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1	Introduction
An objective of the 5G study item [1] is to identify and develop technology components needed for new radio (NR) systems being able to use any spectrum band ranging at least up to 100 GHz. The goal is to achieve a single technical framework addressing all usage scenarios, requirements and deployment scenarios defined in TR38.913 [2].
This contribution discusses about 
· Multiple/repeated PRACH preamble formats.
· PRACH preamble format numerologies and time-frequency resource allocation principles.
· PRACH preamble sequence design: ZC vs m-sequence.

Related to multiple/repeated PRACH preamble formats the agreements in RAN1#87 were the following [3]:
	Agreements:
· Following options can be further considered for the consecutive multiple/repeated RACH preambles, 
· Option 1: CP is inserted at the beginning of the consecutive multiple/repeated RACH sequences, CP/GT between RACH sequences is omitted and GT is reserved at the end of the consecutive multiple/repeated RACH sequences
· Option 2: The same RACH sequences with CP is used and GT is reserved at the end of the consecutive multiple/repeated RACH sequences
· Option 3: The same RACH sequences with CP/GT is used
· Option 4: Different RACH sequences with CP is used and GT is reserved at the end of the consecutive multiple/repeated RACH sequences
· Option 5: Different RACH sequences with CP/GT is used
· For options 2 and 3, study further that the same RACH sequences with and without GT can be further multiplied with different orthogonal cover codes and transmitted.
· For example, the consecutive multiple/repeated RACH preambles would be used when Tx/Rx beam correspondence does not hold at TRP
· Other options are not precluded
· For a single RACH preamble transmission, CP/GT are required
· For example, the single RACH preamble would be used when Tx/Rx beam correspondence held at both TRP or UE for multi-beam operation




For PRACH preamble format numerologies and time-frequency resource allocation principles, the agreement in RAN#87 were the following [3]:
	Agreements:
· The maximum bandwidth for a RACH preamble transmission is not wider than 5 MHz for a carrier frequency of below 6 GHz and not wider than X MHz for a carrier frequency ranging from 6 GHz to 52.6 GHz
· X will be down selected from 5, 10, and 20MHz
· At least, one reference numerology for RACH preamble is defined, 
· 1.25 x n kHz
· 15 x n kHz
· Integer value of n is FFS
· Other values are not precluded
· Based on the reference numerology for RACH preamble, multiple RACH preambles with scalable numerologies are supported depending on the carrier frequency



Related to the PRACH preamble sequence design, the following agreements were reached in RAN1#87 [3]:
	Agreements:
· The following sequences can be considered for the evaluation
· ZC sequence
· m-sequence
· Other sequences are not precluded
· Companies are encouraged to provided their proposed sequence length



2	Discussion
2.1	Multiple/repeated PRACH preamble formats
2.1.1	Analysis of current options
The agreed options are illustrated in Figure 1. All options are valid for building a PRACH preamble from multiple short PRACH sequences. All are also feasible for the case when gNB doesn’t have TX/RX beam correspondence and UE should transmit PRACH in repeated manner so that gNB is able to perform RX beam sweeping during the PRACH transmission. For the case of TX/RX beam correspondence at gNB all options except option 1 can be seen as feasible options. That is because if the UE decides to transmit the sequence that is not the first the CP would be missing. Analysis is captured in Table 1.


[bookmark: _Ref469521399]Figure 1: Options for multiple and repeated preambles.
[bookmark: _Ref469524019]Table 1: Qualitative analysis of options
	
	Overhead from CPs and GTs
	Suitability to single-beam
	Suitability to beam correspondence and non-correspondence
	Capacity extension via OCC upon PRACH preamble sequences

	Option 1
	Low
	Yes, PRACH preamble can be built from shorter sequences.
	Only for beam non-correspondence
	No

	Option 2
	Low/moderate depending on CP length
	Yes, potentially lower coverage. OCC can be added upon.
	Yes, for both
	Yes

	Option 3
	High (GTs between seqs not needed)
	Yes, but GTs between seqs not needed.
	Yes, for both
	Yes

	Option 4
	Low/moderate depending on CP length
	Yes
	Yes, for both
	No

	Option 5
	High (GTs between seqs not needed)
	Yes, but GTs between seqs not needed.
	Yes, for both
	No



