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1 Introduction

This document provides a Text Proposal for inclusion in TR 36.888 [1] on the technique of using a single receive RF chain for low cost MTC UEs. The following contributions to RAN1#68 and RAN1#68bis have been used in preparation of this Text Proposal, together with comments made during discussion at RAN1#68bis.

Contributions made to RAN1#68:

· R1-120052 “Analysis on low-cost MTC UE with a single receive chain”. Huawei, HiSilicon [2].

· R1-120115 “Discussion on the single receive RF chain for low cost MTC LTE UEs”. CATT [3].

· R1-120142 “Evaluation results for DL coverage impacts with Single Rx RF Low-cost UE’s”. InterDigital Communications, LLC. [4].
· R1-120195 “Analysis of single receive RF chain for low cost MTC UE”. Samsung [5].
· R1-120213 “Evaluation/analysis of single receive RF chain for low-cost MTC”. Ericsson, ST-Ericsson [6].
· R1-120240 “Performance evaluation of different number of Rx antennas”. Panasonic. [7].
· R1-120291 “TP for evaluation/analysis of single receive RF chain”. ZTE Corporation [8].

· R1-120564 “Analysis on low-cost MTC UE with a single receive chain”. Qualcomm Inc. [9].

· R1-120632 “Analysis of single receive RF chain”. MediaTek Inc. [10].
· R1-120737 “Analysis of single receive RF chain for low-cost MTC UE”. Nokia Siemens Networks, Nokia [11].
· R1-120822 “Cost Analysis of Single Receive Chain MTC LTE UEs with Text Proposal”. IPWireless [12].
Contributions made to RAN1#68bis:

· R1-121001 “Analysis on low-cost MTC UE with a single receive chain”. Huawei, HiSilicon. [13].

· R1-121322 “Analysis of Single Rx RF for Low-Cost UE's”. InterDigital Communications, LLC. [14].

· R1-121652 “Analysis of single receive RF chain for low cost MTC UE”. Samsung. [15].

· R1-121133 “Evaluation/analysis of single receive RF chain for low-cost MTC”. Ericsson, ST-Ericsson. [16].

· R1-121165 “Evaluation of diversity gain for different antenna configuration”. Panasonic. [17].

· R1-121067 “Evaluation/analysis of single receive RF chain and Text Proposal”. ZTE. [18].

· R1-121182 “Analysis of single receive RF chain”. MediaTek. [19].

· R1-121291 “Analysis of single receive RF chain for low-cost MTC UE”. Nokia Siemens Networks, Nokia. [20].

· R1-121107 “Analysis on single receive RF chain for low-cost MTC LTE UEs”. CATT. [21].

· R1-121255 “On single receive RF chain for low-cost MTC UEs”. Alcatel-Lucent, Alcatel-Lucent Shanghai Bell. [22].

· R1-121428 “Text proposal on low cost MTC UE with single RF/RX chain”. LG Electronics. [23].

· R1-121527 “Performance analysis of single receive RF chain strategy for low-cost MTC UEs”. Intel Corporation. [24].

· •
R1-121508 “Evaluation of single receive RF chain for low cost MTC LTE UEs”. MStar Semiconductor Inc. [25]
2 Text Proposal
This section provides the text proposal.
~ ~ ~  START OF TEXT PROPOSAL  ~ ~ ~

6.3 Single receive RF chain
6.3.1
Description

Removing the requirement for an MTC UE to possess two antennas and two receive RF chains is expected to provide cost saving. The cost saving of using a single receive RF chain will be achieved in both RF and baseband processing aspects of the UE; however there would be an associated loss in downlink coverage and spectral efficiency due to degradation in MTC UE receiver performance.
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 requirements in section 5.1 state that the coverage for MTC UEs must be at least comparable to that of GSM/EGPRS and legacy LTE. Use of a single receive RF chain would have an impact on the downlink coverage for MTC UEs. It may be possible to compensate for these impacts through implementation choices or specification changes.
Whether the use of a single receive RF chain would make an LTE network downlink limited depends on the configuration of the Release 10 network. Many LTE networks are uplink-limited for the case of legacy dual receive RF chain UEs, hence some loss of downlink coverage may not lead to an overall system coverage loss in such networks.
A reduced SINR for PSS/SSS/PBCH for a single receive RF chain UE primarily translates into a penalty in terms of acquisition time. However decoding of PCFICH/PHICH/PDCCH is undertaken by the UE in a single subframe only and there will be a coverage penalty when a single receive RF chain is used. Depending on the channel conditions, the performance loss is expected to be of the order of 3-6dB for PDCCH (for 1% BLER), 3-5dB for PCFICH (for 1% BLER) and 3-6dB for PHICH (for 0.1% BLER). It is observed that uplink coverage or PDCCH may be limited for FDD and PDCCH may be limited for TDD.
Without solutions to compensate for the degradation of receiver performance, MTC UEs with a single receive RF chain may not achieve the same coverage as legacy dual receive RF chain UEs. However it is recognised that the coverage of single receive RF chain UEs exceeds that of GSM/EGPRS UEs.
6.3.2.2
Power consumption

