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1 
Introduction
Small measurement gaps has been proposed and discussed for several meetings. The main motivation to introduce the small measurement gap is to replace the PCell interruption which is unknown to the network. In RAN4#70Bis, it has been agreed in [1]
· RAN4 will further investigate on the possibility of introduction of Small gap proposed in R4-141889 
· The small gap is considered for inter-freq/RAT measurement
· For other cases, FFS
· Need to discuss the length of small gap, take into account the intra-band adjacent carrier and inter-band measurement cases.
· Possibility of other solutions are also open to be proposed
In this paper, further analysis on small measurement gap is provided. New MGL and MGRP for inter-frequency/Inter-RAT measurement in the unused RF chain are also proposed. 

2 Small measurement gap
The motivation to introduce the small measurement gap is understandable. In RAN4#70, the potential scenarios where small measurement gap can be used are listed as 

· 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
2.1 Inter-frequency/Inter-RAT measurement when SCell is not configured
Among all the scenarios where the small measurement gaps may apply, inter-frequency/inter-RAT measurement is more appealing and beneficial than the others. Before discussing the feasibility and details of small measurement gap, it is questionable if it is absolutely necessary to follow up the existing measurement gap design for non-configured SCell? The measurement gap design in PCell is generally required to balance the trade-off between measurement gap length (MGL) and the ratio of MGL/MGRP. MGL is decided based on the minimum available time to cover two pairs of PSS/SSS and the time required for RF adjustment. And, the ratio of MGL/MGRP also has to be carefully selected due to DL and UL throughput degradation. Obviously, the system throughput will be significantly impacted if the ratio of MGL/MGRP is too high. 
· New MGL and MGRP

However, the situation for the unused RF chain is different. Unlike PCell, there is no data transmitted or received via unused RF chain and, therefore, the system throughput is not a concern. The main design criterion of MGL/MGRP should be the power consumption. Also, a single measurement gap in the unused SCell RF chain will introduce two interruptions at PCell. The interruptions are located at the time when the measurement gap is started and finished, respectively. From that point of view, it is more desirable to reduce the number of measurement gaps within a certain time frame. The existing MGL and MGRP design may unnecessarily introduce too many PCell interruptions. Meanwhile, to maintain the power consumption and the measurement time diversity, the MGRP can be further optimized. Overall, there is no clear benefit to reuse the existing MGL and MGRP.
Proposal 1: if unused RF chain is used for inter-frequency/inter-RAT measurement, new MGL and MGRP should be considered. 
Based on discussion above, an example of new MGL and MGRP for unused RF chain can be defined as
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Figure 1: New MGL and MGRP for inter-frequency/inter-RAT measurement when SCell is not configured
In this case, MGL is 31ms with minimum available time for the measurement of 30ms. The MGRP is selected to be 120ms, such that AGC gain does not vary too much within MGRP. Mostly importantly, only 8 small measurement gaps are required in PCell per 480ms. If the existing measurement gap pattern 0 is used, 24 small measurement gaps are introduced. The small measurement gaps in PCell can be reduced by 67%.

· Intra-band inter-frequency measurement
When the measured frequencies are in the difference band from the PCell frequency, only 1ms small measurement gap is required for PCell. However, for the intra-band inter-frequency measurement, the introduced small measurement gap can be as large as 5ms. In this case, if the gap pattern 0 is used, PCell requires up to 120ms measurement gap per 480ms, which is much higher than 80ms with the current setup. In other words, intra-band inter-frequency measurement is better to be done in PCell.
Observation 1: the small measurement gap for intra-band inter-frequency measurement can be as large as 5ms. When the existing configuration 0 is assumed, PCell requires much higher measurement gap than the existing setup.

Observation 2: Due to large interruption/small measurement gap required for intra-band inter-frequency measurement, it is not feasible to reuse the existing gap pattern in the unused RF chain.  

However, if the proposed new MGL and MGRP used, the total gap introduced in PCell is 40ms per 480ms. This is a significantly reduction from 120ms when the existing gap pattern 0 is used. Meanwhile, compared to the existing system where gap pattern 0 is scheduled in PCell, the overall PCell gap is also significantly reduced by 45% from 72ms per 480ms. 

