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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,  evaluation/analysis of single receive RF chain is proposed especially including “Coverage analysis”, “Impact on specification”, “Cell spectral efficiency analysis” and “Analysis/evaluation of cost reduction”.
2 Coverage analysis
UEs with “single receive RF chain” feature cannot achieve the same DL coverage level as normal dual-Rx UEs.

SNR degradation caused by changing Dual-Rx to Single-Rx can be obtained from downlink simulation as shown in Figure 1, 2 and 3.
As shown in Figure 1, UE with “Single receive RF chain” feature has 5dB SNR loss on PDCCH compared to dual-Rx UE in Non-Correlation Scenario.  UE with “Single receive RF chain” feature has 4dB SNR loss on PDCCH compared to dual-Rx UE in Medium Correlation Scenarios as shown in Figure 2.
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Figure 1. Single Rx UE compared with dual-Rx UE in Non-Correlation Scenarios under different bandwidth
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Figure 2. Single Rx UE compared with dual-Rx UE in Medium Correlation Scenarios under different bandwidth
As shown in Figure 3, UE with “Single receive RF chain” feature has 7dB SNR loss compared to dual-Rx UE on PBCH.
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Figure 3. Single Rx UE compared with dual-Rx UE in Non-Correlation Scenarios under 10MHz bandwidth

Coverage radius depends on the channel which has the smallest MCL.  In normal LTE system, PUSCH is the link budget limiting channel as refer to Table 5.2.1.2-2 in [1].  The MCL gap between PDCCH and PUSCH is smaller than 6dB and the MCL gap between PBCH and PUSCH is about 8.3dB.  If coverage enhancement techniques in Release 11 or some implementation schemes such as increasing receiving antenna number in eNB are used in uplink, considering 4~5dB SNR loss on PDCCH and about 7dB SNR loss on PBCH caused by single receive RF chain, coverage may be downlink limited for Single-Rx MTC UEs.

Observation 1:  The SNR degradation caused by single Rx UE is 4dB or 5dB compared to dual-Rx UE in PDCCH.  The SNR degradation caused by single Rx UE is 7dB compared to dual-Rx UE in PBCH. DL coverage compensation solutions would be needed for MTC UEs with single receive RF chain.
3 Cell spectral efficiency analysis
DL spectral efficiency analysis can be done by system level simulation.  The simulation assumptions are shown in Table 1.

Table 1. System level simulation assumptions
	Parameters
	Assumptions

	Cellular Layout 
	Hexagonal grid, 19 cell sites, 3 cell sectors per site. 

	Number of users per cell
	uniformly distributed with average 10 UEs per sector

	Distance-dependent path loss
	L=120.9 + 37.6log10(.R), R in kilometers @ 900MHz

	Inter-site distance
	500m(3GPP Case1) 

	Operating bandwidth (BW)
	10MHz

	Penetration loss 
	20dB

	Shadowing standard deviation
	8 dB

	Shadowing correlation
	Inter-cell: 0.5, intra-cell 1.0

	UE Speed
	3km/h

	Channel model
	3GPP Case1- SCME- UMa  

	Antenna configuration
	Downlink: 2Tx at eNB, 2Rx or 1Rx at UEs

	CQI/PMI reporting interval and frequency granularity 
	5ms for CQI/PMI, 6RB

	Feedback scheme
	RI=1,WideBand PMI and SubBand CQI

	Delay for scheduling and AMC
	6ms

	Scheduler 
	Proportional Fair

	Traffic
	Full buffer

	Receiver
	MMSE receiver

	DL Overhead assumption
	3 OFDM symbols for DL CCHs, Antenna Port 0 CRS.

	HARQ Scheme
	Chase Combining

	Maximum number of retransmissions
	3

	DL Channel Estimation
	Non-ideal, based on CRS for channel measurements, based on CRS for data demodulation.


The spectral efficiency simulation results under 2Rx UE and 1Rx UE are shown in Table 2 and Figure 4.

