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1. Background
Current measurement gap patterns have two configurations [1]: one with measurement gap repetition period (MGRP) of 40ms and the other 80ms. Both configurations have measurement gap length (MGL) of 6ms.  The two configurations were defined originally for a UE with single RF chain to carry out the inter-frequency measurements. During MGL the service of PCell is interrupted and the only RF chain is switched to another frequency in order to perform the inter-frequency measurements. The 6ms MGL was defined with the consideration that the UE needs about 0.5ms for frequency switch and also 5ms to measure the primary and secondary synchronization signals for an inter-frequency cell measurements.
With the introduction of more advanced features, such as carrier aggregation, more and more UEs have implemented two (or even more) RF chains. For UE with two RF chains, the UE may want to turn on the 2nd RF chain for performing the inter-frequency measurements, and turn off the 2nd RF chain after the inter-frequency measurements in order to save power. The on/off action of the 2nd RF could cause  interruptions on the PCell depending on implementations. For example, if both RF chains share some RF components in order to reduce cost and also power consumption, the actions of turn on/off of the 2nd RF chain will create interruption on 1st RF chain. Also, if two RF chains are implemented within the same chip, which makes the total isolation of the RF chains difficult, the actions of turn on/off of the 2nd RF chain may also cause interruption on the PCel service in the 1st RF chain.
The interruptions on PCell due to the interferences between RF chains are significantly different with the interruptions on PCell due to inter-frequency measurements with single RF chain in terms of durations. Thus, it was recognized that the current measurement gap patterns is inefficient to handle this kind of interruptions. A proposal was made in [2] to reduce the length of the measurement gap. For example, for inter-band CA case, the 6ms measurement gap was proposed to be reduced to 2ms, and for intra-band CA case, the 6ms  measurement gap was proposed to be reduced to less than 5ms. A WF [3] was also agreed in RAN4#70bis to have further investigation the issue. In this contribution we present our proposal on the enhancement of measurement gap pattern.
2. Discussion
2.1 Current measurement gap patterns


Figure 1. Current measurement gap patterns
As shown in Figure 1, the current measurement gap patterns has fixed measurement gap length (MGL=6ms) and measurement gap repetition period (MGRP={40ms,80ms}) [1]. The measurement gap patterns are defined for the interruptions on the PCell of UE with single RF chain to perform inter-frequency measurements. For each measurement gap, the UE is assumed to perform inter-frequency measurements in one carrier. For multiple inter-frequency carriers, the UE would need to use multiple MGs. The MGRP was originally defined based on the trade off between mobility control performance and the resource usage efficiency. Longer MGRP will give more opportunity for UE scheduling or better the resource usage efficiency, shorter MGRP will provide less opportunity for UE scheduling, but allow UE to perform inter-frequency measurement in a shorter time interval and thus increase the mobility performance.
The current measurement gap patterns, which were design for single RF chain UE, are not efficient for handling the interruptions on the PCell for multiple RF chains, for a number of reasons: 
1. Since the UE has the 2nd RF chain, the interruptions on the PCell can be much shorter than 6ms, since the possible interruptions on the RF chain of the PCell happen only during the turn on/off of the 2nd RF chain for inter-frequency measurements. During the time period when the UE performing inter-frequency measurements using 2nd RF chain, the 1st RF chain can still serve the PCell;
2. For current measurement pattern designed for single RF chain, each MGL is designed for inter-frequency measurement for only one frequency carrier. In order to perform the inter-frequency measurements for multiple carriers, while not interrupt the PCell service too long, the UE needs to frequently switch between the intra-frequency service for PCell service and inter-frequency measurements. The RF switching between different carrier frequencies causes frequent interruption on the PCell service. For UE with the 2nd RF chain, it may be more efficient for the UE to perform the inter-frequency measurements for all inter-frequency carriers once it is turned on, which may significantly reduce the number of 2nd RF chain turn on/off and the measurement gaps, and thereby the interruption on the PCell service. 
3. Allowing the UE to use the 2nd RF chain to make inter-frequency measurements makes it possible for increasing the MGRP to be longer than 40ms or 80ms. The direct benefits of increasing the MGRP is to the more efficient usage of the resource and make the eNB easier for scheduling. It also reduced the number of the interruptions on the PCell service while not sacrificing the measurement performance for mobility control, since the UE can still complete the inter-frequency measurement for multiple inter-frequency carriers in the same or even shorter period.
In [2], a proposal was made to have two shorter measurement gap.  For example, for inter-band CA case, the 6ms measurement gap was proposed to be reduced to 2ms, and for intra-band CA case, the 6ms measurement gap was proposed to be reduced to less than 5ms. While the proposal in [2] partially addressed the first issue above, it does not solve the next two issues. 
In the following sections, we discuss the further enhancement of the measurement gap patterns for address all above three issues.
2.2 Enhancement of Measurement Gap Pattern

