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First Change

7.3.6.1.1 
Network synchronization

The network synchronization is based on detecting the PSS and SSS sequences, and the synchronization procedure is defined in § 7.2.2.3.3. The network synchronization performance is evaluated according to the methodology specified in § 5.3.4. 

7.3.6.1.1.1 
Simulation settings

The network synchronization performance is evaluated for two scenarios: (a) initial cell search, and (b) non-initial cell search or cell re-confirmation. 

In the initial cell search, the MS has no prior knowledge of any existing cell, and has a large (up to 20ppm) initial FO with respect to the available cell(s). In this scenario, the device may choose any detected cell as its serving cell. In the cell re-confirmation scenario, the MS has previously acquired timing from a cell, but has lost its timing synchronization while its FO to the target cell is limited (up to 2ppm). In this scenario, the device requires to detect the same cell, potentially in the presence inter-cell interference from the neighbouring cells. 

For each synchronization scenario, two cases are evaluated: (1) single-cell, and (2) multi-cell. In the multi-cell scenario, the path-loss values from the three neighbouring cells to the MS are assumed to be the same. However, the transmissions from different cells have different small-scale channel variations. 
For the multi-cell deployment, we also study two cases: (i) asynchronous multi-cell, and (ii) synchronous multi-cell. In the former case, the transmissions from the neighbouring cells arrive at the MS with random delays, while in the latter we assume the neighbouring cells are roughly synchronized in time and frequency and have the same receive delays at the MS.
Four coverage levels are simulated corresponding to coupling loss values of 167 dB, 164 dB, 154 dB and 144 dB. Table 7.3.6.1.1-1 summarizes the simulation setup.

Table 7.3.6.1.1-1 Simulation setting

	Scenario
	Initial cell search
	Cell re-confirmation

	Number of cells
	1, 3
	1, 3

	Target cell to select
	Any cell
	Cell no 1

	MS initial carrier frequency offset
	Randomly chosen from 

{-20ppm, +20ppm}
	Randomly chosen from 

{-2ppm, +2ppm}

	Cell initial carrier frequency offset
	Asynchronous
	Randomly chosen from {-0.05ppm, +0.05ppm} for each cell

	
	Synchronous
	Randomly chosen from (-0.05, +0.05) ppm for each cell 

	Cell initial timing offset (Rx delay at MS)
	Asynchronous
	Randomly chosen from 0 to 1 sync period duration (160ms) for each cell, with a granularity of 1 sample

	
	Synchronous
	Randomly chosen from -2 to +2 samples for each cell, with a granularity of 1 sample

	Interference
	Interfering cells have the same Tx power and path loss to MS as the serving cell

	MCL (dB)
	167, 164, 154, 144

	BS Tx power (dBm)
	43

	Channel Model
	TU-1 Hz

	Pulse Shaping Filter coefficients 
	[0.015,0.042,-0.058,0.035,0.474,0.474,0.035,-0.058,0.042,0.015]


7.3.6.1.1.2 
Simulation results

In what follows, we provide the performance analysis for the initial cell search, §7.3.6.1.1.2.1, and cell re-confirmation, §7.3.6.1.1.2.2, in terms of the following metrics: (a) synchronization latency: this is the time required for the MS to declare a successful cell acquisition, (b) false alarm probability: for those cases where the MS declares a successful acquisition, this is the probability that either the acquired cell ID is invalid, or the residual timing error is unacceptably large (e.g., larger than 2 samples = 8.3 usec), or the residual frequency error is unacceptably large (e.g., larger than 200 Hz), (c) residual frequency error: this is the CFO estimation error after a successful cell acquisition, and (d) residual timing error: this is the timing error after a successful cell acquisition.
7.3.6.1.1.2.1 
Initial cell search performance

Figure 7.3.6.1.1-1 demonstrates the synchronization latency CDF curves for the single-cell, synchronous multi-cell and asynchronous multi-cell scenarios. It can be seen from the plots that the worst case 90th percentile synchronization latency for the MCL values 167 dB, 164 dB, 154 dB and 144 dB are respectively 1.28 sec, 0.8 sec, 0.64 sec and 0.64 sec. 
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     (a) Single-cell scenario                             (b) Synchronous multi-cell
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(c) Asynchronous multi-cell

Figure 7.3.6.1.1-1. Synchronization latency for initial cell search

Table 7.3.6.1.1-2 shows the false alarm probabilities for the initial cell search. 

