
3GPP TSG-RAN WG1 Meeting #42




   
         Tdoc R1-050883
London, UK, August 29 – September 2, 2005
Agenda item:
10.3
Source: 
Samsung
Title: 





Performance comparison between LFDMA and DFDMA for EUTRA uplink
Document for:
Discussion and Decision
1 Introduction

According to [1], the current assumption on the SC-FDMA is that both localized (LFDMA) and distributed (DFDMA) transmission are to be considered in order to support both frequency-adaptive and frequency-diversity transmission.  In [2], the DFDMA is considered to be needed for delay critical services which require higher degree of frequency diversity. But from channel estimation point of view, DFDMA transmission is expected to be worse than LFDMA transmission under the same pilot overhead. 
In this contribution, we compare the performance of LFDMA and distributed transmission DFDMA with real channel estimation.
2 Simulation parameters
For the all results, the basic frame format and parameters are on the basis of agreed numerology for evaluation purpose in [1] and frequency domain processing in tx/rx are adopted. 
There are 2 short blocks (SBs) transmitting pilot symbols and 6 long blocks (LBs) transmitting data symbols in 1 sub-frame as shown in Figure 1. Short blocks are placed at the both ends of a sub-frame to avoid extrapolation of the channel estimates. 
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Figure 1: Subframe format with 2 short blocs / sub-frame
Table 1 describes basic parameters and Table 2 shows simulation scenarios in terms of code rate, mobile speed and loading condition.
	Transmission bandwidth (MHz)
	10

	Sub-frame duration (ms)
	0.5

	Sampling rate (MHz)
	15.36

	Number of samples for LB/SB
	1024/512 

	Number of CP samples
	64

	Number of rx antennas
	2

	Channel model
	Vehicular A 30km/h, 300km/h

	Channel coding
	Turbo code, R = 1/3, 3/4

	HARQ
	NO


 Table 1: Basic parameters
	Case
	Loading
	Data rate (kbps)
	Rep. factor of DFDMA
	Code rate
	Mobile speed (km/h)

	1
	1/6
	800 or 1800
	6
	1/3 or 3/4
	30 or 300

	2
	1/12
	400 or 900
	12
	1/3 or 3/4
	30 or 300

	3
	1/24
	200 or 450
	24
	1/3 or 3/4
	30 or 300


Table 2: Simulation scenarios 
To obtain the channel estimates for data symbols in frequency domain, the channel estimates obtained from the SBs are interpolated in frequency domain first. Then, the channel estimates from two SBs are interpolated in time domain. Note that in case of LFDMA, since all frequency tones transmitted are contiguous, the channel estimates can be further improved through combining channel estimates for adjacent tones.
3 Simulation Results

3.1 BLER performance 

Figures 2 through Figure 7 show the BLER performance of the LFDMA and the DFDMA with perfect channel knowledge or real channel estimation. Table 3 through Table 5 summarize how much SINR is required to achieve the target BLER of 10% and 1%. 
Case 1 - 1/6 loading case (Repetition factor of DFDMA is 6):
	Code Rate/Channel
	Target BLER
	Required SINR (dB)
	Better : gain (dB)

	
	
	LFDMA
	DFDMA
	

	R = 1/3,  VA30
	10%
	4.2
	5.6
	LFDMA : 1.4

	
	1%
	7.1
	7.8
	LFDMA : 0.7

	R = 1/3,  VA300
	10%
	4.2
	5.8
	LFDMA : 1.5

	
	1%
	6.7
	7.9
	LFDMA : 1.2

	R = 3/4, VA30
	10%
	6.9
	8.2
	LFDMA : 1.3

	
	1%
	10.5
	10.8
	LFDMA : 0.3

	R = 3/4, VA300
	10%
	7.2
	8.6
	LFDMA : 1.4

	
	1%
	10.5
	11
	LFDMA : 0.5


Table 3: Performance comparison in case 1
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Figure 2: BLER in case 1 with R=1/3
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Figure 3: BLER in case 1 with R=3/4
Case 2 - 1/12 loading case (Repetition factor of DFDMA is 12):
	Code Rate/Channel
	Target BLER
	Required SINR(dB)
	Better : gain (dB)  

	
	
	 LFDMA 
	 DFDMA 
	

	R = 1/3,  VA30
	10%
	4.8
	5.8
	LFDMA : 1

	
	1%
	8.3
	8.7
	DFDMA : 0.4

	R = 1/3,  VA300
	10%
	4.8
	5.9
	LFDMA : 1.1

	
	1%
	8.2
	8.2
	No difference

	R = 3/4, VA30
	10%
	7.3
	8.9
	LFDMA : 1.6

	
	1%
	12
	-
	LFDMA

	R = 3/4, VA300
	10%
	7.8
	9.2
	LFDMA : 1.4

	
	1%
	12.7
	-
	LFDMA


Table 4: Performance comparison in case 2
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Figure 4: BLER in case 2 with R=1/3
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Figure 5: BLER in case 2 with R=3/4

Case 3 - 1/24 loading case (Repetition factor of DFDMA is 24):
	Code Rate/Channel
	Target BLER
	Required SINR(dB)
	Better : gain(dB)

	
	
	 LFDMA 
	 DFDMA 
	

	R = 1/3,  VA30
	10%
	5.9
	7.7
	LFDMA : 1.8

	
	1%
	10.4
	13.7
	LFDMA : 3.3

	R = 1/3,  VA300
	10%
	5.8
	7.7
	LFDMA : 1.9

	
	1%
	9.4
	12.1
	LFDMA : 2.7

	R = 3/4, VA30
	10%
	8.8
	-
	LFDMA

	
	1%
	14.6
	-
	LFDMA

	R = 3/4, VA300
	10%
	9.4
	-
	LFDMA

	
	1%
	17.2
	-
	LFDMA


Table 5: Performance comparison in case 3
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Figure 6: BLER in case 3 with R=1/3
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Figure 7: BLER in case 3 with R=3/4

3.2 Observations 
From the simulation results, we get the following observations. 
· With the perfect channel knowledge, the DFDMA transmission always outperforms the LFDMA transmission due to larger frequency diversity gain. However, with the real channel estimation, the LFDMA shows better performance in most cases. 
· Frequency diversity gain from the DFDMA decreases at very high speed e.g. 300km/h because the LFDMA can take benefit of time diversity even within a subframe. 
· With the same pilot overhead, channel estimation performance of the LFDMA is better than that of the DFDMA because in the LFDMA pilot tones are contiguous.
· Because the tone spacing in short blocks are wider than that of long blocks, interpolation between two pilot symbols in frequency domain is required in case of DFDMA transmission. If the repetition factor increases and the spacing between pilot symbols is larger than coherent bandwidth, channel estimation error becomes serious.
· For the DFDMA, channel estimation nearly fails if the repetition factor is 24.

· 2 short blocks seem to be enough for supporting high mobile speed for both schemes.
4 Conclusion
With real channel estimation, it seems difficult at this stage to conclude that the DFDMA transmission gives better performance than the LFDMA transmission even in high SINR operation range where delay sensitive services are expected to operate. 

Hence, we need to carefully evaluate whether the DFDMA can provide meaningful gain and also which application area would be proper for the DFDMA transmission considering 
· channel estimation and

· other aspects in whole multiplexing structure design e.g. multiplexing of LFDMA and DFDMA transmissions. 
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