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1. Introduction
In RAN1#47bis, the use of 3 P-SCHs was agreed as a working assumption [1]. The details of P-SCH design are yet to be decided: 
1. P-SCH structure in time-domain: repetition factor
2. Primary SYNC code (PSC) design 

As outlined in [2], we prefer to introduce the 2x repetitive structure in P-SCH. In this contribution,  we investigate the PSC design issue. We recommend the use of three time-domain Zadoff-Chu (ZC) sequences. Some recommendation is also made in terms of the detailed parameters,
2. Aspects of PSC design
To select the 3 PSCs, the following requirements shall be taken into account in the sequence design:

1. The sequences should be designed such that the resulting time-domain P-SCH symbols have minimum cross-correlation and each of the sequences possesses good auto-correlation profile. For replica-based detection, the temporal correlation property is essential.

2. Designs that result in lower computational complexity (for step 1) are desirable. 

3. Since P-SCH is also used to provide channel estimation for coherently demodulating the S-SCH, sufficiently flat frequency domain characteristic is desirable. 

For example, the PSC in WCDMA is based on a complementary Golay sequence (which is binary-valued) and designed with a 2-level hierarchical structure [3, 4]. This allows significantly lower complexity timing detection since multiplication is avoided and the time-domain convolution can be performed in two steps. For the OFDMA-based E-UTRA, the PSCs can also be designed to possess similar hierarchical and time-domain structures [5]. However, the frequency domain characteristic of a 2-level hierarchical PSC is not flat, hich results in some performance loss for coherent S-SCH detection. 
In [6], a time-domain design based on the Zadoff-Chu (ZC) sequence with DC puncturing was proposed. This design results in flat frequency response and hence is preferred for coherent S-SCH detection. In addition, it allows further complexity reduction. In the following section, we show that with judicious choice of ZC parameters, this design can fulfil the first requirement. 
3. Time-Domain ZC Sequence Selection
In this section, we describe the parameter selection of the time-domain ZC design. Two aspects are considered: UE complexity reduction and correlation property.
3.1. UE Complexity
The length-
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The first level of complexity reduction can be obtained by exploiting the sequence symmetry:
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Hence, cross-correlation between the received signal and two of the PSCs can be computed simultaneously when two of the three PSCs are selected according to (2). For odd
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(3) 
Similar expression can be derived when 
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Another level of complexity reduction can be obtained by replacing the full sequence correlation with the sign correlation. This technique is widely known for implementing low-complexity sequence correlation. The sign correlator associated with the complex-valued sequence 
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By using the sign correlator, multiplication can be avoided. 
3.2. Correlation Property

In this section, we investigate three different 3-PSC sets in terms of their correlation properties. Both full and sign correlations are used to compare the sets. Cyclic correlation is assumed.
1. Set 1: N=36 with K={1, 17, 35} 

2. Set 2: N=36 with K={1, 5, 35} 
3. Set 3: N=35 with K={1, 2, 34}

The resulting correlation profiles are given in the Appendix. The maximum sidelobe for the auto-correlation and the maximum cross-correlation are summarized in Table 1 below. From Table 1, it can be inferred that Set 3 is the preferred set. 

One can also construct another set based on N=37 and truncate the length to 36 to avoid any potential spill-over in the frequency mask. This, however, destroys the flatness in the frequency response. 

As mentioned in [5], an interpolator is needed for any time-domain P-SCH design. In practice, a polynomial interpolator can be used to implement low-complexity interpolation regardless of the interpolation factor (see, e.g. [7-9]). 
Table 1. Correlation property of different sets of ZC sequences

