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1. Introduction
An evaluation methodology for low cost MTC LTE UEs has been approved for performance analysis of power consumption, coverage and cell spectral efficiency in [1]. However, the baseline assumption and values of parameters for evaluation have not been determined. In this contribution, we provide the assumptions for the further coverage and cell spectral efficiency evaluations in LTE system and give our considerations and proposals.
2. Coverage 

1) Evaluation methodology
A link budget will be used for coverage analysis [1], but the details have not been determined. In the Coverage Enhancement SI, the MCL (Maximum Coupling Loss) methodology is defined and used to identify the potential coverage issues based on the preferred scenarios [2] (see Annex). We also prefer to use MCL methodology in coverage analysis in this SI since it is more general and the related results may be applied to any specific scenario. Factors such as pathloss, antenna gains, cable loss, etc., may be taken into account by simple recalculation using MCL as an input. Especially, the MCL is independent of the carrier frequency and can avoid the issue of frequency-dependent pathloss in coverage comparison. In our view, the MCL methodology should be able to give us enough information to analyze the coverage performance of the further proposed candidate solutions. In addition, the evaluation results and conclusions of the Coverage Enhancement SI can be reused or adopted to reduce our evaluation workload.  
Proposal1: The MCL (Maximum Coupling Loss) methodology is used in coverage evaluation.
2) Evaluation assumptions
The coverage achieved by low-cost MTC LTE UEs should be evaluated and compared with the coverage achieved by both R8-10 LTE system and the GSM/EGPRS system. The comparison results between these different systems will be affected by the different inter-cell interferences corresponding to the interference margin values in MCL method. So the multi-cell scenario should be evaluated for coverage comparison and the interference margin values should be identified.
Proposal 2: The multi-cell scenario of different systems should be evaluated by considering proper interference margin values for different systems.
The transmission modes determine the MIMO schemes, which have an obvious effect on the “Required SINR (dB)”.  Although 9 transmission modes (TMs) are supported in LTE R10, it is not necessary to evaluate each of them.  Since TM2 (transmit diversity) in LTE R8-10 is a robust transmission scheme used in many scenarios, e.g. PBCH, PDCCH. We propose TM2 is mandatory and additional transmission modes are FFS.
Proposal 3: The TM2 is mandatory in coverage evaluation. Additional transmission modes are FFS.

The traffic model/characteristics for MTC have been approved in RAN1 # 67 meeting [3] The data channels (PDSCH and PUSCH) are mandatory to evaluate and their target data rates should be determined. The SID [4] gives the data rates requirement：“Support data rates equivalent to that supported by [R’99 E-GPRS] with a EGPRS multi-slot class [2] device [2 downlink timeslots (118.4 Kbps), 1 uplink timeslots (59.2 Kbps), and a maximum of 3 active timeslots]. This does not preclude the support of higher data rates provided the cost targets are not compromised.”  Whether these data rates can be used is FFS. 
Proposal 4: The data channels (PDSCH and PUSCH) are mandatory to evaluate and their target data rates should be determined. Whether the data rates (118.4Kbps (DL) and 59.2Kbps (UL)) can be used is FFS.
For the control channels, it is not necessary to evaluate every channel because the coverage available is limited by the bottleneck of all channels. We propose that only control channels with the worst coverage performance need to be evaluated. In the Coverage Enhancement SI, many companies have shown their simulation results in [5] and will be discussed in this meeting. We can refer to their conclusions and decide whether or which control channel shall be evaluated.
Proposal 5: Only the control channels with the worst coverage performance need to be evaluated.  Whether or which control channel shall be evaluated can refer to the conclusions of the Coverage Enhancement SI.
3) Evaluation parameters
Table 1 shows the general evaluation parameters. The channel-specific parameters can refer to [2] and which parameters should be used depends on the conclusions of proposal 5. 
Table 1: General parameters for coverage evaluation
	Parameters
	Values

	Services and bit rates
	Services: refer to [3]
Data rates : [FFS]

	System bandwidth
	20MHz

	UE Tx power
	23dBm

	eNB Tx power
	46dBm

	Antenna configuration eNB
	2tx, 2rx;

8tx, 8rx

	Antenna configuration UE
	2rx, 1tx

	eNB receiver noise figure
	5 dB

	UE receiver noise figure
	9 dB

	Radio channel
	ePA, 3km/h

	Thermal noise PSD
	-174 dBm/Hz


3. Cell spectral efficiency 

1) Evaluation assumptions
Based on the analysis of [6], the performance of low-cost MTC devices should not be evaluated under the assumption that these devices will only be deployed and operated in small cell or urban environments where the maximum UL Tx power is typically not reached by a large percentage of UE’s. So both the urban macro cell (e.g. 3GPP Case 1) and the rural area (e.g. 3GPP Case 3) should be evaluated for low-cost MTC devices based on LTE.
Proposal 6: The cell spectral efficiency achieved by low-cost MTC devices based on LTE should be evaluated both in 3GPP Case 1 and 3GPP Case 3.

The transmission mode also affects the cell special efficiency evaluation results. It is proposed that TM2 shall be evaluated and the other transmission modes are FFS.
Proposal 7:  The TM2 is mandatory in cell spectral efficiency evaluation. Additional transmission modes are FFS.

