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1. Introduction
In the Sorrento meeting, restricted set of RACH preambles is agreed upon for random access in high mobility cell without changing the existing working assumption on RACH structure. Several approaches for the restricted set specification are presented in [1-4] and may be used for the specification [5]. In the following, we compare two closed-form formulas for the specification of restricted cyclic shift set of TS 36.211.
2. Summary of Two Explicit Formulas 
Two explicit formulas of the restricted set are presented in [1] and [2]. The formula of [1, Section 4] doesn’t have the pre-defined shift position (no multiples of NCS) but the minimum difference between two cyclic shifts is still NCS. On the other hand, formulas of [1, Section 5] and [2] are based on pre-defined shift position (multiples of NCS). Here, we summarize formulas of [1, Section 4] and [2] with some modification for specification. Additionally, formulas of [1, Section 5] is also included in Annex. A.
Formula 1 : Preamble start position is not at multiples of NCS [1, Section 4]
From the 
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th root Zadoff-Chu sequence, 
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th random access preambles with zero correlation zone are defined according to 
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The parameters of high mobility cell are defined as follow:
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If  NCS ≤ du < NZC/3,
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Else if  NZC /3 ≤  du ≤ (NZC- NCS)/2,
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Otherwise, there is no restricted cyclic shift.
Formula 2 : Preamble start position is at multiples of NCS [2] 
From the 
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 root Zadoff-Chu sequence, random access preambles with zero correlation zone are defined by cyclic shifts of multiples of
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where 
[image: image15.wmf]v

 is continuous integer values for low/middle mobility cell. But, the available 
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 should be selected by formula for high mobility cell.

The restricted set of multiples of NCS 

 
is empty, if du< NCS or du>(NZC-NCS)/2,

otherwise the restricted set of multiples of NCS is given by the integers va
 
in the range from 0 to F-1 that fulfill 0≤ va mod (3E+E’) < E, if du  ≤ NZC/3,

in the range from 0 to E-1 that fulfill 0≤ va mod (2F+F’) ≤ F, if du  > NZC/3,

where 
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The number of preambles
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Actually, the number of restricted cyclic shift at equation 2.5 and 2.6 may not be necessary for specification. However, if a cell use several root indices and mobile don’t know the exact number of available preambles per root index, the mobile should search for the possible va to count up the number of available preambles. 
3. Comparison of Formulas
3.1. The forbidden region and validity
Both Formula 1 and Formula 2 exclude root sequences with du in the range du,< NCS or du,> (NZC- NCS)/2 where correct time-of-arrival estimation is not guaranteed within high Doppler environment. And Formula 1 and Formula 2 guarantee that three uncertainty windows of each cyclic shift sequence do not overlap with the other cyclic shift sequence for the same root indices.
3.2. The number of restricted cyclic shift

The Formula 1 doesn’t have the pre-defined shift position (no multiples of NCS). The spacing of restricted cyclic shift was optimized fully to achieve the maximum number of preambles. On the other hand, Formula 2 is based on pre-defined shift positions (multiples of NCS). Therefore, there can be some wasted space because cyclic shift positions are fixed to the multiples of Ncs. As a result, Formula 1 can have more restricted cyclic shifts than Formula 2. Because the number of available ZCZ preamble sequences per root sequence would become about 1/3 compared to the generic case, additional waste of space is not desirable. Therefore, Formula 1 is more preferable.
Figure 1a and Figure 1b show one example realization of restricted cyclic shift set according to Formula 1 and Formula 2, respectively. In this example, NCS is set to 13 and du is 412. The number of ZCZ preambles for Formula 1 and Formula 2 is 15 and 11, respectively. This case shows the maximum difference (36.36% more preambles) between Formula 1 and Formula 2 at given NCS.
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(a) Formula 1
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(b) Formula 2
Figure 1. Comparison position and number of restricted cyclic shift between Formula 1 and Formula 2
(NCS=13, du=412)
Figure 2 show the more achievable preamble portion (in percentage) with Formula 1 compared to Formula 2 over all the possible root indices. The maximum increment is 36.36% and 100% for NCS=13 and NCS=93, respectively. Note that assuming NCS=93, the number of available preambles with Formula 2 is just one, where with Formula 2 we can get two preambles. These increased numbers of preambles will reduce the total number of required root sequences to make up 64 preambles. As such result, it can lower cross-correlation and detection complexity for eNodeB.
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(a) NCS = 13
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(b) NCS = 93
Figure 2. Percent of increased number of Formula 1 compare with Formula 2.
Figure 3 shows the improvement (in percentage) of available preambles for all root indexes when Formula 1 is chosen. Note that the free start position of a preamble does not increase any hardware complexity compared to the case of preamble shift position restriction. 
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Figure 3. Percent of increased total number of Formula 1 compare with Formula 2.
3.3. Simplicity of preamble selection
During random access procedure, since a UE would randomly select one ZCZ sequence among 64 opportunities, a UE should be able to directly locate the corresponding preamble. Therefore we prefer a closed-form approach which can directly locate the desired preamble. Note that Formula 1 apparently provides this capability.
4. Conclusion
We compared two formulas for the generation of restricted cyclic shifts. 
( Formula 1 has more number of restricted cyclic shifts than Formula 2.
( With given Ncs, it can lower cross-correlation and detection complexity for eNodeB.
( Formula 1 is simpler than Formula 2 in the sense of UE preamble selection.
( We propose that Formula 1 is captured in TS 36.211.
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Annex A. Formula 3 : in case of multiples of Ncs [1, Section 5]
The explicit formulas with multiple of Ncs from [1, Section 5] as follow
From the 
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th root Zadoff-Chu sequence, 
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th random access preambles with zero correlation zone are defined according to 
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The parameters of high mobility cell are defined as follow:
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If  NCS ≤ du < NZC/3,
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Else if  NZC /3 ≤  du ≤ (NZC- NCS)/2,
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Otherwise, there is no restricted cyclic shift.
The number and position of Formula 3 is exactly same to Formula 2 except R2. With R2, the gain of Formula 3 compare with Formula 2 is up to 5.16%. Note that the gain of Formula 1 compare with Formula 2 is up to 11.16% at Figure 3.
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