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1
Introduction

[3][4] compared the link performance of two different approaches: Approach 1 [1] and Approach 2 [2] for the single cell case. In this contribution, we compare the link level performance of Approach 1 and Approach 2 in multi-cell  scenarios.
For Approach 1 and similar to [3], we assumed:
· 2 identical PSCs in one radio frame

· 2 different SSCs (SSC1 and SSC2) in one radio frame 
· 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

Approach 2 consists of:

· 2 PSCs: in 1st and 10th subframes of each radio-frame 

· The time location of the first PSC within the 1st sub-frame varies with the cell ID. 

· The time location of the second PSC is fixed.
· 1 SSC in  one radio frame in the same subframe as the first PSC
In Table 1, we list the major differences between approach 1 and approach 2. Note that approach 2 has only two steps while approach 1 has three steps. 

	
	Approach 1
	Approach 2

	Step 1
	     Symbol timing detection
	Symbol timing detection

Frame timing detection

CP length detection

Partial cell group ID detection

(3 hypotheses)

	Step 2
	Cell Group ID detection

(64 hypotheses)
	Cell ID detection

(171 hypotheses)

	Step 3
	Cell ID detection

(8 hypotheses)
	


Table 1

Approach 1 vs. Approach 2
Based on simulation results, we make the following conclusions:

· Even with some optimistic assumptions for Approach 1, Approach 2 outperforms Approach 1 for all cases considered
2
Details of Approach 2 
In Figure 1 to Figure 6, we show one possible setting of PSC/SSC placement for approach 2. Note that the relative distance between the two PSCs carries group ID information as well as CP length information. 
· At least three groups  (
[image: image1.wmf]a

,
[image: image2.wmf]b

and 
[image: image3.wmf]g

)  can be represented 
· This reduces the second stage hypotheses from 512 to 171
· CP length information is also included

· Long CP and short CP

· PSC in the 10th subframe benefits from SFN gains in synchronous systems

· PSC in the 1st subframe does NOT suffer from the “SFN effect” when is used as the phase reference for SSC detection
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Figure 1:  PSC/SSC relative position for Group
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Figure 2:  PSC/SSC relative position for Group
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Figure 3:  PSC/SSC relative position for Group
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Figure 4:  PSC/SSC relative position for Group
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Figure 5:  PSC/SSC relative position for Group
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Figure 6:  PSC/SSC relative position for Group
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In Table 2, we list six different relative timings between 2 PSCs for Approach 2. By comparing different combinations of PSC correlator outputs, we can uniquely identify one group with short or long CP.  

Note that there exist other relative timing combinations that could be exploited but the ones shown in Table 2 are the ones that were simulated. 
	
	Relative timing Between 2 PSCs 

	Group 
[image: image16.wmf]a

: short CP
	4.5 ms     +     286  us

	Group 
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: short CP
	4.5 ms    +     214  us

	Group 
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: short CP
	                    4.5 ms     +     0  us

	Group 
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: long CP
	4.5 ms     +     333  us

	Group 
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	4.5 ms     +     250  us

	Group 
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Table 2

Six different relative timings between 2 PSCs for Approach 2
3
Performance Results

In Table 3, we list all simulation parameters for Approach 1 and Approach 2. In Table 4, 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
	Approach 2
	Approach 1

	SCH structure
	Hierarchical SCH



	Multiplexing of PSC and SSC
	TDM

	Number of SCH symbols in a radio frame
	PSC:  2   SSC: 1
	PSC:  2   SSC: 2

	PSC/SSC placement
	See Figure 1 to Figure 6 in this contribution
	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
	N/A
	3

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

	Number of tones per OFDM symbol for cell ID detection
	N/A
	12

	PSC sequence
	 Modulated Frank Sequence with length 64



	SSC sequence
	Chu sequence with length 67 and with 57 different bases and 3 cyclic shifts for each base
	Chu sequence with length 67 and with 16 different bases (two different SSCs and each carries 8 hypotheses)

	Number of Rx Antenna
	2

	Number of Tx Antenna
	1

	Symbol timing detector
	Replica-based

	Frequency offset estimator
	Differential based

	CP length Detection
	Included in the PSC position detection
	ML detector (two different CP hypotheses resolved at the end of Step 3)

	Total Number of Hypotheses
	513 
	512 

	SSC Detection
	Coherent
	          Coherent 

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


Table 3

Simulation Assumptions for Approach 1 and Approach 2
	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 4

Multi-cell link level simulation Assumptions
The deployment scenarios are listed in Table 5.
	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 5

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 7 and Figure 8 for D1 and D3, respectively.

[image: image22]
Figure 7:  D1

[image: image23]
Figure 8:  D3
4
Observations and Discussions
From the results presented, we observe that
· Approach 2 outperforms Approach 1 in multi-cell cases 
The performance of Approach 1 will degrade further

·  If non-optimum CP length detection algorithm is used
· ML CP length detector was used in the simulation for approach 1
· The complexity of the ML CP length detector is high
For initial cell search, UE may need to search the center frequency at a resolution of 200 kHz. This fine raster makes the number of frequency hypothesis for a UE accessing a system considerably large. 

The UE needs an algorithm controlling until when continuing attempting acquisition at a given frequency or when aborting acquisition on a given frequency and tuning to another frequency. By looking at the CDFs in Figure 8 for example, a cell is detected with 90% probability within 25ms for Approach 2 and within 45ms for Approach 1. Note that the performance gap increases for larger detection probability criteria. This “time to detect” within a certain time is the important metric to consider to realize when the UE needs to abort acquisition on a given frequency and start another frequency hypothesis.

When the number of frequency hypothesis is considerable (as it foreseeable) a performance difference of tens of ms in a single hypothesis may very easily escalate to hundreds of ms for the overall acquisition time. 

As a result of the analysis presented in this document and in [4] we recommend changing the working assumption for cell search for E-UTRA to a two-step procedure as described herein.   
5
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