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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 are competitive with low-end devices in GSM/GPRS. Such solutions should
· Ensure that service coverage is not worse than GSM/GPRS, at least comparable and preferably improved beyond what is possible for providing MTC services over GPRS/GSM today (assuming deployment in the same spectrum bands). The same defined LTE cell coverage footprint as engineered for “normal LTE UEs” should apply for low-cost MTC UEs.

· Enable significantly improved spectrum efficiency for low data rate MTC traffic compared to that achieved for R99 GSM/EGPRS terminals in GSM/EGPRS networks today, and ideally comparable with that of LTE. Optimisations for low-cost MTC UEs should minimise impact on the spectrum efficiency achievable for other terminals in LTE Release 8-10 networks.

In this contribution, we discuss the issues of coverage and the transmission modes, and the effect of supporting limited transmission modes on spectrum efficiency. 

2 Coverage
In order to identify whether the coverage requirement is satisfied in the SID, we performed an initial link budget analysis of GSM/GPRS and LTE systems as below: 
· Scenario 1: GSM/GPRS, Spectrum at 900MHz.

· Scenario 2: LTE FDD, Spectrum at 900MHz [2].

· Scenario 3: LTE TDD, Spectrum at 2600MHz.
The parameters and assumptions play a key role on the link budget results. Since RAN1 has not yet agreed on parameters for link budget yet, it should be understood that the results and corresponding observations may change quite significantly if different assumptions are chosen.   
The SID requires that the evaluation of low-cost MTC UE consider no support of spatial processing, and the analysis results in [3] show that the baseband RX complexity of transmit diversity with 4 receive antennas is 75% higher than that of transmit diversity with 2 receive antennas. Therefore only 1 and 2 receive antennas are considered in the following parts of coverage comparison.

The downlink and uplink data rates for both the LTE and GSM link budgets are 118.4 Kbps and 59.2 Kbps, respectively, which are specified in the SID. Most of the other parameters for LTE are from the link budget of ITU submission [4].
2.1 Coverage comparison between LTE and GSM/GPRS
The tables of link budget are shown in Appendices A-C. The parameters for GSM and LTE are slightly different, so the numbers are difficult to compare directly. 
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Figure 1: Coverage comparison between GSM/GPRS and LTE FDD with UE with 2R (900MHz)
Based on the link budget results from Figure 1, there is the following observation:
Observation 1: Based on the initial assumptions, the coverage of the LTE system with 2R in UE for MTC service data rate (118.4 Kbps for DL and 59.2 Kbps for UL) is much larger than that of GSM/GPRS. 
Therefore, we think that the coverage requirement that service coverage in case of UE with 2R is not worse than GSM/GPRS in the SID is satisfied.
2.2 Coverage comparison between 1R and 2R in LTE UE
For LTE UE with 2 antennas and 20MHz bandwidth, it is assumed that the baseband and RF costs account for about 55% and 40% respectively [5]. Comparing with the UE with 2R, the cost reductions of UE with 1R are:

· about 9% of the baseband cost [3]
· about 11.5% of the RF cost [5]
If 1R is applied in UEs, the maximum allowable path loss is about 3 dB less than that for UE with 2R. PHICH is neglected in that the function of PHICH can be implemented by PDCCH in case of cell edge.

[image: image2.emf]
Figure 2: Coverage comparison between GSM/GPRS and LTE FDD with UE with 1R (900MHz)  

Based on the link budget results from Figure 2, there is the following observation:
Observation 2: Based on the initial assumptions, the coverage of the LTE system with UE with 1R for MTC service data rate (118.4 Kbps for DL and 59.2 Kbps for UL) is much larger than that of GSM/GPRS. 
Therefore, we think that the coverage requirement that service coverage in case of UE with 1R is not worse than GSM/GPRS in the SID is satisfied.
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Figure 3: The coverage for LTE FDD system at 900MHz (Scenario 2)

[image: image4.emf]
Figure 4: The coverage for LTE TDD system at 2600MHz (Scenario 3)

Based on the link budget results from Figure 3 and Figure 4, there are following observations：

