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RRC State Machine (NR)

Three states
1. RRC_IDLE

• No connection
2. RRC_INACATIVE [not there in LTE]

• Connection states saved by the UE and 
network

3. RRC_CONNECTED
• Completely connected state

38.331, 4.2.1

https://www.ericsson.com/en/reports-and-papers/ericsson-technology-
review/articles/meeting-5g-latency-requirements-with-inactive-state

https://www.ericsson.com/en/reports-and-papers/ericsson-technology-review/articles/meeting-5g-latency-requirements-with-inactive-state


NR timers (NOT Necessary for class)
5G NR Timers Start Stop at Expiry

T304
Reception of RRCReconfiguration 
message including 
reconfigurationWithSync

Successful completion of random 
access on the corresponding SpCell 
For T304 of SCG, upon SCG release

For T304 of SCG, inform network 
about the reconfiguration with sync 
failure by initiating the SCG failure 
information procedure as specified 
in 5.7.3 of TS 38.331 (3GPP).

T310

Upon detecting physical layer 
problems for the SpCell i.e. upon 
receiving N310 consecutive out-of-
sync indications from lower layers.

Upon receiving N311 consecutive in-
sync indications from lower layers 
for the SpCell, upon receiving 
RRCReconfiguration with 
reconfigurationWithSync for that cell 
group, and upon initiating the 
connection re-establishment 
procedure. Upon SCG release, if the 
T310 is kept in SCG.

If the T310 is kept in MCG: If security 
is not activated: go to RRC_IDLE else: 
initiate the connection re-
establishment procedure. If the T310 
is kept in SCG, Inform E-UTRAN/NR 
about the SCG radio link failure by 
initiating the SCG failure information 
procedure as specified in 5.7.3.

T311 Upon initiating the RRC connection 
re-establishment procedure

Selection of a suitable NR cell or a 
cell using another RAT.

Enter RRC_IDLE



What is PRACH?

• PRACH stands for Physical Random Access Channel
• PRACH is used for initial access in the uplink
• It is also used for re-synchronization and re-connectivity



Random access channel (PRACH)
• Used for initial access
• Cannot carry any data
• Achieve uplink time synchronization

• Design for 
• Low latency
• Low SNR

• Contention based
• Random, collisions

• Contention-free
• Situations 2,3 



PRACH is used

• New connection is required
• Synchronization lost in the old connection
• Positioning
• Recovering from link failure



4 Step Process

• UE transmits random-access preamble
• gNodeB estimates the timing offset

• gNodeB transmits the timing advance 
command also assigns uplink resources
• Mobile transmits the network identity 

using ULSCH. 
• Exact content depends on whether it is 

previously known to the network or not

• Contention-resolution message from the 
network



Step1: Random Access Preamble Transmission

• Transmission of a RA preamble
• Signals the gNodeB the presence of a RA attempt
• Helps in estimating the timing advance

• Time-Frequency resource : PRACH
• Broadcasted by the network to all the terminals (SIB1)

How is this preamble selected and where is it transmitted? (next set of slides)



ZC Sequence Generation
• Zadoff—Chu sequence is a constant modulus sequence

• Each u corresponds to a different  base sequence
• U should be relatively prime to LRA

• For PRACH in NR, two lengths are used
• LRA=139 and LRA=839 are allowed lengths
• Since 139 and 839 are primes, all u < 139 (839) can be used for base sequence  

generation

xu(i) = e�j ⇡ui(i+1)
LRA , i = 0, . . . , LRA � 1

<latexit sha1_base64="ODoS+3kxqlwqJqf/skobFUsaFq0="></latexit>

Chu, D. C. (July 1972). "Polyphase codes with good periodic correlation properties". IEEE Trans. Inf. Theory. 18



Properties of ZC Sequences

• Constant amplitude signals
• Also known as Constant Amplitude Zero 

AutoCorrelation (CAZAC) Sequences 
• Periodic in LRA.
• Extremely good correlation properties
• For a given base-sequence all its circular shifts are 

orthogonal (Zero correlation)
• Different base sequences are non-orthogonal
• DFT of ZC sequence is a scaled ZC sequence

Efficient computation of DFT of Zadoff-Chu
sequences

S. Beyme and C. Leung

An important property of a Zadoff-Chu (ZC) sequence is derived,
namely that the discrete Fourier transform (DFT) of a ZC sequence
is a time-scaled conjugate of the ZC sequence, multiplied by a constant
factor. This result has many practical applications. For example, it can
be used to generate 3GPP LTE access preambles more efficiently than
the standard suggests as it allows the DFT of a ZC sequence of prime
length P to be computed with P instead of PlogP arithmetic operations.

Introduction: Currently defined 4 G wireless mobile air interfaces
(LTE [1], UMB [2], WiMAX, UWB) are based on OFDMA. Special
synchronisation signals need to be generated and embedded in the
OFDM carrier. The severe energy and computational constraints at the
mobile transceivers provide a strong motivation for exploring new
ways of efficiently generating and detecting these synchronisation
signals.

One class of signals commonly used for synchronisation in 4 G
systems are Zadoff-Chu (ZC) sequences, owing to their good correlation
properties [3, 4]. In the generation of LTE downlink synchronisation and
access preamble signals, discrete Fourier transform (DFT) and inverse
DFT (IDFT) operations are performed on ZC sequences [1]. In this
Letter, we prove that a ZC sequence and its DFT are time-scaled conju-
gates of each other, up to a constant factor. This fact allows us to reduce
the number of arithmetic operations required for computing the DFT of a
ZC sequence of length P to approximately P.

DFT of ZC sequences: The uth root ZC sequence of prime length P is
defined as [1]

xu½n" W e#
piunðnþ1Þ

P ; 0 ' n , P ð1Þ

It is easily verified that xu [n] is periodic with period P, i.e.

xu½n" ¼ xu½nþ P"; 8n ð2Þ

The DFT of xu[n] is

Xu½k" ¼
PP#1

n¼0
xu½n"e#

2pikn
P ; 0 ' k , P ð3Þ

In practice, the DFT is almost always implemented as a FFT, which
allows a reduction in the number of arithmetic operations from approxi-
mately P 2 to PlogP. As a digression, we note that compared to a FFT of
highly composite length, a prime length FFT is significantly more
expensive to compute. A FFT of prime length P can be expressed as a
fast convolution [5], generally requiring the computation of three
FFTs of (highly composite) length N . P.

The generation of a ZC sequence xu[n], as in (1), requires approxi-
mately P operations. Proposition 1 shows that its DFT Xu[k], as in (3),
can also be computed with approximately P operations.

