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1. Introduction

This paper evaluates the uplink performance as part of the LTE performance verification [1]. E-UTRA targets high user throughput and spectrum efficiency ‎[1]. More specifically, as compared to a UTRA baseline configuration according to ‎[1], the uplink targets are: 2-3 times higher average user throughput, 2-3 times higher cell-edge user throughput, and 2-3 times higher spectrum efficiency. 
2. Models and Assumptions

Performance is evaluated by means of time-dynamic multi-cell system simulations. Models and assumptions are aligned with [2][3] and presented in Appendix A. Two deployments have been simulated, Case 1 and Case3. In addition to the baseline E-UTRA configuration with 1x2 antennas (Ntx x Nrx), an enhanced configuration with 1x4 antennas is studied. In all cases, a simple, non-channel dependent, FDM scheduler, used for calibration purposes, as well as a channel quality-based FDM (‘FDM Q-based’) scheduler are studied.   
3. Results

The simulation results for Case 1 are summarized in Table 1 and Figure 1. Additional performance metrics are shown in Figures 3-9. Already the E-UTRA 1x2 baseline with FDM scheduling reaches the high-end (x3) targets, both in terms of mean and cell-edge user throughput and spectrum efficiency. The E-UTRA 1x4 configuration provides significant additional gains. The high-end targets are also reached and exceeded for deployment Case 3, as shown in Table 2 and Figure 2.
Table 1. Uplink full queue system evaluation for Case 1 (ISD 500m)
	Metric
	2a) Avg cell throughput [Mbps] and spectrum efficiency [bps/Hz/sector] 
(x UTRA Baseline)
	2b) Avg user throughput and spectrum efficiency 
	2c) Cell-edge user throughput and spectrum efficiency

	UTRA Baseline (5MHz)
	1.470 
0.294 (x1.0)
	0.147
0.029 (x1.0) 
	0.057
0.011 (x1.0)

	E-UTRA baseline 
1x2 FDM
	8.670
0.867 (x3.0) 
	0.867
0.0867 (x3.0) 
	0.344
0.0344 (x3.0)

	E-UTRA baseline
1x2 FDM Q-based
	9.396 
0.9396 (x3.2)
	0.940
0.094 (x3.2)
	0.399
0.0399 (x3.5)

	E-UTRA Enhanced
1x4 FDM
	13.153 
1.3153 (x4.5)
	1.315 
0.1315 (x4.5)
	0.608
0.061 (x5.3)

	E-UTRA Enhanced
1x4 FDM Q-based
	13.955 
1.3955 (x4.7)
	1.395
0.1395 (x4.7)
	0.651
0.0651 (x5.7)


Table 2. Uplink full queue system evaluation for Case 3 (ISD 1732m)
	Metric
	2a) Avg cell throughput and spectrum efficiency (x UTRA Baseline)
	2b) Avg user throughput and spectrum efficiency 
	2c) Cell-edge user throughput and spectrum efficiency

	UTRA Baseline (5MHz)
	1.093 
0.219 (x1.0)
	0.109 

0.022 (x1.0)
	0.007
0.0014 (x1.0)

	E-UTRA baseline 
1x2 FDM
	8.087 
0.809 (x3.7)
	0.809 
0.0809 (x3.7)
	0.052
0.0052 (x3.5)

	E-UTRA baseline
1x2 FDM Q-based
	8.553 
0.855 (x3.9)
	0.855 
0.0855 (x3.9)
	0.065
0.0065 (x4.4)

	E-UTRA Enhanced
1x4 FDM
	11.884 
1.1884 (x5.4)
	1.1884 
0.1188 (x5.4)
	0.142
0.014 (x9.5)

	E-UTRA Enhanced
1x4 FDM Q-based
	12.263 
1.2263 (x5.6)
	1.226 
0.1226 (x5.6)
	0.169
0.0169 (x11.3)


4. Conclusions

The presented results show that the targets on uplink user throughput and spectrum efficiency of ‎[1] can be reached. The results are summarized in Figure 1 and 2.
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Figure 1. Summary of uplink results for Case 1.

