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1. Introduction

In this contribution, initial performance results of LTE Rel-8 uplink for ITU scenarios and using IMT-A evaluation methodology are presented.  The results show that almost all IMT-A requirements for the uplink can be met with Rel-8 functionalities.  Please note that these are initial step 2 results and are subject to change.
2. Simulation Assumptions
IMT-A evaluation methodology and simulation assumptions are provided in [1].  Additional simulation assumptions are provided in Table 1 below.
Table 1.  Uplink simulation assumptions

	Number of PUCCH RBs
	4

	Base station Rx antenna
	4 

	Base station antenna configuration
	· Linear array, 10 separation
· Linear array, 0.5 separation

· Cross-polarized, 4 separation

· Cross-polarized, 0.5 separation

	UE Tx antenna
	1

	UE Tx antenna configuration
	0.5 (, v-pol

	Channel estimation
	Non-ideal

	Receiver algorithm
	MMSE (SIMO), MMSE-SIC (MU-MIMO)

	Scheduling algorithm
	Frequency-selective scheduling

	Scheduling fairness
	Proportional fair

	Power control
	Fractional power control with X-2 based adaptation, =0.6

	Duplex mode
	FDD and TDD configuration 1


3. Simulation Results
Simulation results for the four antenna configurations are shown in Table 2 - Table 5.  Illustrative user throughput CDF plots for uncorrelated and correlated linear array antenna configurations are shown in Figure 1 - Figure 2, respectively.
From the results, it is seen that with four uncorrelated receive antennas at the eNB, all IMT-A requirements can be met using existing Rel-8 functionalities for both FDD and TDD.  In two scenarios (UMi and UMa), MU-MIMO is needed to reached the required cell spectral efficiency.  With four correlated receive antennas at the eNB, all requirements except UMa cell spectral efficiency can be met for both FDD and TDD.  For the UMa, cell spectral efficiency shortfall of approximately 2% is observed.
Table 2.  Performance comparison, 1x4 linear array 10 separation.

	Antenna: linear array 10 separation

	Case
	IMT-A Requirements
	FDD
	TDD
	IMT-A Requirements Met?

	
	
	1x4
	1x4 + MU-MIMO
	1x4
	1x4 + MU-MIMO
	

	InH
	Cell spectral efficiency (bps/Hz/cell)
	2.250
	2.723
	-
	2.721
	-
	Yes

	
	Cell edge user spectral efficiency (bps/hz)
	0.070
	0.198
	-
	0.195
	-
	Yes

	UMi
	Cell spectral efficiency (bps/Hz/cell)
	1.800
	1.721
	2.407
	1.677
	2.331
	Yes 
(MU-MIMO)

	
	Cell edge user spectral efficiency (bps/hz)
	0.050
	0.052
	0.053
	0.060
	0.063
	Yes

	UMa
	Cell spectral efficiency (bps/Hz/cell)
	1.400
	1.298
	1.431
	1.259
	1.424
	Yes 
(MU-MIMO)

	
	Cell edge user spectral efficiency (bps/hz)
	0.030
	0.038
	0.040
	0.041
	0.040
	Yes

	RMa
	Cell spectral efficiency (bps/Hz/cell)
	0.700
	1.369
	-
	1.339
	-
	Yes

	
	Cell edge user spectral efficiency (bps/hz)
	0.015
	0.043
	-
	0.042
	-
	Yes


Table 3.  Performance comparison, 1x4 linear array 0.5 separation.

	Antenna: linear array 0.5 separation

	Case
	IMT-A Requirements
	FDD
	TDD
	IMT-A Requirements Met?

	
	
	1x4
	1x4 + MU-MIMO
	1x4
	1x4 + MU-MIMO
	

	InH
	Cell spectral efficiency (bps/Hz/cell)
	2.250
	2.706
	-
	2.703
	-
	Yes

	
	Cell edge user spectral efficiency (bps/hz)
	0.070
	0.196
	-
	0.195
	-
	Yes

	UMi
	Cell spectral efficiency (bps/Hz/cell)
	1.800
	1.579
	2.201
	1.537
	2.107
	Yes 
(MU-MIMO)

	
	Cell edge user spectral efficiency (bps/hz)
	0.050
	0.049
	0.048
	0.055
	0.057
	Yes

	UMa
	Cell spectral efficiency (bps/Hz/cell)
	1.400
	1.252
	1.378
	1.215
	1.364
	No (-2%)

	
	Cell edge user spectral efficiency (bps/hz)
	0.030
	0.037
	0.036
	0.039
	0.037
	Yes

	RMa
	Cell spectral efficiency (bps/Hz/cell)
	0.700
	1.314
	-
	1.285
	-
	Yes

	
	Cell edge user spectral efficiency (bps/hz)
	0.015
	0.040
	-
	0.040
	-
	Yes


Table 4.  Performance comparison, 1x4 cross-polarized 4 separation.

