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1 Introduction

Recently, RAN1 received a response from RAN4 on the amount of retuning time necessary for Low Complexity (LC) MTC UEs with reduced bandwidth (BW) support [1]:
· The maximum retuning time between narrowband regions for MTC is 2 symbols including CP length (assuming normal CP)

· RAN4 requirements, if defined, will be based on the maximum retuning time mentioned above

· NOTE: some UEs may be able to perform retuning within a single symbol (including normal CP)

· NOTE: RAN4 discussion is applicable only to RF re-tuning time

In this contribution, we share our views on the handling of retuning time for LC MTC UEs and on the need for defining various measurement gaps for LC MTC UEs with reduced BW support.
2 Handling of retuning time for LC MTC UEs

Based on the feedback from RAN4 WG on the maximum allowed retuning time between narrowbands for LC MTC UEs being 2 symbols, it is proposed that for retuning in the DL, no explicit retuning gap is specified to support retuning from one narrowband to another. The minimum extent of the legacy LTE DL control channel is 1 OFDM symbol and hence, all UEs would always have at least 1 symbol duration at the beginning of a DL subframe to perform retuning. Based on further clarification from RAN4, there may be UEs that may be able to retune within less than a single symbol and hence, the minimum available duration of the legacy LTE DL control channel would be sufficient for these UEs to perform retuning. 
For the UEs that may require up to two symbols to retune, they can perform receiver side puncturing of the last symbol of the previous subframe and begin the retuning operation from the last symbol of the previous subframe. Thus, with the last symbol of the previous subframe and the first symbol of the new subframe, the UE can have at its disposal 2 symbols’ worth of time to perform the retuning operation. Here, it should be noted that the puncturing of the last symbol of the previous subframe would be needed for the “slow retuning” UEs only when the legacy LTE DL control channel is limited to a single OFDM symbol in a subframe. Since this information (on the extent of the legacy LTE DL control channel) would be already available to the UEs based on MTC SIB signaling, it should be possible for the UE to decide autonomously prior to the retuning boundary whether to initiate the retuning operation at the last symbol of a subframe if it needs to retune to a different narrowband for the next subframe. 
For retuning operation in the UL between PUSCH transmissions, rate-matching can be applied to the last symbol of the prior subframe or the first symbol of the next subframe. This would provide sufficient time for UEs capable of retuning within a single symbol. On the other hand, UEs requiring two-symbol retuning time can puncture the first symbol of the subframe after retuning or the last symbol of the prior subframe depending on which symbol is specified for rate-matching. 
Alternatively, it may be specified to rate-match the first or last two symbols of the next or the prior subframe at the retuning boundary, or rate-match both the last symbol and the first symbol of the prior and next subframe at the retuning boundary respectively.

Considering repeated transmissions for enhanced coverage operation for UEs in enhanced coverage (that are the main candidates UEs to need to support frequency hopping between PUSCH transmissions), the overall impact to the performance from such puncturing or rate matching operation may not be significant.
For retuning needed to support hopping between PUCCH regions, it may be simpler to allocate at least an entire subframe as retuning time to support the CDM-based multiplexing for PUCCH. 
For retuning needed between PUSCH followed by PUCCH transmission, the UE can puncture one or two symbols (as needed) or rate-match the last two symbols of the PUSCH subframe, while for transitions from PUCCH to PUSCH transmission, it may puncture one or two symbols (as needed) or rate-match the first two symbols of the PUSCH subframe. 
For TDD systems, RAN1 already made an agreement to define the same set of narrowbands for DL and UL to avoid additional retuning operations during UL to DL switches. However, there may still be situations wherein a UE may retune to a different narrowband during UL to DL switching. But, for most typical cases the retuning time can be accommodated by the UL TA itself. Further, note that for UL to DL switching, UEs capable of fast retuning may not have any issues due to the minimum 1 symbol legacy DL control channel while, for UE requiring up to 2 symbol retuning time, it can be assumed to be accommodated within the UL TA.
Proposal 1:
· RAN1 to specify the handling of retuning time according to the table below for LC MTC UEs requiring up to two symbols retuning time:
	Prior subframe
	Next subframe
	Action

	DL 
	DL 
	Receiver side puncturing of last symbol of prior DL subframe

	UL PUSCH
	UL PUSCH
	Rate-match last/first symbol of prior/next subframe respectively.
For UEs needing 2-symbol retuning time, additionally puncture transmission in the first/last symbol of the next/prior subframe.

	UL PUSCH
	UL PUCCH
	Puncture or rate-match the last two symbols of the PUSCH subframe.

	UL PUCCH
	UL PUSCH
	Puncture or rate-match the first two symbols of the PUSCH subframe.

	UL PUCCH
	UL PUCCH
	At least 1ms retuning time for hopping between PUCCH regions.


3 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 [2], 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 monitoring 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. 

For some of these cases, measurement gaps may not need to be defined and instead, if necessary, any ambiguity between the UE and the eNodeB be avoided via defining UE behaviour to handle such time-domain conflicts.
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 2:
· 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.
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:
Proposal 1:

· RAN1 to specify the handling of retuning time according to the table below for LC MTC UEs requiring up to two symbols retuning time:

	Prior subframe
	Next subframe
	Action

	DL 
	DL 
	Receiver side puncturing of last symbol of prior DL subframe

	UL PUSCH
	UL PUSCH
	Rate-match last/first symbol of prior/next subframe respectively.

For UEs needing 2-symbol retuning time, additionally puncture transmission in the first/last symbol of the next/prior subframe.

	UL PUSCH
	UL PUCCH
	Puncture or rate-match the last two symbols of the PUSCH subframe.

	UL PUCCH
	UL PUSCH
	Puncture or rate-match the first two symbols of the PUSCH subframe.

	UL PUCCH
	UL PUCCH
	At least 1ms retuning time for hopping between PUCCH regions.


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 2:
· 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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