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Introduction

The LTE random access procedure is designed to be contention based, and non-contention based. The random access preamble is contention based when the signatures is randomly chosen by the UE among available set of signatures and it is contention free based when the signature to use is assigned by eNB via dedicated signalling. The dedicated signature assignment can occurs in case of handover and downlink data arrival during out of sync and DRX.
In both cases random access preamble should be based on Zadoff-Chu sequence with Zero Correlation Zone (ZC-ZCZ). The aim of this proposal is to trigger discussion on different allocation cases for dedicated and random signature.
Discussion
The RACH signature structure for LTE system is based on Zadoff-Chu sequences with Zero Correlation Zone (ZC-ZCZ) and different root sequence index when the required number of signature cannot be generated. The zero-correlation zone (ZCZ) is generated using the cyclic shift version of the Zadoff-Chu (ZC) carrier sequence The number of ZC-ZCZ sequences is reduced inversely proportional to cell radius, therefore when the number of ZCZ sequences are not sufficient additional ZCZ sequences from another index are added. Possible allocation cases for random and dedicated signatures are described bellow.

Case 1: Allocation from separate root index.
Different code resources are used for dedicated and random signatures. For this separate root index is used to generated required signatures as outlined in Figure 1. The cyclic shift increment corresponding to the cell size is the same for both kind of signatures. Therefore based on the required number of signatures one or more root index will be used to generate all needed signatures. It is preferable that root index allocated for non-dedicated and dedicated are consecutive for easy cell deployment. 
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Figure 1: Dedicated and random signatures allocated from separate root index
Case 2: Allocation from the unused space of the random signature root index

Different code resources are used for dedicated and random signatures. As the cyclic shift value is related to the cell size (the shift must be larger than the maximum propagation delay for given cell size) the last sequence index used for contention-based signature opportunity is not necessarily fully allocated. This provides the benefit to allocate the remaining signatures opportunity to the contention-free access procedure, as outlined in Figure 2. 
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Figure 2: Dedicated signature allocated from the unused space of the random signature root index
It should be noted that whether the remaining contention-free signature opportunity space is not enough additional index can be added to complete the set of dedicated signatures.
Case 3: Allocation from the same root index.

Same code resources are used for dedicated and random signatures, as shown in Figure 3. In this case contention-based and contention free RACH signature opportunity are allocated from the same cyclic shifted versions over all same ZC sequences index. It could be noted that the total number of contention free and contention–based RACH sequences can be different. 
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Figure 3: Allocation from the same root index
Since there is no code resource distinction between contention-free and contention-based signatures, the distinction is made by the time/frequency resources used for RACH as shown in Figure 4.
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Figure 4: Time (right side) and Frequency (left side) resources allocation for contention-free (pink) and contention-based (yellow) distinction

Multiple frequency regions BWrach can be defined within one access period Trach. This access period occurs periodically according to the parameter Trach period. Trach period between contention free and contention based access procedure can be different.
Conclusion
By this contribution we would like to trigger discussion in RAN1 on the way to allocate random access preamble signature since it should be know by the UE for proper signature generation. It can be noted that allocation of the random signatures is needed to be known by the UE while the dedicated signature is not needed since dedicated signalling is used by the eNB. In a case that different time/frequency resources are used between dedicated and random signatures additional parameters are required that can be signalled or fixed in a standard.
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