	Antenna: cross-polarized 4 separation

	Case
	IMT-A Requirements
	FDD
	TDD
	IMT-A Requirements Met?

	
	
	1x4
	1x4 + MU-MIMO
	1x4
	1x4 + MU-MIMO
	

	InH
	Cell spectral efficiency (bps/Hz/cell)
	2.250
	2.698
	-
	2.695
	-
	Yes

	
	Cell edge user spectral efficiency (bps/hz)
	0.070
	0.194
	-
	0.194
	-
	Yes

	UMi
	Cell spectral efficiency (bps/Hz/cell)
	1.800
	1.699
	2.356
	1.655
	2.268
	Yes 
(MU-MIMO)

	
	Cell edge user spectral efficiency (bps/hz)
	0.050
	0.051
	0.049
	0.059
	0.060
	Yes

	UMa
	Cell spectral efficiency (bps/Hz/cell)
	1.400
	1.296
	1.433
	1.261
	1.408
	Yes 
(MU-MIMO)

	
	Cell edge user spectral efficiency (bps/hz)
	0.030
	0.039
	0.037
	0.043
	0.038
	Yes

	RMa
	Cell spectral efficiency (bps/Hz/cell)
	0.700
	1.340
	-
	1.313
	-
	Yes

	
	Cell edge user spectral efficiency (bps/hz)
	0.015
	0.041
	-
	0.041
	-
	Yes


Table 5.  Performance comparison, 1x4 cross-polarized 0.5 separation.

	Antenna: cross-polarized 0.5 separation

	Case
	IMT-A Requirements
	FDD
	TDD
	IMT-A Requirements Met?

	
	
	1x4
	1x4 + MU-MIMO
	1x4
	1x4 + MU-MIMO
	

	InH
	Cell spectral efficiency (bps/Hz/cell)
	2.250
	2.686
	-
	2.683
	-
	Yes

	
	Cell edge user spectral efficiency (bps/hz)
	0.070
	0.193
	-
	0.193
	-
	Yes

	UMi
	Cell spectral efficiency (bps/Hz/cell)
	1.800
	1.606
	2.217
	1.564
	2.124
	Yes 
(MU-MIMO)

	
	Cell edge user spectral efficiency (bps/hz)
	0.050
	0.049
	0.047
	0.056
	0.056
	Yes

	UMa
	Cell spectral efficiency (bps/Hz/cell)
	1.400
	1.265
	1.395
	1.231
	1.369
	No (-2%)

	
	Cell edge user spectral efficiency (bps/hz)
	0.030
	0.039
	0.035
	0.041
	0.036
	Yes

	RMa
	Cell spectral efficiency (bps/Hz/cell)
	0.700
	1.310
	-
	1.284
	-
	Yes

	
	Cell edge user spectral efficiency (bps/hz)
	0.015
	0.040
	-
	0.040
	-
	Yes


4. Conclusion
In this contribution, it is seen that with four uncorrelated receive antennas at the eNB all IMT-A requirements can be met using existing Rel-8 functionalities for both FDD and TDD.  With four correlated receive antennas at the eNB, all requirements except UMa cell spectral efficiency (~2% shortfall) can be met for both FDD and TDD.
5. References

1. Guidelines for evaluation of radio interface technologies for IMT-Advanced, ITU-R Report M.2135, 2008.
[image: image1.wmf]0

0.1

0.2

0.3

0.4

0.5

0.6

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Throughput (bps/Hz)

CDF

1Tx-4Rx, Linear array 10-lambda separation, WINNER channel model

 

 

InH

UMi

UMi - MU-MIMO

UMa

UMa - MU-MIMO

RMa


Figure 1.  Throughput CDF with 1x4 linear array 10 separation (FDD).
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Figure 2.  Throughput CDF with 1x4 linear array 0.5 separation (FDD).




























































































































































































































































