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1 Introduction
RAN#53 has started a study item on “Provision of Low-Cost MTC UEs based on LTE” [1] with the objective to investigate and evaluate solutions using, or evolved from, LTE RAN specifications up to and including Rel-10. The purpose is to clearly understand the feasibility of creating a type of terminal that would permit the cost of terminals tailored for the low-end of the MTC market to be competitive with that of GSM/GPRS terminals targeting the same low-end MTC market. The study item description stipulates that the initial phase of the study shall focus on solutions that do not necessarily require changes to the LTE base station hardware.
This contribution presents our initial view on standards aspects impacting UE costs.

2 Discussion
2.1 Cost drivers
The manufacturing cost for the modem parts in an MTC UE is largely depending on the silicon area and the amount of external components. It can be noted that the silicon area might scale with Moore’s Law, while cost of external components might not.
The silicon area required for the RF and analog baseband parts tends to be largely impacted by the number of bands and antennas that need to be supported. The silicon area of the digital baseband parts can on the other hand be largely impacted by the system bandwidth (FFT size, etc) and also by the instantaneous throughput that needs to be handled (e.g. the turbo decoder size may depend on the maximum transport block size).

The external components include antennas, duplex filters, PAs, etc. The more frequency bands that need to be supported, the more complex front-end modules are required. For full-duplex UEs, multi-band support requires multiple duplex filters. Duplex filters can be avoided in the UE by operating in TDD mode or half-duplex FDD mode, which may be sufficient for low-end MTC UEs requiring low rates only. Also, since the LTE band situation is fragmented compared to GSM/WCDMA, the lower volumes for LTE UEs with a particular band combination (at least in an initial stage) may result in expensive duplex filters, which may be another reason to try to eliminate the duplex filters. Also, removal of a duplex filter reduces the insertion losses, which on the receiver side means a corresponding improvement in receiver sensitivity and on the transmitter side that a smaller PA can be used.
Lower power consumption in general can reduce the costs related to the power supply, e.g. by reducing the PA power consumption or by reducing the ON time for the transmitter and the receiver (DTX/DRX).

2.2 Standard impact
This section outlines the standard impact for some promising techniques for MTC UEs.

Half-duplex FDD operation: As indicated above, there are several reasons to consider half-duplex operation for MTC UEs. Half-duplex operation is already an inherent property of the TDD mode so here we turn our attention to the FDD mode. According to our understanding a mix of half-duplex FDD UEs and full-duplex FDD UEs in a cell is possible and there should not be any fundamental difference between half-duplex FDD and full-duplex FDD in terms of system capacity. We have so far not identified any significant L1/L2 protocol changes but the situation needs to be reviewed further to verify that this is the case. In our view the eNB scheduler ought to be able to ensure non-simultaneous uplink and downlink activity for a half-duplex FDD UE without any standard changes, although there is likely to be some impact on the eNB scheduler complexity. The half-duplex FDD UE monitors the downlink in all subframes (following any configured DRX cycle) except when explicitly instructed to transmit (data or ACK/NACK) in the uplink. It should be analysed further whether there is a need to specify guard periods at the downlink-to-uplink and uplink-to-downlink switching points in the UE. Furthermore, performance requirements for half-duplex FDD operation may need to be defined in RAN4 as well as core requirements reflecting the changes to the front-end architecture and the fact that transmission and reception do not occur simultaneously.
Operation in smaller bandwidth: Currently LTE UEs are required to operate over the full system bandwidth (e.g. 20 MHz). Operating a UE with a bandwidth smaller than the system bandwidth may help reduce the power consumption as well as the manufacturing cost (smaller FFT, etc). This means that reception and transmission over only a part of the total carrier bandwidth could be supported. It remains to investigate how small bandwidths that actually need to be supported (e.g. 10 MHz, 5 MHz or even smaller) and what impact this might have on protocol specifications. 
Lower peak rates: According to the study item description [1] the peak rates for the low-cost MTC UE need to be at least 118.4 kbps in downlink and 59.2 kbps in uplink. Due to the requirement on low cost it seems likely that it will become necessary to define at least one new UE category with a lower peak rate and limits on the maximum supported TBS and soft buffer size.
Extended DRX cycles: It should be investigated whether some DRX enhancements or other energy saving features are required in order to fulfill the goal that the power consumption should be no worse than for GSM/GRPS MTC UEs [1]. Such techniques may also be of a more general interest for delay tolerant services, i.e., not only for low-cost MTC UEs.
Other proposals such as allowing low-cost MTC UEs with just a single receive antenna and/or reduced transmit power would require a thorough analysis to ensure e.g. that the control channel coverage is sufficient for reliable operation of these MTC UEs and that there is no significant degradation of the performance experienced by other UEs.

3 Conclusions
In this contribution we have presented our initial view on standards aspects impacting UE costs. Promising techniques for reducing the cost and power consumption include half-duplex FDD operation, operation in smaller bandwidth, lower peak rates and extended DRX cycles.
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