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1. Introduction

In the Seoul RAN1#46bis meeting, four approaches were decided to be further evaluated until this meeting, and Approach 1 for initial cell search was taken as the working assumption. But some items about cell search (e.g. Reuse of P-SCH, Non-initial cell search steps, Number of PSC, etc.) are still open.
In this contribution, we would like propose a variation of Approach 1 which is to improve sector ID detection stage by DL-RS signal. In our previous contribution [1], we presented a sector allocated SCH structure for E-UTRA initial cell search and simulation results. We propose that we can provide improved cell search performance by combining that scheme with the Approach 1 initial cell search procedure.
Our proposed P-SCH structure can be detected by either auto-correlation timing detection or cross-correlation timing detection or the hybrid detection method. Additionally, the structure has multiple P-SCHs which make it possible to identify the sectors, that is to say, cells of same Node B. And we can shorten the RS observation period by combining the observed result of PSC.
The proposed P-SCH structure is described in section 2, and then simulation results are shown in section 3.
2. Proposed P-SCH Structure and Detection Method
2.1. Multiplexing of P-SCH and S-SCH
The proposed P-SCH and S-SCH are multiplexed by TDM. The identical P-SCH is transmitted 2x per 10ms. S-SCH symbol is also transmitted 2x per symbol. It is preferred that P-SCH symbol and S-SCH symbol are located at the last symbol and 2nd last symbol of sub-frame to shorten the distance between them. In this contribution, we focus on the multiple P-SCHs performance, so the detail of S-SCH will not be touched, but if we need larger payload to support 170 scramble codes and additional information, masked S-SCH scheme [1] may also applicable 
2.2. P-SCH Structure in frequency domain
In this section, the proposed P-SCH structure is described (Figure 1). The P-SCH is mapped on every other sub-carrier except the DC sub-carrier. In this mapping scheme, periodic waveforms appear within an OFDM symbol duration. Assuming such a P-SCH structure, P-SCH symbol timing can be detected by either the auto-correlation of periodic waveforms of the P-SCH or taking the correlation between the received signal and the P-SCH replica in the time domain. The hybrid timing detection scheme, which is a combination of the auto-correlation detection method with the cross-correlation detection method, alleviates the undesirable effects of the frequency offset. Thereby, although its complexity is similar to the auto-correlation-based detection scheme, it achieves even better performance than the cross-correlation detection scheme.
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Figure 1 P-SCH structure in frequency domain
The proposed P-SCH structure employs CDM between sectors. Figure 2 shows the proposed orthogonal P-SCH symbol waveforms. A phase rotation of 0, 2/3, and 4/3 corresponding to sectors #1, #2, and #3 respectively is applied to all P-SCH sub-carriers within a sector. As a result of the proposed CDM, the P-SCHs have 1/6 and 1/3 symbol cyclic-delayed waveform for sector #2 and sector #3, respectively, in the time domain.
By relating the Proposed orthogonal P-SCHs to orthogonal or “pseudo”-orthogonal sequence of DL reference signal (RS), the preferred sector can be selected by both P-SCHs and DL-RS. The proposed method can help in sector detection. Combining the observed PSC result and the DL-RS result, we can obtain more accuracy by the gain of PSC. In that case, we may able to shorten the integration time of the DL-RS into the sub-frame. As its extreme case, we may also be able to skip the DL-RS observation, this can be a subject for further study.
Although the cyclic-delayed waveforms cause undesirable peaks at the timing detection stage using the cross-correlation method, the hybrid detection method (which is a combination of auto-correlation with cross-correlation) can avoid performance degradation by limiting the observation window using auto-correlation detection.
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Figure 2 P-SCH waveforms in time domain
2.3. Complexity
The complexity is a very important topic in addition to performance, for cell search. In this section, we will describe the complexity of the proposed P-SCH and detection method.
(1) Hybrid Timing Detection Method
We proposed the Hybrid timing detection method as part of the cell search procedure, in [2]. The method employs a combination of auto-correlation and cross-correlation. The cross-correlation method has a higher complexity than the auto-correlation method generally. Therefore it is better that the cross-correlation is performed during limited observation windows which are detected by auto-correlation, to reduce the complexity. So we believe the hybrid timing detection method is effective in reducing the complexity of the timing detection method.
(2) UE Correlator
The proposed P-SCH structure multiplexed by CDM has a lower complexity than the other method (e.g. the structure multiplexed by FDM, the structure constructed from individual sequence), because the waveforms of P-SCH symbols in time domain have a relationship of “cyclic-delayed”. In other words, the UE doesn’t need multiple correlators to detect the timing of individual sectors, because the waveform is shifted by 1/6 and 1/3 symbol for sector #2 and sector #3, respectively.
To reduce the complexity, various proposals have recently been presented on the topic of P-SCH sequences. In this contribution, we assume the Zadoff-Chu sequence for the P-SCH sequence, but other sequences with a low impact on the complexity (e.g. Frank sequence) may also be applicable.
2.4. To support up to six sectored cell 
It has been agreed that the RS is multiplexed by CDM in the same Node-B with the orthogonal or “pseudo”-orthogonal sequence.

