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1 Introduction

According to the current RAN1 TR related to the Study Item Evolved UTRA [1], EUTRA downlink is to support transmission on non-consecutive (scattered) sub-carriers, which is simply referred to as distributed transmission in this paper, as a means to maximize frequency diversity, in addition to block-wise transmission consisting of a number of consecutive sub-carriers for a number of consecutive OFDM symbols. 

We already compared the performance between several distributed transmission schemes in [2]. In this contribution, we’d like to focus on the evaluation of subcarrier level transmission and resource block (RB) level transmission assuming H-ARQ and resource block bandwidth of 375kH as specified in [1]. Generic descriptions of two distributed transmission schemes are described in [2] [3]. 
2 Link level simulation methodology 
2.1 Frame structure

In Figure 1, frame structure assumed for the evaluation is shown. The reference signal multiplexing is based on that in [1]. The first and second reference symbols are transmitted every 6 subcarriers in the first and fifth OFDM symbol, respectively, in a subframe. 

[image: image1]
Figure 1. Reference signal multiplexing
2.2 Parameter setting 

Table 1 summarizes simulation parameters and methodology for link level simulation.
	Transmission bandwidth
	10 MHz

	IFFT size
	1024 

	Number of used subcarriers
	600

	Subcarrier spacing 
	15 kHz

	Occupied bandwidth
	9 MHz

	Resource block bandwidth
	375 kHz (25 subcarriers)

	Symbol duration 
	66.67us(data)/4.69 or 5.21us(CP)

	Sub-frame duration
	0.5ms (7 OFDM symbols)

	Hybrid ARQ
	IR /  6 subframe delay

	Number of Antennas (Tx, Rx)
	(1,2)

	Channel model 
	6-ray Typical Urban

	UE speed 
	3/30/120 (km/h)

	Channel estimation 
	freq(3rd order Lagrange interpolation) -> time(2 subframe reference signal combining or linear interpolation)


Table 1 System Parameters for Link Level Simulation
2.3 Simulation sets 
Table 2 indicates the MCS levels and corresponding data. ND is not only number of users who are multiplexed in a resource block [3] but also number of resource blocks out of total 24 RBs in 10M BW which are supposed to be reserved for distributed transmission.
Table 2 MCS levels
	Sets
	MCS level
	Effective coderate
	codeblock size (data rate)
	RB-level distributed with ND -block division

	
	
	
	
	ND = 1
	ND = 2
	ND = 3
	ND = 6

	A
	QPSK, R=1/3
	0.32
	80 (160kbps)
	1
	2
	3
	6

	B
	QPSK, R=2/3
	0.64
	160 (320kbps)
	1
	2
	3
	6

	C
	16QAM, R=1/3
	0.32
	160 (320kbps)
	1
	2
	3
	6

	D
	16QAM, R=2/3
	0.64
	320 (640kbps)
	1
	2
	4
	6


3 Simulation results 
Comparison tables of BLER performances for various sets are provided in Table 3 ~ Table 6. These results are based on the figures in appendix A where each figure includes 5 cases, subcarrier level and RB level distributed transmission with ND of 1, 2, 3 and 6 distinguished by different colors. Long-dotted line, short-dotted line and solid line are respectively linked to the case of maximum transmission of 1, 2, and 4. 
Required EsNo value of subcarrier level transmission is given as a reference and the additional required EsNo values of RB level transmissions are also presented. RB level transmission always requires an additional power from 0.1 to 3 dB compared to the reference according to the number of RBs used for distributed transmission. The performance gap between two schemes increases as gain from the other diversity sources decreases i.e. as the following factors decrease: 

· UE speed (time diversity)

· Maximum number of transmissions (time diversity/coding gain)

· ND value of RB level distributed transmission (frequency diversity)

Table 3 Comparison of Required EsNo : SET A
	
	Required EsNo(dB) @ 1% BLER of Subcarrier level as reference
	Additional required EsNo to the reference(dB)

	
	
	RBlevel(ND 1)
	RBlevel(ND 2)
	RBlevel(ND 3)
	RBlevel(ND 6)

	3km/h
	Max. 2
	-1.6 
	3.0
	1.6
	1.1
	0.3

	
	Max. 4
	-4.2
	2.9
	1.5
	1.0
	0.3

	30km/h
	Max. 2
	-1.8
	2.6
	1.4
	0.8
	0.2

	
	Max. 4
	-5.3
	1.9
	1.0
	0.6
	0.2

	120km/h
	Max. 2
	-1.6
	2.1
	1.1
	0.6
	0.2

	
	Max. 4
	-4.9
	1.5
	0.8
	0.5
	0.1


Table 4 Comparison of Required EsNo : SET B
	
	Required EsNo(dB) @ 1% BLER of Subcarrier level as reference
	Additional required EsNo to the reference(dB)