Proposition 1: The DFT of the uth root (u = 0) ZC sequence xu[n] of
prime length P is equal to a conjugated and time-scaled version of xu[n],
up to a constant factor:

Xu½k" ¼ x)u½u
#1k"Xu½0" ð4Þ

Proof: Substituting (1) into (3), we have

Xu½k" ¼
PP#1

n¼0
e#

piunðnþ1Þ
P e#

2pikn
P ð5Þ

¼
PP#1

n¼0
e#

piðunðnþ1Þþ2knÞ
P ð6Þ

Taking the factor

e
piuðu#1kÞðu#1kþ1Þ

P ð7Þ

where u 21 is the multiplicative inverse of u modulo P, outside the sum
in the right-hand side of (6), we obtain

Xu½k" ¼ e
piuðu#1 kÞðu#1 kþ1Þ

P
PP#1

n¼0
e#

piuðnþu#1 kÞðnþu#1kþ1Þ
P ð8Þ

With definition (1) and periodicity (2), it can be seen that

e
piuðu#1 kÞðu#1kþ1Þ

P ¼ x)u½u
#1k" ð9Þ

We also note that the sum on the right-hand side of (8) is the same if
taken over any set of P consecutive sequence values. This follows
from the periodicity of xu[n]. Hence,

PP#1

n¼0
e#

piuðnþu#1 kÞðnþu#1 kþ1Þ
P ¼

PP#1

n¼0
xu½nþ u#1k"

¼
PP#1

n¼0
xu½n"

¼ Xu½0"

ð10Þ

Using (9) and (10) in (8) finally yields

Xu½k" ¼ x)u½u
#1k"Xu½0" ð11Þ

Remark: The two ZC sequences xu[n] and xu21 [n] of prime length P,
which we will refer to as dual ZC sequences, are frequency shifts of
each other, namely

x)u½u
#1k" ¼ x)u#1 ½k"e

2pi
P
ð1#u#1 Þk

2 ð12Þ

where (1 2 u 21)/2P is the frequency shift and 221 is the multiplicative
inverse of 2 modulo P.

Proof: This follows immediately by expanding (9) into the following
form:

x)u½u
#1k" ¼ e

piuðu#1kÞðu#1 kþ1Þ
P

¼ e
piu#1kðkþ1Þ

P e
2pi
P
ð1#u#1 Þk

2

¼ x)u#1 ½k"e
2pi
P
ð1#u#1 Þk

2

ð13Þ

Application: In LTE, the uplink random access preamble is defined by a
complex baseband signal of the form:

s½k" ¼
PP#1

n¼0

PP#1

m¼0
xu;v½m"e#

2pinm
P e

2piðnþn0 Þk
L ð14Þ

for 2NCP ' k, L and P ¼ 839, L ¼ 24576. NCP is the variable cyclic
prefix length. (14) is a discrete time expression of the formula given in
[1] where a number of random access protocol parameters have been
condensed into a single n0 for brevity. The preamble is generated by
first taking a length-P DFT (or FFT) of the uth root ZC sequence
xu,v[m] ¼ xu[mþ Cv], with an optional cyclic shift Cv. The resulting fre-
quency domain sequence is then mapped onto a subblock of P subcar-
riers, identified by the subcarrier offset n0, of a length-L IDFT. This
modulation method is known both as DFT-spread OFDM and as
single-carrier FDMA (SC-FDMA) also. It is evident that by applying
Proposition 1, the inner DFT sum in (14) can be efficiently computed
in approximately P operations. Equation (13) provides an alternative
method with reduced dynamic range of the exponents in each of the
factors, a characteristic that is advantageous in many implementations.

Conclusion: It has been shown that the DFT of a Zadoff-Chu (ZC)
sequence is a time-scaled conjugate of the sequence, multiplied by a
constant factor or equivalently, a scaled frequency-shifted conjugate of
the dual Zadoff-Chu sequence. This important result has many practical
applications, such as providing a more efficient means for generating
third-generation LTE cellular standard access preambles.
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What should be the design principles?
• Fit into a slot
• Maximum round-trip delay

• Subcarrier spacing compatibility 

• How should you choose the cyclic 
shift?

C
P PRACH

PRACH SLOT DURATION

Prach preamble

C
P PRACH

Prach preamble

Guard Period



• UE assumes that the TA is zero when 
transmitting PRACH.
• PRACH slot duration is larger than than the 

preamble length and some guard period
• GP for the propagation delay between the UE 

and the BS.

C
P PRACH

Prach preamble

C
P PRACH

Prach preamble

Guard Period

PRACH SLOT DURATION



Sequence generation continued

xu(i)
<latexit sha1_base64="ml876NRH8v612QFzxCv5ffSLdk8=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMQL2E3CnoMevEYwTwgWcLsZDYZMju7zPSKIeQjvHhQxKvf482/cZLsQRMLGoqqbrq7gkQKg6777eTW1jc2t/LbhZ3dvf2D4uFR08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwup35rUeujYjVA44T7kd0oEQoGEUrtZ56aVmck16x5FbcOcgq8TJSggz1XvGr249ZGnGFTFJjOp6boD+hGgWTfFropoYnlI3ogHcsVTTixp/Mz52SM6v0SRhrWwrJXP09MaGRMeMosJ0RxaFZ9mbif14nxfDanwiVpMgVWywKU0kwJrPfSV9ozlCOLaFMC3srYUOqKUObUMGG4C2/vEqa1Yp3UaneX5ZqN1kceTiBUyiDB1dQgzuoQwMYjOAZXuHNSZwX5935WLTmnGzmGP7A+fwBWOOO6g==</latexit>

xu((n+ Cv) mod LRA)
<latexit sha1_base64="OXaBfzzt16cdMpOgSEU3FikpPRM=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBahRShJFXRZ7caFiyr2AW0Ik8mkHTqZhJlJsYSCG3/FjQtF3PoT7vwbp4+Fth64cDjnXu69x4sZlcqyvo3M0vLK6lp2PbexubW9Y+7uNWSUCEzqOGKRaHlIEkY5qSuqGGnFgqDQY6Tp9atjvzkgQtKI36thTJwQdTkNKEZKS6558OAmBVjgJ1V3UISdMPLhjZveXY6K0DXzVsmaAC4Se0byYIaaa351/AgnIeEKMyRl27Zi5aRIKIoZGeU6iSQxwn3UJW1NOQqJdNLJDyN4rBUfBpHQxRWcqL8nUhRKOQw93Rki1ZPz3lj8z2snKrhwUsrjRBGOp4uChEEVwXEg0KeCYMWGmiAsqL4V4h4SCCsdW06HYM+/vEga5ZJ9WirfnuUrV7M4suAQHIECsME5qIBrUAN1gMEjeAav4M14Ml6Md+Nj2poxZjP74A+Mzx+165Wk</latexit>

ZC Seq Circular shift DFT

yu,v(n) =
LRA�1X

m=0

xu,v(n)e
�j2⇡nm/LRA

<latexit sha1_base64="+FUMo+J/8+yK1hlQRvlF1H0LEr4="></latexit>



Basic idea

• BS indicates the base sequence to be used. 
• Suppose there are K-UE trying to do random access
• Each of them chooses a cyclic shift in a random fashion and transmits the 

sequence

• The BS correlates the sequence with the known base sequence and 
finds
• The cyclic shift
• The Timing advance of each UE.