[image: image2.emf]UTRA Baseline 1x2 FDM 1x2 FDMQ 1x4 FDM 1x4 FDMQ

0

0.5

1

1.5

Avg cell tp [bps/Hz/cell]

UL, Case 3

 

 

Target

UTRA Baseline 1x2 FDM 1x2 FDMQ 1x4 FDM 1x4 FDMQ

0

0.005

0.01

0.015

0.02

Cell-edge user tp [bps/Hz]

 

 

Target


Figure 2. Summary of uplink results for Case 3.
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UTRA Baseline mc/mu/ce 0.29/0.029/0.011 bps/Hz

1x2 FDM mc/mu/ce 0.87/0.087/0.034 bps/Hz

1x2 FDMQ mc/mu/ce 0.94/0.094/0.040 bps/Hz

1x4 FDM mc/mu/ce 1.34/0.134/0.061 bps/Hz

1x4 FDMQ mc/mu/ce 1.40/0.140/0.065 bps/Hz


Figure 3. Uplink normalized user throughput CDF (Metric 2d). Case 1 (ISD=500m).
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Figure 4. Uplink normalized user throughput CDF (Metric 2d). Case 3 (ISD=1732m).
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Figure 5. Uplink user throughput CDF normalized by the average user throughput (Metric 2d). Case 1 (ISD=500m). 
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Figure 6. Uplink user throughput CDF normalized by the average user throughput (Metric 2d). Case 3 (ISD=1732m). 
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Figure 7. Uplink RoT distribution (Metric 2f), for case 1 (left) and case 3 (right).
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Figure 8. Link level results used in system simulator; normalized throughput v SNR for AWGN channel.  Note: 64QAM not used in uplink.
A. Models and Assumptions
The models and assumptions used in the evaluations are aligned with [2] and [3], and presented in the following tables. These tables are based on [3]. In cases alternative models or parameters are allowed, the selected parameter is highlighted using blue and bold font.

In addition to using the below models, full buffer traffic and an average of 10 users per cells are also assumed.

Table A.2.1.1-1 – UTRA and EUTRA simulation case minimum set (case 2 and 4 not covered)

	Simulation
	CF
	ISD
	BW
	PLoss
	Speed

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

	1
	2.0
	500
	10
	20
	3

	3
	2.0
	1732
	10
	20
	3


Table A.2.1.1-3 – Macro-cell system simulation baseline parameters

	Parameter
	Assumption

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

	Inter-site distance
	See Table A.2.1.1-1

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

I=128.1 – 2GHz,   I=120.9 - 900MHz

	Lognormal Shadowing
	Similar to UMTS 30.03, B 1.4.1.4

	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  
	See Table A2.1.1-1

	Antenna pattern [4] (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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	Carrier Frequency / Bandwidth
	See Table A.2.1.1-1

	Channel model
	Spatial Channel Model (SCM)  Urban Macro high spread

	UE speeds of interest
	3km/h

	Total BS TX power (Ptotal)
	46dBm - 10MHz carrier

	UE power class
	24dBm (250mW)

	Inter-cell Interference Modelling
	UL: Explicit modelling, 

DL: Explicit modelling 

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


	Users dropped uniformly in entire cell
	


	Minimum distance between UE and cell
	>= 35 meters 


Table A.2.1.5-1 –Reference UTRA UE parameters

	Parameters
	Model Assumptions

	Receiver
	Performance Type 1 (Rx Diversity)