In this section, we describe the spatial reuse of the proposed orthogonal P-SCH for 6-sectored cells. The proposed methods are similar to the RS case as proposed in [3]. The three methods to solve this problem are described below.
(1) Method 1

The first method applies the reuse of the same orthogonal sequences as shown in Figure 3. Three P-SCHs with the relative phase rotation of 2/3 are reused in mutually opposite sectors. As a result of this arrangement, the orthogonality between the contiguous sectors is maintained for six sectors in the same Node-B. This method has the lowest complexity of the three methods.
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Figure 3 Reuse of orthogonal P-SCHs with phase rotation in six-sectored cell
(2) Method 2

The second method applies two sets of orthogonal sequences as shown in Figure 4. The orthogonality between neighboring sectors is not maintained for six sectors. Two sets of orthogonal sequences with the relative phase rotation of 2/3 are deployed. In this method, the complexity is the highest of the three methods, because the UE needs another correlator for cross-correlation detection.
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Figure 4 Non-orthogonal CDM of P-SCHs using different P-SCH sequences
(3) Method 3

In the third method, we can apply phase rotation assignment for orthogonal P-SCHs that support up to six sectors without reuse of orthogonal P-SCHs. Figure 5 shows the phase rotation assignment for orthogonal P-SCHs. For the CDM, a phase rotation of 0, /3, 2/3, , 4/3, and 5/3 is applied to all P-SCH sub-carriers corresponding to sectors #1, #2, #3, #4, #5, and #6, respectively. In this method, the orthogonality between contiguous sectors is maintained in the same Node-B, although the relative phase rotation between the contiguous sectors is at least 1/3. This method doesn’t have the highest complexity, but undesirable peaks appear near desired peaks at the timing detection stage by cross-correlation.
[image: image5.emf]#1

#6

#2

#4

#3

#5

one set of P-SCH

sequences


Figure 5 Phase rotation assignment for orthogonal P-SCHs that support up to six sectors
3. Simulation Conditions and Results

In this section, the timing detection performance and the sector identification of initial cell search are evaluated, to investigate the effect of introducing the hybrid timing detection method and sector allocated orthogonal P-SCH.
3.1. P-SCH Structures
We assume three types of P-SCH structures for comparison in the simulation.

Two P-SCH symbols with 1.25 MHz transmission bandwidth are multiplexed to the last OFDM symbol at the 10th and 20th sub-frame in one frame.

(1) The Proposed P-SCH Structure
This structure has 36 P-SCH sub-carriers and the P-SCH is multiplexed on every other sub-carrier. Due to the usage of the even function sub-carriers, the same P-SCH waveforms appear in the time domain within an OFDM symbol duration. The Zadoff-Chu sequence is used for the P-SCH sequence.
The coarse symbol timing detection is performed by taking the auto-correlation of periodic waveforms of the P-SCH in time domain. Then, the cross-correlation detection is performed for fine symbol timing detection during a limited observation window.
A sector allocated P-SCH is generated by adding phase rotation. For the CDM, a phase rotation of 0, 2/3, and 4/3 is applied to every alternate P-SCH sub-carrier for sectors #1, #2, and #3, respectively.
Two methods are considered to identify the sector index - performed in time domain by cross-correlation; and performed in frequency domain by despreading. The despreading method is utilized in this simulation because there is no significant difference between the two methods.
We define successful detection if the SCH code of the target sector, which has the average received signal power within 3 dB of the best cell, was detected correctly.
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Figure 6 Proposed P-SCH structure
(2) P-SCH Structure 1 for Comparison
In this structure, all assumptions are aligned with the Proposed P-SCH structure, except that a cell common P-SCH is employed instead of a sector allocated P-SCH.
(3) P-SCH Structure 2 for Comparison
This is prepared as the reference model. This structure occupies 73 P-SCH sub-carriers, i.e. no null sub-carriers. The number of P-SCH symbols in a 10ms radio frame and their location are similar to the proposed method. But the symbol timing detection is performed by only cross-correlation detection, and it has only one cell common PSC for all 3 sectors. This structure can not detect the sector index from the SCH itself.
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Figure 7 P-SCH structure for comparison
Table 1 P-SCH structure characteristics
	Parameter
	Proposed structure
	Structure 1
for comparison
	Structure 2 
for comparison

