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1
Introduction

The RAN#63 study item report [1] identified the PRACH preamble code design and performance as one open issue in the Scalable Bandwidth UMTS design.
In this the performance PRACH preamble with 2.5 MHz filter is investigated. Two preamble designs are considered,

1. The Rel’99 PRACH preamble transmitted without modifications through a 2.5 MHz transmit filter (F-UMTS)
2. The Rel’99 PRACH preamble where every second chip set to zero is transmitted through a 2.5 MHz transmit filter  (CZ-UMTS).
2
PRACH preamble design

The Node B needs to detect the UE’s PRACH preamble and respond to it with AICH for the UE to gain access to the system. The Rel’99 design for PRACH preamble is based on a 16-chip signature that is repeated 256 times to construct a 4096-chip long PRACH preamble. There are 16 available signatures.
The Rel’99 design could be used as is, but just use a narrow-band filter to fit it in a Scalable Bandwidth UMTS cell (F-UMTS approach).
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Figure 1: Rel'99 construction of the PRACH preamble (F-UMTS)
Alternatively the chip-zeroing approach could be used on top of the Rel’99 PRACH preamble design. There every second chip in the 16-chip signature is set to zero, and this new 16-chip signature is repeated 256 times (CZ-UMTS approach). However, when looking at the set of 16 signatures (see Annex), the chip-zeroing will make it impossible to separate a signature pair i and i+1 from each other, when i = {0,2,4,6,8,10,12,14}, effectively reducing the available signature space to 8.
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Figure 2: Preamble construction with chip-zeroing (CZ-UMTS)
3
PRACH preamble simulation results in S-UMTS
In figure 1 the S-UMTS impact to false alarm rate of the PRACH preamble is investigated. The UMTS cell false alarm rate is taken as the reference, and the S-UMTS performance difference relative to the UMTS cell is shown in percentage points. It appears that with 2-Rx receiver the S-UMTS false alarm rate is actually somewhat better than that of the UMTS false alarm rate. This is most likely caused by the fact that the S-UMTS receiver collects less noise. On the other hand, the single Rx receiver performs slightly worse for the S-UMTS cell than for the UMTS cell. PRACH preamble with chip-zeroing appears to perform slightly worse than the simple filtering, but the difference is very small and could be attributed to simulation noise.
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Figure 3: PRACH preamble false alarm rate relative to UMTS false alarm rate
In figures 2 and 3 the required PRACH preamble Ec/No for a given miss detection probability in S-UMTS is investigated. The UMTS cell’s required PRACH preamble Ec/No is taken as the reference, and the S-UMTS performance difference relative to the UMTS is shown in dB. It appears that with 2 Rx the performance difference between UMTS and S-UMTS is negligible. With 1 Rx the performance difference is otherwise negligible, but with the extreme 3GPP Case 3 channel the S-UMTS performance is visibly degraded. The difference beween F-UMTS and CZ-UMTS is non-existing.
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Figure 4: Required PRACH preamble Ec/No in S-UMTS relative to UMTS cell, 1% miss detection probability
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Figure 5: Required PRACH preamble Ec/No in S-UMTS relative to UMTS cell, 0.1% miss detection probability
4
Conclusion

In this contribution the PRACH preamble code design and performance is investigated. The performance of the unchanged Rel’99 PRACH preamble design with 2.5 MHz filter is very similar to that of the 5 MHz UMTS cell’s PRACH preamble performance. The same can be said of the altered PRACH-preamble, where zeroing of every second chip is used.
From performance perspective both solutions can be seen as feasible and with good performance when compared to the existing UMTS PRACH preamble performance. However, due to the fact that chip-zeroing reduces the number of available preambles, it may be preferable to use Rel’99 PRACH preamble design as is also in Scalable Bandwidth UMTS cells
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Annex – PRACH preamble construction [2]

4.3.3
PRACH preamble codes

4.3.3.1
Preamble code construction

The random access preamble code Cpre,n, is a complex valued sequence. It is built from a preamble scrambling code Sr‑pre,n and a preamble signature Csig,s as follows:

-
Cpre,n,s(k) = Sr-pre,n(k) ( Csig,s(k) ( 
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, k = 0, 1, 2, 3, …, 4095;

where k=0 corresponds to the chip transmitted first in time and Sr-pre,n and Csig,s are defined in 4.3.3.2 and 4.3.3.3 below respectively.