Power consumption savings are achieved in the RF module as a result of only a single receive RF chain being used; power consumption is reduced in the baseband due to the corresponding reduction in baseband complexity. However, a single receive RF chain would result in a longer acquisition time to obtain the PSS/SSS/PBCH with an associated increase in RRC_IDLE state average power consumption. Reduced downlink spectral efficiency would require larger coded blocks or a longer reception time for the PDSCH to deliver the same amount of data. This would increase the average power consumption.
6.3.2.3
Impact on specification

TSG RAN WG4 specifications assume a dual receive RF chain UE implementation, therefore a single receive RF chain UE will require additional work in TSG RAN WG4 to define corresponding receiver characteristics, performance requirements and requirements relating to the reporting of channel state information. This work may consider the implications of a dual receive RF chain UE’s antenna gain imbalance not being applicable to the case of single receive RF chain UEs. Impacts on TSG RAN WG4 specifications are in any case expected to extend beyond REFSENS requirements, likely encompassing many receiver requirements.
The coverage of a single receive RF chain UE implementation may, depending on channel conditions, be limited by the PDCCH. To compensate for downlink coverage loss, TSG RAN WG1 specification changes may need to be introduced to support a single receive RF chain UE implementation. Compensation for downlink coverage loss may also be achieved by implementation. Standards impacting schemes to compensate for PDCCH downlink coverage include, but are not limited to, the following: definition of higher aggregation levels for PDCCH, compact DCI formats and the use of ePDCCH developed in the Enhanced DL control channel(s) work item [5].
The random access procedure can possibly rely on implementation to support UEs with a single receive RF chain. This would require the eNB to always use a format for Message 2/4 that can be successfully decoded by the UEs with a single receive RF chain. Alternatively, specification changes can be introduced so that on reception of a PRACH the eNB knows whether the UE has a single receive RF chain before sending Message 2/4. If the eNB is aware that the UE has a single receive RF chain, then account can be taken when choosing a format for Message 2/4.
6.3.2.4
Cell spectral efficiency

Spectral efficiency reduction when considering a single (rather than dual) receive RF chain is expected to be due to a number of factors including, but not limited to, the following:

· Use of more robust (but less efficient) MCS on PDSCH.
· PDCCH limitations limiting the number of UEs that can be scheduled in the downlink resulting from, for example, the use of higher aggregation levels for the case of single receive RF chain UEs experiencing a reduced received SINR.

· Restriction in the ability to implement advanced receiver algorithms with spatial interference rejection capabilities.

The estimated spectral efficiency reduction provided by the sourcing companies when considering a single (rather than dual) receive RF chain is summarized in Table 6.3.2.4.1 for FDD and Table 6.3.2.4.2 for TDD. Simulation parameters are described in Section 5.2.1.3.
Table 6.3.2.4.1 FDD spectral efficiency reduction estimation for a single receive RF chain
	Source
	Source 1
	Source 2
	Source 3
	Source 4
	Source 5
	Source 6
	Source 7

	Spectral Efficiency reduction
	26%
	21%
	16%
	18-26%
	34%
	27%
	25%


Table 6.3.2.4.2 TDD spectral efficiency reduction estimation for a single receive RF chain
	Source
	Source 1
	Source 2

	Spectral Efficiency reduction
	14%
	20%


6.3.3
Analysis/evaluation of cost reduction

When the number of receive RF chains is reduced from two (for the reference LTE modem) to one, the costs of the following RF aspects are reduced:

· The receive filtering cost can be reduced by approximately 50% relative to that of the reference LTE modem when the number of receive RF chains is reduced by a factor of 2.

· The cost of the receive RF chains can be reduced by up to 50% relative to that of the reference LTE modem. However, since the transmitter and common parts for, e.g., frequency synthesis cannot be removed, the cost reduction of the whole RF transceiver will be considerably less.
· The cost of the duplexer itself is not reduced since the duplexer only exists on the antenna that is driven by the UE transmitter. However the receive branch that is removed would contain a filter in place of the duplexer and this filter could be eliminated for a single receive RF chain UE. Since the cost of this filter is typically less than the cost of the duplexer, the overall duplexing cost can be considered to be slightly reduced compared to the reference LTE modem’s duplexing cost.

