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1
Introduction
In this paper, we discuss some details on RACH sequence design.
2
Discussion

The following preamble sequence and parameters have been agreed so far [1]:

· Preamble sequence: Zadoff-Chu (ZC) sequence with zero correlation zone

· Preamble structure: Cyclic prefix, preamble and guard time

· Preamble duration: 0.8ms

· Preamble bandwidth: contiguous 1.08MHz

· Number of preamble sequences in a cell: 64

· These 64 sequences are generated from root ZC sequences by using cyclic shifts in time domain

· Restricted set of cyclic shifts for cell supporting high mobility UEs
2.1
Sequence length

The ZC sequence length (for the generic frame structure) should be smaller than what can be supported by the bandwidth and the preamble duration (i.e., 864). A prime sequence length is preferred to provide maximum number of root ZC sequences. At the same time, the sequence length should also be chosen to allow for efficient implementation. 
The RACH preamble generation can be done either in time domain or frequency domain. 
Given that the sampling rate for a “20 MHz” system is 30.72MHz and given that the RACH preamble spans 0.8ms, the number of samples equals 24576. Further, the RACH “tone” spacing is 1.25 KHz while the tone spacing for PUSCH and PUCCH is 15 KHz. In order to maintain the same sampling rate, 2048*12 point DFT is needed for both the signal generation at transmitter and signal extraction at receiver if they are done in frequency domain. 
The alternative approach is to have time domain signal generation and extraction which involves up-sampling and filtering at transmitter and filtering and down-sampling at receiver.
With time domain implementation, the up-sampling and down-sampling can be made much easier when the sequence length is in the vicinity of 768. Having 768 samples spanning 0.8ms translates to sampling rate of 0.96 MHz of RACH signal. Up-sampling from 0.96 MHz to system sampling rate of 30.72MHz and down-sampling from 30.72 MHz to 0.96 MHz simplifies implementation.
With frequency domain implementation, the received RACH samples can be extracted from the received signal by performing a 2048*12 point DFT and obtaining the samples from the corresponding sub-carriers at the DFT outputs. Sequence and timing detection can be done by matching the received samples with the root ZC sequences and converting them to time domain, which involves the DFT of sequence length. Having sequence length close to 768 allows for efficient DFT implementation (3*256) with less zero-padding.   
One possible drawback of having sequence length close to 768 instead of 864 is the reduction of available root ZC sequences. However, the reduction is less than 12% which has very negligible impact on the sequence reuse giving that we have around 800 sequences in the system.
The closest prime number to 768 is 761, so we propose to have the RACH sequence length as 761.
2.2
RACH sequence indication

After the UE is done with DL initial acquisition it can read the RACH related information from the broadcast channel and access the system by sending access probes on the RACH. As there are 64 preamble sequences per cell, UE needs to know the related sequence information. 
2.2.1
Implicit mapping from cell ID

One approach for UE to derive the sequences in a cell is to have an implicit mapping from sequences to cell ID. Once UE is done with cell ID detection, UE is able to know all possible 64 preambles. This approach does not need any explicit signaling.

However, it does not allow for different configuration for different deployment scenarios. For example, for small cell sizes, it is possible to use more cyclic shifts from one root ZC sequences and have less number of root ZC sequences per cell so as to avoid the usage of different root ZC sequences within the cell. For large cell sizes, more root ZC sequences are needed as the length of cyclic sifts has to be larger than the maximum round trip time. 
2.2.2
Explicit signalling of RACH sequences

Unlike implicit sequence mapping from cell ID, explicit signalling of preamble sequences in broadcast channel allows for flexible preamble configurable depending on the deployment scenarios. Brute-force signalling entails large overhead as 64 sequences need to be signalled. The 64 sequences are generated from one or many root ZC sequences and 10 bits are needed to indicate each root ZC sequence. The resulting overhead heavily depends on the number of root ZC sequences as N root sequences would require N*10 bits in terms of signalling. Simply specifying starting point plus the number of root sequences could reduce the overhead from N*10 bits to 10+log2(N) bits. These N root sequences can be derived from the starting point. The cyclic shifts can be specified by signalling the number of cyclic shifts from each root as well as the restricted shifts.    
3
Summary
In this document, we discuss some details on RACH sequence design and we propose:
· Sequence length: 761
· Explicit RACH preamble sequences signaling with some reduced overhead
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