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1 Introduction
As well known, RAN4 has been discussing CA and interrupts on PCell due to SCell activity for quite some time. In this paper we once again take a short look at the problem from UE point of view and potential UE power impact from a generic point of view, see also [1]. Based on the discussion it can be observed that allowing an increase in the interrupts without network knowledge of which UE’s causes interrupts is not a neutral solution and could have negative impact on UE’s not causing interrupts.
2 Discussion on Interrupts
In the beginning of the rel.10, the RAN4 CA discussion was about intra-band CA and re-tuning where interrupts would be inevitable if UE power savings were to be allowed. On the other, hand some companies argued that potential UE power saving would not be that significant and therefore RAN4 decided to set the limit for when re-tunings and interrupts would be allowed to 640ms deactivated SCell measurement cycle.

Using certain cost optimized UE implementation turns out to have the side effect of causing interrupts also in inter-band CA cases. E.g. measurement activity on deactivated SCell will potentially cause interrupts on PCell. As the potential UE power savings for inter-band CA is likely higher than for intra-band case it has been proposed [2] to lower the limit in the deactivated SCell measurement cycle for when interrupts are allowed by the UE.

The proposed solution has been to allow UEs interrupts for shorter cycles of deactivated SCell measurement cycles without network knowing which UEs causes interrupts. Next we take a short look at such solution in terms of general UE impact (all UE’s in the field).
2.1
Two types of UE implementations

When we discuss the need for interrupts we need to keep in mind that only certain UE implementations causes such interrupts. Those CA capable UEs that have been discussed causing the interrupts are basically known under the single chip implementation UEs.
Other UEs implemented not using this single chip architecture has not been claimed to cause interrupts on PCell activity or reception due to deactivated SCell activity.

Observation 1: It is possible to have a UE implementation that does not cause interrupts on PCell activity or reception due to deactivated SCell activity.

What needs to be kept in mind when discussing any solution is that the chosen solution should be generic and neutral such that the chosen solution will not have negative impacts on UEs which do not cause PCell interrupts. It has always been acknowledged that UEs still need to operate within network-defined limits, and features in a certain release may be further optimized in later releases. To have good inter-operability between UEs and network, the UE operation in a release is fixed at the end of the release and is not normally changed unless the change can be done with no inter-operability effects.
Observation 2: Solutions to problems should be generic and neutral such that they do not cause negative impact on UEs which do not support or need the solution for PCell interrupts.

2.2
UE power saving

UE power saving is important for application of CA. This was acknowledged early in Rel-10 work and 3GPP has tried to ensure it is possible to have energy-efficient operation also in CA. However, the system performance is often compromise between UE power saving and best scheduling flexibility, as is evidenced by the DRX performance requirements.
Allowing interrupts for shorter deactivated SCell measurement cycles will likely allow better power saving opportunities for the UE types under discussion – i.e. UEs that causes PCell interrupts due to deactivated SCell measurement activity.

For UE types not causing interrupts changing the limit have no direct impact concerning potential power savings. Here the power consumption is instead regulated directly by the deactivated SCell measurement cycle and the SCell state (SCell is activated or deactivated).

2.3
Network control

UE power saving opportunity is still, in the end, under network control depends on the network’s choice of parameter settings. Assuming that there is a common interest from both operators and UE vendors to optimize the UE power saving potential it still means that the power saving opportunities needs to be reached in a manner which does not cause unacceptable negative impact to either UE or network performance.

When discussing the current PCell problem one important thing to keep in mind is that currently the network does not know - and cannot know - which UE’s are causing PCell interrupts and which UE’s are not.

Observation 3: The network currently does not know and cannot know which UE’s are causing PCell interrupts and which UE’s are not.

This mean that the network cannot distinguish the two types of UEs in the field, which causes challenges in terms of providing a well-manageable solution to the problem – i.e. provide a solution to a problem in such a way that the solution solves the problem without having negative impact on UEs not having the problem and therefore does not need the solution.
Some companies have raised concerns towards the proposed solution [3, 4]. Networks/operators who do have concerns about the increase in interrupts and its impact and who would not like to see an increase in interrupts from some UEs due to negative or unpredictable network impact, now only have one option:

· Always configure all UEs with short measurement cycle or always keep the SCell activated
This will have negative impact (e.g. additional power consumption) on UEs not causing interrupts. Based on this we conclude:
Conclusion: The solution of allowing increased PCell interrupts without enabling network to know which UE’s impacts both network implementation and behaviour as well as UEs that do not cause PCell interrupts.

As can be understood – in such cases where there are concerns about increase in interrupts and network configures all UE’s with short deactivated measurement or keeps the SCell activated – there wouldn’t be any power saving either for UE’s causing interrupts on PCell.
3 Conclusions

In this paper we have discussed CA and interrupts on PCell due to SCell activity. We look at the negative side effects from allowing UEs interrupts for shorter cycles of deactivated measurement cycles in terms of impact on UEs not in need for a solution. Based on the discussion we observe:

Observation 1: It is possible to have a UE implementation that does not cause interrupts on PCell activity or reception due to deactivated SCell activity.

Observation 2: Solutions to problems should be generic and neutral such that they do not cause negative impact on UEs which do not support or need the solution for PCell interrupts.

Observation 3: The network currently does not know and cannot know which UE’s are causing PCell interrupts and which UE’s are not.

Based on this we conclude that the solution proposal of allowing interrupts for shorter SCell measurement cycles for deactivated SCell is not a UE implementation neutral solution but will have negative impact on UEs not in need of a solution (e.g. additional power consumption).
Conclusion: The solution of allowing increased PCell interrupts without enabling network to know which UE’s impacts both network implementation and behaviour as well as UEs that do not cause PCell interrupts.
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