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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 
· PRACH definitions
· PRACH preamble format numerologies
· PRACH Preamble sequence type: ZC vs m-sequence
· Multiple/repeated PRACH Preamble formats
Related to PRACH numerology and PRACH Preamble sequence types the related agreements in RAN1#AH1_NR were the following [3]:
	Agreed next steps: 
· For down selection purpose, until the next meeting do evaluation of the following RACH SCS alternatives at least considering
· Robustness towards Doppler frequency, Beam sweeping latency, Link budget, Cell size, RACH capacity, frequency offset 
· RACH SCS alternatives
· SCS = [1.25 2.5 5 7.5 10 15 20 30 60 120 240] kHz
· Note: in case RACH SCS = [15 30 60 120 240] there are two design options:
· use the same SCS as the subsequent UL data and control 
· use different SCS than the subsequent UL data and control 
· The following RACH preamble sequence types are considered
· Zadoff-Chu
· M-sequence
· Zadoff-Chu with cover extension using M-sequence
Note that new designs are not precluded in the future. 




Related to PRACH Preamble formats the related agreements in RAN1#AH1_NR were the following [3]:
	Agreement:
· NR defines that: 
· a random access preamble format consists of one or multiple random access preamble(s),
· a random access preamble consists of one preamble sequence plus CP, and
· one preamble sequence consists of one or multiple RACH OFDM symbol(s) 
· UE transmits PRACH according to the configured random access preamble format



Related to the PRACH Preamble formats, the following agreements were reached in RAN1#AH1_NR [3]:
	Agreement:
For single/multi-beam operation, 
· For multiple/repeated RACH preamble transmissions, consider only option 1, option 2 and option 4 
· Option 1: CP is inserted at the beginning of the consecutive multiple/repeated RACH OFDM symbols, CP/GT between RACH symbols is omitted and GT is reserved at the end of the consecutive multiple/repeated RACH symbols
· Option 2/4: The same/different RACH sequences with CP is used and GT is reserved at the end of the consecutive multiple/repeated RACH sequences
· Study:
· Multiplexing with different orthogonal cover codes 
· Independent RACH sequences in a RACH preamble 
· For supporting various coverage and forward compatibility, flexibility in the length of CP/GT and the number of repeated RACH preambles and RACH symbols is supported 
· Note: specific use of these three options may depend on RACH subcarrier spacing and TRP beam correspondence




2	Discussion
2.1 	On Definitions
In RAN1#AH1_NR the following agreements related to preamble definitions were made:
	Agreement:
· NR defines that: 
· a random access preamble format consists of one or multiple random access preamble(s),
· a random access preamble consists of one preamble sequence plus CP, and
· one preamble sequence consists of one or multiple RACH OFDM symbol(s) 
· UE transmits PRACH according to the configured random access preamble format

…

Agreed Definition:
· For 4-step RACH procedure, a RACH transmission occasion is defined as the time-frequency resource on which a PRACH message 1 is transmitted using the configured PRACH preamble format with a single particular tx beam




Related to the RACH transmission occasion definition we consider there may be some unambiguity e.g. when gNB does not have TX/RX beam correspondence. In that case the UE will transmit multiple/repeated PRACH preambles and the gNB performs beam sweeping and performs PRACH preamble detection separately for each RX beam. Thus, we would like to propose a modification to earlier proposal as follows:
Proposal 1: For 4-step RACH procedure, a RACH transmission occasion is defined as the time-frequency resource on which a PRACH message 1 is transmitted using the configured PRACH preamble format with a single particular tx beam and for which gNB performs PRACH preamble detection.
Furthermore, similar to DL we foresee the need for PRACH burst and PRACH burst set. Thus, we consider the following definitions:
· RACH Occasion = a RACH transmission occasion is defined as the time-frequency resource on which a PRACH message 1 is transmitted using the configured PRACH preamble format with a single particular tx beam and for which gNB performs PRACH preamble detection.
· RACH Burst = Set of RACH Occasions allocated consecutively in time domain
· RACH Burst Set = Set of RACH Bursts to enable full RX sweep
Figure 1 illustrates the above described definitions. 
Proposal 2: Consider the following definitions:
· RACH Occasion = a RACH transmission occasion is defined as the time-frequency resource on which a PRACH message 1 is transmitted using the configured PRACH preamble format with a single particular tx beam and for which gNB performs PRACH preamble detection.
· RACH Burst = Set of RACH Occasions allocated consecutively in time domain
· RACH Burst Set = Set of RACH Bursts to enable full RX sweep

