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1
Introduction

In this contribution, we compare the link level performance of using different partitions of hypotheses for initial cell search in multi-cell scenarios.
PSC and SSC sequences have not been finalized yet but the following was simulated:
· 2 identical PSCs in one radio frame and 3 different PSCs in a system

· 2  identical SSCs (SSC1 and SSC2) in one radio frame 
·  Different BPSK modulation on SSC1 and SSC2 (for frame boundary detection)
· Only  the reference signal in the OFDM symbols in the sub-frames or TTIs containing PSC/SSC can be used for cell ID detection

· Only the reference signal within the central 1.25 MHz bandwidth can be used for cell ID detection
In Table 1, we list the two different hypothesis partitions.  
	
	Working Assumption 

(1*171*3)
	Alternative
(3*171*1)

	Step 1
	     Symbol timing detection

(1 hypothesis)
	Symbol timing detection

Partial cell group ID detection

(3 hypotheses)

	Step 2
	Cell Group ID detection

(171 hypotheses)
	Cell Group ID detection

(171 hypotheses)

	Step 3
	Cell ID detection

(3 hypotheses)
	Cell ID detection

(1 hypotheses)


Table 1

Different Hypotheses partition comparison 
Based on simulation results, we make the following conclusions:

· The performance of the  alternative hypothesis partition  is much better than the current working assumption
· Three hypotheses carried by three different PSC sequences should be used rather than carrying no information 
· This three hypotheses do not increase complexity since UE needs to correlate three PSC sequences regardless of the number of PSC sequences configured by Node B
3
Performance Results

In Table 2, we list all simulation parameters. In Table 3 , we list all parameters related to the multi-cell setting. 
Note that all the results presented in this document are generated with a multi-cell link level simulator.  
	 Parameter
	Value

	SCH structure
	Hierarchical SCH



	Multiplexing of PSC and SSC
	TDM

	Number of SCH symbols in a radio frame
	PSC:  2   SSC: 2

	PSC/SSC placement
	See Figure 2  in [1]

	System Bandwidth
	5 MHz

	PSC/SSC bandwidth
	1.25 MHz

	PSC/SSC transmit power
	Transmit power proportional to PSC/SSC bandwidth

	Reference signal power boost
	3

	Number of OFDM symbols for cell ID detection per 10ms 
	8

	Number of tones per OFDM symbol for cell ID detection
	12

	PSC sequence
	 Modulated Frank Sequence with length 64 and 3 or 4 different bases


	SSC sequence
	Chu sequence with length 67 and with 57 different bases and 3 or 4 cyclic shifts for each base

 

	Number of Rx Antenna
	2

	Number of Tx Antenna
	1

	Symbol timing detector
	Replica-based

	Frequency offset estimator
	Differential based

	CP length Detection
	ML detector (two different CP hypotheses resolved at the end of Step 3)

	Total Number of Hypotheses
	513 

 

	SSC Detection
	Coherent
    

	Cell ID Detection criteria
	If the detected cell is within 3 dB of the strongest cell


Table 2

Simulation Assumptions  
	Parameter
	Explanation/Assumption

	Cellular layout
	19 Node-Bs, 3-cell sites  

	Antenna horizontal pattern
	70 deg (-3 dB) with 20 dB front-to-back ratio

	Node-B transmission power 
	43 dBm

	Antenna configuration
	1X2 SIMO

	Node B antenna gain
	14 dB

	UE antenna Gain
	0 dB

	UE noise figure
	9 dB

	Channel mode
	TU

	Frequency offset
	Uniformly distributed within [-6  6] KHz


Table 3

Multi-cell link level simulation Assumptions
The deployment scenarios are listed in Table 4.
	Scenario
	Carrier Frequency
	Site-to-site Distance

(m)
	Penetration Loss

(dB)
	Speed (km/hr)
	Propagation Model

	D1
	2 GHz
	500
	20
	3
	L = 128.1 + 37.6 Log10(R[km])

	D3
	2 GHz
	1732
	20
	3
	L = 128.1 + 37.6 Log10(R[km])


Table 4

Deployment Scenarios
Since the performance of cell edge users is of most interest, we show the average cell search time results for users at geometry lower than -3 dB in    Figure 1 and Figure 2 for D1 and D3, respectively.
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Figure 1:  D1 (total 513 hypotheses)
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Figure 2:  D3 (total 513 hypotheses)

If we want to add two more bits to indicate frequency hopping pattern for reference signal and the number of antennas used in the system, we need a total of 512*4=2048 hypotheses.  Assume that the PSC sequence carries three hypotheses. Then, we show the results in Figure 3 and Figure 4.
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Figure 3:  D1 (total 2052 hypotheses)
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Figure 4:  D3 (total 2052 hypotheses)

4
Observations and Discussions
From the results presented, we observe that
· Three hypotheses provided by three different PSC sequences should be used for cell ID detection 
· Using the three hypotheses provided by 3 different PSC sequences improves cell search performance significantly 
· No additional complexity is added since UE needs to correlate three PSC sequences regardless of the number of PSC sequences configured by Node B
· Enables a natural expansion of the total number of hypotheses (indicating FH of RSs and possibly the antenna configuration) with two more bits (beyond the 9 bits already required for cell ID determination) 
As a result of the analysis presented in this document, we recommend changing the working assumption for cell search for E-UTRA to
· Use the three hypotheses that are any ways provided by the three different PSC to convey cell ID information
We do not see any issue with respect to network planning by associating the PSC sequence to the cell ID in some way. In any case, the same association between cell ID and the OS sequence for the DL RS has to be established as per the current working assumption. 

Without increasing the UE complexity and retaining a randomization of the PSC sequences across cells, the PSC sequence can be associated to the cell ID in some form so that 1.5 bits of all the initial cell search hypotheses are already reduced in step 1. 
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