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1. Introduction

To meet coverage requirement in non-synchronized random access, it was agreed that only the preamble (with no explicit message) will be transmitted.  Two possible sequences, Generalized Chirp-Like (GCL) and Zadoff-Chu (ZC), have been proposed with three different sequence designs –
A. GCL or ZC with zero-correlation zones
B. GCL or ZC with different carrier sequence indices 

C. GCL or ZC with zero-correlation zones and different carrier sequence indices when the required number of zones cannot be generated
This contribution compares sequence design and performance with regards to system design requirements. 
2. Preamble Sequence Design

From [1], the preamble waveforms should have good detection probability while maintaining low false alarm rate, low collision probability, low power de-rating, and allow accurate timing estimation.  Currently, two promising sequences have been proposed - Zadoff-Chu with Zero Correlation Zone (ZC-ZCZ) [1,6] and Generalized Chirp-Like with Zero Correlation Zone (GCL-ZCZ) [5].  Note that the zero-correlation zone for the ZC-ZCZ sequence is generated using cyclic shift version of the Zadoff-Chu carrier sequence.  In [2], link-level performance of the two sequences was investigated.  Both sequences were shown to exhibit low missed detection probability at a fixed false alarm rate, robustness to interference, low power de-rating due to the constant amplitude property of the sequence and large number of available sequences.  In addition, the following observations may be made regarding the sequences - 

· Both sequences can be designed to have zero-correlation zones to allow for ideal detection in the presence of interfering preambles.   However, only sequences with the same Zadoff-Chu carrier exhibit this property.  

· Periodic cross-correlation when different Zadoff-Chu carrier sequences are used is constant for the ZC-ZCZ.  For the GCL-ZCZ, the cross-correlation depends on the Zadoff-Chu sequence index p.  If the values of p are close to each other, then the cross-correlation will be close to zero or low [9].  However, the cross-correlation may be high if the sequence indexes are arbitrary chosen [2].
· The length constraint of the GCL-ZCZ sequence can be relaxed to N=tm where t and m are positive integers.  In addition, the number of GCL-ZCZ sequences can be increased by using non-orthogonal modulation sequences.  

From the results presented in [2], both ZC-ZCZ and GCL-ZCZ are both attractive candidates for preamble sequence.  However, sequence selection must be considered in conjunction with other system design requirements which may be partly summarized as follows. 
· Message of size 4-6 bits to be carried implicitly by the preamble.  That is, the UE picks the preamble based on the intended message which may include random ID, cause, and CQI.
· Up to 512 groups of preambles may be needed.  Within each group, 16-64 preambles are required depending on the agreed message size.  Naturally, only one Zadoff-Chu carrier sequence should be assigned to a particular sector provided a sufficient number zero-correlation zones is available.  Otherwise the preambles must be generated from multiple Zadoff-Chu carrier sequences.
· Support for cell size up to 100 km.  According to [10], E-UTRA performance requirements should be met for cell range up to 5 km with slight degradation for cell range up to 30 km.  In addition, cell range of up to 100 km should not be precluded. 
· Separation of non-synchronized random access transmission in frequency domain (FDM) between cells may be necessary to allow for sequence group reuse. 
· Overhead from non-synchronized random access should be kept as low as possible while satisfying performance requirements.  As a result, random access bandwidth, access burst, and period should be configurable on a semi-static basis. 

3. Sequence Comparison
To compare performance, non-synchronized random access design based on the two sequences is considered.   Figure 1 illustrates a non-synchronized random access burst.  To prevent interference to subsequent transmission arising from timing difference due to propagation delay, a guard time (TG) is added.  In [11], it was noted that a guard time of 6.7 s per kilometer is required.  In addition, a guard period (TS) of 5 s, equivalent to the maximum assumed delay spread, is used.  The random access bandwidth is assumed to be 1.25 MHz with a sampling rate of 1.125 MHz.
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Figure 1.  Non-synchronized random access burst.
An example sequence design is shown in Table 1.  In this design approach, the number of zero correlation zones is chosen to be both a power of two as well as to satisfy the delay constraint imposed by the cell radius.  This is so that preamble assignment can easily be done by selecting multiple groups.  For example, if 64 preambles are needed within a cell of range 3 km, then 4 different GCL-ZCZ or ZC-ZCZ groups may be assigned to the cell.
Table 1.  Random access preamble parameters.

	Cell Radius (km)
	Random Access Length (ms)
	No of zero correlation zones
	GCL-ZCZ
	ZC-ZCZ

	
	
	
	Sequence length
	Number of groups
	Sequence length
	Number of groups

	3
	0.5
	16
	512
	256
	509
	508

	5
	0.5
	8
	496
	240
	499
	498

	30
	1.0
	2
	876
	288
	877
	876

	100
	2.0
	2
	1488
	480
	1487
	1486


Based on the design in Table 1, the following table lists the number of sequence groups required to support various number of information bits.