	
	
	RBlevel(ND 1)
	RBlevel(ND 2)
	RBlevel(ND 3)
	RBlevel(ND 6)

	3km/h
	Max. 2
	-1.4
	2.9
	1.6
	1.1
	0.3

	
	Max. 4
	-4.5
	2.9
	1.4
	0.9
	0.3

	30km/h
	Max. 2
	-1.6
	2.6
	1.5
	0.8
	0.2

	
	Max. 4
	-5.6
	1.8
	1.0
	0.6
	0.1

	120km/h
	Max. 2
	-1.6
	2.3
	1.2
	0.7
	0.2

	
	Max. 4
	-5.5
	1.5
	0.7
	0.5
	0.1


Table 5 Required EsNo : SET C
	
	Required EsNo(dB) @ 1% BLER of Subcarrier level as reference
	Additional required EsNo to the reference(dB)

	
	
	RBlevel(ND 1)
	RBlevel(ND 2)
	RBlevel(ND 3)
	RBlevel(ND 6)

	3km/h
	Max. 2
	0.2
	3.0
	1.6
	1.0
	0.2

	
	Max. 4
	-2.4
	3.0
	1.5
	1.0
	0.2

	30km/h
	Max. 2
	-0.1
	2.6
	1.4
	0.9
	0.3

	
	Max. 4
	-3.5
	2.0
	1.0
	0.6
	0.1

	120km/h
	Max. 2
	-0.4
	2.4
	1.3
	0.9
	0.2

	
	Max. 4
	-3.7
	1.3
	0.7
	0.4
	0.1


Table 6 Required EsNo : SET D
	
	Required EsNo(dB) @ 1% BLER of Subcarrier level as reference
	Additional required EsNo to the reference(dB)

	
	
	RBlevel(ND 1)
	RBlevel(ND 2)
	RBlevel(ND 3)
	RBlevel(ND 6)

	3km/h
	Max. 2
	-0.7
	3.0
	1.7
	1
	0.4

	
	Max. 4
	-2.7
	3.0
	1.8
	1.1
	0.3

	30km/h
	Max. 2
	-0.5
	2.5
	1.4
	0.9
	0.2

	
	Max. 4
	-3.8
	1.9
	1.0
	0.6
	0.2

	120km/h
	Max. 2
	0.2
	2.4
	1.3
	0.8
	0.2

	
	Max. 4
	-4.1
	1.6
	0.8
	0.6
	0.2


4 Conclusion
In this contribution, we compare the link level performance of two distributed transmission schemes; subcarrier level transmission and RB level transmission. According to the results above, the former is always better than or equal to the latter and the gap between them depends on UE speed, number of transmissions and ND value of RB level transmission. Provided that only a few UEs for distributed transmission exist, i.e. less than 6 in 10MHz BW, the RB level distributed transmission is expected to result in a waste of power or resource.
Therefore, we suggest having subcarrier level transmission as the working assumption for distributed transmission in E-TURA downlink.
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Appendix A. BLER performance 
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Figure A.1 SET A, Typical Urban 3km/h
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Figure A.2 SET A, Typical Urban 30km/h
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Figure A.3 SET A, Typical Urban 120km/h
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Figure A.4 SET B, Typical Urban 3km/h
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Figure A.5 SET B, Typical Urban 30km/h
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Figure A.6 SET B, Typical Urban 120km/h
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Figure A.7 SET C, Typical Urban 3km/h
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Figure A.8 SET C, Typical Urban 30km/h
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Figure A.9 SET C, Typical Urban 120km/h
[image: image11.wmf]BLER : SET D(2/3, 16QAM), TU3

0.00001

0.0001

0.001

0.01

0.1

1

-8

-7

-6

-5

-4

-3

-2

-1

0

1

2

3

4

5

6

7

Rx EsNo per antenna (dB)





Block Error  Rate   Rat

Sub(MAX1)

RB1(MAX1)

RB2(MAX1)

RB3(MAX1)

RB6(MAX1)

Sub(MAX2)

RB1(MAX2)

RB2(MAX2)

RB3(MAX2)

RB6(MAX2)

Sub(MAX4)

RB1(MAX4)

RB2(MAX4)

RB3(MAX4)

RB6(MAX4)


Figure A.10 SET D, Typical Urban 3km/h
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Figure A.11 SET D, Typical Urban 30km/h
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Figure A.12 SET D, Typical Urban 120km/h
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