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1. Introduction
In this contribution, initial performance of LTE Rel-8 DL for ITU scenarios and using IMT-A evaluation methodology are presented.  Please note that these are initial step 2 results and are subject to change.
2. Simulation Assumptions 
The simulations are based on IMT-A document [1] which is reproduced in Appendix, Table 4 and Table 5.  In the DL, 2x2 and 4x2 SU-MIMO with sub-band CQI feedback, frequency selective scheduling and different antenna configurations are simulated.  The simulation assumptions are outlined in Table 1.
Table 1.  Main simulation assumptions

	Number of control symbols
	3

	Base station Tx antenna
	2 and 4

	Base station antenna configuration
	i) 2x2 cross poles

ii) 2 pairs of cross poles with 0.5(
iii) 4 element co-polarized array with 0.5(

	UE Rx antenna
	2

	UE Rx antenna configuration
	0.5 (, v-pol

	Channel estimation
	Non-ideal

	Receiver algorithm
	MMSE

	Precoding
	SU-MIMO with 2x2 and 4x2 codebook

	Feedback periodicity
	5 ms

	Feedback delay
	2 ms

	Feedback error
	Not modeled

	Frequency selective scheduling
	Yes for InH, UMi, Uma, RMa
w/o FSS for RMa

	Subband size
	6 RB

	Scheduling fairness
	Proportional fair


The simulation results for various antenna configurations are shown in Table 2 and Table 3.  Two types of antenna configurations are simulated:
i) 2x2 SU-MIMO with cross poles.

ii) 4x2 SU-MIMO with a pair of cross poles spaced 0.5 lambda spacing.

iii) 4x2 SU-MIMO with 4 element co-polarized array with 0.5 lambda spacing

Table 2.  2x2 SU-MIMO with cross poles: FDD
	Environ.
	Sect Tput (Mbps)
	Sect SE

(bps/Hz/cell)
	5% UE (Mbps)
	5% UE SE

(bps/Hz/cell)
	IMT-A Sector SE

(bps/Hz/cell) 
	IMT-A 

5% UE SE

(bps/Hz/cell)

	Case1_2D
	17.429
	1.74
	0.382
	0.038
	NA
	NA

	Case1_3D
	22.578
	2.26
	0.462
	0.046
	NA
	NA

	RMa
	14.110
	1.41
	0.307
	0.031
	1.1
	0.04

	UMa
	11.472
	1.15
	0.218
	0.022
	2.2
	0.06

	UMi
	20.484
	2.05
	0.610
	0.061
	2.6
	0.075

	InH
	43.67
	4.36
	1.466
	0.146
	3
	0.1


Table 3. 4x2 SU-MIMO using pair of cross-poles with 0.5 lambda spacing: FDD
	Environ.
	Sect Tput (Mbps)
	Sect SE

(bps/Hz/cell)
	5% UE (Mbps)
	5% UE SE

(bps/Hz/cell)
	IMT-A Sector SE

(bps/Hz/cell) 
	IMT-A 

5% UE SE

(bps/Hz/cell)

	Case1_2D
	21.725
	2.17
	0.490
	0.049
	NA
	NA

	Case1_3D
	27.843
	2.78
	0.568
	0.057
	NA
	NA

	RMa
	18.117
	1.81
	0.434
	0.043
	1.1
	0.04

	UMa
	15.569
	1.56
	0.321
	0.032
	2.2
	0.06

	UMi
	24.295
	2.43
	0.710
	0.071
	2.6
	0.075

	InH
	NA
	NA
	NA
	NA
	3
	0.1


Table 4. 4x2 SU-MIMO 4 element co-polarized with 0.5 lambda spacing: FDD

	Environ.
	Sect Tput (Mbps)
	Sect SE

(bps/Hz/cell)
	5% UE (Mbps)
	5% UE SE

(bps/Hz/cell)
	IMT-A Sector SE

(bps/Hz/cell) 
	IMT-A 

5% UE SE

(bps/Hz/cell)

