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1. Introduction

In the Athens meeting, RAN1 was not able to reach the consensus on PRACH sequence index ordering. This paper discusses design criteria and appropriate design of the pre-defined root ZC sequence index order.
The maximum supportable cell radius due to the high mobility configuration is elaborated in our other paper [9] .

2. Discussion
2.1. Design criteria
Three different approaches to define sequence index order has been proposed as follows,
· Cell size ordering: 
ordering by the maximum supportable cell radius for high mobility [1] 
· CM ordering: 
ordering by cubic metric (CM) [2] 
· Hybrid ordering: 
ordering by hybrid approach of CM and cell radius [3] 
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[4] 
Cell size ordering was argued that PRACH coverage reduction is the issue because CM dependent sequence allocation is not possible. CM ordering was argued that sequence reuse factor reduction is the issue because inconsecutive sequence allocation due to cell size limitation of high mobility configuration as shown in Appendix B. CM ordering is also argued that complicated sequence planning is the issue because supportable-cell-size-aware dependent sequence allocation cannot be used due to cell size difference of consecutive allocated sequences.
In the view of the discussion, the following design criteria have to be taken into account for the PRACH sequence order design.
	Design criteria for sequence order design
· Maximize the coverage of PRACH

· Simplify the sequence planning and management

· Satisfy the minimum reuse factor for sequence planning (around 7 as reuse factor)


2.2. Required design
PRACH coverage maximization 
In order to maximize the coverage of PRACH, classification of root ZC sequences by CM value should be applied. If CM is not taking into account, the coverage of PRACH is reduced since the transmission power is restricted by the high CM of the root ZC sequences.
Regarding the required granularity of CM classification, two group classification by comparing to CM value of 1.2dB (i.e CM of QPSK) seems to be enough because the coverage of PRACH cannot be extended even if root ZC sequences with lower CM than QPSK are allocated to a cell due to unfeasibility of CM dependent transmission power boosting beyond the maximum power discussed in RAN4 [6] . Meanwhile, if further classification by CM is applied, more precise CM-dependent sequence allocation and CM-dependent power boosting may provide some gain, however, the necessity and the gain of such classification by CM beyond 1.2dB is unclear.
Cell planning (sequence allocation/planning)

In order to simplify sequence planning and management, sequence ordering should allow cell-size aware sequence allocation. Therefore, root ZC sequences should be sorted by the maximum cell seize for high mobility cell.
Regarding the required granularity of CM classification, classification by 16 cyclic shift duration (NCS) is enough. Less number of groups (such as 12 or 13) would be possible because some NCS values are not used for high mobility configuration according to some proposals of NCS values [2] .
Reuse factor

This requirement has mutual relation with cell planning requirement. Sorting by Cell size in addition to CM dependent classification  allows consecutive index allocation irrespective of mobility configuration of the cell. This means there is no redundant sequence allocation. Therefore, the reuse factor of root ZC sequences can be maximized.
As a consequence, the following table 1 is the summary of the discussion. 

Table 1 Comparison among proposed ordering in terms of three selection criteria.

	Sequence ordering method
	Selection criteria

	
	Coverage of PRACH
	Cell planning
	Reuse factor

	Cell size ordering 
	Not satisfied for several sequences to be allocated
	Simple 
	Sufficient

	CM ordering 
	Satisfied for all condition
	Complicated
	Less reuse factor

	Hybrid ordering 
	Satisfied for all condition
	Simple
	Sufficient


2.3. Sequence ordering
Based on the discussion in previous section, PRACH sequence order has to be designed by using both CM and Cell size metrics, i.e. Hybrid ordering.
As the hybrid ordering, there are two different approaches;
Approach.1: CM based ordering within high speed cell radius groups, i.e. [3] [5] 
Approach.2: High speed cell radius ordering within CM groups i.e.[4] 
The both approaches would satisfy the design criteria and requirements in practical condition (i.e. not extreme case such as very large cell). However, there is less reuse factor issue for sequence allocation to very large cell size of low mobility configuration, though it would be rare case.
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 (a) Approach 1                                                            (b) Approach 2  

Figure 1 Pre-defined sequence index order and CM values.
Figure 1 shows the relation between CM values and index number of Approach 1 and Approach 2. These figures show the reuse factor of the sequences with lower CM than QPSK becomes 3 in case of 64 sequences allocation. This 64 sequence allocation is necessary at cell size > 60 km. The reason is root sequences with lower CM than QPSK are separated into some multiple of consecutive indexes.

In Approach 1, the reuse factor reduction for the large number of sequence allocation can be solved by introducing additional step by CM in the sequence allocation process. That is, in order to allocate the sequences with lower CM, additional step performs to skip the sequence with large CM. This is one of possible solution for Approach 1 but this is rather complicated method.
Meanwhile, in the same condition, Approach 2 achieves the reuse factor of 7 because of 456 consecutive indexes satisfy lower CM than QPSK.
In the small CM group (<1.2dB), there are 456 root ZC sequences less than CM of QPSK and the remaining are another group. For transmit power limited condition, root ZC sequence allocation from the small CM group is enough. Because CM gap among allocated sequences in the small CM group is not an issue. Hence, cell size ordering is applied within the small CM group in order to satisfy 2nd and 3rd requirements.
Proposal

The followings sequence order based on Approach 2 [4] is better solution to satisfy the design criteria and granularity of CM and Cell size compared to Approach 1;
· Step1: Sequences are classified into two groups by CM values in order to maximize the PRACH coverage.
· 1st group is CM values smaller than CM of QPSK (1.2dB) and 2nd group is CM values larger than CM of QPSK (1.2dB). 
· Step2: Sequences are sorted by the maximum cell size for high mobility within each high and low CM group.

· Root sequences in the low CM group are sorted by ascending order and root sequences in the high CM group are sorted by ascending order. This simplifies sequence planning and maximizes reuse factor.

3. Conclusion

We discussed the definition of ZC index number, i.e. pre-defined root ZC sequence index order.
From the above discussion, we propose the following;
· PRACH sequence order has to be designed by using both CM and Cell size metrics, i.e. Hybrid ordering.

· The following hybrid sequence index ordering 
· Step1: Sequences are classified into two groups by CM values in order to maximize the PRACH coverage.

· 1st group is CM values smaller than CM of QPSK (1.2dB) and 2nd group is CM values larger than CM of QPSK (1.2dB) 

· Step2: Sequences are sorted by the maximum cell size for high mobility within each high and low CM group.

· Root sequences in the low CM group are sorted by ascending order, and root sequences in the high CM group are sorted by ascending order.
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Appendix A 

Figure 2 shows the relation between the maximum supportable cell radius for high mobility and index number of Approach 1[5]  and Approach 2 (proposal). 
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 (a) Approach 1                                                            (b) Approach 2  

Figure 2 Pre-defined sequence index order and the supportable cell radius for high mobility.

Appendix B: Reuse factor comparison

Figure 3 shows the reuse factor of root ZC sequences of CM ordering and Cell size ordering under the cell deployment mixed high and low mobility cells. Root ZC sequences are allocated to high mobility cell first, then remaining root ZC sequences are allocated to low mobility cells, where consecutive unused root ZC sequences satisfying ceil(64/floor(NZC/NCS)) is counted as reuse factor.  For the calculation of reuse factor in high mobility configuration we use the formula 1 in [8]  (not multiple of Ncs) as cyclic shift restriction method. The reuse factor in case of only low mobility cells and only high mobility cells are shown as references.
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Figure 3 Reuse factor comparison between CM ordering and Cell size ordering under the cell deployment mixed high and low mobility cells.
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