For options 3 and 5, the CP of the next sequence can act as the GT, hence the GTs between the sequences are not needed.
Based on above analysis, we make the following observations and proposals. 
Observation: GT after each CP+SEQ is not needed, only after the last CP+SEQ. 
Proposal: Drop Option 3 and 5 from further study.
Observation: Option 4 can be seen as one realization of option 2 where OCC of length four is added upon four repeated sequences. Thus, option 4 is a subset of option 2.
Proposal: Drop option 4 from further study.
Proposal: Select option 1 and 2 for further study. 
2.1.2	Extension for Option 2 and generalization of Options 1 and 2
As more study is required to decide on the actual preamble formats, i.e. whether one PRACH preamble transmission is constructed from one or multiple sequences it’s considered that current options are missing at least one important case where the PRACH preamble transmission is constructed from more than one sequence. Thus, we propose to extend and add a new variant for Option 2 where the CP may be followed by N sequences instead of one. This is illustrated in Figure 2 as option 2 b) where N equals to 2 as an example.




[bookmark: _Ref469559689]Figure 2: Generalized RACH preamble structure.
Having now the definition of a symbol group consisting of CP and N symbols and that one PRACH occasion may comprise M symbol groups one can define both options 1 and 2, as well as “Single Preamble” case using the same approach. 
Proposal: Define NR PRACH preambles using N and M parameters where N defines the number of symbols within a symbol group and M defines the number of symbol groups per PRACH occasion. GT is always in the end of the PRACH occasion and each symbol group is started with a CP. 
 
2.2	PRACH preamble numerologies
In [10] we discussed about PRACH preamble numerologies considering impact of 
· Doppler Frequency
· Target Cell Radius
· Minimum System Bandwidth
· Beam Sweeping

Based on the discussion the following observations and proposals were made:
	Observation 1: PRACH needs to support a variety of deployment scenarios based on TR 38.913[2] that impose different requirements on the PRACH preamble design, ranging from low signal-to-noise ratio and large propagation delay for “extreme long distance coverage” to high Doppler for high speed users operating below 6 GHz and moderate speed users operating up to 40 GHz range.
Proposal 1: RACH preamble sub-carrier spacing should be sufficiently larger than the maximum Doppler frequency to avoid RACH restricted sets.
Proposal 2: RACH preamble sub-carrier spacing should be sufficiently small to allow a RACH preamble sequence duration that covers searching over the entire RACH range.
Proposal 3: RACH preamble sequence should have a cyclic prefix/zero-header and guard period/zero-tail that is long enough to handle variations in the round-trip propagation delay across the cell. 
Observation 2: For cells with larger cell radius and/or cells with larger sub-carrier spacing for RACH, the RACH preamble sequence can be repeated multiple times to satisfy the link budget requirements. 
Observation 3: Long preamble sequence is required to improve PRACH preamble capacity for certain deployment scenarios.
Proposal 4: At least for below 6GHz where minimum system bandwidth is 5 MHz, define a long preamble sequence. 
Observation 4: Short preambles are needed for multi-beam operation.
Proposal 5: Support short preambles for multi-beam operation
Proposal 6: Enable allocating multiple PRACH resources in frequency domain to increase PRACH capacity with short preambles.



It can be observed from Table 1 in [10] that “Long Coverage2” case would require PRACH preamble SCS to be below 500 Hz to provide un-ambiguous RTD estimation. Thus, we add the following observation:
Observation: 1.25 kHz SCS may not be able to fulfill “Long Coverage2” round-trip time estimation requirement using single observation window. 
Having different SCS for PRACH preamble and UL data, like 1.25 kHz for PRACH and 15 kHz for data, adds gNB receiver complexity significantly because of need for an additional decimation filter and buffering as well as larger FFT for PRACH preamble. On the other hand, as discussed above, there are certain scenarios that require long PRACH symbol length to enable un-ambiguous round-trip-time estimation. That means that certain PRACH preamble formats may have different SCS than UL data. To limit the complexity impact on gNB receiver it’s proposed that in case of different SCS for PRACH and UL data, the number of PRACH resources in frequency domain is limited, e.g. to one.
Proposal: Limit the number of frequency domain allocations in case the SCS is different for PRACH preamble and data, preferably to one.
In the subsequent RACH preamble formats, we assume:
· For Formats A to F, each preamble occasion will have a size of 30720 samples (14 symbols) (the actual duration scales with numerology), for example for 15 KHz SCS the RACH occasion length is 1 ms, … for 120 KHz SCS the RACH occasion length is 0.125 ms. 
· For Formats G to I, each preamble occasion will have a size of 15360 samples (7 symbols). The actual duration scales with numerology.
· For Format J, each preamble occasion will have a size of 2 ms, this doesn’t scale with numerology. The number of samples in Table 2 assumes 15 KHz numerology.
· For Format K, each preamble occasion will have a size of 3 ms, this doesn’t scale with numerology. The number of samples in Table 2 assumes 15 KHz numerology,

