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1 Introduction
DFT-SOFDM (DFT Spread-OFDM) is a candidate for multiple access in uplink with OFDM for LTE. Its main benefit compared to OFDM is its low PAPR. However, this advantage is paid by less flexibility in the allocation of  the pilot symbols, which can have an effect on channel estimation. This is why we present in this contribution link level simulation results to compare DFT-SOFDM and OFDMA with real channel estimation. In contribution R1-050647 of the Sophia Antipolis Ad-hoc meeting, we presented link level results with perfect channel estimation. These preliminary results showed that in some configurations, OFDM lead to a smaller BLER than DFT-SOFDM. The aim of this contribution is to show that these results are still valid in the more realistic case of real channel estimation. 
2 Background 

An important precision has to be made here. Since OFDM and DFT-SOFDM do not impose the same constraints in terms of pilot allocation, the comparison will not be made with the same sub-frame structure. Actually, at the Sophia Antipolis RAN1 Ad Hoc meeting on LTE, sub-frame formats for SC-FDMA uplink were proposed. These sub-frame are adapted to DFT-SODFM and will thus be used for evaluation of this technique only, whereas we will use a different sub-frame format for OFDM. 

 The main concern about DFT-SOFDM sub-frame structure is the fact that, if we want to keep a low PAPR, pilots have to be allocated in a TDM fashion. This means that the short blocks will be allocated to pilots to limit their overhead, and the long blocks to data. We could do otherwise but this would be at the price of a PAPR increase, so that the main benefit of DFT-SOFDM schemes would be lost. 
3 Sub-frame description for DFT-SOFDM
We consider here the sub-frame described in the paragraph 9 of the TR 25.814, corresponding to the uplink transmission scheme using a bandwidth efficiency of 90%. This sub-frame is described below:
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Figure 1. Sub-frame format with two short blocks/sub-frame

All the details of this structure (block size, CP duration, FFT size, etc…) are the same as the ones described in TR 25.814.  Note that on the contrary of what was described in contribution R1-050647, we use a bandwidth of 10 MHz instead of 5 MHz. 
For Distributed DFT-SOFDM, we will consider the case of four users sharing the allocated bandwidth. 

As said before, the short block tones will be allocated to pilot symbols whereas the long block ones will be dedicated to data. We make the assumption that the allocation procedure is made on a TTI basis, which means that the allocated sub-carriers do not change along the whole TTI. 
We will consider a minimum allocation unit to a user as a chunk occupying a whole TTI in the time domain and 10 sub-carriers in the frequency domain. For Localized DFT-SOFDM, the structure of a chunk is the following: 
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Figure 2. Chunk format with two short blocks/sub-frame, Localized DFT-SOFDM
For Distributed DFT-SOFDM, the structure of a chunk corresponding to the case of 4 users is the following:
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Figure 3. Chunk format with two short blocks/sub-frame, Distributed DFT-SOFDM
We consider the case where the user of interest is allocated 4 chunks, which means 40 sub-carriers per symbol.  

The pilot overhead here is of 1/7 (two short blocks of pilots and 6 long blocks for data).
4 Sub-frame description for OFDM

As said before, since OFDM offers a better flexibility in terms of sub-frame structure and pilot allocation, there is no reason to consider the same structure as for DFT-SOFDM. We instead consider a structure illustrating Nortel’s proposal, where the pilots are scattered.  We describe below the considered frame and sub-frame structure defended by Nortel, which will be used in the simulations:

[image: image4]
Figure 4. Frame structure for OFDM

Here, we also consider the 10 Mhz case, we have a CP length of  73 samples, and a FFT size of 1024. 
The chunk, described in figure 5 below, will also consist of 10 contiguous sub-carriers, but across 6 OFDM symbols since the first symbol is used for control. Note that since the pilots and the data can be allocated on the same OFDM symbol (no TDM pilots), there is no need to define short blocks to limit pilot overhead. Notee also that since Nortel promotes virtual MIMO schemes, some tones (the grey ones in the figure) are allocated for that purpose (this could be also done for DFT-SOFDM schemes). If we do not use virtual MIMO, these grey tones are filled with data. 
In case where multiple chunks are assigned to a user, these chunks will be contiguous for subband OFDM and evenly distributed across useful bandwidth for distributed OFDM. 
One main point to note is that since there is absolutely no constraint on pilot allocation structure (scattered pilots), the pilot overhead here is less important for OFDM than for DFT-SOFDM where all the sub-carriers of short blocks are allocated to pilots for PAPR reasons. 
To compute the signaling overhead, we can consider the pilot tones as well as the first symbol containing only control symbols. We thus have an overhead of 6/70, which is very close to the overhead of DFT-SOFDM of 1/7. 
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Figure 5. Chunk structure for OFDM
5 Simulations parameters

We describe here more in details the simulation parameters for both OFDM and DFT-SOFDM. We have tried to put the same parameters each time it was possible. The common parameters are listed below:
· IFFT/FFT Block = 1024

· 1 transmit, 2 receive antennas (uncorrelated)

· Useful carriers: 600 carriers (not include DC)

· One turbo code block per TTI (TTI = 0.5 ms)

· Pilot: QPSK modulation

· Pilot power boosting: 3 dB 

· Subband  size: 4 clusters

· Channel scenarios: PB, 3 km/hr, VA, 350 km/hr
· For each channel scenarios, the following MCS have been simulated: 1
QPSK
¼,  QPSK
½, 
QAM-16 
½,  and QAM-16  ¾ 
More specific parameters corresponding to DFT-SOFDM are listed below:
· Corresponding to the 10Mhz part of table 9.1.1-2 of TR 25.814
· FFT size : 1024 for long blocks, 512 for short ones
· Long block size ((s/samples): 66.67/1024
· Short block size ((s/samples): 33.33/512
· CP duration ((s/samples):  (4.1/63) for 7 blocks and (4.62/71) for 1 block
The channel estimation procedure consists of de-noising and interpolation for both cases.
6 Simulations results
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Figure 6. Distributed case, PB 3km/h
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Figure 7. Distributed case, VA 350km/h 
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Figure 8. Localized case, PB 3km/h
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Figure 9. Localized case, VA 350km/h

7 Analysis of the results and discussion
We observe that OFDM out-performs DFT-SOFDM from a link level point of view. The gain depends on the parameters: it is negligible for QPSK, and more important for QAM-16.  These results confirm the results obtained in contributions R1-050647 where such behaviour was also observed.
 One point not illustrated here but which is important to note is that for the distributed case, the results will be even worse for DFT-SOFDM when the number of users increases since the pilot density in the frequency domain is a decreasing function of this number of users. Thus, the channel interpolation in the frequency domain will give bad results for large number of users because the different sub-carriers will become uncorrelated.
This is also the case if we use virtual MIMO in the distributed case. Using distributed DFT-SOFDM, since we have to share the pilots between both users, the pilot density along the frequency dimension will be divided by two. The interpolation will then perform poorly. For OFDMA, MIMO channel estimation accuracy won't degrade as the density of pilot along both time and frequency dimension don't change as compared with non-MIMO scenario.
On the contrary, since we have a full flexibility for pilot allocation in OFDM, we do not have such problems since the pilot density along any direction can be tuned to the desired value. 
8 Conclusions

We presented in this contribution a link level comparison between OFDM and DFT-SOFDM. We used specific frame and sub-frame structures for both access methods, since they do not impose the same constraints. We used real channel estimation with linear interpolation for both.
The results showed here confirm the gains of OFDM over DFT-SOFDM already observed in contribution R1-050647 where only the perfect channel estimation case was studied. 
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