Table 2.  Number of sequence groups required for random access.

	Cell Radius (km)
	No of required groups

	
	4 info bits
	5 info bits
	6 info bits

	3
	1
	2
	4

	5
	2
	4
	8

	30
	8
	16
	32

	100
	8
	16
	32


Since each ZC-ZCZ or GCL-ZCZ group uses a different Zadoff-Chu carrier sequence, sequence performance may be affected by the number of groups used.   For the ZC-ZCZ sequence, the periodic cross-correlation between any two sequences is constant.  For the GCL-ZCZ, the cross-correlation depends on the Zadoff-Chu sequence index p.  If the values of p are close to each other, then the cross-correlation is relatively low.  Figure 2 illustrates the normalized average cross-correlation at zero delay between the sequences when more than one Zadoff-Chu carrier sequences are used.  From the figure, it is seen that when the number of groups is small, ZC-ZCZ and GCL-ZCZ have similar cross-correlation performance.  However, as the number of groups increases, the cross-correlation of the GCL-ZCZ sequence is significantly worse than that of the ZC-ZCZ.
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Figure 2.  Normalized average cross-correlation between ZC-ZCZ and GCL-ZCZ.
In Table 2, the number of groups required to support various number of information bits is shown.  Based on the design presented here, up to 32 groups corresponding to 32 different Zadoff-Chu carrier sequences may be needed per cell.  Thus, some sequence planning will be required.  From Table 1, it can be seen that the number of available groups for ZC-ZCZ is significantly larger than that of the GCL-ZCZ when orthogonal modulation sequences are used.  However, the number of GCL-ZCZ groups can be significantly expanded by using non-orthogonal modulation sequences.  In this case, the zero-correlation zones are still preserved but the sequences are no longer orthogonal.   As a result, performance will degrade based on the cross-correlation of the non-orthogonal modulation sequences.   Figure 3 shows the aperiodic cross-correlation performance of the GCL-ZCZ sequence using both orthogonal and non-orthogonal modulation sequences.   From Figure 3(b), it is seen that while the zero-correlation zone is preserved when non-orthogonal modulation sequences are used, cross-correlation at zero delay can be significant.
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Figure 3.  Magnitude of the aperiodic cross-correlation for GCL-ZCZ using (a) orthogonal and (b) non-orthogonal modulation sequences.
4. Discussion
The sequence comparison may be summarized as follows -
· Both ZC-ZCZ and GCL-ZCZ can be designed to have the same number of zero-correlation zones based on cell range.   In general, multiple sequence groups (i.e. carrier sequences) may be needed within each cell which will introduce interference between sequences from different groups.  To reduce the number of required sequence groups, the number of zero-correlation zones can be increased by extending the random access burst in time (i.e. sequence extension).
· The number of available GCL-ZCZ groups is less than that for ZC-ZCZ if only orthogonal modulation sequences are used.  With non-orthogonal modulation sequences, the number of available GCL-ZCZ groups is significantly larger.  However, preamble planning with non-orthogonal modulation sequences will be more complicated as modulation sequence interference issue must be taken into account.
· As the number the sequence groups deployed within a cell increases, GCL-ZCZ cross-correlation between groups worsen.  On the other hand, it remains the same for ZC-ZCZ.  Note that the number of required groups is directly proportional to the number of information bits to be supported.  From Figure 2, it may be deduced that with 4 information bits both sequences will perform similarly while with 6 bits the ZC-ZCZ is expected to outperform the GCL-ZCZ.
· From Table 1, it is seen that a large number ZC-ZCZ sequence groups are available.  In addition, frequency planning can be used to significantly increase the number of sequence groups through reuse.  This is more efficient than introducing non-orthogonal modulation sequence to the GCL-ZCZ.  
· Efficient receiver design is possible for both sequences as discussed in [1,9].  Frequency domain processing may be aided by either adding a cyclic prefix or employing the overlap and add method. 
In light of the above reasons, it is proposed that Zadoff-Chu sequence using both zero correlation zones and different carrier sequence indices be used as preamble sequence for non-synchronized random access.   Note that different carrier sequence indices are used only when the required number of zero correlation zones cannot be generated due to cell size limitation.   For large cell, sequence extension should be used to increase the number of zero correlation zones.
5. Conclusion

In this contribution, comparison is provided between Zadoff-Chu and Generalized Chirp-Like sequences based on system design requirements.  From the analysis, it is proposed that Zadoff-Chu sequence using both zero correlation zones and different carrier sequence indices be used for non-synchronized preamble.  Note that different carrier sequence indices are used only when the required number of zero correlation zones cannot be generated due to cell size limitation.  For large cell, sequence extension should be used to increase the number of zero correlation zones.
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