The different RACH preamble formats can have different CP length and different N and M values, as shown in Table 2.
[bookmark: _Ref471392375]Table 2:RACH preamble formats with field durations in units of Ts (sample duration).
	
	N
	M
	CP length
	Sequence
	Symbol Group length
	Length of Symbol Groups
	GT

	Format A
	1
	13
	288
	2048
	2336
	30368
	352

	Format B
	1
	12
	472
	2048
	2520
	30240
	480

	Format C
	2
	6
	864
	2048
	4960
	29760
	960

	Format D
	4
	3
	1536
	2048
	9728
	29184
	1536

	Format E
	14
	1
	1024
	2048
	29696
	29696
	1024

	Format F
	13
	1
	2048
	2048
	28672
	28672
	2048

	Format G
	1
	6
	432
	2048
	2480
	14880
	480

	Format H
	2
	3
	768
	2048
	4864
	14592
	768

	Format I
	6
	1
	1536
	2048
	13824
	13824
	1536

	Format J
	1
	1
	21024
	24576
	45600
	45600
	15840

	Format K
	2
	1
	21024
	24576
	70176
	70176
	21984



For example, in case, of 15 KHz SCS, the length of each field (in usec) is as given in Table 3.
[bookmark: _Ref471392620]Table 3: RACH Preamble Formats A-I for 15 kHz SCS and J-K for 1.25 kHz, with field durations in units of usec.
	
	N
	M
	CP length
	Sequence
	Symbol Group length
	Length of Symbol Groups
	GT

	Format A
	1
	13
	9.4
	66.7
	76.0
	988.5
	11.5

	Format B
	1
	12
	15.4
	66.7
	82.0
	984.4
	15.6

	Format C
	2
	6
	28.1
	66.7
	161.5
	968.8
	31.2

	Format D
	4
	3
	50
	66.7
	316.7
	950
	50

	Format E
	14
	1
	33.3
	66.7
	966.7
	966.7
	33.3

	Format F
	13
	1
	66.7
	66.7
	933.3
	933.3
	66.7

	Format G
	1
	6
	14.1
	66.7
	80.7
	484.4
	15.6

	Format H
	2
	3
	25
	66.7
	158.3
	475
	25

	Format I
	6
	1
	50
	66.7
	450
	450
	50

	Format J
	1
	1
	684
	800
	1484
	1484
	516

	Format K
	2
	1
	684
	800
	2284
	2284
	716



The maximum cell radius is a function of the RACH search window, this depends on the CP/GT length, as well as the link budget analysis, which will determine how many RACH sequence repetitions are required. The maximum cell radius (in meters) as determined by the RACH search window is given by Table 4.
[bookmark: _Ref471392664]Table 4: Cell radius (in units of meters) for different RACH preamble formats and subcarrier spacing (assuming a 10% delay spread for cells less than 10 Km)
	SCS
	15K
	30K 
	60K
	120K

	Format A
	1278
	639
	320
	160

	Format B
	2095
	1048
	524
	262

	Format C
	3835
	1918
	959
	479

	Format D
	6818
	3409
	1705
	852

	Format E
	4545
	2273
	1136
	568

	Format F
	9091
	4545
	2273
	1136

	Format G
	1918
	959
	479
	240

	Format H
	3409
	1705
	852
	426

	Format I
	6818
	3409
	1705
	852

	Format J
	Only SCS 1.25 KHz is supported cell radius 77.3 Km

	Format K
	Only SCS 1.25 KHz is supported cell radius 102.7 Km



We consider that with the above combinations of preamble formats and SCS, we can cover different deployment scenarios and carrier frequencies. The ultra-long coverage cells, will require using a lower SCS as already mentioned. 
Proposal: Support formats in Table 2 as baseline for NR PRACH formats and define additional formats for long coverage cases.
2.3 PRACH Preamble Sequence Design
2.3.1 Design of Zadoff-Chu Sequences
In LTE, uplink random access preamble sequences are generated from root Zadoff-Chu sequences, which are defined by