Observation 3: Both the LTE FDD and TDD systems are uplink-limited in case of UE with 2R.
Observation 4: The coverage of the LTE FDD system is determined by PDCCH in case of UE with 1R.
Observation 5: The coverage of the LTE TDD system is determined by PDCCH and PUSCH in case of UE with 1R.
If the LTE cell coverage footprint should apply for low-cost MTC UEs with 1R, PDCCH redesign for low-cost MTC may need to consider the coverage improvement compared with legacy PDCCH. 
It shall be noted that the RAN4 requirements implicitly assume 2R at UE side. The work load of RAN4 should be evaluated if 1R is used in UE. The modifications for baseband, RRM, and RF that should be considered by RAN4 are listed in Appendix D. Considering that cost reduction (about 9% reduction in baseband and 11.5% reduction in RF) is an important factor for low cost MTC UEs, we slightly prefer that 1R for low-cost UEs may be considered.

Proposal 1: Based on the initial assumptions, 1R for low-cost UE may be considered.
3 Transmission Modes

3.1 Cost analysis of transmission modes
Although 9 transmission Modes (TMs) are supported in LTE R10, when considering low-cost MTC, some TMs may not be required. In [3], the Rx complexity of spatial multiplexing with 2 receive antennas is 438 GOPS (Giga Operations Per Second) while the Rx complexity of transmit diversity with 2 receive antennas is only 347 GOPS, which means that 26% additional operations are introduced by using spatial multiplexing.

3.2 Spectrum efficiency comparison between LTE and EGPRS

In this section, we will determine whether the requirement on spectrum efficiency is satisfied. In the SID, the required downlink data rate is 118.4kbps (2 slots) while the uplink data rate is 59.2kbps (1 slot). According to the results in [6], the cell average spectrum 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. Other simulation parameters are listed in Appendix E.
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Figure 5: Spectrum efficiency comparison (EGPRS results are from [6])
Observation 6: The cell average spectrum efficiency of both 1T2R and 1T1R is greater than that of EGPRS. TM1 can satisfy the spectrum efficiency required in the SID.
Considering the simulation results above and the fact that TM1 is the basic transmission mode in LTE, we propose that TM1 should be supported for low-cost MTC UE. 
TM2 (transmit diversity) in LTE R8-10 is needed in many scenarios, e.g. PBCH. If PBCH for LTE R8-10 is reused by low-cost MTC UE, in order to keep the backward compatibility to legacy LTE R8-10, we propose to support the TM2 for low-cost MTC UE.

Considering that other transmission modes except TM1 and TM2 introduce additional complexity, we propose that other transmission modes may not be needed for low-cost MTC UE.

Proposal 2: TM1 and TM2 should be supported for low-cost MTC UE. Other transmission modes may not be needed for low-cost MTC UE.
4 Conclusion
The contribution provides our views and analysis on average and transmission models, and the proposals are list as following:
Proposal 1: Based on the initial assumptions, 1R for low-cost UE may be considered.
Proposal 2: TM1 and TM2 should be supported for low-cost MTC UE. Other transmission modes may not be needed for low-cost MTC UE.
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Appendix A: 
Table 1: Link budget for GSM/GPRS
	Morphology
	Density Urban

	System model
	GSM

	Scenario
	UL
	DL

	Channel bandwidth[KHz]
	200
	200

	Data rate[Kbps]
	59.2 
	118.4 

	Tx
	　
	　

	Max Tx power[dBm]
	33.0 
	43.3 

	Tx antenna gain[dBi]
	0 
	15 

	Cable, connector, combiner, body losses, etc[dB]
	1 
	3 

	EIRP[dBm]
	32 
	55 

	Rx
	　
	　

	Rx antenna gain[dBi]
	15 
	0 

	Cable, connector, combiner, body losses, etc[dB]
	3 
	1 

	Noise density[dBm/Hz]
	-174 
	-174 

	Rx noise figure[dB]
	2 
	8 

	Required SINR[dB]
	21.7 
	33.5 

	Receiver sensitivity[dBm]
	-97 
	-79 

	Path loss
	　
	　

	Base station antenna height [meter]
	30

	Frequency[MHz]
	900 

	Standard deviation[dB]
	6

	Propagation model used
	Okumura-Hata

	Penetration loss[dB]
	9 

	Log-normal shadowing margin[dB]
	4.9 

	Maximum allowable path loss [dB]
	127 
	120 

	Cell radius（km）
	0.48 
	0.30 


Appendix B: 
In Appendices B-C, 3 OFDM symbols for control channels are assumed.
Table 2: Link budget for LTE FDD system at 900MHz
	Morphology
	Density Urban

