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1 Summary

· Analysis of inter frequency cell identification (synchronization) for different compressed mode patterns for all major 3GPP and ITU propagation models at different path drift.

· Mitsubishi proposal for restriction of minimum gap density is confirmed.

2 Analysis

2.1 Model Assumptions

· Synchronization algorithm as described in R4-020739

· UE synchronization tries to detect “at least one path” in multi path environments (The detection of the remaining paths for the actual measurements shall be done by CPICH-based delay profile estimation)

· Single probe with 
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Figure 1: Synchronization Scheme.

· Larger accumulation time improves statistical performance but degrades the drift behavior and vice versa. The analysis is based on a accumulation time in the range of 30 slots. It has not been checked if there is a “optimum” between path drift and SNR.
· Front end (root raised cosine) over sampling: 2

· Propagation models as shown in Table 1 according to [1]. Propagation model implementation as described in [14]

	Case 1, 

speed 3km/h
	Case 3, 

speed 120 km/h
	Case 5, 

speed 50km/h

	Relative Delay [ns]
	Average Power [dB]
	Relative Delay [ns]
	Average Power [dB]
	Relative Delay [ns]
	Average Power [dB]

	0
	0
	0
	0
	0
	0

	976
	-10
	260
	-3
	976
	-10

	
	
	521
	-6
	
	

	
	
	781
	-9
	
	


Table 1: 3GPP test propagation conditions for multi path fading environments

	Pedestrian A, 

speed 3km/h
	Vehicular A, 

speed 120 km/h

	Relative Delay [ns]
	Average Power [dB]
	Relative Delay [ns]
	Average Power [dB]

	0
	0.0
	0
	0.0

	110
	-9.7
	310
	-1.0

	190
	-19.2
	710
	-9.0

	410
	-22.8
	1090
	-10.0

	
	
	1730
	-15.0

	
	
	2510
	-20.0


Table 2: ITU propagation models
· Path drift: See section 2.2.

· Symbol level simulator

2.2 Level Requirements

The introduction of the “for at least one channel tap” restriction for the SCH_Ec/Io side condition means in fact an increase of the SCH_Ec sum power. The power scaling follows the formula:
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where 
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 is the relative (linear domain) path power according to Table 1 or Table 2 and 
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 the power level of “at least one channel tap” (the biggest one).

For a typical “vehicular” propagation condition, this is in fact slightly more than 3dB increase (see also Figure 5 and Figure 8)

Both levels, the traditional sum power as well as the “at least one channel tap” interpretation, are shown in section 2.5.

The suggestion, which we understood from [12] (maybe this was a misinterpretation), that the minimum UE requirement should be based on a single synchronization attempt (probe) because the scheduling of several attempts is very implementation dependent would lead to even more required SCH_Ec/Io-level, which might be unrealistic.

2.3 Path Drift

Following [12] and [13], the path drift is given by:
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The parameters 
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 can be regarded as independent random variables with maximum error as specified in [1] and [2]. Based on the common “local scattering” model, the (path specific) angles of arrival at the UE can also be modeled as random with uniform distribution between 0 to 360 degree.

In specific scenarios (e.g. LOS) , however, the angle is deterministic rather than random and the worst case drift due to Doppler has to be taken into account.
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Figure 2: Geometric Propagation Model.

In summary like in [12] we assume a worst case drift of:
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and a “typical drift” of:
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The following drift table can be derived :

	
	3 km/h
	50 km/h
	120 km/h
	250km/h

	Max Drift/ppm
	0.2
	0.29
	0.42
	0.66

	Typical Drift/ppm
	0.12
	0.14
	0.2
	0.35


Table 3: Path drift for different speed

The simulation models the path drift by a common linear drift of all paths. Please note that for asymmetric power delay profiles like “Case3” or “Vehicular A”, ... , the performance depends on the drift direction. The worse case has been chosen for the analysis.

2.4 Multiple Probes

Offline discussion revealed that a certain number of repetition of search attempts (probes) is commonly accepted. This section describes the model for multiple probe analysis according to Figure 1. The “algorithm” works as follows:

· accumulation variables are reset between the probes to avoid problems with path drift 

· detection is regarded as successful if any of the probes is successful

· the distance 
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 shall be high enough such  that different probes are mutually independent (see also [11]).
(This should not be a problem for compressed mode even at low speed.)

An overall successful synchronization within K steps means that “not all of the K steps failed”. Its probability becomes:
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where p is the single probe detection probability. The necessary number of probes in order to achieve the desired overall detection probability 
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The number of necessary repetitions for 
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 is therefore:
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2.5 Results

The following simulation results include 1.0 dB implementation margin for RF, bit true effects, code cross correlation, AGC, ... . Single probe detection results as well as the necessary number of repetitions for 90% detection probability are shown.

The results are organized in two subsections for two different compressed mode pattern examples. ITU propagation results are shown in the main section. 3GPP model results can be found in section 4.

2.5.1 Panasonic Proposal

This section presents an analysis of the Panasonic proposal for “reference compressed mode patterns for simultaneous measurements” [16]. Notes:
· Pattern details and usage for slot and frame sync are according to Figure 3; gap density 
[image: image19.wmf]%

2

»

GD


· Effective slot sync accumulation : 30 SCH symbols
· Effective frame sync accumulation: 30 SCH symbols
· Pattern parameter (1 slot switching time at the beginning and at the end of the gap is assumed):
	TGSN
	4
	Slot

	TGL1
	7
	Slots

	TGPL1
	16
	frames


Table 4: Panasonic Reference Pattern Proposal
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Figure 3: Synchronization Timing “Panasonic pattern”.

Examples of the simulation results for the ITU-propagation models are shown below, 3GPP model results can be found in the appendix.
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Figure 4
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Figure 5
2.5.2 Five Percent Pattern

According to the proposal in [12], the gap density should be restricted to the lower limit of 5%. In this section, we present some results for such a “5% pattern”. Figure 6 shows the pattern and its usage for slot and frame sync, respectively. The transmission gap length was chosen to be 14. That is, the effective measurement time is 12 slots per gap. We assume a frame wise assignment of the different tasks (slot sync/frame sync) such that the accumulation time for slot sync and frame sync are 36 symbols (3 periods) each. This is slightly more compared to pattern in section 2.5.1.

· Pattern parameter (1 slot switching time at the beginning and at the end of the gap is assumed):
	TGSN
	0
	Slot

	TGL1
	14
	Slots

	TGPL1
	16
	frames


Table 5: Five percent pattern
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Figure 6: Synchronization Timing “Five Percent Pattern”.

Examples of the simulation results for the ITU-propagation models are shown below, 3GPP model results can be found in the appendix.
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Figure 7
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Figure 8
3 Conclusion

In our opinion, the number of necessary search attempts (probes) should be restricted to a reasonable low number of lets say 3 or 4 (at least for “typical” path drift)

With reference to section 2, this can not be achieved with the Panasonic proposal for “compressed mode pattern for multiple RAT measurements”.

Therefore we follow the proposal in [12], that the gap density for FDD inter frequency measurements should not be below 5%.

4 Appendix

4.1.1 Panasonic Proposal, 3GPP Models
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Figure 9
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Figure 10
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Figure 11
4.1.2 Five Percent Pattern, 3GPP Models
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Figure 12
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Figure 13
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