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Summary
Our preference for the signature sequence design is:

· Zadoff-Chu Zero Correlation Zone (ZC-ZCZ) sequences

· Hybrid approach where multiple “mother” ZC sequences could be used in the same cell

· Sequence extension to address link budget and network planning issues

1
Introduction

In [1], we describe initial access procedure, where UE transmits an access probe in order to establish timing and at the same time request uplink resources. Access probe consists of the access signature only and explicit message part is not attached to the signature sequence. However, limited information can be passed from UE to Node B by selection of a signature sequence. For example, a total of 16 signature sequences allow UE to convey up to 4 bits of information to Node B. 
In this contribution we discuss signature sequence design tradeoffs based on cyclically shifted Zadoff-Chu sequences [2]. The set of sequences obtained in this fashion exhibit zero periodic correlation within a region referred to as zero correlation zone (ZCZ), and they would be referred to as ZC-ZCZ sequences.
2
RACH design tradeoffs
In this section we discuss the impact of the length of the zero correlation zone on the number of signature sequences RACH can support, maximum cell radius and sequence length. Also, an impact on adjacent cells is discussed and some numerical examples are provided.
2.1 Zero correlation zone and cell radius

A set of m orthogonal sequences could be obtained by cyclically shifting a common Zadoff-Chu sequence of length, N. The set of sequences obtained in this fashion exhibit zero periodic correlation within a region referred to as zero correlation zone. Partial correlation is not equal to zero, but it is quite small. As an example, Figure 1 illustrates partial correlation for ZC-ZCZ sequences of length 449. The second sequence is obtained by cyclically shifting the base sequence by 7 chips.
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Figure 1: Partial auto- and cross-correlation for ZC-ZCZ sequences

Hence, simultaneous reception of multiple signature sequences within a set derived from a common Zadoff-Chu sequence can be virtually interference free. However, exploiting the zero correlation zone requires careful system design in order to prevent collisions and excessive consumption of uplink resources. The length of the zero–correlation zone for a given set of m sequences is determined by the sequence length divided by the set size as: 
ZCZ length=N/m













(1)

If m=64, the system design allows simultaneous reception of up to 64 distinct signature sequences. The choice of signature sequence can provide the receiver with some information. Log(m) determines how many bits of information one signature sequence can convey. We see that with the increase in the set size, the number of information bits the access message can convey increases as well, but at the same time the length of the zero correlation zone decreases for a given sequence length.
The length of the zero correlation zone is an important system design parameter because it determines the maximum timing uncertainty RACH receiver can tolerate. If timing uncertainty is larger than the length of the zero correlation zone, due to high peaks of the cross correlation that occur outsize the zero correlation zone, the receiver would often erroneously detect access signature sequences. As a consequence, Node B would assign uplink resources that would remain wasted or timing advance transmitted in the access grant message would be incorrect. 
Therefore the length of the zero correlation zone should coincide with the timing uncertainty, which is determined by the cell size. The timing uncertainty is equal to the sum of the propagation delays between the Node B and UE or downlink delay and UE and Node B or uplink delay. Hence, 2 times the propagation delay between Node B and cell edge UE determines the maximum cell size. The actual length of the sequence for m>1, must fulfil the following inequality:
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where TTI is the transmission time interval and W is RACH bandwidth. The following formula can be used to compute the maximum cell radius, R:
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c=300,000 km/s.
In Table 1, we illustrate the relationship between the number of ZC-ZCZ sequences and maximum supportable cell radius. In order to proportionally increase maximum cell radius, RACH TTI would have to be increased. Signature sequence would have to be extended and not simply repeated.
Table 1: Supportable cell radius as a function of the number of GCL sequences, RACH slot duration of 0.5 ms.

	GCL Sequences
	2 (1 bits)
	4 (2 bits)
	8 (3 bits)
	16(4 bits)
	32 (5 bits)
	64 (6 bits)

	Cell Radius (Km)
	25
	15
	8.33
	4.41
	2.27
	1.15


Alternatively, more information bits could be conveyed by using multiple Zadoff-Chu base sequences, obtained by using different indices. However, zero correlation zone remains only between the sequences that use the same index.  Note that this approach has consequence on the network planning as discussed in Section 2.4. 
2.2 Sequence length and system overhead

Increasing the length of the access signature sequence, N can increase the maximum cell radius at the expense of uplink system overhead. Increasing N, lengthens the zero correlation zone and hence maximum supportable cell radius. Longer RACH TTI also improves link budget, but larger N is necessary in order to proportionally increase zero correlation zone. 

However, it should be noted that at the same time longer TTI increases the number of resources set aside for the access channel. In Table 2, we illustrate the maximum cell radius and the system overhead as a function of RACH TTI length. 1.25 MHz RACH bandwidth is considered. RACH slots repeat every 10 ms.  
Table 2: Supportable cell radius as a function of the TTI length assuming 64 ZC-ZCZ sequences for 1.25 MHz RACH bandwidth.

	TTI [ms]
	0.5
	1
	1.5
	2

	Cell Radius (Km)
	1.15
	2.31
	3.46
	4.62

	Bandwidth system overhead (1.25 MHz system)
	5%
	10%
	15%
	20%

	Bandwidth system overhead (5 MHz system)
	1.25%
	2.5%
	3.75%
	5%


2.3 Interference from other cells

In order to prevent UEs accessing the system to get resources assigned in multiple adjacent cells, it is desirable that network planning ensures that adjacent cells do not employ the same Zadoff-Chu sequence as a base sequence. For example, in synchronous deployments where RACH slots could be time aligned access probe sent from an UE could be detected in multiple adjacent cells. This scenario is also possible in asynchronous deployments where RACH slots may overlap. 
In addition to network planning, the following techniques would reduce false alarm to a minimum:

· Open loop power control 
· Power ramping 
2.4 Network planning

A set of sequences obtained by cyclically shifting a common base ZC sequence should be used by UE to access a particular cell. The choice of the base ZC sequence identifies Node B, access probe is addressed to. Cyclic shift of the base ZC sequence identifies information content of the access probe.

The issue could arise if multiple base ZC-ZCZ sequences are used in a single cell in order to support large cell radiuses. The sequence with the same index can repeat in the cell close by. For a given Zadoff-Chu sequence length, N, when N is a prime number, there are only N-1 different Zadoff-Chu sequences obtained with distinct indices. In this case, the operator can resort to frequency planning of RACH slots. 
Due to link budget issues, TTI may also need to be increased. In this scenario, the extended sequence length would not incur any extra overhead and it would reduce the severity of the problem. It is worth noting that the false alarms do not create catastrophic events but only temporary underutilization of system resources. 

3 Summary
It is suggested that 

· ZC-ZCZ sequences are employed as access signature sequences on RACH
· Larger cells be assigned longer TTI with longer sequence length

· Potential network planning issue be solved with extended sequence length and frequency planning of RACH slots

References
[1] R2-062380, “Access procedure”, QUALCOMM Europe

[2] D. C. Chu, “Polyphase codes with good periodic correlation properties,” IEEE Trans. on Information Theory, vol. IT-18, pp. 531-532, July 1972

































� In practice the length of the zero correlation zone is a bit shorter in order to account for non-negligible side lobes around N/m.  
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