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1 Introduction
The Study Item of Provision of low-cost MTC UEs based on LTE was approved at RAN#53 meeting [1]. The main objective is to create a type of low-cost terminals that is competitive with GSM/GPRS-based low-end devices. At RAN1 #67 meeting, it was agreed that a single receive RF chain may provide significant cost savings [2]. In this contribution, we analyze the impact of a single receive chain.
2 Low-cost MTC UE with a single receive chain
In this section, we evaluate the aspects such as cost saving, power consumption, coverage, cell spectral efficiency and specification with a 1R (a single receive chain) design. 
2.1 Cost saving
According to [3], which was agreed at the last meeting, the possible cost reductions of UE with 1R are listed below.
Table 1. Cost reduction of a single receive chain

	Functional block
(Ratio of RF to baseband cost 40:60)
	Recommended (for Evaluation)
	Single receive RF chain

(Relative savings)

	RF

	RF transceiver

( including LNAs, mixer, and local oscillator)
	40%-50%
	50%

	Total of RF
	95%-110%
	20%-25%

	Baseband

	ADC / DAC 
	10%
	30%

	Receiver processing block
	20%-35%
	50%

	Post-FFT data buffering
	10%-15%
	50%

	Synchronization / cell search block
	10%-15%
	50%

	MIMO specific processing blocks
	5%-15%
	50%

	Total of Baseband
	90%-110%
	25.5%-43.0%

	Overall relative cost savings
	
	23.3%-35.8%


Based on the analysis above, it can be concluded that the total cost reduction of UE with 1R is about 23.3%~35.8%.
2.2 Power consumption

Since the PA is the main power consumption component for RF, a UE with 1R only provides a small reduction in power consumption for RF.
For the processing part, a single receive chain affects the receiver processing block, the ADC, the post-FFT data buffering, synchronization/cell search block and MIMO specific processing block. The power consumption of the processing part can be decreased to a certain extent.
2.3 Coverage
Since the link budgets which capture the reference Maximum Coupling Loss (MCL) in [4] were agreed at the last meeting (RAN1 #68), the coverage analysis is based on [4] and [5] in this contribution. 
Appendix A shows the PDCCH performance degradation when 1R is applied in the UE in the LTE system. It can be observed that the PDCCH decoded performance is reduced by about 3.2dB in the LTE system with FDD scenario and about 4.0dB in the LTE system with TDD scenario, the values of the performance degradation are assumed for the other downlink channels in the contribution.
Since the coverage of data channels depends on both the data rate and the number of allocated RBs in the LTE system, we can only compare the minimum MCL of the control channels in the LTE system with that in the GSM system. The comparison result is shown in Figure 1.
[image: image1.emf]
Figure  1.  Minimum MCL comparison between GSM and LTE systems.
Based on Figure 1, the following observation can be obtained:
Observation 1: the coverage of the LTE system with 1R in UE is not worse than that of GSM/GPRS. 
According to [5], the MCL comparisons between LTE systems with 2R and 1R in the UE are shown in Figure 2 and Figure 3.

[image: image2.emf]
Figure 2. MCL for the LTE system with FDD scenario
[image: image3.emf]
Figure  3. MCL for the LTE system with TDD scenario.
Based on Figure 2 and Figure 3, the following observations can be obtained：
Observation 2: The LTE system is uplink-limited in case of UE with 2R.
Observation 3: For UE with 1R, the LTE system is uplink-limited in case of FDD scenario and downlink-limited with PDCCH being the limited channel in case of TDD scenario.

2.4 Cell spectral efficiency
1R reduces the cell spectral efficiency for DL. Compared to a UE with 2R, the cell spectral efficiency for DL is reduced from 1.5 to 1.1 bit/s/Hz in the LTE system with FDD scenario and from 2.0 to 1.6 bit/s/Hz in the LTE system with TDD scenario. However, it is still larger than that of EGPRS, which is about 0.3 bit/s/Hz [6]. The parameter settings in the simulation are presented in [5]
Observation 4: UE with 1R results in a reduction of the average cell spectral efficiency, which is still greater than that of EGPRS. 
2.5 Specification
Since PDCCH becomes the limited channel in the LTE system with TDD scenario, some modifications should be considered to satisfy the coverage requirement in RAN1, such as ePDCCH and DCI redesign. 

In addition, it is noted that the RAN4 requirements implicitly assume 2R at the UE side. If 1R is used in the UE, some modifications should be considered for baseband, RRM and RF by RAN4, and the work load should be evaluated. In Appendix B, the possible modifications are listed. 
3 Conclusions
In this contribution, we analyze the impact of low-cost MTC UE with 1R on several aspects. Based on the analysis above, a single receive chain may be a reasonable way to reduce the cost for a low-cost MTC UE.
References

[1] RP-111112, “Proposed SID: Provision of low-cost MTC UEs based on LTE,” Vodafone Group, TSG RAN plenary # 53, Fukuoka, Japan, 13 – 16 September 2011.
[2] R1-114447, “Text proposal for cost reduction concepts for MTC UEs,” IPWireless Inc., RAN1#67, San Francisco, USA, 14-18 November 2011. 
[3] R1-120939, “Text proposal for section 5.3 of 3GPP TR 36.888,” Vodafone Group, RAN1#68, Dresden, Germany, 6-10 February 2012.
[4] R1-120940, “Text proposal for evaluation methodology on link budget,” Huawei, HiSilicon, RAN1#68, Dresden, Germany, 6-10 February 2012.
[5] R1-121004, “Text proposal for evaluation methodology,” Huawei, HiSilicon, RAN1#68bis, Jeju, Korea, 26-30 March 2012.
[6] 3GPP TR 36.888 v1.0.0, “Study on provision of low-cost MTC UEs based on LTE,” February 2012.
Appendix A: 

