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1. Introduction
At the last RAN1 #68 meeting, text proposal for evaluation methodology on cell spectral efficiency of low cost MTC UE was presented in [1] and agreed. And the other text proposal for evaluation methodology on link budget was approved in [2] by email discussion. Both of these were captured in TR 36.888 [3]. However, the cell spectral efficiency and MCL calculation results of normal LTE in the TR are based on LTE FDD. In this contribution, we provide the results of link budget and the cell spectral efficiency of LTE TDD and give the text proposal for TR 36.888 at the end of the contribution.
2. Discussion

2.1.  Coverage analysis
The link budget is used in coverage analysis for TDD. The required SINRs of all channels are obtained by simulation based on the assumptions in Table 2 in Annex. And the Maximum Coupling Loss (MCL) calculations for normal LTE TDD are given in Table 1. PHICH is neglected and the function of PHICH can be implemented by PDCCH in case of cell edge.
Table 1: MCL calculation for normal LTE (TDD)
	Physical channel name
	PUCCH

(1a)
	PRACH
	PUSCH
	PDSCH
	PBCH
	SCH
	PDCCH (1A)

	Data rate(kbps)
	
	
	20
	20
	
	
	

	Transmitter
	
	
	
	
	
	
	

	(0) Max Tx power  (dBm)
	23
	23
	23
	49
	49
	49
	49

	(1) Actual Tx power (dBm)
	23.0
	23.0
	23.0
	32.0
	36.8
	36.8
	42.8

	Receiver
	
	
	
	
	
	
	

	(2) Thermal noise density (dBm/Hz)
	-174
	-174
	-174
	-174
	-174
	-174
	-174

	(3) Receiver noise figure (dB)
	5
	5
	5
	9
	9
	9
	9

	(4) Interference margin (dB)
	0
	0
	0
	0
	0
	0
	0

	(5) Occupied channel bandwidth (Hz)
	180000
	1080000
	360000
	360000
	1080000
	1080000
	4320000

	(6) Effective noise power

         = (2) + (3) + (4) + 10 log((5))  (dBm)
	-116.4
	-108.7
	-113.4
	-109.4 
	-104.7
	-104.7
	-98.6 

	(7) Required SINR (dB)
	-14.5
	-13.39
	-3.02
	-3.93
	-6.09
	-4.3
	-3.61

	(8) Receiver sensitivity
         = (6) + (7) (dBm)
	-130.9
	-122.09
	-116.42
	-113.33
	-110.79
	-108.97
	-102.21

	(9) MCL 

         = (1) ( (8) (dB)
	153.9
	145.09
	139.42
	145.33
	147.59
	145.77
	145.01


2.2. Cell spectral efficiency
The cell spectral efficiency is determined through system-level simulation. The simulation results show that the reference spectral efficiency of normal LTE TDD is 1.95 bit/s/Hz/site for downlink and 1.72 bit/s/Hz/site for uplink based on the following assumptions. The detailed simulation parameters are shown in Table 3 in Annex.
1) Simulation scenario is 3GPP case1. 

2) TDD @2.6GHz. 

3) 10MHz system bandwidth. 

4) UEs are uniformly distributed with average 10 UEs per sector. 

5) Traffic model is full buffer. 

6) Channel model is SCM. 

7) Scheduling algorithm is PF (Proportional Fairness).

8) DL: 8 Tx, 2 Rx (Transmission Mode 7). UL: 1 Tx, 8 Rx.
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Table 2: General parameters for link budget (TDD)
	Parameters
	Values

	bit rates
	Data rates :20kbps/20kbps

	System bandwidth
	20MHz

	Antenna configuration eNB
	8tx, 8rx:
Correlated cross-polarized: Columns with +/-45deg  linearly polarized antennas; Columns separated 0.5  wavelengths 

	Antenna configuration UE
	2rx, 1tx 

Vertically polarized antennas with 0.5 wavelengths separation at UE

	Radio channel
	ePA, 3km/h

	PDCCH symbol Num
	1

	Number of CRS ports
	2

	Number of cells
	1

	User Num of PUCCH
	1

	Transmission mode (PDSCH)
	TM2

	Carrier frequency 
	2.6GHz


Table 3: General parameters for cell spectral efficiency evaluation (TDD)
	Parameters
	Values

