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1. Introduction
In RAN1#67 meeting, single receive RF chain was agreed to be a potential technique which may bring significant cost saving. In this contribution, we give further analysis on single receive RF chain including analysis of cost and performance. Text proposal for TR 36.888 is given at the end of the contribution.
2. Discussion
1.1. Cost analysis
Single receive RF chain brings cost saving for both RF and baseband. The detailed cost reduction estimates are listed below in Table 1. From our analysis, about 25% total savings can be achieved by reducing the number of receive RF chains.
Table 1: Cost analysis for single receive RF 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%
	50%

	RF transceiver
( including LNAs, mixer, and local oscillator)
	40%-50%
	30%

	Duplexer /Switch
	15%-25%
	NA

	Other
	0%-10%
	NA

	Total of RF
	95%-110%
	19%

	Baseband

	ADC / DAC 
	10%
	40%

	FFT/IFFT
	5%
	50%

	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%
	NA

	Other
	0%
	NA

	Total of Baseband
	90%-110%
	29%

	Overall relative cost savings
	
	25%


1.2. Coverage analysis

With reduction of number of receive RF chains, the performance of downlink channels degrades accordingly. In section 5.2.1.2 in TR36.888 [1], downlink channels including PDSCH, PBCH, SCH and PDCCH are considered in the coverage analysis for current LTE system. For the purpose of analyzing the potential coverage loss due to reduction of number of receive RF chains, these four downlink channels are considered in this section.
As analyzed in [2], single RF chain reception of PDSCH negatively impacts the DL cell spectral efficiency as well as the DL coverage. However, the DL coverage for PDSCH varies as different coding rates can be applied for PDSCH. In addition, PDSCH can benefit from HARQ. For PSS/SSS/PBCH, reduced available SNR as a result of single receive RF chain primarily translates into a penalty in terms of acquisition time. 
As a consequence, only link-level simulation degradation for PDCCH with single receive RF chain is provided and the impact on coverage is analyzed. The link-level simulation results based on the assumptions in [3] are illustrated in Figure 1. 
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Figure 1: PDCCH BLER vs. SNR

Based on the simulation result, about 3.67 dB performance loss is observed with 1% BLER when the number of receive RF chains is reduced. The DL coverage would be degraded with reduction of number of receive RF chains. 
1.3. Cell spectral efficiency analysis

As stated in section 2.2, single receive RF chain impacts the DL cell spectral efficiency due to performance loss in PDSCH. The cell spectral efficiency degradation is evaluted via system-level simulation based on the assumptions in [3]. The cell spectral efficiency performance are shown in Table 2.  From the results, it is observed that the cell spectral efficiency decreases about 13.9% and the cell-edge user spectral efficiency decreases about 26.6% when the number of  receive RF chains is reduced.
Table 2: The cell spectral efficiency performance

	
	Cell spectral  efficiency (bit/s/Hz/cell)
	Cell-edge user spectral efficiency (bit/s/Hz/user)

	Two receive RF chains
(2Rx)
	1.952
	0.0770

	Single receive RF  chain
(1Rx)
	1.680
	0.0565

	Performance degradation percentage
	13.9%
	26.6%


1.4. Transmission modes
In our contribution for the previous meeting [4], we proposed transmission modes supported by single receive RF chain UEs should not be limited to TM1 and TM2. Rank-1 precoding should be supported. In this section, we provide further analysis.
From cost perspective, not supporting rank-1 precoding mainly brings simplification in software complexity which cannot directly translate into cost savings. Based on our analysis, minimal cost reduction can be achieved not supporting rank-1 precoding.
In contrast, not supporting rank-1 precoding may cause considerable spectral efficiency degradation. For example, the system level simulation results for TM2 and TM7 with single receive RF chain are shown in Table 3. It shows that not supporting rank-1 precoding leads to 15.4% degradation in cell spectral efficiency and 43% degradation in cell-edge user spectral efficiency with single receive RF chain. 
Table 3: The cell spectral efficiency comparison for TM2 and TM7 with 1Rx

	
	Cell spectral  efficiency (bit/s/Hz/cell)
	Cell-edge user spectral efficiency (bit/s/Hz/user)

	TM7

(1Rx)
	1.680
	0.0565

	TM2

(1Rx)
	1.422
	0.0322

	Performance degradation percentage
	15.4%
	43.0%


Since not supporting rank-1 precoding cannot bring significant cost savings while degrades spectral efficiency considerably, we propose rank-1 precoding should be supported by low cost MTC UEs.
Proposal: Rank-1 precoding should be supported by low cost MTC UEs.

3. Conclusion

It is estimated that single receive RF chain can achieve 25% cost savings. Single receive RF chain degrades DL coverage and cell spectral efficiency.

It is proposed to capture the text proposal below in the TR.
Furthermore, we propose rank-1 precoding should be supported by low cost MTC UEs.
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6.3 
Single receive RF chain
6.3.1
Description

RAN4 requirements implicitly assume two receive RF chains at UE side. Reducing the number of receive RF chains brings cost savings in both RF and baseband. Meanwhile, performance degradation in downlink channels due to loss of SNR/diversity gains occurs. 
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
With reduction of number of receive RF chains, the performance of downlink channels degrades accordingly. Single RF chain reception of PDSCH negatively impacts the DL coverage. However, the DL coverage for PDSCH varies as different coding rates can be applied for PDSCH. In addition, PDSCH can benefit from HARQ. For PSS/SSS/PBCH, reduced available SNR as a result of single receive RF chain primarily translates into a penalty in terms of acquisition time. Performance degradation for PDCCH with single receive RF chain negatively impacts the DL coverage.
6.3.2.2
Power consumption
Reducing the number of receive RF chains in general reduces the power consumption as long as it does not require a larger number of TTIs for reception. It is noted that the acquisition time for PSS/SSS/PBCH may increase. 
6.3.2.3
Impact on specification
Single receive RF chains will impact the RAN4 UE related performance requirements and testings, since currently two receive RF chains is assumed.
Since reduction of number of receive RF chains degrades the DL coverage, techniques for compensating the coverage loss may be introduced which have potential specification impact.
6.3.2.4
Cell spectral efficiency

Single receive RF chain impacts the DL cell spectral efficiency due to performance loss in PDSCH. It is observed that the cell spectral efficiency decreases about 13.9% and the cell-edge user spectral efficiency decreases about 26.6% for LTE TDD when the number of receive RF chains is reduced with the assumptions in [5].
6.3.3
Analysis/evaluation of cost reduction 

The cost saving estimation is shown in the Table 6.3.3.
Table 6.3.3: Cost saving estimation for single receive RF 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%
	50%

	RF transceiver
( including LNAs, mixer, and local oscillator)
	40%-50%
	30%

	Duplexer /Switch
	15%-25%
	NA

	Other
	0%-10%
	NA

	Total of RF
	95%-110%
	19%

	Baseband

	ADC / DAC 
	10%
	40%

	FFT/IFFT
	5%
	50%

	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%
	NA

	Other
	0%
	NA

	Total of Baseband
	90%-110%
	29%

	Overall relative cost savings
	
	25%
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