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1. Introduction

Uplink transmission for EUTRA LTE (FDD and TDD) is based on single-carrier transmission (SC-FDMA) with cyclic prefix [1]

 REF _Ref124559988 \r \h 
[2]. The SC-FDMA signal is generated in frequency domain by DFT-spreading (or DFT-precoding) the data symbols prior to OFDM modulation, sometimes known as DFT-spread-OFDM (DFT-SOFDM). In order to support an efficient FFT design for DFT-spreading, it was agreed in RAN1#47, Riga, to restrict the largest prime-factor that needs to be supported. In this contribution, we investigate the performance impact of the constraining the DFT size to be a multiple of elements in a restricted factor set of prime factors (e.g., {2, 3, 5}).
2. Impact on System-Level Performance

Table 1 shows UL system simulation results illustrating the performance impact of constraining the DFT size to be a multiple of elements in a restricted set of prime factors. Results are shown for 5MHz (25 total RBs) with a cell load of 10UEs/cell. Control overhead is 1, 3, or 5 RBs.
 Annex A gives details on simulation assumptions, and Annex B shows additional simulation results. 
	Control+Data Split (#RBs)
	1+24
	3+22
	5+20

	Sector throughput with no DFT restriction (Mbps)
	4.1
	3.9
	3.4

	
	
	
	

	Sector throughput with DFT prime factors restricted to {2,3,5,11} (Mbps)
	4.1
	3.9
	3.3

	Sector throughput with DFT prime factors restricted to {2,3,5} (Mbps)
	4.0
	3.9
	3.3


Table 1 – Impact of using restricted DFT sizes for EUTRA Uplink (10UEs/cell). 

Results show that restricting DFT prime factor set to {2, 3, 5} has very limited impact on system performance for all Control+Data split cases. However, if the DFT size constraint limits the maximum allocation that the scheduler can give (20RBs in the case of {2, 3, 5}), peak throughput can be degraded in certain scenarios. This effect is shown in Table 2. Here, average throughput results for a 1UE/cell deployment with no other-cell interference are shown.  Throughput is averaged by dropping the UE in a large number of locations within the cell. Close to 10% degradation in throughput is noticed for 3+22 Control+Data split case if the DFT prime factors are limited to {2, 3, 5}. As expected, extending the prime factor set to {2, 3, 5, 11} gives a performance that is identical to the unconstrained case. 
	Control+Data Split (#RBs)
	1+24
	3+22
	5+20

	Sector throughput with no DFT prime factor restriction (Mbps)
	10.07
	9.31
	8.49

	
	
	
	

	Sector throughput with DFT prime factors restricted to {2,3,5,11} (Mbps)
	10.07
	9.31
	8.49

	Sector throughput with DFT prime factors restricted to {2,3,5} (Mbps)
	10.07
	8.4
	8.49


Table 2 – Impact of using restricted DFT sizes for EUTRA Uplink (1UE/cell). 

3. Conclusion

If 1 or 5 RBs are reserved to uplink data-non associated control signaling, we propose to restrict the DFT size to only be multiples of 2, 3 and 5 (similar to proposals in [3][4][5]). However, if 2, 3, or 4 RBs are reserved for control signaling, one additional prime factor X (X being 23, 11 or 7) may be added to maintain spectral efficiency for very lightly loaded cells. If the degradation for such scenarios can be addressed by other mechanisms, then of course using a prime factor set of {2,3,5} is sufficient.
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5. ANNEX A – System Simulation Assumptions
System Simulation assumptions are shown in the Table A.1 below.
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Channel model

 

6

-

ray GSM 

Typical Urban (TU)

 

UE

 TX power

 

24

dBm

 

eNodeB Noise Figure

 

5dB

 

Minimum distance between UE and cell

 

35 meters

 

HARQ

 

Synchronous IR with N=6 stop

-

and

-

wait HARQ protocol

 

Modulation

 

QPSK and 16

-

QAM

 

AMC

 

ON (Max MCS 16QAM rate 5/6)

 

Scheduler

 

PF

 

CQI

 

No Uplink Sounding

 

Link Mapping

 

Symbol SINR computed using methodology Described in 

R1

-

051335 (

RAN1 #43, Motorola, Nov 2005)
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UTRA 

UE Transmitter / BS Receiver
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–

 rx diversity)

 

Power control 

 

ON (

Details

 given in [
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060401

])

 

Channel Estimation

 

Realistic

 

 


Table A.1 – system simulation assumptions
6. ANNEX B. Additional Simulation Results
Figures B.1 – B.3 show the distribution of number of RBs scheduled (#RBs) with and without constraints on DFT prime factors. Figures B.4 and B.5 show user throughput distribution curves for 10UEs/cell and 1UE/cell scenarios. 
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Figure B.1 – Distribution of #RBs scheduled (Control + Data split  = 1+24)
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Figure B.2 – Distribution of #RBs scheduled (Control + Data split = 5+20)
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Figure B.3 – Distribution of #RBs scheduled (Control + Data split = 3+22)
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Figure B.4 – Effect of restricting DFT size on user throughput (10UEs/cell)
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Figure B.5 – Effect of restricting DFT size on user throughput (1UE/cell)







� For an allocation with an odd total number of RBs, the control overhead should be made an odd number of RBs in order to reduce the potential impact of DC distortion. With an even number of data RBs, no data RB need span DC. (R1-062061)
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		Parameter

		Assumption



		Deployment Scenario

		Case1 – 500m ISD, 2GHz Carrier Frequency, 20dB penetration loss, 3kmph UE speed,



		Carrier Bandwidth, RB allocation

		5MHz, 25RBs 



		Traffic Model

		Full Buffer



		TTI

		1ms (12 Long blocks for Data, 4 Short blocks for Pilot)



		Cellular Layout

		Hexagonal grid, 57 cells (19 cell sites, 3 sectors per site)



		Distance-dependent path loss

		L=128.1 + 37.6log10(.R), R in kilometers



		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



		

		



		Antenna pattern (horizontal)


(For 3-sector cell sites with fixed antenna patterns)
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 = 70 degrees,  Am = 20 dB 



		Channel model

		6-ray GSM Typical Urban (TU)



		UE TX power

		24dBm



		eNodeB Noise Figure

		5dB



		Minimum distance between UE and cell

		35 meters



		

		



		HARQ

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



		Modulation

		QPSK and 16-QAM



		AMC

		ON (Max MCS 16QAM rate 5/6)



		Scheduler

		PF



		CQI

		No Uplink Sounding



		Link Mapping

		Symbol SINR computed using methodology Described in R1-051335 (RAN1 #43, Motorola, Nov 2005)



		E-UTRA UE Transmitter / BS Receiver

		1x2  (1 antenna / 2 antennas – rx diversity)



		Power control 

		ON (Details given in [R1-060401])



		

		



		

		



		Channel Estimation

		Realistic
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