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1 Introduction
Through the LTE Orlando meeting, many important progresses have been made for RACH related issues. However the issue of the cyclic shift restriction rules for RACH in a high mobility environment remains outstanding. There are basically two types of rule proposed so far. One is the relaxed restriction rule [1], and the other is the strict restriction rule [2,3]. There are pros and cons associated with either type of rule. In this contribution we take a closer look at them, and propose a synergy in the spirit of moving things forward.      
2 Analysis of the Proposed Restriction Rules
We call the interval the uncertainty interval or the uncertainty zone into which the primary peak of the RACH detector/correlator output may fall. We call the interval the ambiguity interval or the ambiguity zone into which the secondary peak of the RACH detector/correlator output may fall due to high mobility. There are two ambiguity intervals for a given cyclic shift corresponding to the positive and negative Doppler frequencies, respectively.
With the above definitions, the relaxed and the strict cyclic shift restriction rules may be summarized as follows:

Relaxed restriction rule – For a given length of the ZC sequence with a given root index, only those cyclic shifts, whose corresponding uncertainty intervals do not overlap, form the restricted cyclic shift set.

Strict restriction rule – For a given length of the ZC sequence with a given root index, a cyclic shift is a member of the restricted cyclic shift set only when its corresponding uncertainty interval and its two ambiguity intervals do not overlap each other, and these three intervals do not overlap with any other interval corresponding to other cyclic shifts that are in the restricted cyclic shift set.
A. Extreme high mobility in the line-of-sight condition
Though it is rare, at the extreme high mobility, such as 350 km/h, and in the line-of-sight condition, the strict restriction may have some advantage in terms of detection performance. 
B. The size of the restricted set

Referring to Table 1, we see that the size of the restricted set using the relaxed rule is much larger than that using the strict rule. This size relates to the size of the correlator bank, i.e. the number of the detectors. For example, for Case 1, where the cell radius is 2.8 km, the sizes of the restricted sets for the relaxed and strict rules are 16 and 10, respectively. Therefore, if the relaxed rule is used only 4 different indices of the ZC sequences are needed rather than 7 for the strict rule. That is, the sizes of the correlator banks are 4 and 7, respectively.  The advantage in terms of computational complexity is evident if the relaxed rule is used.    
C. The number of searched intervals 

      If using the relaxed restriction rule, for a given ZC sequence root index, only those uncertainty intervals      corresponding to the designated cyclic shifts are searched for correlation peaks in RACH detector. However, to use the strict rule, the number of the searched intervals is three times of that for the relaxed rule. 

      Therefore, the computational advantage of using the relaxed rule is also evident. 
D. The largest supportable cell
By referring to Table 1, we recognize that the largest supportable cell if using the strict rule is 35 km (see case 5), while the largest supportable cell using the relaxed rule is 53 km (see case 7).  The serving area with the use of the relaxed rule is 229% of the area for the strict rule.
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3 Conclusions

Based on the analysis provided in the previous section, we propose the following synergized restriction rule for RACH.
1. For small cells with radii less than 3 km, where no or low high mobility exist, use the relaxed restriction rule;
2. For medium sized cells whose radii are greater than 3 km but less than 35 km, use the strict restriction rule;

3. For any cells whose radii are greater than 35 km, the relaxed restriction rule is used.
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