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1 Introduction
First discussions of interruption control using NCSG and legacy gaps took place in RAN4#78bis. From the meeting report, it can be seen that one main discussion was about the use cases for NCSG and the following agreements were reached:
	· The identified use cases of NCSG include:

· 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

· It is FFS if interruption due to deactivated SCell measurement can be completely eliminated

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

· It is FFS whether same NCSG configuration(s) should be defined for all use cases.
· Candidate proposals in TR36.894 should be primarily considered as baseline in the WI
· Other proposal is not precluded if significant benefit/gain is identified


2 Discussion

In this contribution, we mostly evaluate the identified use cases, and the needed gap pattern(s) for interrupt control in each case
Use case 1 : Enable measurement on unused RF chains with interruption controlled on activated CC

We assume this use case corresponds mostly to using RF chains which are not configured for carrier aggregation to perform measurement. While a configured, but deactivated RF chain could be used to make measurements as well, the component carrier(s) corresponding to the unused RF chain should be configured with a gap pattern in this case. The reason is that RRC reconfiguration is assumed to be needed to apply a gap pattern, whereas the configured, but deactivated carrier could be quickly activated at any time using a MAC CE command. Hence, gaps need to be preconfigured in case the deactivated carrier becomes activated.
As there is a capability for measurements without gaps, we think that this feature would be an extension of the existing measurements without gaps capability. For a certain CA configuration not all of the RF chains in a UE are used and in principle the UE can make measurements without gaps. However, use of an unused RF chain for measurements may cause interruption to one or more of the configured carriers .  According to current specifications the UE should not indicate that it can perform measurements without gaps in this case since it causes interruption (i.e. gap) to some ongoing carrier. The basic idea is that by allowing NCSG on some of the configured carriers it would make support of this type of capability more practical.
Since the existing signalling of measurement without gaps is already specified, it is not possible to change the meaning of the existing capability, and hence a new capability to measure with NCSG should be specified. Under the understanding that a new capability for per CC measurement gap configuration will be introduced as another part of the work item, it seems reasonable that measurement using unused RF chains can be considered as a part of that work – the UE which has an unused RF chain can, in principle, indicate that it does not need a gap on any CC to make a measurement. For example, if the bitmap concept described in TR36.894 is used to indicate a capability for per CC measurement gaps, then it is an option to indicate that gaps are not needed on any CC to measure. For example, the example bitmap already included in TR36.394 would appear to indicate that this UE can measure B7 without gaps when performing CA of B1+B2+B3, in other words it has a B7 capable RF chain.
 Table 6.3-1:  Bitmap signaling for measurements without gaps per CC

	CC
	B1
	B2
	B3
	B4
	B5
	B6
	B7
	B8
	B9
	B10

	B1
	-
	-
	-
	0
	1
	0
	1
	0
	0
	0

	B2
	-
	-
	-
	1
	0
	1
	1
	0
	0
	0

	B3
	-
	-
	-
	1
	1
	1
	1
	1
	0
	0


It is discussed in TR36.894 that this concept may be extended with other identifiers to indicate CC on which NCSG is needed to perform measurement. Hence, if the B7 measurement caused impact to B2, the bitmap  may become
Table 6.3-1:  Bitmap signaling for measurements without gaps per CC

	CC
	B1
	B2
	B3
	B4
	B5
	B6
	B7
	B8
	B9
	B10

	B1
	-
	-
	-
	0
	1
	0
	1
	0
	0
	0

	B2
	-
	-
	-
	1
	0
	1
	NCSG
	0
	0
	0

	B3
	-
	-
	-
	1
	1
	1
	1
	1
	0
	0


Hence the capabilities signalling for per CC measurement gaps seems to include the case of spare RF chains, and also the case where NCSG may be needed on an active carrier to reduce or eliminate interruption. The usage of the NCSG in this case is to allow the spare RF chain to be powered up, make the measurement, and then be powered off which is very similar to the deactivated Scell use case, except that the periodicity of measurement operations for interfrequency measurements without gaps is 40ms, whereas the periodicity of SCC measurements is configured using the deactivatedSCellMeasCycle and may be up to 640ms. Hence, the main requirement coming from this use case is that it should be possible to configure NCSG with 40ms periodicity. Other characteristics of NCSG are thought to be the same as the deactivated SCell measurement case.

Proposal 1 : The capability signalling for per CC gap should consider the use case of spare RF chains, and NCSG potentially being provided on other CC. This also means that the capability signalling should cover the case of a single CC (non CA configuration).
Use case 2 :  Enable per-CC measurement gap configuration with interruption controlled

This use case seems to be very similar to the use case for unused RF chain. Taking the previous example from TR36.894, if NCSG is indicated for measurement on a carrier and gaps are needed on another carrier, this can be indicated in the bitmap for capabilities e.g.
Table 6.3-1:  Bitmap signaling for measurements without gaps per CC

	CC
	B1
	B2
	B3
	B4
	B5
	B6
	B7
	B8
	B9
	B10

	B1
	-
	-
	-
	0
	1
	0
	1
	0
	0
	0

	B2
	-
	-
	-
	1
	0
	1
	1
	0
	0
	0

	B3
	-
	-
	-
	1
	NCSG
	1
	1
	1
	0
	0


This UE indicates that it needs gaps on CC B2, and NCSG on CC B3, in order to make measurements of B5.