	Set
	Full Correlation
	Sign Correlation

	
	Auto-corr. sidelobe
	Cross-corr.
	Auto-corr. sidelobe
	Cross-corr

	
	Average
	Maximum
	Average
	Maximum
	Average
	Maximum
	Average
	Maximum

	1
	0.0278
	0.0278
	0.1067
	0.6877
	0.0626
	0.1555
	0.1218
	0.6888

	2
	0.0278
	0.0278
	0.1096
	0.4283
	0.0626
	0.1555
	0.1251
	0.5094

	3
	0.0286
	0.0286
	0.1656
	0.1974
	0.0730
	0.1646
	0.1592
	0.3041


4. Cell Search Performance
To assess the performance of the time-domain ZC design, the 3-step cell search is simulated. The simulation assumptions and methodology are the same as that in [10]. We assume that step 2 detects the cell ID group, frame timing, hopping indicator, and the antenna configuration. The cell ID is resolved in step 3 by detecting the orthogonal RS code index. Asynchronous and synchronous network scenarios are simulated with ISD=0.5-km, 1.732-km, and 3.464-km. Coherent detection is assumed for step 2. 
We compare the following time-domain P-SCH setups:
1. ZC-based design with N=35, M={1, 2, 34} using the full sequence correlator
2. ZC-based design with N=35, M={1, 2, 34} using the sign correlator

3. Length-32 Golay-based design using the full sequence correlator (which is identical to the sign correlator since Golay codes are binary). Two of the three sequences are Golay complementary.
The results are given in Figure 1. Observe that:
· For the ZC-based design, the sign correlator performs almost as well as the full sequence correlator. This can be attributed to the good sign-correlation property of the ZC-based design, which is evident from Table 1 as well as Figures 2, 3, and 4. 
· The Golay-based design performs ~20-100% worse compared to the ZC-based design. This is attributed to its poor frequency-domain characteristic which results in significant performance loss when coherent S-SCH detection is employed.
5. Conclusions
In this contribution, we investigate the design of primary synchronization codes (PSCs) based on the time-domain Zadoff-Chu (ZC) design given in [6]. This design is characterized by the flat frequency response and good sign-correlation property, which are beneficial for coherent S-SCH detection as well as complexity reduction. It is shown that the time-domain ZC-based design performs ~20-100% better compared to the Golay-based design. For the ZC-based design, the sequence symmetry and the use of sign correlation can be employed to significantly reduce the complexity. The sequence symmetry allows simultaneous computation of the correlation between the received signal and two PSCs, while sign correlation removes the need for computing multiplication. Since the time-domain ZC design offers good performance and comparable complexity to the time-domain binary- or QPSK-based design, we recommend the use of time-domain ZC sequences with N=35 and M={1, 2, 34} for the PSC design. 
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Figure 1. 3-step cell search performance with FD-ZC, TD-ZC, and TD-Golay PSC designs for synchronous and asynchronous networks: ISD=0.5-km, 1.732-km, and 3.464-km
Appendix: Correlation Property of Three ZC Sets
The correlation properties of sequence Set 1, 2, and 3 in Section 3.2 are given in Figure 2, 3, and 4.
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Figure 2. Full auto- and cross-correlation for TD ZC with N=36: (a) M={1, 17, 35}, (b) M={1, 5, 35}
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Figure 3. Sign auto- and cross-correlation for TD ZC with N=36: (a) M={1, 17, 35}, (b) M={1, 5, 35}
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Figure 4. Full and sign correlations for TD ZC with N=35 and M={1, 2, 34}
References
[1] 3GPP, R1-0700641, “Draft Report of 3GPP TSG RAN WG1 #47bis”
[2] 3GPP, R1-070719, Texas Instruments, “Further Details on SCH Design”
[3] 3GPP TS25.211 V6.5.0, Section 5.3.3.5

[4] 3GPP TS25.214 V6.6.0 Annex C

[5] 3GPP, R1-062637, Texas Instruments, “Primary SYNC code designs for E-UTRA cell search”
[6] 3GPP, R1-070230, LG Electronics, “P-SCH sequence design for single and multiple PSCs”
[7] Gardner, F.M. “Interpolation in digital modems. I. Fundamentals”, IEEE Trans Commun, Mar 1993

[8] Erup, L.; Gardner, F.M.; Harris, R.A, Interpolation in digital modems. II. Implementation and performance, ”, IEEE Trans Commun .June 1993

[9] Dengwei Fu; Willson, A.N., Jr., Trigonometric polynomial interpolation for timing recovery, IEEE Trans Circuits & Systems, Feb 2005

[10] 3GPP, R1-070720, Texas Instruments, “Performance of 3-Step Cell Search”
























































































































































































































- 6/6 -

_1232184870.unknown

_1232185324.unknown

_1232185066.unknown

_1232120779.unknown

_1232134485.unknown

_1232134593.unknown

_1232134307.unknown

_1232120501.unknown

