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1 Introduction
In this contribution we provide further views on reducing the ACK/NACK missing rate, using either network contolled small gap (NCSG) or legacy gap patterns. Improvements in this area are very desirable, and the studies in this area should be progressed with high priority. In RAN4#75, the way forward [1] for measurement gap enhancement was agreed and the relevant part for multiple RF chain studies is:

	· Network controlled small gap (NCSG) and/or measurement gap (e.g. legacy 6ms gap) can be configured
· NCSG is primarily used to reduce the Ack/Nack missing rate due to PCell/SCell/PSCell interruption
· Measurement gap is primarily used for inter-frequency and inter-RAT measurement and can also be used to control the interruption
· Interruptions caused by deactivated SCell measurement, intra-band interfrequency measurement, inter-band interfrequency measurement, and interRAT measurement may be considered
· The parameters for small gap are FFS


2 Discussion

One discussion which took place in RAN4#75 is the use case for mechanisms to control interruption. In our view, all use cases mentioned in the way forward are important. The way forward indicates that they “–
Interruptions caused by deactivated SCell measurement, intra-band interfrequency measurement, inter-band interfrequency measurement, and interRAT measurement may be considered”.

When it comes to intra-band, interband and interRAT measurements these are currently either performed in per-UE measurement gaps, or the UE indicates optional capability to measure without gaps. In this case, the UE is expected to be able to perform measurements without glitches on the PCell or other SCells while it is performing the measurement.

Observation 1 : There is currently no mechanism whereby the RF chain from a deactivated SCell may be assumed to be reused for inter-frequency / inter-RAT measurements without either measurement gaps being configured, or the UE supporting measurements without gaps.

Observation 1 may also be expressed as the necessary measurement gap configuration for interfrequency/interRAT measurement is agnostic to the activation/deactivation status of the SCell(s). Since SCells are activated and deactivated by MAC CE commands, and measurement gaps are configured by RRC signalling it seems realistic to continue with this approach in future, to avoid creating dependenices between states in different layers of protocol signalling.

Proposal 1 : For future work, the necessary measurement gap configuration for interfrequency/interRAT measurement remains agnostic to the activation/deactivation status of the SCell(s).

This means that the principal use case for network controlled interruption is deactivated SCell measurement, but it also must be possible to make inter-frequency and interRAT measurements with a deactivated SCell, and a gap pattern operational to perform network control of interruptions.  On the other hand, if the UE is already capable of making interfrequency or interRAT measurements without interruption (eg using multiple RF-ICs) then according to proposal 1 there is no need for a new mechanism to allow it to retune the deactivated SCell RF to another frequency, frequency band or RAT, since the mechanism for active SCell (either measurement gaps or UE capability to measure without gaps) applies equally in the case of a deactivated SCell.
Another use case for NCSG interruption is to allow more widespread support of measurements without full measurement gaps. Currently a UE may only indicate that it can measure without gaps for interfrequency/interRAT if there are no interruptions caused by the measurement. By making a new capability to measure with NCSG, it may be that more widespread support is possible. This use case could be investigated further.

Next we discuss some of the design targets for NCSG and interrupt avoidance with  legacy gaps. Our view is that the following top level aspects need to be taken into account
· Proposal 2 : It is possible to control interruptions with either NCSG or legacy 6ms gap according to eNB implementation
· Proposal 3 : Inter-frequency and interRAT measurement should always be possible when a suitable interruption control mechanism is operating 

Based on these aspects, we discuss legacy gap pattern and small gap pattern solutions separately.

Legacy gap pattern based solution

One question which has arisen in the past is how simultaneous interfrequency/interRAT measurement may be performed with deactivated SCell measurement. One alternative is shown in figure 2; 6ms measurement gaps occur on PCell and deactivated SCell, and may be used as per legacy to make interfrequency and interRAT measurements. At the end of the some measurements gap the UE is reconfigured so that RF for both PCell and SCell are active (even though SCell is deactivated from a MAC perspective) so that the UE can make deactivated Scell measurements until the next gap without interruption. While this may appear to be quite a long period from power consumption perspective (34ms or 74ms depending on legacy gap MGRP) it should be emphasised that the UE can make multiple samples from the deavtivated SCC durning this interval, so the SCell RF should not need to be enabled very often. For instance, with a deactivated SCell measurement period of 160ms the measurement period is 800ms, and 34ms/800ms (assuming that SCC cells can be measured 5 times during one 34ms active period) represents an SCell RF duty cycle of only 4.25%, with longer measurement cycles resulting in even lower duty cycles. 

