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Background

The email discussion regarding PRACH design is concluded in [1]. 
In this contribution we present our simulation results and propose our PRACH preamble format design.

In this document we have included the following sections:

Section 2: Additional explanation of simulation assumptions 
Section 3: PRACH design
Section 4: Simulation results
Section 5: Proposals

Additional explanation of simulation assumptions 
The following additional explanations are based on the assumptions in [1]:
· Frequency offset: 0.05 ppm at TRP, 0.1 ppm at UE, the frequency offsets of TRP and UE are fixed to the 0.05ppm and 0.1ppm.
· SNR definition:  a unit transmission power in a given time duration and bandwidth.
· Preamble Detector: Non-coherent combination of multiple RACH OFDM symbols. Combination of multiple windows at high-speed case.
PRACH design
The following parameters are included:
· Sequence type: 
· Sequence length:
· Subcarrier spacing
· Transmission BW
· Number of RACH OFDM symbol in one sequence (NOS)
· Number of repetitions of preambles (NRP)
· Ts
· CP in Ts units
· GT in Ts units

For below 6 GHz, the design is illustrated in table 1

Table 1 the parameters of PRACH preamble format for below 6GHz.
	　
	Sequence Type
	Sequence Length
	Subcarrier spacing [KHz]
	Transmission BW [MHz]
	N_OS
	N_RP
	Ts (ms)
	CP(Ts)
	GT(Ts)

	ZTE_1
	Zadoff-Chu
	839
	2.5
	2.16
	1
	1
	1/30720
	1584
	1488

	ZTE_2
	Zadoff-Chu
	839
	5
	4.32
	1
	1
	1/30720
	792
	744

	ZTE_3
	Zadoff-Chu
	839
	2.5
	2.16
	1
	2
	1/30720
	2080
	1984

	ZTE_4
	Zadoff-Chu
	839
	5
	4.32
	1
	2
	1/30720
	1040
	992



Index ZTE_1 and ZTE_2 belong to the PRACH preamble format option1.
Index ZTE_3 and ZTE_4 belong to the PRACH preamble format option2.

For above 6GHz, the design is illustrated in table 2

Table 2 the parameters of PRACH preamble format for above 6GHz.
	　
	Sequence Type
	Sequence Length
	Subcarrier spacing [KHz]
	Transmission BW [MHz]
	N_OS
	N_RP
	Ts (ms)
	CP(Ts)
	GT(Ts)

	ZTE_5
	Zadoff-Chu
	839
	10
	8.64
	1
	1
	1/(4*30720)
	1584
	1488

	ZTE_6
	Zadoff-Chu
	419
	20
	8.64
	1
	1
	1/(4*30720)
	792
	744

	ZTE_7
	Zadoff-Chu
	139
	60
	8.64
	14
	1
	1/(4*30720)
	1040
	1008

	ZTE_8
	Zadoff-Chu
	839
	10
	8.64
	1
	2
	1/(4*30720)
	2080
	1984

	ZTE_9
	Zadoff-Chu
	419
	20
	8.64
	1
	2
	1/(4*30720)
	1040
	992

	ZTE_10
	Zadoff-Chu
	139
	60
	8.64
	1
	13
	1/(4*30720)
	293
	287



Index ZTE_5, ZTE_6 and ZTE_7 belong to the PRACH preamble format option1.
Index ZTE_8, ZTE_9 and ZTE_10 belong to the PRACH preamble format option2.

Simulation results

In RAN1#88 it was agreed that the following results shall at least be included when providing the simulation results.

· PAPR/CM performance
· Miss-detection probability performance
· False alarm rate performance
· Timing estimation accuracy
· MCL

Some results and more details are shown in the following subsections.

PAPR/CM

PAPR/CM values in dB shall be provided, see table 3 below.
Table 3 the PAPR and CM
	
	PAPR [dB]
	CM [dB]

	ZTE_1(LF&3km/h 839)
	1.261
	-0.6778

	ZTE_2(LF&3km/h 139)
	1.2555
	-0.4812

	ZTE_1(LF&120km/h 839)
	1.3801
	-0.5778

	ZTE_2(LF&120km/h 139)
	1.5465
	-0.2444

	ZTE_5(HF&3km/h 839)
	1.2936
	-0.6748

	ZTE_6(HF&3km/h 419)
	1.2909
	-0.6266

	ZTE_7(HF&3km/h 139)
	1.0233
	-0.5365


Note: As the setting of Ncs, logical sequence id, v of the ZTE_1 case with 3km/h and ZTE_1 case with 120km/h are different, the PAPR and CM are slightly different. The same reason is for ZTE_2 case

Miss-detection probability performance

Simulation results for miss-detection probability are provided for each PRACH design / frequency category / UE speed.

For miss-detection performance evaluation it is suggested to have an SNR range to cover miss-detection from at least 10^-3 to around 1. 

