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1
Introduction

In this contribution, we evaluate the baseline UL performance of LTE Rel-8 and compare with the IMT-Advanced requirements. We observe that LTE Rel-8 can meet the IMT-Advanced requirements in most scenarios.  We also present results with some enhancements that show significant improvement and provide a larger margin with respect to the IMT-Advanced requirements.
2
Discussion
2.1 
Simulation Assumptions

Simulation assumptions on deployment scenarios could be found in the IMT.EVAL document [1]. In addition, urban micro O-to-I model is assumed to include LOS components from the base station to the building. It is also assumed that urban macro and rural macro in-car penetration losses are identical from all base stations to a UE.
Detailed simulation parameters used for the results in this contribution are shown in Table 1.

Table 1: List of Assumptions for UL full buffer simulations

	Number of PUCCH RBs
	6

	SRS period
	2ms

	PRACH resources
	2

	Base station Rx antenna
	4

	Base station antenna configuration
	10( (A) or 0.5( (C), v-pol

	UE Tx antenna
	1 or 2

	UE Tx antenna configuration
	0.5(, v-pol

	Channel estimation
	Non-ideal

	Noise estimation
	Non-ideal

	Receiver algorithm
	MMSE

	Measurement delay
	7ms

	Scheduling fairness
	Proportional fair

	Power shaping parameters

	

OI transmissoin period
	20ms

	

IoT threshold
	10dB

	

SNRmin
	-3dB, -5dB (* SU/MU-MIMO)

	

SNRmax
	13dB, 16dB (* SU/MU-MIMO)

	

(PLmin
	0dB

	

(PLmax
	12dB

	

(up
	1dB

	

(down
	1dB

	

SINRmin for acquisition


(for pilot reports)
	12dB


2.2
Power Shaping Algorithm
We use a power shaping algorithm based on Overload Indication (OI) from neighbour cells. In order to achieve power-shaping gains, the response to OI for each UE needs to be based on the amount of interference being caused by that UE. For this purpose, we use the differential path-loss, ΔPL, as a proxy for the interference being caused by the UE, where ΔPL for a given eNB is given by PLeNB – PLeNB,serv. Here,  PLeNB denotes the path-loss between the UE and the eNB of interest and PLeNB,serv denotes the path-loss between the UE and the serving eNB. We make use of the differential path-loss ΔPL by introducing a probability with which a UE’s power is increased or decreased. To be precise, a UE’s transmit power level is reduced by a fixed step size Δdown with a probability pdown​(ΔPL, SNR) if an OI is received. (No action is carried out with a probability 1-pdown.)  Here, SNR refers to the SNR seen by the UE in its current transmission. Similarly, a UE’s transmit power level is increased by a fixed step size Δup with a probability pup(ΔPL, SNR) if no OI is received.  We choose the function pup(ΔPL, SNR) based on the following equations, such that it is low when ΔPL is low and/or when SNR is high, while the function pdown(ΔPL, SNR) behaves in the opposite manner:
pup​(ΔPL, SNR) = a(1-b) and pdown(ΔPL, SNR) = (1-a)b, where

a = (ΔPL - ΔPLmin)/( ΔPLmax - ΔPLmin), and

b = (SNR – SNRmin)/(SNRmax - SNRmin).

Here, ΔPLmin, ΔPLmax, SNRmin and SNRmax refer to upper and lower limits defined on the quantities ΔPL and SNR.  The values of these parameters are also given in Table 1. The probabilistic nature of the OI response ensures that in a network with a large number of UEs, we don’t get oscillatory behaviour because of a number of UEs simultaneously increasing or decreasing their transmit power. 

