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1 Introduction

A new work item of “Further LTE Physical Layer Enhancements for MTC” has been agreed in Rel-13 [2]. This WI proposes to reduce complexity of MTC in Rel-12 by specifying some additional complexity reduction techniques. The objectives relating the complexity reduction aspect of this WI is captured as follows [2]:
· 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 supporting the following additional capabilities:

· Reduced UE bandwidth of 1.4 MHz in downlink and uplink

· Bandwidth reduced UEs should be able to operate within any system bandwidth

· Frequency multiplexing of bandwidth reduced UEs and non-MTC UEs should be supported 
· The UE only needs to support 1.4 MHz RF bandwidth in downlink and uplink

· The allowed re-tuning time supported by specification (e.g. ~0 ms, 1 ms) should be determined by RAN4

· Reduced maximum transmit power

· The maximum transmit power of the new UE power class should be determined by RAN4 and should support an integrated PA implementation

· Reduced support for downlink transmission modes

· The following further UE processing relaxations can also be considered within this work item:

· Reduced maximum transport block size for unicast and/or broadcast signalling.

· Reduced support for simultaneous reception of multiple transmissions.

· Relaxed transmit and/or receive EVM requirement including restricted modulation scheme. Reduced physical control channel processing (e.g. reduced number of blind decoding attempts).

· Reduced physical data channel processing (e.g. relaxed downlink HARQ time line or reduced number of HARQ processes).

· Reduced support for CQI/CSI reporting modes.

In this contribution, we discuss the above complexity reduction techniques for Rel-13 MTC UEs and provide some observations and proposals at the end. 
2 Discussion on Further Low complexity MTC UEs in Rel-13
· Reduced UE bandwidth of 1.4MHz in downlink and uplink: Based on the study [1], this will reduce the complexity and buffering requirement of the MTC UE by reducing its supported maximum bandwidth from 20MHz to 1.4MHz in both downlink and uplink, while at the same time the bandwidth reduced UE is able to operate within any system bandwidth at the eNB. However, the BW-Reduced MTC UE may need to change its transmission or reception radio frequency (e.g. at least on subframe by subframe basis) depending on the position of the eNB scheduling assignment within the system bandwidth. In this case, RAN4 should study and determine the allowable switching/re-tuning time (e.g. ~0 ms, 1 ms) as early as possible since this has significant impact on RAN1 work.
Furthermore, in order to multiplex as many UEs as possible, frequency domain multiplexing (FDM) should be supported, not only between BW-Reduced UEs, but also between non-MTC UEs and BW-Reduced MTC UEs. The scheduling mechanism of assigning BW-Reduced UE to a specific narrow bandwidth could be static, semi-static or dynamic allocations. Dynamic allocation utilising cross-subframe scheduling with EPDCCH (or EPDCCH-like) gives the best scheduling flexibility at the eNB and could also be a common solution for both low complexity UEs and coverage enhanced mode. In this case, for UEs that require the coverage enhanced mode, some coverage enhancement techniques can be configured such as time domain repetitions. 
PDCCH, PCFICH and PHICH are wideband channels since they are mapped in a cell-specific manner and spread across the whole system bandwidth, so, from low complexity point of view, if the operating system bandwidth at the eNB is wider than the reduced UE RF bandwidth of 1.4MHz, these channels have to be eliminated from MTC UEs in Rel-13. Another wideband channel is PUCCH which usually locates at the edges of the of the total available system bandwidth. Therefore, PUCCH has to be restructured in order to fit into the narrow bandwidth transmission of the MTC UEs, for example without slot hopping applied when mapping to PRB resources. And if there is a coverage loss for UEs at the cell edge due to without PUCCH slot hopping, these UEs can be configured to coverage enhanced mode.
Observation 1: PDCCH, PCFICH and PHICH are wideband channels, so if the operating system bandwidth at the eNB is wider than the reduced UE RF bandwidth of 1.4MHz, these channels have to be eliminated from low complexity UEs in Rel-13.
Observation 2: Cross-subframe scheduling with EPDCCH (or EPDCCH-like) gives the best scheduling flexibility at the eNB and could also be a common solution for both low complexity UEs and coverage enhanced mode (i.e. with time domain repetitions) in Rel-13.
· Reduced maximum transmit power: As stated in the WID, the maximum transmit power of the new UE power class should be determined by RAN4.

· Reduced support for downlink transmission modes: In the current LTE system, several transmission modes are supported, but, as the applications of the Rel-13 MTC are exceptionally for small data rates, it may be sufficient to support transmission modes with single layer transmission (e.g. TM1 and TM2). However, transmission modes with closed loop feedback may also be beneficial for achieving beamforming gain which will increase the coverage of Rel-13 MTC UEs. So, in principle, a small number of transmission modes has to be chosen at the end.  
· Further UE processing relaxations: To further reduce the UE processing complexity, the transport block sizes for unicast as well as broadcast can be reduced to small set of transport block sizes. In addition, the simultaneous reception of unicast and broadcast can be restricted or eliminated. Modulation schemes can be restricted to QPSK and 16QAM for both DL and UL transmissions. Number of blind decoding attempts can be reduced, for example by reducing the number of DCI formats that UE monitors in a given active subframe. Reduced support for uplink control transmissions (e.g. Ack/Nack, SR, CQI/CSI) should be considered, for example at least PUCCH formats 1 and 1a can be supported.
Conclusion

In this contribution, we have discussed some of the complexity reduction techniques for Rel-13 MTC UEs and we have the following observations and proposal: 
Observation 1: PDCCH, PCFICH and PHICH are wideband channels, so if the operating system bandwidth at the eNB is wider than the reduced UE RF bandwidth of 1.4MHz, these channels have to be eliminated from low complexity UEs in Rel-13.

Observation 2: Cross-subframe scheduling with EPDCCH (or EPDCCH-like) gives the best scheduling flexibility at the eNB and could also be a common solution for both low complexity UEs and coverage enhanced mode (i.e. with time domain repetitions) in Rel-13.
Proposal 1: PDCCH, PCFICH and PHICH are wideband channels and they have to be eliminated from low complexity UEs in Rel-13.
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