3GPP TSG RAN WG1 Meeting #46bis





R1-062766
Seoul, Korea, October 9–13, 2006
Source: 

NEC Group

Title:      

RACH Preamble Length 
Agenda item:
6.4.3

Document for:
Discussion / Decision

1. Introduction
In the last RAN1 #46 meeting, the RACH sequence has been decided to ZC-ZCZ (Zadoff-Chu Zero Correlation Zone). 
In this scheme, the Signatures are generated by cyclic shift of ZC sequence[1][2] as shown in Figure 1.
Furthermore, it has been decided that 1 long sequence is used for 1msec TTI and that the TTI is 1msec only.
In this contribution, we clarify the preferred RACH Preamble length in order to adopt an effective detection method from the implementation view point.
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Figure 1  RACH Preamble Sequence
2.  Generation of RACH Preamble
An example of the generation scheme of RACH preamble is explained as follows.
First, ZC sequence is generated in Time Domain. Here, the number of the generated ZC sequence should be a prime number. Then, it is mapped to the assigned frequency. Also, the sampling frequency of the generated RACH sequence should be transformed to fit with the transmitter’s sampling frequency, which is usually 1.92 x2N MHz. 
One typical method is illustrated in Figure 2. It is similar to the usual TX signal generation for DFT spread OFDM signal. The difference is that IDFT is used instead of IFFT since the number of the samples after IDFT may not be 2N. (The number of sample for 1msec at 1.92MHz is 1920sample, , so the nearest 2N number (smaller then 1920) is 1024 which seems too small.)
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Figure 2  Generation of RACH preamble
3.  Detection of RACH Preamble
For the detection of RACH Preamble, 2 methods can be considered. One is using a sliding correlator, the other is using DFT and IDFT.
In this document, the complexity is evaluated as the required number of multiplication for both method.
In order to compare 2 method, RACH preamble length is assumed to be 1800sample@1.92MHz, i.e. 0.9375msec as an example.

Method A : Sliding Correlator

This method calculate the correlation of the received signal and the RACH sequence for each signature. It should be calculated for each delay. Then, the number of complex multiplication NCML is calculated as follows.

NCML = NPRE x NRANGE x NSGN
where NPRE is Preamble Length, NRANGE  is Search Range, NSGN is the number of Signatures. The maximum search range is equivalent to the cyclic shift length, which is usually obtained by dividing Preamble Length by the number of Signatures, i.e. NPRE = NRANGE / NSGN. Therefore, 

NCML = (NPRE)2
For the case of NPRE = 1800, it becomes 

NCML =  18002 = 3,240,000
Method B : Detection by DFT
The block diagram of this method is illustrated in Figure 3. The received signal is first transformed to frequency domain by DFT and multiplied with the Fourier transformed RACH sequence. Then the cross correlation is obtained by transforming back to time domain by IDFT.
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Figure 3  Detection of RACH preamble

Using this scheme, the delay profile for the cyclic delay whose range is up to the preamble length is obtained. Therefore, since the signatures are equivalent to the propagation delay, every signatures generated by cyclic shifts of the same ZC sequence can be detected simultaneously. 
The number of complex multiplication NCML is calculated as follows.

NCML = NDFT x 2 + NPRE
Here NDFT is the number of complex multiplications required for DFT or IDFT. Using the well known technique, it is can be reduced to as follows.
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For the case of NCML = 1800, it becomes 

NCML = 1800 x (2x3+3X2+5x2) x2 +1800 = 81,000
In this example, the number of complex multiplications is reduced to 1/40 compared with Method 1 (Sliding Correlator). It is due to the fact that the number of complex multiplications for DFT is reduced when the number of DFT points can be factored to small prime numbers.
From the above discussion, the required condition to reduce the number of complex multiplications is that the number of the samples for the RACH Preamble can be factored to small prime numbers. Therefore, we propose to make the number of the samples for the RACH Preamble 2Kx3Lx5M, where K, L and M are integer.

According to this requirement, the suitable PRACH Preamble length is obtained as in Table 1, here the sampling frequency is assumed to 1.92MHz. The CP length, the Guard Time and the expected cell radius is also shown. Here, the delay spread is assumed to be 5μs.

                                           Table 1. Suitable PRACH Preamble Length
	Number of

samples
	Prime Factor
	Preamble Length (μs)
	CP Length

(μs)
	Guard Time

(μs)
	Cell Radius
=RTT (km)

	1875
	3 x54
	976.6
	11.7
	11.7
	1.0

	1800
	23 x32 x52
	937.5
	31.3
	31.3
	3.9

	1728
	26 x33
	900
	50
	50
	6.8

	1620
	22 x34 x5
	843.8
	78.1
	78.1
	11.0

	1600
	26 x52
	833.3
	83.3
	83.3
	11.8

	1536
	29 x3
	800
	100
	100
	14.3

	1500
	22 x3 x53
	781.3
	109.4
	109.4
	15.7

	1458
	2 x36
	759.4
	120.3
	120.3
	17.3

	1350
	2 x33 x52
	703.1
	148.4
	148.4
	21.5

	1296
	24 x34
	675
	162.5
	162.5
	23.6

	1280
	28 x5
	666.7
	166.7
	166.7
	24.3


4. Conclusion
In this contribution, we propose that the RACH Preamble length is selected so that the number of the samples for the RACH Preamble can be factored to small prime numbers.
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