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1 Introduction
Among the identified cost saving concepts, this contribution provides the analysis of single receive RF chain for low cost MTC UE. The main focus is the cost analysis both for baseband part and RF part. The agreed cost metrics for each part are [1]: 

Examples of possible metrics for baseband include:
(1) Complexity (in absolute or relative terms)
Although the complexity of the baseband module is implementation dependent, it can be estimated according to 

· Elapsed time
· Number of LLR values
· Number of baseband signal operations/sec
· Number of higher layer radio protocol processing operations/sec
· Number of basic baseband operations per information bit
(2) Resource occupied on chip (in absolute or relative terms)
· Buffer size
· Number of ASIC/FPGA gates
RF cost metric:

· Number of RF chains/antenna ports

· [Replacing or degrading quality requirement of  some components by less expensive components
· Replacing duplexer with switch
· Degrading quality requirement of  PA or removing PA]

Instead of an absolute cost in terms of number of components, the cost can be expressed as a relative cost compared to the reference LTE modem.
2 Reference LTE modem
The agreement of the baseline for cost analysis is a single-band, single RAT, and 20MHz bandwidth Category 1 UE. As for the baseband part, the major cost contributors include the processes of channel estimation, turbo decoding/HARQ, MIMO, and cell search/synchronization. Although various factors including implementation impact the analysis of baseband cost, in this contribution the resource occupied on chip (e.g. buffer size, number of ASIC/FPGA gates) is taken as an evaluation metric. In this case, some functionality may be shared by multiple processes. In addition, the major cost contributors in RF part include RFIC, FEM (Front-End Module), and power amplifier. Specifically, RFIC is composed of local oscillator, mixer, LNA, filter, etc. FEM includes duplexer. The percentage cost of each of baseband part and RF part to the total UE modem cost is estimated 60% and 40%, respectively. Table 1 summarizes the relative cost estimate of each process/component of reference LTE modem. According to Table 1, the most cost contributor of reference LTE modem is channel estimation process. RFIC component is the most cost contributor in RF part.
Table 1. Reference LTE modem cost partitioning

	
	Process/component
	Relative cost

	Baseband
	Channel estimation
	2.6

	
	Turbo decoding/HARQ
	0.6

	
	Spatial processing
	0.8

	
	Cell search/sync
	0.7

	
	Other
	1.3

	RF
	RFIC
	2.0

	
	FEM
	1.2

	
	Power amplifier
	0.4

	
	Other
	0.4

	Total
	10.0


3 Single receive RF chain
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. However, it does not simply sum up 50% saving due to some common functionality between first Rx RF chain and second Rx RF chain. For baseband part, spatial processing and channel estimation process can take the cost advantage well of the removing second Rx RF chain. Overall, 30% cost saving in RF part and 60% cost saving in baseband part are estimated to be achievable. For each process/component, the estimated cost saving from the reference LTE modem is summarized as in Table 1.
Table 2. Estimated cost saving - single receive RF chain
	
	Process/component
	Estimated cost saving from reference LTE modem

	Baseband
	Channel estimation
	50%
	60%

	
	Turbo decoding/HARQ
	40%
	

	
	Spatial processing
	90%
	

	
	Cell search/sync
	20%
	

	
	Other
	40%
	

	RF
	RFIC
	40%
	30%

	
	FEM
	40%
	

	
	Power amplifier
	0%
	

	
	Other
	0%
	


4 Conclusion
Based on the cost analysis of single receive RF chain for low cost MTC UE, both baseband part and RF part would get the meaningful cost saving gain by adopting single receive RF in low cost MTC UEs. It is expected that 60% and 30% cost saving would be achievable for baseband part and RF part, respectively. 
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