[image: ]
[bookmark: _Ref474140277]Figure 1 RACH Occasion, RACH Burst and RACH Burst Set.

2.2 	PRACH Preamble Sequence Design
2.2.1 	Preamble Structure
A preamble without sequence repetition is constructed using one cyclic prefix (CP), one sequence and one guard interval (GT) as shown in Figure 2.
[image: ]
[bookmark: _Ref474132231]Figure 2: Single sequence preamble format.
In case of multiple/repeated PRACH we follow option 2 from the agreements. We assume that repeated PRACH sequences are the same. Figure 3 shows an example with M=5 sequence repetitions within one preamble.
[image: ]
[bookmark: _Ref474132284]Figure 3: Preamble format with 5 sequence repetitions.

2.2.2 Considered Numerologies
The base line preamble structure in this work is a single preamble, defined by one CP, one sequence and one GT without repetition. The table provides an overview, which preamble are treated in this work. The preamble has a length of 30720 time samples (14 symbols i.e 1ms).

Table 1: Considered PRACH subcarrier spacings, sequence lengths (SEQ), cyclic prefixes (CP), number of sequences repetitions (M) and guard (GT).
	PRACH Subcarrier Spacing [kHz]
	SEQ
	CP
	M
	GT

	1.25
	24576
	3168
	1
	30720-M*(SEQ+CP)

	2.5
	12288
	1584
	1,2
	

	5
	6144
	792
	1,2,4
	

	10
	3072
	396
	1,2,4,8
	

	15
	2048
	264
	1,2,4,8,12
	



2.2.3 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 TS 36.211. Usually different physical root indices are assigned to neighbor cells 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


2.3.4 Circular delay-Doppler shifted m-sequences
The m-sequences are generated via linear-feedback shift registers. An example for a 10th order pseudo noise generator polynomial is


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 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  to guarantee that neighbor cells show different frequency shifts.

2.2.5 Considered Sequences
In this study, we investigated different sequence lengths for both ZC- and m-sequences. The table shows the different cases. We constructed 5 sets (A-E) of sequences such that the sequence length for both sequences types are similar. The cyclic shift distance  is either 15 or 16.

Table 2: Considered ZC- and m-sequence lengths.
	Set
	ZC-Sequence Length
	m-sequence Length
	Number of preamble sequences

	A
	67
	63 (6th order generator polynom)
	4

	B
	127
	127 (7th order generator polynom)
	8

	C
	257
	255 (8th order generator polynom)
	16

	D
	509
	511 (9th order generator polynom)
	32

	E
	1021
	1023 (10th order generator polynom)
	64



2.2.6 Generic Receiver Design 
The receiver design follows the design principles described in [4]. Figure 4 shows the processing flow. First the received signal is segmented and then transformed into the frequency domain via an FFT. The FFT size depends on the PRACH subcarrier spacing. The number of segments depends on the number of preamble sequences within a preamble. The frequency domain samples are then correlated employing the root sequence in the frequency domain. Depending on the configuration the output from adjacent correlators can be combined via a coherent summation. In our example, we combine the output of two matched filters. The coherent sum is then transformed back into the time domain via an IFFT of size 2048 and the element-wise absolute square provides the power-delay profile (PDP). Afterward we determine the sum over all power-delay profiles including all receive antennas.