PRACH L2/L3 Parameters
SIB1 ::= SEQUENCE {

…

servingCellConfigCommon ServingCellConfigCommonSIB OPTIONAL, -- Need R

…

ServingCellConfigCommonSIB ::= SEQUENCE {

…

uplinkConfigCommon UplinkConfigCommonSIB OPTIONAL, -- Need R

…

UplinkConfigCommonSIB ::= SEQUENCE {

frequencyInfoUL FrequencyInfoUL-SIB,

initialUplinkBWP BWP-UplinkCommon,

timeAlignmentTimerCommon TimeAlignmentTimer

}

BWP-UplinkCommon ::= SEQUENCE {

genericParameters BWP,

rach-ConfigCommon SetupRelease { RACH-ConfigCommon } OPTIONAL, 

pusch-ConfigCommon SetupRelease { PUSCH-ConfigCommon } OPTIONAL,

pucch-ConfigCommon SetupRelease { PUCCH-ConfigCommon } OPTIONAL,

...

}

RACH-ConfigCommon ::=               SEQUENCE {

rach-ConfigGeneric RACH-ConfigGeneric,

totalNumberOfRA-Preambles           INTEGER (1..63)                                                             OPTIONAL,   -- Need S

ssb-perRACH-OccasionAndCB-PreamblesPerSSB CHOICE {

oneEighth ENUMERATED {n4,n8,n12,n16,n20,n24,n28,n32,n36,n40,n44,n48,n52,n56,n60,n64},

oneFourth ENUMERATED {n4,n8,n12,n16,n20,n24,n28,n32,n36,n40,n44,n48,n52,n56,n60,n64},

oneHalf ENUMERATED {n4,n8,n12,n16,n20,n24,n28,n32,n36,n40,n44,n48,n52,n56,n60,n64},

one                                     ENUMERATED {n4,n8,n12,n16,n20,n24,n28,n32,n36,n40,n44,n48,n52,n56,n60,n64},

two                                     ENUMERATED {n4,n8,n12,n16,n20,n24,n28,n32},

four                                    INTEGER (1..16),

eight                                   INTEGER (1..8),

sixteen                                 INTEGER (1..4)

}                                                                                                               OPTIONAL,   -- Need M

groupBconfigured SEQUENCE {

ra-Msg3SizeGroupA                   ENUMERATED {b56, b144, b208, b256, b282, b480, b640,

b800, b1000, b72, spare6, spare5,spare4, spare3, spare2, spare1},

messagePowerOffsetGroupB ENUMERATED { minusinfinity, dB0, dB5, dB8, dB10, dB12, dB15, dB18},

numberOfRA-PreamblesGroupA INTEGER (1..64)

}                                                                                                               OPTIONAL,   -- Need R

ra-ContentionResolutionTimer ENUMERATED { sf8, sf16, sf24, sf32, sf40, sf48, sf56, sf64},

rsrp-ThresholdSSB RSRP-Range                                                              OPTIONAL,   -- Need R

rsrp-ThresholdSSB-SUL                   RSRP-Range                                                              OPTIONAL,   -- Cond SUL

prach-RootSequenceIndex CHOICE {

l839                                    INTEGER (0..837),

l139                                    INTEGER (0..137)

},

msg1-SubcarrierSpacing                  SubcarrierSpacing OPTIONAL,   -- Cond L139

restrictedSetConfig ENUMERATED {unrestrictedSet, restrictedSetTypeA, restrictedSetTypeB},

msg3-transformPrecoder                  ENUMERATED {enabled}                                                    OPTIONAL,   -- Need R

...

}

https://www.sharetechnote.com/html/5G/5G_Mib_Sib.html
https://www.sharetechnote.com/html/5G/5G_Mib_Sib.html
https://www.sharetechnote.com/html/5G/5G_Mib_Sib.html
https://www.sharetechnote.com/html/5G/5G_Mib_Sib.html
https://www.sharetechnote.com/html/5G/5G_Mib_Sib.html


L2/L3 Messages (contd)

RACH-ConfigGeneric ::= SEQUENCE {
prach-ConfigurationIndex INTEGER (0..255),
msg1-FDM ENUMERATED {one, two, four, eight},
msg1-FrequencyStart INTEGER (0..maxNrofPhysicalResourceBlocks-1),
zeroCorrelationZoneConfig INTEGER(0..15),
preambleReceivedTargetPower INTEGER (-200..-74),
preambleTransMax ENUMERATED 

{n3,n4,n5,n6,n7,n8,n10,n20,n50,n100,n200},
powerRampingStep ENUMERATED {dB0, dB2, dB4, dB6},
ra-ResponseWindow ENUMERATED {sl1, sl2, sl4, sl8, sl10, sl20, sl40, sl80}

}



L2/L3 message description
RACH-ConfigCommon field descriptions

messagePowerOffsetGroupB
Threshold for preamble selection.  Value in dB. Value minusinfinity corresponds to –infinity. Value dB0 corresponds to 0 dB, dB5 corresponds to 5 dB and so on. (see TS 38.321 [3], clause 5.1.2)

msg1-SubcarrierSpacing
Subcarrier spacing of PRACH (see TS 38.211 [16], clause 5.3.2). Only the values 15 or 30 kHz (<6GHz), 60 or 120 kHz (>6GHz) are applicable (see TS 38.211 [16], section FFS_Section). If absent, the UE applies the SCS as derived from the 
prach-ConfigurationIndex in RACH-ConfigGeneric (see tables Table 6.3.3.1-1 and Table 6.3.3.2-2, TS 38.211 [16]). The value also applies to contention free random access (RACH-ConfigDedicated), to SI-request and to contention-based 
beam failure recovery (CB-BFR). But it does not apply for contention free beam failure recovery (CF-BFR) (see BeamFailureRecoveryConfig).

msg3-transformPrecoder
Enables the transform precoder for Msg3 transmission. If the field is absent, the UE disables the transformer precoder (see TS 38.213 [13], clause 8.3)
numberOfRA-PreamblesGroupA
The number of CB preambles per SSB in group A. This determines implicitly the number of CB preambles per SSB available in group B. (see TS 38.321 [3], clause 5.1.1). The setting should be consistent with the setting of ssb-perRACH-
OccasionAndCB-PreamblesPerSSB.
prach-RootSequenceIndex
PRACH root sequence index (see TS 38.211 [16], clause 6.3.3.1). The value range depends on whether L=839 or L=139. The short/long preamble format indicated in this IE should be consistent with the one indicated in prach-
ConfigurationIndex in the RACH-ConfigDedicated (if configured).
ra-ContentionResolutionTimer
The initial value for the contention resolution timer (see TS 38.321 [3], clause 5.1.5). Value sf8 corresponds to 8 subframes, value sf16 corresponds to 16 subframes, and so on.

