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1. Introduction
In the last RAN1 meeting (#47), it was proposed to limit the number of DFT size for the uplink to a product of the factor 2, 3 and 5 [1][2]. That time, it was agreed that there should be a restriction in the DFT size with respect to the highest prime factor used. However, it was not decided which max prime factor to restrict the DFT size, and it was decided that analysis should be done with respect to impact on capacity.
In this contribution, we investigate the impact on capacity due to the restriction of DFT size .
2.  Capacity loss estimation
When the DFT size is restricted, the capacity may be reduced since the coding rate of the channel coding is changed from the original value. Therefore, one approach to investigate this issue is as follows. 

First, we confirm how the coding rate is changed by the DFT size restriction.

Then, the influence to the data rate by the change of coding rate is analyzed.
Finally, the reduction of the data rate due to DFT size restriction is investigated based on the above analysis as the impact on capacity.

2.1. Change of RB size
We assumed that the DFT size restriction is applied as follows. First, the RB size for each user’s Shared Channel is scheduled without considering the DFT size restriction. Then, the RB size is restricted by some criteria.
For the restriction criteria, 2 methods are considered. 
· Method 1 : Reduce the RB size to the maximum restricted DFT size smaller than the original RB size.

· Method 2 : Change the RB size to the nearest restricted DFT size. 
Figure 1(a) and (b) shows how the RB size is changed by these methods respectively. 
For Method 1, the restricted RB size can be always assigned all the users since it is smaller than the original RB size. However, since the remainder of sub carriers induced by the reduction is not used , this method is considered to be rather “poor” method and the estimated impact will be too pessimistic. 

For Method 2, whether the restricted RB size can be assigned depends on how the RB sizes for the other users are restricted. It can not be assigned when the total number of the restricted RBs exceeds that of the original RBs. So it can be considered as the best case and the estimated impact will be optimistic.
[image: image1.emf]0

0.2

0.4

0.6

0.8

1

1.2

0 200 400 600 800 1000 1200

Original Ns (Number of Sub Carrier)

Restricted Ns / Original Ns

 [image: image2.emf]0

0.2

0.4

0.6

0.8

1

1.2

0 200 400 600 800 1000 1200

Original Ns (Number of Sub Carrier)

Restricted Ns / Original Ns


(a) Method 1





(b) Method 2

Figure 1  Change of RB size due to DFT size restriction
2.2. Effect to Data Rate
In this section, we analyze the influence to the data rate due to the change of coding rate.

Figure 2 shows an example of the required Eb/No to obtain BER of 10-4 as a function of the coding rate for the case that the block size is 4000.
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Figure 2 Required Eb/No vs. Coding Rate
Using this relationship, we estimate how the change of coding rate affects the data rate. 
In order to evaluate the impact on cell capacity, the required C/No for each user should be constant. So we first evaluate the required C/No to obtain the BER of 10-4 as a function of the data rate for several bandwidth changes. Figure 3 is an example for the case that the original coding rate is 1/2. If the bandwidth is reduced, the required C/No becomes larger since the coding rate becomes larger. In order to make the C/No constant, the data rate should be changed. In this case (the original coding rate is 1/2), the required C/No is 1.2dB when the bandwidth is not changed (i.e. 1.0). So the data rate to make the C/No 1.2dB is selected for each bandwidth and plotted in Figure 4.
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Figure 3 Required C/No for various Bandwidth Change
Figure 4 shows the required data rate change as a function of the bandwidth change for several coding rate. It can be seen that the required data rate change depends on the coding rate. In this figure, the average for each coding rate is also plotted.
For the actual environment, the coding rate can be any value between 1/3 and 1. So we will use the averaged value in the following discussion.
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Figure 4 Data Rate Change
2.3. Capacity Loss
Applying the averaged relationship of the bandwidth change and data rate change to Figure 1 (a) and (b), we obtain the expected data rate change for each number of sub carrier as shown in Figure 5 (a) and (b) respectively.
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Figure 5 Expected Data Rate Change
To evaluate the cell capacity, we averaged the obtained data rate over every numbers of sub carrier. The averaged data rate is then 0.984 for Method 1 and 0.996 for Method 2 respectively. So the capacity is estimated to be reduced by 1.6% and 0.4% for each method.
The capacity loss for another max prime factor to restrict the DFT size is estimated by the same way and listed in Table 1.
Table 1 Estimated Capacity Loss
	Prime number for DFT
	Method 1
	Method 2
	Expected

	2, 3, 5
	1.6%
	0.4%
	<1.0%

	2, 3, 5, 7
	1.0%
	0.3%
	<0.7%

	2, 3, 5, 7, 11
	0.7%
	0.3%
	<0.5%


As mentioned in Section 2.1, Method 1 is based on rather poor algorithm and Method 2 is an ideal case. If we improve the RB size restriction criteria as follows, we think that the capacity loss can be close to that of Method 2.
i) The RB size for the first user is reduced to the maximum restricted DFT size smaller than the original RB size

ii) The RB size for the next user is increased to the minimum restricted DFT size larger than the original RB size if the total number of the sub carrier is less than the maximum, else it is reduced.
iii) Continue ii) for all users.
Then we think that the expected capacity loss can be less than the average of Method 1 and Method 2 as shown in Table 1.
According to this result, the expected capacity loss when the RB size is restricted to the product of the prime number of 2, 3 and 5 is less than 1% which seems to be small enough.
Therefore, we recommend the restriction of the DFT size to the product of the prime number of 2, 3 and 5. 
3. Conclusion
In this contribution, we evaluate the capacity loss induced by the DFT size restriction.

It is recommended to restrict the DFT size to the product of the prime number of 2, 3 and 5 since the expected capacity loss is less than 1%.
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