The use of a single receive RF chain also reduces the cost of the following baseband processing functional blocks:

· In the downlink, the FFT is only required on the samples received on the single receive RF chain. Hence the number of FFT operations is reduced by a factor of 2. There is no change to the IFFT requirements in the uplink from the support of a single receive RF chain. Hence the FFT/IFFT cost for a single receive RF chain MTC UE is estimated to be reduced relative to that of the reference LTE modem.

· Separate channel estimates are required for each receive RF chain. When the number of receive RF chains is reduced from two to a single receive RF chain, the channel estimator cost can be reduced by approximately 50% relative to that of the reference LTE modem.

· Only a single ADC is required to operate on the single receive RF chain, hence the ADC cost may be reduced by approximately 50% relative to that of the reference LTE modem. The cost reduced MTC UE would still contain a single transmitter RF chain, hence DAC cost is unlikely to be reduced. Given that the ADC functional block is typically more costly than the DAC functional block, the overall ADC / DAC cost could be reduced compared to that of the reference LTE modem.

· The UE only needs to store samples from the single receive RF chain; hence the size of the post-FFT data buffer memory can be reduced by 50% relative to that of the reference LTE modem.

· The synchronisation and cell search blocks typically operate on samples from both receive RF chains, hence reducing the number of receive RF chains by a factor of 2 would typically reduce the cost of these functions by up to 50% relative to that of the reference LTE modem.

The estimated cost savings provided by the sourcing companies are summarized in Table 6.3.3.1. It is noted that the cost impact on UEs from potential techniques aimed at reducing the downlink coverage loss are not considered in this analysis.
Table 6.3.3.1 Relative cost saving estimation for a single receive RF chain
	Functional block
(Ratio of RF to baseband cost 40:60)
	Recommended cost breakdown

(for Evaluation)
	Source 1
	Source 2
	Source 3
	Source 4
	Source 5
	Source 6
	Source 7
	Source 8
	Source 9

	RF
	
	
	
	
	
	
	
	
	
	

	Power amplifier
	25%-30%
	NA
	
	NA
	NA
	NA
	NA
	
	
	NA

	Filters
	5%-10%
	50%
	
	50%
	50%
	NA
	50%
	
	
	50%

	RF transceiver

(including LNAs, mixer, and local oscillator)
	40%-50%
	30%
	
	50%
	50%
	30%
	50%
	
	
	20%

	Duplexer /Switch
	15%-25%
	NA
	
	NA
	25%
	NA
	NA
	
	
	25%

	Other
	0%-10%
	NA
	
	NA
	NA
	NA
	NA
	
	
	NA

	Total of RF
	95%-110%
	19%
	15%
	22.5%-30%
	33%
	12%
	28%
	20%
	30%
	14-21%

	Baseband
	
	
	
	
	
	
	
	
	
	

	ADC / DAC 
	10%
	40%
	
	30%
	40%
	40%
	50%
	
	
	30%

	FFT/IFFT
	5%
	50%
	
	NA
	33%
	50% (only with FFT)
	50%
	
	
	30%

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

	Receiver processing block
	20%-35%
	50%
	
	50%
	50%
	50%
	~40%
	
	
	30%

	Turbo decoding
	5%-15%
	NA
	
	NA
	NA
	NA
	NA
	
	
	NA

	HARQ  buffer
	10%-15%
	NA
	
	NA
	NA
	NA
	NA
	
	
	NA

	DL control processing & decoder
	5%
	NA
	
	NA
	NA
	NA
	NA
	
	
	20%

	Synchronization / cell search block
	10%-15%
	50%
	
	50%
	50%
	50%
	NA
	
	
	40%

	UL processing block
	5%-10%
	NA
	
	NA
	NA
	NA
	NA
	
	
	NA

	MIMO specific processing blocks
	5%-15%
	NA
	
	50%
	100%
	NA
	NA
	
	
	50%

	Other
	0%
	NA
	
	NA
	NA
	NA
	NA
	
	
	NA

	Total of Baseband
	90%-110%
	29%
	12.5%
	26-43%
	33%
	30%
	25%
	20-40%
	44%
	23-37%

	Overall relative cost savings
	
	25%
	15%
	25-38%
	33%
	23%
	26%
	20-32%
	38%
	19-31%


Overall the estimated cost savings for a single receive RF chain MTC UE relative to that of the reference LTE modem is in the range 15-38%.
~ ~ ~  END OF TEXT PROPOSAL  ~ ~ ~
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