	Deployment scenario
	3GPP Case 1

	Traffic model 
	Full Buffer

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

	Inter-site distance 
	500 m 

	Carrier frequency
	2.6GHz 

	System bandwidth
	10 MHz

	Transmission mode
	TM7

	Uplink-downlink configuration
	 1

	Special subframe configuration
	7

	Number of UEs per sector
	10

	Users distribution
	Uniform

	eNB antenna height 
	35 m

	UE antenna height
	1.5 m

	Minimum distance between cell site and UE
	35 m

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

	Penetration Loss
	20  dB
(see [4] Table A.2.1.1-1)

	UE Velocity
	3 km/h
(see [4] Table A.2.1.1-1)

	Channel model
	SCM

	Propagation model
	L=130.5+ 37.6log10(R), R in kilometers (see [5], 5.1.4.2)

	eNB receiver noise figure 
	5 dB

	UE receiver noise figure 
	9 dB

	Thermal noise PSD
	-174 dBm/Hz

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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 = 70 degrees,  Am = 25 dB 
(see [4] 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.  
(see [4] Table A.2.1.1-2)

	Combining method in 3D antenna pattern
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(see [4] Table A.2.1.1-2)

	Max eNB Tx power 
	46dBm

	Max UE Tx power 
	23dBm

	Uplink power control
	Open-loop power control
= 0.8, P0 =-82dBm

	Scheduler
	Downlink: Proportional fair in time and frequency

Uplink: Channel dependent

	HARQ
	Chase Combining

	Max Number of HARQ retransmissions
	3

	Antenna configuration eNB
	8tx, 8rx:
Correlated cross-polarized: Columns with +/-45deg  linearly polarized antennas; Columns separated 0.5  wavelengths (see [4] 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 
	CQI measurement: Ideal
Delay: 5ms
Period: 10ms

	SRS report 
	SRS measurement: Ideal
Delay: 5ms
Period: 10 ms

	Overhead assumption
	DL overhead: 3 OFDM symbols for PDCCH 
Cell-specific RS: antenna Port 0 and antenna Port 1
UE-specific RS: antenna Port 5


---------------------------------------------------- Start of Text proposal---------------------------------------------------------
5.2.1
Methodology for performance evaluation

[Editor’s Note: An common evaluation methodology is to be agreed for Qualitative/Quantitative analysis or evaluation of different requirements and performance metrics e.g. Link budget for coverage, number of operations for baseband complexity, Relative % cost saving against cost of module etc]

An evaluation methodology is provided for performance analysis of power consumption, coverage, and cell spectral efficiency.
5.2.1.1
Power consumption analysis

Power consumption is a function of many factors, such as active transmission time, transmit power level and PA efficiency, sleep mode duration, active reception time, receiver processing time/complexity. Some factors, like sleep mode duration, may depend on network configuration and traffic/signalling patterns, and some other factors, such as PA efficiency and receiver processing may be implementation specific.

Power consumption of the RF module can be estimated by:

· Reception time

· Transmission time and total UE transmit power during the transmitting time
· DC power consumption of power amplifier / PA efficiency
Power estimation for most baseband integrated circuits is usually implemented by commercial power estimation tools. In order to obtain the baseband power consumption conveniently, it is recommended to use the following method instead: 

· Baseband complexity evaluation or comparison
5.2.1.2
Coverage analysis

A link budget is a reasonable method for coverage analysis. The following link budget tables capture the reference Maximum Coupling Loss (MCL) that can be used when comparing with that of a low-cost LTE MTC device, for example, to compare the MCL of MTC devices to the reference MCL in GSM/GPRS when assessing if service coverage provided to low-cost MTC UE is not worse than GSM/GPRS, or to compare the MCL of MTC devices to the reference MCL in LTE when assessing if the same defined LTE cell coverage footprint as engineered for “normal LTE UEs” can be ensured.

