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1
Introduction
In this document, we present system level results for uplink E-UTRA based on baseline configuration parameters set in [1] and the minimum set scenarios in [2]. The goal of this document is to explore the effect of carrier distribution on the  peak data rates, user throughputs, spectrum efficiencies and coverage for uplink E-UTRA in various scenarios (centre frequencies, inter-site distances, penetration loss and user speeds)  and for different base station schedulers. We will turn off Hybrid Automatic Repeat Request (H-ARQ).

For the uplink cellular system, we will model a low-PAPR single carrier transmission scheme (Single Carrier-FDMA) [3]. This scheme has been studied in [5], [6] and [7] and has been shown to satisfy the requirements for Evolved UTRAN and Evolved UTRAN specified in [4]. 
In SC-FDMA, a subframe is divided into resource blocks (RBs) of 25 subcarriers each. These subcarriers can be selected adjacent to each other (localized subcarrier mapping) or dispersed over the entire bandwidth (distributed subcarrier mapping). Localized subcarrier mapping results in a RB with highly correlated subcarriers and less frequency diversity than distributed subcarrier mapping. We will study the interaction of the additional frequency diversity on the performance of round robin and proportional fair schedulers under various scenarios.  

2
Scenarios 
In Table 1, we present the scenarios that will be studied. The scenarios include the E-UTRA simulation case minimum set specified in [2] and one additional case . They are defined by the center frequencies (CF), inter-site distances (ISD), bandwidth (BW), Penetration Loss (PLoss) and speed. 
Table 1: Simulation Scenarios
	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
	10
	10
	3

	5

	2.0
	1732
	10
	10
	30


3
Results

We will use the following metrics to quantify the system performance for each of the scenarios in Table 1 with both round robin (RR) and proportional fair (PF) scheduling. 

· Average user throughput
· Average data rate transmitted per UE (SEUE)
· Average spectrum efficiency
· Average data rate transmitted per subframe per sector (SEave)
· Coverage  

· 5% CDF of date rate transmitted per UE (SEcov)
· Peak data rates

· Peak data rate transmitted per UE (PeakUE).

· Peak data rate transmitted per subframe per sector (Peaksubframe)
These metrics have been specified in [4]. The UE is assumed to have 1 Tx antenna while each BS sector has 2 Rx antennas and performs Maximum Ratio Combining (MRC) on the received signal. Details on the simulation setup and parameters can be found in Section 4. 

3.1 Localized Sub-Carrier Mapping

In localized carrier mapping, adjacent subcarriers are allocated to the same resource block. The mapping from resource block subcarriers to the corresponding block error rate is explained in Section 4.
Table 2: Results for localized sub-carrier mapping
	Scenario
	Scheduling
	SEUE
	SEave
	SEcov
	PeakUE
	Peaksubframe

	
	
	
	
	
	
	

	1
	RR
	0.0316
	0.6161
	0.0067
	0.1388
	1.1450

	1
	PF
	0.0466
	0.8879
	0.0076
	0.3176
	2.4000

	
	
	
	
	
	
	

	2
	RR
	0.0306
	0.5978
	0.0145
	0.1463
	1.1300

	2
	PF
	0.0474
	0.9062
	0.0189
	0.2659
	2.4000

	
	
	
	
	
	
	

	3
	RR
	0.0322
	0.6391
	0.0001
	0.1304
	1.1250

	3
	PF
	0.0384
	0.7576
	0.0048
	0.1336
	1.9400

	
	
	
	
	
	
	

	4
	RR
	0.0271
	0.5737
	0.0019
	0.1156
	0.9400

	4
	PF
	0.0407
	0.7589
	0.0051
	0.3730
	2.4000

	
	
	
	
	
	
	

	5
	RR
	0.0273
	0.5689
	0.0057
	0.0845
	1.1050

	5
	PF
	0.0461
	0.8845
	0.0131
	0.1799
	2.4000


3.2 Distributed Sub-Carrier Mapping

In distributed sub-carrier mapping, the carriers mapped to a resource block are equally spaced in frequency.  The mapping from resource block subcarriers to the corresponding block error rate is identical to the localized subcarrier case (with different subcarriers chosen) and explained in Section 4.
Table 3: Results for distributed sub-carrier mapping
	Scenario
	Scheduling
	SEuser
	SEave
	SEcov
	Peakuser
	Peaksubframe

	
	
	
	
	
	
	

	1
	RR
	0.0404
	0.7863
	0.0049
	0.2000
	1.2000

	1
	PF
	0.0356
	0.7452
	0.0062
	0.2555
	2.4000

	
	
	
	
	
	
	

	2
	RR
	0.0366
	0.6987
	0.0171
	0.1500
	1.3350

	2
	PF
	0.0484
	0.9804
	0.0232
	0.2892
	2.4000

	
	
	
	
	
	
	

	3
	RR
	0.0376
	0.7595
	0.0001
	0.1200
	1.1050

	3
	PF
	0.0369
	0.7238
	0.0040
	0.1719
	2.4000

	
	
	
	
	
	
	

	4
	RR
	0.0377
	0.7397
	0.0018
	0.1200
	1.1650

	4
	PF
	0.0277
	0.5806
	0.0012
	0.2554
	2.4000

	
	
	
	
	
	
	

	5
	RR
	0.0327
	0.6634
	0.0056
	0.1282
	1.2100

	5
	PF
	0.0510
	1.0165
	0.0133
	0.1240
	2.4000


3.3 Discussion
From Tables 2 and 3, we see the following
· With round robin scheduling, distributed subcarrier mapping should always be used. This is not the case with proportional fair scheduling.

