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1. Introduction

Restricted set of cyclic shift has been agreed for high mobility cell to mitigate false detection and miss detection of RACH preamble due to large frequency offset.
In [7] , we propose an indication method for allocated RACH preamble sequences to cells on BCH with pre-defined ZC sequence index order, in order to minimize signalling overhead.
This paper discusses more details of the proposed pre-defined ZC sequence index order in [7] with taking into account cyclic shift restriction scheme for high mobility cell [2] 

 REF _Ref158525855 \n \h 
[3] . More specifically, we discuss the limitation of the maximum cell radius supported by each root ZC sequence index u, in order to avoid further arrival timing uncertainty at the receiver.
2. Discussion
2.1. Cyclic shift restriction [2] 

 REF _Ref158525855 \n \h 
[3] 
In order to reduce false preamble detection caused by large frequency offset due to UE mobility, cyclic shift sequences overlapped the wrong timing uncertainty windows of the other cyclic shift sequences are not used as shown in Figure 1(a). The wrong timing uncertainty window +1 and -1 denotes the timing uncertainty window of the delay profile appearing in wrong timing corresponding to +foff and –foff  frequency offset, respectively, as Figure 1(b).
In case of LOS (Line-of-sight) condition, the either side of frequency offset, i.e. + foff or - foff , becomes dominant. Therefore, the correlation values i.e. delay profile, also appear in either side of the wrong timing uncertainty windows as Figure 1(c).
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Figure 1  Timing uncertainty windows and detected delay profiles.

Meanwhile, high miss detection due to high UE mobility in LOS condition [4] cannot be solved by just not using the cyclic shift sequences overlapped with the wrong timing uncertainty window. In order to reduce the high miss detection, the delay profiles appear within the wrong timing uncertainty windows have to be utilized. As an example, the delay profiles of the three windows are combined, and then the combined delay profile is used for preamble detection as shown in Figure 2 [3] .
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Figure 2  Profile combining of three uncertainty window to reduce the miss detection.
2.2. Limitation of cyclic shift restriction design
For design of cyclic shift set, the following restriction has to be satisfied to avoid false preamble detection and further arrival timing uncertainty. Similar explanation was also described in [3] .
(A) The all three timing uncertainty windows of one cyclic shift sequence should not be overlapped with the timing uncertainty window of the other cyclic shift sequences.

If the delay profile arises within the overlapped region, the false detention of other cyclic shift sequence occurs as shown in Figure 3.
(B) The all three timing uncertainty windows of one cyclic shift sequence should not be overlapped each other.
If the delay profile arises within the overlapped region, it would make further timing uncertainty during the arrival timing estimation as shown in Figure 4 and Figure 5.
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Figure 3  False detection when timing uncertainty windows of the other cyclic shifts are overlapped.
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Figure 4  Further arrival timing uncertainty (Doff <NCS).
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Figure 5  Further arrival timing uncertainty (K-2Doff < NCS)
2.3. Maximum supportable cell radius of ZC sequence
From the above limitation (B), Figure 4 and Figure 5, the following two conditions have to be satisfied;
	Condition 1:  Doff ≥ NCS







            (1)

Condition 2:  Doff ≤ (K-Ncs)/2






            (2)


where, Doff is the number of samples between the correct timing and wrong timing of delay profile, NCS is the number of samples of cyclic shift duration, and K is ZC sequence length (samples), as shown in Figure 1.
The cyclic shift duration NCS is decided by cell radius of the cell as
NCS ∙ TS  > TRTD + TMD






(3)
where TS is sample duration of ZC sequence, i.e. TS = 800/K [sec], TRTD is the maximum expected round trip propagation delay (i.e. 6.67s/km), and TMD is the maximum expected multipath delay to be supported which is around 5sec.
Then, assuming time domain defined ZC sequence as [1] , Doff is calculated from ZC sequence index u and equation Doff (u) = (K∙m-1)/u, where m is the smallest integer number when (K∙m-1)/u becomes integer [3] . As more exact derivation, Doff can be derived from


Doff (u)∙u mod K = K−1 (= -1 mod K),    Doff (u), u = 1, 2, ... , K−1


(4)

From the relation among equation (1), (2), (3) and (4),
	Once NCS is decided by cell radius, ZC sequence indexes to be allocated with satisfying the condition 1 and 2 are limited.


Figure 6 shows the maximum supportable cell radius of each ZC sequence index u to satisfy condition 1 and 2 in case of ZC sequence length K = 863.
In addition, K-u = -u (mod K), hence, Doff (K-u) = (K∙m-1)/(-u) = -Doff (u). Then |Doff (u)| = |Doff (K-u)|, therefore,
	Condition 3: 
ZC sequence index u and K-u has same Doff and same limitation of the maximum supportable 
cell radius [2] .
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Figure 6 Maximum cell radius supported by each ZC sequence index u to satisfy condition 1 and 2.
2.4. Pre-defined ZC sequence index order
From the condition 1 and 2, we propose a pre-defined ZC sequence index order for allocated root ZC sequence indication as follows. The proposed sequence order is in proportion to the maximum supportable cell radius of each root ZC sequence. Therefore, the maximum supported cell size of consecutive index r is close each other.
	The sequence index order is re-arranged as the order of index r, where index r can be easily obtained form
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Figure 7 shows the maximum applicable cell radius of sequence index to satisfy condition 1 and 2 with ZC sequence length K = 863.
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Figure 7 Proposed sequence order and maximum supportable cell radius to satisfy condition 1 and 2. 
3. Conclusion

We discussed the limitation of the maximum cell radius supported by each available root ZC sequence index u for high mobility cell, in order to avoid further arrival timing uncertainty at the receiver.
From the discussion, we propose the followings;
· All three timing uncertainty windows of one cyclic shift sequence should not be overlapped each other and not overlapped with the timing uncertainty windows of the other cyclic shift sequences.

· Zadoff-Chu sequence index to be allocated should satisfy NCS ≤ Doff ≤ (K-NCS)/2.
· Pre-defined ZC sequence index order for allocated root ZC sequence is the order of index r derived from 
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