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1. Introduction
In the last RAN4 meeting (RAN4 #44bis in Shanghai), simulation results for cell identification in E-UTRAN were presented in [1]-[4]. These results were for the handover scenario with two neighbouring cell interferers with simulation assumptions specified in [5]. It was further proposed to study the performance for a set of PSC/SSC combinations specifically for the synchronous mode [6]. Furthermore, in the RAN1 meeting a working assumption to finalize the SSC mapping sequence was given. In this contribution, we show our simulation results based on the agreed assumptions in RAN4 #44. 
2. Simulation assumptions
The simulation assumptions and receiver specific parameters are presented below.  
Table 1: Simulation parameters for Cell Identification
	Parameters
	Comments

	System bandwidth
	 5 MHz

	Transmit antenna
	1

	Receive antennas
	2  (uncorrelated)

	Propagation conditions
	AWGN, ETU 

	Doppler Frequency:  ETU 
	5 Hz

	Frequency offset
	0 PPM

	Interferer cells     - Ior1/Ioc
                               Ior2/Ioc
	5.18dB 
0.29dB

	Desired cell Ior/Ioc
	1.25dB, 0.25dB, -0.75dB

	Ioc model 
	AWGN

	Simulation modes
	Synchronous 

	SSC Set
	Interleaved M-sequences [7]

	PSC Set
	3 Zadoff -Chu Sequences

	Scrambling
	a) PSC based  scrambler with polynomial 
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b) SSC  based scrambler on the first short code with polynomial
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  [7]

	Reference Signal
	Two dimensional orthogonal sequence   [8] with a pseudo random sequence for 2-D pattern


Table 2:  Receiver Specific Parameters
	Parameters
	Comments

	Correlation Type
	Full Precision

	Receiver types and number of symbols used for sequential  detection
	Receiver a): Only using PSC and SSC with no confirmation stage, 1 symbol from PSC, and 2 symbols from SSC.
Receiver b): Using PSC, SSC and RS signals for confirmation stage, 1 from symbol PSC, 2 symbols from SSC, 60 frames for reference symbol                     correlation (using subframe0 subframe5).

	Duty cycle
	Receiver  a)  100%
Receiver  b)  PSC/SSC -100% ,
                      reference sub frames - 20%

	Total number of candidates carried over to the SSC stage from the PSC stage for Receiver a) and Receiver b)
	10



	Number of candidates carried over to reference symbol stage from SSC stage for Receiver b)
	10

	Decision Criteria –compared to Genie
	       Receiver a)  If cell Id is in the top 10 
       candidates  and frame timing is correct

       Receiver b)  If cell Id is the top candidate 

       and  frame timing is correct
      

	 Interferer information
	       Prior knowledge of the Interferer is used to   

       remove that cell Id hypothesis  from the SSC 
       stage 


    Table 3:  Cell Id Combinations studied
	case #
	Cell 3
(Desired Cell)
	Cell 1
(Interferer 1) 
	Cell 2
(Interferer 2)
	Offset *

	 1’
	psc3
	ssc3a, ssc3b
	psc1
	ssc1a, ssc1b
	psc2
	ssc2a, ssc2b
	CP/2

	1
	psc1
	ssc3a, ssc3b
	psc1
	ssc1a, ssc1b
	psc2
	ssc2a, ssc2b
	CP/2

	2
	psc1
	ssc1a, ssc3b
	psc1
	ssc1a, ssc1b
	psc2
	ssc2a, ssc2b
	CP/2

	3
	psc3
	ssc1a, ssc1b
	psc1
	ssc1a, ssc1b
	psc2
	ssc2a, ssc2b
	CP/2

	
	
	
	
	
	
	
	

	 4’
	psc3
	ssc3a, ssc3b
	psc1
	ssc1a,  ssc1b
	psc2
	ssc2a, ssc2b
	0

	4
	psc1
	ssc3a, ssc3b
	psc1
	ssc1a, ssc1b
	psc2
	ssc2a, ssc2b
	0

	5
	psc1
	ssc1a, ssc3b
	psc1
	ssc1a, ssc1b
	psc2
	ssc2a, ssc2b
	0

	6
	psc3
	ssc1a, ssc1b
	psc1
	ssc1a, ssc1b
	psc2
	ssc2a, ssc2b
	0


*
 The offset specifies the timing offset of the desired cell with respect to the interferer 1 cell. The interferer 2 cell has an offset of CP/2 with respect to the desired cell.

