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1 Introduction
RAN4 has previously discussed introduction of gaps for interruption control. In this contribution we discuss the signalling related aspects.
2 Discussion

In RAN4#79, it was agreed to introduce interruption control gaps with VIL-ML-VIL: 1-4-1 (DL) and 1-4-2(UL). There are two options for MGRP: 40ms only or 40ms and 80ms. RAN4 still needs to discuss and conclude on MGRP. In addition, other agreements on interruption control from previous meetings include the use cases. Some of the agreements form RAN4#78bis are
· Enable measurement on unused RF chains with interruption controlled on activated CC

· Enable per-CC measurement gap configuration with interruption controlled

· Eliminate/reduce interruption rate due to deactivated SCell measurement

· Both NCSG and measurement gap (e.g. legacy 6ms gap) are feasible for interruption control

One discussion is the extent to which RAN2 needs to be aware of the use cases. Since not all UEs make interruptions, it seems necessary to have various capabilities which relate to the use cases for interruption control, so that the network knows whether it should configure an interruption control gap pattern or not. 
For per-CC measurement gap configuration, there has been some discussion of capabilities, and it seems that the bitmap concept in 36.894 could be extended to indicate gap needed/no gap needed/interruption control gap needed. For the other use cases, capabilities have not been discussed. As they depend significantly on UE RF architecture, some guidance is likely to be needed from RAN4 before RAN2 can define the necessary capability signalling.
Deactivated SCell measurement

Considering deactivated SCell measurement, in principle the information that is needed is that for each SCell the UE would need to provide a list of other serving cells (PCell and other SCells) which are impacted by interruptions which could be avoided by an interrupt control gap pattern.

The following is an example of such a list for 4DL CA.

PCell: Cannot be deactivated

SCell 1: Deactivated measurement of SCC1 causes interrupts to PCell

SCell 2: Deactivated measurement of SCC2 causes interrupts to PCell and SCell 1

SCell 3: Deactivated measurement of SCC3 does no cause interrupts

When multiple SCells are deactivated, such lists could be assumed to be combined with a logical “OR”, ie if any of the deactivated SCells causes interruption to a certain serving cell then the autonomous interruption could be avoided with an interruption control pattern.

Proposal 1; For each deactivated SCell the UE would need to provide a list of other serving cells (PCell and other SCells) which are impacted by interruptions which could be avoided by an interrupt control gap pattern.
Such information could be provided as a static capability for all CA combinations supported by the UE, or if this results in excessive signalling, could be provided for a CA combo or combos requested by the eNB, or could be provided for the currently configured CA combo. The details would be for RAN2 to discsuss.
Enable measurement on unused RF chains

 For CA configurations, the signalling which has been discussed in RAN4 does not differentiate between whether the measurement is being performed using an unused RF chain, or one of the other RF chains in a  measurement gap. For example, the bitmap signalling could indicate
	CC
	B1
	B2
	B3
	B4

	B1
	-
	-
	-
	INTCONTOL

	B2
	-
	-
	-
	No gap

	B3
	-
	-
	-
	No gap


The network does not know (or need to know) that the measurements of B4 are being performed by an unused RF chain which causes interruption to B1, although this is likely to be true as a UE which used an RF chain from one of the serving cells would indicate
	CC
	B1
	B2
	B3
	B4

	B1
	-
	-
	-
	INTCONTOL

	B2
	-
	-
	-
	No gap

	B3
	-
	-
	-
	GAP


Hence it would appear that there are commonalities with the capabilities for per CC gaps. Therefore, it would seem natural to extend the per CC gap signalling for single carrier cases as well, which is in line with the agreement in RAN4#80 that Agreement: 1-4-1 pattern can also apply for UE with single carrier operation
Proposal 2 : The per CC capabilities are also extended to cover single carrier cases so that interruption control capabilities can be indicated for the use case “Enable measurement on unused RF chains with interruption controlled on activated CC” with one active CC. 
Having discussed capabilities for the main uses cases for interruption control gaps, it remains to discuss the configuration of interruption control gaps. 

As RAN4 has agreed that either 6ms or NCSG may be used for interruption control, the network may choose which type of gap to configure. To allow configuration of NCSG, one or two additional gap pattern IDs are needed eg
Gap pattern 2 : 1-4-1 (DL) and 1-4-2(UL) with VIRP=40ms

Gap pattern 3: 1-4-1 (DL) and 1-4-2(UL) with VIRP=80ms

· Gap pattern 3 is only needed if option 2 is selected from the way forward discussed in RAN4#80 
Proposal 3 : Network may choose whether to configure 6ms gaps, or NCSG to control interruption

Proposal 4 : Either one or two new gap pattern IDs may be specified for NCSG gaps
3 Conclusions
In this contribution we discuss some aspects related to information needed by RAN2 to specify signalling for interruption control gaps. Since not all UEs require gaps for interruption control, this implies that some capabilities will be needed so that the network knows whetehr to configure interruption control patterns or not. We discuss the main identified use cases for interrupt control and propose 
Proposal 1 ; For each deactivated SCell the UE would need to provide a list of other serving cells (PCell and other SCells) which are impacted by interruptions which could be avoided by an interrupt control gap pattern.
Proposal 2 : The per CC capabilities are also extended to cover single carrier cases so that interruption control capabilities can be indicated for the use case “Enable measurement on unused RF chains with interruption controlled on activated CC” with one active CC.

The configuration of interruption control gaps seems more straightforward once the need or otherwise for the gaps has been determined from capability signalling. For configuration, we propose:

Proposal 3 : Network may choose whether to configure 6ms gaps, or NCSG to control interruption

Proposal 4 : Either one or two new gap pattern IDs may be specified for NCSG gaps
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