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In this contribution, we will discuss the remaining details of NR-PRACH formats. We will analyze the allocation of PRACH time-frequency resources by evaluating whether the working assumption that the field length of RAPID is 6 bits should be confirmed, or the extension to 8 bits as considered to be studied in the latest agreement need be adopted. We will also present our opinion on the PRACH configuration.  
Size of the Random Access Preamble ID (RAPID) Field
In LTE, a maximum of 64 preambles per RACH occasion were defined. This was a 4-time increase from the 16 signatures originally defined in W-CDMA, in order to minimize the collision probability of multiple RACH transmission in non-synchronized RACH based on slotted-ALOHA scheme [1][2]. In particular, LTE PRACH format 4 adopts a short sequence length of L = 139, which is used in frame structure type 2 (for TDD only) and only transmitted in the special sub-frame. The corresponding PRACH preamble spans 0.1479 ms (2 OFDM symbols with 15 kHz SCS) in the special sub-frame and has a bandwidth of 1.08 MHz. Depending on the PRACH configuration and UL/DL configuration, there can be 0.5 to 2 PRACH preambles per 10 ms in the time domain, and 1 to 6 PRACH preambles in the frequency domain. Therefore, we can conclude that the time domain overhead per 10 ms of LTE PRACH with format 4 ranges from 0.5*2/140 to 2*2/140 = 0.71% to 2.86%.
NR defines several new PRACH formats (i.e., formats A0~A3, B1~B4, C0, C2) with the same short sequence length of L=139 as that for LTE PRACH format 4, which are expected to be used in mmWave cells for multiple-beam deployment. Due to the new features of NR that are different from those of LTE, other values of some PRACH configuration parameters for these NR PRACH formats are required. To determine the number of PRACH resources in order to support the new NR features, we consider the challenging but realistic 5G study case with 30 GHz carrier frequency as described in Appendix A, which is based on 3GPP system assumptions in [3]. The following analysis shows how to determine the number of PRACH resources. 
Average number of PRACH transmission attempts per cell per second: As calculated in Appendix A, in a small cell with radius 50 m, there are on average 6495 users (UEs). Considering different PRACH formats, the average number of PRACH transmission attempts per cell per second is list in Table 1 below.
Table 1. Average number of PRACH transmission attempts/cell/s* for different NR-PRACH formats.
	Format
	Average number of PRACH transmission attempts/cell/s

	A0
	3215

	C0
	4896

	A1/B1
	6284

	A2/B2/C2
	14249

	A3/B3
	21190

	B4
	42234


*One PRACH transmission attempt span one slot of 0.25ms, within which different numbers of TX-RX beam pairs can be accommodated depending on PRACH formats.



Number of PRACH preambles required to reach  miss detection probability: From the average number of PRACH attempts per cell per second  for each NR PRACH format, we can correspondingly compute the number of RACH preambles   needed to reach an operational miss-detection probability which is ultimately limited by collisions. This ultimate error floor on miss-detection was computed in [4] and given in Appendix B. Table 2 below list the numbers of PRACH preambles/cell/s that are required to reach an operational miss-detection no higher than  for different NR PRACH formats. 
Table 2. Average number of PRACH preambles/cell/s for different NR-PRACH formats
	Format
	Average number of PRACH preambles/cell/s

	A0
	159677

	C0
	243166

	A1/B1
	312102

	A2/B2/C2
	707696

	A3/B3
	1052427

	B4
	2097600



If we follow the working assumption that the field length of RAPID is 6 bits, there will be 26 = 64 PRACH preambles per PRACH occasion. Table 3 below lists the corresponding required time and frequency resource for different NR PRACH formats.
Table 3. PRACH time-frequency resource allocation with 6-bit RAPID. 
	PRACH format
	No. of PRACH preambles per PRACH occasion 
	No. of PRACH time-frequency resources/cell/s
	No. of PRACH frequency sub-bands
	No. of PRACH time occasions / s
	PRACH overhead in time domain per 10 ms

	A0
	

64



	159677/64 = 2495
	6
	2495/6 = 416
	10.4%

	
	
	
	4
	2495/4 = 624
	15.6%

	
	
	
	1
	2495
	62.375%

	C0
	
	243166/64 = 3800
	6
	3800/6 = 634
	15.85%

	
	
	
	4
	3800/4 = 950
	23.75%

	
	
	
	1
	3800
	95%

	A1/B1
	
	312102/64 = 4877
	6
	4877/6 = 813
	20.325%

	
	
	
	4
	4877/4 = 1220
	30.5%

	
	
	
	1
	4877
	Infeasible

	A2/B2/C2
	
	707696/64 = 11058
	6
	11058/6 = 1843
	46.075%

	
	
