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1 Introduction
A previous RAN4 contribution on intra-frequency cell identification [2] noted that performance in synchronous is generally worse than that in asynchronous networks.  This contribution takes a closer look at these two scenarios to gain of a better understanding of their relative performance.
2 SCH detection algorithm

The PSCH is detected using cross correlation with a local copy of the 3 PSCH sequences.  A running average of the magnitude of the correlation at each sample period is maintained between correlations.  S-SCH detection is performed at the location with the highest correlation.  In Asynchronous environments 5 samples within either side of a known cells are ignored in neighbour cell search.  In synchronous environments 3 separate S-SCH detections are performed, one for each PSCH, at the estimated PSCH timing.  Known cells are removed from the SSCH detection by subtracting the correlation with the known cells SSCH sequences from the other SSCH sequences.  After subtraction the largest correlation is assumed to be the correct group ID.  Using that information along with the PSCH used to detect that group ID the PBCH is decoded using the cell ID specific scrambling, and pilot symbols.  If the PBCH is decoded correctly synchronization is assumed complete.  

Simulation assumptions are reproduced in table 1, 2 and 3. 
Table 1: Summary of main simulation parameters

	Parameter
	Unit
	Cell 1
	Cell 2
	Cell 3

	E-UTRA RF Channel number
	-
	Channel 1
	Channel 1
	Channel 1

	Data and Control PSD relative to RS PSD
	dB
	0
	0
	0

	P-SCH and S-SCH PSD relative to RS PSD
	dB
	0
	0
	0

	Number of RB’s
	
	6
	6
	6

	RB Utilization
	%
	100
	100
	100

	Data Modulation
	-
	QPSK
	QPSK
	QPSK

	Frame Structure Type
	-
	1
	1
	1

	CP Length
	-
	Normal
	Normal
	Normal

	Frequency Offset relative to UE frequency reference
	Hz
	0
	0
	0

	1) Relative Delay of 1st Path (synchronous)
	μs
	0
	0
	CP/2

	2) Relative Delay of 1st Path (asynchronous): Fixed delay
	μs
	0
	1.5 ms
	3.0 ms

	Ior/Ioc
	dB
	5.18
	0.29
	Test 1:  1.25

Test 2:  0.25

Test 3:  -0.75

	Ior3/(Ior1+ Ior2+Ioc)
	dB
	-
	-
	-6, -7, -8

	Number of Tx antennas
	-
	1
	1
	1

	Number of Rx antennas (uncorrelated with equal gain)
	
	2
	2
	2

	Propagation Condition
	-
	ETU5

	Ioc Model
	-
	AWGN

	NOTE :
The Ior/Ioc values are consistent with the UMTS Type 3i simulation assumptions

	NOTE :
Ioc value doesn’t include the three simulated eNB signals’ power


Table 2: SCH sequences in different cells

	case #
	Cell 3

(Desired Cell)
	Cell 1

(Interferer 1) 
	Cell 2

(Interferer 2)
	Scenario

	 1
	psc3
	ssc3a, ssc3b
	psc1
	ssc1a, ssc1b
	psc2
	ssc2a, ssc2b
	Synchronous

	2
	psc1
	ssc3a, ssc3b
	psc1
	ssc1a, ssc1b
	psc2
	ssc2a, ssc2b
	Synchronous

	3
	psc1
	ssc1a, ssc3b
	psc1
	ssc1a, ssc1b
	psc2
	ssc2a, ssc2b
	Synchronous

	4
	psc3
	ssc1a, ssc1b
	psc1
	ssc1a, ssc1b
	psc2
	ssc2a, ssc2b
	Synchronous

	 Random
	Random
	Random
	Random
	Random
	Random
	Random
	Synchronous


Table 3: PSC, SSC indices for simulations

	Label
	Code index
	Cell group index

	psc1
	29
	-

	psc2
	25
	-

	psc3
	34
	-

	(ssc1a, ssc1b)
	(6, 8)
	36

	(ssc2a, ssc2b)
	(10, 12)
	40

	(ssc3a, ssc3b)
	(7, 9)
	37

	(ssc1a, ssc3b)
	(6, 9)
	65


3 Simulation Results
The cdf of the synchronization times are given in Figure 3-Figure 8 for both 1 and 2 Tx antennas, at 3 SNR points.  The performance of both the Synchronized system and the Asynchronized system is similar with Synchronized performance slightly better overall.  The 90% coherence times are summarised in Table 1, Figure 1 and Figure 2
These results align with simulation results given in [2] for the Asynchronous case.  However in the synchronous environment by removing the effect of known cells from the SSCH synchronization performance can be greatly improved for the synchronized environment.  
We see that Case 2 and Case 3 have the worst performance, this is because the PSCH of the serving cell collides with the cell the UE is searching for.  Because of the non-orthogonality of the SSCH sequences the effect cannot be completely removed in a multi-tap environment.  
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Figure 1 Cell Identification Times, 1 Tx Antenna
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Figure 2 Cell Identification Times, 2 Tx Antennas
Table 1 90%ile Neighbour cell Search time [ms]  TU 5 kmh
	
	-6 dB
	-7dB
	-8dB

	
	1 Tx
	2 Tx
	1 Tx
	2 Tx
	1 Tx
	2 Tx

	Synchronous Case 1
	50
	40
	90
	60
	150
	100

	Synchronous Case 2
	100
	60
	140
	80
	230
	130

	Synchronous Case 3
	80
	50
	110
	80
	190
	120

	Synchronous Case 4
	60
	50
	100
	60
	160
	100

	Synchronous Random
	50
	40
	80
	60
	140
	90

	Asynchronous 
	70
	40
	100
	80
	250
	160


4 Summary
This paper has provided results on cell synchronisation delay for both asynchronous and synchronous networks.  We see a spread of results for the synchronous cases which are very similar, if not slightly better than the asynchronous case. 
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Appendix – CDFs of Sync Times
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Figure 3 Syncronization time: 1 Tx antenna at -8 dB
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Figure 4 Syncronization time: 2 Tx antenna at -8 dB
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Figure 5 Syncronization time: 1 Tx antenna at -7 dB

[image: image6.emf]0 5 10 15 20 25 30 35 40

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Number of frames averaged over

Probability of Full Syncronization (PBCH decoding)

 

 

Asynchronous

Synchronous Case 1

Synchronous Case 2

Synchronous Case 3

Synchronous Case 4

Synchronous Random


Figure 6 Syncronization time: 2 Tx antenna at -7 dB
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Figure 7 Syncronization time: 1 Tx antenna at -6 dB
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Figure 8 Syncronization time: 2 Tx antenna at -6 dB






