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1 Introduction

In RAN1#46-bis held in Seoul, detailed parameters for non-synchronized RACH was agreed [2]. Current assumption on non-synchronized RACH structure is 0.8 ms preamble with cyclic prefix and guard time. However, several companies pointed out performance issues in the presence of Doppler and frequency offset and modification of the preamble structure may be needed [3-5]. The reason is that, unlike UMTS RACH, where aperiodic correlation property is used to compute the decision statistic, LTE preamble sequence design relies on the optimal periodic correlation property of the CAZAC sequence. Coherent accumulation length is determined by the length of the CAZAC sequence, and coherent accumulation length shorter than the sequence length is not feasible.  RAN1 decision was to further study the shorter preamble structure with repetition.

Detailed performance analysis was presented during RAN1#47 in Riga [6-9]. Key findings are as follows:
1. Repeated preamble can support both long (0.8 ms) and short (0.4 ms) coherent accumulation lengths. There is no degradation in detection performance compared with the baseline 0.8 ms preamble when long accumulation length is selected [6]. 

2. Performance of 0.8 ms preamble is acceptable for UE velocity up 120 kmph. At higher velocities, long preamble leads to significant increase in false alarm probability [7-8]. 
3. With repetition, the number of orthogonal sequences for a root Zadoff-Chu sequence is reduced by approximately 2, when a repeated preamble is used [7]. Additional root Zadoff-Chu sequence can be used to increase the number of preamble signatures.
Supporting two preamble structures increases the UE implementation complexity. Since the repeated preamble can support wide range of UE velocities, and the issue of the number of sequences can be resolved by introducing additional root Zadoff-Chu sequences, we propose to adopt the repeated preamble structure as the only preamble structure for all scenarios.
In this contribution, we propose detailed parameters for the repeated preamble structure.

2 Non-synchronized RACH Structure

Figure 1 illustrates the repeated preamble structure for non-synchronized RACH. The access slot occupies 1.0 ms in time and 1.25 MHz in frequency. The preamble has cyclic prefix of duration TCP = TDS + TGP in the beginning and the gap period of TGP at the end. TDS should be long enough to accommodate the maximum delay spread. The gap period TGP covers the round-trip time of the non-synchronized RACH burst. 

Design parameters are shown in Table 1. Total preamble duration is kept at 800 µs, but a repeated preamble structure is used. We propose to use Zadoff-Chu sequence of length 449 with repetition factor of 2. Choice of cyclic prefix duration of 102.6 µs and the gap period of 97.4 µs ensures 5.2 µs maximum delay spread and maximizes the supported cell radius.
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Figure 1: Repeated preamble structure for non-synchronized RACH (Access slot length = 1.0 ms, P=449 and RPF=2).

Table 1: Non-synchronized RACH design parameters (Access slot length = 1.0 ms, P=449 and RPF=2).

	Zadoff-Chu sequence length
	449 samples

	Repetition factor
	2

	Preamble duration Tp
	800 µs

	Zadoff-Chu sequence duration
	400 µs

	Cyclic prefix duration TCP
	102.6 µs

	Gap period duration TGP
	97.4 µs


3 Transmitter Structure 

Transmitter structure for non-synchronized RACH is shown in Figure 2. A basic Zadoff-Chu sequence 
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(Eq.  1)
The sequence is converted to frequency domain by DFT precoding and is mapped to the appropriate non-synchronized RACH sub-carriers. Then the sequence is converted back to time-domain samples by an IFFT. After block repetition of the time-domain sequence by the repetition factor (RPF=2), cyclic prefix and zero samples are added before transmission. Figure 3 illustrates how CP is added to the preamble.

Detailed transmission parameters are shown in Table 2. The transmission parameters are determined to satisfy the following requirements:

· Gap period TDS accounts for the maximum delay spread for GSM TU power-delay profile

· Gap period TGP should cover maximum round-trip delay for cell radius of up to 15 Km

· Allow FFT and IDFT sizes that can be implemented with radix 2/3 FFT’s

· Number of occupied sub-carriers in the RACH frequency unit should be comparable to SC-FDMA transmission. Following SC-FDMA numerology [1], approximately 58.6% of the sub-carriers are occupied.

· Match system sampling rates for UE bandwidths in the range of 1.25 MHz to 20 MHz

Table 2 illustrates feasible transmission parameters derived from the above requirements, depending on UE system bandwidths. The sequence length is chosen to be 449, which determines the DFT size. For 1.25 MHz bandwidth, the number of samples in an access slot is 1920 samples. The FFT size is determined from NFFT ( NDFT / 0.586 = 767. We choose NFFT = 768, NDS = 10 samples, and NGP =187. Numerology for UEs with larger bandwidth is derived in a similar way.
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Figure 2: Transmitter structure for the repeated preamble.
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Figure 3: Generation of CP.

Table 2: Proposal of non-syncrhronized RACH transmission parameters depending on UE bandwidth (Preamble bandwidth = 1.25 MHz, Access slot length = 1.0 ms, Sequence length=449 and RPF=2).

	Bandwidth
	Tp
	TDS
	TGP

(Max cell radius = 14.61 km)
	P

NDFT NIDFT 
	Np NFFT NIFFT
	NCP
	NGP
	NDS
	System Sampling Rate
	Number of samples per Access Slot

	1.25 MHz
	800 (sec 
	5.2 (sec 
	97.4 (sec
	449
	768
	197
	187
	10
	1.92 MHz
	1920

	2.5 MHz
	800 (sec
	5.2 (sec
	97.4 (sec
	449
	1536
	394
	374
	10
	3.84 MHz
	3840

	5 MHz
	800 (sec
	5.2 (sec
	97.4 (sec
	449
	3072
	788
	748
	10
	7.68 MHz
	7680

	10 MHz
	800 (sec
	5.2 (sec
	97.4 (sec
	449
	6144
	1576
	1496
	10
	15.36 MHz
	15360

	20 MHz
	800 (sec
	5.2 (sec
	97.4 (sec
	449
	12288
	3152
	2992
	10
	30.72 MHz
	30720


4 Summary

In this contribution, we proposed detailed parameters for the repeated preamble structure for non-synchronized RACH. The proposed design allows shorter coherent accumulation for robust RACH detection performance. The structure also allows full coherent accumulation of the repeated preamble as well.  

Going forward, we propose the following:

1. Adopt shorter Zadoff-Chu sequence with repetition as the only preamble structure for all scenarios.
2.  Agree on detailed parameters for the repeated preamble.
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