	
	4
	11058/4 = 2765
	69.125%

	
	
	
	1
	11058
	Infeasible

	A3/B3
	
	1052427/64 = 16445 
	6
	16445/6 = 2741
	68.525%

	
	
	
	4
	16445/4 = 4112
	Infeasible

	
	
	
	1
	16445
	Infeasible

	B4
	
	2097600/64 = 32775
	6
	32775/6 = 5463
	Infeasible

	
	
	
	4
	32775/4 = 8194
	Infeasible

	
	
	
	1
	32775
	Infeasible



On the other hand, if we assume that the field length of RAPID is 8 bits, there will be 28 = 256 PRACH preambles per PRACH occasion. Table 4 below lists the corresponding required time and frequency resource for different NR PRACH formats.
Table 4. PRACH time-frequency resource allocation with 8-bit RAPID. 
	PRACH format
	No. of PRACH preamble per PRACH occasion 
	No. of PRACH time-frequency resources/cell/s
	No. of PRACH frequency sub-bands
	No. of PRACH time occasions / s
	PRACH overhead in time domain per 10 ms

	A0
	

256



	159677/256 = 624
	6
	624/6 = 104
	2.6%

	
	
	
	4
	624/4 = 156
	3.9%

	
	
	
	1
	624
	15.6%

	C0
	
	243166/256 = 950
	6
	950/6 = 159
	3.975%

	
	
	
	4
	950/4 = 238
	5.95%

	
	
	
	1
	950
	23.75%

	A1/B1
	
	312102/256 = 1220
	6
	1220/6 = 204
	5.1%

	
	
	
	4
	1220/4 = 305
	7.625%

	
	
	
	1
	1220
	30.5%

	A2/B2/C2
	
	707696/256 = 2765
	6
	2765/6 = 461
	11.525%

	
	
	
	4
	2765/4 = 692
	17.3%

	
	
	
	1
	2765
	69.125%

	A3/B3
	
	1052427/256 = 4112 
	6
	4112/6 = 686
	17.15%

	
	
	
	4
	4112/4 = 1028
	25.7%

	
	
	
	1
	4112
	Infeasible

	B4
	
	2097600/256 = 8194
	6
	8194/6 = 1366
	34.15%

	
	
	
	4
	8194/4 = 2049
	51.225%

	
	
	
	1
	8194
	Infeasible



Comparing the calculations in Tables 3 and 4 above, we can make the following observations.
Observation 1: With 6-bit RAPID, the time overhead of NR-PRACH can be extremely high and up to the point of being totally infeasible, even with FDM of PRACH preambles over 6 sub-bands. 
In comparison, the overhead is significantly larger than that of LTE. Nevertheless, the analysis assumes that PRACH transmission attempts are only due to initial access, handover, paging or request for Other SI. However, we have not included aspects of beam failure recovery etc. Moreover, for TDD operation, the overhead numbers will become even larger, considering less UL subframes are available per radio frame. It should be noted that increasing the number of sub-bands is not desirable for carrier bandwidths being relatively small to the PRACH bandwidth and come at the expense of a larger overhead as well as higher gNB complexity for deploying multiple parallel PRACH detectors. On the other hand, with 256 preambles, much of these concerns can be circumvented. 
Observation 2: With 8-bit RAPID, the time overhead of NR-PRACH can become feasible even in the most challenging cases, e.g., for a  large number of TX beams and for cases without beam correspondence.    
In order to guarantee that NR could support the novel key advanced techniques fully, we have the following proposal. 
[bookmark: _Ref497726515]Proposal 1: Do not confirm the Working Assumption on using 6-bit RAPID: NR should support 8-bit RAPID. 

PRACH Configuration
[bookmark: OLE_LINK72][bookmark: OLE_LINK73]Overview of PRACH configuration: contents and sizes 
Besides the set of PRACH preamble formats discussed in Section I, which are with short sequence length of 139 and large subcarrier spacing (i.e., 15 / 30 / 60 / 120 kHz), NR has also defined another set of RACH preamble formats that are with long sequence length of 839 and small subcarrier spacing (e.g., 1.25 kHz for preamble format 0~2, 5 kHz for preamble format 3). These two sets of preamble formats are defined for different use scenarios, e.g., the long sequence based preamble formats are for cell with large cell coverage and the short sequence based preamble formats are suitable for multiple-beam deployment. NR can adopt two RACH configurations regarding to the sequence length. 
The expected fields and size of PRACH configurations for the two sets of preamble formats are listed in Table 5. The field OndemandSI is used to indicate the dedicated preamble indices and RA resource periodicity (e.g., named PRACH Mask Index in LTE) for SI request, and the association between the preamble index and/or resource periodicity and SI. For the NR PRACH configuration, we have the following proposal. 
[bookmark: _Ref497726525][bookmark: _Ref492497254]Proposal 2: NR should use Table 5 as the NR-PRACH configuration parameters.  
[bookmark: _Ref491956773]Table 5 NR-PRACH configuration parameters
	Field name
	L = 839
	L =  139
	Remark 

