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1 Introduction
Rel-14 WI [1] “Further Enhanced MTC” was approved at RAN#72, and has been discussed in RAN4#80. One objective of the WI is to define “Full standard support for inter-frequency measurements for eMTC”. In RAN4#80, companies discussed ways to define inter-frequency measurement requirements and the implications to intra-frequency requirements defined in Rel-13. The WF [2] was agreed, and the main points are copied below.

	· Existing gaps for eMTC intra-frequency measurement are shared for intra- and inter-frequency measurements for feMTC.

· RAN4 is to investigate how to share the measurement gaps for intra- and inter-frequency measurements for feMTC.

· Based on this investigation, RAN4 is to relax the intra-frequency measurements for feMTC.


From the discussions in RAN4#80, all interested companies had the same view to extend the usage of existing gaps from intra-frequency measurement to both intra- and inter-frequency measurement, and this was also agreed in [2]. However, there are different views on how the gaps are shared between intra- and inter-frequency carriers. 

In this paper, we will provide our views on how to share measurement gaps between intra- and inter-frequency measurements.

2 Discussion
As in Rel-13 the intra-frequency measurement requirements are defined assuming UE will use all measurement gaps, it is clear that the intra-frequency measurement requirements have to be relaxed if some of the gaps are to be used for inter-frequency measurement. The key consideration in deciding the sharing rule is the wanted measurement performance when UE performs both intra- and inter-frequency measurement.
Some sharing rules have been proposed in RAN4#80. For example, one solution is that intra-frequency measurement always takes half of the gaps while the remaining gaps are equally shared among inter-frequency measurements. Another solution is to re-use Rel-12 IncMon scaling so that intra-frequency measurement will (N-1)/N gaps and remaining 1/N gaps are equally shared among inter-frequency measurement. 
In general, we don’t see essential difference in the proposed solutions, i.e. a certain amount of gaps are used for intra-frequency measurement and remaining gaps are equally shared among inter-frequency measurement. However, it may be difficult to select a proper split that can everyone considers as proper for all relevant scenarios. For example, if there are three contiguous carriers in the same band and UE is connected on one of them. As three carriers are of equal importance from mobility perspective, one may think equal share among them is the reasonable split, but another view may be to prioritize intra-frequency measurement by allocating a fixed amount of gaps no matter how many inter-frequency carriers are configured.
Given the difficulty in selection, we think one flexible solution is to leave the split up to the network configuration. Depending on the mobility scenarios and implementation choice of operator or network vendor, network can decide the gap split and thus the wanted measurement performance when UE performs both intra- and inter-frequency measurement. Similar network configured gap split is already used in Rel-12 IncMon, but here we think finer granularity in the split should be allowed (for IncMon only two split factors 8 and 16 are supported).
Proposal: The split of measurement gaps between intra- and inter-frequency measurements is network configurable.

With Proposal 1, assuming networks configures x% of gaps for intra-frequency measurement, the measurement performance can be scaled in Table 1 and Table 2 below for intra- and inter-frequency measurement, respectively. In Table 2, Nfreq is the number of inter-frequency carriers that UE is configured to monitor. The examples are given for CEMode A non-DRX requirements, but similar scaling can be made also to DRX requirements and CEMode B requirements (except the cell detection).
Table 1: Requirement on cell identification delay and measurement delay for intrafrequency 

	Gap pattern ID
	Cell identification delay (Tidentify_intra_UE cat M1)
	Measurement delay (Tmeasure_intra_UE cat M1)

	0
	1.44 * 1 / x * 100 seconds
	480 * 1 / x * 100 ms

	1
	2.88 * 1 / x * 100 seconds
	960 * 1 / x * 100 ms


Table 2: Requirement on cell identification delay and measurement delay for interfrequency 

	Gap pattern ID
	Cell identification delay (Tidentify_inter_UE cat M1)
	Measurement delay (Tmeasure_inter_UE cat M1)

	0
	1.44 * 1 / (1-x) * 100 * Nfreq seconds
	480 * 1 / (1-x) * 100 * Nfreq ms

	1
	2.88 * 1 / (1-x) * 100 * Nfreq seconds
	960 * 1 / (1-x) * 100 * Nfreq ms


3 Conclusions 

In this paper, we provided our views on the gap sharing between intra- and inter-frequency measurement for eMTC UEs. Considering the difficulty in selecting a fixed split of gaps between intra- and inter-frequency measurement, our proposal is to leave the split up to the network configuration.
Proposal: The split of measurement gaps between intra- and inter-frequency measurements is network configurable.
If the proposal can be agreed, an example is given in Table 1 and Table 2 on how to scale the non-DRX measurement requirements for CEMode A.
Table 1: Requirement on cell identification delay and measurement delay for intrafrequency 

	Gap pattern ID
	Cell identification delay (Tidentify_intra_UE cat M1)
	Measurement delay (Tmeasure_intra_UE cat M1)

	0
	1.44 * 1 / x * 100 seconds
	480 * 1 / x * 100 ms

	1
	2.88 * 1 / x * 100 seconds
	960 * 1 / x * 100 ms


Table 2: Requirement on cell identification delay and measurement delay for interfrequency 

	Gap pattern ID
	Cell identification delay (Tidentify_inter_UE cat M1)
	Measurement delay (Tmeasure_inter_UE cat M1)

	0
	1.44 * 1 / (1-x) * 100 * Nfreq seconds
	480 * 1 / (1-x) * 100 * Nfreq ms

	1
	2.88 * 1 / (1-x) * 100 * Nfreq seconds
	960 * 1 / (1-x) * 100 * Nfreq ms
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