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1 Introduction
This contribution provides a text proposal for TR 36.888, the analysis of “single receive RF chain”. We propose the followings to be captured in TR 36.888.
-------------------------------------------Start text proposal----------------------------------------------------------

6.3
Single receive RF chain
6.3.1
Description
The requirement of Category 1 UE includes two receiver antennas. In this section, relaxing this requirement for a low cost MTC UE to allow a single receiver antenna so that only single RF chain is required is considered. By removing one RF chain, it is expected that cost reduction occurs in both RF and baseband components. 

6.6.2
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


6.6.2.1
Coverage analysis
With single RF chain compared to Category 1 UE with two RF chains, considerable coverage loss in downlink is expected. 

 6.6.2.2
Minimum data rate

Single RF chain is not expected to have impact on the minimum data rate assuming minimum data rate is 118.4Kbps downlink and 59.2Kbps uplink. 
6.6.2.3
Power consumption
Single antenna may results in lower power consumption as it requires less complexity in both RF and baseband components. It is however noted that coverage loss may lead longer latency to successfully receive the data (e.g., due to higher number of retransmission), thus, the overall power consumption to successfully receive one data packet may be increased even though single reception may consume less power. 
6.6.2.4
Impact on specification
As RAN4 specifications assume two receiver chains for Category 1 UE, additional specification work may be required for a single receiver chain UEs. 
For RAN1 specification, the impact on specification may be required to address the loss of coverage in downlink channels. More specifically, some of optimization techniques are shown as follows:

· PDCCH: 

· PDCCH for UE-specific data/grant may use higher CCE aggregation level for single RX chain UEs, or use ePDCCH as ePDCCH may achieve higher coverage than PDCCH, or use compact DCI to increase coding rate.

· PDCCH for common data such as system information and paging may use higher CCE aggregation level.

· PDSCH: for both UE-specific data and common data can be improved using the following techniques

· MCS can be properly selected to compensate coverage loss for single RX chain UEs.
· Power boosting may be used to improve the coverage.
6.6.2.5
Cell spectral efficiency
UEs with single RX chain are expected to achieve less effective data rate as more robust consuming more resources may have to be used. 
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Figure 1. Simulation Result on Single and Two RX chain UEs

Based on simulation assumptions as specified in [1], Figure 1 shows the spectral efficiency comparison between single RX chain and two RX chains equipped UEs.

The results include four cases (1) A2x1 – eNB 2TX/2RX and UE 1TX/1RX, (2) A2x2 – eNB 2TX/2RX and UE 2RX/1TX, (3) A2x1 only QPSK – case (1) with limiting modulation to QPSK for PDSCH, (4) A2x2 only QPSK – case (2) with limiting modulation to QPSK for PDSCH.
The results illustrate that spectral efficiency loss with single RX chain UEs comapred to two RX chain UEs would be around 23% without limiting modulation and 37% with limiting modulation respectively. By limiting modulation to QPSK, we observe that more higher rank transmissions are used in 2x2 case and thus the gap between 2x2 and 2x1 is increased further. The aveage number of ranks used for each transmission between case (2) and (4) are 1.24 and 1.6 respectively. 
6.3.3
Analysis/evaluation of cost reduction
The cost saving analysis with single RX chain is shown in Table 6.3.3.   
Table 6.3.3 Relative cost saving estimation for the single RX chain
	Functional block
(Ratio of RF to baseband cost 40:60)
	Recommended cost breakdown

(for Evaluation)
	LG Electronics

	RF
	
	

	Power amplifier
	25%-30%
	

	Filters
	5%-10%
	30%

	RF transceiver

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

	Duplexer /Switch
	15%-25%
	

	Other
	0%-10%
	

	Total of RF
	95%-110%
	12%

	Baseband
	
	

	ADC / DAC 
	10%
	40%

	FFT/IFFT
	5%
	50% (only with FFT)

	Post-FFT data buffering
	10%-15%
	

	Receiver processing block
	20%-35%
	50%

	Turbo decoding
	5%-15%
	

	HARQ  buffer
	10%-15%
	

	DL control processing & decoder
	5%
	

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

	UL processing block
	5%-10%
	

	MIMO specific processing blocks
	5%-15%
	

	Other
	0%
	

	Total of Baseband
	90%-110%
	30%

	Overall relative cost savings
	
	23%


Observations on the evaluation of single RX chain are summarized as the following:
· Single RX chain achieves considerable cost saving in both RF and baseband components. The total cost saving of single RX chain is estimated around 23%. 

· Addressing coverage loss with single RX chain may lead optimization work. However, typically, the UE’s coverage is limited by uplink coverage rather than downlink. Thus, the decision whether optimization is required or not will be based on the coverage loss of downlink with single RX chain compared to coverage difference between downlink and uplink coverage of Category 1 UE. If downlink coverage with single RX chain is still better than uplink coverage, additional optimization may not be required.  
-------------------------------------------End text proposal----------------------------------------------------------
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