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1 Introduction

During RAN1 session #67, “single received RF chain” is agreed as one of the top 5 potential cost reduction techniques to be evaluated and analysed.  In this contribution, text proposal for evaluation/analysis of single receive RF chain is proposed especially including “Coverage analysis”, “Impact on specification” and “Analysis/evaluation of cost reduction”.

2 Text proposal

---------------------------------------------------- Start of Text proposal---------------------------------------------------------
6.3 Single receive RF chain
6.3.1 Description
LTE UE cost will be increased when the device has more than one RF chains (transmit and/or receive radio chain). Single receive RF chain will decrease the baseband processing and thus reduce the cost of receive RF chain, OFDM demodulation, and measurement. However, Single receive RF chain will bring DL coverage loss. 
In order to keep the MTC LTE UEs with “single receive RF chain” feature having the same DL coverage performance as that of normal Dual-Rx UEs,   solutions to compensate DL coverage performance loss might be further studied .
6.3.2 Analysis/evaluation of performance against requirements 
	Metric
	Impact (Yes/No)

	Coverage same as GSM/EGPRS
	[Yes]

	Minimum Data rate
	[No]

	Power consumption
	[Yes]

	Impact to non-MTC UE
	 [No]

	eNB Hardware impact
	[No]

	Impact on specification
	[Yes]

	Cell spectral efficiency
	[Yes]


6.3.2.1
Coverage analysis
UEs with “single receive RF chain” feature cannot achieve the same coverage level as normal dual-Rx UEs.

SNR decrease caused by changing Dual-Rx to Single-Rx can be obtained from downlink simulation (simulation parameters and simulation results are listed in appendix A). Pathloss will decrease 1dB as SNR increase 1dB. The relative cell coverage radius loss can be calculated through pathloss formula. For example,  pathloss formula in [1] for Macro to UE in Heterogeneous system is given by
L=I + 37.6log10(R),
where R is coverage radius in kilometers, I=128.1(2GHz) and I=120.9(900MHz). It is assumed that the coverage radius for Dual-Rx UE is R1 and coverage radius for single-Rx MTC UE f is R2. The relative coverage loss (R2/R1) are shown in Table 2.
Table 1.  Relative Coverage Loss
	SNR decrease（dB）
	R2/R1

	1
	94.6%

	2
	88.47%

	3
	83.22%

	4
	78.27%

	5
	73.62%


From the simulation results shown in Appendix A, the SNR decrese caused by single Rx UE is 4dB or 5dB compared to dual-Rx UE.  The DL coverage radius of  single-Rx UEs will be about 75% of  DL coverage radius of dual-Rx UEs.
6.3.2.2
Power consumption
“Single receive RF chain” feature will bring power consumption reduction of the RF module and baseband integrated circuits since the power consumption of duplicated RF components can be saved and baseband complexity will be reduced.
6.3.2.3
Impact on specification

6.3.2.3.1 Impact Analysis

Since dual-Rx UE is assumed in the RAN4 performance requirements, “single receive RF chain” feature will require extra RAN4 work to define the corresponding performance requirements.

In order to compensate DL coverage performance loss, RAN1 specification changes may be introduced to support “single receive RF chain” feature.  
6.2.2.3.2 Potential solutions

There have some potential methods to compensate the DL coverage loss.
· PDCCH enhancement

·  increase control channel resource
·  e.g., increasing CCE aggregation level to 16CCE or increasing single CCE size; 

·  using ePDCCH with more PRB resource
·  Compact DCI

· PDSCH enhancement

· lower order modulation such as QPSK or small size TBS
· Power boosting

· Sub-frame bundling

6.3.2.4
Cell spectral efficiency

In order to compenate the DL coverage loss, more robust transmissions (lower efficiency) may be used by MTC LTE UEs with “single receive RF chain” feature. The DL cell spectral efficiency of LTE system may be reduced due to lower efficeincy transmissions by MTC LTE UEs .
6.3.3
Analysis/evaluation of cost reduction
“Single receive RF chain” feature will decrease half the cost of RF module and reduce the baseband processing such as OFDM demodulation and measurement.

6.3.3.1 RF cost analysis

The RF cost of single receive RF chain UE will be 50% decrease by the removal of  duplicated RF components.
6.3.3.2 Processing cost analysis

· A/D and D/A

A/D and D/A cost will be reduced by half due to the removal of  duplicated A/D and D/A components.
· Baseband processing
If MTC UE is configured with single receive antenna, the cost of OFDM demodulation and buffering memory may be reduced in half.
             Table 2.  Relative operation reduction if  Single-Rx UE instead of Dual-Rx UE
	Function
	Relative operation reduction to existing solutions

	Channel estimation 
	FFS

	OFDM modulation/demodulation (FFT size)
	[50%]

	Turbo decoder
	FFS

	HARQ soft Buffer
	FFS

	subframe buffering
	[50%]

	Synchronization 
	FFS


---------------------------------------------------- End of Text proposal---------------------------------------------------------
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4 Appendix A
DL control channel simulation parammters are listed in table A.1.

Table A.1.  DL Control channel simulation parameters

	Parameters
	Assumptions

	Carrier frequency
	2GHz

	System BW
	10MHz

	Channel model
	TU

	Velocity
	3km/h

	Modulation mode
	QPSK

	OFDM Symbol Number of PDCCH
	3

	Channel estimation
	Practical

	CP type
	Normal CP

	DCI bits(without CRC)
	25bits


DL control channel simulation results are shown as Figure A.1 and A.2.  
As shown in Figure 1, UE with “Single receive RF chain” feature has 5dB SNR loss compared to dual-Rx UE in Non-Correlation Scenarios.  UE with “Single receive RF chain” feature has 4dB SNR loss compared to dual-Rx UE in Medium Correlation Scenarios as shown in Figure 2.
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Figure A.1. Single Rx UE compared with dual-Rx UE in Non-Correlation Scenarios
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Figure A.2. Single Rx UE compared with dual-Rx UE in Medium Correlation Scenarios
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