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1. Introduction

E-UTRA is expected to deliver high spectrum efficiency and significant improvement over HSUPA. Specifically, the target is to provide 2-3x gain for sector and average user throughput, and 2-3x gain for 5%-tile user throughput [2].  In order to ensure that the final LTE system would still be able to realize these performance gains, a number of operators requested for a performance verification checkpoint to be performed in the work item phase before completion of the stage 3 work (to be presented to the TSG RAN plenary #36 in June 2007). This performance verification is necessary to understand if the LTE system design is on track to meet the LTE system performance demonstrated at the end of the LTE study item, and to understand whether any additional work needs to be done to improve the system performance further to meet the performance targets.
In this contribution, the E-UTRA uplink performance using full queue traffic model is simulated based on the assumptions outlined in [1].
2. Uplink simulation results 

Table 1 summarizes the uplink system simulation reference cases given in [1] and indicates the traffic type used.  Detailed simulation parameters are listed in Annex A.  
Table 1- Uplink system simulation assumptions

	Simulation
	CF
	ISD
	BW
	PLoss
	Speed
	Traffic Type

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

	1
	2.0
	500
	10
	20
	3
	Full-queue (FQ)

	2
	2.0
	500
	10
	10
	30
	FQ

	3
	2.0
	1732
	10
	20
	3
	FQ

	4
	0.9
	1000
	1.25
	10
	3
	FQ


Non-ideal channel estimation is assumed. Localized allocation (using frequency selective scheduling) is simulated for SIMO and SDMA with maximum 2 UEs sharing the same time frequency resource. System performance is summarized in the following Tables for 10 UE’s per sector using full queue(FQ) model. 
Fractional slow power control and network based parameter adaptation is used for uplink power control [6]. The interval of measuring IoT, the backhaul delay and the interval of updating power control parameters are set to 50 ms in the simulation.
3. Simulation results with SIMO
Simulation results of SIMO are given here with two and four receive antennas at Node-B and one transmit antenna at UE. Sector spectral efficiency and 5%-ile cell-edge user spectral efficiency are given. The average IoT and its standard deviation are also given here.
Table 2 - Sector and Cell-edge Throughput for E-UTRA with 1x2 SIMO vs. HSUPA

	Case
	HSUPA
	EUTRA Uplink

	
	Sector
	5%-ile User
	Sector Throughput
	5%-ile User Throughput
	IoT
(linear)

	
	(bps/Hz)
	(bps/Hz)
	(bps/Hz)
	gain
	(bps/Hz)
	gain
	Average
	STD

	1
	0.312
	0.0087
	0.770 (RR*)
	2.5x
	0.131
(RR*)
	1.5x
	3.47 
(RR*)
	0.99 (RR*)

	
	
	
	0.624
	2.0x
	0.0276
	3.2x
	3.32
	0.84

	2
	0.307
	0.0087
	0.655
	2.1x
	0.0285
	3.3x
	3.52
	0.79

	3
	0.261
	0.0008
	0.634
	2.4x
	0.0021
	2.6x
	2.23
	0.49

	4
	NA
	NA
	0.507
	NA
	0.0247
	NA
	5.22
	1.65


* Results with round-robin scheduler for calibration.  Note equal user bandwidth was not assumed.
Table 3 - Sector and Cell-edge Throughput for E-UTRA with 1x4 SIMO vs. HSUPA

	Case
	HSUPA
	EUTRA Uplink

	
	Sector
	5%-ile User
	Sector Throughput
	5%-ile User Throughput
	IoT
(linear)

	
	(bps/Hz)
	(bps/Hz)
	(bps/Hz)
	gain
	(bps/Hz)
	gain
	Average
	STD

	1
	0.312
	0.0087
	0.891
	2.9x
	0.0438
	5.0x
	3.55
	0.89

	2
	0.307
	0.0087
	0.911
	3.0x
	0.0444
	5.1x
	3.77
	0.97

	3
	0.261
	0.0008
	0.887
	3.4x
	0.0045
	5.6x
	1.87
	0.30

	4
	NA
	NA
	0.825
	NA
	0.0420
	NA
	4.91
	1.60


With two receive antennas at the Node-B, the E-UTRA uplink sector throughput with SIMO achieves 2x spectral efficiency that of HSUPA and the 5%-ile cell-edge user throughput is about 3x that of HSUPA. With four receive antennas at the Node-B, the sector throughput is about 3x that of HSUPA while 5%-ile user throughput is at least 5x that of HSUPA.
4. Simulation results with SDMA
The following tables show the performance of LTE uplink with SDMA where up to two UEs may share the same time-frequency resource.
Table 4 – Sector and Cell-edge Throughput for E-UTRA with 1x2 SDMA vs. HSUPA

	Case
	HSUPA
	EUTRA Uplink

	
	Sector
	5%-ile User
	Sector Throughput
	5%-ile User Throughput
	IoT
(linear)

