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1 Introduction
Virtual MIMO is an efficient technique to be considered for LTE since it permits a considerable increase in throughput for uplink.  Basically, virtual MIMO consists in allocating the same physical resources to two different users. At the receiver, the separation of these users is made possible with the use of techniques such as Maximum likelihood detection or MMSE receiver.  Some orthogonal patterns have to be allocated for pilots of both users in order to have reliable channel estimation. In contribution R1-050892 of the London meeting, some results have been shown for both Single-Carrier schemes and OFDM using virtual MIMO, with perfect channel estimation. In this contribution, we will present some results with real channel estimation. 
2 Background 

It is important to notice that the aim of this contribution is to illustrate the feasibility of virtual MIMO for both OFDM and Single-Carrier schemes, and to show the restrictions imposed by each multiple access method. We will thus discuss some practical implementation points such as for example the pilot allocation schemes and the repetition factors. Even if the simulation parameters have been chosen to have a maximum fairness between OFDM and SC-schemes, we do not emphasize on a comparison between both schemes, but rather on the fact that virtual MIMO is feasible in both cases and should thus be considered as an important feature of LTE whatever the choice of uplink multiple access scheme is. 
Concerning the frame structure, we will adopt the same approach as in contribution R1-051161. This means that we will not use the same frame structure for OFDM and Single-Carrier schemes. The sub-frames used here will thus be the same as in R1-051161 with an extension to the MIMO case including orthogonal pilot patterns, as will be described in the next sections. Concerning SC-schemes, we will limit ourselves to DFT-SOFDM. 
3 Sub-frame description for DFT-SOFDM
As in R1-051161, 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 per 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.  As in R1-051161, we consider the 10MHz case. 
Both short blocks will be allocated to pilot symbols whereas the long 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. 
The main difference with R1-051161 is that now the available pilot tones have to be shared by both users transmitting simultaneously.  To do so, for localized DFT-SOFDM, we extend the minimum allocation unit to 20 sub-carriers in the frequency domain, its size in the time domain remaining equal to one TTI.  Each user is allocated one pilot tone out of two. For localized DFT-SOFDM, this gives the following chunk structure: 

[image: image2]
Figure 2. Chunk format with two short blocks per sub-frame, Localized DFT-SOFDM, virtual MIMO case
Notice that we could have opted for staggered pilots, but this is not necessary for the localized case since the pilot sub-carriers spacing in frequency domain is small. Moreover, for low speed cases, the above pilots allocation permits an averaging in the time domain prior to frequency interpolation that permits a noise variance reduction, which is not possible in the staggered case. 
Another possible allocation is to decrease the pilot density in the frequency domain in order to reduce the number of pilots, and increase the power of each pilot symbol. Since the pilot tones are very close to each other in the case of localized DFT-SOFDM, reducing this density will not really affect the channel estimation precision. Even if we believe that it is an interesting strategy, it has not been simulated in this contribution. 
Concerning distributed DFT-SOFDM, we will extend the ressource allocation of R1-051161 to include orthogonal patterns as shown in figure 3. Notice that in such a scheme, the distance between two consecutive pilot symbols increases with the repetition factor (RPF). If we consider important repetition factors, the consecutive channel coefficients of the pilot sub-carriers will not be coherent anymore, resulting in performance degradation.  For a given short block, using virtual MIMO, the sub-carrier spacing is equal to four times the repetition factor (using non-MIMO allocation, this would result in a spacing equal to twice the repetition factor). Notice that in the distributed case, we adopted staggered pilots in order to enhance the pilot sampling in the frequency domain, which is a necessity for comb-shaped spectrums. The maximum repetition factor which can be used with virtual MIMO is FFS. For this contribution, we have considered a repetition factor of 2 as shown in figure 3. 

