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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 the last meeting (RAN1 #67), 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 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 (single receive chain) design. 
2.1 Cost saving
At the last meeting, it was agreed that the two significant cost drivers for reference LTE modem are signal processing and RF [3], which account for about 60% and 40% of the total cost, respectively [4]. 1R can reduce the cost of the RF chain, as well as the cost of the components for processing part, including ADC, channel estimator block and subframe buffering, etc. According to [4], the possible cost reduction of UE with 1R is about 15%.
2.2 Power consumption

Since the PA is the main power consumption component for RF, a UE with 1R provides a small reduction in power consumption for RF.
For the processing part, a single receive chain affects the ADC, channel estimator block and subframe buffering, etc. The power consumption of the processing part can be decreased to a certain extent.
2.3 Coverage
A link budget is a reasonable method for coverage analysis for a given set of parameters and assumptions. Since RAN1 has not agreed on parameters for link budget, it should be noted that the link budget results and corresponding observations may change quite significantly if different assumptions are chosen.
When comparing the coverage between GSM/GPRS and LTE with 1R in UE, two data rates are considered:

1) UL: 59.2 kbps, DL: 118.4 kbps. (the MTC service data rate specified in the SID)

2) UL: 21.4 kbps, DL: 21.4 kbps. (Corresponding to the data rate of CS-4 in GPRS )

The link budget for data rate #1 is based on [4], and the tables of link budget for data rate #2 are shown in Appendix A and Appendix B. When 1R is applied in the UE, the maximum allowable path loss is about 3 dB less than that of a UE with 2R. The coverage comparisons are shown in Figure 1 and Figure 2.
In Figure 1, the coverage is compared between GPRS and LTE systems for data rate #1. In Figure 2, the coverage comparison is given for data rate #2, under the condition that one out of 8 subframes is used in the LTE system, so the data rate per subframe is about 21.4k*8=171.2 kbps, and the payload is about 21.4k*1ms*8=172bits.
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Figure 1. Coverage comparison for the data rate #1 at 900MHz.
[image: image2.emf]
Figure 2. Coverage comparison for the data rate #2 at 900MHz.
Based on the results in Figure 1 and Figure 2, the following observation can be obtained:
Observation 1: Based on the initial assumptions, the coverage of an LTE system with 1R in UE is larger than that of GSM/GPRS. 
Therefore, the requirement that service coverage in case of UE with 1R is not worse than GSM/GPRS in the SID is satisfied.
The coverage comparisons between LTE systems with 2R and 1R in the UE for the data rate specified in the SID are shown in Figure 3 and Figure 4, where 2 CCEs are considered for PDCCH.
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Figure 3. Coverage for the LTE FDD system at 900MHz.
[image: image4.emf]
Figure 4. Coverage for the LTE TDD system at 2600MHz.
Based on the results in Figure 3 and Figure 4, 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 some cases and downlink-limited with PDCCH being the limited channel in some other cases.

If power boosting and using more than 2 control channel elements are considered for PDCCH, and the maximum allowable path loss of PDCCH is assumed to be increased about 3dB, the LTE system with 1R in UE becomes uplink-limited.

2.4 Cell spectral efficiency
In this section, we determine whether the requirement on cell spectral efficiency in the SID is satisfied in the case of low-cost UE with 1R. According to the results in [5], the cell average spectral efficiency of EGPRS is about 0.33 bit/s/Hz.
Figure 5 shows the cell average spectrum efficiency comparison between LTE TM1 and EGPRS. QPSK MCS, Full MCS, 1T2R, and 1T1R are considered in the simulations. The simulation parameters are listed in Appendix C. 
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Figure 5. Cell spectral efficiency comparison.
Observation 4: Single receive chain results in a reduction of the average cell spectral efficiency, which is still greater than that of EGPRS. 
2.5 Specification
It is noted that the RAN4 requirements implicitly assume 2R at the UE side. The work load of RAN4 should be evaluated if 1R is used in the UE. The modifications for baseband, RRM, and RF that should be considered by RAN4 are listed in Appendix D. 
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.
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Appendix A: 

Table 1. Link budget for data rate #2 in the GPRS system
	Morphology
	Density Urban

	System model
	GSM

	System configuration
	UL
	DL

	Channel bandwidth (kHz)
	200
	200

	BS antenna height (m)
	30

	UE antenna height (m)
	1.5

	Channel frequency (MHz)
	900 

	Data rate (kbps)
	21.4 
	21.4 

	Tx

	(1) Max Tx power (dBm)
	33.0 
	43.3 

	(2) Tx antenna gain (dBi)
	0 
	15 

	(3) Cable, connector, combiner, body losses, etc (dB)
	1 
	3 

	(4) EIRP=(1)+(2)-(3) (dBm)
	32 
	55 

	Rx

	(5) Rx antenna gain (dBi)
	15 
	0 

	(6) Cable, connector, combiner, body losses, etc (dB)
	3 
	1 

	(7) Receiver sensitivity (dBm)
	-99 
	-88 

	(8) Min signal reception strength=(7)+(6)-(5) (dBm)
	-111 
	-87 

	Path loss

	Log-normal shadow fading standard deviation (dB)
	6

	Propagation model used
	Okumura-Hata

	(9) Penetration loss (dB)
	9 

	(10) Log-normal shadow fading margin (dB)
	4.9 

	(11) Maximum allowable path loss

=(4)-(8)-(9)-(10) (dB)
	129 
	128 

	(12) Cell radius (km)
	0.55 
	0.51 


Appendix B: 