· Improvement in SEave with RR scheduling and distributed subcarrier mapping
:  Scenario 1 (27.6%), Scenario 2 (16.9%), Scenario 3 (18.8%), Scenario 4 (28.9%), Scenario 5 (16.6%)

· At slow speeds, (scenarios 1, 3 and 4), to maximize the average spectral efficiency of the network, proportional fair scheduling with localized subcarrier mapping should be used. This prevents the frequency diversity derived from distributed subcarrier mapping from limiting the scheduling gain obtained from the opportunistic scheduler. 
· Improvement in SEave with PF scheduling and localized subcarrier mapping: Scenario 1 (19.1 %), Scenario 3 (4.7 %), Scenario 4 (30.7 %).

· At higher speeds (scenarios 2 and 5), to maximize the average spectral efficiency of the network, proportional fair scheduling with distributed sub-carrier mapping should be used. In this case, the inability to predict the channel properly due to the higher speed limits the scheduling gain and the benefits of the frequency diversity from distributed subcarrier mapping (combined with PF scheduling) can be seen. 
· Improvement in SEave with PF scheduling and distributed subcarrrier mapping: Scenario 2 (8.2 %), Scneario 5 (14.9 %). 
Note that this interaction between PF scheduling and transmit diversity (rather than frequency diversity) has been studied in [11] with similar conclusions reached on the need for additional diversity with PF scheduling at higher speeds. 
· In general, the best PF scheduling performance is better than or approximately equal to the best RR scheduling performance: Scenario 1 (11.4%), Scenario 2(28.7 %), Scenario 3(-0.3 %), Scenario 4 (2.5 %), Scenario 5 (25 %).

4
Simulation Setup and Parameters
Table 4.  Simulation Assumptions

	Parameter
	Assumption

	SC-FDMA Receiver
	SC-FDMA with 2 Rx antenna Diversity

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

	Inter-site distance (ISD)
	500m, 1000m, 1732m [See Table 1]

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

I=128.1 – 2GHz

	Lognormal Shadowing
	Similar to UMTS 30.03, B 1.41.4 

	Shadowing standard deviation
	8 dB

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Penetration Loss  
	10dB, 20dB  [See Table 1]

	Channel model
	Typical Urban (TU)

	Antenna pattern (horizontal)

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


	BS Antenna Gain plus cable loss
	14 dBi

	Carrier Frequency
	0.9GHz, 2.0GHz [See Table 1]

	Bandwidth
	10 MHz

	RB bandwidth
	375 kHz

	UE’s per Sector
	20

	UE speeds of interest
	3 km/h, 30km/h, 120 km/h [See Table 1]

	Minimum distance between UE and cell
	>= 35 meters

	Maximum UE TX power including PAPR backoff
	24 dBm [2]

	UE Traffic
	Full Buffer

	Noise Figure
	5dB

	Slow Power Control
	ON (Target = 20dB)

	AMC
	ON [See Table 5]

	Coding
	Release 6 Turbo Coding

	HARQ
	OFF

	Channel-dependent scheduling
	Round robin, Proportional Fair

	CQI processing delay (AMC, Scheduling)
	Processing delay of 3 subframe

	Overhead Channels
	 1symbol per subframe: 

Control, Feedback, Reference  symbols

	Data Channels 
	6 symbols per subframe

	Resource Block Carrier Allocation
	Localized, Distributed [Section 1]


4.1 Adaptive Modulation and Coding 

We use the Release 6 turbo coding specification as specified in [1]. The AMC set used in the simulation is shown in Table 5. The block error rate performance of the set assuming an information bit length that occupies a resource block made up of 5 time slots and 25 subcarriers each (125 modulation symbols)  and 2 antenna receive diversity is shown in Figure 1 (One time slot out of the 7 time slot available are used for control, feedback and reference symbol information). The corresponding spectral efficiency assuming no transmission for Block Error Rates greater than 1 % is shown in Figure 2. At every CINR, the modulation and code rate that gives the largest spectral efficiency is chosen. 
Table 5: AMC set

	Modulation
	4-QAM
	4-QAM
	4-QAM
	4-QAM
	16-QAM
	16-QAM
	16-QAM
	16-QAM

	Code Rate
	1/3
	½
	¾
	5/6
	1/3
	½
	3/4
	5/6


4.2 Effective SIR Mapping for Carriers
It is necessary to map the Signal to Interference Ratio (SIR) of the subcarriers derived from the instantaneous fading channel to an effective SINR that will be used to predict the BLER performance for the different MCS from basic AWGN link-level performance curves [8] [9]. As opposed to the Exponential Effective SNR method used for OFDM, we will utilize the mapping function for SINReff in SC-FDMA with a FDE derived in [10]. This is given by 
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where SINRk is the SINR of the kth sub-carrier in the subchannel and M is the number of subcarriers in the subchannel. SINReff is then mapped to the corresponding AWGN curve to obtain the corresponding PER. We will assume that we have one SC-FDMA symbol per RB. The SINReff value calculated from the channel realization 3 subframes in the past serves as the CQI measure used for scheduling and AMC.

5
Conclusions

In this document we presented the uplink system level performance of an SC-FDMA system for localized and distributed subcarrier mapping using both round robin and proportional fair schedulers. In general, proportional Fair schedulers should be used. For round robin schedulers, distributed subcarrier mapping should be used. However, for proportional fair schedulers, localized subcarrier mapping should be used at slow speeds while distributed subcarrier mapping should be used at higher speeds. 
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Figure 1: Block Error Rates for various AMC modes in an AWGN with Maximum Ratio Combining.
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Figure 2: Corresponding Spectral Efficiency for various AMC modes assuming R = 0 if BLER < 1%.



















































� Not a member of the minimum set of scenarios.


� Percentage improvement = SEdifference/min(SEdistributed, SElocalized)
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