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1 Introduction
Rel-14 WI [1] “Further Enhanced MTC” was approved at RAN#72, and there are 3 objectives involving RAN4 work,
	Positioning [RAN4, RAN1]

· E-CID: RSRP/RSRQ measurement

· E-CID: UE Rx-Tx time difference measurement

· OTDOA: core requirements
· From RAN#73: (considering the outcome of the NB-IoT) accuracy, UE complexity and power consumption for OTDOA can be studied
Mobility enhancements [RAN4 only]

· Full standard support for inter-frequency measurements for eMTC [RAN4]
Higher data rates [RAN1, RAN2, RAN4]

· Specify HARQ-ACK bundling in CE mode A in HD-FDD

· Larger maximum TBS

· Larger max. PDSCH/PUSCH channel bandwidth in connected mode at least in CE mode A in order to enhance support e.g. voice and audio streaming or other applications and scenarios

· Up to 10 DL HARQ processes in CE mode A in FD-FDD


In this paper, we will focus on the mobility enhancement objective, and provide our initial views on how to define full standard support for inter-frequency measurement for eMTC.
2 Discussion
In Rel-13 eMTC, the measurement performance requirements are only defined for intra-frequency RRM measurements [1]. It means although from signalling point of view network can configure eMTC UE with inter-frequency carriers, there is no guarantee on whether UE can or will perform inter-frequency measurements or how well UE will do it, as no inter-frequency performance requirement is defined.
In LTE (E-UTRAN) systems, a measurement gap may be configured for a UE to search and measure inter-frequency cells based on measuring LTE primary synchronization signal (PSS) and the secondary synchronization signal (SSS) signals. Currently, a UE can be configured with a measurement gap pattern with fixed gap length of 6ms (i.e., 6 subframes) with a measurement gap period of either 40ms or 80ms. During the measurement gaps the UE cannot transmit any data to and receive any data from any cells. The 6ms gap consists of the time window for searching PSS/SSS and the additional time for UE to prepare its radio frequency (RF) device, switching from one carrier frequency to another frequency at the beginning and the end of the measurement gap.

In Rel-13, as eMTC UE is only capable of working on a narrowband of 6PRBs within the system bandwidth, which in most cases different from the central 6-PRB where PSS and SSS are transmitted. For intra-frequency neighbor cell measurements it was agreed in Rel-13 that eMTC UE will rely on measurement gaps to perform intra-frequency measurement. During measurement gaps, eMTC UE may perform frequency tuning from its assigned working narrowband of 6PRBs to the central 6PRBs in order to conduct cell search and identification by measuring the PSS and SSS from intra-frequency neighbor cells.
When the support of inter-frequency measurement is introduced in Rel-14, there are 2 options regarding use of measurement gaps. 
1) Existing gaps are shared between intra- and inter-frequency measurements

With this option, existing gap pattern and gap configuration can be re-used. However, the intra-frequency measurement requirements defined in Rel-13 needs to be relaxed, as it is currently assuming all gaps for an eMTC UE are used for intra-frequency measurement. There will be different requirements for intra-frequency measurement in Rel-13 and Rel-14, so corresponding UE behavior should be discussed.
2) New gaps are defined for inter-frequency measurements

With this option, new gaps, either with same gap pattern as existing gaps or new gap pattern, will be introduced. Rel-13 intra-frequency measurement performance can remain unchanged as UE can still use the full gaps for it. The problem with option is that with separate gaps for intra- and inter-frequency measurement, the overhead will become larger compared to legacy UE measurement. Additionally this will be against the existing LTE approach where UE is configured with only one gap pattern. 
Based on the analysis, our preference is option 1).

Proposal 1: eMTC intra- and inter-frequency measurements are sharing the existing gaps.
With existing gaps to be shared between intra- and inter-frequency measurements, RAN4 needs to study how the gaps are shared as it will impact directly the measurement performance. For legacy LTE UEs, how to use the measurement gaps for inter-frequency measurements is not defined in the standard and thus UE implementation dependent due to the fact that the legacy LTE UEs do not need measurement gap for intra-frequency measurements. The gap sharing rule for eMTC UEs, however, should be further discussed.

3 Conclusions 

In this paper, we provided our initial views on the measurement gaps to be used for FeMTC inter-frequency measurement, considering the fact that existing gaps are used for intra- frequency measurement. Wwe have the following proposal.

Proposal 1: eMTC intra- and inter-frequency measurements are sharing the existing gaps. 
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