By jointly considering the nature of unused RF chain and the different PCell interruption requirements for intra/inter-frequency measurement in SCell, it is proposed
Proposal 2: The gap pattern configurations supported by the UE is defined as

	Gap Pattern Id
	MeasurementGap Length (MGL, ms)
	Measurement Gap Repetition Period

(MGRP, ms)
	Minimum available time for inter-frequency and inter-RAT measurements during 480ms period

(Tinter1, ms)
	Measurement Purpose

	0
	6
	40
	60
	Inter-Frequency E-UTRAN FDD and TDD, UTRAN FDD, GERAN, LCR TDD, HRPD, CDMA2000 1x

	1
	6
	80
	30
	Inter-Frequency E-UTRAN FDD and TDD, UTRAN FDD, GERAN, LCR TDD, HRPD, CDMA2000 1x

	2
	[31]
	[120]
	[120]
	Inter-Frequency E-UTRAN FDD and TDD, UTRAN FDD, GERAN, LCR TDD, HRPD, CDMA2000 1x

	3
	[16]
	[120]
	[60]
	Inter-Frequency E-UTRAN FDD and TDD, UTRAN FDD, GERAN, LCR TDD, HRPD, CDMA2000 1x


Note: Gap pattern 2 and 3 can be only used in the unused RF chain, e.g. when SCell is not configured.

The gap pattern 0 and 3 has the same minimum available measurement time. Therefore, the corresponding power consumption should be compatible. 

· Configured but deactivated SCell

It is also interesting to consider another scenario where SCell is configured but deactivated. When SCell is configured but deactivated, UE is only required to do the SCell measurement with fairly long period, i.e. from 160ms to 1280ms. The time duration between two adjacent SCell measurements is long enough to be used for inter-frequency/inter-RAT measurement. As a result, it is proposed

Proposal 3: inter-frequency measurements when SCell is configured but deactivated should be also considered as one of scenarios in the study.  

2.2 Other scenarios

SCell addition/release, activation/deactivation and deactivated SCell measurement can also result in PCell interruption. However, this makes the small measurement gap design very complicated. For example, all scenarios are required to be strictly coordinated to fit into the gap pattern. Depending on the small gap pattern design, UE may loss the flexibility to control the timing for different scenarios. From that point of view, it is proposed

Proposal 4: No small measurement gap is introduced for SCell addition/release, activation/deactivation and deactivated SCell measurement.
3 Conclusion
In this contribution, the feasibility of small measurement gap is studied. It is proposed
Proposal 1: if unused RF chain is used for inter-frequency/inter-RAT measurement, new MGL and MGRP should be considered. 
Proposal 2: The gap pattern configurations supported by the UE is defined as

	Gap Pattern Id
	MeasurementGap Length (MGL, ms)
	Measurement Gap Repetition Period

(MGRP, ms)
	Minimum available time for inter-frequency and inter-RAT measurements during 480ms period

(Tinter1, ms)
	Measurement Purpose

	0
	6
	40
	60
	Inter-Frequency E-UTRAN FDD and TDD, UTRAN FDD, GERAN, LCR TDD, HRPD, CDMA2000 1x

	1
	6
	80
	30
	Inter-Frequency E-UTRAN FDD and TDD, UTRAN FDD, GERAN, LCR TDD, HRPD, CDMA2000 1x

	2
	[31]
	[120]
	[120]
	Inter-Frequency E-UTRAN FDD and TDD, UTRAN FDD, GERAN, LCR TDD, HRPD, CDMA2000 1x

	3
	[16]
	[120]
	[60]
	Inter-Frequency E-UTRAN FDD and TDD, UTRAN FDD, GERAN, LCR TDD, HRPD, CDMA2000 1x


Note: Gap pattern 2 and 3 can be only used in the unused RF chain, e.g. when SCell is not configured. 
Proposal 3: inter-frequency measurements when SCell is configured but deactivated should be also considered as one of scenarios in the study.  

Proposal 4: No small measurement gap is introduced for SCell addition/release, activation/deactivation and deactivated SCell measurement.
4 References

[1] R4-142342
“WF on Small gap” NTT Docomo, TSG RAN4#70
_1460977003.vsd
480ms


0


0


1


2


3


4


5


6


7


8


PCell


Unused RF Chain


Short Measurement Gap


Short Measurement Gap


9


0


1


2


3


4


5


6


7


8


9


0


1


2


3


4


5


6


7


8


9


MGL=31ms


MGRP=120ms