	Case1_2D
	20.661
	2.07
	0.525
	0.052
	NA
	NA

	Case1_3D
	26.326
	2.63
	0.614
	0.061
	NA
	NA

	RMa
	19.130
	1.91
	0.486
	0.049
	1.1
	0.04

	UMa
	15.433
	1.54
	0.359
	0.036
	2.2
	0.06

	UMi
	21.950
	2.20
	0.723
	0.072
	2.6
	0.075

	InH
	NA
	NA
	NA
	NA
	3
	0.1


The corresponding user spectral efficiency CDF are shown in Figure 1 and Figure 2 corresponding to two antenna configurations.  
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Figure 1. 2x2 SU-MIMO using cross-poles for various IMT deployments
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Figure 2. 4x2 SU-MIMO using cross-poles spaced 0.5 lambda apart for various IMT deployments

The corresponding LTE TDD numbers for configuration#1 is shown in Table 5 and Table 6.
Table 5.  2x2 SU-MIMO with cross poles: TDD Configuration#1
	Environ.
	Sect Tput (Mbps)
	Sect SE

(bps/Hz/cell)
	5% UE (Mbps)
	5% UE SE

(bps/Hz/cell)
	IMT-A Sector SE

(bps/Hz/cell) 
	IMT-A 

5% UE SE

(bps/Hz/cell)

	Case1_2D
	10.058
	1.01
	0.222
	0.022
	NA
	NA

	Case1_3D
	13.068
	1.31
	0.272
	0.027
	NA
	NA

	RMa
	7.864
	0.79
	0.165
	0.016
	1.1
	0.04

	UMa
	6.194
	0.62
	0.115
	0.011
	2.2
	0.06

	UMi
	11.827
	1.18
	0.354
	0.035
	2.6
	0.075

	InH
	25.183
	2.52
	0.902
	0.090
	3
	0.1


Table 6.  4x2 SU-MIMO using pair of cross-poles with 0.5lambda spacing: TDD Configuration#1

	Environ.
	Sect Tput (Mbps)
	Sect SE

(bps/Hz/cell)
	5% UE (Mbps)
	5% UE SE

(bps/Hz/cell)
	IMT-A Sector SE

(bps/Hz/cell) 
	IMT-A 

5% UE SE

(bps/Hz/cell)

	Case1_2D
	12.574
	1.26
	0.284
	0.028
	NA
	NA

	Case1_3D
	16.197
	1.62
	0.338
	0.034
	NA
	NA

	RMa
	10.161
	1.02
	0.237
	0.024
	1.1
	0.04

	UMa
	8.432
	0.84
	0.172
	0.017
	2.2
	0.06

	UMi
	14.061
	1.41
	0.415
	0.042
	2.6
	0.075

	InH
	NA
	NA
	NA
	NA
	3
	0.1


Conclusions

The following conclusions are drawn based on the results from the previous section:
a. With 2Tx antennas only the InH requirement is met using only Rel-8 features.
b. With 4TX antennas IMT requirements for all environments except FDD/TDD UMa and TDD UMi (barely  doesn’t meet) is not met using Release-8 features.
c. FDD and TDD spectral efficiencies are quite similar for full buffer traffic model.

d. Advanced techniques like CoMP, improved DL MU-MIMO, 8 Tx antennas and semi-static ICIC may be required to meet the IMT-A requirements for UMa environment.
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APPENDIX
Table 6. Baseline evaluation configuration parameters
	Deployment scenario for the evaluation process
	Indoor hotspot
	Urban 
micro-cell
	Urban 
macro-cell
	Rural macro-cell
	Suburban macro-cell

	Base station (BS) antenna height
	6 m, mounted on ceiling
	10 m, below rooftop
	25 m, above rooftop
	35 m, above rooftop
	35 m, above rooftop

	Number of BS antenna elements(1)
	Up to 8 rx

Up to 8 tx
	Up to 8 rx

Up to 8 tx
	Up to 8 rx

Up to 8 tx
	Up to 8 rx

Up to 8 tx
	Up to 8 rx

Up to 8 tx

	Total BS transmit power
	24 dBm for 40 MHz,
21 dBm for 20 MHz
	41 dBm for 10 MHz, 44 dBm for 20 MHz
	46 dBm for 10 MHz, 49 dBm for 20 MHz
	46 dBm for 10 MHz, 49 dBm for 20 MHz
	46 dBm for 10 MHz, 49 dBm for 20 MHz