	
NumberOfPreambles
	2
	2
	Number of preambles for CBRA and CFRA per RO: {64, 128, 256, reserved} [6]

	NumberOfRA-Preambles
	5
	5
	Number of preambles for CBRA per RO: {4, 8, 12, 16, 20, 24, 28, 32, 36, 40, 44, 48, 52, 56, 60, 64, 80, 96, 112, 128, 144, 160, 176, 192, 208, 224, 240, 256} [6]

	NumberOfSSB
	3
	3~4
	Number of SS blocks associated with one RO [LF: 0~7 SS Blocks; HF: 0~7 SS Blocks, 2~8 SSB groups] [6]

	sizeOfRA-PreambleGroupA
	5
	5
	The same meaning as in LTE

	messageSizeGroupA
	2
	2
	The same meaning as in LTE

	messagePowerOffsetGroupB
	3
	3
	The same meaning as in LTE

	PowerRampingStep
	2
	2
	The same meaning as in LTE

	PreambleTransMax
	4
	4
	The same meaning as in LTE

	mac-ContentionResolutionTimer
	3
	3
	The same meaning as in LTE

	maxHARQ-Msg3Tx
	3
	3
	The same meaning as in LTE

	ra-ResponseWindowSize
	3
	3
	The same meaning as in LTE

	PreambelInitialReceivedTargetPower
	[4]
	[4]
	Similar meaning as in LTE

	rootSequenceIndex
	10
	8
	The same meaning as in LTE

	Prach-ConfigIndex
	6
	6
	The same meaning as in LTE

	zeroCorrelationZoneConfig
	4
	4
	The same meaning as in LTE

	highSpeedFlag
	2
	[0]
	Restricted set type indication

	IAU-BWP
	[X]
	[X]
	Configuration of Multiple IAU BWPs [7]

	prach-Msg1SequenceLength
	1
	1
	Preamble sequence length L

	prach-Msg1SubcarrierSpacing
	-
	1
	Preamble subcarrier spacing

	prach-Msg3SubcarrierSpacing
	1
	1
	Msg3 subcarrier spacing

	Msg3Waveform
	1
	1
	Msg3 waveform

	OndemandOSI
	[Y]
	[Y]
	On-demand OSI configuration

	Association
	1
	1
	Frequency or time first RO indexing [6]

	RSRP-ThresholdSSBlock
	[4]
	[4]
	Threshold for SS block selection during Msg1 transmission

	Total
	[69 + X + Y]
	[66~67 + X + Y]
	