4.3.3.2
Preamble scrambling code

The scrambling code for the PRACH preamble part is constructed from the long scrambling sequences. There are 8192 PRACH preamble scrambling codes in total.

The n:th preamble scrambling code, n = 0, 1, …, 8191, is defined as:


Sr-pre,n(i) = clong,1,n(i), i = 0, 1, …, 4095;
where the sequence clong,1,n is defined in section 4.3.2.2.

The 8192 PRACH preamble scrambling codes are divided into 512 groups with 16 codes in each group. There is a one-to-one correspondence between the group of PRACH preamble scrambling codes in a cell and the primary scrambling code used in the downlink of the cell. The k:th PRACH preamble scrambling code within the cell with downlink primary scrambling code m, k = 0, 1, 2, …, 15 and m = 0, 1, 2, …, 511, is Sr-pre,n(i) as defined above with n = 16(m + k.

4.3.3.3
Preamble signature

The preamble signature corresponding to a signature s consists of 256 repetitions of a length 16 signature Ps(n), n=0…15. This is defined as follows:

-
Csig,s(i) = Ps(i modulo 16), i = 0, 1, …, 4095.

The signature Ps(n) is from the set of 16 Hadamard codes of length 16. These are listed in table 3.

Table 3: Preamble signatures

	Preamble
signature
	Value of n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	P0(n)
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	P1(n)
	1
	-1
	1
	-1
	1
	-1
	1
	-1
	1
	-1
	1
	-1
	1
	-1
	1
	-1

	P2(n)
	1
	1
	-1
	-1
	1
	1
	-1
	-1
	1
	1
	-1
	-1
	1
	1
	-1
	-1

	P3(n)
	1
	-1
	-1
	1
	1
	-1
	-1
	1
	1
	-1
	-1
	1
	1
	-1
	-1
	1

	P4(n)
	1
	1
	1
	1
	-1
	-1
	-1
	-1
	1
	1
	1
	1
	-1
	-1
	-1
	-1

	P5(n)
	1
	-1
	1
	-1
	-1
	1
	-1
	1
	1
	-1
	1
	-1
	-1
	1
	-1
	1

	P6(n)
	1
	1
	-1
	-1
	-1
	-1 
	1
	1
	1
	1
	-1
	-1
	-1 
	-1
	1
	1

	P7(n)
	1
	-1
	-1
	1
	-1
	1
	1
	-1
	1
	-1
	-1
	1
	-1
	1
	1
	-1

	P8(n)
	1
	1
	1
	1
	1
	1
	1
	1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1

	P9(n)
	1
	-1
	1
	-1
	1
	-1
	1
	-1
	-1
	1
	-1
	1
	-1
	1
	-1
	1

	P10(n)
	1
	1
	-1
	-1
	1
	1
	-1
	-1
	-1
	-1
	1
	1
	-1
	-1
	1
	1

	P11(n)
	1
	-1
	-1
	1
	1
	-1
	-1
	1
	-1
	1
	1
	-1
	-1
	1
	1
	-1

	P12(n)
	1
	1
	1
	1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	1
	1
	1
	1

	P13(n)
	1
	-1
	1
	-1
	-1
	1
	-1
	1
	-1
	1
	-1
	1
	1
	-1
	1
	-1

	P14(n)
	1
	1
	-1
	-1
	-1
	-1
	1
	1
	-1
	-1
	1
	1
	1
	1
	-1
	-1

	P15(n)
	1
	-1
	-1
	1
	-1
	1
	1
	-1
	-1
	1
	1
	-1
	1
	-1
	-1
	1


