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1 Introduction

According to LTE Rel-13 work item on further physical layer enhancements for MTC [1], the following scope has been defined for discussions and decisions:
· Specify a new Rel-13 low complexity UE category/type for MTC operation in any LTE duplex mode (full duplex FDD, half duplex FDD, TDD) based on the Rel-12 low complexity UE category/type;

· Target a relative LTE coverage improvement – corresponding to 15 dB for FDD – for the UE category/type defined above and other UEs operating delay tolerant MTC applications with respect to their respective nominal coverage.
· The agreements and working assumptions made during the initial work carried out during the corresponding Rel-12 work item should be used as a starting point when applicable.
Additionally, at the RAN1 #79 meeting, RAN1 made the following agreement regarding LC MTC UEs with reduced bandwidth support [2]:

· Support narrow bandwidth operations of 6 RBs in both RF and baseband with possible retuning to another narrowband region (within the cell system bandwidth) for communications.

In this contribution, we share our views on the need for defining various measurement gaps and on the retuning gap needed for LC MTC UEs with reduced BW support.
2 Measurement Gaps for LC MTC UEs
Compared to a legacy UE with wideband RF and baseband support, for UEs with reduced BW support additional mechanisms need to be defined to support various measurements and monitoring on parts of the system BW that may be different from the MTC narrowband that the LC MTC UE is expected to monitor for M-PDCCH transmissions. These 
Some of the possible measurement gaps that need to be defined for LC MTC UEs include:

1. Measurement gaps for intra-frequency neighbour cell measurements: The LC MTC UE may need to retune to the central narrowband location to acquire synchronization and system information (PSS/SSS/PBCH) of neighboring cells as part of mobility management procedures.

2. Measurement gaps for subband-based CSI measurements: As discussed in [3], measurement gaps may need to be defined to support UE measurements for subband-based CSI feedback in order to facilitate frequency-selective scheduling at least in normal coverage.
3. Measurement gaps for receiving common control messages like MTC SIBs and paging occasions: The LC MTC UE may need to use measurement gaps to retune to the different narrowbands within the system BW to receive the these common control messages.

Observation 1

· Measurement gaps, in addition to the currently defined inter-frequency measurement gaps, for intra-frequency and intra-system BW measurements and monitoring need to be defined for LC MTC UEs with reduced BW support. 
Proposal 1

· RAN1 to further study, in collaboration with RAN2 and RAN4 WGs, on the need for defining additional intra-frequency measurement gaps for LC MTC UEs with reduced BW support to facilitate RRM and CSI measurements and reception of MTC SIBs or monitoring for paging messages.
3 On the retuning time for LC MTC UEs
RAN1 sent an LS to RAN4 on the issue of time allowed for a LC MTC UE to retune from one narrowband to another within the system BW, and is currently waiting for a response. However, it is worth making the following observations regarding the aspect of UE retuning for LC MTC [4]:

· Retuning to a subcarrier within a legacy LTE system bandwidth is not equivalent to the HD-FDD case currently part of the Rel-12 MTC implementation, since the frequency difference is much smaller and the PLL will not need to tune to a completely different frequency band. Retuning time should be selected based on different feasibility criteria.

· Potential benefits associated with shorter retuning times include efficiencies in system scheduling and in support of frequency hopping within a larger system bandwidth, leading to improved scalability of potential eMTC deployments and efficient enhanced coverage operation.
Compared to an extremely conservative value of 1ms, the possibility of fast retuning within a symbol can facilitate a much more efficient design at link- as well as at the system-level, with benefits to the UE in terms of reduced power consumption and benefits to the network in terms of improved scheduling and resource utilization efficiency.

Some examples of additional considerations for 1ms retuning time that can be mostly avoided if UEs support fast retuning within a symbol duration are listed below:

· 1ms gaps need to be added whenever the UE needs to retune to other narrowband region (e.g., central 6 PRBs) to acquire/receive/monitor for PSS/SSS, PBCH, SIB, paging occasion, perform CSI measurements, perform neighbor cell measurements, etc.

· Any measurement gaps thus defined need to accommodate additional 1ms retuning gaps

· Additional 1ms gap between the scheduling DL control channel and the PDSCH (at least considering frequency-selective scheduling)

· Challenging to design an efficient MTC PUCCH if retuning time is long (see [5] for a detailed discussion)

· Here, “efficiency” is in terms of NW resource utilization, MTC PUCCH link performance, and specification efforts

· On the contrary, a 1-symbol retuning time on the UL can enable a more efficient PUCCH structure via puncturing of one symbol within a slot (similar to shortened PUCCH) to support slot-level frequency hopping across the entire system BW. 
Observation 2
· Support of a fast retuning time of 1 symbol is feasible considering retuning is within the same system BW (maximum of 20 MHz) without any need to accommodate timing advance, and can provide significant benefits to the support of LC MTC UEs at both link and system level.
4 Conclusion

In this contribution, we presented our views on the need for defining various measurement gaps and on the retuning gap needed for LC MTC UEs with reduced BW support. Based on the discussion presented, we summarize our views through the following observation and proposals:
Observation 1

· Measurement gaps, in addition to the currently defined inter-frequency measurement gaps, for intra-frequency and intra-system BW measurements and monitoring need to be defined for LC MTC UEs with reduced BW support. 
Observation 2

· Support of a fast retuning time of 1 symbol is feasible considering retuning is within the same system BW (maximum of 20 MHz) without any need to accommodate timing advance, and can provide significant benefits to the support of LC MTC UEs at both link and system level.

Proposal 1

· RAN1 to further study, in collaboration with RAN2 and RAN4 WGs, on the need for defining additional intra-frequency measurement gaps for LC MTC UEs with reduced BW support to facilitate RRM and CSI measurements and reception of MTC SIBs or monitoring for paging messages.
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