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1. Introduction

The random access design for E-UTRA TDD system has been discussed over the past RAN1 meetings e.g. in [1] and [2]. In this contribution, a frequency domain pre-equalization method is proposed to increase the performance of random access detection probability in E-UTRA TDD system.
2. Discussion
It is understood that random access channel is a contention based channel. Though collision over random access channel could be minimized, they are unavoidable. To ensure sufficient capacity of this channel and access delay is still minimized, the detection probability under low SNR and high collision should be optimized. Compared with FDD random access channel, TDD random access channel could leverage channel reciprocity to achieve high detection probability for low SNR and high collision cases and this is also to compensate for the hard coded minimum delay for further bursts in case the first burst fails.
This contribution proposes to use frequency domain pre-equalization on the transmitter chain of random access channel for LTE TDD as in Figure 1. A pre-equalization block is inserted between signature sequence and IFFT. The operation, which this block performs, is a division between its input and the downlink estimated channel. A PAPR reduction block is added before channel. The operation, which this block performs, is an amplitude limitation. 
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Figure 1, Frequency domain pre-equalization on the transmitter chain of RACH burst

On the receiver side, multiple correlations are done between a local replica of one possible RACH burst and the recovered signal starting from an estimated delay. The equivalent receiver structure for one signature sequence is listed as Figure 2. 
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Figure 2, Equivalent receiver for RACH burst

The below is the simulation assumption we used to get the numerical results of the detection probability. 
Table 1 Simulation parameters setting
	Parameter
	Assumption

	Channel Model
	TU (6 paths)

	Antenna Configuration
	1 by 1

	Uplink Synchronization code
	1,2,4,8 different Uplink Synchronization codes

	Uplink Synchronization Phase Shift
	Random

	Arrival of Time
	Random（25us）

	Burst bandwidth
	1.25MHz

	Length of Signature burst
	192 samples, one SB plus one LB

	False Alarm Rate
	0.01

	Code Type
	CAZAC, [4]

	Channel estimation for PFDE
	Ideal


Figure 3 is the RACH burst detection probability results for TU channel. It can be seen that even for -10dB SNR and 8 users access the RACH channel at the same time, the burst has roughly 90% probability to be detected. The cubic metric is roughly 0.6 dB.
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Figure 3, Burst detection probability for TU channel
3. Conclusions

In this contribution a frequency domain pre-equalization method is proposed for random access channel of E-UTRA TDD system. It has shown good performance in terms of the detection probability.
Text proposal for TR 25.814

---------------------------------Start of Text Proposal--------------------------------------------

9.1.2.1.1.4
Power control for non-synchronized random access
The power control scheme shall be designed assuming no intra-cell interference from data transmissions (i.e., TDM/FDM operation).
Open loop power control is used to determine the initial transmit power level.  It is possible to use frequency domain pre-equalization to determine per sub-carrier burst transmit power in case of TDD. It is possible to vary the random access burst transmit power between successive bursts using:

  a) Power ramping with configurable step size including zero step size for both FDD and TDD case

  b) Per-burst open loop power determination for TDD case only
---------------------------------End of Text Proposal---------------------------------------------
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