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1. Introduction
The mapping of the sixty-four logical signatures onto the physical Zadoff-Chu sequences is specified in Section 5.7.2 of [1]. However, among the sixty-four signatures, different signature sets must be considered:

Contention-free signatures:
In RAN WG2, it was agreed that the unpredictable latency of the Random Access procedure would be circumvented for some use-cases where low-latency is required, such as inter-eNodeB handover and DL traffic resume of a DRX UE in active mode, by allocating dedicated signatures to the UE on a need basis [2].

Preamble information:
In RAN WG2, it was agreed that the signature sent by the UE out of the 64 available PRACH signatures per cell carry a 5 bit random ID, and 1 bit to indicate information on size of message 3 (of the Random Access procedure [2]) or requested resource blocks (FFS) limited by radio conditions. The groups of signatures that are used for indicating the 1 bit information, as well as necessary thresholds are broadcast on system information [2]. In other words, 2 possible message sizes are broadcasted in the cell and the UE chooses the message size depending on its radio conditions (the worst the radio condition, the smaller the message size) and the PRACH use case (some use cases require only few bits to transmit so that choosing the small message size saves unnecessary allocated resources).

In this contribution we discuss how the various signature sets should be mapped onto the physical sequences.
2. PRACH sequence ordering
The PRACH sequences are ordered according to Table 5.7.2.3 in [1], and the associated Cubic-Metric (CM) is shown in Figure 1.
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Figure 1: Cubic Metric of re-ordered Zadoff-Chu sequences
Root sequences are 1st grouped onto two CM groups, then further classified into sub-groups, each sub-group corresponding to a cyclic shift value to be used in high-speed cells. This sequence ordering, which applies to both high-speed and low-speed cells, follows a continuous CM trend and, as can be observed, a set of consecutive root sequences allocated to a cell might still experience a CM variation beyond 0.5 dB between root sequences. We propose below to mitigate this remaining inhomogeneous property by allocating the various signature sets to root sequences depending on their CM, so as to add robustness “prioritization” of signatures depending on their use case.  
3. Signature mapping

Sixty-four signatures are mapped onto sixty-four cyclic shifts available from N root sequences [1], [2]. As specified in Section 5.7.2 of [1], the signature opportunity logical indexes are mapped onto the cyclic shifted ZC sequences in low speed cells as follows (Figure 2): signature #1 is mapped onto the first ZC sequence in the list; signature sequence #2 is mapped onto the same ZC sequence, right-cyclic-shifted by the cyclic shift value (or increment); subsequent signatures #3 to n are similarly incrementally mapped onto subsequent right-cyclic-shifted versions of the same ZC sequence until all possible n cyclic shifts have been obtained. Then, signature #n+1 is mapped onto the next ZC sequence in the list, and the following signatures are mapped onto its subsequent right-cyclic-shifted versions. This signature mapping is repeated over all ZC root sequences and stops when 64 sequences were generated. In case of high speed cells, cyclic shift restrictions apply [1] so that some cyclic shifts (as well as possibly some root sequences) are skipped.
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Figure 2: Mapping of signature opportunity onto physical CS-ZC sequences
We now discuss the mapping of contention-free signatures as well as the two contention-based signature sets indicating the size of message 3 of the Random Access procedure. Given there always is a constant number of signatures, 64, mapped onto the cyclic shifts of the root sequences, the three above signature sets have to share this total number of signatures. In this case, we propose to allocate the three sets so as to prioritize the signature robustness depending on their use case:
· Contention-free signatures are mapped onto the root sequences with lowest CM

· Signatures indicating the small message 3 size are mapped onto the root sequences with intermediate CM

· Signatures indicating the large message 3 size are mapped onto the root sequences with the largest CM

The first bullet guarantees more robustness to contention-free signatures, which are expected to be used by the most critical random access use cases: handover and fast recovering from DRX in case of new DL data. The last two bullets address the fact that a UE that requests a small message 3 allocation is likely in poorer radio conditions than a UE requesting for a large message 3 size, and therefore a lower CM will help the former in having a successful PRACH transmission.

As shown in Figure 3, where all available cyclic shifts across root sequences are projected on a single axis for simplicity, this leads to only two possible mappings:

1. Contention-based signatures, starting with the signature set indicating the large message 3 size are allocated first, then contention-based signature set indicating the small message 3 size, and finally contention-free signatures (Figure 3-left)

2. Contention-free signatures are allocated first, then contention-based signatures, starting with the signature set indicating the small message 3 size, and finally contention-based signature set indicating the large message 3 size (Figure 3-right)

The former case applies to the ZC sequences within a sub-group ordered by decreasing CM.

The former case applies to the ZC sequences within a sub-group ordered by increasing CM.
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Figure 3: Mapping of signature sets (contention-based) used for message 3 size indication and contention-free signatures. Left: contention-free signatures are mapped at last; right: contention-free signatures are mapped first.
4. Conclusion

In this contribution, we propose to allocate the various signature sets to root sequences depending on their CM: signatures are mapped onto cyclic shifts/root sequences depending on the ordering direction within their sub-group: increasing or decreasing CM:
Decreasing CM: Contention-based signatures, starting with the signature set indicating the large message 3 size are allocated on the first cyclic shifts and root sequence(s), then contention-based signature set indicating the small message 3 size, and finally contention-free signatures.
Increasing CM: Contention-free signatures are allocated first, then contention-based signatures, starting with the signature set indicating the small message 3 size, and finally contention-based signature set indicating the large message 3 size.
This method, on top of keeping the benefits of the hybrid ZC ordering, allows for an implicit robustness “prioritization” of signatures depending on their use case by guaranteeing that, given a number of root sequences allocated to a cell:
· Contention-free signatures are mapped onto the root sequences with lowest CM

· Signatures indicating the small message 3 size are mapped onto the root sequences with intermediate CM
· Signatures indicating the large message 3 size are mapped onto the root sequences with the largest CM
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