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1
Introduction
In the RAN1#84bis meeting RAN1 received an LS [1] from RAN4 asking RAN1 to investigate whether the new restricted set of cyclic shifts for extra high speed cells proposed at Section 6.5.3.1 in [2] and the solution proposed in [3] are suitable for supporting uplink Doppler offset, at least, up to +/-2.269 kHz, and if the proposed new restricted set of cyclic shifts for extra high speed cells is a suitable solution, RAN4 would ask RAN1 to consider introducing the new restricted set into TS 36.211 in Rel-14. In the RAN1#84bis meeting a few contributions were submitted [4] [5] but it was decided to postpone the discussion to the RAN1#86, RAN1#86bis and RAN1#87 meetings. In this contribution we discuss different methods to modify PRACH transmission to support very high speed scenario.
2
Discussion
Several options to modify PRACH transmission to support very high speed cells were proposed in the contributions to the RAN1#84bis meeting:
1. The LS asked RAN1 view on new restricted set of cyclic shifts method to cope with Doppler shifts larger than 1.25 kHz. The method to modify the current cyclic shift restriction set is rather straightforward change to the current method of handling high speed. With the proposed method it is possible to support Doppler shifts at least, up to +/-2.5 kHz. RAN4 requirement mentioned in the LS was that Doppler of 2.269 kHz for an UE travelling at the speed of 350 km/hr with carrier frequency of 3.5 GHz needs to be supported. In this light, the method described in RAN4 TR seems to be sufficient.
2. Another method mentioned in the LS was to use only root sequences without cyclic shifts. Drawback of this method is that the number of sequences for preambles is lower than in the new restricted set of cyclic shifts method. It is likely that both legacy UEs and new UEs supporting PRACH for very high speed will appear in the same cell. This probably means that the number of sequences that need to be allocated to one cell is higher than previously. Hence, the number of available sequences for PRACH is important when considering reuse of sequences. This method could be considered somewhat simpler than previous method but also this method requires changes to the UE behaviour.
3. Improved new cyclic shift set was proposed in [4]. The benefit of this method is that the same Doppler shifts as with the method in RAN4 TR could be supported but the number of available preamble sequences would be higher. We have not yet studied this method in detail and it is not clear to us if this method preserves other properties of current preamble sequences. For example it is not clear to us if CM values of the sequences allocated to one cell are roughly the same so that all the sequences have roughly the same coverage. We think that further study is needed to consider this method.
4. Adding new hypothesis testing in eNB for the case that UEs in the cell are moving very fast was proposed in [5]. Our understanding is that positive result from the new hypothesis testing could come also from valid sequence of low speed UE in the own or neighbour cell and then eNB would have to guess whether the sequence was from the low or high speed UE.

Considering the options above our current view is that the method presented in the RAN4 TR would be the best option for the very high speed case.

Proposal 1: The PRACH method described in 6.5.3.1 of RAN4 TR 36.878 for very high speed scenario is specified in 36.211.
As mentioned above one thing that needs to be considered is the compatibility of legacy UEs and new UEs supporting a new method to cope with large Doppler shift in the same cell. Our understanding is that also legacy UEs should be able to access the cell that supports very high speed scenario. This probably means that two sets of preamble sequences are configured for the cell. Older releases use the current method of allocating preamble sequences for the cell (either current normal or high speed sequence set) and another sequence set is configured for the UEs that support new very high speed operation.
Proposal 2: It should be possible for the Rel 8 – 13 UEs to access the cell that supports new very high speed scenario. 
3
Conclusion
In this contribution we have discussed PRACH transmission in the cells that support very high UE speeds. Our proposals for this scenario are:

Proposal 1: The PRACH method described in 6.5.3.1 of RAN4 TR 36.878 for very high speed scenario is specified in 36.211.
Proposal 2: It should be possible for the Rel 8 – 13 UEs to access the cell that supports new very high speed scenario.
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