NR Random access channel time configuration 
PRACH configuration index is used to determine the PRACH preamble format and time/frequency of RACH resources. In LTE, UE obtains the preamble format, time (i.e., subframe number) and frequency resource index from a lookup table with a configured index of length 6 bits, which in total indicates 64 different settings suitable for different use cases. NR can follow the similar principle for PRACH configuration design. 
[bookmark: _GoBack][bookmark: _Ref497726530][bookmark: _Ref494135101]The NR-PRACH configuration can indicate the PRACH time density and subframe number as in LTE. The number of PRACH resource in frequency may be independently configured or / predefined. An example is shown in Table C1 and Table D1 for NR preamble formats with sequence length L = 839 and L = 139, respectively. The PRACH configurations of NR preamble formats with sequence length L = 839 follow similar designs as LTE FDD, yet more options in time density due to wider NR bandwidth. The PRACH configurations of NR preamble formats with sequence length L = 139 should strive to maximize the commonality between NR TDD and NR FDD. Thus the NR PRACH configurations should avoid the subframes that synchronization signals (SS) may be scheduled, e.g., SS is in the first half frame. As a result, there is no overlap between SS block and PRACH configuration when the actually transmitted SS block periodicity is larger than 5ms in NR TDD. Moreover, the PRACH resource pattern in a PRACH configuration period can be of multiple frames, e.g., 20 ms. In Table C1 and Table D1, the PRACH configuration period is the time interval indicated by the system frame number, which can be 10 / 20 / 40 / 80 / 160 ms. A larger PRACH configuration period is able to reduce the PRACH overhead. 
[bookmark: _Ref498005924]Proposal 3: NR supports PRACH configuration period of 10ms, 20m, 40 ms, 80 ms, and 160 ms indicated by the PRACH configuration in Tables C1 and D1. 
Only the subframe number is not enough to indicate the exact timing of the preamble formats for the NR preamble formats with sequence length L = 139, and the time slot number and / or OFDM symbol (OS) number should be provided to determine the RACH resource time. However, the preamble subcarrier spacing impacts on the time slot and OFDM symbol duration. In NR, there are more options of preamble subcarrier spacing, e.g., there are two preamble SCSs for each frequency band range (i.e., 15 kHz and 30 kHz for below-6 GHz, and 60 kHz and 120 kHz for over-6 GHz). As a result, it is complicated and of high overhead to indicate the time slot number and OS number for each PRACH resource considering various preamble SCSs. One simple solution is to only allow a finite number of PRACH resource time patterns in a subframe, and the time slot number and OS number of the PRACH resources in each pattern are fixed for each specific SCS. For example, two sets of PRACH resource patterns for the NR preamble formats of sequence length 139 are shown in Figures E1 and E2 in Appendix E. The main benefit for E1 is that all the PRACH resources are continuous within a subframe, where the guard time overhead is minimized. The main benefit for E2 is that continuous PRACH resources within a slot with reasonable number of ROs yet they do not cover the whole slot to enable some DL transmission before the PRACH resources. The indication between E1 and E2 by gNB enables the flexibility for semi-static DL/UL SFI configuration.
Based on the above discussions, we have the proposal below. 
[bookmark: _Ref498451498]Proposal 4: NR defines a finite number of candidate PRACH resource time patterns in a subframe, where the time slot number and OFDM symbol for each pattern are predefined as indicated in Figures E1 and E2. The frame and subframe that contains the PRACH resources are indicated by the PRACH configuration Table via Table D1. 
In a PRACH configuration period, the number of PRACH transmission occasions (in time) defined by the PRACH resource pattern should support at least one-to-one mapping for all the SS blocks in an SS burst set period. For example, the number of PRACH transmission occasions should be at least 4 for sub-3 GHz, 8 for above 3 GHz and below 6 GHz, and 64 for above 6 GHz for all the NR preamble formats. 
[bookmark: _Ref498452254]Proposal 5: The number of PRACH transmission time occasions in a RACH configuration period should be at least the same as the number of SS blocks in an SS burst set period.
In a PRACH configuration period, if there are more PRACH resource for associating with the actually SS blocks, some of the PRACH resources can be punctured according to a predefined rule. For example in Figure 1, the PRACH is of format A1/B1, and two actually transmitted SS blocks are with subcarrier spacing 30 kHz, the mapping between SS block and PRACH resource is one-to-one. Then only the PRACH resource in the end of a PRACH configuration pattern / period is left while the others are punctured as Figure 1(b)~(c) for the two configuration patterns in Appendix E.
[bookmark: _Ref498451504]Proposal 6: If there are more PRACH resources for SS block association in a PRACH configuration pattern after puncture due to SSB/RMSI overlapping, some of the PRACH resources are punctured from the beginning of the PRACH pattern.  
	[image: ]


[bookmark: _Ref494123297]Figure 1: PRACH resource puncturing according to the actually transmitted SS blocks 

TDD PRACH resource adjustment due to overlapping 
In NR, the actually transmitted SS blocks will distribute in a window with maximum duration of 5 ms. For example, 4 SS blocks at below 3GHz with 15 kHz and 30 kHz will take 2 ms and 1 ms, respectively, 8 SS blocks at above 3 GHz and below 6 GHz with 15 kHz and 30 kHz will take 4 ms and 2 ms, respectively, and 64 SS blocks at above 6 GHz with 120 kHz and 240 kHz will take 5 ms and 3 ms, respectively. Thus at least for TDD, the PRACH resource in a frame should be defined at those sub-frames not potentially occupied by SS blocks, such that minimal adjustment is needed due to overlapping with SS blocks.
PRACH resource puncturing 
The RACH resource may be overlapped with the semi-static configured downlink slots and semi-persistent scheduled DL/UL data transmission. For the semi-static configured downlink slots, the information can be signalled by RMSI or OSI. If it is signalled by OSI, UE does not know how to avoid the possible conflict configuration before sending Msg.1. Therefore, to avoid potentially meaningless UE transmission, RACH resources should have higher priority, where gNB should configure the timing for RACH resources to UL slot. Even if it is signalled in RMSI, gNB could also configure the timing for RACH resources to UL slot by gNB implementation. As a result, we have following proposal:
[bookmark: _Ref497745842]Proposal 7: If PRACH resource is overlapped with SS blocks, the PRACH resource is punctured. It is up to gNB implementation to avoid the conflict between PRACH resource and semi-static DL/UL SFI configuration.
PRACH resource adjustment 
The PRACH resource may be punctured and the mapping between SS blocks and PRACH is affected. To keep a reasonable PRACH capacity, the following may be adjusted: 
PRACH resource pattern in a configuration period: some of the PRACH resource is punctured and some candidate resource is added. The candidate resource is in the semi-static uplink slots if SFI is indicated in RMSI.  If SFI is indicated in OSI, the candidate resource is in the slots that does not contain SS block. Note that the candidate resource can be started in the first available slots in any case without any RRC indication.
SS block and PRACH resource association: the number of PRACH resource / preambles associated to an SS block can be adjusted if the number of resources and preambles in a configuration pattern is changed. 
[bookmark: _Ref497745846][bookmark: _Ref497726547]Proposal 8: The mapping rule during one RACH configuration period is based on the actually transmitted PRACH resources after puncturing and appending.
NR Random access channel frequency hopping 
In LTE, a PRACH resource is mapped to physical resource block in frequency according to either a frequency hopping parameter prach-HoppingOffset or two sides of the uplink channel bandwidth if there are multiple resources in the same PRACH time instance. For example in TDD preamble format 0~3, the hoping is: 

