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1/ Introduction
CAZAC sequence is one of the strongest candidates for pilot pattern in single-carrier FDMA [1]. In this contribution, we propose the method to achieve low complexity at the transmitter/receiver, together with keeping low crosscorrelation property of pilot sequence. 
2/ Overview of CAZAC sequence 
Zadoff-Chu CAZAC sequence, described as equations below, is a potential candidate for pilot pattern of single-carrier FDMA because its amplitude is constant both in time and frequency domain and it has perfect zero circular autocorrelation property.
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  for odd length N   ---(Eq.1)
In [1], allocating different Zadoff-Chu CAZAC sequence to neighboring Node B’s is proposed in order to achieve interference averaging. And it is also noted that sequence length should be a prime number in order to suppress inter-sequence correlation and maximize the number of usable CAZAC sequences within one cell [1] [2] [3]. 

3/ Issue in case of using prime length CAZAC
When we decide data/pilot block size, several factors should be taken into account, i.e., rolloff factor, complexity of DFT, crosscorrelation property of pilot sequences [3]. 
First, rolloff factor  is decided from the tradeoff relationship between spectral efficiency and PAPR, and  = 0.14 is recommended in [4], while  = 0.22 is used in W-CDMA. So it’s reasonable to assume around 0.14 - 0.22 as rolloff factor after considering these recommended and used values. In case resource block size = 5MHz (the number of occupied subcarriers =300 for data, 150 for pilot) and  = 0.14 - 0.22, then the data block size is calculated to be around 245 - 260 (=300/(1+)), and similarly the pilot block size is around 122-130 (=150/(1+)). 
Therefore, “127”, which is a prime number, is the most appropriate for the pilot block size from the viewpoint of the crosscorrelation property of Zadoff-Chu CAZAC sequences, and then data block size is set to twice as long as pilot block size, i.e., data block size = 254 (127x2). However, we can see from Fig.1 and 2 that this parameter setting requires prime-point DFT, which leads to increase of computational complexity. 
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Fig. 1 Transmitter 
[image: image4.png]deta
demon |

10FT
254 pomtIDFT

Gata processing
it processing;

I

(CH bstimate.

Est

Rl fter

T

Subcartier demapring

Rollft fter

T

Subcartier demapring

Receiver
P deltion




Fig. 2 Receiver

4/ Key idea and solution 
In this section, it is elucidated that prime-point DFT/IDFT can be completely displaced from the transmitter/receiver. 
First, pilot sequences are predefined, therefore UE does not need to perform prime-number DFT by storing frequency-domain pilot sequences in advance. 
Next, regarding data processing, DFT/IDFT cannot be removed from transmitter/receiver. So, in order to reduce complexity, the relation “data block size : pilot block size = 2:1” has to be relaxed, i.e., the data block size should be chosen to be power-of-2, or the number composed of only small radixes. In this case, “256”, which is power-of-2, is the most appropriate for data block size from the viewpoint of complexity of DFT/IDFT. Note that pilot block size is still “127” from the viewpoint of the crosscorrelation property of Zadoff-Chu CAZAC sequences. We can see from Fig.3 and 4 that prime point-DFT/IDFT are not necessary at transmitter/receiver in case of this parameter setting despite using prime length Zadoff-Chu CAZAC sequence, which has good crosscorrelation property. 
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                                    Fig. 3 Transmitter 
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                                    Fig. 4 Receiver 
Similarly, in case of resource block size=1.25MHz, it is the most appropriate that data block size=64 and pilot block size=31. 
If we adopt the values derived above, the bandwidth used for pilot transmission is slightly smaller than that for data transmission. Accordingly, channel estimation on a fraction of whole subcarriers cannot be obtained. However, we can see from Fig.5 that this has very little influence on the performance. In addition, the both bandwidths can be set to the same size by adjusting rolloff factor used for pilot so that the bandwidth used for pilot transmission is equal to that for data transmission. 
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                                                         Fig. 5 
Table 1 : Simulation Parameters 
	Transmission Bandwidth
	5  MHz

	Channel Estimation 
	Real

	Modulation 
	16QAM 

	Pulse shaping roll-off factor
	0.15

	Pilot / Data power
	0 dB

	sub-frame format
	25.814 v0.5.0 Table 9.1.1-1 ‘5MHz’ case

	FEC
	Rate ½ Turbo encoding

	Channel
	TU with 6 paths, type (1) (from [5])

	Doppler rate
	5.56 Hz (3 km/h @ 2.0 GHz)

	Number of receive antennas
	2 

	TTI duration
	0.5 ms

	Transport Block Size (including CRC), bits
	3068


5/ Conclusion
In this contribution, we discuss the issue raised in case of using prime length CAZAC sequence for pilot, and propose the method to achieve low complexity at the transmitter/receiver, together with keeping low crosscorrelation property of pilot sequence. 
6/ Text Proposal
---------------------------------  Start of Text Proposal  ----------------------------------------
9.1.1.2.1
Uplink reference-signal structure 
Orthogonality between uplink reference signals can be achieved using the following methods: 

· By transmitting each uplink reference signal across a distinct set of sub-carriers, as in “Figure 9.1.1.2.1-2 left.” This solution achieves “signal orthogonality in the frequency domain” and applies to both localized and distributed reference-signal structures.

· By constructing reference signals that are orthogonal in the “code domain”, with the signals transmitted across a common set of sub-carriers (example with contiguous sub carriers in Figure 9.1.1.2.1-2 right). As an example, individual reference signals may be distinguished by a specific cyclic shift of a single CAZAC sequence.

· Orthogonality in the time domain

· A combination of the methods above;
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Figure 9.1.1.2.1-2  Reference-signal orthogonality in frequency domain (left) and “code” domain (right) respectively. 
 Note that orthogonality in the frequency domain is also possible for a localized reference-signal structure.

In order to achieve low complexity at the transmitter/receiver, together with keeping low crosscorrelation property of pilot sequence, CAZAC sequence length should be a prime number or the number which includes large prime factor. In addition, the corresponding data symbol length to be input to DFT should be power-of-2 or the number composed of only small prime factors, close to twice the length of CAZAC sequence. In case of transmission bandwidth=5MHz, recommended length of CAZAC sequence is “127” (prime number), and that of data is “256” (power-of-2).   
--------------------------------- End of Text Proposal  ------------------------------------------
7/ Reference
[1] R1-051062, “On Uplink Pilot in EUTRA SC-FDMA”, Texas Instruments. 
[2] K. Fazel and S. Keiser, “Multi Carrier and Spread Spectrum Systems”, John Willey and Sons, 2003.
[3] R1-060059, “Considerations on Uplink Pilot Design Using CAZAC”, NEC Group
[4] R1-050702, “DFT-Spread-OFDM with Pulse Shape Filter in Frequency domain in Evolved UTRA”, NTT DoCoMo, et al.
[5] 3GPP TS 45.005 V5.4.0 (2002-06)



























































































































_1200466504.unknown

_1200466505.unknown

_1190617138.doc
[image: image1.bmp][image: image2.bmp]









Reference signal #1







Reference signal #3







Reference signal #2












