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1 Introduction
The concepts for provisioning of low cost MTC UEs and cost analysis that may provide significant cost savings include [1]:

•
Reduction of maximum bandwidth

•
Single receive RF chain

•
Reduction of peak rate

•
Reduction of transmit power

•
Half duplex operation
Each concept is required to be analyzed in terms of coverage, power consumption, specification impact, cell spectral efficiency, cost, and so on. Among the identified cost saving concepts, this contribution provides the analysis of single receive RF chain for low cost MTC UE. 
2 Analysis of cost reduction
It is certain that the UE with single receive RF chain can reduce the RF cost compared with the UE with two receiver RF chains. The RF cost saving comes most from the RFIC component and FEM (Front-End Module). Specifically, RFIC is composed of local oscillator, mixer, LNA, filter, etc. FEM includes duplexer. However, the RF cost saving does not simply sum up 50% saving due to some common functionality between first Rx RF chain and second one. For baseband part, although various factors including implementation aspects affect the analysis of baseband cost, in this contribution the resource occupied on chip is taken as a cost evaluation metric. Considering both relative cost saving of each process and fractional cost of reference LTE UE modem, channel estimation process would take the most cost saving benefit from removing second Rx RF chain. Overall, 30% cost saving in RF part and 48% cost saving in baseband part are estimated to be achievable. From the underlying assumption of the ratio of RF to baseband cost, 4:6, the estimated total UE cost saving becomes 41%. For each process/component, Table 1 summarizes the estimated cost saving from the reference LTE modem.
Table 1. Estimated cost saving - single receive RF chain
	
	Process/component
	Estimated cost saving from reference LTE modem

	Baseband
	Channel estimation
	50%
	48%

	
	Turbo decoding/HARQ
	40%
	

	
	Spatial processing
	90%
	

	
	Cell search/sync
	20%
	

	
	Other
	40%
	

	RF
	RFIC
	40%
	30%

	
	FEM
	40%
	

	
	Power amplifier
	0%
	

	
	Other
	0%
	

	Total
	41%


3 Analysis of performance and specification impact
As the performance requirements of normal LTE UE are based on the UE that utilizes a dual-antenna receiver [2], downlink coverage compared with normal LTE UE would be impacted from the adoption of single receive RF chain. Referring to the evaluation results of 2Tx2Rx eNB configuration from the LTE Coverage Enhancements Study Item [3], the limiting downlink control channels are PCFICH, PHICH, and PDCCH with lower aggregation level. The single Rx MTC UE might compensate the diversity loss by implementing antenna selection diversity scheme with two receiver antennas.
As for power consumption, removal of second Rx RF chain would result in a favorable effect because it also get rid of the corresponding power consumption on that second Rx RF chain. On the other hand, potential higher number of HARQ retransmissions may consume additional UE processing power.
Regarding the specification impact, at least UE performance requirement with single antenna receiver would need to be introduced, which is RAN4 task. From RAN1 perspective, the aspects of downlink physical channel and random access procedure may be affected in order to mitigate the performance issue. For example, if the eNB cannot distinguish between non-MTC UE and single Rx MTC UE during the initial access procedure, the Message 2/4 may not arrive at the single Rx MTC UE successfully in some situation. For PDCCH, smaller DCI formats could be considered in order to resolve the coverage loss and the impact on spectral efficiency. In addition, the aspects in Enhanced downlink control channel(s) Work Item [3], e.g. E-PDCCH, may be considered for single Rx MTC UE as well.
The spectral efficiency for the single Rx MTC UEs may be impacted because the eNB may schedule relatively lower MCS to compensate the coverage loss. The spectral efficiency for the non-MTC UEs would remain unaffected.
4 Conclusion
Based on the cost analysis, both baseband part and RF part would get the considerable cost saving gain by adopting single receive RF in low cost MTC UEs. It is expected that 48% and 30% cost saving would be achievable for baseband part and RF part, respectively. Consequently, the estimated total UE cost saving becomes 41%. In view of performance aspects, there may be some impacts on downlink coverage and spectral efficiency for the single Rx MTC UEs. In addition, single Rx MTC UEs may consume relatively reduced power. Furthermore, it is anticipated that the introduction of single Rx MTC UEs would result in specification impacts on downlink physical channel and random access procedure.
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