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1. Introduction
In the last RAN meeting, a new study item for Measurement gap enhancement was approved [1]. The objectives are as following:

· Evaluate the design options and corresponding feasibility of measurement gap length, measurement gap repetition period and variable gap pattern

· Evaluate the design options and corresponding feasibility of multiple measurement gap patterns assignment when UE is configured with PCell and one or more SCells, e.g. multiple measurement gap pattern assignment per component carrier, measurement gap pattern for multiple RF chains. Inter-frequency and inter-RAT measurements of layers other than the PCC and SCC(s) should be considered in the evaluation.

· Evaluate the design options and corresponding feasibility of network controlled PCell/SCell interruption

The above objectives should be evaluated based on:

· UE performance aspects such as measurement accuracy, delay, UE power consumption, UE implementation complexity etc. 

· System performance aspects such as impact on scheduling, system throughput, signaling complexity etc.

· UE architectural aspects such as single RF-IC implementation (wherever applicable).

In past RAN4 meeting, some documents have discussed relative issues [2][3], and had following summary:
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ML: Measurement Length
VIL: Visible interruption length
VIRP: Visible interruption Repetition Period
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· visible interruption concept allows data scheduling on serving cell during ML when actual inter-frequency measurements are done on unused RF chain 

This paper  discussed measurement gap enhancement and give our understanding and proposals.
2. Discussion
In Rel-8, 6ms length measurement gap was designed for inter frequency and inter-RAT measurement. The 6ms gap length includes > 5ms period for measurement and < 1ms period for two times of RF retuning. This basic design consideration should be reused for measurement gap enhancement. When UE uses non-working receiver to do inter frequency measurement, it may make interruptions on working transceiver only if UE turn on/off receiver for measurement in the same chip. Two 1ms visible interruption may happen. Two small measurement gaps can be designed to solve the problem of interruptions and avoid data loss. From above we can see that the time need for UE turn on/off (or RF retuning) receiver twice, about 1ms in total, would not consume the 2 subframes that was used for small gap.  So it is believed not appropriate using definition VIL-ML-VIL express new measurement gap type, since the ML would not include all the time that used for measurment. It may make confusion that the UE do measurement only during ML period if keep the current definition. We propose using new definition GL-IL-GL (GAP length – interval length – GAP length) express new measurement gap type to avoid possible misunderstanding.
Observation 1: Using a definition GL-IL-GL (GAP length – interval length – GAP length) express new measurement gap types.

The new measurement gap may be used in inter frequency measurement, inter-RAT measurement, deactivated SCell measurement, dual connectivity measurement. Different measurement gap type and requirements may be need in different scenario.
1). Inter frequency measurement
The 6ms measurement gap type should be reused. It can be expressed as GL-IL-GL = 6-0-0ms.
When UE uses non-working receiver to do inter frequency measurement, only turn on/off measurement receiver (or RF retuning) need small gap, gap is not needed for measurement. Double small measurement gap type should be designed. i.e. GL-IL-GL = 1-4-1ms.

The above gap types are for DL. Regardless using 6-0-0 gap or 1-4-1 gap doing inter frequency measurement, the UE should not transmit any data during measurement to avoid interfere measurement. So the UL measurement gap will be 7-0-0ms considering transmit timing advance.

