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1 Introduction
Interruption caused by some specific UE implementations has been discussed for long in RAN4: In last RAN4 meeting a WF on the topic capturing:

· RAN4 should study on how to handle interruption issues for single chip RF-IC implementation in whole picture like the following potential scenario
· Inter-frequency measurements when SCell is not configured 
· SCell measurements for deactivated SCell(s)
· Scell activation/deactivation
· Scell addition/release
· Multiple CC CA case, e.g. 3DL CA
· Relevant releases
· Investigate the possibility to have a solution with no or minimum ASN.1 impact for release 11 UE
· Investigate how to specify in a general way for release12/+ UE
In this paper, we take a closer look at the currently agreed RAN4 requirements and discuss the multiple aspects related to the interrupts that may be caused by some UE implementations and how to address these interrupts in a generic manner, taking into account the UE power savings and the network impact from such random drop of packets.
2 Discussion in Interrupts
In the early discussions of CA it was common understanding that interrupts due to CA operation would only happen for intra-band case e.g. due to re-tuning. Later it has been discussed that interrupts on PCell operation may also happen in other situations than intra-band case. It has been acknowledged that certain optimized UE implementation may also lead to PCell impacts due to SCell operation. Based on this the current agreement is that interrupts may be caused due to some UE specific implementations and this is now captured in 36.133:
NOTE: Interruptions at SCell addition/release, activation/deactivation and during measurements on SCC may not be required by all UEs.
Later it has also been raised  and discussed in RAN4 that interrupts are caused in a more generic manner and not only related to SCell operation, i.e. also when the UE performs normal inter-frequency measurements when the UE is not configured with an SCell (SCC). Based on the RAN4 discussion it was agreed in RAN4#69  that interrupts may happen more generically and not only for SCell operation, and following was agreed:

Proposal 1: 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.
In 36.133 RAN4 has defined the interrupts allowed by the UE in the different situations. Following interrupts cases have been identified to be caused by some implementations:

Scell Activation and deactivation interrupts:

· The PCell interruption specified in section 8.3.3 shall not occur before subframe n+5 and not occur after subframe n+9 for E-UTRA FDD.

· The PCell interruption specified in section 8.3.3 shall not occur before subframe n+5 and not occur after subframe n+11 for E-UTRA TDD
SCell interrupts gaps:

Intra-band:

Addition and release: 5 TTI interrupt on PCell


Activation and deactivation: 5 TTI interrupt on PCell

Deactivated SCell measurements: 5 TTI interrupt if measCycleScell >= 640ms

Inter-band:

Addition and release: [1] TTI interrupt on PCell


Activation and deactivation: [1] TTI interrupt on PCell

Deactivated SCell measurements: Deactivated SCell measurements: 1 TTI interrupt if measCycleScell >= 640ms

For addition/release and activation/deactivation of an SCell the time occurance is to some extend known by the network. This is not the case for deactivated SCell measurements. But it was agreed as a compromise in RAN4 to allow the autonomous measurements interrupt for deactivated SCell measurements for measCycleScell >= 640ms, as these would occur rather infrequent, and only allow a certain packet drop rate. 

Based on this we can group the situation into following interrupt cases:
· Interrupts known by network to some level (Scell management)
· Network can chose not to schedule or schedule and know that there will be dropped packets within the defined period.
· Interrupts not known by network (SCell measurements)

· UE autonomous interrupts which the network cannot take into account. Random packet drop will happen.

It would be desirable to discuss potential solutions that can reduce the amount of packet drops or remove them completely e.g. in similar manner as known from existing measurement gaps. Such a solution could enable getting full benefits from an integrated UE solution while reducing or removing the network impact. A solution could also include a more efficient solution than gap based for inter-frequency measurements. One approach was discussed in RAN4#70 while also the WF also mentions that further signalling aided solutions could be discussed for release 12 time frame.
3 Synchronised interrupts
When discussing potential approaches how to reduce or remove the impact from interrupts caused by such UE’s we would need to find the balance between the UE power saving and network impact. Clearly the more freedom the UE has the better power saving it is likely to be able to achieve. More UE freedom might lead to more interrupts which on the other hand increase the negative impact on the network.

A too big negative impact to the network could have negative side effects also for UE power savings. In case the network finds the impact significant the network could simply disable any possible power saving options e.g. by using low measurement cycle for the configured deactivated SCell.
For normal inter-frequency measurement this is however not possible. For inter-frequency measurements prior to having SCell configured the network would assign gap pattern to the UE although the UE have two receiver chains. Enabling inter-frequency measurements without gap assistance might be beneficial and lead to more optimised UE performance and better user experience.
1.1 Generic solutions based on requirements
UE’s that has been identified to cause interrupts when performing measurements of either deactivated SCell or normal inter-frequency, are CA capable UE’s using a specific implementation. These UE’s were earlier expected to perform measurements without measurement gaps and without this impacting the Pcell operation. Using a more integrated implementation solution on UE side for CA, it has now been recognized that also inter-frequency operations such as deactivated SCell and inter-frequency measurements will cause impact on Pcell operation. This integrated UE implementation surely has certain benefits for the UE and end-user, but has on the other hand have some negative system impact in terms of packet drops on PCell.
We see it beneficial to find a solution which can allow harvesting the benefits of an optimized UE implementation while at the same also address the network impact of the generated packet drops. A solution should be based on the needs as described in section 2. Additionally it should be such that UE’s that do not cause interrupts would not be impacted in any negative way by any solution introduced.

Proposal 1: Discuss solutions which are neutral to UE’s not causing packet drops.
1.2 Early solution with no new signalling support

Enabling a solution for early releases would be good but such a solutions would likely have rely on a solution which only requires minor signalling support or no need for new signalling support. One such solution proposal was presented in RAN4#70. The solution is based using existing signalling - an approach which can be used to introduce an early solution. Therefore it would be good to identify information or signalling already defined and which can be used to identify UE’s causing interrupts as described above.

Proposal 2: Discuss early solutions and how they can be realized.

1.3 Generic solution based on signalling support
For release 12 and later releases RAN4 could discuss a solution which could rely more on signalling support. RAN4 could e.g. discuss solutions which rely on network knowledge and configuration as is known e.g. from gap assisted measurements. A solution for Rel-12 and later should also take discuss potential impact from 3DL and also dual connectivity (DC).
Proposal 3: Discuss generic solutions for release 12 and later covering also potential impact from 3DL and DC.

4 Conclusions

In this paper we have discussed the UE implementation causing interrupts on PCell due to inter-frequency activity using a second receiver chain. The potential benefit from UE and user experience is discussed while also the potential negative side effects from solutions having too negative network impact is discussed.

We propose to investigate network and UE synchronised methods for handling interrupts and reducing or removing the packet drops caused by certain UE implementation solution. We propose:

Proposal 1: Discuss solutions which are neutral to UE’s not causing packet drops.

Proposal 2: Discuss early solutions and how they can be realized.

Proposal 3: Discuss generic solutions for release 12 and later covering also potential impact from 3DL and DC.

In case an early release solution is urgent we propose to look at if there are existing signalling that can be used.
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