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1. Introduction

In LTE advanced, OFDMA has been discussed as the uplink multiple access schemes in addition to DFTS-OFDMA [1]-[7]. Our preference is to support OFDM as it improves system level performance [1]. In this contribution, we consider the channel interleaver (mapping) aspect for UL OFDM. 
2. Discussion for the channel interleaver 
DFTS-OFDMA implicitly has a function to distribute the data in the frequency domain. Therefore, time first mapping is applied. On the other hand, just to remove DFTS function from DFTS-OFDMA does not have a function of the frequency interleaving. We consider three channel interleavers for OFDM: (a) Time first mapping, (b) Frequency first mapping and (c) 2-Dimension mapping. 
2.1. Channel interleaver for UL OFDM

We discuss pros and cons of the three interleavers in this section.
(a) Time first mapping
- Symbols within a Code block (CB) are distributed across the time domain.

- More time diversity gain than (b). The same level of time diversity gain with (c)

- No additional function is necessary other than just to remove DFTS function.

[image: image1.emf]1

7

1 3

2

8

1 4

3

9

1 5

4

1 0

1 6

5

1 1

6

1 2

Reference Signal

Code block 1

1 OFDM symbol

1 2 3 4 5 6 7 8 9

1

0

1

1

1

2

Code block 2 

1 2 3 4 5 6 7 8 9

1

0

1

1

1

2

Code block 3  

F

r

e

q

u

e

n

c

y

1

3

1

4

1

5

1

6

1

3

1

4

1

5

1

6

1 2 3 4 5 6 7 8 9

1

0

1

1

1

2

1

3

1

4

1

5

1

6


Figure 1  Time first mapping
(b) Frequency first mapping
- Symbols within a CB are distributed across the frequency domain.

- More frequency diversity gain than (a). The same level of frequency diversity gain with (c)

- More processing time of the receiver. This additional time could be useful to improve the performance like advanced receiver, softer combining possibility etc.
- More modification is necessary compared to (a)
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Figure 2  Frequency first mapping
(c) 2-Dimension mapping.

- Symbols within a CB are distributed across the time and the frequency. 
- The processing time is similar to (a).

- More modification is necessary compared to (a) and (b).
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Figure 3  2-Dimension mapping
2.2. BLER Performance
We evaluate the BLER performance of the three channel interleavers.
Table in Appendix describes the simulation assumptions used in the evaluation. 50RB is assumed for the transmission bandwidth. We simulated with 16QAM, R=1/2, and 64QAM, R=3/4, i.e. the number of CBs is 3 and 4, respectively.
Figure.4 shows the BLER performance with the three channel interleavers. These results show the time first mapping is much worse than the others because time first mapping cannot obtain enough frequency diversity gain. 
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 (a) 16QAM, R=1/2, 50RB                                     (b) 64QAM, R=3/4, 50RB 
Figure 4 BLER performance for the channel mapping of OFDM (Channel model: Pedestrian-A)

3. Conclusion

We discussed and evaluated the channel interleaver (mapping) for UL OFDM. The results showed the time first mapping which is specified for DFTS-OFDM would not be proper for UL OFDM. We also pointed out that the frequency first mapping provides the gain of the processing time. We propose to continue the discussion further.
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Appendix 1: Link level simulation assumption

	Antenna configuration
	1 TX,  2 RX

	Channel estimation
	Ideal

	MCS
	16-QAM  R=1/2,  64-QAM R=3/4

	Channel models
	Pedestrian-A, TU 6path, 30km/h

	Hybrid ARQ operation
	Not modelled

	System Bandwidth
	10 MHz

	Transmission bandwidth
	50RB


Appendix 2: BLER performance on the TU 6 path model
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 (a) 16QAM, R=1/2, 50RB                                     (b) 64QAM, R=3/4, 50RB 

Figure 5 BLER performance for the channel mapping of OFDM (Channel model: TU 6 path)
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