling to support Rel-12 PCell interruption, and whether to consider earlier implementation.

Additionally, a WF is proposed in [8] to speed up the progress on discussed issue. This WF should be discussed during RAN4#72 and lead to initial agreements.
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