where  is the PRACH frequency index with the same time and  is the uplink bandwidth. The NR should also consider frequency hopping so as to provide frequency diversity during Msg1 retransmission. In different PRACH configuration periods, the SS block can be mapped to PRACH resources with different frequency so as to provide better diversity.
[bookmark: _Ref498451513]Proposal 9: Support frequency hopping of the RACH resources across PRACH configuration periods.

[image: ]
Figure 2: PRACH frequency hopping across configuration period

Conclusion
In this contribution, we discuss the PRACH configuration. The following proposals are made: 
Proposal 1: Do not confirm the Working Assumption on using 6-bit RAPID: NR should support 8-bit RAPID.
Proposal 2: NR should use Table 5 as the NR-PRACH configuration parameters.
Proposal 3: NR supports PRACH configuration period of 10ms, 20m, 40 ms, 80 ms, and 160 ms indicated by the PRACH configuration in Tables C1 and D1. 
Proposal 4: NR defines a finite number of candidate PRACH resource time patterns in a subframe, where the time slot number and OFDM symbol for each pattern are predefined as indicated in Figures E1 and E2. The frame and subframe that contains the PRACH resources are indicated by the PRACH configuration Table via Table D1. 
Proposal 5: The number of PRACH transmission time occasions in a RACH configuration period should be at least the same as the number of SS blocks in an SS burst set period. 
Proposal 6: If there are more PRACH resources for SS block association in a PRACH configuration pattern after puncture due to SSB/RMSI overlapping, some of the PRACH resources are punctured from the beginning of the PRACH pattern. 
Proposal 7: If PRACH resource is overlapped with SS blocks, the PRACH resource is punctured. It is up to gNB implementation to avoid the conflict between PRACH resource and semi-static DL/UL SFI configuration.
Proposal 8: The mapping rule during one RACH configuration period is based on the actually transmitted PRACH resources after puncturing and appending.
Proposal 9: Support frequency hopping of the RACH resources across PRACH configuration periods.
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Appendix A : 5G study case with NR mmWave small cell

Table A1. Detailed settings of the 5G NR mmWave small cell study case [3].
	Item
	Value
	Comment

	Number of UEs/km2
	1000000
	From [3, section 7.17]. This number is the total number of connections per unit area (km2), which may be mapped to a number of frequency locations. 

	Cell size
	50 m (Dense Urban)
	Derived from 200m macro layer ISD and 3micro TRxPs per macro TRxP [3,section 6.1.2]. 

	Bandwidth
	1 GHz  
	From [3, section 6.1.2]

	Procedure 
	Contention-based random access 
	

	Preamble formats
	A0~A3, B1~B4, C0, C2
	Using SCS = 60 kHz

	# UE TX beams
	8
	

	# TRP RX beams
	64
	

	Beam correspondence
	50% of UEs have beam correspondence
25% of UEs have partial beam correspondence
25% of UEs have no beam correspondence
	For a UE with beam correspondence, no beam sweeping is needed and only one TX-RX pair is required per PRACH transmission round;
For a UE with partial beam correspondence, assuming 4 TX beam sweeping and 16 RX beam sweeping with analog beamforming, 4*16 = 64 TX-RX beam pairs per PRACH transmission round are needed. 
For a UE with no beam correspondence case, 8*64 = 512 TX-RX beam pairs per PRACH transmission round are needed.

	Number of Power steps
	2
	Assume there are 2 power steps. UE first transmit PRACH preamble with a lower power step with/without beam sweeping, and then transmit it with a higher power step if it doesn’t receive message 2 within a certain time window. Assuming 50% probability of transmission with a higher power step is needed, the average number of transmission rounds is 1.5

	Average number of PRACH transmission attempts per transmission round
(One PRACH transmission attempt span one slot of 0.25ms, within which different numbers of TX-RX beam pairs can be accommodated depending on PRACH formats)
	With beam correspondence: 1 for all PRACH formats.

