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1. 
Introduction
This contribution discusses the evaluation of single beam PRACH design to support RACH procedures for below 6GHz which are presented in [1]. The high level PRACH design is presented in [2].
2. 
PRACH design

In this section, we present a PRACH design for 500us slot duration, 7.5kHz subcarrier spacing provided in [2]  and depicted in Figure 1. For a bandwidth of 4.5MHz (25 RBs at 15kHz), there are 600 tones usable for sending PRACH. The main motivation for selecting wider bandwidth for PRACH is for frequency diversity and channel coding gain when sending the RACH message.
· RACH preamble is based on Zadoff-Chu sequences of length 
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The cyclic shifts of a Zadoff-Chu sequence with a particular root are orthogonal as long as the delay is less than the shift. Hence, it is important to dimension the cyclic shifts carefully with respect to cell coverage, maximum delay spread and Doppler shift to maintain such orthogonality. The detail of cyclic shift dimension is a topic for future study. In the simulations, we selected the shift size of 25 for the cell coverage of 1.5km and maximum delay spread of 5.2us. 

· RACH message carries UE-ID. The size of RACH message, modulation and channel coding could be FFS. In the simulations, we assumed that RACH message contains 40 bits: 24 bits UE-ID given that UE context is in RAN when UE is in RRC-Connected state, 4 reserved bits and 12 bits CRC for error detection. In addition, the modulation is QPSK and channel coding is tail biting convolutional codes of rate 1/3.
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Figure 1. PRACH in TDD uplink-centric slot
3. 
Simulation assumptions
The simulation is for single UE with a single transmit antenna and a single cell with 2, 4 or 8 receive antennas. The frequency offset is randomly selected from [-0.15ppm, 0.15ppm] at carrier frequency of 4GHz. In addition, it is assumed no timing offset in the simulation.
Table 1 summarizes the PRACH design parameters. The target preamble false alarm is 1% since CRC of RACH message will further remove falsely detected peaks. The numerology is discussed in [2] and provided in Table 2.
Table 1. PRACH design parameters
	PRACH
	Parameters
	Simulated value

	RACH preamble
	# of RACH preambles
	64

	
	ZC roots
	7, 11, 101

	
	Cyclic shift size
	25

	
	False alarm rate
	1%

	RACH message
	# of information bits
	28

	
	# of CRC bits
	12

	
	Modulation
	QPSK

	
	Channel coding
	TBCC, R = 1/3

	
	# of RACH tones
	587


Table 2. PRACH numerology
	Slot duration

(us)
	Subcarrier spacing 

(kHz)
	Number of PRACH symbols
	Symbol duration 

(us)
	CP duration 

(us)
	Guard duration (us)
	Cell coverage

(km)

	500
	7.5
	2
	133.33
	8*NCP
	14.8
	2.2

	Note: NCP = 4.73us is the normal CP for the reference subcarrier spacing 15kHz.


3. Simulation Results
In this section, we present PRACH performance in two aspects:

· RACH preamble detection error probability. This error could come from following error events
· Detecting different preamble than the one that was sent
· Not detecting a preamble at all: Threshold is set such that the false alarm probability does not exceed the target false alarm

· Correct preamble detection but with the wrong timing estimation, e.g., the timing error is larger than CP length.
· Over PRACH detection error. This error is the joint error probability of preamble detection error and message decoding error.

Figure 2 and Figure 3 provide the RACH preamble detection error for EPA and ETU under different receive antenna configurations (e.g., 2, 4, 8 antennas) as well as UE speeds (e.g., 3km/h and 120km/h). The CINR to achieve 1% overall PRACH detection error is provided in Table 3. We observe that there is high gain due to frequency diversity and antenna diversity when going from 2Rx to 4Rx. However, going from 4Rx to 8Rx could provide antenna diversity only.
Table 3. CINR to achieve 1% PRACH detection error (joint preamble detection and message decoding)
	Channel
	UE speed (km/h)
	2 Rx
	4 Rx
	8 Rx

	EPA
	3
	-4dB
	-10dB
	-13dB

	EPA
	120
	0dB
	-8dB
	-12dB

	ETU
	3
	-6dB
	-10.5dB
	-11.8

	ETU
	120
	-4dB
	-10dB
	-12
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 nTx=1, nRx=8, ChanP=EPA, 3km/h
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Figure 2. Preamble detection error: EPA
[image: image5.emf]-16 -14 -12 -10 -8 -6 -4 -2 0

10

-5

10

-4

10

-3

10

-2

10

-1

10

0

UL CINR (dB)

preamble detection error
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Figure 3. Preamble detection error: ETU
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Figure 4. Overall PRACH decoding error: EPA
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Figure 5. Overall PRACH decoding error: ETU
4. Conclusion

The contribution discussed a PRACH design and provided performance evaluation. 
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