2) Evaluation parameters
 Table 2 shows the general parameters for cell spectral efficiency system simulation.
Table 2: General parameters for cell spectral efficiency evaluation
	Parameters
	Values

	Deployment scenario
	3GPP Case 1, 3GPP Case 3

	Traffic model 
	See the traffic model defined in [3]

	Cell layout
	Hexagonal grid, 19-cell sites, 57-sector wrap-around

	Inter-site distance (m)
	500 (3GPP Case 1); 
1732 (3GPP Case 3) 
(see [7] Table A.2.1.1-1)

	Carrier frequency(MHz)
	TDD: 2600; 
FDD: 900

	System bandwidth (MHz)
	20 

	Transmission mode
	TM2, others[FFS]

	Duplex method (TDD)
	Uplink-downlink configuration: 1

Special subframe configuration: 7

	Number of UEs per sector
	10

	Users distribution
	Uniform

	eNB antenna height (m)
	32

	UE antenna height (m)
	1.5

	Minimum distance between cell site and UE (m)
	35

	Shadowing
	Lognormal Shadowing
Shadowing standard deviation (dB):  8
Shadowing correlation: 0.5(between cells)/1.0(between sectors)

	Penetration Loss(dB)
	20  
(see [7] Table A.2.1.1-1)

	UE Velocity (km/h)
	3 
(see [7] Table A.2.1.1-1)

	Antenna Gain(dBi)
	eNB: 15

UE: 0

	Channel model
	SCME [8]

	Distance-dependent path loss
	L=I + 37.6log10(R), R in kilometers (see [9], 5.4.1.2)
I=130.5--2.6GHz, 
I=120.9--900MHz.

	eNB receiver noise figure (dB)
	5

	UE receiver noise figure (dB)
	9

	Thermal noise PSD (dBm/Hz)
	-174

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
	
[image: image1.wmf](

)

ú

ú

û

ù

ê

ê

ë

é

÷

÷

ø

ö

ç

ç

è

æ

-

=

m

dB

H

A

A

,

12

min

2

3

j

j

j



[image: image2.wmf]dB

3

j

 = 70 degrees,  Am = 25 dB 

(see [7] Table A.2.1.1-2)

	Antenna pattern (vertical)

(For 3-sector cell sites with fixed antenna patterns)
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 = 10, SLAv = 20 dB. The parameter 
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is the electrical antenna downtilt.

For calibration purposes, the values 
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= 15 degrees for 3GPP case 1 and 
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= 6 degrees for 3GPP case 3 may be used.  
(see [7] Table A.2.1.1-2)

	Combining method in 3D antenna pattern
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(see [7] Table A.2.1.1-2)

	eNB Tx power (dBm)
	46

	UE Tx power (dBm)
	23

	Uplink power control
	Fractional (= 0.8), P0 fitted to environment (see [7] Table A.3-1)

	Scheduler
	Downlink: Proportional fair in time and frequency

Uplink: Channel dependent

	HARQ
	Chase Combining

	Max Number of HARQ retransmissions
	3

	Antenna configuration eNB
	2tx, 2rx:
Vertically polarized antennas with 10 wavelengths separation at eNB(see [7] Table A.2.2-1);
8tx, 8rx:
Correlated cross-polarized: Columns with +/-45deg  linearly polarized antennas; Columns separated 0.5  wavelengths (see [7] Table A.2.2-1)

	Antenna configuration UE
	2rx, 1tx 
Vertically polarized antennas with 0.5 wavelengths separation at UE

	Downlink/Uplink Receiver type
	MMSE

	CQI report period (ms)
	20

	SRS report period (ms)
	20


4. Conclusions
In this contribution, we discuss and provide some basic assumptions and values of parameters for the coverage and cell spectral efficiency evaluation in LTE system. We hope the following proposals can be adopted and the evaluation assumptions and parameters can be captured in the TR 36.888.
Proposal 1: The MCL (Maximum Coupling Loss) methodology is used in coverage evaluation.

Proposal 2: The multi-cell scenario of different systems should be evaluated by considering proper interference margin values for different systems.
Proposal 3: The TM2 is mandatory in coverage evaluation. Additional transmission modes are FFS.

Proposal 4: The data channels (PDSCH and PUSCH) are mandatory to evaluate and their target data rates should be determined. Whether the data rates (118.4Kbps (DL) and 59.2Kbps (UL)) can be used is FFS.

Proposal 5: Only the control channels with the worst coverage performance need to be evaluated.  Whether or which control channel shall be evaluated can refer to the conclusions of the Coverage Enhancement SI.

Proposal 6: The cell spectral efficiency achieved by low-cost MTC devices based on LTE should be evaluated both in 3GPP Case 1 and 3GPP Case 3.

Proposal 7: The TM2 is mandatory in cell spectral efficiency evaluation. Additional transmission modes are FFS.
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Annex
The MCL (Maximum Coupling Loss) methodology
The MCL (Maximum Coupling Loss) methodology is defined as follows.

The coupling loss is defined as the total long-term channel loss over the link between the UE antenna ports and the eNodeB antenna ports, and includes in practice antenna gains, path loss, shadowing, body loss, etc. The maximum coupling loss (MCL) is the limit value of the coupling loss at which the service can be delivered, and therefore defines the coverage of the service. The MCL is independent of the carrier frequency. It is defined in the UL and DL as: 

· UL MCL = UL Max Tx power - eNB Sensitivity

· DL MCL = DL Max Tx power - UE Sensitivity

The MCL is evaluated via link budget analysis (supported by link level simulations). The MCL calculation template is given in Table 3.
Table 3: The MCL (Maximum Coupling Loss) calculation template
	Physical channel name
	Value

	Transmitter
	

	(1) Tx power  (dBm)
	

	Receiver
	

	(2) Thermal noise density (dBm/Hz)
	

	(3) Receiver noise figure (dB)
	

	(4) Interference margin (dB)
	

	(5) Occupied channel bandwidth (Hz)
	

	(6) Effective noise power

         = (2) + (3) + (4) + 10 log(5)  (dBm)
	

	(7) Required SINR (dB)
	

	(8) Receiver sensitivity

         = (6) + (7) (dBm)
	

	(9) MCL 

         = (1) ( (8) (dB)
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