With partial beam correspondence: 
· 64/14 = 5 for format A0;
· 64/9 = 8 for format C0;
· 64/7 = 10 for format A1/B1 
· 64/3 = 22 for format A2/B2/C2
· 64/2 = 32 for format A3/B3
· 64 for format B4

With no beam correspondence:
· 512/14 = 37 for format A0;
· 512/9 = 57 for format C0
· 512/7 = 74 for format A1/B1
· 512/3 = 171 for format A2/B2/C2
· 512/2 = 256 for format A3/B3
· 512 for format B4

	 For format A0, one slot of 0.25 ms can accommodate 14 TX-RX beam pair combinations;
For format C0, one slot of 0.25 ms can accommodate 9 TX-RX beam pair combinations;
For format A1/B1, one slot of 0.25 ms can accommodate 7 TX-RX beam pair combinations;
For format A2/B2/C2, one slot of 0.25 ms can accommodate 3 TX-RX beam pair combinations;
For format A3/B3, one slot of 0.25 ms can accommodate 2 TX-RX beam pair combinations;
For format B4, one slot of 0.25 ms can accommodate 1 TX-RX beam pair.

	RACH functionality and load / UE
	Initial access: 1 every 10 min
Handover: 1 every 40 s
Paging: 1 every 10 min
Other SI: 1every 10 min
Total load: 1.8 PRACH procedure/UE/min
	For handover we assume 3 km/h and the UE needs to make one handover every 40 s.



Based on the above assumptions we can make the following calculations:

Average number of UEs per cell:
· 1000000 UEs/km2
· 3*sqrt(3)*0.05^2/2 km2/cell based on 50 m hexagonal cell radius 
· Combining above factors, the average number of UEs per cell is 6495 = 1000000 * 3*sqrt(3)*0.05^2/2  UEs/cell
Average number of PRACH transmission attempts per UE per second
· 1.8 PRACH procedure/UE/min = 0.03 PRACH procedure/UE/s
· 1.5 PRACH transmission rounds per PRACH procedure
· The average number of PRACH transmission attempts/PRACH transmission round
· For format A0: 11  = 0.5*1 + 0.25*5 + 0.25*37
· For format C0: 16.75  = 0.5*1 + 0.25*8 + 0.25*57
· For format A1/B1: 21.5  = 0.5*1 + 0.25*10 + 0.25*74
· For format A2/B2/C2: 48.75  = 0.5*1 + 0.25*22 + 0.25*171
· For format A3/B3: 72.5  = 0.5*1 + 0.25*32 + 0.25*256
· For format B4: 144.5  = 0.5*1 + 0.25*64 + 0.25*512
· Combining the above factors, the average number of PRACH transmission attemps per UE per second is calculated as below
· For format A0: 0.495  = 0.03*1.5*11
· For format C0: 0.7537  = 0.03*1.5*16.75
· For format A1/B1: 0.9675  = 0.03*1.5*21.5
· For format A2/B2/C2: 2.1938  = 0.03*1.5*48.75
· For format A3/B3: 3.2625  = 0.03*1.5*72.5
· For format B4: 6.5025  = 0.03*1.5*144.5
Average number of PRACH transmission attempts per cell per second
· 6495 UEs/cell 
· Average number of PRACH transmission attempts per UE per second
· For format A0: 0.495  = 0.03*1.5*11
· For format C0: 0.7537  = 0.03*1.5*16.75
· For format A1/B1: 0.9675  = 0.03*1.5*21.5
· For format A2/B2/C2: 2.1938  = 0.03*1.5*48.75
· For format A3/B3: 3.2625  = 0.03*1.5*72.5
· For format B4: 6.5025  = 0.03*1.5*144.5
· Combining above factors, the average number of PRACH transmission attempts per cell per second is calculated as follows.
· For format A0: 3215  = 6495*0.495
· For format C0: 4896  = 6495*0.7537
· For format A1/B1: 6284  = 6495*0.9675
· For format A2/B2/C2: 14249  = 6495*2.1938
· For format A3/B3: 21190  = 6495*3.2625
· For format B4: 42234  = 6495*6.5025

Appendix B : Probability of miss-detection error floor. 