Herein N is a prime sequence length and u is the physical root number. For LTE, the sequence length N is 839 and the physical root index ranges from 1 to 838. Its value depends on the broadcasted logical root sequence index and the mapping can be found in [4]. Usually different physical root indices are assigned to neighbor cells in order to guarantee low cross-correlations between preambles.
Different preamble sequences from one root sequence are generated by applying cyclic shifts

Where the cyclic shift is given by multiples of the distance  between two preambles

In order to ensure a fair comparison to m-sequences, we assume that ZC sequences have length 1021.
2.3.2 Design of circular delay-Doppler shifted m-sequences
The m-sequences are generated via linear-feedback shift registers. In this contribution we consider sequences that originate from a 10th order pseudo noise generator. The generator polynomial shall be given by


The output of the generator is a binary sequence  of length 1023 that is transformed into a BPSK () modulated base sequence . Different base sequences can be generated by initializing the pn-generator with different values e.g. from cell Ids. Alternatively, one can introduce a cell-specific base offset. From the base sequence, different preamble sequences can be derived by applying circular delay-Doppler shifts [6] as follows

Where  is the cyclic shift defined as an integer multiple of . Here, the  value adjusts the separability in time domain and should be therefore larger than the maximum expected delay spread. The phase signature parameter  should be selected larger than the maximum expected Doppler spread in the system. The cell Id can be used as root index parameter  in order to guarantee that neighbor cells show different frequency shifts.

2.3.3 Performance Assessment via Link-Level-Simulations
In the following we will present the results from our link-level simulation studies. The simulator is fully 3GPP compliant and follows the standards, models, guidelines and assumptions provided in ‎[7]‎[8]‎[9]. In the following sections we investigate the key-performance figures for preamble detection in the case that one preamble is transmitted per slot within a single cell. For carrier frequencies below 6GHz we investigated the performances for up to 500km/h mobile speed. In addition, we provide the results for higher preamble transmission rates.
Missed Detection Probability
The Figure 3 shows the observed missed detection rate for 4GHz carrier frequency, +/-600Hz max. frequency uncertainty (about half RACH subcarrier spacing) and 3km/h mobile speed. The rate at which preambles are transmitted within a cell per slot is exactly one. The target missed detection probability of <1% is achieved above -20dB for the m- and ZC-sequences. This is an expected result, because the auto-correlation properties for both sequences are similar in the frequency domain without delay [8].
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[bookmark: _Ref471503699][bookmark: _Ref471132583]Figure 3 Missed detection probability for 4GHz carrier as function of the SNR and sequence type. The mobile speed is 3km/h and the maximum frequency offset is +/- 600 Hz.
False Alarm Performance
No closed loop false alarm control loop has been applied to achieve a predefined target false alarm probability in order to show the relevant difference between the sequence types. As signature detection algorithm we employed the FCME algorithm [5]. The detection threshold is a constant and set such that the false alarm rate is close to 0.1% in the low SNR limit. Figure 4 shows the measured false alarm probability for a 4GHz carrier frequency, +/-600Hz max. frequency uncertainty (about half RACH subcarrier spacing) and a mobile moving at 3km/h as function of SNR and investigated sequence types. Again, exactly one mobile transmits a preamble per slot. From the graph we observe for the ZC-case that the false alarm rate increases for an increasing SNR. In contrast, the false alarm rate remains almost constant and small as function of SNR for the m-sequences. This result is a direct consequence of the sequence’s correlation properties in the delay-Doppler plane. Typically, ZC-sequences show strong self-images under time-frequency uncertainties and those replicas may result in increased false alarm rates. m-sequences do not show characteristic self-images and therefore have a very small false alarm rates under time-frequency impairments. Further details on this aspect can be found in [8].
[image: ]
[bookmark: _Ref471503836][bookmark: _Ref471132570]Figure 4 False alarm probability for 4GHz carrier frequency as function of the SNR and sequence type. The mobile speed is 3km/h and the maximum frequency offset is +/- 600 Hz.

