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1. Introduction 

In RAN1#49bis meeting, it has been agreed that one logical index and cyclic shift duration are signaled to UE and UE generates preamble sequences from a single root ZC sequence or root ZC sequences with the consecutive logical indices, based on cyclic shift duration until the number of the available preambles is 64. This decision should also be conformed by short RACH (preamble format 4). Because the index number is increased consecutively, a delicate pre-defined order of ZC sequence is necessary to guarantee the ZC sequences allocated to a certain cell have similar properties, such as Cubic Metric (CM, property 1) and max supported cyclic shift duration in case of high speed cell (property 2). And in RAN1#50, it has been decided that pair-wise allocation of root ZC sequence u and Nzc-u is needed for the convenience of detection. 
For preamble format 0~3, many ordering methods have been given in such as [1], [2], [3], [4], [6] and all of them support pair-wise allocation of root ZC. 
· The ordering methods in [1] and [2] are based on CM property and max supported cyclic shift duration respectively. 
· In [3] and [4], two group-based methods are given, both of which consider the above two property simultaneously. For the method in [3], all root sequences are divided into two groups based on CM of QPSK (1.2 dB) and the sequences in each group are ordered according to max supported cyclic shift duration. For the method in [4], all sequence are grouped based on several thresholds of cyclic shift duration and in each group, sequences are ordered according to CM. 
In RAN1#50bis meeting, an apt ordering method, which is proposed in [6], has been agreed, which can efficiently achieve above goals simultaneously. This method is based on the methods in [3] and [4], i.e. all ZC sequences are divided into 2 groups based on CM of QPSK. In each group several sub-groups are formed according to several cyclic shift duration thresholds, one of which will be used in a certain cell for generating preambles in the case of high speed. Finally the sequences in each sub-group are ordered according to CM.
For short RACH, cyclic shift restriction is not needed because 
· The capability of overcoming Doppler Spread of short RACH is stronger than that of preamble format 0~3 due to wider sub-carrier of short RACH. 
· Speed of the UE using short RACH wouldn’t be high due to the smaller coverage of short RACH (Up to 1.4km from the perspective of delay budget). 
So only two criterions need to be considered while designing ordering method, 
(1) the sequences allocated to a certain cell should be have CM properties as close as possible, and 
(2) sequence allocation should be pair-wise.
 In this paper, we propose a quasi-natural ordering of ZC root sequences for short RACH as it can effectively satisfied above two criterions and no ordering table should be specified for short RACH in RAN1.
2. Ordering Methods of ZC root sequence for short RACH
In RAN1#50bis meeting, it has been agreed that the length of ZC sequence used by short RACH is 139. Then the CM values of 138 root ZC sequences are shown in Fig 1. In this section, we discuss two ordering methods of ZC sequences for short RACH.
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Fig 1 Physical Index Vs CM (Sequence Length 139)
2.1. Option 1

All ZC sequences are ordered according to ascending CM values strictly. Ordering result is shown in Fig 2 and the mapping relation between logical root sequence index and physical root index is shown in Table 1.
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Fig 2 Logical Index Vs CM (Option 1)
Table 1 Mapping between Logical Index and Physical Index
	Logical Root Sequence Index
	Physical Root Sequence index (
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Pros

· CM of sequences allocated to one cell is as close as possible, then all UEs in a cell will have the similar coverage, which can simplify network planning.
· All root sequences used in a cell own homogeneous detection probability as illustrated in [1].
· CM based sequence planning is available, for example, sequences with low CM can be allocated to relatively large cell and those with high CM can be allocated to small cell.
· Pair-wise allocation of ZC sequences allows an efficient matched filtering implementation at the receiver as illustrated in [5].
Cons

· Pre-storing Table 1 needs more memory in UE and eNB, this will increase somewhat cost of devices.
2.2. Option 2
From Fig 1, we can see that when u is less than
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, the CM values of ZC sequences approximately increase with the increase of physical root sequence index u and the CM values of root sequence u and Nzc-u is completely identical. So natural ordering of physical ZC root sequence indices would be fine for the preamble format 4 without specifying any ordering table, but for pair-wise criterion of ZC root sequences allocation. That is to say, considering pair-wise criterion, the ordering of physical ZC root indices to be used for preamble format 4 can be 1, 138, 2, 137, …,
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, which can be seen as quasi-natural ordering. And then the mapping relation between logical root sequence index and physical root sequence index can be simply expressed as formula (1)
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(1)
where 
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is logical root sequence index, and 
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is the length of ZC sequence, which is 139 for short RACH.
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Fig 3 Logical Index Vs CM (Option 2)
Ordering result is shown in Fig 3. At the logical index range of [1, 41] and [55, 105], the CM values of sequences increase with the increasing of logical index approximately, and at the logical index range of [42, 55] and [106, 138] the CM values of sequences decrease with the increasing of logical index roughly. 
The rough monotonousness maybe makes the CM gap of the sequences allocated to one cell is slightly larger than option 1. But from the perspective of link budget analysis of short RACH, enough margins such as shadow and interference are considered as analyzed in [7], so the slight degradation is not a big deal. As a result the approximate monotonous order of option 2 can inherit the advantages of option 1. Moreover, the quasi-natural ordering of option 2 can form the relation between logical and physical indices using a simple formula without specifying any ordering table, that is UE and eNB do not need to pre-store any ordering table, which may reduce somewhat cost of the device by saving memory.
3. Conclusion
In this contribution, we discussed two ZC sequence ordering methods for short RACH in terms of two criterions: 
· The sequences allocated to a certain cell should be have CM properties as close as possible, and 

· Sequence allocation should be pair-wise.

Though both of the two ordering methods can satisfy the above two criterions as analyzed in section 2, we propose option 2 because such a quasi-natural ordering, which can be interpreted to natural ordering after pair-wised sequence allocation, does not require to specify an ordering table and can use a simple formula to establish the mapping relation between logical and physical root sequence indices, which may reduce the cost of the device due to no pre-storage of any specified ordering table.
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