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1 Introduction
In Rel-13 eMTC WI, requirements for intra-frequency measurement in connected mode, are defined applicable only when UE is configured with measurement gaps. The following statement is captured in section 8.13.2 and 8.13.3 of 36.133, for CEModeA and CEModeB, respectively.

	The UE category M1 applicability of the requirements in subclause 8.13.2 is defined in Section 3.6. The requirements defined in clause 8.13.2 apply provided the following conditions are met:

-
UE is configured with measurement gap according to any of gap patterns defined in Table 8.1.2.1-1.

…

The UE category M1 applicability of the requirements in subclause 8.13.3 is defined in Section 3.6. The requirements defined in clause 8.13.3 apply provided the following conditions are met:

-
UE is configured with measurement gap according to any of gap patterns defined in Table 8.1.2.1-1.


The assumption was that when working in CE (coverage enhancement) mode, UE is very likely to be tuned to a narrow band of 6-PRB different than the central 6-PRB, which UE needs to monitor for neighbor cell detection, i.e. acquisition of PSS/SSS. Measurement gaps are then provided for UE for enabling measurements, and this was made as the side condition for measurement requirements, i.e. requirements only apply if UE is configured with measurement gap. 

Gapless measurement in eMTC has been shortly discussed in earlier RAN4 and RAN2 meetings. In this paper, we will analyze the potential gapless measurement requirements in eMTC. 
2 Discussion
Active measurement gap patterns (6ms gap lengths repeated every 40 or 80ms) can take quite a lot of resources from data transmission and can have limitations on certain services like VoIP in eMTC. In order to reduce the impact from active measurement gaps it is desirable to reduce the time when gaps are active and thereby reduce the impact of gaps as much as possible.
Gapless measurement in eMTC has been shortly discussed in earlier RAN4 meetings [1], and some companies proposed that UE does not need gaps if UE is only measuring the serving cell. However, there was no comprehensive discussion, and no related requirements were defined. 
Gapless measurement in eMTC was discussed in RAN2 [2], and a UE capability has been introduced, namely intraFreq-CE-NeedForGaps-r13. In our understanding, the motivation behind this capability is that some UEs may be able to support gapless intra-frequency measurement in eMTC, and will indicate this to the network so that network does not need to configure gaps for those UEs. However, there is a misalignment between RAN2 and RAN4, since in RAN4 the measurement requirements only when UE is provided with gaps.  
Based on above observations, it is desirable to define requirements for gapless measurement in eMTC.

Proposal 1: RAN4 should define requirements for gapless measurement in eMTC.

Next we will investigate the above two cases. 
Serving cell measurement
As discussed in [1], although UE in CE mode only works on 6-PRB narrow band, the CRS is transmitted across the whole BW of the serving cell, so UE should be able to measure the serving in any narrow band it is working on. For the measurement requirement, some companies commented that if UE hops between different narrow bands, the measurement performance may get worse. 
Although we share the concern that when UE hops the opportunity to take measurement samples on a specific narrow band will get less, we understand that the current most stringent requirement, i.e. non-DRX requirement, assumes 

· CEModeA: UE takes 12 measurement samples during measurement period of 480/960ms

· CEModeB: UE takes 20 measurement samples during measurement period of 800/1600ms

In most cases, UE should have enough sampling opportunities for a specific narrow band, so UE should be able to meet the current measurement requirement for intra-frequency. In the unfortunate case, e.g. where UE is scheduled to receive PDSCH continuously thus may not have sampling opportunities on the MPDCCH narrow band, the requirement does not apply. 
Regarding when UE is only measuring serving cell and thus should be able to meet the gapless measurement requirement, we understand there are several cases to be considered:

1) UE is not configured with any report configuration, or
2) UE is only configured with A1 or A2 reporting event, or 

3) UE is configured with other reporting event like A3 but the serving cell condition is above S-measure 

Case 1) and 2) are clear that UE is only measuring the serving cell, since it is not required to report anything related to neighbor cells. For Case 3) according to 36.331, UE may choose to not measure neighbor cell. As this is not mandatory, we think from performance requirement point of view, we cannot assume UE is only measuring serving cell under this condition. Therefore, our suggestion is to only consider Case 1) and 2), but we are open if other conditions are identified where UE could be assumed to be only measuring serving cell.

Finally, some companies commented in the earlier discussion that some UEs may still need gaps even for serving cell measurement. Our understanding is that all UEs should be able to measure serving cell without gap, but we are open to further discuss if it is a problem for some implementations, and thus a capability needs to be introduced.

Proposal 2: If not configured with any report configuration, or if only configured with A1 or A2 reporting event, UE in CE mode should be able to meet current intra-frequency requirement for serving cell measurement without gaps, provided that it has sufficient sampling opportunities during the measurement period. This requirement applies to all UEs that support CE.
UE indicating intraFreq-CE-NeedForGaps-r13
As discussed in [2], a UE indicating intraFreq-CE-NeedForGaps-r13 to the network should be able to perform intra-frequency measurement (both serving and neighbor cell) without gaps. This can be achieved, according to [2], either by a spare RF chain (this is possible for both BL/CE UE or non-BL/CE UE), or changing to the RF wideband mode (this may be only possible for non-BL/CE UE). In any case, we understand that UE should be able to meet the current measurement requirement without gaps, and without any further restriction.
Proposal 3: UE indicating intraFreq-CE-NeedForGaps-r13 to the network should be able meet the current intra-frequency measurement requirement without gaps.
3 Conclusions 

In this paper, based on earlier RAN4 and RAN2 discussions, we analyzed the two cases where UE in CE mode could perform intra-frequency measurement without gaps. 
Specifically, we have the following proposals.

Proposal 1: RAN4 should define requirements for gapless measurement in eMTC.
Proposal 2: If not configured with any report configuration, or if only configured with A1 or A2 reporting event, UE in CE mode should be able to meet current intra-frequency requirement for serving cell measurement without gaps, provided that it has sufficient sampling opportunities during the measurement period. This requirement applies to all UEs that support CE. 
Proposal 3: UE indicating intraFreq-CE-NeedForGaps-r13 to the network should be able meet the current intra-frequency measurement requirement without gaps.
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