Result Summary

In this study, we investigated the link-level performances for different carrier-frequencies and mobile speeds. The detailed assumptions are listed in the appendix. Table 5 summarizes our observations in case we have exactly one mobile transmitting a RACH preamble per slot. As expected the minimum required SNR levels do not show significant differences between the sequence types. On the other hand, we observe that m-sequences show up to 20 times lower false alarm rates.
[bookmark: _Ref471132493]Table 5 Summary of observed min. required SNR levels and false alarm rates
	Carrier Frequency [GHz]
	UE speed [km/h]
	Min. Required SNR [dB] for Missed Detection <1% for both ZC and m-sequences
	False Alarm Probability [%] at min. req. SNR for <1% Missed Detection
	Ratio False-Alarm Probability ZC-vs. m-sequences

	
	
	
	ZC-Sequence
	m-Sequence
	

	4
	3
	-22
	0.72
	0.091
	8

	
	30
	-22
	0.74
	0.085
	9

	
	120
	-21
	0.87
	0.075
	12

	
	500
	-18
	1.61
	0.080
	20

	30
	3
	-24
	0.63
	0.15
	4

	70
	3
	-16
	1.67
	0.12
	14





Results with higher Preamble Transmission Rates

In Figure 5 and Figure 6, we show the observed performances in case we have more than one mobile transmitting a preamble per slot. Mobiles select the preambles autonomously i.e. preamble collisions may occur at the receiver side. The carrier frequency is 4GHz and the mobile speed 3km/h. From Figure 5, we observe that the SNR threshold for <1% missed detection probability remains unchanged if ZC-sequences are employed. On other hand, we see a small increase from -22 dB to -20 dB in the m-sequence case. In Figure 6, we see how the false alarm rate behaves for an increasing number of simultaneously transmitted preambles. For the preamble rates under investigation we could not observe a significant change if m-sequences are used. In contrast, we see an almost linear dependency between the number of simultaneously transmitted preambles and the false alarm rate in the ZC-sequence case. In this study, we observed for the ZC-sequences an increase of the false alarm probability from about 0.7% to 3% at -22dB SNR as we increase the transmission rate from 1 to 4 events per slot.
[image: ]
[bookmark: _Ref471132377]Figure 5 Missed Detection Probability as function of SNR and preamble transmission rate. The dashed lines are for ZC-sequences and solid ones for m-sequences.

[image: ]
[bookmark: _Ref471132520]Figure 6 False Alarm Probability as function of SNR and preamble transmission rate. The dashed lines are for ZC-sequences and solid ones for m-sequences.

Coexistence of ZC- and M-sequences

An interesting question is, whether or not ZC- and m-sequences can coexist in the same time-frequency resources. We conducted link-level simulations to answer this question (4GHz carrier frequency, 3km/h mobile speed and -22dB SNR). Figure 7 shows the measured missed detection as function of the ZC-sequence usage probability. A probability of 100% means that all preambles transmitted in the cell are ZC-sequences. A probability of 0% means all transmitted preambles are m-sequences. The pool of ZC-sequences has size 64 and the pool of m-sequences has the same size, so that in total we have 128 preambles available in a cell. A mobile decides randomly which preamble it employs for RACH access. From Figure 7, we clearly see that the missed detection probability is around 1% for a -22dB SNR. This is what we expected and is consistent with the observation in Figure 5. The important point is that the simultaneous usage of ZC- and m-sequences in the same time-frequency resources does not result in a missed-detection probability degradation.
[image: ]
[bookmark: _Ref471132352]Figure 7 Missed Detection Probability as function of ZC-sequence usage probability and preamble transmission rate.
In Figure 8 we show the false alarm probability. From that figure we observe that the false alarm figures are best if all preambles are m-sequences (0% ZC-sequences) and worst if all used preambles are ZC-sequences. This is what we expected from our previous observations. The important aspect here is that the false alarm figures evolve smoothly from one extreme case to the other.
[image: ]
[bookmark: _Ref471132291]Figure 8 False Alarm Probability as function of ZC-sequence usage probability and preamble transmission rate. (Absolute figures differ from previous sections in this contribution due to a larger number of available preambles i.e. 128 preambles in total instead of 64).

[bookmark: _GoBack]Based on the above study we make the following observations:
Observation: ZC-sequences and m-sequences require similar minimum SNR for a 1% target missed detection probability
Observation: In this study, m-sequences show false alarm rates 4 to 20 times smaller than ZC-sequences at the minimum required SNR for 1% missed detection probability when the preamble transmission rate is one per slot. The advantages of m-sequences in terms of false alarm rates can become even larger at higher preamble transmission rates per slot.
Observation: The false alarm rates of m-sequences is practically constant and independent from the preamble transmission rates per slot. In contrast, the false alarm rates for ZC sequences are much higher than the ones for m-sequences and grows for increasing preamble transmission rates per slot.
Observation: M- and ZC-sequences can coexist in the same time-frequency resources.