3. Simulation Results
Simulation results for the synchronous scenarios are presented below.   
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Figure 1: 90th percentile cell identification time in AWGN channel
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Figure 2: 90th percentile cell identification time in TU 5Hz channel
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Figure 3: Mean acquisition time for cell identification in TU 5Hz channel
From the above simulations, it is observed that the best case performance occurs when the PSC sequence and one SSC segment for the interferer and desired cell are the same. Conversely, the worst case performance is seen in case 3 and case 6 where the PSC sequences for the interferer and desired cell are different but with both having the same SSC sequence. It should be noted that the last two cases corresponds to the very realistic case of being at a cell edge. Further it can be see that for cases 3 and 6 the performance of receiver B including the confirmation stage using the RS pattern is much worse compared to other receivers.  An explanation for this is presented in the appendix.
4. Conclusion

Cell identification simulation results for E-UTRAN for the handover scenario have been presented for the interference cell model specified in [5, 6]. These results may be used to for setting the cell identification performance requirements.
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Appendix
A. Appearance of Side Peaks 

The SSC sequence pairing and scrambling is designed in [7] such that for the correct half-frame hypothesis if the correlation output is combined across sub frame 0 and sub frame 5, the side-peaks resulting because of a common SSC segment is 12dB below the main peak. However, it is observed that for the incorrect half frame hypothesis, there can potentially be at most 2 side peaks which are only 6dB below the main peak. This arises because of two SSC segments being common across sub frame 0 and sub frame 5 after the descrambling is done. Figure 4 below depicts the correlation profile for the desired cell (cell 3) with SSC index =5 and an interferer cell (cell 1) with SSC index=161 and an Ior/Ior1=-5.18 dB in a no noise scenario. The first plot assumes 8 SSC-based scrambling sequences. Clearly, the appearance of the 6 dB side peaks is especially problematic from a handover scenario if the interferer is more than 6 dB above the desired cell station as there could potentially be a tendency to lock on to the interferer’s side peaks. It is noted that increasing the number of SSC-based scrambling codes to 14 removes the 6dB side peaks found when doing the correlation for the incorrect half frame hypothesis.
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Figure 4. plot of the SSC correlation profile

B.  Reference Stage for Confirmation 


The tendency to lock on the interferer side peaks implies that reference signals might be needed to discriminate between the different hypotheses from the SSC stage.   

However, in the reference signal verification stage, case 6 in Table 3 has problems if even a single incorrect hypothesis has to be resolved in zero noise conditions. Consider case 6 where the incorrect hypothesis has the same PSC as the interferer and a different SSC and there is only one interferer corresponding to cell 1.  Figure 5 below shows for no fading, zero noise case the distribution function of the metric obtained from the reference signal verification stage with an Ior/Ior1= -5.18 dB for both the correct and incorrect hypothesis (the incorrect hypotheses has the same PSC code and a different SSC code from that of the interferer). The metric for the correct hypotheses is a delta function, irrespective of the SSC code for the interferer and desired, because the SSC for the desired signal and the interferer is the same implying that the RS scrambling for the two cells is the same, while having orthogonal RS pattern. In this case the miss detection probability can be as high as 4%. The miss detection will increase if more hypotheses are passed from the SSC stage.  It is noted that this performance could potentially be improved if the orthogonal reference signal design requirement was relaxed. 
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Figure 5: Plot of the PDF for using reference signals for verification for no fading zero noise scenarios for case 6.
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