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1. Introduction

In this contribution, performance results of LTE Rel-8 uplink for ITU scenarios and using IMT-A evaluation methodology are presented.  The results show that all IMT-A requirements for the uplink can be met using LTE Rel-8 functionality.  Note these results are updated from [2] to include performance with closed-loop link-adaptation.

Additional results for 1Tx-8Rx configuration are also provided.  It is seen that, with this configuration, PUCCH overhead can be increased significantly (up to ~30% of the available resource blocks) while still meeting IMT-A requirements.  
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 and 8

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

	UE Tx antenna
	1

	UE Tx antenna configuration
	0.5 (, v-pol

	Channel estimation
	Non-ideal

	Receiver algorithm
	MMSE

	Scheduling algorithm
	Frequency-selective scheduling

	Scheduling fairness
	Proportional fair

	Link Adaptation
	Realistic

	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 two antenna configurations (uncorrelated and correlated linear array antenna) are shown in Table 2 - Table 3.  Illustrative user throughput CDF plots for 1Tx-4Rx and 1Tx-8Rx using uncorrelated linear antenna array are shown in Figure 1 - Figure 2, respectively.  IoT results are shown in Table 4 - Table 5.
From the results, it is seen that with four receive antennas at the eNB, all IMT-A requirements can be met using existing Rel-8 functionality for both FDD and TDD.  With eight receive antennas, the cell spectral efficiency is significantly increased and therefore more uplink overhead can be accommodated.  For instance, under UMa scenario, the number of PUCCH resource blocks can be increased from 4 to 18 RBs (36% control overhead) while still satisfying IMT-A requirement.  For UMi, the number of PUCCH resource blocks can be similarly increased from 4 to 16 RBs (32% control overhead).
Table 2.  Performance comparison, linear array 10 separation.

	Antenna: linear array 10 separation

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

	
	
	1x4
	1x8
	1x4
	1x8
	

	InH
	Cell spectral efficiency (bps/Hz/cell)
	2.250
	2.978
	3.377
	2.941
	3.351
	Yes

	
	Cell edge user spectral efficiency (bps/hz)
	0.070
	0.212
	0.248
	0.199
	0.243
	Yes

	UMi
	Cell spectral efficiency (bps/Hz/cell)
	1.800
	2.058
	2.595
	2.044
	2.587
	Yes

	
	Cell edge user spectral efficiency (bps/hz)
	0.050
	0.059
	0.073
	0.059
	0.073
	Yes

	UMa
	Cell spectral efficiency (bps/Hz/cell)
	1.400
	1.558
	2.066
	1.553
	2.062
	Yes

	
	Cell edge user spectral efficiency (bps/hz)
	0.030
	0.063
	0.085
	0.062
	0.085
	Yes

	RMa
	Cell spectral efficiency (bps/Hz/cell)
	0.700
	1.643
	2.153
	1.638
	2.150
	Yes

	
	Cell edge user spectral efficiency (bps/hz)
	0.015
	0.056
	0.073
	0.056
	0.074
	Yes


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

	Antenna: linear array 0.5 separation

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

	
	
	1x4
	1x8
	1x4
	1x8
	

	InH
	Cell spectral efficiency (bps/Hz/cell)
	2.250
	2.970
	3.364
	2.920
	3.341
	Yes

	
	Cell edge user spectral efficiency (bps/hz)
	0.070
	0.203
	0.246
	0.193
	0.242
	Yes

	UMi
	Cell spectral efficiency (bps/Hz/cell)
	1.800
	1.904
	2.413
	1.891
	2.407
	Yes

	
	Cell edge user spectral efficiency (bps/hz)
	0.050
	0.057
	0.074
	0.056
	0.073
	Yes

	UMa
	Cell spectral efficiency (bps/Hz/cell)
	1.400
	1.487
	2.015
	1.480
	2.010
	Yes

	
	Cell edge user spectral efficiency (bps/hz)
	0.030
	0.060
	0.083
	0.059
	0.083
	Yes

	RMa
	Cell spectral efficiency (bps/Hz/cell)
	0.700
	1.600
	2.110
	1.594
	2.098
	Yes

	
	Cell edge user spectral efficiency (bps/hz)
	0.015
	0.054
	0.072
	0.054
	0.071
	Yes


4. Conclusion
This contribution presents updated uplink LTE Rel-8 results for ITU scenarios.  The results show that all IMT-A requirements for the uplink can be met using existing LTE Rel-8 functionality.  Additional results for 1Tx-8Rx configuration are also provided to show that PUCCH overhead can be increased significantly (up to ~30% of the available resource blocks) while still meeting IMT-A requirements.
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Figure 1.  Throughput CDF with 1x4 linear array 10 separation (FDD).
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Figure 2.  Throughput CDF with 1x8 linear array 10 separation (FDD).

Table 4.  Interference over thermal (IoT), linear array 10 separation.

	Case
	FDD
	TDD

	
	1x4
	1x8
	1x4
	1x8

	InH
	9.294
	9.191
	9.345
	9.294

	UMi
	11.173
	11.430
	11.367
	11.553

	UMa
	10.414
	10.645
	10.607
	10.828

	RMa
	10.294
	10.453
	10.531
	10.645


Table 5.  Interference over thermal (IoT), linear array 0.5 separation.

	Case
	FDD
	TDD

	
	1x4
	1x8
	1x4
	1x8

	InH
	9.395
	9.243
	9.345
	9.345

	UMi
	11.139
	11.430
	11.335
	11.553

	UMa
	10.414
	10.682
	10.607
	10.792

	RMa
	10.334
	10.531
	10.569
	10.645






























































































































































































































