Proposal: Study further the m-sequences vs. ZC-sequences assuming PRACH preamble constructed from repeated symbols and using the same SCS as UL data.

3	Conclusions 
Related to multiple/repeated PRACH preamble formats, the following observations and proposals are drawn:
Observation: GT after each CP+SEQ is not needed, only after the last CP+SEQ. 
Proposal: Drop Option 3 and 5 from further study.
Observation: Option 4 can be seen as one realization of option 2 where OCC of length four is added upon four repeated sequences. Thus, option 4 is a subset of option 2.
Proposal: Drop option 4 from further study.
Proposal: Select option 1 and 2 for further study.
Proposal: Define NR PRACH preambles using N and M parameters where N defines the number of symbols within a symbol group and M defines the number of symbol groups per PRACH occasion. GT is always in the end of the PRACH occasion and each symbol group is started with a CP. 
Related to PRACH preamble numerology design, the following observations and proposals are made:
Observation: 1.25 kHz SCS may not be able to fulfill “Long Coverage2” round-trip time estimation requirement using single observation window. 
Proposal: Limit the number of frequency domain allocations in case the SCS is different for PRACH preamble and data, preferably to one.
Proposal: Support above formats (Table 2) as baseline for NR PRACH formats and define additional formats for long coverage cases.
Related to PRACH preamble sequence design we evaluated both ZC and m-sequence based preambles and the following observations are made:
Observation: ZC-sequences and m-sequences require similar minimum SNR for a 1% target missed detection probability
Observation: In this study, m-sequences show false alarm rates 4 to 20 times smaller than ZC-sequences at the minimum required SNR for 1% missed detection probability when the preamble transmission rate is one per slot. The advantages of m-sequences in terms of false alarm rates can become even larger at higher preamble transmission rates per slot.
Observation: The false alarm rates of m-sequences is practically constant and independent from the preamble transmission rates per slot. In contrast, the false alarm rates for ZC sequences are much higher than the ones for m-sequences and grows for increasing preamble transmission rates per slot.
Observation: M- and ZC-sequences can coexist in the same time-frequency resources.

Proposal: Study further the m-sequences vs. ZC-sequences assuming PRACH preamble constructed from repeated symbols and using the same SCS as UL data.
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Appendix
Link-level-simulation assumptions mainly taken from [6] including some study specific adjustments.

	
	4 GHz
	30 GHz
	70 GHz

	Layout 
	Single Cell

	
	
	
	

	Channel model
	CDL-C, AoA and AoD value of strongest cluster selected to be uniformly distributed from -30° to 30° in local antenna coordinate system

	Delay Scaling
	100ns
	30ns

	ZSA/ZSD/ASA/ASD
	5°/1°/60°/25°

	TRP Antenna Configuration
	(1,1,2) omni-directional
	(4,8,2) directional with HPBW=65° and 8dBi directivity gain per element

	UE Antenna Configuration
	(1,1,1) omni-directional
	(1,1,1) directional with HPBW=90° and 5dBi directivity gain per element

	Frequency Offset
	+/- 0.05ppm at TRP and +/-0.1ppm at UE

	
	+/-200Hz at TRP and+/-400Hz at UE, max. offset +/-600Hz
	+/-1.5kHz at TRP and+/-3kHz at UE, max. offset +/-4.5kHz
	+/-3.5kHz at TRP and+/-7kHz at UE, max. offset +/-10.5kHz

	UE speed
	3, 30, 120 and 500 km/h
	3 km/h

	Initial Timing Offset
	0

	FFT Size
	2048

	PRACH Subcarrier spacing
	1.25kHz
	10kHz
	15kHz

	ZC/m-Sequence Length
	1021/1023

	ZC/m-Sequence Bandwidth
	1.28MHz
	10.24MHz
	15.36MHz

	Number of preambles
	64

	Slot Duration
	1ms

	Number of Sequences per Slot
	1

	Sampling Frequency
	30.72MHz

	T_SEQ
	24576
	3072
	2048

	T_CP
	3158
	396
	264

	False Alarm Probability if Input is Noise only
	0.1%

	Target Missed Detection Probability
	<1%
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