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1
Introduction

In this contribution we present link simulation results for E-UTRA random access channel (RACH). It is assumed that Generalized Chirp-Like (GCL) sequences [1] are employed. The link simulation results are then used for link budget calculations.   
2
RACH design
RACH structure is illustrated in Figure 1.
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Figure 1: TDM/FDM structure

The following are the RACH parameters:
· RACH slot duration is 0.5 ms

· Signature sequence duration is 0.4 ms

· Time guard interval is 0.1 ms

· Signature sequence arrive randomly within time guard interval

· RACH signal bandwidth is 0.96 MHz

· Pulse shape – truncated sinc
As shown in [1], a set of m orthogonal GCL sequences could be obtained by modulating a common Zadoff-Chu sequence of length 
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with m different orthogonal sequences. In this contribution we set:
· m=4 orthogonal Discrete Fourier Transform (DFT) sequences are used as modulation sequences

· m is set to 4 to reduce collision probability and/or convey limited information from the transmitter to the receiver

· s=24, resulting in the signature sequence length of 384

· Corresponds to 0.4 ms 

2.1 
Simulation Assumptions

Link simulation is performed at the sub-chip level. Truncated sync pulse shown in Figure 2.
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Figure 2: Simulated pulse shape

Simulation assumptions:

· UEs randomly pick signature sequences

· One UE is transmitting at any point in time

· Node B receiver correlates for all 4 possible signature sequences

· If received signal exceeds the threshold, access signature sequence is detected

· Sampling frequency at the transmitter is chip x 8 or 7.68 MHz
· Sinc pulse is approximated with chip x 8 sampling

· Channel models are simulated with chip x 8 resolution 

· AWGN

· TU3 [2]
· TU350 [2]
· Sampling frequency at the receiver is chip x 2 or 1.92 MHz

· Timing is unknown

· Node B receiver correlates the received signal assuming all possible timing hypothesis 
· Probability of false alarm per RACH slot is, Pfa=0.01. 

· Impact of lower false alarm probability (Pfa=0.001) is also considered.
2.2 Simulation Results

In Figure 3, we summarize simulation results for AWGN assuming realistic unknown timing as well as genie-aided case where timing is known. 
The simulation assumptions are close to the assumptions made in [1], but not exact. The difference arises from different sampling frequency (in [1], the sampling frequency is 1.024 MHz) and therefore yields a different sequence length (in [1], the sequence length is 400). 
In addition, the detection threshold is not chosen accounting for a desired false alarm probability for given timing (in [1], Pfa=0.0001 for a given timing hypothesis). In this contribution, the detection threshold is set based upon true false alarm probability, since in practice the receiver accounts for all delay offsets.  
Moreover, more than one signature sequence would be used and the receiver needs to constantly search for all sequences. In this simulation we consider 4 signature sequences. We also show the performance difference between Chip x 1, Chip x 2 and genie-aided sampling. 
The results for TU channel model for 3 km/h and 350 km/h velocity are shown In Figure 4 and Figure 5, respectively.  In this case, genie-aided sampling is not feasible due to the dispersive nature of the channel. 
The impact of increased detection threshold is illustrated in Figure 6 on a TU 3 channel where Pfa=0.001. 
Table 1 summarizes the required per chip SNR in case of Pfa=0.01.
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Figure 3: Simulation results for AWGN
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Figure 4: Simulation results for TU3
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Figure 5: Simulation results for TU350
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Figure 6: Simulation results for TU3 and Pfa as a parameter
Table 1: Required SNR for RACH signature sequence for chip x 2 sampling.

	PFA=1%
	AWGN
	TU3
	TU350

	Pd=99%
	-14.7 dB
	-8 dB
	-8.4

	Pd=90%
	-15.7 dB
	-11.6 dB
	-11.8


2.3 Link Budget
In order to account for cell edge performance for GCL-DFT signature sequences, we consider four different deployment scenarios described in TR 25.814 and illustrated in Table 2.

Table 2: Deployment Scenarios.

	Scenario
	Carrier Frequency
	Inter-Site
Distance
	Penetration Loss
	Propagation Model (dB)

	D1
	2 GHz
	500 m
	20 dB
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	D2
	2 GHz
	500 m
	10 dB
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	D3
	2 GHz
	1732 m
	20 dB
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	D4
	900 MHz
	1000 m
	10 dB
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Assuming that the maximum UE Tx power is 21 dBm and the UE transmits all the power over 960 KHz bandwidth, the 5-th percentile of the cumulative density function of the achievable SNR is shown in Table 3. Power amplifier backoff is not modelled in the simulation. As it can be seen from the table, the deployment scenario D3 has a link budget issue, particularly for TU channel model. As a consequence, in this scenario, RACH slot needs to be extended to 1 ms or more.
Table 3: Link Budget

	Scenario
	SNR (dB)

	
	IoT = 4 dB
	IoT = 6 dB
	IoT = 8 dB

	D1
	6.3
	4.3
	2.3

	D2
	16.3
	14.3
	12.3

	D3
	-14.3
	-16.3
	-18.3

	D4
	12.3
	10.3
	8.3


3 Summary
RACH simulation indicates that GCL-DFT access signature sequences can be detected with high probability for deployment scenarios, D1, D2 and D4. Deployment scenario D3, requires a extended RACH slot due to link budget issues. 
The results presented in this contribution are in the form of a TP for [2] in [3]. 
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