[image: ]
[bookmark: _Ref474132767]Figure 4: PRACH receiver design.

2.2.7 Simulation results without sequence repetitions
2.2.7.1 PRACH Subcarrier Spacing (SCS)

Figure 5 shows the false alarm rates for different sequence types and sequence lengths as function of the SNR and the PRACH subcarrier spacing. For the short sequences the false alarm rates are always around 0.1%. In contrast for long sequences false alarm rates are typically much smaller for m-sequences than for ZC-sequences. For long ZC-sequences false alarm rates can be improved by employing larger subcarrier spacing. For a 15 kHz PRACH SCS the false alarm rate is similar to the rates observed for m-sequences. But as can be observed from Figure 6 the minimum required SNR for <1% missed detection increases with an increasing PRACH SCS. Per [6] the reason for the degradation is a lower receive signal energy for RACH preamble.
[image: ][image: ]
[bookmark: _Ref474132879]Figure 5: False alarm rate. On the left hand for sequence set A and sequence set E on the right. Dashed lines are for ZC-sequences and solid ones for m-sequences.
[image: ][image: ]
[bookmark: _Ref474132946]Figure 6: Missed detection probability. On the left hand for sequence set A and sequence set E on the right. Dashed lines are for ZC-sequences and solid ones for m-sequences.

Observation 1: M -sequences generally show smaller false alarm rates.
Observation 2: Minimum required SNR’s are similar for ZC- and m-sequences. The similarity does not depend on the numerology e.g. on subcarrier spacings or sequence lengths.
Observation 3: Increasing the PRACH subcarrier bandwidth leads to an increased minimum SNR requirement for < 1% missed detection probability.
Proposal 3: ZC-sequences shall be the sequence type for 15 kHz PRACH subcarrier spacing.
Proposal 4: m-sequences shall be the sequence type for 1.25 kHz PRACH subcarrier spacing.


2.2.7.2 Mobile Speed

The performances have been determined as function of the mobile speed. In this paragraph, we show some results obtained for a 15 kHz PRACH subcarrier spacing. As expected the degradation in false alarm rates and missed detection probabilities are relatively small as function of the mobile speed. For example, from Figure 8 we see that the degradation is about 3 dB in the minimum required SNR. It has been observed that the degradation figures can be on the order of 10 dB or more for a 1.25 kHz subcarrier spacing as show in Figure 9.

[image: ][image: ]
Figure 7: False alarm rate for a 15 kHz subcarrier spacing. On the left hand for sequence set A and sequence set E on the right. Dashed lines are for ZC-sequences and solid ones for m-sequences.
[image: ][image: ]
[bookmark: _Ref474133142]Figure 8: Missed detection probability for a 15 kHz subcarrier spacing. On the left hand for sequence set A and sequence set E on the right. Dashed lines are for ZC-sequences and solid ones for m-sequences.




[image: ][image: ]
[bookmark: _Ref474145934]Figure 9: False alarm and missed detection probability for a 1.25 kHz subcarrier spacing and long sequence set E. On the left hand for sequence set A and sequence set E on the right. Dashed lines are for ZC-sequences and solid ones for m-sequences.

Observation 4: Increasing the PRACH subcarrier bandwidth reduces the negative impact of the Doppler effect on the false alarm and missed detection performance figures.

