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1. Introduction

This contribution summarizes cost and performance analysis of the various cost saving techniques and provides conclusions to the study item on provisioning of  low-cost MTC UEs based on LTE.
2. Cost and performance analysis
Cost and performance analysis for the cost saving techniques have been studied in [2] - [7]. The estimated cost savings are shown in Table 1 below. Note, two cost saving estimates are provided – one based on the agreed assumptions from [1] and one based on estimate total UE cost saving.
Table 1. Estimated cost savings for each technique considered.
	Technique
	Modem Saving (%) as calculated per 36.888
	Estimated total UE Cost Saving (%)

	Single receive antenna
	20-32%
	14-18%

	Reduced maximum UE power
	2%
	1-3%

	Half-Duplex FDD
	9-12%
	9-12%

	Reduced maximum UE bandwidth 
	11-20%
	6-10%

	Peak rate reduction
	9-24%
	5-7%

	Transmission mode reduction
	1-2%
	<2%


From Table 1, it is seen that the following techniques provide worthwhile cost reduction – single receive antenna chain, half-duplex FDD, bandwidth reduction, and peak rate reduction. However, bandwidth reduction provides significant saving if performed in both baseband and RF. If bandwidth is only reduced on the baseband, then the saving is small. Maximum power reduction may provide significant saving (estimated to be on the order of 10%) if the power amplifier can be completely removed. Otherwise the saving is marginal. Transmission mode reduction provides only minimal cost saving.

From the performance analysis shown in [2] - [7], the following observations may be made –

· Reduction of maximum UE power results in large uplink performance loss in noise-limited deployment (>50% uplink capacity loss).

· There is a significant performance loss from supporting only transmit diversity on the downlink (>20% downlink capacity loss). 

· There is a significant performance loss from supporting only one receive antenna at the UE (>20% downlink capacity loss).

· Reduction of maximum bandwidth (RF + baseband) results in moderate performance loss (~10% downlink capacity loss).

· No discernible performance impact from half duplex operation.
· No discernible performance impact from peak rate reduction via TBS restriction and reduced number of HARQ processes. Large loss with QPSK-only modulation (>40% uplink capacity loss), and small loss for RB restriction (<5% capacity loss).
3. Study item conclusions
The following texts are proposed to be captured in 36.888 as the conclusions of the study item –

During the feasibility study of low-cost MTC UEs based on LTE, the following cost saving techniques were considered – reduction of maximum bandwidth, single receive RF chain, reduction of transmit power, reduction of peak rate, half duplex operation, and reduction of supported downlink transmission modes. It was shown that, using these techniques, substantial modem cost saving as compared to the reference category 1 LTE UE can be achieved. 
As a result, RAN1 recommends to close the study item on provision of low-cost MTC UEs based on LTE and an associated work item to be started.
The following recommendations are made for provision of low-cost MTC UEs based on LTE as an outcome of the study item:
1) New UE category should be defined;
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