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1. Introduction
RAN WG1 Meeting #46 agreed to adopt a Random Access (RA) preamble format with cyclic prefix to enable frequency domain processing. The current preamble structure with a 0.1 ms long cyclic prefix and a 0.8 ms long main part is the outcome of this agreement. A cyclic prefix of 0.1 ms is sufficient for cells up to 15 km, for larger cells however becomes the cyclic prefix too short and simple frequency domain processing is not possible. This contribution proposes an additional RA preamble format that also enables frequency domain processing for cells larger than 15 km.
2. Discussion

RAN WG1 Meeting #46 agreed to add a cyclic prefix to the RA preamble to enable frequency-domain processing of the RA channel. The currently adopted RA preamble format has a cyclic prefix  of 0.1 ms which is sufficient  for cells up to 15 km. However, according to ‎[1] LTE should work at cell sizes up to 30 and even 100 km. In order to enable frequency domain processing also for cells larger than 15 km an additional preamble format with extended cyclic prefix is needed.

The cyclic prefix needed to support 30 km is 0.2 ms, this together with the main preamble length of 0.8 ms already fills one subframe duration of 1 ms, and no additional time is left for required guard periods. Already for 30 km (even from 15 km onwards when keeping the main preamble length of 0.8 ms) two subframe must be reserved for RA. It makes therefore sense not only to look at 30 km but utilize the full 2 ms and share the available time between cyclic prefix and guard period. The time available for guard period and cyclic prefix is 2 ms - 0.8 ms = 1.2 ms. Two partitions between cyclic prefix and guard period can be envisioned:

1. Even: An even partitioning between guard period and cyclic prefix (ignoring delay spread for the moment) gives 0.6 ms each, which is sufficient for cells up to 90 km. For cells larger than 90 km a third subframe must be allocated to RACH.

2. Uneven: Another approach is to distribute the time slightly uneven in favor of the cyclic prefix  to enable cell sizes up to 100 km. In this case the cyclic prefix becomes 667 µs leaving 2 ms - 0.8 ms - 667 µs = 533 µs for the guard period. This guard period is sufficient for cells up to 80 km, for larger cells a third subframe must be left empty after the RA slot. 

From these two alternatives we propose to use the second alternative. The first approach would have the advantage that up to 90 km large cells two subframe would be sufficient. However, from 90 km onwards the guard period is insufficient and a third subframe must be allocated for RA. Furthermore becomes also the cyclic prefix insufficient and a) multiple FFT windows are required in the receiver or b) one ignores that the cyclic prefix is insufficiently long and accepts some performance degradation. Since at these large cell sizes detection complexity is already high (64 Zadoff-Chu root sequences are required and the number of root sequences determines complexity) option a) is not very attractive. A design that has a built-in performance degradation for the very large cells seems neither to be very attractive. Therefore we propose the uneven distribution  which provides a sufficiently long cyclic prefix up to 100 km.

Including delay spread in the calculations requires a slightly larger cyclic prefix. Assuming for these large cells a delay spread equally long as the long “normal” data cyclic prefix of  16.67 µs yields a cyclic prefix length of 667 µs + 17 µs = 684 µs (assuming uneven splitting between guard time and cyclic prefix). The remaining guard period is 2 ms - 0.8 ms - 684 µs = 516 µs, sufficient for cells up 77 km. For larger cells a third subframe must be reserved for RACH.

3. Conclusion

It is proposed to adopt an alternative random access preamble format for large cells with extended cyclic prefix. The extended cyclic prefix should be set to 684 µs covering cells up to 100 km including delay spread. 
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