The values of some of the parameters of the link budget need to be common to all candidate solutions, and any solution-specific parameter values have to be determined by analysis or by simulation.

The link budget for GSM/EGPRS as benchmark should be assessed. Required SINR is from [3], 5dB Rx processing gain is considered, and 4 dB back off is assumed when 8PSK is involved. The Maximum Coupling Loss (MCL) calculations for GSM/EGPRS are presented in Table 5.2.1.2-1. The minimal MCL in Table 5.2.1.2-1 is minimal coverage requirement for low cost UE.

Table 5.2.1.2-1: MCL calculation for GSM/EGPRS
	Physical channel name
	UL
	DL

	Data rate(kbps)
	20 (1 TSL)
	20 (2 TSL)

	Transmitter
	
	

	(1) Tx power  (dBm)
	29
	43

	Receiver
	
	

	(2) Thermal noise density (dBm/Hz)
	-174
	-174

	(3) Receiver noise figure (dB)
	5
	9

	(4) Interference margin (dB)
	0
	0

	(5) Occupied channel bandwidth (Hz)
	180000
	180000

	(6) Effective noise power
= (2) + (3) + (4) + 10 log((5))  (dBm)
	-116.4
	-112.4

	(7) Required SINR (dB)
	11
	7

	(8) Receiver sensitivity

         = (6) + (7) (dBm)
	-105.4
	-105.4

	(9) Rx processing gain
	5
	0

	(10) MCL 

         = (1) ((8) + (9) (dB)
	139.4
	148.4


The MCL calculations for normal LTE FDD are given in Table 5.2.1.2-2 and the MCL calculations for normal LTE TDD are given in Table 5.2.1.2-3. PHICH is neglected and the function of PHICH can be implemented by PDCCH in case of cell edge.

Table 5.2.1.2-2: MCL calculation for normal LTE (FDD)
	Physical channel name
	PUCCH

(1a)
	PRACH
	PUSCH
	PDSCH
	PBCH
	SCH
	PDCCH (1A)

	Data rate(kbps)
	
	
	20
	20
	
	
	

	Transmitter
	
	
	
	
	
	
	

	(0) Max Tx power  (dBm)
	23
	23
	23
	46
	46
	46
	46

	(1) Actual Tx power (dBm)
	23.0
	23.0
	23.0
	32.0
	36.8
	36.8
	42.8

	Receiver
	
	
	
	
	
	
	

	(2) Thermal noise density (dBm/Hz)
	-174
	-174
	-174
	-174
	-174
	-174
	-174

	(3) Receiver noise figure (dB)
	5
	5
	5
	9
	9
	9
	9

	(4) Interference margin (dB)
	0
	0
	0
	0
	0
	0
	0

	(5) Occupied channel bandwidth (Hz)
	180000
	1080000
	360000
	360000
	1080000
	1080000
	4320000

	(6) Effective noise power

         = (2) + (3) + (4) + 10 log((5))  (dBm)
	-116.4
	-108.7
	-113.4
	-109.4 
	-104.7
	-104.7
	-98.6 

	(7) Required SINR (dB)
	-7.8 
	-10.0
	[-4.3]
	[-4.0] 
	-7.5 
	-7.8 
	-4.7 

	(8) Receiver sensitivity
         = (6) + (7) (dBm)
	-124.24 
	-118.7 
	[-117.7] 
	[-113.4] 
	-112.2 
	-112.5 
	-103.34 

	(9) MCL 

         = (1) ( (8) (dB)
	147.2
	141.7
	[140.7]
	[145.4]
	149.0
	149.3
	146.1


Table 5.2.1.2-3: MCL calculation for normal LTE (TDD)
	Physical channel name
	PUCCH

(1a)
	PRACH
	PUSCH
	PDSCH
	PBCH
	SCH
	PDCCH (1A)

	Data rate(kbps)
	
	
	20
	20
	
	
	

	Transmitter
	
	
	
	
	
	
	

	(1) Max Tx power  (dBm)
	23
	23
	23
	49
	49
	49
	49

	(1) Actual Tx power (dBm)
	23.0
	23.0
	23.0
	32.0
	36.8
	36.8
	42.8

	Receiver
	
	
	
