3GPP TSG RAN WG1#46bis



                        R1-062746
Seoul, Korea, October 9-13, 2006
Source:

Fujitsu

Title:

On the Length of ZC Sequence for Non-Synchronized RACH Preamble
Agenda item:
6.4.3
Document for:
Discussion

1. Introduction
In the RAN1#46, using Zadoff-Chu (ZC) sequence as non-synchronized RACH preamble was agreed. The use of cyclic prefix (CP) shown in Fig.1 is also suggested to allow efficient frequency domain implementation of the random access receiver. This contribution presents that the maximum length of ZC sequence will be limited in the presence of large frequency offset because the sequence detection performance degrades when the length of ZC sequence gets longer in such environments.
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Figure 1:  Non-synchronized RACH structure with cyclic prefix
2. Frequency offset of UL signals
The maximum offset frequency of the received signal at the eNB receiver can be described as [1],
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   (Eq.1)

where 
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 denote the base station frequency drift, UE frequency error and the one-way Doppler shift, respectively. When the UE is moving at the speed of 350km/h and using carrier frequency of 2GHz, the maximum Doppler frequency becomes about 650Hz. In such a case, 
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3. Simulation Results
Figure 2 and 3 show the sequence detection performances of the TU model and of the static 1-path model with large frequency offset, respectively. The simulation parameters are shown in Table 1. No interference from other cells is assumed here.
For TU model, using long sequences do not degrade the performances so much even in the 500km/h case. On the other hand, it can be seen that the detection performance of the static 1-path model with 1400Hz frequency offset largely degrades when the sequence length is longer than 0.533ms.

In Table 2, the possible DFT size in the transmitter/receiver and the required Es/No performances at 350km/h UE speed are compared for the sequence length of 0.4ms, 0.533ms and 0.6ms. In this evaluation, the sequence length of 0.533ms will be a good compromise considering a wide range of channel conditions.
Table 1:  Simulation parameters

	Parameters
	Value

	Carrier Frequency
	2.0 [GHz]

	Antenna Configuration
	1 Tx, 2 Rx antennas

	Sampling Rate
	1.92 [MHz]

	Length of Zadoff-Chu sequence
	0.4 [ms], 0.533 [ms], 0.6 [ms]

	Channel Model
	TU 6 paths (3, 120, 350, 500km/h)

Static 1-path with frequency offset (1000, 1200, 1400Hz)

	Number of received preamble
	1  (Index:11)

	Guard Period
	0.2 [ms]

	Search Window
	0.2 [ms]

	Correlation method in detector
	Frequency-domain processing

	False Alarm Rate
	0.001

	Miss Detection Rate
	0.001
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Figure 2: Detection performance of TU model
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Figure 3: Detection performance of 1-path model with large frequency offset

Table 2: Summary of detection performances for 350km/h (
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=1400Hz for 1-path model)
	Period of

ZC sequence [ms]
	Length of

ZC sequence
	DFT size
	Required Es/No  [dB]

	
	
	
	TU 350km/h
	1-path 1400Hz
	Difference

	0.4
	449
	256 x 3
	-9.4
	-10.2
	-0.8

	0.533
	599
	1024
	-10.2
	-6.2
	4.0

	0.6
	673
	128 x 3 x 3
	-10.4
	-0.6
	9.8


4. Conclusion
This contribution presents that the presence of large frequency offset will cause large performance degradation in the detection of random access sequence when the length of ZC sequence is longer than about 0.6ms. Although using a longer ZC sequence provides more cyclic-shifted sequences, the robustness against large frequency offset should be also considered in the sequence design.
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