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1 Introduction
Rel-14 WI “Further Enhanced MTC” [1] was approved at RAN#72. One objective of the WI is to introduce support for inter-frequency measurement for feMTC UE, which has been discussed in several RAN4 meetings. As intra-frequency measurement for eMTC UE is based on measurement gaps, RAN4 has agreed [2] that existing gaps for eMTC intra-frequency measurement are shared for intra- and inter-frequency measurements for feMTC. 
In RAN4#81, companies continued to discuss the assumption on how the gaps are shared between intra- and inter-frequency measurement, and how define the corresponding measurement requirements [3-5]. In particular, the main questions are 
· Whether the gap sharing should be fixed in specification or configured by the network, and 
· If the sharing is configurable, whether there is a need to put some limits on the network configurations.  
In this paper, we will further discuss the gap sharing for feMTC by addressing the two questions above.
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. RAN4 needs to decide the assumption on how the gaps are shared between intra- and inter-frequency measurement, in order to define the measurement requirements. The key consideration in deciding the sharing rule is the intended measurement performance when UE performs both intra- and inter-frequency measurement.
Whether the gap sharing should be fixed in specification or configured by the network
In [4], the proposal is to fix the sharing for intra-frequency as 50% (we understand the exact number can be further discussed), while the remaining 50% of gaps are equally shared among multiple inter-frequency carriers. The main problem of this solution is the lack of flexibility when the number of configured inter-frequency carriers changes. In essence, intra-frequency measurement is prioritized by taking a fixed sharing of the gaps no matter how many inter-frequency carriers are measured. Such a sharing principle, however, may not be proper for all scenarios, e.g. operators may want to give equal priority to intra- and inter-frequency measurement, which means the gaps should be equally shared by all carriers. Considering different mobility scenarios, fixed gap sharing is not a preferred solution for us.
Observation 1: Fixed gap sharing cannot provide enough flexibility for different mobility scenarios.

Whether there is a need to put some limits on the network configurations of gap sharing
In [5], the proposal is allow network to configure the gap sharing, but only a restricted set of configurations is allowed, similar as in Rel-12 IncMon. The main problem with this solution is that it would be difficult to reach agreement on the restricted gap sharing configurations, as different companies may have different views regarding the expected performance of intra- and inter-frequency measurements in certain mobility scenarios. Also, we do not see enough justification to put the restriction on the network configuration.
Observation 2: It may be difficult to agree on a restricted set of gap sharing configurations. Also the justification to restrict network configuration is not clear. 
Based on the discussions above, our preferred solution is that the gap sharing, in terms of percentage of gaps assumed to be used for intra- and inter-frequency measurement, is configured by the network with full flexibility. It should be noted that the solutions in [4] and [5] can also be achieved as special cases. The details of the solution is exemplified below.
For example, 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


Proposal 1: The gap sharing, in terms of percentage of gaps assumed to be used for intra- and inter-frequency measurement, is configured by the network with full flexibility. Measurement requirements are defined accordingly.  
If Proposal 1 is agreeable, RAN4 should send an LS to RAN2, asking RAN2 to introduce the signalling support to allow network configuration of the assumed gap sharing.

Proposal 2: Send LS to ask RAN2 to introduce the signalling support to allow network configuration of the assumed gap sharing.

3 Conclusions 

In this paper, we provided our views on the assumed gap sharing for feMTC intra- and inter-frequency measurement. We have the following observations and proposal. 
Observation 1: Fixed gap sharing cannot provide enough flexibility for different mobility scenarios.
Observation 2: It may be difficult to agree on a restricted set of gap sharing configurations. Also the justification to restrict network configuration is not clear. 
Proposal 1: The gap sharing, in terms of percentage of gaps assumed to be used for intra- and inter-frequency measurement, is configured by the network with full flexibility. Measurement requirements are defined accordingly.  

Proposal 2: Send LS to ask RAN2 to introduce the signalling support to allow network configuration of the assumed gap sharing.

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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