Page 4
Draft prETS 300 ???: Month YYYY


3GPP TSG-RAN WG1 #47
R1-063431
November 6th-10th, 2006
Riga, Latvia
Agenda item: 
6.3.2
Source: 
QUALCOMM Europe
Title: 
Initial cell search: analysis and simulations
Document for:

Discussion and Decision
1
Introduction

Contribution [2] presented the link analysis of initial cell search with non-uniform placement of 2 PSCs and with different PSC/SSC sequences. 
In this contribution, we compare the link performance of two different approaches: approach 1 [1] and approach 2 [2].  
Since there are many variations of approach 1, we used the following variation for the simulation comparison: 
· 2 identical PSCs in one radio frame

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

· Only the reference  signal within   the center 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

	Step 2
	Cell Group ID detection
	Cell ID detection

	Step 3
	Cell ID detection
	


Table 1

Approach 1 vs. Approach 2
Through extensive simulations, we make the following conclusions:

· Even with some optimistic assumptions for approach1, approach 2 significantly outperforms approach 1 for all cases considered
· The performance of approach 1 is limited by  the third step (cell ID detection using reference signal)

· The power spectrum density (PSD) of the reference signal is low
· Reference signal power boost gives very limited gains to approach 1

· Noisy frequency offset estimate makes cell ID detection difficult especially at low geometries
In addition, for synchronous systems,
· Approach 1 suffers from the phase mismatch between PSC and SSC (SFN effects) if one PSC sequence is used and SSC demodulation uses the phase reference from PSC
· Approach 1 does  not suffer  “SFN effects” if multiple PSC sequences are used 

· But the complexity of PSC detection also increases if multiple PSC sequences are used
· And the PSC signal from different cells interfere with each other

· Approach 2 benefits from  “SFN effects” in synchronous systems 
· By time-staggering the PSC in the 1st subframe, the phase reference for SSC does not suffer from “SFN effects” 

· The PSC in the 10th subframe benefits from “SFN effects”
· Only one PSC sequence is needed
· PSC position detection  does not require extra correlation

· Simply  compare different combinations of  post-correlation results 
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

,
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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 enjoys  SFN gains for synchronous systems

· PSC in the 1st subframe does NOT suffer from SFN effects when it 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
[image: image9.wmf]g

: short CP

[image: image10.emf]P

10 ms Radio Frame – Long CP – Group 

α

Shared Data M Shared Data

0.5 ms

0 PSC SSC 3 4 5 0 1 2 3 4 PSC

0.5 ms 4 ms 5 ms

4.5 ms + 333 

µs


Figure 4:  PSC/SSC relative position for Group
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Figure 5:  PSC/SSC relative position for Group
[image: image13.wmf]b

: long CP


[image: image14.emf]P

10 ms Radio Frame – Long CP – Group 

γ

Shared Data M Shared Data

0.5 ms

0 1 2 3 PSC SSC 0 1 2 3 4 PSC

0.5 ms 4 ms 5 ms

4.5 ms + 83 

µs


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 1. 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 
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	4.5 ms     +     286  us

	Group 
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	Group 
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	                    4.5 ms     +     0  us

	Group 
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	Group 
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	Group 
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Table 2

Six different relative timings between 2 PSCs for approach 1
3
Performance Results

In Table 3, we list all simulation parameters for approach 1 and approach 2. In [2], we compared the performance of PSC+SSC searching time for different PSC sequences. In this contribution, we use modulated Frank sequence as an example to compare approach 1 and approach 2. 
For approach 1, we simulated both
· Coherent combining of reference signals for cell ID detection and
· Non-coherent combining  of reference signal for cell ID detection

· Many variations exist: ( some examples

· Non-coherent combining reference symbols across  different sub-frames

· Non-coherent combining reference symbols  across  different  TTIs

The results are similar and we only report the coherent combining results in this contribution.  

For approach 1 and cell ID detection, we have simulated the cases of
· Using the reference signal from two sub-frames (one in the preamble and the other one in mid-amble, total 4 reference symbols) and
· Using the reference signal from four sub-frames (two in the preamble and the other twos in mid-amble, total 8 reference symbols)
The results are similar and we report the case with 8 reference symbols in this contribution. 
	Parameter
	Value

	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
	Full power of 5 MHz System

	Reference signal power boost
	N/A
	0, 3 or 6 dB

	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 


Table 3

Simulation Assumptions for approach 1 and approach 2
The channel delay and power profiles are fixed for each specific channel model as given in Table 4.

	Channel Model
	Path 1 (dB)
	Path 2 (dB)
	Path 3 (dB)
	Path 4 (dB)
	Path 5 (dB)
	Path 6 (dB)

	TU
	-3 
	0
	-2
	-6
	-8
	-10


Table 4

Normalized Power Profile

	Parameters
	Case 1
	Case 2
	Case 3
	Case 4

	Frequency offset
	0 Hz
	10kHz
	0 Hz
	10kHz

	Frequency estimator Enabled
	Yes
	Yes
	Yes
	Yes

	Number of Segments for PSC detection
	2
	2
	2
	2

	Channel Model
	TU3
	TU3
	TU120
	TU120

	Channel Estimator 
	Realistic
	Realistic
	Realistic
	Realistic


Table 5

Cases

We show the average cell search time results in Figure 7 to Figure 10.
[image: image22.png]Case 1

Average Cell Search Time (ms)
NON W WA A
o 00 O o !

-
a
T

-
(@]

-<--Approach 1 (no pilot boost)
—o— Approach 1 (3dB pilot boost)
- < Approach 1 (6dB pilot boost)
-+--Approach 2

'
co

SNR per antenna (dB)





Figure 7:  Case 1: TU3 channel model and 0 Hz frequency offset
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Figure 8:  Case 2: TU3 channel model and 10 kHz frequency offset
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Figure 9:  Case 3: TU120 channel model and 0 Hz frequency offset
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Figure 10:  Case 4: TU120 channel model and 10 kHz frequency offset
Figure 11 to Figure 14 show the CDF of cell search time for SNR per antenna = -5.68 dB for different cases.
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Figure 11:  CDF of cell search time for Case 1: SNR per antenna = -5.68 dB
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Figure 12:  CDF of cell search time for Case 2: SNR per antenna = -5.68 dB
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Figure 13:  CDF of cell search time for Case 3: SNR per antenna = -5.68 dB
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Figure 14:  CDF of cell search time for Case 4: SNR per antenna= -5.68 dB

4
Observations and Discussions
From the results presented, we observe that
· Approach 2 outperforms approach 1 significantly 
· Even with reference signal power boost, the performance of approach 1 is worse than that of approach 2  
· Note that 6 dB reference signal power boost means no transmission other than reference signal and  no reference signal outside the center 1.25 MHz bandwidth
We have simulated perfect CP length detection for approach 1. Even with perfect CP length detection, the performance of approach 1 is still significantly worse than that of approach 2. 

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
·  In synchronous systems and to prevent SFN effects
· Either non-coherent detector is used for SSC detection
· Or multiple PSC sequences are used at the expense of higher receiver complexity
5
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