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1. Introduction
In RAN #67, a SI on new/enhanced gap patterns was approved [1]. As the scope of the SI is very broad while the TU allocation is rather limited, the focus areas were discussed in RAN4#74 Bis and a WF was agreed [2]. In this paper we discuss some optimized gap patterns to be considered in this study item.
2. Discussion

One of the focus areas for the measurement gap SI is enhancement of the inter-frequency gap patterns. The current gap pattern used for inter-frequency measurements can lower the throughput by more than 15% considering the loss in scheduling opportunity during the gaps and the difficulties of scheduling the UE before/after the gap due to outdated CQI or lack of ACK/NAK feedback opportunity.

Some enhancements to the Rel.8 gap pattern have been proposed in [3], [4] during the discussion on interruptions for carrier aggregation, however, there was no agreement on defining something in the specifications. In this contribution we reiterate the proposal in [4].
The proposal in [4] was to optimize the gap pattern used for inter-frequency measurements by reducing the serving cell interruption to 1 subframe around the actual measurement time. This kind of gap pattern is targeting UEs that have multiple RF chains and one or more are not in use, hence, it could be used to perform measurements. It should be noted that such UEs do not have the ability to perform gapless measurements as they cause interruptions on the active carriers when activating the idle RF chain for measurements or when changing frequencies.
The proposed pattern is shown in Figure 1and the parameters acronyms are shown below.
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Figure. 1 Proposed “small gap” pattern
· ML: Measurement Length

· VIL: Visible interruption length

· VIRP: Visible interruption Repetition Period
In order to follow the existing gap pattern as much as possible, VIRP is proposed to be 40 or 80. Since the interruptions for CA are defined as 1ms, the VIL is also proposed to be 1ms. Since 5ms are needed to be able to acquire PSS/SSS in order to perform measurements, ML+2xVIL should be enough for RF retuning and measurements (2x retune time+5ms).
We believe that ML=4ms would provide enough time for the UE to perform the measurements. This pattern would also follow the currently defined gap patterns and the implementation on the network side would be relatively simple.
Proposal 1: Define ML=4ms and VIL=1ms.

It should be noted that the above discussion was only about the downlink gap pattern. If ML is 4ms then the RF retuning will happen in the beginning of the first gap and towards the end of the second gap in order to allow for the 5ms needed to perform measurements. In this case, the UE will most likely not be able to transmit UL in the next subframe after the second VIL because of the timing advance. Hence, the second VIL should be 2ms for UL. We would like to point out that in the Rel.8 gap pattern the UE is not required to transmit UL in the subframe right after the measurement gap due to the same reason.
Proposal 2: 2ms should be allowed for the second VIL on UL.
The proposed patterns in terms of DL and UL VIL and ML are listed in Table 1.
Table 1. Small gap pattern

	DL
	UL

	VIL – MIL – VIL
	VIL – MIL – VIL

	1-4-1
	1-4-2


In order for the eNB to be able to configure this gap pattern, information about the UE capabilities is needed. As there are some similarities between this enhanced gap pattern and the gapless measurements in terms of using idle RF chains, we believe that some capability signaling similar to the one used for gapless measurements could be defined.
3. Conclusion
In this paper we briefly analysed the proposal to enhance the measurement gap pattern for UEs that have multiple RF chains but cause interruptions when an idle RF chain is activated/retuned for measurements. Based on our analysis we make the following proposals:
Proposal 1: Define ML=4ms and VIL=1ms.

Proposal 2: 2ms should be allowed for the second VIL on UL.
The gap pattern is shown in Table 1. New UE capabilities would have to be defined for this new gap pattern, however, given the similarities with gapless measurements, similar signaling could be defined. 
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