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1
Introduction

The current working assumption in cell search is that PSC and SSC carry 3*170 hypotheses where PSC carries 3 hypotheses.  The additional information bits are:

· Reference signal hopping on/off indication bit (1 bit or 2 hypotheses) if FH usage is needed

· If reference signal  hopping is always on, we do not need to detect it

· Hopping on/off can be detected blindly by using RS
· Antenna information indication bits (~1.5 bits or 3 hypotheses, i.e., 1 Tx antenna, 2 Tx antennas or 4 Tx antennas) if such information is needed to demodulate P-BCH

· If transmit diversity mode of P-BCH is transparent to UE, we do not need to detect antenna information prior to P-BCH decoding
· Antenna information can be detected blindly by using RS since pilot signals from different Tx antennas occupy different tones and/or symbols

In this contribution, we compare the link level performance of using different number of hypotheses in SSC and RS for initial cell search in a single cell scenario. The goal is to determine which signal (SSC or RS) should carry reference signal hopping on/off information bit and/or antenna information indication if their use is needed.

The simulation assumptions are based on [1].
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 modulations 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
Based on the simulation results, we recommend:

· Detect  hopping on/off  by using RS if FH usage needs to be detected
· SSC carries, at most, one additional bit information  
· This bit is not needed if transmit diversity mode of P-BCH is transparent to UE or 

· This bit can be used for P-BCH bandwidth indication  
2
Analysis

There are different hypothesis partitions if both FH and antenna information are needed:
1. 3*170*6
· Both FH and Antenna information are blindly detected using RS
2. 3*340*3

· Hopping on/off detection using SSC 

· Blind antenna information detection using RS
3. 3*340*4

· Blind hopping on/off detection using RS
· 1 bit antenna information using SSC

· Blind detection of Tx 3 and Tx 4 

4. 3*510*2

· Blind Hopping on/off detection using  RS 

· Antenna information  detection using SSC
5. 3*1020
· Hopping on/off detection  and antenna information detection using  SSC 

Antenna hopping detection using RS:

Pros:

· Reduce SSC detection complexity  

Cons:

· Increase cell search time slightly 

Since Tx 1 antenna is always present, hopping on/off detection can be done by using reference signal from Tx 1. Note this is different from cell ID detection we compared before in [2]. For FH detection, signal (correct hopping position) is compared with noise (wrong hopping position) while for cell ID detection in step 3, signal is compared with signal.  
Antenna information detection using RS:

Pros:
· Reduce SSC detection complexity 

Cons:

· Need to carefully set up  detection thresholds to balance detection probability and false alarm probability
Note that detecting Tx3 and Tx4 is easier compared with detecting Tx2 since UE can combine signal from Tx3 and Tx4.

Thus, good hypothesis partitions left are:

· 3*340*(2*2)
a. Blind Hopping on/off detection using RS
b. 1 bit antenna information using SSC

i. 1 antenna vs many antennas

c. Blind detection of Tx 3 and Tx 4 

i. 2 Tx antennas vs 4 Tx antennas

· 3*510*2

a. Blind Hopping on/off detection using  RS 

b. Antenna information  detection using SSC
· 3*170*2
a. Blind hopping on/off detection using RS
b. P-BCH transmit diversity mode is transparent to UE

3
Performance Results

In Table 1, we list all simulation parameters. 
	 Parameter
	Value

	Reference signal power boost (dB)
	3

	Number of OFDM symbols for cell ID detection per 10ms 
	4

	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   different  number of bases and different number of  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 2)

	SSC Detection
	Coherent
    

	Reference signal detection
	Coherent


Table 1

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

	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 2

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 3

Cases

We show the average cell search time results in Figure 1 to Figure 8. In case hopping on/off detection is needed, the average cell search time includes hopping on/off detection time.    Note that we use 3*340*2 to “simulate” 3*340*(2*2), i.e., Tx 3 and Tx 4 false alarm probability is very low. This is optimistic since detection probability of Tx3 and Tx 4 could be low also. 
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Figure 1:  Case 1: TU3 channel model and 0 Hz frequency offset
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Figure 2:  Case 1: TU3 channel model and 0 Hz frequency offset: no hopping detection
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Figure 3:  Case 2: TU3 channel model and 10 KHz frequency offset
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Figure 4:  Case 2: TU3 channel model and 10 KHz frequency offset: no hopping detection
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Figure 5:  Case 3: TU120 channel model and 0 Hz frequency offset
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Figure 6:  Case 3: TU120 channel model and 0 Hz frequency offset: no hopping detection
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Figure 7:  Case 3: TU120 channel model and 10 KHz frequency offset
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Figure 8:  Case 3: TU120 channel model and 10 KHz frequency offset: no hopping detection

4
Observations and Discussions
From the results presented, we observe that
· Hopping on/off detection using RS increases cell search time slightly (~5ms)
· At low geometries,  cell search time increases 5ms and 10ms  when the number of hypotheses in SSC  increases from 170 to 340 and 510, respectively
Based on the simulation results, we recommend
· Blind hopping on/off detection using RS
· At most 1 additional bit carried by SSC
5
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