	Transmitter
	1 Antenna

	Antenna gain
	0 dBi

	Noise Figure
	9dB

	HSDPA UE Capability Category
	14Mbps (15 codes) ,   Capability Category 10    

	HSUPA UE Capability Category
	CC6: 2Mbps TTI=10ms 

	Multicast
	S-CCPCH soft combining for multicast


Table A.2.1.6-1 – Reference EUTRA UE parameters

	Parameters
	Model Assumptions

	Receiver
	2 Antennas

	Transmitter
	1 Antenna

	Antenna gain
	0 dBi 

	Noise Figure
	9 dB

	MIMO
	support for 2x2 downlink MIMO

	Peak to Average/Cubic Metric
	Should be specified based on MA used


Table A.2.1.7-1 – UTRA Reference Node-B

	Parameters
	Model Assumptions

	Node-B Transmitter
	1 Antenna

	Node-B Receiver 
	2 Antennas – Rake,   Ideal antenna de-correlation 

8 fingers assignable per UE

	BS antenna gain plus cable loss
	14 dBi for micro, macro cell case

	Node-B HS-DSCH codes (N)
	N = 15 – DPCH code overhead => N=14 simulated

	Noise Figure
	5 dB

	Pilot channel power overhead (P_PILOT)
	10% (CPICH)

	Common channel power overhead

(P_OVHD)
	10% (SCH, P-CCPCH, S-CCPCH)

	DL HSUPA channel power overhead (P_HSUPA)
	[8]% (E-AGCH, E-RGCH, E-HICH)

	Power available for 

HS-DSCH/HS-SCCH/DPCH
	100% - P_PILOT - P_OVHD – P_HSUPA  

	HS-SCCH
	Explicitly modeled

	DL DPCH (F-DPCCH or Assoc.)
	Explicitly modeled


Table A.2.1.8-1 EUTRA Reference Node-B

	Parameters
	Model Assumptions

	Node-B Transmitter
	2 Antennas

	Node-B Receiver 
	2 Antennas

	Noise Figure
	5 dB

	BS antenna gain plus cable loss
	14 dBi 

	Pilot channel overhead 
	According to current 36.211

	Control channel overhead


	Downlink: L=3
Uplink: 8 RBs for L1/L2 CCH


Additional Uplink Models and Assumptions
	Topic
	Aligned Value(s) - baseline for simulation

	Basic transmission scheme
	According to 36.211

	TTI length
	1.0 ms

	Basic modulation
	QPSK and 16QAM

	Resource block definition
	Localized, 12 ‘subcarriers’

	Data multiplexing
	Data transmissions: LFDM 
Control transmissions: LFDM 

	Reference signal structure
	According to 36.211 (2 long blocks per 1ms TTI)*

	Data channel coding
	Release 6 turbo coding 

	MIMO and transmit diversity
	1x2 (E-UTRA baseline) or 1x4 (E-UTRA enhanced) 

	Power de-rating
	Not considered 

	RACH
	Not explicitly modeled

	Scheduling
	Channel-quality based FDM (denoted FDM Q-based or FDMQ) with CQI delay 4ms*.
For calibration purposes:  ‘random’ FDM
MCS table and details on link-to-system interface including link-level curves are presented

	Link adaptation
	Base-station (scheduler) controls resources, modulation and coding, and UE obeys
‘CQI’ delay = 4ms

	H-ARQ
	Synchronous/non-adaptive

	Power Control
	Combined open- and a-periodic closed loop power control according to RAN1 working assumption. Closed-loop correction based on interference level and intercell pathgain difference.
Power may be updated in each scheduling grant, according to RAN1 working assumption (but is typically very static).  
‘CQI’ delay = 4ms.

	Inter-cell interference randomisation
	Scrambling implicitly included (no impact on system simulations)  

	Inter-cell interference co-ordination
	Reuse 1, no intercell coordination

	Inter-node B synchronisation
	Unsynchronised (i.e. not relying on methods exploiting synchronisation)

	Control signalling
	Overhead for RS and L1/L2 CCH using 8 RBs deducted


*) No overhead for uplink sounding reference signals is deducted (as these are not yet defined). This yields slightly optimistic results for the FDM Q-based scheduler. Assuming that one symbol in every fourth TTI is used for this purpose corresponds to an overhead of 1/(4x14) = 1.8%.   
Link performance (for downlink) with ideal and realistic channel estimation is presented in Figure 9. It is seen that with 2x2 MIMO, for the SCM Urban Macro (SCM-C) channel, a difference in the order of 0.5-1.0dB is achieved. In the system level evaluations, ideal channel estimation is assumed for both UTRA and E-UTRA.
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Figure 9. Link simulation results for 2x2 SU-MIMO. Channel model SCM-C at 3km/h.
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