2.2.8 Simulation results with sequence repetitions
Here we evaluate the possibility to have several sequences within one preamble. For the performance assessment, we assume that the PRACH subcarrier spacing is 15 kHz. This means that we can have up to 13 sequences including CPs multiplex within one preamble. In this study the maximum is 12, so that the maximum total sequence length including cyclic prefixes is 27744 (=12*(2048+246)). The smallest GT is thus 2976 time samples. The number of non-coherent summations per receive antenna is 1 or 2. The mobile speed is 3 km/h. It is sufficient to discuss the observations for the ZC-sequence type case only, because the conclusions apply also for m-sequences.
Figure 10 shows the observed missed detection probability for various number of sequences within a preamble. As expected the minimum SNR required for < 1% missed detection rate decreases with an increasing number of sequences. A preamble with 12 sequences requires about 10 dB smaller SNR against a preamble with only 1 sequence. From our simulations, we observed that the incremental gains disappear for larger number of sequences. From a missed detection error perspective, the maximum number of sequences would be 4 for a ZC-sequence of length 67 (sequence set A). For a ZC-sequence of length 1021 (sequence set E) the maximum number could be around 8. Interestingly, we could not observe significant gains from using more than 1 non-coherent summation per antenna. Considering all simulations, we can say that the gain is usually between 0 and 1 dB and in seldom cases up to 2 dB.
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[bookmark: _Ref474133284]Figure 10: Missed detection probability. On the left hand for sequence set A and sequence set E on the right. Dashed lines are for one non-coherent summation per antenna and solid lines are for two summations.

Figure 10 shows the measured false alarm rate. What we observed here is that the additional sequences within a preamble result in significant increase in the false alarm rates. In principle, this unwanted effect could be simply corrected by applying higher signature detection thresholds, but, on the other hand, this would increase the minimum required SNR for < 1% missed detection probability.
[image: ][image: ]
[bookmark: _Ref474133420]Figure 10: False alarm rate. On the left hand for sequence set A and sequence set E on the right. Dashed lines are for one non-coherent summation per antenna and solid lines are for two summations.

Observation 5: Using several preamble sequences within one preamble leads to a significant decrease in minimum required SNR for <1% missed detection rate. But, on the other hand, degradations in the false alarm rates can be observed.
[bookmark: _GoBack]Observation 6: Using several non-coherent summations in the PRACH receiver processing chain provides only marginal performance gains.
2.3	Multiple/repeated PRACH preamble formats
Related to multiple/repeated PRACH preamble transmissions it was agreed to consider option 1, option 2 and option 4. 
For contention based RACH it’s considered that there is one-to-one mapping between RAR and PRACH preamble(s) transmitted sequentially for which the gNB keeps RX beam(s) unchanged and performs PRACH detection.
Proposal 5: There is one-to-one mapping between PRACH transmission in one RACH Occasion where gNB RX beam is kept fixed and RAR for contention based PRACH preamble(s).
Thus, it should be enabled that if the PRACH transmission is configured to consist of multiple preambles corresponding to one RX beam the gNB receiver should be able to combine the multiple preambles and transmit corresponding RAR for the detected repeated preambles. As shown in Figure 11 there is ambiguity at gNB when option 4 is applied, i.e. where independent RACH sequences are selected for each PRACH preamble. If the combination of RACH preamble sequences across the RACH transmission occasion identify the RACH user, there will be ambiguity in identifying the users in case more than one user is transmitting in the same RACH Occasion. 
[image: ]
[bookmark: _Ref473554284]Figure 11: Option 2 vs Option 4.
Based on above it should be clarified that for PRACH preamble transmissions associated to RACH Occasion where RX beam is remained fixed and gNB performs PRACH detection the UE should use the same sequence if the PRACH transmission consists of multiple sequences. 
Proposal 6: It should be clarified that for PRACH transmission of one RACH Occasion for which gNB RX beam is remained fixed and gNB performs PRACH detection the UE should use the same sequence if the PRACH transmission consists of multiple sequences. 