The characteristics of the NCSG also seem to be very similar, but now the periodicity may need to be 40ms or 80ms depending on the periodicity of the gap pattern configured on the CC used to make the measurement.
Use case 3 : Eliminate/reduce interruption rate due to deactivated SCell measurement

This is a very important use case for NCSG, as deactivated SCell measurements cannot be switched off and are performed whenever an SCell is deactivated. The interruptions caused by deactivated SCell measurements have been discussed extensively in the past and there seem to be two main tasks in 3GPP
1. To define capability signalling such that it is clear which activated CC(s) need NCSG when a certain carrier is deactivated

2. To define suitable NCSG patterns

For capability signalling, the UE needs to provide information to the network about which CC(s) need NCSG when other CC(s) are inactive. Some implementations and architectures may not need NCSG at all to avoid interruptions. The information could be in the form of a list, and for each possible combination of inactive SCell(s) in each CA combination, it would in principle be necessary to give a list of active SCells that need NCSG. Further work is needed on the details of the capability signalling, e.g. whether the case of multiple deactivated SCells can be dealt with by superposition,  or if the NCSG configuration when multiple SCells are deactivated needs to be explicitly signalled as a capability.
Proposal 2 : RAN4 needs to work further on the capability signalling characteristics for NCSG to avoid interruptions with deactivated SCell.

For suitable NCSG patterns, our latest understanding of the parameters is as follows :

VIL : Feedback is needed from UE implementations, however it appears from discussion in RAN4#78bis that UE implementations may be able to reconfigure RF in less than 1ms. It must be emphasised that NCSG needs to be designed to cover all possible use cases including intraband contiguous carrier aggregation where currently 5ms interruptions are specified at activation/deactivation. Nevertheless, short VIL is clearly preferable, and 1ms VIL (before and after the measurement) could be considered as a baseline if it is technically feasible.

Proposal 3 : 1ms VIL could be considered as a baseline if it is technically feasible
ML : In RAN4#78bis, it was discussed that 4ms ML could be used. The assumption is that some of the time from the visible interruption length (VIL) is also used to make the measurement. While this proposal is fine, we think it is important that measurement performance is not worse using NCSG than using legacy procedures including autonomous interruptions. Therefore we would caution against optimisation of ML if it will have a negative impact on measurement performance. A very simple model of power consumption with 1ms VIL, either 4 or 5ms ML and 40ms VIRP (the likely shortest possible) would be that the measurement chain is either active for 6/40ms or 7/40ms =15% or 17.5% respectively. When we consider that the current used in one receiver branch is a small fraction of the overall baseband current, such differences are not worth compromising measurement performance for.
Proposal 4 : 4ms ML could be considered if it does not have impact on measurement performance compared with legacy procedures including autonomous gaps

For VIRP, the earlier analysis in this paper indicates that possibly useful periodicity of NCSG is 40ms, 80ms or the same as the same as the deactivated SCell measurement cycle. For simplicity, it could be considered to specify a single NCSG pattern with VIRP=40ms, although we are open to further discussion on this point.

Proposal 5 : 40ms VIRP could be considered with a single NCSG pattern for simplicity

Another discussion which took place in RAN4#78bis was whether the NCSG could be used to reduce or eliminate interruptions. Here our view is that it should be a strong target of the work to design the NCSG in such a way that interruptions are eliminated, since it would be very unfortunate if the eNB configures an NCSG and interruptions still occur – it is difficult then to see the benefit of the NCSG, and if interrupts still occur, it suggests that the design of the NCSG is incorrect. This point could be discussed further if there are some specific examples where interrupts may still occur in the NCSG interrupt control use cases, but as a general principle the target of NCSG work should be to eliminate interrupts
Proposal 6 : The overall target of NCSG work should be to eliminate interrupts
Finally we discuss the use of legacy gaps for interruption control. It has already been decided in both the SI phase and in RAN478bis that measurement gap (e.g. legacy 6ms gap) are feasible for interruption control. There are several reasons why it may be beneficial to use a legacy gap instead of an NCSG, for example

· It avoids the need for interoperability testing of a new gap pattern and may allow early adoption of enhancements without using NCSG

· The serving eNB may avoid a reconfiguration by starting a 6ms gap pattern which is going to be needed for some purpose in the future  (e.g. interfrequency measurement) rather than starting an NCSG and switching to 6ms gap pattern when interfrequency measurements are commenced.

As a general principle, as long as the eNB provides a gap configuration which is not lesser than the one the UE needs, the UE should be capable of operating. Hence it does not prevent the UE from operating if gaps are configured on CC where they are not strictly needed, or if 6ms gaps are configured where an NCSG could be sufficient. While this may not be the most efficient configuration from a gap usage point of view, as indicated, there can be other valid reasons why the network would choose to configure a greater gap pattern than the one that the UE strictly needs at that moment:
Proposal 7 : As long as the eNB provides a gap configuration which is not lesser than the UEs capabilities, the UE shall meet relevant requirements. This includes configuring a 6ms gap for a CC where the UE has indicated that an NCSG could be used.

3 Conclusions

In this contribution we discuss the identified use cases for NCSG and provide the following proposals
Proposal 1 : The capability signalling for per CC gap should consider the use case of spare RF chains, and NCSG potentially being provided on other CC. This also means that the capability signalling should cover the case of a single CC (non CA configuration).
Proposal 2 : RAN4 needs to work further on the capability signalling characteristics for NCSG to avoid interruptions with deactivated SCEll.
Proposal 3 : 1ms VIL could be considered as a baseline if it is technically feasible
Proposal 4 : 4ms ML could be considered if it does not have impact on measurement performance compared with legacy procedures including autonomous gaps

Proposal 5 : 40ms VIRP could be considered with a single NCSG pattern for simplicity

Proposal 6 : The overall target of NCSG work should be to eliminate interrupts

Proposal 7 : As long as the eNB provides a gap configuration which is not lesser than the UEs capabilities, the UE shall meet relevant requirements. This includes configuring a 6ms gap for a CC where the UE has indicated that an NCSG could be used.