ra-Msg3SizeGroupA
Transport Blocks size threshold in bit below which the UE shall use a contention-based RA preamble of group A. (see TS 38.321 [3], clause 5.1.2)
rach-ConfigGeneric
Generic RACH parameters
restrictedSetConfig
Configuration of an unrestricted set or one of two types of restricted sets, see TS 38.211 [16], clause 6.3.3.1.
rsrp-ThresholdSSB
UE may select the SS block and corresponding PRACH resource for path-loss estimation and (re)transmission based on SS blocks that satisfy the threshold (see TS 38.213 [13])

rsrp-ThresholdSSB-SUL
The UE selects SUL carrier to perform random access based on this threshold (see TS 38.321 [3], clause 5.1.1). The value applies to all the BWPs.
ssb-perRACH-OccasionAndCB-PreamblesPerSSB
The meaning of this field is twofold: the CHOICE conveys the information about the number of SSBs per RACH occasion (L1 parameter 'SSB-per-rach-occasion'). Value oneEight corresponds to one SSB associated with 8 RACH occasions, 
value oneFourth corresponds to one SSB associated with 4 RACH occasions, and so on. The ENUMERATED part indicates the number of Contention Based preambles per SSB (L1 parameter 'CB-preambles-per-SSB'). Value n4 corresponds to 
4 Contention Based preambles per SSB, value n8 corresponds to 8 Contention Based preambles per SSB, and so on. The total number of CB preambles in a RACH occasion is given by CB-preambles-per-SSB * max(1, SSB-per-rach-occasion).

totalNumberOfRA-Preambles
Total number of preambles used for contention based and contention free random access in the RACH resources defined in RACH-ConfigCommon, excluding preambles used for other purposes (e.g. for SI request). If the field is absent, the 
all 64 preambles are available for RA. The setting should be consistent with the setting of ssb-perRACH-OccasionAndCB-PreamblesPerSSB, i.e. it should be a multiple of the number of SSBs per RACH occasion.

Conditional Presence Explanation
L139 The field is mandatory present if prach-RootSequenceIndex L=139, otherwise the field is absent.
SUL The field is mandatory present in initialUplinkBWP in supplementaryUplink; otherwise, the field is absent.



L2/L3 message description (cont.…)

RACH-ConfigGeneric field descriptions

msg1-FDM
The number of PRACH transmission occasions FDMed in one time instance. (see TS 38.211 [16], clause 6.3.3.2)

msg1-FrequencyStart
Offset of lowest PRACH transmission occasion in frequency domain with respective to PRB 0. The value is configured so that the corresponding RACH resource is entirely within the 
bandwidth of the UL BWP. (see TS 38.211 [16], clause 6.3.3.2).

powerRampingStep
Power ramping steps for PRACH (see TS 38.321 [3],5.1.3).

prach-ConfigurationIndex
PRACH configuration index. For prach-ConfigurationIndex configured under beamFailureRecovery-Config, the prach-ConfigurationIndex can only correspond to the short preamble 
format, (see TS 38.211 [16], clause 6.3.3.2).

preambleReceivedTargetPower
The target power level at the network receiver side (see TS 38.213 [13], clause 7.4, TS 38.321 [3], clauses 5.1.2, 5.1.3). Only multiples of 2 dBm may be chosen (e.g. -202, -200, -198, 
...). 
preambleTransMax
Max number of RA preamble transmission performed before declaring a failure (see TS 38.321 [3], clauses 5.1.4, 5.1.5).

ra-ResponseWindow
Msg2 (RAR) window length in number of slots. The network configures a value lower than or equal to 10 ms (see TS 38.321 [3], clause 5.1.4). UE ignores the field if included in 
SCellConfig.
zeroCorrelationZoneConfig
N-CS configuration, see Table 6.3.3.1-5 in TS 38.211 [16]



Preamble Formats
• There are 13 different preamble formats, each with different lengths, 

different SCS, and different CP lengths.
• The preamble format is chosen by higher layer parameter

• prach-RootSequenceIndex. Given by the choice option: You understand the length of the sequence
• prach-ConfigurationIndex : Among other parameters, format is also specified

• This index is the index in Table 6.3.3.2.2 which specifies the format (among other things)
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For all other values of ud , there are no cyclic shifts in the restricted set. 

Table 6.3.3.1-1: PRACH preamble formats for 839RA  L  and 𝜟𝒇RA ∈ ሼ𝟏. 𝟐૞, ૞ሽ kHz. 

Format RAL  RAf'  uN  RA
CPN  Support for 

restricted sets 
0 839 1.25 kHz 24576𝜅 3168𝜅  Type A, Type B 
1 839 1.25 kHz 2 ⋅ 24576𝜅  21024𝜅  Type A, Type B 
2 839 1.25 kHz 4 ⋅ 24576𝜅  4688𝜅  Type A, Type B 
3 839 5 kHz 4 ⋅ 6144𝜅  3168𝜅  Type A, Type B 

 

Table 6.3.3.1-2: Preamble formats for 139RA  L  and 𝜟𝒇RA ൌ 𝟏૞ ⋅ 𝟐𝝁 kHz where ^ 3̀,2,1,0�P . 

Format RAL  RAf'  uN  RA
CPN  Support for 

restricted sets 
A1 139 kHz 215 P�  PN ��� 220482  PN ��2288  - 

A2 139 kHz 215 P�  PN ��� 220484  PN ��2576  - 

A3 139 kHz 215 P�  PN ��� 220486  PN ��2864  - 

B1 139 kHz 215 P�  PN ��� 220482  PN ��2216  - 

B2 139 kHz 215 P�  PN ��� 220484  PN ��2360  - 

B3 139 kHz 215 P�  PN ��� 220486  PN ��2504  - 

B4 139 kHz 215 P�  PN ��� 2204812  PN ��2936  - 

C0 139 kHz 215 P�  PN ��22048  PN ��21240  - 

C2 139 kHz 215 P�  PN ��� 220484  PN ��22048   
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For all other values of ud , there are no cyclic shifts in the restricted set. 

Table 6.3.3.1-1: PRACH preamble formats for 839RA  L  and 𝜟𝒇RA ∈ ሼ𝟏. 𝟐૞, ૞ሽ kHz. 

Format RAL  RAf'  uN  RA
CPN  Support for 

restricted sets 
0 839 1.25 kHz 24576𝜅 3168𝜅  Type A, Type B 
1 839 1.25 kHz 2 ⋅ 24576𝜅  21024𝜅  Type A, Type B 
2 839 1.25 kHz 4 ⋅ 24576𝜅  4688𝜅  Type A, Type B 
3 839 5 kHz 4 ⋅ 6144𝜅  3168𝜅  Type A, Type B 

 

Table 6.3.3.1-2: Preamble formats for 139RA  L  and 𝜟𝒇RA ൌ 𝟏૞ ⋅ 𝟐𝝁 kHz where ^ 3̀,2,1,0�P . 