2.4	Allocation of RACH resources
2.4.1	On time and frequency resource allocation
It’s preferred that the same SCS could be used for PRACH preamble as for UL data. On the other hand, it’s well known that building PRACH preamble from shorter symbols will decrease the number of available preambles e.g. when ZC based preambles are used. Thus, to compensate decrease in capacity due to shorter symbols in use, it should be possible to allocate multiple RACH Occasions in frequency domain. Figure 12 illustrates multiple RACH Occasions in frequency domain in a RACH Burst. 
[image: ]
[bookmark: _Ref473575552]Figure 12 Supporting multiple RACH Occasions in frequency domain.
Proposal 7: Support multiple RACH Occasions in frequency domain.
2.4.2	PRACH parameters
In LTE PRACH preamble timing and PRACH preamble format are determined by PRACH configuration index. It is provided as part of SIB2 to UEs. In NR, the UE shall be able to determine at least the following parameters:
	PRACH preamble format parameters
· Subcarrier spacing for PRACH preamble(s)
· PRACH preamble format (for RACH Occasion)
· Number of RACH Occasions in frequency domain
· PRB locations of RACH Occasions

RACH Burst set parameters
· Number of RACH Occasions per RACH Burst
· Number of RACH Bursts per RACH Burst set
· Time between two consecutive RACH Bursts
· RACH burst set periodicity and timing of the first RACH burst of the RACH burst set

Parameters related to association between PRACH preambles and downlink RSs or SS blocks
· Association between SS block or MRS port within SS block and PRACH preambles in one or multiple RACH Occasions with following alternatives
· All SS blocks or MRS beams within SS blocks may be associated to PRACH preamble in one RACH Occasion
· There may be one-to-one mapping between SS block or MRS beams within an SS block and one RACH Occasion
· There may be one-to-many mapping between SS block or MRS beams within an SS blocks and multiple RACH Occasions
· Use case is where SS block and MRS beams are wider than beams used for PRACH reception
· Indication whether UE to transmit on RACH Occasions associated selected SS block or MRS beams within a selected SS block (beam correspondence or partial beam correspondence at gNB) or on all RACH Occasions (beam non-correspondence at gNB)
· How PRACH preambles in one RACH Occasion are grouped over frequency domain PRACH preamble resources and how groups are associated to MRS beams

Proposal 8: Support at least the following parameter categories:
- PRACH preamble format parameters
- RACH Burst set parameters
- Parameters related to association between PRACH preambles and downlink RSs and SS blocks.

2.5	Dimensioning of PRACH formats
In the subsequent RACH preamble formats, we assume:
· For Formats A to F, each PRACH burst will have a size of 30720 samples (14 symbols) (the actual duration scales with numerology), for example for 15 KHz SCS the PRACH burst length is 1 ms, … for 120 KHz SCS the RACH burst length is 0.125 ms. 
· For Formats G to I, each preamble burst 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 3 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 3 assumes 15 KHz numerology,

The different RACH preamble formats/PRACH bursts can have different CP length and different N and M values (construction of formats using N and M shown in Figure 13), as shown in Table 3.



[bookmark: _Ref474147226]Figure 13: Construction of PRACH formats based on N and M.

[bookmark: _Ref471392375]Table 3: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 4.
[bookmark: _Ref471392620]Table 4: 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 5.
[bookmark: _Ref471392664]Table 5: 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 9: Support formats in Table 3 as baseline for NR PRACH formats/PRACH Bursts and define additional formats for long coverage cases.

3	Conclusions
In this contribution we discussed about 
· PRACH definitions
· PRACH preamble format numerologies
· PRACH Preamble sequence type: ZC vs m-sequence
· Multiple/repeated PRACH Preamble formats
Related to PRACH definitions, the following proposals was made:
Proposal 1: Extend the current RACH Occasion definition: For 4-step RACH procedure, a RACH transmission occasion is defined as the time-frequency resource on which a PRACH message 1 is transmitted using the configured PRACH preamble format with a single particular tx beam and for which gNB performs PRACH preamble detection.
Proposal 2: Consider the following definitions:
· RACH Occasion = a RACH transmission occasion is defined as the time-frequency resource on which a PRACH message 1 is transmitted using the configured PRACH preamble format with a single particular tx beam and for which gNB performs PRACH preamble detection.
· PRACH Burst = Set of RACH Occasions allocated consecutively in time domain
· PRACH Burst Set = Set of PRACH Bursts to enable full RX sweep

