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1 Introduction

This document compares the system performance of a hierarchical cell search procedure to that of a non-hierarchical procedure, and we show that the non-hierarchical procedure is faster. In the typical Case 1 network scenario, the 90 percentile user in a network employing non-hierarchical cell search completes the procedure either 2.8 ms earlier (non-synchronous network) or 37.7 ms earlier (synchronous network) than the same user would in a network with hierarchical cell search.
2 System simulations

Description of the evaluated schemes

The non-hierarchical SCH evaluated here is described in [1] and [2]. It is mapped on one OFDM symbol and repeated each 2.5 ms (each 5th subframe) - in other words the SCH appears 4 times per radio frame. The hierarchical SCH is scheme A in [2], based on the principle description in [3]. Here, the P-SCH is mapped on one OFDM symbol and also repeated each 2.5 ms (as in the non-hierarchical SCH structure). The cell-specific reference symbols modulated during the SCH repetition period constitute the S-SCH.

Fig. 1 illustrates the SCH structure of the two evaluated schemes. It also illustrates that the cell search decision instants occur almost 2.5 ms earlier for the non-hierarchical cell search scheme. Namely, after acquiring time synchronization based on the P-SCH, the hierarchical scheme will have to capture the S-SCH during the subsequent 34 OFDM symbols before a decision on the cell-ID can be taken, whereas the non-hierarchical scheme makes both decisions after acquiring the OFDM symbol carrying the SCH. Here we assume that both the non-hierarchical SCH and the reference symbols sequence in the S-SCH carry the complete cell ID, and neglect frame synchronization acquisition for both schemes. 

However, even if we assume that both schemes need processing of SCHs in the whole 10ms frame in order to acquire the frame synchronization, and that the cell ID is encoded by using 4 consecutive non-hierarchical SCHs within a 10ms frame, as described in [2], the non-hierarchical procedure can still extract the complete cell ID immediately after the reception of the last SCH in the frame, while the hierarchical procedure must wait until it receives the last reference symbol sequence.
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Fig. 1. SCH structure of the two evaluated methods and comparison of potential cell search completion time instants.
Simulation assumptions

A user is randomly dropped in a hexagonal network of NodeBs, according to the simulation assumptions setup defined in [4]. The user runs a cell search procedure and the time needed to acquire the proper time synchronization and the proper cell ID to any of the 57 sectors in the network is stored. This procedure is repeated for thousands of users. A cell search procedure in this simulation is said to be successfully completed when both the following two criteria are satisfied:

· A valid cell ID is detected (one that actually was transmitted by one of the sectors) 

· The estimated starting instant of the SCH yields the true starting instant (given by the propagation time from the sector identified by the detected cell ID to the UE) or is at most 2 samples late (1.04 ms).

