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1 Introduction

Non-synchronized RACH is used by a UE to obtain initial access or for handoff, and to update UL synchronization when the synchronization is lost [1]. There has been extensive discussion on the non-synchronized RACH [3-9]. So far, the following agreement was reached:

· Non-synchronized RACH uses dedicated time-frequency resource in a cell. Non-synchronized RACH transmission is allowed periodically for each cell. 

· RACH bandwidth is 1.25 MHz for reasons of detection performance and resource utilization

· Basic access slot length is equal to the TTI duration of 1.0 msec. Longer access slot may be used for larger cell sizes.

· Non-synchronized RACH can carry 6 bits of information. The information is carried implicitly by the choice of the preamble sequence. Candidates for control information are signature, random access cause (initial access, handoff, etc) and DL CQI.

· Zadoff-Chu sequence is used for random access preamble. Preamble duration is 800 (sec is used with 100 (sec cyclic prefix and 100 (sec of guard period [9]

So far, the performance study focused on AWGN or GSM TU channel profiles at low velocity. E-UTRA targets good performance for UE velocity of up to 120 kmph and envisions successful network operation for UEs with velocity up to 350 kmph, or even at the speed of 500 kmph [2]. Non-synchronized RACH structure should be designed to support mobility.

During RAN1#46 meeting held in Estonia and subsequent meeting RAN1#46-bis held in Seoul, several companies pointed out performance issues in the presence of Doppler and frequency offset and modification of the preamble structure may be needed [10,11,12]. 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 results is not feasible.  RAN1 decision was to further study the shorter preamble structure. 

In this contribution, we analyze the impact of Doppler on detection performance and consider the possibility of using an alternative preamble structure to support mobility.

2 Impact of High-Speed UE

The maximum frequency offset 
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(Eq.  1)

where 
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 denote the base station frequency drift, UE frequency error, and the maximum Doppler frequency, respectively. In the UMTS W-CDMA system, the frequency error requirements at the base station and the UE are 0.05 ppm and 0.1 ppm of the carrier frequency, respectively. For carrier frequency of 2.1 GHz, the worst-case frequency offset is 781 Hz for a UE moving at the velocity 120 kmph. The worst-case frequency offset is 1675 Hz when the velocity is 350 kmph. The optimal cyclic auto-correlation property of the CAZAC sequence is destroyed when the frequency offset is present, resulting in degraded detection performance. The performance degradation is due to miss detection or erroneous round-trip delay (RTD) estimation due to large side peaks. 

Phase offset due to frequency offset is shown in Figure 1, for correlation lengths of 400 (sec and 800 (sec.  When the correlation length is longer, phase offset increases, resulting in signal decorrelation.

Figure 2 illustrates degradation in the first auto-correlation peak value due to frequency offset. For 400 (sec correlation length, there is only moderate degradation (of 1.8 dB) at frequency offset of up to 1200 Hz. With 800 (sec correlation, similar degradation arises at 600 Hz, and at 1200 Hz, the correlation is almost zero. Shorter correlation length of 400 (sec is preferred when the frequency offset is larger than 600 Hz.

Figure 3 shows the auto-correlation of the Zadoff-Chu sequence in the presence of frequency offset. The sequence length is 887. We assume full correlation length of 887 samples and partial correlation length of 443 samples. Search window size corresponding to gap period of 97.4 (sec is considered. The figure shows that for large frequency offset of 1200 Hz, interference level rises significantly compared with partial correlation. This will result in degradation of detection performance.

Figure 4 shows the correlation of Zadoff-Chu sequences with a circularly shifted sequence. Significant false auto-correlation peaks appear due to frequency offset. The figure shows that the optimal periodic correlation property of the Zadoff-Chu sequence is destroyed even for relatively slow vehicular speeds and moderate frequency offset. This means that zero correlation zone of the sequence is limited to values smaller than the false correlation peak. It was also pointed out that the location of false peak is different depending on the Zadoff-Chu sequence number, thus, limiting the zero correlation zone [12].