OIs received from multiple cells can be considered for decisions concerning each UE and can be combined in a conservative fashion, simply by picking the largest value of pdown from among the received OIs if any OI is received, and by picking the value of pup corresponding to the closest eNB if no OI is received. In the simulations for this contribution, we considered only the OI received from the closest neighbour eNB of each UE for update decisions concerning that UE.
In the case of MU-MIMO on uplink, the transmit power of each UE is reduced by 3 dB compared to the power setting in the power control loop.
2.3
Performance Results
Simulation results for all ITU scenarios with 1x4 antenna configuration are shown in Table 2. The indoor hotspot scenario has the highest spectral efficiency due to high geometry in an isolated deployment. The UMi and UMa scenarios have similar performance at low to medium mobile speed. Note that unlike the downlink, in the uplink the high speed RMa scenario does not suffer as much from processing loss, since it enjoys receiver processing which is not affected by out-dated feedback as is the case for transmit processing in the downlink.
Compared to the IMT-Advanced requirements [2], LTE baseline performance with SIMO meets the requirements for InH, UMa and RMa scenarios, and falls only 1.1% short of the requirement in the UMi scenario with uncorrelated antennas. Note that the cell spectral efficiency could be improved by adjusting the scheduler fairness. Hence, this is not a fundamental limit of the technology but rather reflects the sub-optimality of the proportional fair scheduler. In the case of UMi, the MU-MIMO enhancement as currently supported in Rel-8 could also be used to meet the requirement. In the next section, we also discuss possible enhancements that could increase the margin with respect to the requirement for all scenarios.  Additional statistics on fairness with different antenna configurations are included in the appendix.

Table 2 Performance comparison

	Scenario
	Performance Metric
	Simulation Results
	IMT Advanced Requirements
	Difference

	InH (A)
	Cell spectral efficiency (bps/Hz/cell)
	3.11
	2.25
	+37%

	
	Cell edge user spectral efficiency (bps/hz)
	0.202
	0.07
	+186%

	
	Effective IoT (dB)
	0.18
	
	

	UMi (A)
	Cell spectral efficiency (bps/Hz/cell)
	1.78
	1.8
	-1.1%

	
	Cell edge user spectral efficiency (bps/hz)
	0.054
	0.05
	+8.0%

	
	Effective IoT (dB)
	4.16
	
	

	UMi (C)
	Cell spectral efficiency (bps/Hz/cell)
	1.81
	1.8
	+0.6%

	
	Cell edge user spectral efficiency (bps/hz)
	0.058
	0.05
	+16%

	
	Effective IoT (dB)
	4.09
	
	

	UMi (A)
(Rel-8 MU-MIMO)
	Cell spectral efficiency (bps/Hz/cell)
	1.86
	1.8
	+3.3%

	
	Cell edge user spectral efficiency (bps/hz)
	0.067
	0.05
	+34%

	
	Effective IoT (dB)
	6.8
	
	

	UMa (C)
	Cell spectral efficiency (bps/Hz/cell)
	1.51
	1.4
	+7.9%

	
	Cell edge user spectral efficiency (bps/hz)
	0.046
	0.03
	+53%

	
	Effective IoT (dB)
	4.94
	
	

	RMa (C)
	Cell spectral efficiency (bps/Hz/cell)
	1.83
	0.7
	+161%

	
	Cell edge user spectral efficiency (bps/hz)
	0.058
	0.015
	+287%

	
	Effective IoT (dB)
	4.15
	
	


2.3
Enhancements
Performance improvements through more advanced techniques such as Single-User and Multi-User MIMO, advanced receiver algorithms and coordinated multi-point reception may enable the system to significantly exceed the IMT-Advanced requirements in all scenarios. In this section, we present performance results for the case of Single-User MIMO with two transmit antennas and with precoding and dynamic rank selection. In addition, for the more challenging UMi and UMa cases, we also present performance results for Multi-User MIMO with two transmit antennas and rank 1 beamforming. The results are presented in Table 3, and show substantial improvement with respect to the SIMO cases of the previous section and larger margin with respect to the IMT-Advanced requirements in all scenarios.
Table 3 Performance results with SU-MIMO and MU-MIMO
	Scenario
	Enhancement Technique
	Performance Metric
	Simulation Results
	IMT Advanced Requirements
	Difference