Figure 2. A proposed enhancement of measurement gap pattern
To overcome the problems discussed in previous section, a new measurement gap pattern is proposed above in Figure 2. For the proposed attempts to minimize the interruptions on the PCell, maximize the usage of the resource or scheduling opportunities for a UE, while keeping the inter-frequency measurement performance for UE mobility control. In comparison with the current measurement gap pattern, the proposed new measurement gap pattern has the follow advantages:
1) The MGL may be configured to fit the interruptions caused by the turn on/off of the 2nd RF chain. For example, the MGL for supporting inter-frequency CA can be configured as small as 1ms. The small MGL proposal is similar with one proposed in [2].
2) The MGRP1 is not limited only for the inter-frequency measurements of one carrier frequency of 6ms. The MGRP1 can be configured allowing the UE to make the inter-frequency measurements on multiple inter-frequency carriers with the 2nd RF chain. It should be noted the service for the PCell in the 1st RF chain in this case can be continued without interruptions during the fact that UE uses the 2nd RF chain for the inter-frequency measurements. After finishing inter-frequency measurements, the UE may shut down the power of the 2nd RF chain, which may cause short interruptions on PCell with the duration of configured MGL. 
3) Once the UE is capable for making inter-frequency measurements for multiple carriers frequencies with the 2nd RF chain in MGRP1, the measurement period MGRP2 can be configured much longer than current MGRP of {40,80}ms. The performance of UE mobility control will not be impacted since the UE has completed the inter-frequency measurements for multiple carriers in MGRP1. The longer MGRP (or reducing the MGL) gives more scheduling opportunity for an UE without gap, which makes the eNB scheduling task much easier and more efficient, especially for sending the VoLTE packets with TTI bundling. 

2.3 Backward Compatible Enhancement of Measurement Gap Pattern



Figure 3. A proposed backward compatible measurement gap pattern

Considering backward compatibility, we may also consider the measurement pattern shown in Figure 3, where MGRP1 can be configured as n*6ms and MGRP2 can be configured as m*40ms. For this measurement pattern, if n=1 and m ={1,2} are set as default value, the proposed measurement gap pattern is in fact the same as current measurement gap pattern. The proposed measurement pattern in Figure 3 also has the similar enhancements as the proposal shown in Figure 2 when the parameters {n, m} are configured properly. 

3. Summary
In this paper, we discussed the enhancements of the measurement gap pattern suitable for UE with more than one RF chain. Two new measurement gap patterns were proposed as shown in Figure 2 and 3. In comparison with the current measurement gap pattern, the proposed new patterns have the following enhancements:
1) Reducing the interruptions on PCell (or service gap) for each interruption event (ON/OFF of 2nd RF chain);
2) Minimizing the number of interruptions on PCell by allowing the UE to make measurements on multiple inter-frequency carriers with the 2nd RF chain
3) Making the eNB scheduling task easier and more efficient.
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