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Introduction

In RAN1#47bis meeting it was agreed to maintain 0.8ms preamble with restricted set of cyclic shifts for cell supporting high mobility UE. The cyclic shift design differs for cell supporting high speed UE, indeed the cyclic shift is not only depending on cell size but it is also proportional to the sequence index. In this contribution we propose the parameters that need to be known by the UE for the correct mapping of RACH signatures onto the cyclic shifted ZC sequences when the cell support the high speed mobility UE.
Discussion
As described in [1] and [2], if there exists frequency offset at the receiver due to Doppler spread or residual frequency offset, there can be dominant two or three components at detection stage as shown in figure below:
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Figure 1: Channel response in high Doppler environments with alias responses aside from “t”
Therefore, the frequency offset spreads the channel response over wide range depending on the used sequence index M. Given the ZC sequence index is possible to predict where the channel response will occur if frequency offset exists. Thus, the circular shift should be designed such that the alias channel response is not overlapped with the other circular shift positions. In this case the cyclic shift depends not only of the cell size but is also proportional to the sequence index M. This results to the restricted set of cyclic shifts when comparing to the low Doppler case and therefore to different RACH signatures mapping. 
In order to indicate the high mobility UE support in a cell one bit information is needed in system information to allow the correct mapping of RACH signatures onto the cyclic shifted ZC sequences.

When the bit indicates no support of high speed
For example the mapping of RACH signatures onto the cyclic shifted ZC sequences can be done easily for each cell. The needed information like the sequence length N can be fixed in standard while others should be broadcasted on the system information:

· the minimum cyclic shift length 
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 for the given cell size.
· the sequence index M

Then the UE and the NodeB can map RACH signatures onto the ZC sequences of index M, RACH signatures are incrementally mapped onto subsequent cyclic-shifted versions by 
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 of the same ZC sequence until all possible cyclic shifts have been mapped for given index M and adding new indexes until the mapping of 64 total number of signatures.

When the bit indicates the support of high speed
Any scheme allowing to create restricted set of cyclic shifts for cell supporting high mobility UE can be applied. The needed information like the sequence length N, can be fixed in standard while others should be broadcasted on the system information:

· the minimum cyclic shift length 
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 for the given cell size ((the same parameter as in the low Doppler case)

· the sequence index M

Then the UE and the NodeB calculate the available cyclic shifts proportional to the index M, adding new indexes, by adjusting proportionally the cyclic shifts until the 64 signatures are generated. For the relationship between the cyclic shifts and the sequence index M, an example as shown in Figure 2 below can be applied:

For example in [1] Three rules are given to determine the cyclic shifts needed according the sequence index as illustrated in Figure 2:
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Figure 2: Sequence index and circular shift approach relationship

The number of available shifted sequence is given in [1] for each approach by
Approach 1:
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Approach 2:
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Approach 3:
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with basic parameters:
N : the ZC sequence length, 

M: the ZC root index, 
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: the minimum cyclic shift the for given cell (the same parameter as in the low Doppler case)

Conclusion

Based upon the above discussion it is proposed to agreed on following transmission parameters for the restricted set of cyclic shifts.
· One bit information indicating the cell support of high mobility UE in order to apply restricted set of cyclic shifts for cell supporting high mobility UE for correct RACH signatures mapping onto the ZC sequence.
· The ZC sequence length, the ZC root index and the minimum cyclic shift for given cell size, are the same parameter as in the low Doppler case. These parameters can be fixed (e.g. the length of the ZC sequence), or brodcasted (e.g. :To) or derived from another system parameter (e.g. ZC index derived from the cell_ID information).
As the relationship example between the sequence index and circular shift for restricted set of cyclic shift we propose the example of Figure 2.
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