	InH (A)
	Single-User MIMO
	Cell spectral efficiency (bps/Hz/cell)
	4.41
	2.25
	+96%

	
	
	Cell edge user spectral efficiency (bps/hz)
	0.144
	0.07
	+106%

	
	
	Effective IoT (dB)
	0.66
	
	

	UMi (A)
	Single-User MIMO
	Cell spectral efficiency (bps/Hz/cell)
	1.98
	1.8
	+10%

	
	
	Cell edge user spectral efficiency (bps/hz)
	0.051
	0.05
	+2%

	
	
	Effective IoT (dB)
	5.53
	
	

	
	Single/Multi-User MIMO
	Cell spectral efficiency (bps/Hz/cell)
	2.51
	1.8
	+39%

	
	
	Cell edge user spectral efficiency (bps/hz)
	0.086
	0.05
	+72%

	
	
	Effective IoT (dB)
	7.2
	
	

	UMa(*) (C)
	Single-User MIMO
	Cell spectral efficiency (bps/Hz/cell)
	1.62
	1.4
	+16%

	
	
	Cell edge user spectral efficiency (bps/hz)
	0.046
	0.03
	+53%

	
	
	Effective IoT (dB)
	5.81
	
	

	
	Single/Multi-User MIMO
	Cell spectral efficiency (bps/Hz/cell)
	1.91
	1.4
	+36%

	
	
	Cell edge user spectral efficiency (bps/hz)
	0.069
	0.03
	+130%

	
	
	Effective IoT (dB)
	7.5
	
	

	RMa (C)
	Single-User MIMO
	Cell spectral efficiency (bps/Hz/cell)
	1.90
	0.7
	+171%

	
	
	Cell edge user spectral efficiency (bps/hz)
	0.062
	0.015
	+313%

	
	
	Effective IoT (dB)
	4.70
	
	


4 
Conclusions
In this contribution, we evaluated the LTE Rel-8 performance for ITU scenarios. The conclusion is that LTE Rel-8 can meet the UL spectral efficiency requirements for all scenarios. We also discussed additional UL enhancements for LTE-A, and presented results with  the possible enhancement of using single/multi-user MIMO with two transmit antennas which enables the LTE-A system to meet IMT-Advanced requirements with large margin in all scenarios .
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Appendix
UE throughput statistics for ITU scenarios with 1x4 and 2x4 antenna configurations and SIMO, SU-MIMO, and SU/MU-MIMO techniques are shown in Figure 1 and Figure 2. Note that the throughput values for the indoor hotspot scenario are even larger relative to other cases, due to higher bandwidth.
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case_InH_1x4_10lambda,

Mean: 6.22, Edge: 4.036

case_UMi_1x4_10lambda,

Mean: 1.78, Edge: 0.543

case_UMa_1x4_0.5lambda,

Mean: 1.51, Edge: 0.456

case_RMa_1x4_0.5lambda,

Mean: 1.83, Edge: 0.578
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case_InH_2x4_10lambda,

Mean: 8.82, Edge: 2.871

case_UMi_2x4_10lambda,

Mean: 1.98, Edge: 0.512

case_UMa_2x4_0.5lambda,

Mean: 1.62, Edge: 0.457

case_RMa_2x4_0.5lambda,

Mean: 1.90, Edge: 0.624


Figure 1. UE throughput for all scenarios with SIMO (1x4) and SU-MIMO (2x4)
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case_UMi 1x4_10lambda,

Mean: 1.86, Edge: 0.669

case_UMi_2x4_10lambda,

Mean: 2.51, Edge: 0.861

case_UMa_2x4_0.5lambda,

Mean: 1.91, Edge: 0.687


Figure 2. UE throughput for 1x4 Rel-8 MU-MIMO (UMi) and 2x4 SU/MU-MIMO (UMa and UMi)
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