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1
Introduction
In the current standard, the uplink multiple access technique used is Single Carrier Frequency Division Multiple Access (SC-FDMA) and each resource block spans 12 sub-carriers [1]. As such, the DFT required by the SC-FDMA has to be implemented in sizes that are multiples of 12. 
In this contribution, we will study the effect of selecting a subset of the allowable DFT sizes on the system performance of the network. Our choice of allowable DFT sizes will be based on the prime factorization of the number of sub-carriers in the resource block allocation. For a scheduler allocation of N/12 resource blocks (corresponding to N sub-carriers), N is factorized as 
N = 2 m  x 3 n x … x k p
where 2, 3,…, k are all prime numbers with 2 < 3 < … < k and m, n and p are integers. We will restrict the uplink scheduler to allow only resource block sizes that have a maximum prime factor of k. The results show that, in all cases studied, the loss in performance due to the restriction is negligible. Thus, restricting the allowable DFT sizes will ultimately simplify the implementation of the UEs with minimal loss on the performance of the network. 
2
Scheduler Restrictions
As the system uses SC-FDMA, the scheduler will now have the following restrictions, 
1. Sub-channel Adjacency restriction: All sub-channels assigned to a UE have to be adjacent to preserve the single carrier characteristics of the technique (in the localized subcarrier case).

2. Total Power constraint: The UE has a maximum transmit power.

3. Peak Power constraint: The UE has a maximum power spectral density determined by slow power control. 

4. FFT size: The new constraint, where the UE disallows some RB allocation sizes based on the prime factorization of the resulting DFT size. For a bandwidth of 5 MHz (corresponding to 300 sub-carriers), we have the following restrictions

Table 1: FFT Size Restriction for a 5 MHz channel

	No. RBs
	No sub-carriers
	Prime Factors
	k=3
	k=5
	k=7
	k=(

	1
	12
	2.2.3
	*
	*
	*
	*

	2
	24
	2.2.2.3
	*
	*
	*
	*

	3
	36
	2.2.3.3
	*
	*
	*
	*

	4
	48
	2.2.2.2.3
	*
	*
	*
	*

	5
	60
	2.2.3.5
	x
	*
	*
	*

	6
	72
	2.2.2.3.3
	*
	*
	*
	*

	7
	84
	2.2.3.7
	x
	x
	*
	*

	8
	96
	2.2.2.2.2.3
	*
	*
	*
	*

	9
	108
	2.2.3.3.3
	*
	*
	*
	*

	10
	120
	2.2.2.3.5
	x
	*
	*
	*

	11
	132
	2.2.3.11
	x
	x
	x
	*

	12
	144
	2.2.2.2.3.3
	*
	*
	*
	*

	13
	156
	2.2.3.13
	x
	x
	x
	*

	14
	168
	2.2.2.3.7
	x
	x
	*
	*

	15
	180
	2.2.3.3.5
	*
	*
	*
	*

	16
	192
	2.2.2.2.2.2.3
	*
	*
	*
	*

	17
	204
	2.2.3.17
	x
	x
	x
	*

	18
	216
	2.2.2.3.3.3
	*
	*
	*
	*

	19
	228
	2.2.3.19
	x
	x
	x
	*

	20
	240
	2.2.2.2.3.5
	x
	*
	*
	*

	21
	252
	2.2.3.3.7
	x
	x
	*
	*

	22
	264
	2.2.2.3.11
	x
	x
	x
	*

	23
	276
	2.2.3.23
	x
	x
	x
	*

	24
	288
	2.2.2.2.2.3.3
	*
	*
	*
	*

	25
	300
	2.2.3.5.5
	x
	*
	*
	*


* - allowed, x - disallowed

We will implement a proportional fair scheduler using all the restrictions listed above. 
2
Results

We will use the following metrics to quantify the system performance for each power control type. 
· 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)

The results are as follows:
Table 2: Spectral Efficiency results

	
	SEUE
	SEave
	SEcov

	k =(
	0.0788
	0.7640
	0.0374

	k = 7
	0.0788
	0.7550
	0.0376

	k = 5
	0.0787
	0.7601
	0.0376

	k = 3
	0.0768
	0.7647
	0.0378


 

3
Conclusions

As can be seen, limiting the FFT block sizes allowed has no statistical effect on the system performance but allows for easier implementation of the UE. As such, we recommend that the allowable DFTs be restricted and suggest a maximum of k = 5.
4
Simulation Parameters and Setup
The performance will be studied in the following E-UTRA scenario.

Table 3: E-UTRA scenario
	Case
	(GHz)
	(meters)
	(MHz)
	(dB)
	(km/h)

	1
	2.0
	500
	5
	20
	3


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

	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  
	20dB

	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
	2.0GHz 

	Bandwidth
	5 MHz

	RB bandwidth
	180 kHz

	UE’s per Sector
	10

	UE speeds of interest
	3 km/h 

	Minimum distance between UE and cell
	>= 35 meters

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

	UE Traffic
	Full Buffer

	Noise Figure
	5dB

	AMC
	ON [See Table 5]

	Coding
	Release 6 Turbo Coding

	HARQ
	ON (synchronous, incremental redundancy)

	Channel-dependent scheduling
	Proportional Fair

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

	Overhead Channels
	 3 symbol per subframe (22%)

	Data Channels
	11 symbols per subframe

	Resource Block Carrier Allocation
	Localized

	Channel Estimation Error
	On


We use the Release 6 turbo coding specification as set in [2] with the AMC set shown in Table 5. 
Table 5: AMC set

	Modulation
	4-QAM
	16-QAM

	Code Rate
	1/6, 1/5, ¼, 1/3, ½, 2/3, ¾, 4/5 1/2
	1/3, ½, 2/3, ¾ ,4/5


It is necessary to map the Signal to Interference Ratio (SIR) of the subcarriers derived from the instantaneous fading channel to an effective SIR that will be used to predict the BLER performance for the different MCS from basic AWGN link-level performance curves [3] [4]. 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 [5]. This is given by 
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where SINRk is the SINR of the kth subcarrier 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. 
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