	System model
	LTE

	Scenario
	UL
	DL
	UL
	DL
	DL
	DL
	UL

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

	Channel type
	PUSCH 
	PDSCH
	PRACH
	PBCH
	SCH
	PDCCH/
PCFICH
	PUCCH

	Data rate[Kbps]
	59.2 
	118.4 
	　
	　
	　
	　
	　

	Tx
	　
	　
	　
	　
	　
	　
	　

	Max Tx power per antenna on whole band[dBm]
	24 
	43 
	24 
	43 
	43 
	43 
	24 

	Max Tx power per antenna on occupied  band[dBm]
	24 
	34 
	24 
	34 
	34 
	34 
	24 

	Number of Tx antennas
	1 
	2 
	1 
	2 
	2 
	2 
	1 

	Max Tx power at multiple antennas[dBm]
	24 
	37 
	24 
	37 
	37 
	37 
	24 

	Tx antenna gain[dBi]
	0 
	15 
	0 
	15 
	15 
	15 
	0 

	Cable, connector, combiner, body losses, etc[dB]
	1 
	3 
	1 
	3 
	3 
	3 
	1 

	Array gain[dB]
	0 
	0 
	0 
	0 
	0 
	0 
	0 

	Power Boosting[dB]
	0 
	0 
	0 
	0 
	0 
	0 
	0 

	EIRP[dBm]
	23 
	49 
	23 
	49 
	49 
	49 
	23 

	Rx
	　
	　
	　
	　
	　
	　
	　

	Rx antenna gain[dBi]
	15 
	0 
	15 
	0 
	0 
	0 
	15 

	Number of Rx antennas
	2 
	2 
	2 
	2 
	2 
	2 
	2 

	Cable, connector, combiner, body losses, etc[dB]
	3 
	1 
	3 
	1 
	1 
	1 
	3 

	Noise density[dBm/Hz]
	-174 
	-174 
	-174 
	-174 
	-174 
	-174 
	-174 

	Rx noise figure[dB]
	5 
	7 
	5 
	7 
	7 
	7 
	5 

	Required SINR[dB]
	-7.3(1) 
	-4.2(1) 
	-10.1(2) 
	-6.1(3) 
	-6.0(4) 
	4.3(5) 
	-5.0(6) 

	HARQ[dB]
	0.5 
	0.5 
	0 
	0 
	0 
	0 
	0 

	Receiver sensitivity[dBm]
	-116 
	-111 
	-119 
	-113 
	-113 
	-107 
	-121 

	Path loss
	　
	　
	　
	　
	　
	　
	　

	Base station antenna height [meter]
	30

	Frequency[MHz]
	900 

	Standard deviation[dB]
	10

	Propagation model used
	Okumura-Hata

	Penetration loss[dB]
	9 

	Log-normal shadowing margin[dB]
	4.9 
	8.1 

	Maximum allowable path loss [dB]
	138 
	145 
	137 
	143 
	143 
	138 
	139 

	Cell radius（km）
	0.99 
	1.56 
	0.93 
	1.37 
	1.37 
	0.99 
	1.06 

	Cell radius with 1R in UE（km）
	0.99 
	1.28 
	0.93 
	1.13 
	1.13 
	0.81 
	1.06 


In Appendices B-C, the downlink transmit power is calculated by assuming the whole bandwidths are 10MHz for FDD and 20MHz for TDD. The required SINRs of control channels are from RAN4 specification for 1.4MHz in case of ETU channel model, and the other parameters refer to [4], and the transmission mode for LTE downlink channel is TM2.
(1) are our link simulation results.

