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1 Introduction

The set of random access (RA) preambles xu,v(k) [1] with zero correlation zone (ZCZ) of length NCS-1 is defined from the u-th root Zadoff-Chu (ZC) sequence xu(k) by cyclic shifts of multiples of NCS according to 
xu,v(k) = xu((k+ vNCS) mod NZC),






      (1)

where v is an integer and NZC is the length of the ZC sequence defined by

xu(k)=
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According to the agreement in Orlando, there should be 16 values of NCS specified. In a cell one of the values is configured.  Proposals with 16 values of NCS were presented in [2], [3], and [4].
In [5], a comparison was made between the proposals in [2] and [3], in the following labeled Set 1 and 
Set 2, respectively. It was shown that the maximum relative difference (loss) in the number of preambles generated from a single root sequence compared to an unrestricted set of NCS values was lower for Set 1 than for Set 2, in particular for cell radii up to about 5 km, indicating a better receiver performance for 
Set 1 than for Set 2.
In this contribution we further analyze the receiver performance for the two sets and additionally we investigate the set proposed in [4], here denoted Set 3. If a preamble is transmitted in a cell, the preamble may cause a false alarm in the detector of another preamble if the cross-correlation between the preambles is non-zero. Any two preambles from different root sequences have constant periodic cross-correlation equal to 
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for any delay, whereas any two different preambles generated from the same root sequence have zero cross-correlation as long as the delay is within the ZCZ. Clearly, the higher the probability is to select two different preambles generated from the same root sequence, the higher is the probability that the transmission of one preamble will not affect the detection of another preamble. 
It was concluded in [5] that for low mobility cells there is no need to strictly minimize the number of required root sequences as done in Set 2, because the total number of root sequences (NZC -1 = 838 ) is large enough for cell-planning. 
Several issues related to RACH preambles were brought up for the last meeting:
· It was proposed to order the root sequences such that these are partly ordered according to the cubic metric and partly ordered according to their largest supportable cell radius in high mobility cells [6], [7]. Such hybrid ordering would increase the re-use factor in networks with large high-mobility cells and even further reduce the need to minimize the number of required root sequences. Hence, the number of required root sequences does not influence the selection between the different sets of NCS values.

· In [8] it was proposed to change the numerology of PRACH. Such a change would impact the selection of set of NCS values. 
In Section 2 we compare the probabilities of two randomly selected preambles to have zero cross-correlation for Set 1, 2, and 3. In Section 3 we discuss other aspects of the selection of the set of NCS values. Finally, we give the conclusion in Section 4.

2 Probability of Two Preambles to have Zero Cross-Correlation
Two preambles have zero cross-correlation within a zone of length NCS if they are generated from the same root sequence.
The probability P of selecting two preambles 
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 such that they are unique but generated from the same root sequence, i.e. that u=u’ and v≠v’, depends on the number of preambles generated from each root sequence. It is shown in the Appendix how to calculate the probability P in general as well as the maximum probability Pmax, for given NCS. To maximize P as many preambles as possible should be generated for the first root sequence and for every subsequent root sequence until there are enough preambles for the cell. 
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Figure 1 Probability of two randomly selected preambles to be unique and have zero cross-correlation as a function of cell radius
In Figure 1, Pmax is shown for the different sets as a function of cell radius. The minimum value of NCS, larger than the sum of round trip time and an assumed maximum delay spread of 5 µs divided by the sequence symbol rate, is selected for every value of the cell radius. For cell radii up to 5 km, Set 1 has for almost all cell radii higher probability of zero correlation than the other sets, the probability is up to 0.2 higher than for Set 2, and 0.08 higher than for Set 3. Beyond cell radius of 5 km the differences in the probabilities are small. Since E-UTRA should be optimized for cell sizes up to 5 km Set 1 is preferred from a performance point of view.
3 Other Aspects of Selection of Set of NCS Values
Set 1 differs from Set 2 and Set 3 in that it is given by an analytical formula. The kth value of NCS in Set 1 is given by 
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,             (3)                                             
where [x] denotes the integer closest to x and a = 0.856.
In [8] it was proposed to change NZC. Since NZC is a parameter in (3), the formula could be used even if NZC is changed from its current value or if two separate values of NZC are specified.

4 Conclusion

From the results and the discussion above, we conclude that 
· the NCS values in Set 1 would give slightly better performance than those in Set 2 and Set 3 for cells up to 5 km cell radius, i.e. for the cell size that E-UTRA should be optimized for. 

· the difference in number of required root sequences for certain cell radii between the sets is irrelevant.
· Set 1 is obtained by an analytical formula, which can be used for different values of NZC.
We therefore propose to specify Set 1, i.e. the set of values of the cyclic shift increment NCS according to (3), to be specified in TS 36.211.

Appendix: Calculation of Maximum Probability of Selecting Two Preambles with Zero Correlation
In total there are N  preambles in a cell. Denote the maximum preambles that can be generated from a root sequence by Np, where 
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 denotes the largest integer less than or equal to x.
Let 
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 and let mi be the number of preambles generated from root sequence i, i=1,2,…,n+1. 

The total number of combinations C of two unique preambles generated from a single root sequence is given by 
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with the constraints 
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The probability P of selecting two unique preambles generated from a single root sequence is given by the number of such combinations C divided by the total number of pairs of  preambles, N2 so that P=C/N2. The maximum probability Pmax is obtained when as many preambles as possible are generated for each root sequence Np until N preambles are obtained, i.e. for  
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which gives
                                       
[image: image16.wmf])

,

,

,

(

max

p

p

p

nN

N

N

N

P

P

-

=

K


                                               
[image: image17.wmf](

)

2

)

1

)(

(

)

1

(

N

nN

N

nN

N

N

nN

p

p

p

p

-

-

-

+

-

=

                        (A3)
Proof:

Consider any possible set of number of preambles mi, given by 
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where 
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for all allowed values of 
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where the last inequality follows from the condition 
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References

[1] 3GPP TS 36.211 v8.0.0, “Physical channels and modulation,” Sep. 2007.

[2] R1-072325, “Multiple values of cyclic shift increment NCS,” Huawei, May 2007.
[3] R1-072838, “Random Access Preamble L1 Parameters in E-UTRA,”
Texas Instruments, June 2007.
[4] R1-073553, “Determination of the Cyclic Shift Amount, Ncs,” Samsung, Aug. 2007.
[5] R1-073515, “Multiple values of cyclic shift increment NCS,” Huawei, Aug. 2007.
[6] R1-073501, “Preamble index mapping for non-synchronized RACH,” LGE, Aug. 2007.
[7] R1-073595, “Group-based re-ordering method of ZC sequence in RACH,” ZTE, Aug. 2007.
[8] R1-073689, “On PRACH Structure for 1.4 MHz System Bandwidth,” NTT DoCoMo, NEC, Sharp, Aug. 2007. 











































































_1252157651.unknown

_1252232794.unknown

_1252240701.unknown

_1252242707.unknown

_1252232953.unknown

_1252234011.unknown

_1252232830.unknown

_1252232681.unknown

_1252232695.unknown

_1252232784.unknown

_1252232644.unknown

_1252152154.unknown

_1252152922.unknown

_1252153037.unknown

_1252155694.unknown

_1252157629.unknown

_1252155667.unknown

_1252153091.unknown

_1252152957.unknown

_1252152999.unknown

_1252152210.unknown

_1252152901.unknown

_1252152162.unknown

_1251552547.unknown

_1252150375.unknown

_1252152148.unknown

_1252150686.unknown

_1252150353.unknown

_1234883062.unknown

_1238498412.unknown

_1238324805.unknown

_1234878225.unknown