Table 7.3.6.1.1-2 False alarm probability for initial cell search

	MCL
	167 dB
	164 dB
	154 dB
	144 dB

	Single-cell
	<0.01
	<0.01
	<0.01
	<0.01

	Synchronous multi-cell
	<0.01
	<0.01
	<0.01
	<0.01

	Asynchronous multi-cell
	<0.01
	<0.01
	<0.01
	<0.01


The CDF curves for the residual frequency and timing errors are provided in Figures 7.3.6.1.1-2 and 7.3.6.1.1-3 respectively. It can be seen that the residual frequency error is less than 45 Hz with higher than 90% probability for MCL of 167 dB, and less than 45 Hz with more than 95% confidence for MCL of 164 dB.
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     (a) Single-cell scenario                           (b) Synchronous multi-cell
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(c) Asynchronous multi-cell

Figure 7.3.6.1.1-2. Residual frequency error for initial cell search
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     (a) Single-cell scenario                           (b) Synchronous multi-cell

[image: image9.emf]Residual Time Error (sample=4.2usec)

-1 -0.5 0 0.5 1

C

D

F

0

0.2

0.4

0.6

0.8

1

Async 3-cell

167 dB

164 dB

154 dB

144 dB


(c) Asynchronous multi-cell

Figure 7.3.6.1.1-3. Residual timing error for initial cell search
7.3.6.1.1.2.2 
Cell re-confirmation performance

Figure 7.3.6.1.1-4 demonstrates the synchronization latency CDF curves for the single-cell, synchronous multi-cell and asynchronous multi-cell scenarios. It can be seen from the plots that the worst case 90th percentile synchronization latency for the MCL values 167 dB, 164 dB, 154 dB and 144 dB are respectively 0.96 sec, 0.64 sec, 0.48 sec and 0.48 sec. 

[image: image10.emf]Sync Period (160 msec)

0 2 4 6 8 10

C

D

F

0.4

0.5

0.6

0.7

0.8

0.9

1

Synchronization Latency (single-cell)

167 dB

164 dB

154 dB

144 dB

        [image: image11.emf]Sync Period (160 msec)

0 2 4 6 8 10 12

C

D

F

0.4

0.5

0.6

0.7

0.8

0.9

1

Synchronization Latency (sync 3-cell)

167 dB

164 dB

154 dB

144 dB


     (a) Single-cell scenario                             (b) Synchronous multi-cell
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(c) Asynchronous multi-cell

Figure 7.3.6.1.1-4. Synchronization latency for cell re-confirmation

Table 7.3.6.1.1-3 shows the false alarm probabilities for the cell re-confirmation. 

Table 7.3.6.1.1-3 False alarm probability for cell re-confirmation
	MCL
	167 dB
	164 dB
	154 dB
	144 dB

	Single-cell
	<0.01
	<0.01
	<0.01
	<0.01

	Synchronous multi-cell
	<0.01
	<0.01
	<0.01
	<0.01

	Asynchronous multi-cell
	<0.01
	<0.01
	<0.01
	<0.01


The CDF curves for the residual frequency and timing errors are provided in Figures 7.3.6.1.1-5 and 7.3.6.1.1-6 respectively. It can be seen that the residual frequency error is less than 45 Hz with higher than 85% probability for MCL of 167 dB, and less than 45 Hz with more than 90% confidence for MCL of 164 dB.
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     (a) Single-cell scenario                           (b) Synchronous multi-cell
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(c) Asynchronous multi-cell

Figure 7.3.6.1.1-5. Residual frequency error for cell reconfirmation
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     (a) Single-cell scenario                           (b) Synchronous multi-cell
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(c) Asynchronous multi-cell

Figure 7.3.6.1.1-6. Residual timing error for cell re-confirmation
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