Assuming that NTA PRACH transmission attempts arrive randomly and independently following a Poisson distribution, the corresponding arrival probability is  where  is the average number of PRACH transmission attempts per second. The higher the total number of PRACH preambles (denoted by Npre) available, the less collusion will occur and thus the smaller miss detection. This asymptotic limit can be computed analytical as follows: If there are NTA PRACH transmission attempts among which i PRACH transmission attempts select the same PRACH preamble, these i PRACH transmission attempts are bounded to collide and at least PRACH transmission attempts will be miss-detected. At high SNR, the corresponding probability of miss-detection is calculated as



                                                        .                                                                 
Then further considering the PRACH transmission attempt arrival distribution, the final expression is obtained after averaging as

.




Appendix C Random access configuration for NR preamble formats with sequence length 839

[bookmark: _Ref493924045]Table C1 PRACH configuration for NR preamble formats with sequence length 839
	PRACH Configuration
Index
	Preamble Format
	System frame number
	Subframe number
	PRACH Configuration
Index
	Preamble Format
	System frame number
	Subframe number

	0
	0
	SFN % 8 = 0
	1
	32
	2
	SFN % 8 = 0
	1

	1
	0
	SFN % 8 = 0
	6
	33
	2
	SFN % 8 = 0
	6

	2
	0
	SFN % 4 = 0
	1
	34
	2
	SFN % 4 = 0
	1

	3
	0
	SFN % 4 = 0
	6
	35
	2
	SFN % 4 = 0
	6

	4
	0
	SFN % 2 = 0
	1
	36
	2
	SFN % 2 = 0
	1

	5
	0
	SFN % 2 = 0
	6
	37
	2
	SFN % 2 = 0
	6

	6
	0
	Any
	1
	38
	2
	Any
	1

	7
	0
	Any
	6
	39
	2
	Any
	6

	8
	0
	Any
	1, 6
	40
	2
	Any
	1, 6

	9
	0
	Any
	2, 7
	41
	2
	Any
	2, 7

	10
	0
	Any
	1, 4, 7
	42
	N/A
	N/A
	N/A

	11
	0
	Any
	2, 5, 8
	43
	N/A
	N/A
	N/A

	12
	0
	Any
	0, 2, 4, 6, 8
	44
	N/A
	N/A
	N/A

	13
	0
	Any
	1, 3, 5, 7, 9
	45
	N/A
	N/A
	N/A

	14
	0
	Any
	0, 1, 2, 3, 4, 5, 6, 7, 8, 9
	46
	N/A
	N/A
	N/A

	15
	0
	SFN % 2 = 0
	9
	47
	2
	SFN % 2 = 0
	9

	16
	1
	SFN % 8 = 0
	1
	48
	3
	SFN % 8 = 0
	1

	17
	1
	SFN % 8 = 0
	6
	49
	3
	SFN % 8 = 0
	6

	18
	1
	SFN % 4 = 0
	1
	50
	3
	SFN % 4 = 0
	1

	19
	1
	SFN % 4 = 0
	6
	51
	3
	SFN % 4 = 0
	6

	20
	1
	SFN % 2 = 0
	1
	52
	3
	SFN % 2 = 0
	1

	21
	1
	SFN % 2 = 0
	6
	53
	3
	SFN % 2 = 0
	6

	22
	1
	Any
	1
	54
	3
	Any
	1

	23
	1
	Any
	6
	55
	3
	Any
	6

	24
	1
	Any
	1, 6
	56
	3
	Any
	1, 6

	25
	1
	Any
	2, 7
	57
	3
	Any
	2, 7

	26
	1
	Any
	1, 4, 7
	58
	3
	Any
	1, 4, 7

	27
	1
	Any
	2, 5, 8
	59
	3
	Any
	2, 5, 8

	28
	N/A
	N/A
	N/A
	60
	3
	Any
	0, 2, 4, 6, 8

	29
	N/A
	N/A
	N/A
	61
	3
	Any
	1, 3, 5, 7, 9

	30
	N/A
	N/A
	N/A
	62
	3
	Any
	0, 1, 2, 3, 4, 5, 6, 7, 8, 9

	31
	1
	SFN % 2 = 0
	9
	63
	3
	SFN % 2 = 0
	9





Appendix D Random access configuration for NR preamble formats with sequence length 139

[bookmark: _Ref493924043]Table D1 PRACH configuration for NR preamble formats with sequence length 139
	PRACH Configuration
Index
	Preamble Format
	System frame number
	Subframe number
	PRACH Configuration
Index
	Preamble Format
	System frame number
	Subframe number