(2) refers to Table 8.4.2.1-1 in 36.104.

(3) refers to Table 8.6.1.1-1 in 36.101.
(4) refers to Table B.2.1-1 in 36.133.

(5) refers to [7].

(6) refers to Table 8.3.2.1-1 in 36.104. 
Appendix C: 
Table 3: Link budget for LTE TDD system at 2600MHz

	Morphology
	Density Urban

	System model
	LTE

	Scenario
	UL
	DL
	UL
	DL
	DL
	DL
	UL

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

	Channel type
	PUSCH 
	PDSCH
	PRACH
	PBCH
	SCH
	PDCCH/
PCFICH
	PUCCH

	Data rate[Kbps]
	59.2* 
	118.4* 
	　
	　
	　
	　
	　

	Tx
	　
	　
	　
	　
	　
	　
	　

	Max Tx power per antenna on whole band[dBm]
	24 
	46 
	24 
	46 
	46 
	46 
	24 


	Max Tx power per antenna on occupied band[dBm]
	24 
	34 
	24 
	34 
	34 
	34 
	24 

	Number of Tx antennas
	1 
	2 
	1 
	2 
	2 
	2 
	1 

	Max Tx power at multiple antennas[dBm]
	24 
	37 
	24 
	37 
	37 
	37 
	24 

	Tx antenna gain[dBi]
	0 
	17 
	0 
	17 
	17 
	17 
	0 

	Cable, connector, combiner, body losses, etc[dB]
	1 
	3 
	1 
	3 
	3 
	3 
	1 

	Array gain[dB]
	0 
	0 
	0 
	0 
	0 
	0 
	0 

	Power Boosting[dB]
	0 
	0 
	0 
	0 
	0 
	0 
	0 

	EIRP[dBm]
	23 
	51 
	23 
	51 
	51 
	51 
	23 

	Rx
	　
	　
	　
	　
	　
	　
	　

	Rx antenna gain[dBi]
	17 
	0 
	17 
	0 
	0 
	0 
	17 

	Number of Rx antennas
	2 
	2 
	2 
	2 
	2 
	2 
	2 

	Cable, connector, combiner, body losses, etc[dB]
	3 
	1 
	3 
	1 
	1 
	1 
	3 

	Noise density[dBm/Hz]
	-174 
	-174 
	-174 
	-174 
	-174 
	-174 
	-174 

	Rx noise figure[dB]
	5 
	7 
	5 
	7 
	7 
	7 
	5 

	Required SINR[dB]
	-4.5(1) 
	-3.9(1) 
	-10.1(2) 
	-6.1(3) 
	-6.0(4) 
	4.3(5) 
	-5.0(6) 

	HARQ[dB]
	0.5 
	0.5 
	0 
	0 
	0 
	0 
	0 

	Receiver sensitivity[dBm]
	-114 
	-111 
	-119 
	-113 
	-113 
	-107 
	-121 

	Minimum signal reception strength[dBm]
	-128 
	-110 
	-133 
	-112 
	-112 
	-106 
	-135 

	Path loss
	　
	　
	　
	　
	　
	　
	　

	Base station antenna height [meter]
	30

	Frequency[MHz]
	2600 

	Standard deviation[dB]
	6

	Propagation model used
	COST231-Hata

	Penetration loss[dB]
	9 

	Log-normal shadowing margin[dB]
	4.90 
	8.1

	Maximum allowable path loss [dB]
	137 
	147 
	139 
	145 
	145 
	140 
	141 

	Cell radius（km）
	0.61 
	1.17 
	0.70 
	1.03 
	1.03 
	0.74 
	0.79 

	Cell radius with 1R in UE（km）
	0.61 
	0.96 
	0.70 
	0.85 
	0.85 
	0.61 
	0.79 


*: The practical data rates are calculated based on the assumption that uplink-downlink configuration 1 for TDD and the special subframe configuration 4.
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


Appendix E: 

Table 5: 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 eNB 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.