	User terminal (UT) power class
	21 dBm
	24 dBm
	24 dBm
	24 dBm
	24 dBm

	UT antenna system(1)
	Up to 2 tx

Up to 2 rx
	Up to 2 tx

Up to 2 rx
	Up to 2 tx

Up to 2 rx
	Up to 2 tx

Up to 2 rx
	Up to 2 tx

Up to 2 rx

	Minimum distance between UT and serving cell(2)
	>= 3 m
	>= 10 m
	>= 25 m
	>= 35 m
	>= 35 m

	Carrier frequency (CF) for evaluation (representative of IMT bands)
	3.4 GHz
	2.5 GHz
	2 GHz
	800 MHz
	Same as urban macro-cell

	Outdoor to indoor building penetration loss
	N.A.
	See Annex 1, Table A1-2
	N.A.
	N.A.
	20 dB

	Outdoor to in-car penetration loss
	N.A.
	N.A.
	9 dB (LN, 
σ = 5 dB)
	9 dB (LN, 
σ = 5 dB)
	9 dB (LN, 
σ = 5 dB)

	
	
	
	
	
	

	 (1)
The number of antennas specified by proponent in the technology description template (§ 4.2.3 of Report 
ITU-R M.2133) should be used in the evaluations. The numbers shall be within the indicated ranges in this table.

(2) 
In the horizontal plane.


Table 7.  Additional parameters for system simulations

	Deployment scenario for the evaluation process
	Indoor hotspot
	Urban micro‑cell
	Urban macro-cell
	Rural macro-cell
	Suburban macro-cell

	Layout(1)
	Indoor floor
	Hexagonal grid
	Hexagonal grid
	Hexagonal grid
	Hexagonal grid

	Inter-site distance
	60 m
	200 m
	500 m
	1 732 m
	1 299 m

	Channel model
	Indoor hotspot model (InH)
	Urban micro model (UMi)
	Urban macro model (UMa)
	Rural macro model (RMa)
	Suburban macro model (SMa)

	User distribution
	Randomly and uniformly distributed over area
	Randomly and uniformly distributed over area. 50% users outdoor (pedestrian users) and 50% of users indoors
	Randomly and uniformly distributed over area. 100% of users outdoors in vehicles
	Randomly and uniformly distributed over area. 100% of users outdoors in high speed vehicles
	Randomly and uniformly distributed over area. 50% users vehicles and 50% of users indoors

	User mobility model
	Fixed and identical speed |v| of all UTs, randomly and uniformly distributed direction
	Fixed and identical speed |v| of all UTs, randomly and uniformly distributed direction 
	Fixed and identical speed |v| of all UTs, randomly and uniformly distributed direction
	Fixed and identical speed |v| of all UTs, randomly and uniformly distributed direction
	Fixed and identical speed |v| of all UTs, randomly and uniformly distributed direction

	UT speeds of interest
	3 km/h
	3 km/h
	30 km/h
	120 km/h
	Indoor UTs: 
3 km/h, outdoor UTs: 90 km/h

	Inter-site interference modeling(2)
	Explicitly modelled
	Explicitly modelled
	Explicitly modelled
	Explicitly modelled
	Explicitly modelled

	BS noise figure
	5 dB
	5 dB
	5 dB
	5 dB
	5 dB

	UT noise figure
	7 dB
	7 dB
	7 dB
	7 dB
	7 dB

	BS antenna gain (boresight)
	0 dBi
	17 dBi
	17 dBi
	17 dBi
	17 dBi

	UT antenna gain
	0 dBi
	0 dBi
	0 dBi
	0 dBi
	0 dBi

	Thermal noise level
	–174 dBm/Hz
	–174 dBm/Hz
	–174 dBm/Hz
	–174 dBm/Hz
	–174 dBm/Hz

	(1)    See § 8.3 for further detail.

(2) 
See § 7.1.
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