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1. Introduction
As uplink reference signal multiplexing, CDM (Code Division Multiplexing) can be used for multiplexing reference signals with the same bandwidths. In CDM, UEs can share the same Zadoff-Chu sequence with keeping orthogonality by using UE specific cyclic shift. In this contribution, we propose a definition of cyclic shift with considering a simple implementation for multi-user channel estimation.
2.  Multi-user channel estimation
Fig.1 illustrates a block diagram of reference signal generation at UE shown in [1]. The cyclic shift block is prior to DFT block and UE specific cyclic shift is performed here.

[image: image1.emf] 

DFT  

ZC sequence  

Sub  - Carrier   Mapping  

I F FT  

Cyclic   Shift   CP   insertion  


Figure 1  A block diagram for reference signal sequence generation
To simplify channel estimation for multiple UEs who are multiplexed in CDM manner, frequency domain cross-correlation scheme in Figure 2 is useful. The received signal is first transformed to frequency domain by FFT and multiplied with the complex conjugate of the Fourier transformed Zadoff-Chu sequence without cyclic shift. Then the cross correlation is obtained by transforming to time domain by IFFT. Using this scheme, channel estimation results with UE specific cyclic delay can be obtained simultaneously for all UEs.
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Figure 2  A block diagram for multi-user channel estimation
In Figure 2, IFFT is used instead of IDFT to transform frequency domain cross-correlation to time domain one in order to reduce complexity. With IDFT, complexity increases as the length of the reference signal should be the prime number or the number with large prime factor in order to have enough number of different Zadoff-Chu sequences.

In case IDFT is used, the number of samples for cyclic shift is integer at the output of IDFT. However, in case IFFT is used, it is not integer at the output of IFFT as cyclic shift is defined based on sampling rate at the input of DFT in Figure 1.
Figure 3 shows an example of multi-user channel estimation with cyclic shift definition in Figure 1. In this example, Zadoff-Chu sequences for UE0, UE1, UE2 and UE3 are cyclic shifted by 0, 18, 36 and 54 samples, respectively at the sampling rate of DFT in Figure 1. And DFT size of 73 and FFT size and IFFT size of 256 are assumed here.
The sampling rate of IFFT output in Figure 2 is 256/73 x oversampled compared to that of DFT in Figure 1. Therefore, cyclic shifts for UE0, UE1, UE2 and UE3 become 0, 63.12, 126.25 and 189.37, respectively. If channel estimation results for each UEs are cut out by integer number of samples, these results have timing error by less than 1 sample except UE0. These timing errors cause performance degradation especially when these channel estimation results are used for demodulation. It is possible to compensate such a timing error with signal processing in frequency domain, but unnecessary additional complexity should be avoided.
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Fig 3 Multi-user channel estimation with conventional cyclic shift
3.  Proposed definition for cyclic shift
To avoid timing error described in section 2, we propose to perform cyclic shift after IFFT as shown in Fig 4 and to define cyclic shift by sampling at IFFT.

With this definition, the number of samples for cyclic shift is integer at the output of IFFT in Figure 2.
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Fig 4 A block diagram for reference signal sequence generation with proposed cyclic shift
Figure 5 shows an example of multi-user channel estimation with proposed cyclic shift definition in Figure 4. Channel estimation results for each UEs can be cut out by integer number of samples without timing error
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Fig 5 Multi-user channel estimation with proposed cyclic shift

4. Conclusion
In this contribution, the definition of cyclic shift was discussed. With considering simplicity in multi-user channel estimation for EUTRA uplink, we propose to perform cyclic shift after IFFT and to define cyclic shift by sampling at IFFT.
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