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1 Introduction

Single-carrier FDMA based radio access is a major candidate for the Evolved UTRA uplink transmission scheme [1]. 
In this contribution we propose pilot structure which gives orthogonal pilots within the cell and randomizes inter-cell pilot interference for SC-FDMA based uplink transmission in Evolved UTRA.

2 Problem Formulation

According to [2] the uplink pilots should be orthogonal within a cell. The uplink pilots should also be designed to mitigate inter-cell interference from users utilizing the same uplink pilot channel in the neighbouring cell. Randomization of the inter-cell interference is a way to mitigate the inter-cell interference.
Intra-cell orthogonality can be realized by time domain orthogonality, frequency domain orthogonality or code domain orthogonality. Time domain orthogonality may result in a high uplink instantaneous transmission power. For frequency domain orthogonality, if the same pilot sequence is adopted in all cells, users near the cell border will face a “dominant interferer” from users utilizing the same uplink pilot channel.

In [3], code domain orthogonality is proposed to meet these two requirements at the same time. In this scheme, each cell is allocated with different CAZAC codes with low cross-correlation; user's pilot in the same cell is orthogonal in code domain (one CAZAC code with different cyclic delays is allocated to users). The cyclic delay of each user should be larger than the maximum channel delay (usually equal to length of CP) plus practical user’s timing error margin. Otherwise, the NodeB can not recognize user’s signal correctly. Minimum cyclic delay length restricts the number of user multiplexed in uplink. Also, the cyclic delay codes make the system be sensitive to user's timing error, one user's large timing error may cause NodeB generate error uplink timing adjusting order.
In this contribution, we propose an alternative uplink pilot structure: pilots are orthogonal in frequency domain within the cell; different sets of scrambling codes with low cross-correlation are assigned to different cells for randomizing the inter-cell interference. 
3 Proposed uplink pilot structure
Figure 1 illustrates a system using such an uplink pilot scheme. 

[image: image1]
Figure1  Uplink pilot structure for SC-FDMA
The proposed pilot structure has two characteristics:
1. Each UE in the same cell use the same pilot sequence. Intra-cell orthogonal pilot channel is achieved by assigning orthogonal frequency radio resource to each UE in the same cell. 
2. Different scrambling code with low cross-correlation is employed as the pilot sequence in different cell to randomize pilot channel interference from neighboring cells.
In SC-FDMA, the pilot sequences are generated from original pilot symbols by two different patterns: repeated for distributed channel and interpolated for localized channel as showing figure 2 and 3. The choice of original pilot symbols is such that the generated pilot sequences in different cells have low cross-correlations. In distributed mode, the different phase shift sequences should also be considered.
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Figure2  Generation of uplink pilot with repeated pattern 
[image: image3]
Figure3  Generation of uplink pilot with interpolated pattern
The length of original pilot symbols depends on the number of multiplexed users in a cell. For example, when 2 users share a channel bandwidth of 256 subcarriers, original pilot symbols of length 128 is required, and when 4 users share the bandwidth, original pilot symbols of length 64 is required. Therefore, a set of different length original pilot symbols generating low cross-correlation pilot sequence should be assigned for each cell. 
Two examples of cell-specific scrambling code assignment are given in fig. 4 and fig. 5. A channel bandwidth with 256 subcarriers is assumed. In fig 4, the multiplexed user number in each cell is 4, one original pilot symbol of length 64 is chosen to generate the scrambling code in each cell. In figure 5 the radio resource are shared by 4 users in cell 1 and 2 users in cell 2, thus, original pilot symbols of length 64 and 128 are chosen to form the scrambling codes in cell 1 and cell 2 respectively. Low cross-correlation between two pilot sequences is guaranteed by a proper choice of the original pilot symbols.
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Figure4  Uplink pilot sequence with the same UEs number in neighbouring cells
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Figure5  Uplink pilot sequence with different UEs number in neighbouring cells

4 Conclusion

In this contribution, we proposed a pilot channel structure for SC-FDMA based E-UTRA uplink transmission. The pilot sequences are orthogonal in the frequency domain within the cell. Cell-specific scrambling codes can be used to randomize the pilot channel interference from neighboring cells. A set of scrambling codes is necessary in each cell to accommodate the scenarios of variable numbers of multiplexed users.
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