	
	
	
	

	(2) Thermal noise density (dBm/Hz)
	-174
	-174
	-174
	-174
	-174
	-174
	-174

	(3) Receiver noise figure (dB)
	5
	5
	5
	9
	9
	9
	9

	(4) Interference margin (dB)
	0
	0
	0
	0
	0
	0
	0

	(5) Occupied channel bandwidth (Hz)
	180000
	1080000
	360000
	360000
	1080000
	1080000
	4320000

	(6) Effective noise power

         = (2) + (3) + (4) + 10 log((5))  (dBm)
	-116.4
	-108.7
	-113.4
	-109.4 
	-104.7
	-104.7
	-98.6 

	(7) Required SINR (dB)
	-14.5
	-13.39
	-3.02
	-3.93
	-6.09
	-4.3
	-3.61

	(8) Receiver sensitivity
         = (6) + (7) (dBm)
	-130.9
	-122.09
	-116.42
	-113.33
	-110.79
	-108.97
	-102.21

	(9) MCL 

         = (1) ( (8) (dB)
	153.9
	145.09
	139.42
	145.33
	147.59
	145.77
	145.01


The transmission mode for LTE downlink channel is Transmission Mode 2, and 1 OFDM symbol is used for PDCCH. The required SINRs of PDSCH and PUSCH for FDD are obtained by simulation. The required SINRs of control channels for FDD in Table 5.2.1.2-2 are averages from all the sourcing companies in [4] excluding source 10. For remaining parameters, refer to [4]. The required SINR of all channels for TDD in Table 5.2.1.2-3 are obtained by simulation using the assumptions according to source 10 in [4].
5.2.1.3
Cell spectral efficiency

Two approaches can be used to compute the average spectral efficiency:

(1) Cell spectral efficiency is determined through system simulation.

(2) Relative spectral efficiency reduction to Rel -8-10 LTE or increase to R99 GSM/EGPRS is determined analytically.

The reference spectral efficiency of GSM/EGPRS is 0.3bit/s/Hz/site for downlink and 0.1bit/s/Hz/site for uplink. 

The reference spectral efficiency of LTE FDD is [1.5] bit/s/Hz/site for downlink and [1.04]bit/s/Hz/site for uplink based on the system simulation under the following assumptions:

1) Simulation scenario is 3GPP case1. 

2) Full duplex FDD @ 900MHz. 

3) 10MHz system bandwidth. 

4) UEs are uniformly distributed with average 10 UEs per sector. 

5) Traffic model is full buffer. 

6) Channel model is SCM. 

7) Scheduling algorithm is PF (Proportional Fairness).

8) DL: 2 Tx, 2 Rx (Transmission Mode 6). UL: 1 Tx, 2 Rx.

The reference spectral efficiency of LTE TDD is 1.95 bit/s/Hz/site for downlink and 1.72 bit/s/Hz/site for uplink based on the system simulation under the following assumptions:

1) Simulation scenario is 3GPP case1. 

2) TDD @2.6GHz. 

3) 10MHz system bandwidth. 

4) UEs are uniformly distributed with average 10 UEs per sector. 

5) Traffic model is full buffer. 

6) Channel model is SCM. 

7) Scheduling algorithm is PF (Proportional Fairness).
8) DL: 8 Tx, 2 Rx (Transmission Mode 7). UL: 1 Tx, 8 Rx.
The cell spectrum efficiency is expected to have a range that depends on the ratio of MTC and non-MTC devices, ranging from at least that achieved by R99 GSM/EGPRS to that achieved by Rel-10 LTE. Note that the reference spectral efficiencies assume no MTC devices. Potential cost reduction techniques captured in the TR that will have any impact to spectral efficiency should present spectrum efficiency as well as cost analysis. The average spectral efficiency for MTC and non-MTC UEs can be computed separately, so as to capture the different impact on MTC and non-MTC UEs.
---------------------------------------------------- End of Text proposal---------------------------------------------------------
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