3GPP TSG RAN WG1 #47bis                                                                     R1-070234
Sorrento, Italy
January 15 – 19, 2007

__________________________________________________________________________

Agenda item: 6.6.2
Source: LG Electronics
Title: Several Types of Uplink Reference Signal Sequence
Document for: Discussion
__________________________________________________________________________

1. Introduction

So far in RAN WG1, several methods to increase the number of RS sequences for adjacent cell RS allocation in uplink have discussed and also are proposed on [1][2]. In this paper, we show several properties of uplink reference signal sequence according to each types of reference signal using ZC sequences.
2. The Four Types of Uplink Reference Signal Sequence
The number of Zadoff-Chu (ZC) sequences depends not only on the length of the sequence but also on the number and magnitude of its prime factors since the number of ZC sequences is the number of integers relatively prime to the sequence length. Basically, to use ZC sequences that have same N-length (N is the reference signal length) as the uplink reference signal sequences has a problem to generate low number of sequences. It is not sufficient for RS allocation between adjacent cells and makes difficult to do more flexible cell planning. 
So the different methods to increase the number of RS sequences for adjacent cell RS allocation are proposed [1][2]. The first one is to construct by truncating a P prime number sequence after generating ZC sequences with P the smallest prime number greater than or equal to N (N is the length of reference signal) as shown in Figure 1-(b) [1]. Another one is to use ZC sequences that have the P-length (P is a prime number, typically is equal to N-1) somewhat smaller than length N proposed on [2] by Nokia as shown in Figure 1-(c). The other is to employ frequency domain cyclic copy of ZC sequences with length N-1 as seen in Figure 1-(d). This method is Fujitsu’s proposal mentioned on email reflector. 
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Figure 1. The four types of ZC sequence as uplink reference signal

In this section, we compare raw cubic metric among several types of UL reference signal sequence and also show the auto-correlation and cross-correlation property between ZC sequences about each type of UL reference signal
2.1 Cubic metric (CM) for four types of ZC sequence
Figure 2 and 3 show raw cubic metric value for each types of reference signal with 12-length and 24 length respectively. Figure 2-(a) and Figure 3-(a) are cases to allocate uplink reference signal in time domain, and Figure 2-(b) and Figure 3-(b) are cubic metric values about case of mapping reference signal directly in frequency domain. In view of cubic metric property, it is reasonable to assign reference signal in frequency domain. When compared cubic metric value about four types of reference signal sequence, cyclic copy version in Figure 1-(d) has more sequences with low CM value below specific level (i.e. 4dB) than other approach. But if we use reference signal sequence with larger length than 1RB (=12-subcarriers), the number of cyclic copy reference sequences with low CM values is reduced, but is enough sequences.
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Figure 2. Raw Cubic Metric for four types of reference signal sequence with 12 length
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   (a) RS Allocation in time domain


(b) RS Allocation in frequency domain

Figure 3. Raw Cubic Metric for four types of reference signal sequence with 24 length
2.2 Auto-correlation and cross-correlation property for four types of ZC sequence for UL RS
Figure 4 and Figure 5 show the correlation property of four kinds of reference signal sequence with different length. The cross-correlation property of four types of reference signal sequence with 12-length is plotted in Figure 4. For the case of original sequence structure, there are not a few high cross-correlation values more than 0.5. Also this original sequence has a disadvantage which the number of sequence with different index is small. In the case of both zero-padding sequences and cyclic copy sequences, the number of sequences with high cross-correlation value more than 0.5 is almost none. Also for cyclic copy structure, the frequency with cross-correlation in high correlation range between reference signal sequences is relatively smaller than the approaches of both original sequence and truncated sequence as shown in Figure 4-(b). In the cross-correlation point of view, the cyclic copy structure maintains correlation value in relatively low value range. For four types of reference signal sequence with 24-length sequence, the tendency is similar with reference signal sequence with 12-length
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Figure 4. Cross-correlation property of four types of reference signal sequence with 12-length
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Figure 5. Cross-correlation property of four types of reference signal sequence with 24-length

3. Conclusions

In this contribution, we investigate raw cubic metric and cross-correlation property for four candidates of UL RS ZC-based sequences. Considering CM property, it is reasonable to assign a UL RS sequence into frequency domain resources. In the simulation results, it is shown that CM property of the frequency-domain cyclic copy sequence outperforms that of other three candidates. The frequency-domain cyclic copy sequence also shows better cross-correlation property than other three candidates. In order to decide a UL RS sequence generation type, the link performance considering UL RS sequence planning in multi-cell environments may be further investigated.
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