
3GPP TSG-RAN Meeting #88bis   R1-1705458 
Spokane, USA, 3rd-7th April 2017 
 
Source: Cohere Technologies 
Title: PRACH Design 
Agenda item: 8.1.1.4.1 
Document for: Discussion/Decision 
 
 
1. Introduction 
During the email discussion [88-13] on NR-PRACH sequence design, the baseline PRACH sequences to be 
used for calibration purpose, the template for PRACH design, the simulation assumptions, general modelling 
definitions as well as the template for the expected simulated results are described [1]. In this contribution, the 
proposed PRACH sequence and its performance results are described.  
 
2. Root Hamming windowed repetition Zadoff-Chu sequences  
The choice of Zadoff-Chu (abbreviated ZC) sequences for PRACH in LTE was made because ZC sequences 
have low PAPR and perfect autocorrelation properties. However, in the presence of Doppler, it is known that the 
perfect autocorrelation property of ZC sequences breaks down. 

 

Figure 1 shows the radar ambiguity function of a ZC sequence (that is the correlation magnitude of a ZC 
sequence with delay and Doppler shifts of itself). In Figure 1, it can be noticed that a Doppler shifted ZC 
sequence will correlate with several different cyclic shifts of the same ZC sequence. In the context of PRACH 
this leads to missed detections.  

The perfect autocorrelation of ZC sequences can be maintained in the presence of Doppler by using time 
windowing. Therefore, for PRACH we propose a Root-Hamming windowed 3x repeated ZC sequence 
(abbreviated RH-ZC), shown in Figure 2. 

 

 

Figure 1: radar ambiguity function of a ZC sequence. 



 
Figure 2: 3x repetition of ZC sequence (left), and RH-ZC sequence (right) 

 
We now give the mathematical formula of the RH-ZC sequence. Let 𝑁 denote the length of the ZC sequence in 
baseband. Then, 𝑀 = 3𝑁 is the length of the final sequence. Denote the sequence by 𝑝, then:  
                       
                                       𝑝 𝑚 = 𝑤( 𝑚 	𝑍𝐶 𝑚𝑜𝑑 𝑚,𝑁 , for 𝑚 = 0,1, … ,𝑀 − 1 
 
Where 𝑤( denotes the Root-Hamming window, and 𝑍𝐶 denotes a Zadoff-Chu sequence. These are defined 
below. 
                                      𝑤 𝑚 = 0.54 − 0.46	𝑐𝑜𝑠(2𝜋𝑚/(𝑀 − 1))   for 𝑚 = 0, 1, … ,𝑀 − 1 
 

𝑍𝐶 𝑛 = 	exp	 −𝑗 CDE EFG
N

  for 𝑛 = 0, 1, … , 𝑁 − 1 
 

Where 0 < 𝑎 < 𝑁 − 1 denotes the root index of the Zadoff-Chu sequence. Figure 3 shows the radar ambiguity 
function of the HR-ZC sequence. In Figure 3 note that the RH-ZC sequence does not correlate strongly with 
delay shifts of itself even in the presence of high Doppler.  Therefore, the performance of the proposed 
sequence will be robust to oscillator offsets and mobility. 

 
Figure 3: radar ambiguity function of RH-ZC. 



3. Simulation results 

The PRACH performance of the RH-ZC sequence was compared to ZC sequences with different subcarrier 
spacing. The simulation assumptions agreed in the email discussion of [1] are used. Table 1 shows the 
simulation parameters, while Table 2 shows the parameters defining the HR-ZC. Note that a 1.08 MHz 
bandwidth is used for all PRACH sequences. 
 

 
 
 

 
 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

The proposed Root Hamming windowed ZC sequence is compared to the reference LTE preamble format 0 and 
4, which are the calibration PRACH sequences. Figure 4 shows the miss detection probability of the proposed 
sequence and of the calibration sequences, namely LTE preamble formats 0 and 4, as well as of the ZC 
sequence with subcarrier spacing equal to 15 kHz. The UE speed is 3km/h and the maximum timing offset is 10 
µsec. The miss detection probability remains high in the case of LTE Preamble 0 even when the SNR is 
increasing. The proposed Root Hamming windowed ZC sequence outperforms the other ZC sequences. The 
reason is that the proposed sequence can combat the frequency offset. 

Figure 5 shows the miss detection probability of the simulated sequences for the case of UE speed equal to 120 
km/h. The maximum timing offset is equal to 10 µsec. The same observation as for the case of UE speed of 
3km/h is done here as well. 

Figure 6 shows the miss detection probability of the simulated sequences for the case of UE speed equal to 3 
km/h. The maximum timing offset is equal to 100 µsec. With this larger initial timing offset, LTE preamble 
formats 0 and 4 exhibit high miss detection probability even in the case of high SNR values. 
 

Channel model CDL-C (100 ns scaling) 

MIMO order 1 x 1 x 2 

UE speed 3 km/h, 120 km/h 

Carrier frequency 4 GHz 

Timing offset 0-10, 0-100 𝝁𝒔 

Frequency offset 0.1 ppm at UE, 0.05 ppm at TRP 

PRACH bandwidth 1.08 MHz 

Symbols in ZC sequence 277 

Repetitions of ZC sequence 3 

Symbols in RH-ZC 831 

Table 1: Simulation Parameters 

      Table 2: RH-ZC Parameters 



 

Figure 4: Miss detection probability; 3 km/h; maximum timing offset: 10 µs. 
 

Figure 5: Miss detection probability; 120 km/h; maximum timing offset: 10 µs. 
 



 

Figure 6: Miss detection probability; 3 km/h; maximum timing offset: 100 µs. 

 

4. Discussion 

Simulation results show that RH-ZC sequences achieve an excellent (10LM) missed detection rate for both UE 
speeds, for the frequency offset simulated here. In contrast, ZC sequences experience an error floor due to false 
peaks induced by both frequency offset and Doppler shifts. Note, the error floor is mitigated by increasing the 
subcarrier spacing; however, this has the known negative repercussions on the overall PRACH design, such as 
higher GP/GT overhead and lower link budget.  

Proposal: The Root Hamming windowed ZC sequence should be considered as one of the RACH 
preamble sequences for NR. 
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