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1. Introduction

In Figure 1, the sub-frame structure for E-UTRA uplink is given and it is composed of two short blocks (SB) and six long blocks (LB) per sub-frame. 
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Figure 1. Sub-frame format of E-UTRA uplink
In this document we give some considerations on pilot design for E-UTRA uplink include intra-cell orthogonality as well as inter-cell orthogonality [1].
2. Proposed Uplink Pilot Structure
2.1 Uplink Pilot formula
According to [2], the orthogonality among users in the same cell could be achieved in time domain, frequency domain, and code domain. In our proposal, the intra-cell orthogonality is achieved in the frequency domain while the inter-cell orthogonality is achieved in the code domain. The main idea is to insert the sequence in frequency domain [3] per block within one cell, thus the pilots of different users which occupy one or more blocks are orthogonal in frequency domain. The sequence in one block consists of a repeated constant amplitude zero auto-correlation (CAZAC) sequence with length 
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It is known that n-th entry of a CAZAC sequence with length of 
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Where 
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 be any number which is relatively prime to 
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Neighboring cells will use the repeated CAZAC shifted sequences to achieve orthogonality. An example of sequences in a block for different cells is shown in Figure 2. More specifically, when 
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Figure 2. The code sequences in a block for different cells
In the receiver side, channel estimation is performed by de-spreading pilot symbols over the length of the orthogonal sequence in order to mitigate inter-cell interference on channel estimation output [4]. The scheme is demonstrated in Figure 4. The length of the orthogonal sequence is preferable to be within the coherence bandwidth in order to maintain orthogonality between cells even under highly frequency selective channels. 
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Figure 3. The structure of the block
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Figure 4. Channel estimation method in the simulation
2.2 Peak-to-Average Power Ratio (PAPR) Reduction
PAPR as well as CM (cubic metric) is an important consideration in pilot design. Since the proposed repeated CAZAC sequence has a high PAPR, it requires methods to decrease its value. In this section, we propose using scramble code to deal with PAPR problem. In the simulations, we use a truncated pseudo-random m-sequence. At the transmitter, pilot sequence multiplies the scramble code, and the scramble code is the same for all cells. At the receiver, the received pilot signals multiply the scramble code first, and then go for channel estimation.

3. Simulation
In order to evaluate the pilot designed, in this section simulations are done with the parameters in Table 1. Here we use Pedestrian B (PB) channel with 3km/h and 2 antennas are assumed at BS with MMSE combining.
Table 1: Simulation Parameters
	Sampling rate
	7.68Mcps

	Channel bandwidth
	5MHz

	Length of LB /SB
	66.67(s/33.33(s

	IFFT size of LB/SB
	512/256

	Length of CP
	4.04(s

	Used subcarriers in LB/SB
	301/150

	Subcarrier per block in LB/SB
	20/10

	Channel coding
	Turbo (R=1/2)

	Modulation
	QPSK,16QAM

	M of CAZAC sequence
	3


3.1 Performance
Figure 5 gives the performance of different number of co-channel users. As stated in Section 2.1, the elementary CAZAC sequences of length 
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 can support up to 3 co-channel users. So, we give the performance of one to three co-channel users, which means one to three users allocated the same block in neighboring cells. Considering the worst condition that all users located in cell edge, we suppose all user signals undergo the same path loss. When we increase the number of co-channel users from 1 to 3, the performance difference between real channel estimation and ideal channel estimation will increase too. The reason comes from the channel is frequency selective and that destroies the orgonality of receiced pilot signals . So when the number of co-channel users increases, MAI (multiple access interference) increases too, and channel estimation performance degrades. Obviously, three co-channel user case has no more than 2dB degradation to single user case when BLER is equal to 10-2 in the case of 16QAM transmission, so this scheme have good inter-cell interference suppression at BS, and work well even in the worst condition.
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Figure 5. Performance of different number of co-channel users

3.2 PAPR Reduction
In the simulation, we use a truncated pseudo-random sequence of length 15 as the scramble code, which is “-1 1 1 -1 1 -1 1 1 1 1”. Figure 6 and Figure 7 show the declination of PAPR and CM after scrambling in case of each user occupying one or three block(s) respectively. In Figure 6, sequence 1 denotes the repeated “p1 p2 p3” sequence; sequence 2 denotes the repeated “p2 p3 p1” sequence; sequence 3 denotes the repeated “p3 p1 p2” sequence. After scrambling, PAPR of the three pilot sequence decrease to 4.5dB. In Figure 7, all the six permutation and combination of the above three sequence is considered. Consequently, PAPR in case of occupying three blocks decrease to an acceptable magnitude after scrambling.
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Figure 6. PAPR and CM of 1 resource block (10 sub-carriers)
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Figure 7. PAPR and CM of 3 resource blocks (30 sub-carriers)
4. Conclusions
This proposal has presented a structure for E-UTRA uplink reference signals. For intra-cell, frequency division is adopted to achieve the orthogonality. For inter-cell, short shifted CAZAC sequences are used for code division and scrambling is used to deal with PAPR issue. The advantages are:

· It can support scalable bandwidth users because pilot sequences are produced with the length of each block, the resource unit of system.

· It can support enough user number with acceptable performance.
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