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1 Introduction
At the Kobe meeting and through email discussions on the reflector, several important design parameters for RACH have been decided. These include the length of the Zaddof-Chu (ZC) sequence and the number of the cyclic shift durations. Although the exact values of the cyclic shift durations are still under discussion, the 16 suggested values provided in Table 1 of [2] may be used, together with other already determined RACH design parameters, to obtain the restricted cyclic shift sets for a given ZC sequence root index and cyclic shift duration. In this contribution we propose a detailed procedure and algorithm to determine the cyclic shift restricted sets. We also propose a signalling scheme for eNB to assign the root index (indices) and the cyclic shifts to be used by an UE trying to access to the network. Some of the notations and their corresponding values, if available, used in this contribution are listed below:
            Table 1 Notations
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	Length of the ZC sequence: 839
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	Spacing of the zero-correlation-zone, or duration/increment of the cyclic shifts: use the values provided in Table 1 of [2].

	v
	ZC sequence root index

	
[image: image3.wmf]ZCZ

N


	Number of zero-correlation-zones: 
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means to take the largest integer that is less than or equal to x.
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	Size of the gap between the main peak and the largest secondary peaks of the cross circular correlation of the ZC sequence and its cyclic shifted versions in the presence of frequency offset [1]:
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, where m is the smallest integer that makes 
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2 Cyclic Shift Restriction Rule for High Mobility 
An algorithm that produces the restricted cyclic shift sets for RACH in high mobility environments is derived in [1]. We noticed that the algorithm in [1] gives in general more than one restricted cyclic shift set for a given root index of the ZC sequence. In order to simplify the signalling scheme for NB to assign the root index (indices) of the ZC sequence and the corresponding restricted cyclic shifts for UE to use, a simplified algorithm that generates only one restricted set of the cyclic shifts for a given root index of the ZC sequence is provided below.
       Algorithm for the generation of restricted cyclic shift set

1) Determine the gap size,
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 for the given root index, v, of the ZC sequence. The steps that follow only apply to those root indices whose
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 satisfy the following conditions: 
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2) Determine the cross circular correlation peak locations: 
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3) Calculate the 
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 uncertainty zones. The uncertainty zone corresponding to the 
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-th cyclic shift (increment) of the sequence is 
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4) Let 
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 be the first member of the restricted set to be formed.

5) Repeat this step 
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. For a given 
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, obtain the two ambiguity intervals: 
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If any of the two ambiguity intervals for the i-th cyclic shift does not overlap with any uncertainty   zone(s)   of those shifts that are already in the restricted set, the 
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-th cyclic shift is added to the restricted set to become a new member.
Using the above algorithm, we may obtain a number of tables that list the root indices and the corresponding restricted cyclic shift set. We collect root indices, arranged in ascending order, which have the same size of the restricted set, in one table. Therefore, the number of the possible restricted set sizes is the number of the tables we will obtain. An example of such tables with 
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is shown in Table 2. Note that in this table, the size of the restricted set is 4.
     Table 2 ZC sequence root indices and the corresponding restricted cyclic shift set for N=839 and Ncs=93
	ZC Sequence Root Index
	Restricted Cyclic Shift Set
	ZC Sequence Root Index
	Restricted Cyclic  Shift Set
	ZC Sequence Root Index
	Restricted Cyclic Shift Set

	     2
	    0     1     2     3
	   258
	 0     1     2     3
	   604
	 0     1     2     3

	     9
	    0     1     2     3
	   260
	 0     1     2     3
	   608
	 0     1     2     3

	    27
	    0     1     2     3
	   263
	 0     1     2     3
	   610
	 0     1     2     3

	    29
	    0     1     2     3
	   270
	 0     1     2     3
	   612
	 0     1     2     3

	    31
	    0     1     2     3
	   274
	 0     1     2     3
	   616
	 0     1     2     3

	    46
	    0     1     2     3
	   279
	 0     1     2     3
	   627
	 0     1     4     5

	    48
	    0     1     2     3
	   284
	 0     1     2     3
	   632
	 0     1     2     3

	    78
	    0     1     2     3
	   290
	 0     1     2     3
	   649
	 0     1     2     3

	    80
	    0     1     2     3
	   296
	 0     1     2     3
	   658
	 0     1     2     3

	    83
	    0     1     2     3
	   299
	 0     1     5     6
	   673
	 0     1     5     6