Format RAL  RAf'  uN  RA
CPN  Support for 

restricted sets 
A1 139 kHz 215 P�  PN ��� 220482  PN ��2288  - 

A2 139 kHz 215 P�  PN ��� 220484  PN ��2576  - 

A3 139 kHz 215 P�  PN ��� 220486  PN ��2864  - 

B1 139 kHz 215 P�  PN ��� 220482  PN ��2216  - 

B2 139 kHz 215 P�  PN ��� 220484  PN ��2360  - 

B3 139 kHz 215 P�  PN ��� 220486  PN ��2504  - 

B4 139 kHz 215 P�  PN ��� 2204812  PN ��2936  - 

C0 139 kHz 215 P�  PN ��22048  PN ��21240  - 

C2 139 kHz 215 P�  PN ��� 220484  PN ��22048   
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PRACH 
Configuration  

Index 

Preamble 
format 

yxn modSFN  
Subframe number Starting 

symbol 
Number 

of 
PRACH 

slots 
within a 

subframe 

RA,slot
tN , 

number of 
time-

domain 
PRACH 

occasions 
within a 
PRACH 

slot 

RA
durN , 

PRACH 
duration 

x  y  

0 0 16 1 1 0 - - 0 
1 0 16 1 4 0 - - 0 
2 0 16 1 7 0 - - 0 
3 0 16 1 9 0 - - 0 
4 0 8 1 1 0 - - 0 
5 0 8 1 4 0 - - 0 
6 0 8 1 7 0 - - 0 
7 0 8 1 9 0 - - 0 
8 0 4 1 1 0 - - 0 
9 0 4 1 4 0 - - 0 
10 0 4 1 7 0 - - 0 
11 0 4 1 9 0 - - 0 
12 0 2 1 1 0 - - 0 
13 0 2 1 4 0 - - 0 
14 0 2 1 7 0 - - 0 
15 0 2 1 9 0 - - 0 
16 0 1 0 1 0 - - 0 
17 0 1 0 4 0 - - 0 
18 0 1 0 7 0 - - 0 
19 0 1 0 1,6 0 - - 0 
20 0 1 0 2,7 0 - - 0 
21 0 1 0 3,8 0 - - 0 
22 0 1 0 1,4,7 0 - - 0 
23 0 1 0 2,5,8 0 - - 0 
24 0 1 0 3, 6, 9 0 - - 0 
25 0 1 0 0,2,4,6,8 0 - - 0 
26 0 1 0 1,3,5,7,9 0 - - 0 
27 0 1 0 0,1,2,3,4,5,6,7,8,9 0 - - 0 
28 1 16 1 1 0 - - 0 
29 1 16 1 4 0 - - 0 
30 1 16 1 7 0 - - 0 
31 1 16 1 9 0 - - 0 
32 1 8 1 1 0 - - 0 
33 1 8 1 4 0 - - 0 
34 1 8 1 7 0 - - 0 
35 1 8 1 9 0 - - 0 
36 1 4 1 1 0 - - 0 
37 1 4 1 4 0 - - 0 
38 1 4 1 7 0 - - 0 
39 1 4 1 9 0 - - 0 
40 1 2 1 1 0 - - 0 
41 1 2 1 4 0 - - 0 
42 1 2 1 7 0 - - 0 
43 1 2 1 9 0 - - 0 
44 1 1 0 1 0 - - 0 
45 1 1 0 4 0 - - 0 
46 1 1 0 7 0 - - 0 
47 1 1 0 1,6 0 - - 0 
48 1 1 0 2,7 0 - - 0 
49 1 1 0 3,8 0 - - 0 
50 1 1 0 1,4,7 0 - - 0 
51 1 1 0 2,5,8 0 - - 0 
52 1 1 0 3,6,9 0 - - 0 
53 2 16 1 1 0 - - 0 
54 2 8 1 1 0 - - 0 
55 2 4 0 1 0 - - 0 
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56 2 2 0 1 0 - - 0 
57 2 2 0 5 0 - - 0 
58 2 1 0 1 0 - - 0 
59 2 1 0 5 0 - - 0 
60 3 16 1 1 0 - - 0 
61 3 16 1 4 0 - - 0 
62 3 16 1 7 0 - - 0 
63 3 16 1 9 0 - - 0 
64 3 8 1 1 0 - - 0 
65 3 8 1 4 0 - - 0 
66 3 8 1 7 0 - - 0 
67 3 4 1 1 0 - - 0 
68 3 4 1 4 0 - - 0 
69 3 4 1 7 0 - - 0 
70 3 4 1 9 0 - - 0 
71 3 2 1 1 0 - - 0 
72 3 2 1 4 0 - - 0 
73 3 2 1 7 0 - - 0 
74 3 2 1 9 0 - - 0 
75 3 1 0 1 0 - - 0 
76 3 1 0 4 0 - - 0 
77 3 1 0 7 0 - - 0 
78 3 1 0 1,6 0 - - 0 
79 3 1 0 2,7 0 - - 0 
80 3 1 0 3,8 0 - - 0 
81 3 1 0 1,4,7 0 - - 0 
82 3 1 0 2,5,8 0 - - 0 
83 3 1 0 3, 6, 9 0 - - 0 
84 3 1 0 0,2,4,6,8 0 - - 0 
85 3 1 0 1,3,5,7,9 0 - - 0 
86 3 1 0 0,1,2,3,4,5,6,7,8,9 0 - - 0 
87 A1 16 0 4,9 0 1 6 2 
88 A1 16 1 4 0 2 6 2 
89 A1 8 0 4,9 0 1 6 2 
90 A1 8 1 4 0 2 6 2 
91 A1 4 0 4,9 0 1 6 2 
92 A1 4 1 4,9 0 1 6 2 
93 A1 4 0 4 0 2 6 2 
94 A1 2 0 4,9 0 1 6 2 
95 A1 2 0 1 0 2 6 2 
96 A1 2 0 4 0 2 6 2 
97 A1 2 0 7 0 2 6 2 
98 A1 1 0 4 0 1 6 2 
99 A1 1 0 1,6 0 1 6 2 

100 A1 1 0 4,9 0 1 6 2 
101 A1 1 0 1 0 2 6 2 
102 A1 1 0 7 0 2 6 2 
103 A1 1 0 2,7 0 2 6 2 
104 A1 1 0 1,4,7 0 2 6 2 
105 A1 1 0 0,2,4,6,8 0 2 6 2 
106 A1 1 0 0,1,2,3,4,5,6,7,8,9 0 2 6 2 
107 A1 1 0 1,3,5,7,9 0 2 6 2 
108 A1/B1 2 0 4,9 0 1 7 2 
109 A1/B1 2 0 4 0 2 7 2 
110 A1/B1 1 0 4 0 1 7 2 
111 A1/B1 1 0 1,6 0 1 7 2 
112 A1/B1 1 0 4,9 0 1 7 2 
113 A1/B1 1 0 1 0 2 7 2 
114 A1/B1 1 0 7 0 2 7 2 
115 A1/B1 1 0 1,4,7 0 2 7 2 
116 A1/B1 1 0 0,2,4,6,8 0 2 7 2 
117 A2 16 1 2,6,9 0 1 3 4 
118 A2 16 1 4 0 2 3 4 
119 A2 8 1 2,6,9 0 1 3 4 
120 A2 8 1 4 0 2 3 4 

