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1. Introduction
A low-complexity UE suitable for MTC operation is to be designed [1]. The principal complexity reduction steps that are expected to be taken in RAN1 are:
· Single receive antenna operation at UE;

· Reduction of maximum baseband bandwidth to 1.4 MHz in DL for data channel; and
· Reduction of maximum supported TBS to 1000 bits in DL and UL.

In this contribution we discuss physical-layer options for enabling the reduced maximum bandwidth, so that RAN2 are able to design suitable higher-layer signaling and scheduling in that respect.
2.
Discussion
It has been decided in [1] that a 1.4 MHz baseband bandwidth for PDSCH will be supported. Therefore, dynamically signaling on PDCCH the reduced PDSCH bandwidth for buffering seems not permissible as the UE would have to buffer the entire system bandwidth in some part of the PDSCH region while it was decoding PDCCH. At the least, this would not allow the best complexity reduction since subframe buffering requirments could not be minimized. With this in mind, we can give answers to some physical-layer questions to help inform RAN2’s work.
Q1: How many reduced baseband bandwidth PDSCH regions?

Specifications could define one or more than one potential reduced baseband bandwidth PDSCH region. Specifying multiple such regions increases operators’ ability to plan their network and benefit from frequency-domain ICIC techniques.
From among the specified possibilities, if there can be only one reduced bandwidth PDSCH region chosen for a cell, this limits the capacity of the cell to serve MTC UEs. This disadvantage would be amplified when considered in the context of resource usage of extended repetition on PDSCH for the coverage extension work.

A1: More than one reduced baseband bandwidth PDSCH region can be configured per cell in system bandwidths above 1.4 MHz.

The UE would need to decode the central 6 RBs in subframes #0 and #5 for PSS, SSS, and PBCH. Therefore the eNB must schedule any PDSCHs for MTC UEs in those RBs in those subframes. Cell capacity will be less in subframes #0 and #5 than in other subframes, but no lower than if only a single reduced bandwidth region were in use. System information (SI) will also need to be transmitted in a common set of RBs in a cell, and the central 6 RBs is again a good choice for this, principally so that UEs which have not yet received any other configuration can locate it. SI changes occur rarely, so this has little impact on the benefits of a configurable restricted PDSCH region.
To allow low-complexity UEs to also benefit from coverage extension techniques, it is desirable that among the possible baseband PDSCH regions it is possible to always configure the central 6 RBs.

There is no need for other requirements on the reduced PDSCH baseband bandwidths, since at the eNB they represent just a set of downlink scheduling constraints. It is for implementation as to how many are in fact used in a cell.
Q2: How is the reduced baseband bandwidth configured?
The UE needs to be informed which one of the possible locations of the reduced PDSCH bandwidth it is to decode. This could be:

· Fixed by specification as a function of the cell’s configuration
· Configured/re-configured by higher-layer signaling
· Dynamically on PDCCH

It is already established that dynamically indicating on PDCCH does not allow the best complexity reduction, and may not be permissible if the entire PDSCH region is only 6 RBs wide at the UE.

If the reduced baseband bandwidth PDSCH region for buffering can be re-configured by higher layers, it will give the operator greater freedom in network planning and the eNB greater scheduling flexibility, but requires additional signaling. It should be left to RAN2 to design the additional signaling.
A similar cost saving might be claimed by allowing PDCCH in subframe n to dynamically schedule up to 6 RBs PDSCH in subframe m, for m>n. We see several advantages of using semi-static configuration instead:

· No need for specification impact to determine subframe offset between PDCCH and PDSCH. Even in the case of extended repetition, PDSCH and PDCCH can still be sent in the same subframes, since UE knows semi-statically which RBs it must buffer pending the decoding of PDCCH.
· Latency, and receive processing power consumption are therefore considerably less with a semi-static allocation, especially during extended repetition operation.
· No need for low-cost but non-coverage-limited UEs to buffer PDCCH in both subframes n and m. PDSCH/PDCCH subframe offset requires buffering both subframes of PDCCH in CSS and UESS.

· For CSS PDCCHs (P-RNTI, SI-RNTI, RA-RNTI, TPC-PUxCH-RNTI), legacy UEs expect the associated PDSCH in the same subframe. With subframe offset, these PDSCH messages must therefore be repeated in two subframes even for non-coverage-limited UEs.

· There is no need for such repetition in the semi-static case since we simply make the restriction from Q1 that such PDSCH messages are sent in the central (or a fixed) 6 RBs.
A2: The baseband frequency location of the reduced bandwidth for PDSCH is configured semi-statically by higher layers.
3.
Conclusions
We have discussed physical-layer options that RAN1 should consider in introducing the narrow baseband bandwidth for PDSCH. We propose that RAN1 inform RAN2 that:

In introducing a reduced maximum baseband bandwidth for PDSCH for the low-complexity UE, RAN1 has concluded that:

· In subframes #0 and #5, and all subframes following an SI change notification, an MTC UE is not expected to decode PDSCH outside the central 6 RBs of the system bandwidth. In other subframes, the UE is not expected to decode PDSCH outside a set of 6 contiguous RBs configured semi-statically by higher layers.
· More than one set of 6 contiguous RBs can be configured per cell in system bandwidths above 1.4 MHz.

· It is necessary that it is always possible to restrict the UE’s decoding of PDSCH to the central 6 RBs of the system bandwidth.
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