Table 2. Link budget for data rate #2 in the LTE system
	Morphology
	Density Urban

	System model
	LTE

	Scenario
	UL
	DL
	UL
	DL
	DL
	DL
	UL

	Channel type
	PUSCH 
	PDSCH
	PRACH
	PBCH
	SCH
	PDCCH/
PCFICH
	PUCCH

	Resource
	2RB
	2RB
	6RB
	　
	　
	6RB/2CCE
	1RB

	Carrier frequency (kHz)
	900

	BS antenna heights (m)
	30

	UE antenna height (m)
	1.5

	Data rate (kbps)
	21.4 
	21.4 
	　

	Tx
	　

	(1) Max Tx power per antenna on whole band (dBm)
	24 
	43 
	24 
	43 
	43 
	43 
	24 

	(2) Max Tx power per antenna on occupied band=(1) for UL;
 =(1)-10*log(whole bandwidth/occupied bandwidth) for DL(dBm)
	24 
	29 
	24 
	34 
	34 
	34 
	24 

	(3) Number of Tx antennas
	1 
	2 
	1 
	2 
	2 
	2 
	1 

	(4) Max Tx power at multiple antennas=(2)+10*log((3)) (dBm)
	24 
	32 
	24 
	37 
	37 
	37 
	24 

	(5) Tx antenna gain (dBi)
	0 
	15 
	0 
	15 
	15 
	15 
	0 

	(6) Cable, connector, combiner, body losses, etc (dB)
	1 
	3 
	1 
	3 
	3 
	3 
	1 

	(7) Power Boosting (dB)
	0 
	0 
	0 
	0 
	0 
	0 
	0 

	(8) EIRP=(4)+(5)-(6)+(7) (dBm)
	23 
	44 
	23 
	49 
	49 
	49 
	23 

	Rx
	　

	(9) Rx antenna gain(dBi)
	15 
	0 
	15 
	0 
	0 
	0 
	15 

	Number of Rx antennas
	2 
	2 
	2 
	2 
	2 
	2 
	2 

	(10) Cable, connector, combiner, body losses, etc(dB)
	3 
	1 
	3 
	1 
	1 
	1 
	3 

	(11)Noise density (dBm/Hz)
	-174 
	-174 
	-174 
	-174 
	-174 
	-174 
	-174 

	(12) Rx noise figure (dB)
	5 
	7 
	5 
	7 
	7 
	7 
	5 

	(13) Required SINR (dB)
	3.4 
	4.1 
	-10.1 
	-6.1 
	-6.0 
	4.3 
	-5.0 

	(14) HARQ (dB)
	0.5 
	0.5 
	0 
	0 
	0 
	0 
	0 

	(15) Receiver sensitivity=(11)+(12)+(13)+
10*log(occupied bandwidth)-(14) (dBm)
	-111 
	-108 
	-119 
	-113 
	-113 
	-107 
	-121 

	(16) Min signal reception strength=(15)+(10)-(9) (dBm)
	-123 
	-107 
	-131 
	-112 
	-112 
	-106 
	-133 

	Path loss
	　

	Log-normal shadow fading standard deviation (dB)
	6

	Propagation model used
	Okumuru-Hata

	(17) Penetration loss (dB)
	9 

	(18) Log-normal shadow fading margin(dB)
	4.9 
	8.1

	(19) Maximum allowable path loss =(8)-(16)-(17)-(18) (dB)
	132 
	137 
	137 
	143 
	143 
	138 
	139 

	(20) Cell radius (km)
	0.67 
	0.93 
	0.93 
	1.37 
	1.37 
	0.99 
	1.06 

	(21) Cell radius with 1R in UE (km)
	0.67 
	0.76 
	0.93 
	1.13 
	1.13 
	0.81 
	1.06 


Appendix C: 

Table 3. System level simulation assumptions.
	Parameters
	Assumptions

	Scenarios
	3GPP Case 1

	Duplex
	FDD

	System bandwidth
	10MHz 

	UE distribution
	Uniformly distributed with average 10 UEs per sector

	UE speed
	3km/h

	Traffic
	Full buffer

	Handover margin
	1.0 dB

	Downlink transmission scheme
	LTE Rel-8 SISO/1x2 SIMO

	Downlink scheduler
	PF

	Downlink HARQ scheme
	HARQ-CC

	Downlink receiver type
	MRC

	Link adaptation
	Non-ideal, CQI measurement error: N(0,1dB) per half-PRB.

CQI: 4ms delay 5ms period; PUSCH-based feedback, mode 2-0.

For QPSK MCS scheme, the eNodeB ensures no higher modulation order than QPSK is used.

	Antenna configuration at base station
	1 vertical polarized antenna 

	Antenna configuration at UE
	Vertically-polarized, with 0.5 lambda spacing

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


Appendix D: 
Table 4. 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