Table 6.3.3.2.2



Choosing the random sequences by the UE
• There will be a set of 64 sequences (maximum) from which a 

sequence is randomly selected (the number comes from L2 
parameter totalNumberOfRA-Preambles).
• Will be divided between for contention based and contention free 

random access

• These sequences are cyclic shifts of a multiple base sequences
• We get two parameters from the higher layers

• Prach-RootSequenceIndex (Logical index)
• Used for choosing u (the base sequence)

• NCs (chosen from a table based on 
ZeroCorrelationZoneConfig parameter that comes from the higher 
layer)

• The circular shift used for the sequences



• Prach-RootSequenceIndex
• It is the logical index and is mapped to the base sequence number (u) in the table 

6.3.3.1-3 

• ZeroCorrelationZoneConfig comes from the idea of ZeroCorrelationZone
• As discussed earlier all cyclic shifts cannot be allowed since

• Multipath (delay spread)
• Doppler due to mobility

• Doppler causes frequency shift and this will lead to confusion between various sequences.



64 Sequence Set (example of 139 length ZC seq)
• The Prach-RootSequenceIndex (i) and NCs are obtained from higher layer
• Table 6.3.3.1-4 (for 139 length) is

• Suppose i = 4 (From higher layer) and NCs = 10 (zoneconfig =5. See the table 
in the last slide)
• Then the starting base sequence is generated using u=3.

• i=4 corresponds to 1st row and 5th column
• For u=3 sequence, the possible shifts can be obtained using the formula (Sec 6.3.3.1)



• For unrestricted sets (and NCS=10)
• Cv = 0, 10, 20,30,40,50,60,70,80,90,100,110,120 (13 cyclically 

shifted sequences)
• The first base sequence (i=4àu=3) gives 13 sequences.
• Second base sequence (i=5à u= 136) gives 13 sequences
• Third base sequence (i=6 à u =4) gives 13 sequences
• Fourth base sequence (i=7 à u =135) gives 13 sequences
• Fifth base sequence (i=8 à u =5) gives 12 sequences
• The total sequences are hence 64 = (13+13+13+13+12)
• Also, recall that sequences generated from different base sequences 

are not orthogonal.

64 Sequence Set (example of 139 length ZC seq) 
Contd…



Mapping to Physical Resources

• Single port transmission
• Port 4000

• Specified in equation 5.2 in 38.211
• Different equation compared to OFDM generation
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Table 6.3.3.1-7: CSN  for preamble formats with 𝜟𝒇RA = 𝟏𝟓 ⋅ 𝟐𝝁 kHz where ^ 3̀,2,1,0�P . 

zeroCorrelationZoneConfig CSN  value 
for unrestricted set 

0 0 
1 2 
2 4 
3 6 
4 8 
5 10 
6 12 
7 13 
8 15 
9 17 

10 19 
11 23 
12 27 
13 34 
14 46 
15 69 

 

6.3.3.2 Mapping to physical resources 

The preamble sequence shall be mapped to physical resources according to 

1,...,1,0
)(

RA

,PRACH
)RA,(

� 

 

Lk

kya vu
p

k E  

where PRACHE  is an amplitude scaling factor in order to conform to the transmit power specified in [5, TS38.213], and 
4000 p  is the antenna port. Baseband signal generation shall be done according to clause 5.3 using the parameters in 

Table 6.3.3.1-1 or Table 6.3.3.1-2 with k  given by Table 6.3.3.2-1. 

Random access preambles can only be transmitted in the time resources given by the higher-layer parameter prach-
ConfigurationIndex according to Tables 6.3.3.2-2 to 6.3.3.2-4 and depends on FR1 or FR2 and the spectrum type as 
defined in [8, TS38.104].  

Random access preambles can only be transmitted in the frequency resources given by the higher-layer parameter msg1-
FrequencyStart. The PRACH frequency resources 𝑛RA ∈ {0,1,… ,𝑀 − 1}, where 𝑀 equals the higher-layer parameter 
msg1-FDM, are numbered in increasing order within the initial uplink bandwidth part during initial access, starting 
from the lowest frequency. Otherwise, 𝑛RA are numbered in increasing order within the active uplink bandwidth part, 
starting from the lowest frequency. 

For the purpose of slot numbering in the tables, the following subcarrier spacing shall be assumed: 

- 15 kHz for FR1 

- 60 kHz for FR2. 

For handover purposes to a target cell in paired or unpaired spectrum where the target cell uses 𝐿max = 4, the UE may 
assume the absolute value of the time difference between radio frame 𝑖 in the current cell and radio frame 𝑖 in the target 
cell is less than 153600𝑇s if the association pattern period in Section 8.1 of [5, TS 38.213] is not equal to 10 ms. 

For inter frequency handover purposes where the source cell is either in paired or unpaired spectrum and the target cell 
is in unpaired spectrum and uses 𝐿max = 8, the UE may assume the absolute value of the time difference between radio 
frame 𝑖 in the current cell and radio frame 𝑖 in the target cell is less than 76800𝑇s. 



Frequency Allocation

• Frequency resources are allocated by L2 parameter msg1-FrequencyStart
• The number of repetitions in the frequency domain is given by nRA (IE msg1-FDM)
• K0

u =0 if only one numerology is supported (No need to worry too much about it)
• Otherwise it is centering with respect to the highest numerology

• The starting reference is the start RB (0th RB) of the initial active uplink 
bandwidth part
• denotes the number of RE for the start of the initial UL BWP with respect to the 

absolute location (PointA)

• denotes the number of RE (with respect to the 0th RE of the UL BWP) and 
is given by msg1-FrequencyStart (in terms of RB)
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- 𝜇଴ is the largest 𝜇 value among the subcarrier spacing configurations by the higher-layer parameter scs-
SpecificCarrierList.  

