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1 Introduction

In the work with Rel-13 low complexity (LC) and coverage enhanced (CE) UEs for MTC [1], RAN1 has agreed to define narrowband regions within the system bandwidth and support frequency hopping between these narrowband region for most physical channels/signals except PSS/SSS and PBCH.
2 Discussion
Legacy LTE UEs are required to be capable of receiving multiple transmissions simultaneously (see TS 36.302 [2] subclause 8.2), for example a unicast transmission in parallel with a system information transmission. In order to relax the processing requirements for LC UEs and thereby enable lower device cost and lower device power consumption, it has been agreed that the LC UE will not be required to be able to receive multiple transport blocks simultaneously.

RAN1 has discussed how the LC UE should behave if it would detect that it is being scheduled with multiple transmissions even though it can only receive a single transmission at a time. Considering the narrow UE bandwidth of the LC UE (1.4 MHz or ~6 PRBs), it doesn’t seem very likely to happen that an LC UE detects this. At least in large cells, where a broadcasted transmission requires a lot of downlink resources, it will not be feasible to schedule both a unicast transmission and a broadcast transmission within 6 PRBs. If it would nevertheless happen, one potential solution is to leave the prioritization between the multiple transmissions up to the UE implementation.
The potentially more problematic case is when the LC UE is residing in one narrowband region while one or more broadcasted transmissions that might be relevant for the UE are taking place in other narrowband regions. Unless some standardized behavior is introduced, the UE might have a hard time ever catching those broadcasted transmissions, at least without substantial performance losses with respect to e.g. throughput or power consumption.
In idle mode, the LC UE needs to tune to the center 6 PRBs whenever it needs to acquire PSS/SSS or PBCH. From PSS/SSS and PBCH, the UE can be expected to be able derive the time and frequency location of the system information. Based on system information and its own UE ID, the UE can determine where in time and frequency to find its paging occasions.
During random access, the LC UE needs to know where in time and frequency domains to transmit the PRACH preamble and where to expect the random access response. During the random access procedure, transmission and reception of random access related messages should probably take priority over any potential retuning to other narrowband regions.

In connected mode, the LC UE will be tuned to some narrowband region where it will monitor for unicast EPDCCH transmissions. When it detects an EPDCCH transmission intended for itself, it will retune to whatever narrowband region(s) it needs to retune to in order to transmit or receive the associated data transmission and HARQ feedback. The LC UE may also need to retune periodically to transmit CSI on PUCCH. It may also retune to the center 6 PRBs whenever it needs to acquire PSS/SSS.
In all these cases, potential guard subframes due to half-duplex FDD operation and guard periods due to UE center frequency retuning [3] need to be taken into account.

Proposal:

· Consult RAN4 regarding the potential need to introduce additional “measurement gaps” for PSS/SSS for LC UEs.

3 Conclusions
In this contribution we discussed the potential need to standardize the behavior for when an LC UE retunes between different narrowband regions in order to successfully and efficiently transmit and receive various types of information. There is at least one aspect that seems to require RAN4 involvement, hence we have the following proposal:
Proposal:

· Consult RAN4 regarding the potential need to introduce additional “measurement gaps” for PSS/SSS for LC UEs.
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