Miss-detection probability evaluation results are shown below.
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Figure 1: Evaluation of miss-detection probability of Baseline and ZTE_1/2 @4GHz 3km/h

When the transmission power is fixed to one unit in a given time duration and bandwidth regardless of the SCS, the miss-detection probabilities of the different SCS configurations are very close. Higher SCS is more robust to frequency offset, which can be clearly seen in Figure1. For instance, in AWGN case with frequency offset added and SCS = 1.25 KHz we can see an error floor.  
Observation 1: Higher SCS is more robust to frequency offset, too low SCS can cause an error floor resulting in a non acceptable performance. 
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Figure 2: Evaluation of miss-detection probability of Baseline and ZTE_1/2 @4GHz 120km/h

From Figure 2 we can see that the miss-detection probabilities are getting lower when the SCS increases as the Doppler frequency offset in high speed is rather high. The performance is slightly better for 120km/h case compared to 3km/h case, this is due to the usage of three detection windows and combining of the results from those windows (similar approach as used in LTE for high speed scenarios). We can also see that using a longer sequence length performs better than using a shorter sequence length even if the SCS is higher for the shorter sequence. This difference is mainly due to the frequency diversity gain that can be achieved as the sequence has larger bandwidth. We can conclude that a sequence length of 839 is a good choice for below 6GHz carrier frequency. 
Proposal 1: Adopt sequence length of 839 for below 6GHz
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Figure 3: Evaluation of miss-detection probability of Baseline and ZTE_5/6/7 @30GHz 3km/h

From Figure 3 we can see that using SCS of 20KHz perform better compared to using 7.5kHz and 10KHz, this is due to the large frequency offset. The gain is in the order or 1dB. In the case of SCS = 60KHz we can see that the performance is around 5dB better compared to using SCS = 20KHz, this gain is the non-coherent gain as 14 symbols are used. We can observe that the non-coherent combining gain is in the order of 5dB, as the results using only 1 symbol and 60KHz SCS compared with 1 symbol and 20KHz SCS would give similar performance. 

:
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Figure 4: Evaluation of miss-detection probability of ZTE_3/4 @4GHz 3km/h
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Figure 5: Evaluation of miss-detection probability of ZTE_3/4 @4GHz 120km/h
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Figure 6: Evaluation of miss-detection probability of ZTE_8/9/10 @30GHz 3km/h

False alarm rate performance
The false alarm rate is guaranteed under the 0.1% threshold when input at receiver is noise only. 

Timing estimation accuracy
For timing estimation, we evaluate the timing estimation error CDF of baseline and ZTE_1/2 cases @ 4GHz and 3km/h. When the SCS becomes wider or sequence length becomes longer, the timing estimation error will become smaller. 
[image: ]
Figure 7: Evaluation of timing estimation error

MCL
As different PRACH sequence design will use different sub-carrier spacing it is important to provide the MCL value for each design. We show the MCL estimation of 4GHz and 30GHz in the 2 tables below as examples.
Table 4 MCL of 4GHz cases (baseline and ZTE_1/2) with 3km/h
	Subcarrier spacing (kHz)
	1.25
	2.5
	5
	7.5

	Transmitter

	(0) Max Tx power  (dBm)
	23.0
	23.0
	23.0
	23.0

	(1) Actual Tx power (dBm)
	23.0
	23.0
	23.0
	23.0

	Receiver

	(2) Thermal noise density (dBm/Hz)
	-174.0
	-174.0
	-174.0
	-174.0

	(3) Receiver noise figure (dB)
	5.0
	5.0
	5.0
	5.0

	(4) Interference margin (dB)
	0.0
	0.0
	0.0
	0.0

	(5) Occupied channel bandwidth (MHz)
	1.08
	2.16
	4.32
	1.08

	(6) Effective noise power
 = (2) + (3) + (4) + 10 log((5))  (dBm)
	-108.7
	-105.7
	-102.7
	-108.7

	(7) Required SINR (dB)
	-4.5
	-7.4
	-7.9
	-0.4*

	(8) Receiver sensitivity
         = (6) + (7) (dBm)
	-113.2
	-113.1
	-110.6
	-109.1

	(9) MCL 
         = (1) - (8) (dB)
	136.2
	136.1
	133.6
	131.1


* The actual required SINR -7.4+10lg(839/139)=-0.4dB

Table 5 MCL of 30GHz cases (ZTE_5/6/7) with 3km/h
	Subcarrier spacing (kHz)
	10
	20
	60****

	Transmitter

	(0) Max Tx power  (dBm)
	23.0 
	23.0 
	23.0 

	(1) Actual Tx power (dBm)
	23.0 
	23.0 
	23.0 

	Receiver

	(2) Thermal noise density (dBm/Hz)
	-174.0 
	-174.0 
	-174.0 

	(3) Receiver noise figure (dB)
	5.0 
	5.0 
	5.0 

	(4) Interference margin (dB)
	0.0 
	0.0 
	0.0 

	(5) Occupied channel bandwidth (MHz)
	8.64
	8.64
	8.64

	(6) Effective noise power
 = (2) + (3) + (4) + 10 log((5))  (dBm)
	-99.7
	-99.7
	-99.7

	(7) Required SINR (dB)
	-16.1
	-14.4**
	-13.8***

	(8) Receiver sensitivity
         = (6) + (7) (dBm)
	-115.8
	-114.1
	-113.5

	(9) MCL 
         = (1) - (8) (dB)
	138.8
	137.1
	136.5


** The actual required SINR -17.4+10lg(839/419)=-14.4dB
*** The actual required SINR -21.6+10lg(839/139)=-13.8dB
**** 14 symbols repetition

Proposals
Observation 1: Higher SCS is more robust to frequency offset, too low SCS can cause an error floor resulting in a non acceptable performance.

Proposal 1:  Adopt sequence length of 839 for below 6GHz
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