In current specification, two measurement gap periods can be configured, i.e. 40ms and 80ms. Considering the feature of Increased UE carrier monitoring, shorter measurement gap period, e.g. 20ms should be introduced to enhance measurement performance.
2). Inter-RAT measurement
Same measurement gap configuration with inter-frequency measurement should be used for simplifying measurement gap configuration. 
3). SCell measurement
The SCell addition and release is configured by RRC signalling. The interruptions for these operations have been included in processing delay requirements for RRC procedures, i.e. the processing delay extended 20ms from 15ms. Network knows the time period may be interrupted and doesn’t scheduling data communication to avoid data loss. No measurement gap is need.
For deactivated SCell measurement, interruption is allowed when the measurement cycle is equal to or large than 640ms. The new measurement gap type should be designed to avoid these interruptions. This measurement is similar to inter frequency measurement using non-working receiver, i.e. double small measurement gap type, GL-IL-GL = 1-4-1ms, is need. However, the gap period should be aligned with the values of measCycleSCell parameter, i.e. 160ms, 256ms, 512ms, 640ms, 1024ms, 1280ms.
The SCell is serving cell. The uplink transmit on the measured SCell should not impact UE measurement on this SCell. However, uplink transmit can be impacted when UE turn on/off measurement receiver. So GL-IL-GL = 1-4-1ms double small gap is also needed for uplink.
The PCell can be interrupted by SCell transceiver turn on/off when SCell operated in DRX state. These interruptions should be avoided by gap. However, when UE turns on/off the SCell transceiver is UE implementation issue, sowhat type of gap will be introduced need study further.
4). Dual connectivity
The PSCell addition and release does not need gap, same to SCell addition and release.

The demand of measurement gap for SCG is similar to MCG. Different type of measurement gap may be expected by PSCell and PCell. We think the PSCell should coordinate with PCell to configure wanted measurement gap type, and the measurement gap should be configured by PCell, to avoid possible time  and frequency mismatch.

Observation 2: The measurement gap should be configured only by PCell for inter-frequency and inter-RAT measurement for Dual Connectivity.

When UE worked on synchronised dual connectivity, downlink gap and uplink gap on PSCell are same as PCell. When UE worked on asynchronised dual connectivity, downlink gap and uplink gap on PSCell/PCell will plus 1ms on normal gap length. Details can reference the table below.
Summary: Based on above considerations, the measurement gap types can be summarized as following.
	No.
	Uplink/Downlink GAP types

GL-IL-GL
	Uplink/Downlink GAP types on asynchronized PSCell

GL-IL-GL
	Measurement Gap repetition period
	Comment

	1
	6-0-0 / 7-0-0 ms
	7-0-0 / 8-0-0 ms
	20, 40, 80ms
	Used for inter frequency and inter-RAT measurement. UE would suspend service to do measurement.

	2
	1-4-1 / 7-0-0 ms
	2-3-2 / 8-0-0 ms
	20, 40, 80ms
	Used for inter frequency and inter-RAT measurement. UE uses non-working receiver to do measurement.

	3
	1-4-1 / 1-4-1 ms
	2-3-2 / 2-3-2 ms
	160ms, 256ms, 512ms, 640ms, 1024ms, 1280ms
	Used for deactivated SCell measurement.
If the gap used for deactivated SCell measurement in SCG, 2-3-2/2-3-2ms gap should be on MCG cells.

	4
	FFS
	FFS
	FFS
	GAP used for PSCell worked in DRX


3. Conclusion
This document discussed on measurement gap enhancement, and presents following observations:
Observation 1: Using a definition GL-IL-GL (GAP length – interval length – GAP length) express new measurement gap types.

Observation 2: The measurement gap should be configured only by PCell for inter-frequency and inter-RAT measurement for Dual Connectivity.

Following measurement gap types are proposed considered in measurement gap design.
	No.
	Uplink/Downlink GAP types

GL-IL-GL
	Uplink/Downlink GAP types on asynchronized PSCell

GL-IL-GL
	Measurement Gap repetition period
	Comment

	1
	6-0-0 / 7-0-0 ms
	7-0-0 / 8-0-0 ms
	20, 40, 80ms
	Used for inter frequency and inter-RAT measurement. UE would suspend service to do measurement.

	2
	1-4-1 / 7-0-0 ms
	2-3-2 / 8-0-0 ms
	20, 40, 80ms
	Used for inter frequency and inter-RAT measurement. UE uses non-working receiver to do measurement.

	3
	1-4-1 / 1-4-1 ms
	2-3-2 / 2-3-2 ms
	160ms, 256ms, 512ms, 640ms, 1024ms, 1280ms
	Used for deactivated SCell measurement.

If the gap used for deactivated SCell measurement in SCG, 2-3-2/2-3-2ms gap should be on MCG cells.

	4
	FFS
	FFS
	FFS
	GAP used for PSCell worked in DRX
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