[image: image3]
Figure 3. Chunk format with two short blocks per sub-frame, Distributed DFT-SOFDM, virtual MIMO case, repetition factor =2
4 Sub-frame description for OFDM

As in R1-051161, we consider a structure illustrating Nortel’s proposal, where the pilots are scattered.  We notice here that for OFDM, since we can allocate any sub-carrier to pilot symbols, this is easier to define orthogonal patterns. We also notice that an important advantage of OFDM over DFT-SOFDM is that using MIMO, we can share pilot symbols without modifying their density in the frequency domain as illustrating in figure 5. This will give a more precise channel estimation, especially for the distributed case as compared to distributed DFT-SOFDM. 

[image: image4]
Figure 4. Frame structure for OFDM
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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. 
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Figure 5. Chunk structure for OFDM, virtual MIMO case
5 MIMO receiver

As explained in details in R1-050892 presented at the London meeting of September 05, ML decoder in SC-FDMA is much more complex than in the case of OFDMA. That is why we used a MMSE per sub-carrier for DFT-SOFDM, whereas the maximum likelihood receiver was used for OFDM. 

Recently, some papers claimed sub-optimal receivers approaching the ML which can be used for DFT-SOFDM (namely, the QRM-MLD with MPIC of R1-050618, and turbo-detection of R1-051088). We did not evaluate these methods in this contribution even if we believe that such methods can enhance the performance presented here. Such an evaluation is let FFS.  
6 Simulations results
The simulation parameters for both OFDM and DFT-SOFDM are the same as in R1-051161, except for the pilot power. The common parameters are listed below:
· IFFT/FFT Block = 1024

· 1 transmit antenna per user, 2 receive antennas at the BS (uncorrelated).
· Useful carriers: 600 carriers (not include DC)

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

· Pilot: QPSK modulation

· Pilot power: 11% of the total power for both OFDM and DFT-SOFDM (Since the overhead is different, this lead to different pilots amplitudes for both schemes)
· Subband  size: 4 clusters (=40 sub-carriers per symbol for both schemes)
· Channel scenarios: PB, 3 km/hr. MIMO channels are independent
· For each channel scenarios, the following MCS have been simulated: QPSK¼,  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 is the same as in R1-051161 (de-noising and interpolation for both cases), except that the pilot density is divided by 2 for DFT-SOFDM (but not for OFDM). 
Concerning the scheduling, we have not implemented any scheduling algorithm, which means that in practice, the two same users share the channel during the whole simulated communication. 
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Figure 6. Localized case, OFDM,  PB 3km/h
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Figure 7. Localized case, DFT-SOFDM, PB 3km/h
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Figure 8. Distributed case, OFDM,  PB 3km/h
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Figure 9. Distributed case, DFT-SOFDM,  PB 3km/h

7 Analysis of the results and discussion
We observe that we can reach desirable BLER using virtual MIMO, which means that this technique can be used in practice. This is important since it shows that whatever the scheme adopted for UL, we can double the throughputs for users with high geometry (the aggregated throughput is doubled, the throughput per user remaining unchanged). 
Moreover, we observe that the performance of OFDM is much better than that of DFT-SOFDM. This is mainly due to the fact that we did not use the same receivers for both schemes, and this performance offset was already observed for the ideal channel estimation case of R1-050892. 

We can also claim that we have simulated a case corresponding to random scheduling. In practice, a scheduling method would permit to select users with nearly orthogonal channels, resulting in even better performance. 
8 Conclusions

We presented in this contribution some link level performance for both OFDM and DFT-SOFDM to show that the concept of virtual MIMO could be embedded efficiently in both multiple access schemes. We described some orthogonal pilot patterns that permit an accurate channel estimation, and simulation results showed that we could reach desirable BLERs for both schemes. 

Moreover, we showed that it was possible to use the exact ML detector for OFDM, leading to much better performance than DFT-SOFDM with MMSE. It is FFS to consider some sub-optimal quasi-ML detection for DFT-SOFDM that have been described in other contributions. 
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7 OFDM symbols
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