[image: image1.emf]Gap

Pcell RF

SCell RF


Figure 2 : Use of legacy gap pattern for RF retuning

When no interfrequency/interRAT measurements are configured, the UE may either measure the deactivated SCell during the gap itself (similar to interfrequency measurements) or follow a similar approach to figure 2 except that no interfrequency/interRAT measurement needs to be made in the gap. This is a UE implementation choice.

Next we turn our attention to the small gap configurations. Following the naming conventions used previously in RAN4, as shown in figure 3, we discuss appropriate values for the various parameters
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Figure 3 : Generic small measurement gap

ML : This should be sufficiently long to ensure that one adjacent PSS and SSS instance occurs during every measurement opportunity for arbitrary timing of neighbour cell. In this respect, 5ms is slightly too short and in principle the gap length should be 5ms+2 OFDM symbol = 5.13ms approx. Since it is expected that ML should be an integer number of subframes, RAN4 could discuss whether to use 5 or 6 subframe ML; since there is no interruption during ML our preference would be to extend ML slightly to get better measurement performance. This comes at a cost of very slightly increased UE power consumption, eg 6/160ms is 3.75% whereas 5/160ms is 3.125%, however it seems reasonable to design the gap pattern for improved cell detection performance

VIL: Considering asynchronous dual connectivity scenarios, 3ms VIL may be necessary to account for arbitrary time difference between PCell and PScell. However, 2ms VIL could be used for CA or other synchronous scenarios. For intraband CA, 5ms interruption is currently specified, however this would result in a worse solution than legacy 6ms measurement gap. RAN4 needs to clarify this aspect, but 2x5ms VIL seems to be infeasible for further work

VIRP : Our preference is not to define too many different VIRP settings, ie gaps should be somewhat generic and independent of the configured deactivated SCell measurement cycle. Two values could be considered, eg 128ms and 160ms since other deactivated SCell measurement cycles are multiples of these values. While this approach would lead to some unused small measurement gaps for longer deactivated Scell measurement cycles, the advantage is that fewer combinations need to be implemented and IOT tested.  Indeed, considering that 128ms and 160ms are fairly close, it may be sufficient to use 128ms VIRP for all deactivated SCell measurements.

We do not make final recommendations for the parameters ML, VIL and VIRP. However we recommend the following settings could be investigated:
Proposal 4 : ML should be chosen large enough to allow UE to find a PSS and SSS of arbitrary timing, assuming 0.5ms for RF switching.
Proposal 5 : 2 ms could be used for VIL in synchronous scenarios, 3ms for asynchronous scenarios in small gap

Proposal 6 : One or two VIRP settings should be sufficient

3 Conclusions
In this contribution we discuss further aspects of NCSG and legacy gap pattern for network controlled interruption. We make the following observation and proposals
Observation 1 : There is currently no mechanism whereby the RF chain from a deactivated SCell may be assumed to be reused for inter-frequency / inter-RAT measurements without either measurement gaps being configured, or the UE supporting measurements without gaps.
Proposal 1 : For future work, the necessary measurement gap configuration for interfrequency/interRAT measurement remains agnostic to the activation/deactivation status of the SCell(s).

Proposal 2 : It is possible to control interruptions with either NCSG or legacy 6ms gap according to eNB implementation

Proposal 3 : Inter-frequency and interRAT measurement should always be possible when a suitable interruption control mechanism is operating 

Proposal 4 : ML should be chosen large enough to allow UE to find a PSS and SSS of arbitrary timing, assuming 0.5ms for RF switching.
Proposal 5 : 2 ms could be used for VIL in synchronous scenarios, 3ms for asynchronous scenarios in small gap

Proposal 6 : One or two VIRP settings should be sufficient
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