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1 Introduction

During the RAN1#66bis meeting, it was discussed regarding the cost measure for the low-cost MTC UEs, e.g. the number of operations and chip area. After the meeting an email discussion on the evaluation methodology has been established and various metrics are on the table, e.g. cost, average spectral efficiency, coverage, power consumption, latency, and complexity. Although the detailed methodology is not agreed upon yet, this contribution provides the initial analysis of baseband cost based on the underlying assumption that the baseband cost is a function of gate count. The initial RF cost analysis is provided as well. 
2 Discussion

Although the baseband cost analysis may vary depending on the algorithm of each process, the major cost contributors in a baseband of LTE UE include the processes of channel estimation, turbo decoding/HARQ, MIMO, and cell search/synchronization. Under the assumption of category 3 UEs equipped with 1Tx/2Rx branch, the relative cost proportion of each process would be as summarized in Table 1 in a scale of 1 to 10. The gate count of baseband is the primary factor to assess the cost of each process. For category 1 UEs, the cost of turbo decoding/HARQ process would be reduced due to the smaller transport block size. According to Table 1, the most cost contributor of LTE UE baseband is channel estimation process. 
Table 1. LTE UE baseband cost partitioning (Category 3)
	Process
	Relative cost [in a scale of 1 to 10]

	Channel estimation
	3.5

	Turbo decoding/HARQ
	3.0

	MIMO
	1.0

	Cell search/sync
	1.0

	Other
	1.5


The potential candidate method to reduce the cost of baseband would be to support narrower bandwidth than the system bandwidth, e.g. 1.4MHz, 1 Rx branch, and lower peak rate [1]. It is likely that the resulting effect would be similar between narrower bandwidth and lower peak rate. For the simplified examination, the first two methods are taken into account. Compared with the total baseband cost given in Table 1, the estimated achievable cost reduction with the method of narrower bandwidth of 1.4MHz and 1 Rx branch is about 60% and 30%, respectively. The combination of narrower bandwidth and 1 Rx branch would result in the cost reduction of more than 60%. Note that each method may share some portion of process.
As for RF cost, it depends on the cost of each RF device making up the UE RF part. The UE RF part costs about 40% of total cost of UE modem. As the TDD and half-duplex FDD mode do not require duplexer, it would be favourable to save the UE cost. The cost of RF filter and power amplifier may have some relevance to bandwidth, but have more relevance to RF performance requirement. It is certain that 1 Rx branch can reduce the RF cost compared with 2 Rx branch. However, the trade-off between cost reduction and performance should be investigated carefully. 
3 Conclusion

Based on the discussions above, if MTC UEs are allowed to have narrower bandwidth than the system bandwidth, e.g. 1.4MHz, it is expected that the amount of cost reduction is significant. In addition, 1 Rx branch enabled MTC UEs can enjoy the cost reduction as well. Having these in mind, it is proposed to consider at least above two methods for the cost reduction of MTC UE and to investigate the necessary standardization effort.
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