3GPP TSG RAN WG1 #49bis                                                                       R1-072875
Orlando, FLA, U.S.A.
June 25-29, 2007
__________________________________________________________________________

Agenda item: 5.11.2
Source: LG Electronics
Title: Generation methods of UL RS sequence
Document for: Discussion/Decision
__________________________________________________________________________

1. Introduction

In #47bis Sorrento meeting, RS sequence generation methods (truncation or cyclic extension) were decided as a working assumption. Also, to mitigate inter-cell interference, sequence grouping was proposed in [1][2][3] and was captured as a way forward in [4][5] at #49 Kobe meeting. In this contribution, we provide some comparisons on the different generation methods and propose the cyclic extension method for UL control sequence generation (UL DM RS and PUCCH).
2. Comparison of UL RS sequence generation methods
For comparison, we will use cubic-metric and cross-correlation between the same length/between the different length sequences. Here we think about three possible sequences, cyclically extended Zadoff-Chu (ZC), truncated ZC, and computer searched sequences [6][7].

2.1 Cubic metric

For efficient power amp (PA) usage, the uplink burst should have low cubic-metric, i.e., similar level with random QPSK sequence. Table 1 gives the number of possible sequences for uplink control signal according to the generation methods.

Table 1. The number of root sequences similar (within 0.3dB) to or less than QPSK CM;

	
	Cyclically extended ZC
	Truncated ZC
	OZCL
	Random-CAZAC

	1 RB
	6 (10)
	6
	84
	33

	2 RB
	12(20)
	8(12)
	
	


2.2 Cross-correlation between the same length sequences

The same length sequences would reside the same time-frequency resource when PUCCH or UL DM RS are considered. Figure 1 shows CDF of the cross-correlation for each generation methods. We can easily recognize that the mean correlation of computer searched sequences can be a little lower than ZC based sequences (Random-CAZAC: 0.246, ZC: 0.265). However, this mean correlation should not be construed as great performance difference. Actually the average performance is almost the same regardless of sequence type. However, we should note that the high correlation can cause severe effect on the detection performance at any instant of uplink transmission. Specifically, if multiple sequence (shift) hopping is used for UL ACK/NACK transmission, then the mean correlation property would be somewhat effective though orthogonal covering property is not guaranteed. However, for the CQI reception or UL DM RS reception, any single collision would result in the degradation of symbol detection performance.  Even if a channel coding is utilized for CQI channel, the uniform LLR would be more beneficial for channel decoding performance.
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(a) Between only root sequences index 
        (b) Between sequences including circular shift

Figure 1. CDF of cross-correlation between two sequences with same length of 1-RB size

In addition, before we decide the number of available root sequences, the sequences should be more carefully inspected such that root sequences are independent each other considering cyclic shift usage for UE multiplexing. If there is large cross-correlation, then it means that there exist highly correlated sequences which can be represented by the remaining sequences.
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       (a) Root index + cyclic shift combination case

(b) Collision pattern of root sequences

Figure 2. Pattern of sequence pairs with larger cross-correlation than max. ZC sequence correlation (0.4441)

Table 2 gives the number of possible sequences for uplink control signal according to the generation methods when we compare cyclically extended ZC with other generation methods based on identical cross-correlation fairly
Table 2. The number of root sequences similar (within 0.3dB) to or less than QPSK CM satisfying cross-correlation at the level of cyclically extended ZC

	
	Cyclically extended ZC
	Truncated ZC
	OZCL
	Random-CAZAC

	1 RB
	6 (10)
	3
	6
	8


2.3 Cross-correlation between the different length sequences

This part applies only to uplink DM RS, where different length reference symbol can coexist due to multi-cell environment. The figure 3 and figure 4 represent CDF of cross-correlation between two sequences with different length for 2-RB and 3-RB respectively.
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   (a) Between R-CAZAC(1-RB) and Extension(2-RB)     (b) Between OZCL(1-RB) and Extension(2-RB)

Figure 3. CDF of cross-correlation between two sequences with different length for 2-RB
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(a) Between R-CAZAC(1-RB) and Truncation(3-RB)     (b) Between OZCL(1-RB) and Truncation(3-RB)

Figure 4. CDF of cross-correlation between two sequences with different length for 3-RB

Although the computer searched sequences are employed for 1-RB size, the cross-correlation problem between different length sequences is similar to the case of using only cyclically extended ZC and only truncated ZC sequences as shown in figure 3 and figure 4. But the cross-correlation problem for different length can be solved by using both hopping and grouping among RS sequences with different length.
3. Conclusions

In this contribution, we compared several aspects of different UL sequences. For UL DM RS and CQICH, we don’t see any clear reason to adopt different sequence other than simple ZC sequence. In addition, we prefer cyclic extension method due to more usable sequences (low CM sequences) compared to truncation for small RBs.
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