The decoded performance for PDCCH is shown in Figure 4, where 1 OFDM symbol is used for PDCCH. For the FDD scenario, 2T2R is applied in the eNodeB, and the antenna correlation is assumed to be medium (0.3, 0.9). For the TDD scenario, 8T8R is applied in the eNodeB, and the antenna configurations are correlated cross-polarized antennas at eNodeB (Columns with (45( linearly polarized antennas; Columns separated by 0.5 wavelengths) and vertically polarized antennas with 0.5 wavelengths separation at UE. Two CRS ports are assumed.
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Figure 4. The decoded performance of PDCCH for DCI 0/1A using aggregation level 8
Appendix B: 

Table 2. Modifications on RAN4 specifications when using 1R in UE

	3GPP TS
	Specifications to be examined

	36.101
	Chapter 7
	7.3 Reference sensitivity power level

	
	
	7.4 Maximum input level

	
	
	7.5 Adjacent channel selectivity

	
	
	7.6 Blocking characteristics

	
	
	7.8 Intermodulation characteristics

	
	Chapter 8
	8.2 Demodulation of PDSCH (Cell-Specific Reference Symbols)

	
	
	8.3 Demodulation of PDSCH (User-Specific Reference Symbols)

	
	
	8.4 Demodulation of PDCCH/PCFICH

	
	
	8.5 Demodulation of PHICH

	
	
	8.6 Demodulation of PBCH

	
	
	8.7 Sustained downlink data rate provided by lower layers

	
	Chapter 9
	9.2 CQI reporting definition under AWGN conditions

	
	
	9.3 CQI reporting under fading conditions

	
	
	9.4 Reporting of Precoding Matrix Indicator (PMI)

	
	
	9.5 Reporting of Rank Indicator (RI)

	36.133
	Chapter 7
	7.6 Radio link monitoring

	
	Chapter 8
	8.1 General measurement requirement

	
	Chapter 9
	9.1 E-UTRAN measurements
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6.3 Single receive RF chain
6.3.1 Description

Two receive RF chains are assumed at the legacy UE in the LTE system. If a single receive RF chain is applied in a UE, the UE’s cost and power consumptions can be reduced. However, it may have impact on the coverage, specification and cell spectral efficiency.
6.3.2 Analysis/evaluation of performance against requirements
	Metric
	Impact (Yes/No)

	Coverage (relative to normal LTE UEs)
	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
The LTE system with two receive chains at the UE side is uplink-limited. However, for the UE with a single receive chain, the LTE system is uplink-limited in case of FDD scenario and downlink-limited with PDCCH being the limited channel in case of TDD scenario. In addition, the coverage of the LTE system with a single receive chain in UE is not worse than that of GSM/GPRS. 
6.3.2.2
Power consumption
Since the PA is the main power consumption component for RF, a UE with 1R only provides a small reduction in power consumption for RF.

For the processing part, a single receive chain affects the receiver processing block, the ADC, the post-FFT data buffering, synchronization/cell search block and MIMO specific processing block. The power consumption of the processing part can be decreased to a certain extent.
6.3.2.3
Impact on specification
Since PDCCH becomes the limited channel in the LTE system with TDD scenario, some modifications should be considered to satisfy the coverage requirement in RAN1, such as ePDCCH and DCI redesign. 
6.3.2.4
Cell spectral efficiency

1R reduces the cell spectral efficiency for DL. Compared to a UE with 2R, the cell spectral efficiency for DL is reduced from [1.5] to [1.1] bit/s/Hz in the LTE system with FDD scenario and from [2.0] to [1.6] bit/s/Hz in the LTE system with TDD scenario. However, it is still larger than that of EGPRS, which is about 0.3 bit/s/Hz.
6.3.3 Analysis/evaluation of cost reduction

Cost reductions of UE with a single receive chain are listed below.

Table 6.6.3-1: Relative cost savings estimation for single RF receive chain
	Functional block
(Ratio of RF to baseband cost 40:60)
	Recommended (for Evaluation)
	Single receive RF chain
(Relative savings)

	RF

	Power amplifier
	25%-30%
	NA

	Filters
	5%-10%
	NA

	RF transceiver

( including LNAs, mixer, and local oscillator)
	40%-50%
	50%

	Duplexer /Switch
	15%-25%
	NA

	Other
	0%-10%
	NA

	Total of RF
	95%-110%
	20%-25%

	Baseband

	ADC / DAC 
	10%
	30%

	FFT/IFFT
	5%
	NA

	Post-FFT data buffering
	10%-15%
	50%

	Receiver processing block
	20%-35%
	50%

	Turbo decoding
	5%-15%
	NA

	HARQ  buffer
	10%-15%
	NA

	DL control processing & decoder
	5%
	NA

	Synchronization / cell search block
	10%-15%
	50%

	UL processing block
	5%-10%
	NA

	MIMO specific processing blocks
	5%-15%
	50%

	Other
	0%
	NA

	Total of Baseband
	90%-110%
	25.5%-43.0%

	Overall relative cost savings
	
	23.3%-35.8%
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