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1
Introduction
To support mobility in E-UTRAN, idle gaps will be assigned for a UE to fulfill the measurements used for inter-frequency or inter-RAT handovers. In RAN4 44bis, it was suggest that a 6ms gap be used for inter-frequency and all 3GPP inter-RAT measurements [1]. However, it has also been suggested that measuring WiMAX from LTE FDD will require a longer measurement gap such as 8 ms [2] or  10 ms [3]. 

The objective of this contribution is to provide a clear picture for the measurement gap design. Moreover, the efficiency of the measurement gap is analysed. Two aspects are considered: 1) the time used to obtain a series of measurement samples and 2) the amount of possible throughput loss encountered using measurement gaps. This results in our recommendation that a 6ms measurement gap be used with 3GPP and non-3GPP inter-RAT measurements.

2
Discussion
In this paper, the samples that are measured from different RATs are termed the measurement targets and it should also be noted that the gap length mentioned in this paper includes the margin time [1][4] used to return to another frequency. It has been agreed that the minimum gap length for E-UTRAN inter-frequency measurements to be 6ms. Since the gap between two consecutive measurement targets in E-UTRAN is 5ms, a 6ms gap is enough to capture at least one measurement target and is also long enough for UTRAN measurements [1].

Consideration of the WiMAX frame structure has led to a 8ms measurement gap proposal [2]. At the first glance, this is a natural extension of the inter-frequency measurement of E-UTRAN. It ensures at least one measurement target is fulfilled within one measurement gap. Another choice, 10 ms, was suggested by [3]. This contribution will investigate the suitability of all these as well as a few other values.

The design of the gap length is illustrated in Figure 1. The top row shows a series of measurement targets for a generic RAT. The yellow represents the duration of the measurement target, denoted by Th; and the duration between the starting point of two consecutive measurement targets is denoted by Tf. Cases A, B and C represent different gap designs where the red denotes the measurement gap with a duration of Tg. The distance between two consecutive gaps is denoted by Tp. To is the time offset between a measurement target and its nearest measurement gap with 0 ( To <  min{Tf, Tg + Tp }. 

The design criteria for the length of the measurement gap are:

1. The length of the measurement gaps should not be less than that of the measurement target. Within one or several measurement gaps, at least one measurement target can be completely measured.

2. The length of the gap and its repetition rate should be designed such that the total gap time to obtain one measurement sample is minimized. 

From 1, the lower bound of the minimum gap length is 2 ms and theoretically, it is suitable for the measurement of E-UTRAN, UTRAN, GERAN and WiMAX [2], [5]. 
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Figure 1. Illustration of different gap design cases
Case A in Figure 1 shows the case where the gap length is the same as the length of the measurement target (in practice, the length should be increased to include the margin time). Under this scenario, usually one measurement sample will be obtained by using several measurement gaps instead of only using one measurement gap.
Case B is an extension of case A where the gap length is larger than the length of the measurement target but still less than Th +Tf.
In both case A and case B, the length of the measurement gap and its repetition period are considered to guarantee that a series of measurement gaps can capture one measurement target. The key to making it happen is to ensure that Tf and Tp + Tg do not have any common denominator. Otherwise, it is possible that a series of the measurement gaps can never match up with a measurement target for a given To. 

Case C is more straightforward. The gap length is larger or at least identical to the value of Tf + Th hence one measurement gap can capture at least one measurement target. An example is the 6ms measurement gap already adopted for the inter-frequency measurement in LTE-FDD. 

The former analysis clearly indicates that schemes based on Case B or Case C can fulfil the measurement task. The important issue is the efficiency of these two schemes. This efficiency is based on a combination of measurement gap length and repetition rates and is investigated in the next section.
3
Numerical Results
The average and maximum time for a periodic measurement gap to capture one sample has already been investigated by [1] (GERAN) and [2] (WiMAX). The main focus of this paper is to analyze the efficiency of the measurement gap. The efficiency is determined by the following two aspects: 1) the average time for measuring a particular number of measurement targets
 and 2) the efficiency of the measurement gap series which is calculated as:
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where M is the number of measurement targets to be measured and K is the number of gaps used to measure these M measurement targets. The assumption is that the idle time within one gap (or K gaps) which does not contribute to the measurement can not be utilized by the system. Hence, 1-( is the throughput loss caused by the measurement gaps. In E-UTRAN, the term measurement target in this contribution represents the subframe 0 and 5. In WiMAX, it represents the WiMAX measurement target, FCH and DL-MAP.
To illustrate the efficiency performance, the time to capture 10 consecutive measurement targets is considered in this contribution. The time is averaged over different value of To. The results are shown in Figure 2 with different gap length and repetition rate settings where the repetition rates(Tp) being considered are 10, 20 and 40 ms in accordance with [8]. As illustrated, the average measurement time will be reduced with the increment of the gap length. However, the amount of the reduction is gradually decreased as the gap length is increased. The results also indicate that the average measurement time 6, 8 and 10 ms gaps are relatively similar as opposed to the results with the average time of 4 ms gap.
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Figure 2. The average measurement time with 

different gap lengths and repetition rates 
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Figure 3. ( for different RATs with different gap length and repetition rate settings

Figure 3 shows the value of ( with different gap lengths and repetition rate settings. It should be noticed that the ( obtained is based on the assumption that the periodic gaps are used to measure only one RAT. For the scenario where a gap series is used to perform combined monitoring for several RATs [6], [7], the value of ( should be recalculated.

Based on the results, all these different gap lengths can fulfil the measurement task but they provide a trade-off between the measurement time and throughput loss. To reduce the implementation complexity of the UE, a single gap length is preferred. Additionally, the suitability for the E-UTRAN measurement should have the highest priority. Since 6ms gap length is preferred for the inter-frequency measurement of E-UTRAN, it is suggested that a 6 ms gap length be used for both the 3GPP RATs and WiMAX monitoring purpose.     

4
Summary
In this contribution, the design of the measurement gap is analyzed and the performance of periodic gaps with different lengths and repetition rates are investigated. The following two aspects are investigated when obtaining a particular amount of measurement targets: 1) the average measurement time and 2) the amount of the throughput loss. 
Based on the presented results and the desire to minimise the implementation complexity this contribution confirms that a 6ms gap length is sufficiently fast and efficient to perform EUTRAN inter-frequency and other 3GPP RAT measurements. In addition these results also show that for a 6ms measurement gap, WiMAX can also be quickly and efficiently measured. We therefore propose that 6ms should also be adopted for WiMAX measurement gap configuration.
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� 10 consecutive measurement targets are considered in this contribution
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