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1. Introduction

This contribution discusses preamble design for non-synchronized random access. 
2. Random Access Preamble Design
In non-synchronized random access burst, to prevent interference to subsequent transmission arising from timing difference due to propagation delay, a guard time (TGT) is added where a guard time of approximately 6.67 s per kilometer is required.  In addition, a cyclic prefix (TCP) is added to aid in frequency domain processing.  In RAN1#46bis, the followings design parameters were agreed to for the 1ms random access slot – cyclic prefix of 0.1ms, preamble of 0.8ms, and guard time of 0.1ms.   Based on the above working assumptions, the following preamble design principles are recommended.
· Non-synchronized random access parameters are transmitted on the System Information broadcast.  The following parameters are sent – random access channel definitions (i.e. number of channels and frequency regions), root Zadoff-Chu sequence indices, random access time period, preamble repetition factor N, preamble cyclic shift length, preamble mapping to message, and power control parameters.  In general, random access parameters should be configurable on a semi-static basis, although some parameters (e.g. preamble cyclic shift length) may not need to be changed.  Note that for each random access channel, 64 preambles are always available.  In addition, the same root Zadoff-Chu indices are reused with the different random access channels of the same cell.
· One basic preamble sequence format is defined as per [2] for the agreed random access burst structure.  The parameters are summarized as follows – preamble sampling rate of 1.07875 MHz, resulting in a preamble of length 863.   An alternate but optional structure (preamble length of approximately 0.4ms) to alleviate frequency error may be possible, but only one format should be defined within each cell.
· To accommodate large cell, it has been agreed that repetition of the basic preamble sequence is used [5].  As a result, the System Information field contains the random access slot length as an integer multiple N of a 1ms TTI.  All physical layer parameters for non-synchronized random access are scaled by the parameter N as shown in Figure 1.  
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Figure 1.  Non-synchronized random access burst (1 ms).

· Configurable number of cyclic shift by the Node B based on cell size [3].  However, the number of zero correlation zones is chosen to be both a power of two as well as to satisfy the delay constraint imposed by the cell size.  This is so that preamble assignment can easily be done by selecting multiple groups.  Naturally, only one cyclic shift length is supported within a cell.  Table 1 shows the available cyclic shift per root Zadoff-Chu sequence based on a guard time of 0.1ms.
Table 1. Available cyclic shift per root Zadoff-Chu sequence.

	Repetition Factor N
	No of Cyclic Shifts per Zadoff-Chu sequence

	1
	64, 32, 16, 8

	2
	4

	4
	2


· Partitioning of available preambles by cause according to desired collision probability.  In [6], a proposal to include cause, and CQI in addition to random ID in the implicit message was presented.  In addition, a preamble association to message method based on expected load for each cause is proposed.   Thus, a mapping between preamble and message must be broadcasted as part of the system information.
· Open-loop power control with ramping in order to reduce interference.  Therefore, UE must have information regarding the initial transmission power and power ramping step size.  In addition, the maximum number of retransmission attempts is also needed.  In general, these parameters are provided by higher layers.
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