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1 Introduction

According to [1], the E-UTRA uplink targets are 2~3 times higher cell-edge user throughput, and 2-3 times higher spectral efficiency, compared to a baseline HSUPA Release 6. In this contribution, we present LTE system performance results for 1x2 cases compared to Rel.6 HSUPA.

2 Simulation Parameters and Environments
For the LTE performance verification, we followed the simulation assumption and methodology recommended in [2]. Detailed simulation parameters are described in Table A1. Also, the simulated test cases are summarized in Table A2.  Modulation and coding schemes used are shown in table A3. For a link-to-system interface, we use the EESM method and to take into account the degradation due to non-ideal channel estimation, channel estimation loss is modelld based on [3]. Interference from other UEs belong to other cell is estimated as the frequency selective noise based on the actual transmission.
3 Simulation Results
Following tables show the average cell throughput, user throughput and 5% CDF throughput results for each test case.
Table 1. Summary of results for simulation Case 1

	Metric
	Avg cell throughput and spectrum efficiency
	Avg user throughput and spectrum efficiency
	Cell-edge user throughput and spectrum efficiency

	Rel 6 (5MHz) baseline
	1.693 Mbps
0.34 bps/Hz/cell (x1.0)
	169.38 Kbps, 
0.034 bps/Hz/user (x1.0)
	38.17  kbps,
0.008 bps/Hz/user (x1.0)

	E-UTRA baseline

(1X2 Rx Div)

 (IoT=5.7dB)
	8.660 Mbps 
0.866 bps/Hz/cell  (x2.5)
	866kbps, 
0.086 bps/Hz/user (x2.5)
	224 kbps, 
0.022 bps/Hz/user (x2.8)


Table 2. Summary of results for simulation Case 2

	Metric
	Avg cell throughput and spectrum efficiency
	Avg user throughput and spectrum efficiency
	Cell-edge user throughput and spectrum efficiency

	Rel 6 (5MHz) baseline
	1.80 Mbps
0.36 bps/Hz/cell (x1.0)
	180.12 Kbps, 
0.034 bps/Hz/user (x1.0)
	40.91  kbps,
0.008 bps/Hz/user (x1.0)

	E-UTRA baseline

(1X2 Rx Div)

 (IoT=6.2dB)
	7.104 Mbps 
0.71 bps/Hz/cell  (x2.0)
	710.4 Kbps, 
0.071 bps/Hz/user (x2.0)
	221.4 kbps, 
0.046 bps/Hz/user (x2.8)


Table 3. Summary of results for simulation Case 3

	Metric
	Avg cell throughput and spectrum efficiency
	Avg user throughput and spectrum efficiency
	Cell-edge user throughput and spectrum efficiency

	Rel 6 (5MHz) baseline

RoT= 6dB
	1.843Mbps
0.37 bps/Hz/cell (x1.0)
	184.32 Kbps, 
0.037 bps/Hz/user (x1.0)
	16.07  kbps,
0.003 bps/Hz/user (x1.0)

	E-UTRA baseline

(1X2 Rx Div)

(IoT= 5.5dB)
	7.736 Mbps 
0.77 bps/Hz/cell  (x2.1)
	773.6 Kbps, 
0.077 bps/Hz/user (x2.1)
	78 kbps, 
0.0078 bps/Hz/user (x2.6)


Table 4. Summary of results for simulation Case 4

	Metric
	Avg cell throughput and spectrum efficiency
	Avg user throughput and spectrum efficiency
	Cell-edge user throughput and spectrum efficiency

	Rel 6 baseline
(5MHz) 
	1.723Mbps
0.34 bps/Hz/cell (x1.0)
	172.33 Kbps, 
0.034 bps/Hz/user (x1.0)
	43  kbps,
0.008 bps/Hz/user (x1.0)

	E-UTRA baseline

(1X2 Rx Div)

 (IoT = 5.0dB)
	1.010 Mbps 
0.808 bps/Hz/cell  (x2.4)
	101kbps, 
0.08 bps/Hz/user (x2.4)
	21 kbps, 
0.0168 bps/Hz/user (x2.1)


The normalized user throughput CDF is shown in Figure 1 for fairness check. LTE and Rel-6 shows similar fairness characteristics.
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(b) case 2

[image: image3.emf]CDF  of normalized throughput (case3)

0

0.2

0.4

0.6

0.8

1

0 0.5 1 1.5 2

Normalized Throughput

CDF

LTE

Rel-6



 [image: image4.emf]CDF  of normalized throughput (case4)

0

0.2

0.4

0.6

0.8

1

0 0.5 1 1.5 2

Normalized Throughput

CDF

LTE

Rel-6


(c) case 3
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Figure 1. User throughput CDF normalized by the average user throughput
The interference over thermal noise CDF is shown in Figure 2. It is noted that the operating IoT level is about 6 dB. Except 1.25MHz, we can observe similar IoT characteristics. The main reason for large IoT variation in 1.25MHz would be due to the narrow system bandwidth.
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Figure 2. Interference over thermal noise(IoT) CDF
4 Summary & Conclusions

In this contribution, we evaluated system level performance based on the LTE stage-2 structure and features. From system level simulation in section 3, we can conclude that the LTE uplink system can meet the target requirement in all cases. 
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Annex A. simulation assumptions

Table A1. System parameter assumption

	Parameter
	Assumption

	Cellular Layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Distance-dependent path loss
	L=I + 37.6log10(.R), R in kilometers

I=128.1 for 2GHz,   I=120.9 for 900MHz

	Shadowing standard deviation
	8 dB

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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	Channel Model
	SCM-C (Urban Macro, high spread) with perfect antenna de-correlation for 1x2 Rx diversity

	Maximum UE TX power
	24dBm

	Minimum distance between UE and cell
	35 meters

	Target block error rate
	10 %

	HARQ
	Synchronous nonadaptive IR

	Number of HARQ processes
	5

	Number of maximum retransmission
	8

	Overhead
	2 SC-FDMA symbols per 1ms for the demodulation RS
1 SC-FDMA symbol per 2ms for channel sounding RS
8RB for PUCCH (1RB for case4)

	Scheduler
	Frequency selective scheduler with PF

	Users per sector
	10

	# of PDCCH
	8 (2 for case 4)

	Power control algorithm
	Aperiodic power control (open loop power control)

	MCS for initial transmission
	18 levels as shown in Table A3

	Link Mapping
	EESM[3]

	Channel estimation loss model
	Modelled as described in [3]

	Period of channel sounding RS
	20ms

	Channel sounding delay
	4ms


Table A2. Simulation Case

	Simulation
	CF
	ISD
	BW*
	PLoss
	Speed

	Cases
	(GHz)
	(meters)
	(MHz)
	(dB)
	(km/h)

	1
	2.0
	500
	10
	20
	3

	2
	2.0
	500
	10
	10
	30

	3
	2.0
	1732
	10
	20
	3

	4
	0.9
	1000
	1.25
	10
	3


Table A3. Modulation and coding scheme
	Modulation
	Code Rate
	Repetition Factor

	QPSK
	1/3
	256

	
	1/3
	128

	
	1/3
	64

	
	1/3
	32

	
	1/3
	16

	
	1/3
	8

	
	1/3
	4

	
	1/3
	2

	
	1/3
	1

	
	1/2
	1

	
	2/3
	1

	
	3/4
	1

	
	4/5
	1

	16 QAM
	1/3
	1

	
	1/2
	1

	
	2/3
	1

	
	3/4
	1

	
	4/5
	1



































PAGE  
1

_1177244166.unknown

_1179921060.unknown