Only when these criteria are fulfilled a reasonable attempt can be made to decode the BCH. If no acquisition can be claimed based on these criteria, the cell search procedure continues. Note that these criteria compare the decisions to the true values. The cell search is terminated when synchronization is acquired, or continued when not. Therefore, false-alarm is not taken into account. In practice, a UE will perform detection based on some kind of threshold device and the choice of the threshold will trade off false alarm rate and detection rate. A false alarm will typically result in an additional delay in the process. Finally, the receiver updates (averages) the stored correlation values for timing detection each 2.5 ms when a new SCH is received, 2.5 ms (as opposed to [1] where a 10 ms averaging window is assumed).
The frequency synchronization is not explicitly simulated, but is modelled by a residual frequency offset of 200Hz. The frame time synchronization is assumed to be ideal.
Table 2 in Appendix A shows the parameters used in the simulations. Note that we have evaluated the Cases 1 to 4 in Table A.2.1.1-1 of [4] with one parameter exception: the bandwidth of the system is always 1.25 MHz (the bandwidth of the SCH). 
Both synchronized and non-synchronized networks are distinguished in the simulations. In the synchronized network setup all sectors in all NodeBs employ the same frame clock. In other words all the SCHs are emitted exactly at the same time. Then, the proper propagation delay to the particular UE position is accounted for when the received multiplex of 57 emitted signals is constructed.    
Simulations results
Fig. 2 shows the cumulative distribution of the cell search time for Case 1 for the two types of networks. Fig. 3 shows the geometry distribution for this case. Fig. 4 - Fig. 6 in Appendix B show results for Case 2, 3 and 4. Table 1 extracts the 90 percentile performance values from the curves. Two observations can be made: 
Firstly for the non-synchronous network, the 90 percentile user in the non-hierarchical network acquires cell search within about 8ms, while the 90 percentile user in the hierarchical network needs more than 12ms to complete its cell search. In other words, the hierarchical approach is about 4 ms or 50% slower. Note that a little less than 2.5 ms of this difference is due to the SCH structure as discussed in Section 1, whereas the remaining 1.5 ms is due to better inherent detector performance of the non-hierarchical cell search method.
Secondly, the performances in a synchronous network are worse for both procedures. This is because after a first detection attempt has failed, measurements of subsequent SCHs do not contain much more uncorrelated, new information that can be averaged with the stored. All 57 sectors in the simulation simply repeat their respective SCHs and since the channel conditions hardly have changed (UE moves only at 3km/h) the received signal is essentially the same and no new information is received. The reason why the results do slowly get better is that there are other data symbols preceding and following the SCH channel that differ from slot to slot. The effect that these data symbols have on the decision statistic makes the search procedure actually improve slowly. Note that the loss is less when the mobile moves faster (Case 2, Fig. 4), since channel decorrelate subsequent observations.
The hierarchical cell search procedure is more sensitive to this effect. Here, the bottleneck is the cellID detection, whereas the performance of the non-hierarchical concept is determined by the timing detection.
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Fig. 2. Cumulative distribution of cell search time for Case 1 from table A.2.1.1-1 in [4]
Table 1: 90 percentile cell search times for the evaluated scenarios

	90 percentile cell search time [ms]
Non-synchronous / synchronous network
	Non-hierarchical
	Hierarchical

	Case 1
	9.6 ms / 16.2 ms
	12.4 ms / 53.9 ms

	Case 2
	7.5 ms / 6.1 ms
	10.9 ms / 14.6 ms

	Case 3
	11.0 ms / 29.8 ms
	12.2 ms / 58.4 ms

	Case 4
	9.3 ms / 55.0 ms
	12.4 ms / >60 ms


3 Conclusion
System simulation results show that a typical non-hierarchical cell search procedure is significantly faster than a typical hierarchical procedure. Hence we conclude that non-hierarchical cell search is a preferred way forward.
Appendix A
Table 2: Simulation parameters

	Network characteristics

	Cellular Layout
	Hexagonal grid, 19 sites, 3 sectors per site

	Inter-site distance
	500 m, 1000 m, 1732 m (see Table A.2.1.1-1 of [4])

	Carrier frequency
	0.9 GHz , 2.0 GHz (see Table A.2.1.1-1 of [4])

	Bandwidth
	1.25 MHz

	Synchronization
	Both synchronous and non-synchronous networks

	NodeB characteristics

	Total available power
	20 W

	Energy in (P-)SCH
	Each 35th OFDM symbol (2.9%) is assigned to the (P-)SCH. All OFDM symbols are transmitted with the same energy.

	Nr of TX antennas 
	1

	Antenna gain
	14 dBi

	Antenna pattern
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	Propagation characteristics

	Path loss
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	Penetration loss
	10 dB or 20 dB (see Table A.2.1.1-1 of [4])

	Slow fading
	Log-normal; 8 dB standard deviation; correlation between sites: 0.5

	Fast fading
	TU, 6-tap model, 3 km/h , 30 km/h (see Table A.2.1.1-1 of [4])

	UE characteristics

	Thermal noise
	Power density -173.9 dBm/Hz

	Noise figure
	9 dB

	Antenna pattern
	0 dBi

	Frequency offset
	200 Hz

	Nr of RX-antennas
	2
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Fig. 3. Cumulative distribution of the SIR in Case 1, (defined as the power ratio of the strongest received sector and the power sum of all other sectors).
Appendix B
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Fig. 4. Cumulative distribution of cell search time for Case 2 from table A.2.1.1-1 in [4]
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Fig. 5. Cumulative distribution of cell search time for Case 3 from table A.2.1.1-1 in [4]
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Fig. 6. Cumulative distribution of cell search time for Case 4 from table A.2.1.1-1 in [4].
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