To support high-speed UEs, a shorter Zadoff-Chu sequence with repetition should be considered. The shorter sequence allows smaller coherent accumulation length corresponding to the basic sequence length, and non-coherent combining of the detection metric over two repeated sequences. For the repeated preamble structure, fully coherent accumulation over the repeated sequence is also possible, in case of low velocity operation.
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Figure 1: Maximum phase offset in the preamble sequence due to frequency offset.
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Figure 2: Degradation in auto-correlation peak due to frequency offset. When frequency offset is large, shorter coherent accumulation followed by non-coherent combining needs to be used for robust detection performance. 
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Figure 3: Auto-correlation of Zadoff-Chu sequence for static channel with frequency offset.  Correlation length = 887 or 443 samples.
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Figure 4: Correlation of the Zadoff-Chu sequences in the presence of frequency offset (GSM TU channel, velocity = 30 kmph, foffset = 300 Hz).

3 Simulation Results

In this section, we analyze the detection performance. Two preamble structures are considered in the performance study. Figures 5 and 6 illustrate the preamble structure options:

· Option 1: 102.6 (sec CP + 800 (sec preamble + 97.4 (sec gap period. 

· Option 2: 102.6 (sec CP + 400 (sec preamble repeated twice + 97.4 (sec gap period. 
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Figure 5: Non-synchronized RACH structure Option 1.
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Figure 6: Non-synchronized RACH structure Option 2.
Table 1: Simulation parameters
	Parameter
	Value

	Preamble bandwidth
	1.25 MHz

	Access slot length
	1.0 msec

	Sequence pattern
	Zadoff-Chu sequence

	Sequence length
	887 samples for Option 1

449 samples for Option 2

	Number of signatures
	16 signatures

	Detector
	Correlation detector

	PFA
	1% or 0.1% for entire cell for all signatures

	Antenna configuration
	1 Tx, 2 Rx (uncorrelated)

	Channel model
	Static channel


Simulation parameters are shown in Table 1. We assume false alarm probabilities of 1% or 0.1% for the entire cell. Decision statistic is computed by coherent accumulation over the entire CAZAC sequence length followed by non-coherent accumulation over the received antennas. In case of repeated sequence, non-coherent accumulation is done over the two preamble segments. Threshold is computed to satisfy the required false alarm probability for the entire cell range and for all 16 signatures. 

The noise is added at the input to the receiver. The SNR at the input to the receiver is obtained from
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(Eq.  2)

where Ep/N0 is the preamble energy to noise PSD at the correlator, and the factor NDFT/NFFT accounts for the reduction in noise PSD after RACH sub-carrier selection. 

Detection performance for static channel is shown in Figure 7. Table 2 summarizes the required SNR for PMiss=10-3 for the two preamble Options. The required SNR difference between Option 1 and Option 2 is approximately 0.4 dB. Note that this is the worst-case performance difference. In realistic channel condition with fading and frequency offset, the performance difference will be smaller. 

Table 2: Required SNR for PMiss=10-3.
	
	Option 1
	Option 2

	PFA = 0.01
	-17 dB
	-16.6 dB

	PFA = 0.001
	-16.6 dB
	-16.2 dB
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Figure 7: Detection performance for static channel (PMiss = 1-PD). No frequency offset .

Figure 8 shows the detection performance in the presence of frequency offset. With Option 1, the miss detection probability increases almost exponentially as the offset frequency increases. The miss detection probability increases by a factor of 10 when the frequency offset increases from 0 Hz to 300 Hz, and by a factor of 40 when the frequency offset increases from 300 Hz to 600 Hz. Option 2 shows moderate degradation in detection performance. 
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Figure 8: Detection performance in the presence of frequency offset. (PMiss = 1-PD)

4 Summary

In this contribution, we analyzed the detection performance of non-synchronized RACH to support mobility. 

· For longer preamble (Option1), cyclic correlation property of the Zadoff-Chu sequence is destroyed for moderate frequency offset. An alternative preamble structure is needed to support UE operation in the presence of frequency offset or mobility. 

· A modified RACH burst structure with repetition allows a detection algorithm with robust detection performance in the presence of frequency offset.

Going forward, we propose the following:

1. Zadoff-Chu sequence of 0.8 msec preamble (Option 1) may be used for non-synchronized RACH for static or low velocity UE operation.

2. Adopt the repeated preamble structure with shorter Zadoff-Chu sequence (Option 2) to support mobility.
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