	0
	A0
	SFN % 8 = 0
	7
	32
	A2/B2
	SFN % 8 = 0
	6, 7, 8, 9

	1
	A0
	SFN % 8 = 0
	9
	33
	A2/B2
	SFN % 8 = 1
	6, 7, 8, 9

	2
	A0
	SFN % 4 = 0
	7
	34
	A2/B2
	SFN % 4 = 0
	6, 7, 8, 9

	3
	A0
	SFN % 4 = 0
	9
	35
	A2/B2
	SFN % 4 = 1
	6, 7, 8, 9

	4
	A0
	SFN % 2 = 0
	7
	36
	A2/B2
	SFN % 2 = 0
	6, 7, 8, 9

	5
	A0
	SFN % 2 = 0
	9
	37
	A2/B2
	SFN % 2 = 1
	6, 7, 8, 9

	6
	A0
	Any
	7
	38
	N/A
	N/A
	N/A

	7
	A0
	Any
	9
	39
	N/A
	N/A
	N/A

	8
	A0
	Any
	6, 7
	40
	C2
	SFN % 16 = 0
	6, 7, 8, 9

	9
	A0
	Any
	8, 9
	41
	C2
	SFN % 16 = 1
	6, 7, 8, 9

	10
	C0
	SFN % 8 = 0
	7
	42
	C2
	SFN % 8 = 0
	6, 7, 8, 9

	11
	C0
	SFN % 8 = 0
	9
	43
	C2
	SFN % 8 = 1
	6, 7, 8, 9

	12
	C0
	SFN % 4 = 0
	7
	44
	C2
	SFN % 4 = 0
	6, 7, 8, 9

	13
	C0
	SFN % 4 = 0
	9
	45
	C2
	SFN % 4 = 1
	6, 7, 8, 9

	14
	C0
	SFN % 2 = 0
	7
	46
	C2
	SFN % 2 = 0
	6, 7, 8, 9

	15
	C0
	SFN % 2 = 0
	9
	47
	C2
	SFN % 2 = 1
	6, 7, 8, 9

	16
	C0
	Any
	7
	48
	N/A
	N/A
	N/A

	17
	C0
	Any
	9
	49
	A3/B3
	SFN % 16 = 0
	6, 7, 8, 9

	18
	C0
	Any
	6, 7
	50
	A3/B3
	SFN % 16 = 1
	6, 7, 8, 9

	19
	C0
	Any
	8, 9
	51
	A3/B3
	SFN % 8 = 0
	6, 7, 8, 9

	20
	A1/B1
	SFN % 8 = 0
	6, 7
	52
	A3/B3
	SFN % 8 = 1
	6, 7, 8, 9

	21
	A1/B1
	SFN % 8 = 0
	8, 9
	53
	A3/B3
	SFN % 4 = 0
	6, 7, 8, 9

	22
	A1/B1
	SFN % 4 = 0
	6, 7
	54
	A3/B3
	SFN % 4 = 1
	6, 7, 8, 9

	23
	A1/B1
	SFN % 4 = 0
	8, 9
	55
	A3/B3
	SFN % 2 = 0
	6, 7, 8, 9

	24
	A1/B1
	SFN % 2 = 0
	6, 7
	56
	A3/B3
	SFN % 2 = 1
	6, 7, 8, 9

	25
	A1/B1
	SFN % 2 = 0
	8, 9
	57
	B4
	SFN % 16 = 0
SFN % 16 = 1
	6, 7, 8, 9
6, 7, 8, 9

	26
	A1/B1
	Any
	6, 7
	58
	B4
	SFN % 16 = 2
SFN % 16 = 3
	6, 7, 8, 9
6, 7, 8, 9

	27
	A1/B1
	Any
	8, 9
	59
	B4
	SFN % 8 = 0
SFN % 8 = 1
	6, 7, 8, 9
6, 7, 8, 9

	28
	N/A
	N/A
	N/A
	60
	B4
	SFN % 8 = 2
SFN % 8 = 3
	6, 7, 8, 9
6, 7, 8, 9

	29
	N/A
	N/A
	N/A
	61
	B4
	SFN % 4 = 0
SFN % 4 = 1
	6, 7, 8, 9
6, 7, 8, 9

	30
	A2/B2
	SFN % 16 = 0
	6, 7, 8, 9
	62
	B4
	SFN % 4 = 2
SFN % 4 = 3
	6, 7, 8, 9
6, 7, 8, 9

	31
	A2/B2
	SFN % 16 = 1
	6, 7, 8, 9
	63
	B4
	SFN % 4 = 0
SFN % 4 = 1 SFN % 4 = 2
SFN % 4 = 3
	6, 7, 8, 9
6, 7, 8, 9
6, 7, 8, 9
6, 7, 8, 9






Appendix E PRACH resource pattern in a subframe for preamble formats with sequence length 139
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[bookmark: _Ref497915254]Figure E1: consecutive PRACH between time slots with different formats and subcarrier spacing
[image: ]
[bookmark: _Ref497915261]Figure E2: consecutive PRACH in a time slot with different formats and subcarrier spacing
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