The starting position of OFDM symbol l  for subcarrier spacing configuration P in a subframe is given by 

( )¯
®
­

�++
 

 
�� otherwise

00

c1CP,u1,start
,start TNNt

l
t

ll
l PPP

P  

5.3.2 OFDM baseband signal generation for PRACH 

The time-continuous signal ( )ts p
l

),( P  on antenna port 𝑝 for PRACH is defined by 

𝑠𝑙
ሺ𝑝,𝜇ሻሺ𝑡ሻ ൌ ෍ 𝑎𝑘

ሺ𝑝,RAሻ

𝐿RAെ1

𝑘ൌ0

𝑒𝑗2𝜋ሺ𝑘൅𝐾𝑘1൅𝑘തሻΔ𝑓RA൫𝑡െ𝑁CP,𝑙
RA 𝑇cെ𝑡VWaUW

RA ൯ 

𝐾 ൌ Δ𝑓 Δ𝑓RA⁄  
𝑘1 ൌ 𝑘0

𝜇 ൅ ൫𝑁BWP,𝑖
VWaUW െ 𝑁gUid

VWaUW,𝜇൯𝑁Vc
RB ൅ 𝑛RAVWaUW𝑁Vc

RB ൅ 𝑛RA𝑁RB
RA𝑁Vc

RB െ 𝑁gUid
Vi]e,𝜇 𝑁Vc

RB 2⁄  

𝑘0
𝜇 ൌ ൫𝑁gUid

VWaUW,𝜇 ൅ 𝑁gUid
Vi]e,𝜇 2⁄ ൯𝑁Vc

RB െ ቀ𝑁gUid
VWaUW,𝜇0 ൅ 𝑁gUid

Vi]e,𝜇0 2⁄ ቁ𝑁Vc
RB2𝜇0െ𝜇 

where ( ) c
RA

,CPu
RA
start

RA
start TNNttt l++�d  and  

- k  is given by clause 6.3.3;  

- f'  is the subcarrier spacing of the initial active uplink bandwidth part during initial access. Otherwise, f'  is 
the subcarrier spacing of the active uplink bandwidth part;  

- 𝜇଴ is the largest 𝜇 value among the subcarrier spacing configurations by the higher-layer parameter scs-
SpecificCarrierList; 

- start
,BWP iN  is the lowest numbered resource block of the initial active uplink bandwidth part and is derived by the 

higher-layer parameter initialUplinkBWP during initial access. Otherwise, start
,BWP iN  is the lowest numbered 

resource block of the active uplink bandwidth part and is derived by the higher-layer parameter BWP-Uplink;  

- start
RAn  is the frequency offset of lowest PRACH transmission occasion in frequency domain with respect to PRB 

0 of the initial active uplink bandwidth part given by the higher-layer parameter msg1-FrequencyStart during 
initial access associated with the initial active uplink bandwidth part. Otherwise, start

RAn  is the frequency offset of 
lowest PRACH transmission occasion in frequency domain with respect to physical resource block 0 of the 
active uplink bandwidth part given by the higher-layer parameter msg1-FrequencyStart associated with the 
active uplink bandwidth part; 

- RAn  is the PRACH transmission occasion index in frequency domain for a given PRACH transmission occasion 
in one time instance as given by clause 6.3.3.2;  

- RA
RBN  is the number of resource blocks occupied and is given by the parameter allocation expressed in number of 

RBs for PUSCH in Table 6.3.3.2-1.  

- RAL  and uN  are given by clause 6.3.3 

- 𝑁CP,௟
RA ൌ 𝑁CP

RA ൅ 𝑛 ∙ 16𝜅 where  

- for ^ `kHz 5,25.1RA �'f , 0 n   

- for ^ `kHz 120,60,30,15RA �'f , n  is the number of times the interval ( )RA RA RA RA
start start u CP c,t t N N Tª ª+ +¬ ¬  

overlaps with either time instance 0 or time instance ( ) ms 5.02000 cfmax  �' TNf  in a subframe 
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- 𝜇଴ is the largest 𝜇 value among the subcarrier spacing configurations by the higher-layer parameter scs-
SpecificCarrierList.  

The starting position of OFDM symbol l  for subcarrier spacing configuration P in a subframe is given by 
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�� otherwise
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5.3.2 OFDM baseband signal generation for PRACH 

The time-continuous signal ( )ts p
l

),( P  on antenna port 𝑝 for PRACH is defined by 

𝑠𝑙
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RA 𝑇cെ𝑡VWaUW
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VWaUW െ 𝑁gUid

VWaUW,𝜇൯𝑁Vc
RB ൅ 𝑛RAVWaUW𝑁Vc

RB ൅ 𝑛RA𝑁RB
RA𝑁Vc

RB െ 𝑁gUid
Vi]e,𝜇 𝑁Vc

RB 2⁄  

𝑘0
𝜇 ൌ ൫𝑁gUid

VWaUW,𝜇 ൅ 𝑁gUid
Vi]e,𝜇 2⁄ ൯𝑁Vc

RB െ ቀ𝑁gUid
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Vi]e,𝜇0 2⁄ ቁ𝑁Vc
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where ( ) c
RA

,CPu
RA
start

RA
start TNNttt l++�d  and  

- k  is given by clause 6.3.3;  

- f'  is the subcarrier spacing of the initial active uplink bandwidth part during initial access. Otherwise, f'  is 
the subcarrier spacing of the active uplink bandwidth part;  

- 𝜇଴ is the largest 𝜇 value among the subcarrier spacing configurations by the higher-layer parameter scs-
SpecificCarrierList; 

- start
,BWP iN  is the lowest numbered resource block of the initial active uplink bandwidth part and is derived by the 

higher-layer parameter initialUplinkBWP during initial access. Otherwise, start
,BWP iN  is the lowest numbered 

resource block of the active uplink bandwidth part and is derived by the higher-layer parameter BWP-Uplink;  

- start
RAn  is the frequency offset of lowest PRACH transmission occasion in frequency domain with respect to PRB 

0 of the initial active uplink bandwidth part given by the higher-layer parameter msg1-FrequencyStart during 
initial access associated with the initial active uplink bandwidth part. Otherwise, start

RAn  is the frequency offset of 
lowest PRACH transmission occasion in frequency domain with respect to physical resource block 0 of the 
active uplink bandwidth part given by the higher-layer parameter msg1-FrequencyStart associated with the 
active uplink bandwidth part; 

- RAn  is the PRACH transmission occasion index in frequency domain for a given PRACH transmission occasion 
in one time instance as given by clause 6.3.3.2;  

- RA
RBN  is the number of resource blocks occupied and is given by the parameter allocation expressed in number of 

RBs for PUSCH in Table 6.3.3.2-1.  

- RAL  and uN  are given by clause 6.3.3 

- 𝑁CP,௟
RA ൌ 𝑁CP

RA ൅ 𝑛 ∙ 16𝜅 where  

- for ^ `kHz 5,25.1RA �'f , 0 n   

- for ^ `kHz 120,60,30,15RA �'f , n  is the number of times the interval ( )RA RA RA RA
start start u CP c,t t N N Tª ª+ +¬ ¬  

overlaps with either time instance 0 or time instance ( ) ms 5.02000 cfmax  �' TNf  in a subframe 
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- 𝜇଴ is the largest 𝜇 value among the subcarrier spacing configurations by the higher-layer parameter scs-
SpecificCarrierList.  