	Number of P-SCH sub-carriers
	36
(37 null sub-carriers)
	36
(37 null sub-carriers)
	73

	Timing detection method
	auto-correlation + cross-correlation
	auto-correlation + cross-correlation
	cross-correlation

	Number of P-SCH sequences
	3 (sector allocated)
	1
	1

	P-SCH sequence
	Zadoff-Chu
	Zadoff-Chu
	Zadoff-Chu

	Cross-correlation observation window
	14 samples + 1 symbol
	14 samples + 1 symbol
	1 frame


3.2. Simulation conditions

Table 2 shows the common simulation parameters for each simulation case. The P-SCH bandwidth is assumed as 1.08MHz (i.e. 73 sub-carriers) and the carrier frequency is assumed to be 2GHz. The total transmission power of the SCH symbol is the same for each structure.
Based on the agreed simulation assumption in [4], we employed a multi-cell model to evaluate the cell search performance.
Table 2 Common simulation parameters
	Parameter
	Assumption

	Multicell model
	7 cell sites, 3 cells per site

	Inter-site distance
	1732 m

	Carrier frequency
	2 GHz

	Sub-carrier spacing
	15 kHz

	CP
	10 samples

	Channel models
	Typical Urban 6 rays (3km/h, 30km/h)

	Node-B transmission power
	46 dBm

	Node-B antenna pattern and gain
	70-degree sectored beam, 14 dBi

	Distance dependent path loss
	128.1 + 37.6 log10(r)

	Shadowing correlation
	8 dB

	Shadowing correlation
	0.5 (inter-site) / 1.0 (intra-site)

	Penetration loss
	20 dB

	Number of Tx / Rx antennas
	1 / 2

	UE antenna gain
	0 dBi

	UE noise figure
	9 dB

	Thermal noise density
	-174 dBm/Hz

	Frequency offset
	±5 ppm : modeled as uniform random variable

	Timing offset
	±7 samples : uniformly distributes in one frame

	Averaging period for timing detection
	1 frame

	Network synchronization
	synchronous


To evaluate the sector identification in one cell common P-SCH structure, we assume RS parameters described in Table 3 and that the S-SCH detection is perfect, in order to focus on the sector identification performance. The RS is used for sector identification only in the initial cell search of our simulation, i.e., the scrambling code is identified by S-SCH perfectly. The despreading is performed for the sector identification and averaged during two sub-frames in which P-SCH and S-SCH are located.
Table 3 RS parameters for one cell common P-SCH structure

	Parameter
	Assumption

	Number of RS sub-carriers
	12

	Transmission power ratio of RS to data
	+3 dB

	Averaging period for timing detection
	2 sub-frames in 1 frame

	Orthogonal sequence
	Phase-rotated

	Number of candidates of Scrambling code / orthogonal sequence
	1 / 3


3.3. Simulation Results
(1) timing detection performance
Figure 8 shows the cell search timing detection performance using a 7 cell model. In this simulation, the UE is randomly located in every trial. Figure 8(a) and (b) show the performance in a tightly synchronized network at fD=5.55Hz and fD=55.5Hz, respectively. The timing detection is declared to be successful when the detected timing is within the CP length. The performance of the proposed 3xP-SCH and hybrid structure is better than that of the comparison structure, and we can see this improvement is mainly brought from hybrid structure. This is because in cross-correlation detection, the influence of the background noise power is increased compared to that of the hybrid detection method.
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(a) fD =5.55 Hz
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(b) fD =55.5 Hz


Figure 8 Timing detection performance comparison
(2) sector ID detection performance
 Figure 9 shows the sector identification performance by using 3xP-SCH. It can be seen that the sector identification performance with PSC only, is superior to that with RS only. When combining 3xP-SCH with DL-RS observation, we expect the performance would be even better.
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(a) fD =5.55 Hz
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 Figure 9  sector ID detection performance

4. Conclusions

In this document, the timing detection performance of the proposed SCH structure was evaluated and the complexity of introducing multiple P-SCHs per sector was considered. The proposed P-SCH structure can be used with a low computational complexity timing detection method to identify a suitable sector without using other physical channel information. The simulation results showed that the hybrid timing detection method and multiple P-SCH have good timing detection performance and lower UE complexity. In conclusion, we prefer employing the hybrid detection method for the 1st step of initial cell search and introducing the multiple P-SCH structure for the identification of the sector or to be used as additional gain of sector identification process combining to the DL-RS observation results. 
Additionally, we assume the Zadoff-Chu sequence for P-SCH sequence in this contribution, but the other sequences with a low impact on the complexity (e.g. Frank sequence) are for further study.
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