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1 Introduction
An LS [1] was sent from RAN4 asking about the feasibility of using existing gap pattern in both normal coverage and enhanced coverage. In this paper, we will provide our analysis on different options to allow UE re-tuning for intra-frequency cell detection and our preference.
2 Discussion

First, we want to highlight that the need for UE re-tuning comes from cell detection, for which UE has to re-tune to central 6-PRB to search for PSS/SSS transmitted by neighbour cells. For RSRP/RSRQ measurement, we understand UE can do it simultaneously with (in the same subframes and sub-band as) cell detection so that re-tuning is also needed, or UE can do it in different subframes and on different sub-band than central 6-PRB, as long as the requirement is met.

For LC MTC, although the second implementation can avoid the need for re-tuning for RSRP/RSRQ measurement, we do not see a big benefit to limit the UE implementation as such, since UE anyway needs re-tuning for cell detection. Therefore, we propose to not limit the implementation of LC MTC on how RSRP/RSRQ measurement is performed. It should also be noted that there is no separate test for measurement defined in the Annex of 36.133.
Proposal 1: The cell identification and/or measurement requirements should not assume any LC MTC implementation in terms of needs for re-tuning for RSRP/RSRQ measurement. 

Second, for normal UE, intra-frequency cell identification and/or measurement can be done in parallel with DL reception as the RF chain can access the whole system bandwidth. However, for LC MTC, if the DL reception is configured (M-PDCCH) or scheduled (PDSCH) in a different sub-band than central 6-PRB, it would be a question if DL reception should be allowed or not when UE re-tunes to central 6-PRB for cell identification and/or measurement. The question was also raised during the online discussion is last meeting. 
In our understanding, it will be very challenging to support DL reception in central 6-PRB during the gap, no matter if existing gap pattern or any new gap pattern is used. First, the central 6-PRB may not be a valid sub-band for some system configurations. Second, limiting the DL in central 6-PRB is not very efficient; as e.g. frequency hopping is not possible and the central 6-PRB could be very crowded if multiple UEs are configured/scheduled there. Considering LC MTC is most likely not data hungry, we propose that UE is not required to receive DL during the measurement gap for cell identification and/or measurement.   
Proposal 2: DL reception during gap for cell identification and/or measurement is not required. 

The next question would be the exact gap pattern to be used. 
Option 1): Re-use existing gap pattern 

A straightforward option is to re-use the current gap pattern for inter-frequency cell identification and measurement, which is 6ms gap length with a gap repetition period of 40ms or 80ms. The pros of this option is that no new gap pattern needs to be developed, and the current performance requirements in terms of cell identification delay and measurement delay can be re-used as much as possible. 
However, as UE is not expected to transmit or receive during the gap length, network would not schedule data transmission in the gap or in the subframes before the gap (otherwise HARQ-ACK of the scheduled transmission occurs in the gap). For normal coverage there is no problem as each data transmission or the scheduling grant for the data transmission always takes 1ms, but for enhanced coverage both data and scheduling grant are repeated by a certain amount of times, depending on the CE level of respective physical channels (M-PDCCH, PDSCH, PUSCH and PUCCH), and the 6ms gap length may hit the part of the repetition. 
From above example, it can be seen that if the transmission repetition is hit by the gap, those subframes will become invalid for the transmission, and the number of repetitions will be effectively reduced, which means the transmission may not pass through. From network implementation point of view, one solution is to avoid related scheduling as in normal coverage, but the problem is that with some repetition number the scheduling is not even possible. For example, if 20 repetitions are needed for each of M-PDCCH and PDSCH, and gap repetition period is 40ms, the gap will anyway puncture 6ms of the transmission and cannot be avoided. Therefore, we don’t think it’s feasible to avoid scheduling related to gap in enhanced coverage.

One possible enhancement is to allow UL transmission during the gap, and the need for frequency re-tuning comes from the DL receiver, while the UL transmitter can still stay at the sub-band configured or scheduled for transmission of data and related control channels. This enhancement can to some extent relieve the scheduling restriction or save the resource efficiency for UL, but it will impact the specification as it means a different UE behaviour compared to today. In addition, it is not applicable for TDD where the transmitter and receiver are tuned to the same sub-band. Therefore, this enhancement is not a preferred way forward in our view. 

Another network implementation based solution is to always take the gap into account when configuring or scheduling the repetition number of the physical channels. The problem with this solution is the low efficiency, as the granularity for some physical channels may be coarse, e.g. network may have to double the repetition from 20 to 40 just for a 6ms gap. 

Observation: Re-using the existing gap pattern is feasible, but may lead to low resource efficiency with the transmission repetition in enhanced coverage.

Option 2): Develop new gap pattern
As the main trouble of re-using existing gap pattern comes from allowing frequency re-tuning together with transmission repetition in enhanced coverage, one simple and clean solution is to define a new gap pattern with large gap length so that the cell identification and measurement activities are separated from data transmission. An example is shown in Figure 1, where the gap length is defined large enough for cell identification in enhanced coverage. Depending on the performance of cell detection, the gap length can be in the order of several seconds. As LC MTC is most likely in low mobility, there is no need to continuously or frequently for UE to perform cell identification or measurement, so the “large” gap can be either one-time or repeated with large period. 
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Figure 1: Example of “large’ gap

The drawback of this option is that it requires specification of new gap pattern, and the related performance requirements. Also the impacts of such large gap length have to be carefully analyzed. As the WI is already in quite late stage, the standardization efforts should be taken into account when RAN4 makes the decision on the gap pattern. 
Considering the trade-off, we prefer to the option of re-suing existing gap pattern.

Proposal 3: Existing gap pattern is used for intra-frequency cell identification and/or measurement. 

3 Conclusions 

In this paper, we discussed the issue of intra-frequency cell detection for LC MTC. Specifically, we have the following observations and proposals.
Proposal 1: The cell identification and/or measurement requirements should not assume any LC MTC implementation in terms of needs for re-tuning for RSRP/RSRQ measurement. 
Proposal 2: DL reception during gap for cell identification and/or measurement is not required. 

Observation: Re-using the existing gap pattern is feasible, but may lead to low resource efficiency with the transmission repetition in enhanced coverage.

Proposal 3: Existing gap pattern is used for intra-frequency cell identification and/or measurement. 
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