	    86
	    0     1     2     3
	   307
	 0     1     2     3
	   693
	 0     1     2     3

	    91
	    0     1     2     3
	   309
	 0     1     2     3
	   703
	 0     1     2     3

	    93
	    0     1     2     3
	   317
	 0     1     2     3
	   707
	 0     1     2     3

	   103
	    0     1     2     3
	   336
	 0     1     2     3
	   714
	 0     1     2     3

	   106
	    0     1     2     3
	   356
	  0     1     2     3
	   717
	 0     1     2     3

	   110
	    0     1     2     3
	   358
	  0     1     2     3
	   727
	 0     1     2     3

	   112
	    0     1     2     3
	   481
	  0     1     2     3
	   729
	 0     1     2     3

	   122
	    0     1     2     3
	   483
	  0     1     2     3
	   733
	 0     1     2     3

	   125
	    0     1     2     3
	   503
	  0     1     2     3
	   736
	 0     1     2     3

	   132
	    0     1     2     3
	   522
	  0     1     2     3
	   746
	 0     1     2     3

	   136
	    0     1     2     3
	   530
	  0     1     2     3
	   748
	 0     1     2     3

	   146
	    0     1     2     3
	   532
	  0     1     2     3
	   753
	 0     1     2     3

	   166
	    0     1     5     6
	   540
	  0     1     5     6
	   756
	 0     1     2     3

	   181
	    0     1     2     3
	   543
	  0     1     2     3
	   759
	 0     1     2     3

	   190
	    0     1     2     3
	   549
	  0     1     2     3
	   761
	 0     1     2     3

	   207
	    0     1     2     3
	   555
	  0     1     2     3
	   791
	 0     1     2     3

	   212
	    0     1     4     5
	   560
	  0     1     2     3
	   793
	 0     1     2     3

	   223
	    0     1     2     3
	   565
	  0     1     2     3
	   808
	 0     1     2     3

	   227
	    0     1     2     3
	   569
	  0     1     2     3
	   810
	 0     1     2     3

	   229
	    0     1     2     3
	   576
	  0     1     2     3
	   812
	 0     1     2     3

	   231
	    0     1     2     3
	   579
	  0     1     2     3
	   830
	 0     1     2     3

	   235
	    0     1     2     3
	   581
	  0     1     2     3
	   837
	 0     1     2     3

	   240
	    0     1     2     3
	   583
	  0     1     2     3
	
	  

	   253
	    0     1     2     3
	   586
	  0     1     2     3
	
	 

	   256
	    0     1     2     3
	   599
	  0     1     2     3
	
	 


3 Procedure and Signalling

The following is the procedure for a UE to generate the RACH preamble:
1) NB sends (broadcasts) the root index, v, and the size of the zero-correlation-zone, or cyclic shift increment,
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, to the UE.

2) Using the cyclic shift restriction set generation algorithm provided in Section 2, UE generates the (first) restriction set for the given v,
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, together with the known sequence length, N. If the restricted set has enough number of cyclic shifts, (typically, the required number of cyclic shifts is 64,) UE would choose one of the first 64 cyclic shifts to construct the RACH preamble.
3) If the restricted set does not have the required number of cyclic shifts, the UE would find the next root index greater than v, whose restricted set has the same size as that of  v. 

4) Repeat step 3) if necessary until the required number of cyclic shifts are obtained.   
Please note that, in step 3), an alternative approach is to obtain the restricted set for the root index v+1, regardless of the size of the restricted set may be. However, we prefer to use those indices that produce the same size of the restricted set as v first.
4 Conclusions

The features of the restricted set generation algorithm and the RACH signaling proposed in this contribution are as follows:

1. The only information that NB needs to send or signal to UE is the root index, v, and the cyclic shift size, Ncs.
2. The ZC sequence root indices that produce the same size of the restricted set are grouped together in one table. The root index that NB sends to UE is actually the leading index among all the indices that are needed to generate the required number of cyclic shifts. These indices typically come from one of the root index tables determined by NB.
3. The proposed algorithm generates the largest possible restricted sets, and thus the most RACH preambles, while achieving the desired RACH detection performance [1].
We propose to include the restricted set generation algorithm provided in Section 2 and the RACH procedure and signaling outlined in Section 3 in the LTE specifications. 
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