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1 Introduction
During RAN1#67 discussion of the study item of low-cost MTC UEs [1], a few concepts were agreed to be further considered because they were identified to have >= 10% cost reduction [2]. These concepts are:
· Reduction of maximum bandwidth

· Single receive RF chain

· Reduction of peak rate

· Reduction of transmit power

· Half duplex operation

As one of the identified concepts, single receive RF chain is expected to provide significant cost savings. In this contribution, we focus the discussion on the impact of single receive RF chain on specifications and performance.
2 Discussion
2.1 Specification impact

Although LTE has always assumed at least 2 receive antennas at the UE, it is transparent in RAN1 specifications. Therefore, RAN1 specifications are not expected to be impacted if single receive RF chain is to be supported.
However, RAN4 performance requirements are all defined assuming 2 receive antennas at the UE. Those requirements would need to be re-defined for single receive UEs, which would be a significant amount of work.

2.2 Performance impact
2.2.1 UE power consumption

With single receive RF chain, UE power consumption is reduced due to the possible lower processing on ADC/DAC, IFFT/FFT, buffering, receiver processing blocks. However, since single receive RF chain results in spectral efficiency degradation, the power consumption may be increased due to the use of larger coded blocks (lower code rate) or longer reception time (lower data rate).
It is unclear whether the net impact of a single receive RF chain on UE power consumption would be positive or negative.
2.2.2 Coverage

Single receive RF chain reduces the coverage of all the DL channels, including PSS/SSS, PCFICH/PDCCH/PHICH, and PDSCH, due to the loss in combining gain and diversity gain.
The link level performance is shown for 2 receive antennas and 1 receive antenna in Figure 1, with the simulation assumptions summarized in Table 1 in Annex. For 10 MHz and EPA 3km/h channel (the channel being used for coverage analysis), the SINR degradation from 1 receive antenna is ~4dB for PCFICH @ 1% BLER, ~5dB for PDCCH @ 1% BLER, ~6.4dB for PHICH @ 0.1% BLER.
A similar level of degradation would also be expected for PSS/SSS and PDSCH.
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Figure 1 Link level performance for PCFICH/PDCCH/PHICH

According to the reference coverage analysis in section 5.2.1.2 of [3], both the reference LTE and the reference GSM/GPRS system are currently UL limited. With the level of degradation showed above, the coverage may become DL limited instead. Moreover, DL is usually interference limited at the cell edge, which may not be fully captured in the reference coverage analysis. This deserves some further investigation.
2.2.3 Cell spectral efficiency

Single receive RF chain immediately reduces the DL cell spectral efficiency on PDSCH due to the loss of combining gain and diversity gain. Moreover, these UEs would only be able to support single-antenna transmission, transmit diversity, or closed-loop rank 1 transmission.

For 3GPP Case 1 with full buffer traffic model and transmit diversity transmission mode, simulation results have showed that the DL average cell spectral efficiency is reduced by about 27%, and the 5% cell edge spectral efficiency is reduced by about 50%. The detailed simulation assumptions are provided in Table 2.
Therefore, single receive RF chain is expected to greatly reduce the spectral efficiency for the MTC UEs, although it should not affect the spectral efficiency for the non-MTC UEs.

3 Conclusion
Single receive RF chain would have significant impact on the RAN4 specifications. It greatly reduces the DL coverage, which may make the coverage become DL limited. This needs some further investigation. The cell spectral efficiency is also significantly reduced.
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Annex
Table 1 Link level simulation assumptions for downlink control channels
	Carrier frequency
	2 GHz

	Carrier bandwidth
	10 MHz

	Channel model
	EPA 3km/h

	Channel estimation
	Realistic

	Antenna
	2 tx at the eNB (TxDiv), 1 or 2 rx at the UE, uncorrelated

	PDCCH DCI format
	Format 0/1A

	PDCCH aggregation level
	8


Table 2 System level simulation assumptions for PDSCH

	Scenario
	3GPP Case 1

	Number of UEs
	10 UEs per cell

	Carrier frequency
	2 GHz

	Carrier bandwidth
	10 MHz

	Channel model
	EPA 3km/h

	Channel estimation
	Realistic

	Antenna
	2 tx at the eNB, 1 or 2 rx at the UE, uncorrelated

	Transmission mode
	TxDiv

	Scheduler
	PF

	CSI feedback mode
	Mode 1-0 on PUCCH (wideband CQI), 10 ms periodicity

	Traffic model
	Full buffer
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