Related to PRACH preamble sequence design the following observations and proposals are made:
Observation 1: M -sequences generally show smaller false alarm rates
Observation 2: Minimum required SNR’s are similar for ZC- and m-sequences. The similarity does not depend on the numerology e.g. on subcarrier spacings or sequence lengths.
Observation 3: Increasing the PRACH subcarrier bandwidth leads to an increased minimum SNR requirement for < 1% missed detection probability.
Observation 4: Increasing the PRACH subcarrier bandwidth leads to an increased minimum SNR requirement for < 1% missed detection probability.
Observation 5: Using several preamble sequences within one preamble leads to a significant decrease in minimum required SNR for <1% missed detection rate. But, on the other hand, degradations in the false alarm rates can be observed.
Observation 6: Using several non-coherent summations in the PRACH receiver processing chain provides only marginal performance gains.
Proposal 3: ZC-sequences shall be the sequence type for 15 kHz PRACH subcarrier spacing.
Proposal 4: m-sequences shall be the sequence type for 1.25 kHz PRACH subcarrier spacing.

Related to multiple/repeated preamble formats the following proposals are made:
Proposal 5: There is one-to-one mapping between PRACH transmission in one RACH Occasion where gNB RX beam is kept fixed and RAR for contention based PRACH preamble(s).
Proposal 6: It should be clarified that for PRACH transmission of one RACH Occasion for which gNB RX beam is remained fixed and gNB performs PRACH detection the UE should use the same sequence if the PRACH transmission consists of multiple sequences.
Related to RACH resource allocation and RACH configuration parameters the following proposals are made:
Proposal 7: Support multiple RACH Occasions in frequency domain.
Proposal 8: Support at least the following parameter categories:
- PRACH preamble format parameters
- RACH Burst set parameters
- Parameters related to association between PRACH preamles and downlink RSs and SS blocks.
Related to PRACH dimensioning the following agreement is made:
Proposal 9: Support formats in Table 2 as baseline for NR PRACH formats and define additional formats for long coverage cases.
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Appendix

Link-level-simulation assumptions mainly taken from [5] including some study specific adjustments.

	Parameter
	Value

	Carrier Frequency
	4 GHz

	Channel model
	CDL-C

	Delay Scaling
	100 ns

	Angle spreads ZSA/ZSD/ASA/ASD
	5°/1°/model based/model based

	TRP Antenna Configuration
	(1,1,2) omni-directional

	TRP antenna orientation
	0°

	TRP mean angle in Azimuth/Elevation
	0°/model based

	TRP beamforming
	No beamforming applied

	UE Antenna Configuration
	(1,1,1) omni-directional

	UE antenna orientation
	0°

	TRP mean angle in Azimuth/Elevation
	0°/model based

	UE movement direction
	0°

	Frequency Offset
	+/- 0.05 ppm at TRP and +/-0.1 ppm at UE
+/-200 Hz at TRP and+/-400 Hz at UE, max. offset +/-600 Hz

	UE speed
	3, 120 and 500 km/h

	Initial Timing Offset
	0

	IFFT Size
	2048

	ZC/m-Sequence Length
	67,127,257,509 and 1021 for ZC-sequences
63,127,255,511 and 1023 for m-sequences

	PRACH Subcarrier spacing
	1.25, 2.5, 5, 10, 15 kHz

	ZC/m-Sequence Bandwidth
	from 78kHz to 15.3 MHz

	Number of preambles
	Depending on sequence length from 4 to 64

	Slot Duration
	30720 time samples (1ms)

	Number of Sequences per Slot
	1,2,4,8,12, the maximum number depends on the subcarrier spacing

	Sampling Frequency
	30.72 MHz

	False Alarm Probability if Input is Noise only
	0.1%

	Target Missed Detection Probability
	<1%
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