	
	(bps/Hz)
	(bps/Hz)
	(bps/Hz)
	gain
	(bps/Hz)
	gain
	Average
	STD

	1
	0.312
	0.0087
	0.638
	2.0x
	0.0279
	3.2x
	3.36
	0.80

	2
	0.307
	0.0087
	0.676
	2.2x
	0.0296
	3.4x
	3.55
	0.75

	3
	0.261
	0.0008
	0.611
	2.3x
	0.0021
	2.6x
	2.21
	0.49

	4
	NA
	NA
	0.517
	NA
	0.0247
	NA
	5.07
	1.54


Table 5 - Sector Cell-edge Throughput for E-UTRA with 1x4 SDMA vs. HSUPA

	Case
	HSUPA
	EUTRA Uplink

	
	Sector
	5%-ile User
	Sector Throughput
	5%-ile User Throughput
	IoT
(linear)

	
	(bps/Hz)
	(bps/Hz)
	(bps/Hz)
	gain
	(bps/Hz)
	gain
	Average
	STD

	1
	0.312
	0.0087
	0.996
	3.2x
	0.0460
	5.3x
	3.53
	0.69

	2
	0.307
	0.0087
	1.027
	3.3x
	0.0480
	5.5x
	3.77
	0.75

	3
	0.261
	0.0008
	0.888
	3.4x
	0.0047
	5.9x
	1.80
	0.23

	4
	NA
	NA
	0.905
	NA
	0.0442
	NA
	4.88
	1.35


With SDMA, the E-UTRA uplink performance is further improved. Note that, with SDMA, both the average and standard deviation of IoT are reduced.
5. Conclusion

In this contribution, we presented system simulation results for E-UTRA uplink. The following conclusions are drawn:
a. With 2 NB RX antennas and 1 UE TX antenna LTE easily meets or exceeds the 2-3x relative to HSUPA throughput performance targets in 25.913 and [2].  With 4 RX Antennas using MRC a sector throughput ~3x and edge user throughput of ~5x over HSUPA is achieved.

b. With SDMA, sector throughput and edge user throughput improve marginally over 1x4 MRC while the average and standard deviation of the IoT is slightly lower.

c. Overall the UL LTE targets exceed expectations.
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ANNEX A – System Simulation Assumptions
Table 6 - Macro-cell system simulation baseline parameters

	Parameter
	Assumption

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

	Distance-dependent path loss
	L=128.1 + 37.6log10(.R), R in kilometers @ 2GHz

	Distance-dependent path loss
	L=120.9 + 37.6log10(.R), R in kilometers @ 0.9GHz

	Lognormal Shadowing
	Similar to UMTS 30.03, B 1.41.4 

	Shadowing standard deviation
	8 dB

	Correlation distance of Shadowing
	50 m  (See D,4 in UMTS 30.03)

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Penetration Loss  
	20/10 dB 

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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	Channel model
	Spatial Channel Model [3] SCM-C (Urban Macro, high spread [2])

	UE TX power (Ptotal)
	24dBm (with appropriate CM backoff)

	Antenna Bore-sight points toward flat side of cell (for 3-sector sites with fixed antenna patterns)
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	Users dropped uniformly in entire cell
	


	Minimum distance between UE and cell
	35 meters

	Number of users for full queue traffic model
	10

	AMC
	ON  (2/3<MCS<3.2) , 16 Levels

	HARQ
	IR with N=6 stop-and-wait HARQ protocol

	OFDM symbols per subframe
	14 (Total)

	Scheduler
	PF (both in time and frequency domain), round-robin

	Link to system Mapping
	EESM

	UE Transmitter x HSUPA BS Reciever
	1x2

	UE Transmitter x E-UTRA BS Reciever
	1x2, 1x4

	Other Cell interference
	Explicitly modeled

	UL Control Channels 
	8 RB for 10 MHz, 1 RB for 1.25 MHz

	UL Reference Signal Structure
	As per [4]

	Resource Block (RB) size 
	12 sub carrier over 12 symbols

	Maximum number of users scheduled per sub-frame
	6 for 10 MHz; 2 for 1.25 MHz


ANNEX B – Fairness Plots, IoT and UL SNR Distribution
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Figure 1 Fairness performance of E-UTRA uplink.
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Figure 2 CDF of IoT for E-UTRA uplink.
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Figure 3 – Uplink SNR distribution for full bandwidth transmission using full power.

ANNEX C – Link Performance Results Used in System Simulations (AWGN+ICE+No RX Diversity)
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Figure 4 QPSK R=1/3: Link performance and curve fit.
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Figure 5 – QPSK R=1/2: Link performance and curve fit.

[image: image8.emf]0.001

0.01

0.1

1

2 2.25 2.5 2.75 3 3.25 3.5 3.75 4 4.25 4.5

Es/No (dB)

FER

192

288

384

480

960

1920

3840

4800

192b

288b

384b

480b

960b

1920b

3840b

4800b


Figure 6 – QPSK R=2/3: Link Performance and curve fit.
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Figure 7 – 16QAM R=1/3: Link performance and curve fit.
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Figure 8 – 16QAM R=1/2: Link performance and curve fit.
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Figure 9 – 16QAM R=2/3: Link performance and curve fit.
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Figure 10. Link Performance Comparison of SIMO and 1x2 MU-MIMO (Virtual MIMO)
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