Table 2. Spectral efficiency simulation results

	
	Cell spectral efficiency
(bit/s/Hz)
	Cell edge spectral efficiency
(bit/s/Hz)

	Dual-Rx UE
	2.3232
	0.0937

	Single-Rx UE
	1.7449
	0.0488
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Figure 4. DL spectral efficiency under different Rx number
Observation 2:  Compared to Dual-Rx UEs, the DL cell spectral efficiency of system with single-Rx UEs will decrease by 25%, and the cell edge spectral efficiency will reduce 48%.
4 Impact on specification
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 are needed to support “single receive RF chain” feature.  
There have some potential methods to compensate the DL coverage loss.
· PDCCH enhancement

·  increase control channel resource

·  increasing CCE aggregation level to 16CCE or increasing single CCE size (may increase the blocking probability of PDCCH) 

·  using ePDCCH with more PRB resource ( may decrease the spectral efficiency)

·  Compact DCI

· PDSCH enhancement

· lower order modulation such as QPSK or small size TBS

· Sub-frame bundling
5 Cost reduction analysis

“Single receive RF chain” feature will significantly decrease the cost of RF module and reduce the baseband processing such as OFDM demodulation and measurement.

· RF
The RF cost of single receive RF chain UE will be about 40% decrease by the removal of  duplicated RF 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.
Observation 3:  “Single receive RF chain” feature will significantly decrease the cost of RF module and reduce the baseband processing.

6 Conclusion

In this contribution, evaluation/analysis of single receive RF chain are proposed especially including “Coverage analysis”, “Impact on specification”, “Cell spectral efficiency analysis” and “Analysis/evaluation of cost reduction”.  From our simulation/analysis, we have conclusions as below:
Observation 1:  The SNR degradation caused by single Rx UE is 4dB or 5dB compared to dual-Rx UE in PDCCH.  The SNR degradation caused by single Rx UE is 7dB compared to dual-Rx UE in PBCH.  DL coverage compensation solutions would be needed for MTC UEs with single receive RF chain.
Observation 2:  Compared to Dual-Rx UEs, the DL cell spectral efficiency of system with single-Rx UEs will decrease by 25%.
Observation 3:  “Single receive RF chain” feature will significantly decrease the cost of RF module and can reduce the baseband processing.

7 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 DL coverage level as normal dual-Rx UEs.

SNR degradation caused by changing Dual-Rx to Single-Rx can be obtained from downlink simulation as shown in Appendix A. The SNR degradation caused by single Rx UE is 4dB or 5dB on PDCCH compared to dual-Rx UE.  The SNR degradation caused by single Rx UE is 7dB compared to dual-Rx UE on PBCH.
Coverage radius depends on the channel which has the smallest MCL.  In normal LTE system, PUSCH is the link budget limiting channel as refer to Table 5.2.1.2-2 in [1].  The MCL gap between PDCCH and PUSCH is smaller than 6dB and the MCL gap between PBCH and PUSCH is about 8.3dB.  If coverage enhancement techniques in Release 11 or some implementation schemes such as increasing receiving antenna number in eNB are used in uplink, considering 4~5dB SNR loss on PDCCH and about 7dB SNR loss on PBCH caused by single receive RF chain, coverage may be downlink limited for Single-Rx MTC 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.  
There have some potential methods to compensate the DL coverage loss.
· PDCCH enhancement

·  increase control channel resource
·  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
· 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 will be reduced by 25% due to lower efficeincy transmissions of MTC LTE UEs .
6.3.3
Analysis/evaluation of cost reduction
“Single receive RF chain” feature will significantly decrease the cost of RF module and reduce the baseband processing such as OFDM demodulation and measurement.

· RF 
The RF cost of single receive RF chain UE will be about 40% decrease by the removal of  duplicated RF 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.
---------------------------------------------------- End of Text proposal---------------------------------------------------------
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9 Appendix A
DL control channel simulation results are shown as Figure A.1,A.2 and A.3.  
As shown in Figure A.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 A.2.
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Figure A.1. Single Rx UE compared with dual-Rx UE in Non-Correlation Scenarios under different bandwidth
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Figure A.2. Single Rx UE compared with dual-Rx UE in Medium Correlation Scenarios under different bandwidth
As shown in Figure A.3, UE with “Single receive RF chain” feature has 7dB SNR loss compared to dual-Rx UE in PBCH.
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Figure A.3. Single Rx UE compared with dual-Rx UE in Non-Correlation Scenarios under 10MHz bandwidth
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