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1. Introduction
SC-FDMA can be divided into localized FDMA (L-FDMA) and distributed FDMA (D-FDMA). An L-FDMA channel consists of several contiguous sub-carriers, which is very advantageous to achieve frequency selective scheduling gain. On the other hand, a D-FDMA channel is composed of evenly spaced sub-carriers, so this kind of channel is good for obtaining frequency diversity gain. Both kinds of transmission have low PAPR property that is one of the major merits for uplink transmission. The current assumption is that both localized and distributed transmission is to be considered in order to support both frequency-adaptive and frequency-diversity transmission [1].
At the RAN1 Ad Hoc meeting on LTE (Sophia Antipolis), basic sub-frame formats for FDD SC-FDMA uplink was proposed by Drafting Group 1 [1, 2]. Sub-frame format is composed of several long blocks for data and two or three short blocks for pilot or data. TDM pilot structure is current assumption. Further, same sub-frame format for both L-FDMA and D-FDMA is supported.

In this paper, we propose a consistent pilot structure supporting both L-FDMA and D-FDMA under the same sub-frame format. Pilot blocks can be rather easily constructed with short block in case of L-FDMA because estimated channel values at some sub-carriers can represent a whole L-FDMA channel. In distributed FDMA, however, this is not true in general since distant sub-carriers show uncorrelated channel characteristics in usual. So, careful design of pilot structure is needed in order to support both L-FDMA and D-FDMA with same sub-frame format. We present efficient short block structure for pilot exploiting repetitive property of FFT/IFFT. 
2. Basic transmission scheme for SC-FDMA FDD uplink
Single carrier FDMA transmission for EUTRA uplink can be divided into L-FDMA and D-FDMA. Localized and distributed FDMA can be implemented by using DFT spread OFDM in frequency domain as shown in Figure 1. L-FDMA channels are composed of consecutive sub-carriers while D-FDMA channels consist of evenly spaced sub-carriers. An L-FDMA or a D-FDMA channel can be dynamically allocated to a given user depending on the user’s environment. Both transmissions have low PAPR property. The current assumption in TR 25.814 [1] is that both localized and distributed transmission is to be considered in order to support both frequency-adaptive and frequency-diversity transmission.
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Figure 1. Block Diagram of DFT spread OFDM.
The basic sub-frame structures for the uplink SC-FDMA transmission in TR 25.814 are shown in Figure 2. In Figure 2, SB denotes “short-length block” for pilot or data symbols and LB denotes “long-length block” for data symbols. In both sub-frame formats, time division multiplexed pilot structure is considered since TDM pilot is advantageous to keep low PAPR. The use of FDM pilot structure needs further study. 
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(a) Sub-frame format with two short blocks
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(b) Sub-frame format with three short blocks

Figure 2. Basic sub-frame structure for the SC-FDMA uplink transmission
The sub-frame has the following properties [1]:
· Spectrum usage efficiency 0.8192 and 0.9015 (e.g. 8.192/9.015 Msymbols/s at 10-MHz transmission bandwidth)
· The same sub-frame format for both localized and distributed FDMA cases
· Six long blocks (LBs) comprising 512/1024 symbols/samples per  block, are for data in 10-MHz transmission bandwidth
· Three/Two short blocks (SBs) comprising 256/512 symbols/samples per a block, are for pilot and/or data, in 10-MHz transmission bandwidth
· Adaptive pilot blocks is FFS 
3. Consistent pilot channel structure for both L-FDMA and D-FDMA
As mentioned before, TDM short block pilot is considered for both L-FDMA and D-FDMA. TDM pilot has some important properties; 1) it keeps low PAPR, 2) there exist no interference between pilot and other channels. Efficient FDM pilot structure need further study. Under the limited pilot overhead, 2 or 3 short block pilots are favorable than one long block pilot in order to cover wide range of users’ mobility. Some simulation results for various pilot structures and mobility were presented in [3]. 

In localized FDMA, pilot blocks can be rather easily constructed with short block. Adjacent sub-carriers belonging to the same L-FDMA channel are usually highly-correlated because they are within coherent bandwidth. So, transmitter can send pilot symbol on only a part of sub-carriers; channel estimation can be done at the specific sub-carriers followed by channel interpolation at other sub-carriers. Therefore, construction of short block pilots for L-FDMA is possible by several ways.

In case of distributed FDMA, a channel is composed of distant sub-carriers in order to achieve full frequency diversity in general. So, it is difficult to infer channel characteristics of a specific sub-carrier without its own pilot information. The same block size for the pilot might be desirable as data symbol, but this requests different sub-frame format from that for localized FDMA. Pilot blocks supporting both L-FDMA and D-FDMA can be constructed by exploiting some special properties of FFT/IFFT.

Example pilot structure for supporting both L-FDMA and D-FDMA are shown in Figure 3. This example assumes two short blocks for pilot channel for simplicity without loss of generality – the method explained below are applicable for any numbers of short blocks for pilot. In Figure 3, pilot symbols on even-numbered sub-carriers are transmitted on 1st short pilot block while pilot symbols on odd-numbered sub-carriers are transmitted on 2nd short pilot block. After IFFT, the transmitted signal has two identical sub-blocks with slight modification. To be specific,
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In equation (1), 
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 denotes pilot symbol to be carried on k-th sub-carrier. When 
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, that is two short blocks per sub-frame, the above equation can be expressed as 
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Figure 3. Example pilot structure supporting both L-FDMA and D-FDMA
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Figure 4. Short pilot block construction example when 
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4. Conclusion

In this contribution, a consistent TDM pilot structure for supporting both localized and distributed FDMA is presented. The proposed scheme provides common pilot structure for both kind of SC-FDMA transmission and it is very simple. 
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