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1. Introduction

The following information fields are to be transmitted as part of the System Information from higher layers has been agreed described as [1] .

1.
Random access channel parameters (number, frequency position, time period, and timing offset)

2.
Preamble format for the cell

3.
Number of root Zadoff-Chu sequences and sequence indices

4.
Power ramping step size (note 0 dB step size is allowed)

5.
Maximum number of preamble retransmissions

Discussion and decision about how to transmit each information fields would be RAN2 issue mainly, however, some information fields should be decided form L1 perspectives. The number of root Zadoff-Chu sequences is one of such parameters to be discussed in RAN1 and communicate with RAN2.

In this paper, we discuss the indication method of allocated root Zadoff-Chu sequence indexes on broadcast channel such as BCH (P-BCH or dynamic BCH) from signaling overhead, Normal/High mobility cell deployment and complexity point of views.  Sequence allocation regarding high mobility cell deployment and implementation complexity are elaborated in other our paper [3] [4] , respectively.
2. Discussion
2.1. Indication method of allocated ZC sequence indices
Assuming a prime number of ZC sequence length K (exact sequence length has not been agreed yet), K-1 different root ZC sequences are available for being allocated to cells. The auto-correlation property of all available root ZC sequences and cross-correlation property between arbitrary two root ZC sequences are optimal. The number of available root ZC sequences is around 800 from the past discussion. In addition, up to 64 different root ZC sequences are allocated to a single cell especially for very large cell and/or high mobility cell since 64 preamble sequences are always available within a cell [2] .
As indication method of allocated ZC sequence indexes on BCH, the following are envisaged.
- (A) Arbitrary sequence allocation
- (B) Sequence allocation based on pre-defined index

(A) Arbitrary sequence allocation

If assuming arbitrary root ZC sequences allocation to each cell, the number of information bits for indicating all allocated ZC sequences varies from 10bits (for single root index allocation) to 640 bits (for 64 root indexes allocation), because 10bits are required for each allocated index indication among around 800 available ZC sequence indexes. This allocation method provides full flexibility for the sequence allocation.

However, the random access procedure related information has to be received by most of the UEs even located on cell boundary. As a consequence, the larger number of information bits is transmitted, the larger amount of radio resources for BCH is consumed. Therefore, the number of information bits to indicate root ZC sequences has to be minimized as much as possible, though variation of the number of indication bits can be supported by dynamic BCH. 
(B) Sequence allocation based on pre-defined index
In order to reduce the signaling overhead of allocated ZC index indication, the following approaches can be envisioned;
· One index(10bits) + cyclic shift duration(several bits) [6] 
· Index for signaling is assigned to pre-defined ZC sequence index order
· UE and eNodeB can calculate the available cyclic shift, and adding new consecutive index if necessary.
· The number of consecutive sequence indexes or the number of cyclic shifts can be used instead of cyclic shift duration.
· Indexing to combinations of root ZC sequences
· Index for signaling is assigned to each pre-defined combination set of root ZC sequences
· One index indicates allocated combination is transmitted on broadcast channel.
These approaches requires a pre-defined root ZC sequence index order or combination set defined between eNodeB and UE in advance so that less flexibility of the sequence allocation compared to the arbitrary sequence allocation. However, we don't expect the need to have such flexibility. We expect around 15 bits are necessary in the former approach and around 10 bits are necessary in the latter approach. Therefore, pre-defined index based sequence allocation is more attractive approach. 
Proposal
· Sequence allocation based on a pre-defined index should be applied to minimize the signaling overhead of allocated ZC sequence indexes indication on BCH.
2.2. Consideration on pre-defined index
In this section, we discuss requirements for pre-defined index from cell deployment, performance and complexity points of view.
Low/middle mobility cell (i.e. Normal cell)
The auto-correlation properties of any of available ZC sequences and the cross-correlation between arbitrary two ZC sequences are optimal when ZC sequence length K is prime number. Therefore, the preamble detection performance, i.e. the miss detection and false alarm, is almost same among all available root ZC sequences although there might be slight difference among them due to difference of CM property of each ZC. However, it may be negligible because the preamble length is enough long in most deployment scenario.
Therefore, arbitrary sequence index order can be applied from detection performance perspective.
High mobility cell

In the case of high mobility cell, cyclic-shift restriction method to mitigate false detection and miss detection has to be taken into account although detailed method of the cyclic shift restriction has not been agreed yet.
In [4] , we discussed the limitation of cyclic shift restriction for root Zadoff-Chu sequence allocation. From the discussion, Zadoff-Chu sequence index to be allocated should satisfy the following condition to avoid further timing uncertainty.
Condition 3:    Ncs < Doff < (K-Ncs)/2

where, Doff is the number of samples between the correct timing and wrong timing of delay profile, and Ncs is the number of samples of cyclic shift duration, and K is ZC sequence length (samples).

In[4] , we also identified the followings;
· The maximum applicable cell radius of each ZC sequence indexes is different from each other.
- Only sequence index u and K-u has same limitation of the maximum supportable cell radius.

· Once NCS is decided by cell radius, the ZC sequence indexes satisfy the condition Ncs < Doff < (K-Ncs)/2 are limited.

Therefore, the pre-defined index should re-arrange as the order of the maximum applicable cell radius with simple manner. This simple relationship between the maximum applicable cell radius and sequence index u can be easily obtained from the following equation as shown in Figure 1(in case of K=863). In this case, the pre-defined index is ascending of index r.
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Figure 1 The maximum applicable cell radius of index r to satisfy condition 3 (K=863)
Implementation complexity
In [3] , we discussed  the sequence allocation method for complexity reduction at eNodeB. From implementation complexity point of view, the pre-defined index should allow the paring allocation of sequence index a and K-a, where a is a sequence index, and K is sequence length for applying the efficient matched filter implementation.
Proposal

· Pre-defined index should be the order of the maximum supported cell radius of each sequence indexes.
· Pre-defined index is ascending of index r obtained from 
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· Pre-defined index should allow the paring allocation of sequence index a and K-a to allow more efficient matched filter implementation.

3. Conclusion

In this paper, we discussed the indication method of allocated RACH sequences indexes on BCH and pre-defined sequence index order.
In order to reduce BCH signaling overhead for allocated RACH sequence indexes indication, we propose the followings;
· Sequence allocation and indication should be based on pre-defined sequence index.

· Pre-defined index should be the order of the maximum supported cell radius of each sequence indexes.

· Pre-defined index is ascending of index r obtained from  
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· Pre-defined index should allow the paring allocation of sequence index a and K-a to allow more efficient matched filter implementation.
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