The starting position of OFDM symbol l  for subcarrier spacing configuration P in a subframe is given by 
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5.3.2 OFDM baseband signal generation for PRACH 

The time-continuous signal ( )ts p
l

),( P  on antenna port 𝑝 for PRACH is defined by 
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VWaUW,𝜇0 ൅ 𝑁gUid

Vi]e,𝜇0 2⁄ ቁ𝑁Vc
RB2𝜇0െ𝜇 

where ( ) c
RA

,CPu
RA
start

RA
start TNNttt l++�d  and  

- k  is given by clause 6.3.3;  

- f'  is the subcarrier spacing of the initial active uplink bandwidth part during initial access. Otherwise, f'  is 
the subcarrier spacing of the active uplink bandwidth part;  

- 𝜇଴ is the largest 𝜇 value among the subcarrier spacing configurations by the higher-layer parameter scs-
SpecificCarrierList; 

- start
,BWP iN  is the lowest numbered resource block of the initial active uplink bandwidth part and is derived by the 

higher-layer parameter initialUplinkBWP during initial access. Otherwise, start
,BWP iN  is the lowest numbered 

resource block of the active uplink bandwidth part and is derived by the higher-layer parameter BWP-Uplink;  

- start
RAn  is the frequency offset of lowest PRACH transmission occasion in frequency domain with respect to PRB 

0 of the initial active uplink bandwidth part given by the higher-layer parameter msg1-FrequencyStart during 
initial access associated with the initial active uplink bandwidth part. Otherwise, start

RAn  is the frequency offset of 
lowest PRACH transmission occasion in frequency domain with respect to physical resource block 0 of the 
active uplink bandwidth part given by the higher-layer parameter msg1-FrequencyStart associated with the 
active uplink bandwidth part; 

- RAn  is the PRACH transmission occasion index in frequency domain for a given PRACH transmission occasion 
in one time instance as given by clause 6.3.3.2;  

- RA
RBN  is the number of resource blocks occupied and is given by the parameter allocation expressed in number of 

RBs for PUSCH in Table 6.3.3.2-1.  

- RAL  and uN  are given by clause 6.3.3 

- 𝑁CP,௟
RA ൌ 𝑁CP

RA ൅ 𝑛 ∙ 16𝜅 where  

- for ^ `kHz 5,25.1RA �'f , 0 n   

- for ^ `kHz 120,60,30,15RA �'f , n  is the number of times the interval ( )RA RA RA RA
start start u CP c,t t N N Tª ª+ +¬ ¬  

overlaps with either time instance 0 or time instance ( ) ms 5.02000 cfmax  �' TNf  in a subframe 



Frequency allocation (contd)

• denotes the length of the RACH in 
terms of RE (See next slide)
• nRA is a set and equals {0, 1, … M-1 }, 

where M equals one, two, four and eight 
and is given by the IE msg1-FDM
• is the frequency shift (FFT shift) of 

the final thing
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- 𝜇଴ is the largest 𝜇 value among the subcarrier spacing configurations by the higher-layer parameter scs-
SpecificCarrierList.  

The starting position of OFDM symbol l  for subcarrier spacing configuration P in a subframe is given by 
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5.3.2 OFDM baseband signal generation for PRACH 

The time-continuous signal ( )ts p
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where ( ) c
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RA
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RA
start TNNttt l++�d  and  

- k  is given by clause 6.3.3;  

- f'  is the subcarrier spacing of the initial active uplink bandwidth part during initial access. Otherwise, f'  is 
the subcarrier spacing of the active uplink bandwidth part;  

- 𝜇଴ is the largest 𝜇 value among the subcarrier spacing configurations by the higher-layer parameter scs-
SpecificCarrierList; 

- start
,BWP iN  is the lowest numbered resource block of the initial active uplink bandwidth part and is derived by the 

higher-layer parameter initialUplinkBWP during initial access. Otherwise, start
,BWP iN  is the lowest numbered 

resource block of the active uplink bandwidth part and is derived by the higher-layer parameter BWP-Uplink;  

- start
RAn  is the frequency offset of lowest PRACH transmission occasion in frequency domain with respect to PRB 

0 of the initial active uplink bandwidth part given by the higher-layer parameter msg1-FrequencyStart during 
initial access associated with the initial active uplink bandwidth part. Otherwise, start

RAn  is the frequency offset of 
lowest PRACH transmission occasion in frequency domain with respect to physical resource block 0 of the 
active uplink bandwidth part given by the higher-layer parameter msg1-FrequencyStart associated with the 
active uplink bandwidth part; 

- RAn  is the PRACH transmission occasion index in frequency domain for a given PRACH transmission occasion 
in one time instance as given by clause 6.3.3.2;  

- RA
RBN  is the number of resource blocks occupied and is given by the parameter allocation expressed in number of 

RBs for PUSCH in Table 6.3.3.2-1.  

- RAL  and uN  are given by clause 6.3.3 

- 𝑁CP,௟
RA ൌ 𝑁CP

RA ൅ 𝑛 ∙ 16𝜅 where  

- for ^ `kHz 5,25.1RA �'f , 0 n   

- for ^ `kHz 120,60,30,15RA �'f , n  is the number of times the interval ( )RA RA RA RA
start start u CP c,t t N N Tª ª+ +¬ ¬  

overlaps with either time instance 0 or time instance ( ) ms 5.02000 cfmax  �' TNf  in a subframe 
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- 𝜇଴ is the largest 𝜇 value among the subcarrier spacing configurations by the higher-layer parameter scs-
SpecificCarrierList.  

The starting position of OFDM symbol l  for subcarrier spacing configuration P in a subframe is given by 
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where ( ) c
RA

,CPu
RA
start

RA
start TNNttt l++�d  and  

- k  is given by clause 6.3.3;  

- f'  is the subcarrier spacing of the initial active uplink bandwidth part during initial access. Otherwise, f'  is 
the subcarrier spacing of the active uplink bandwidth part;  

- 𝜇଴ is the largest 𝜇 value among the subcarrier spacing configurations by the higher-layer parameter scs-
SpecificCarrierList; 

- start
,BWP iN  is the lowest numbered resource block of the initial active uplink bandwidth part and is derived by the 

higher-layer parameter initialUplinkBWP during initial access. Otherwise, start
,BWP iN  is the lowest numbered 

resource block of the active uplink bandwidth part and is derived by the higher-layer parameter BWP-Uplink;  

- start
RAn  is the frequency offset of lowest PRACH transmission occasion in frequency domain with respect to PRB 

0 of the initial active uplink bandwidth part given by the higher-layer parameter msg1-FrequencyStart during 
initial access associated with the initial active uplink bandwidth part. Otherwise, start

RAn  is the frequency offset of 
lowest PRACH transmission occasion in frequency domain with respect to physical resource block 0 of the 
active uplink bandwidth part given by the higher-layer parameter msg1-FrequencyStart associated with the 
active uplink bandwidth part; 

- RAn  is the PRACH transmission occasion index in frequency domain for a given PRACH transmission occasion 
in one time instance as given by clause 6.3.3.2;  

- RA
RBN  is the number of resource blocks occupied and is given by the parameter allocation expressed in number of 

RBs for PUSCH in Table 6.3.3.2-1.  

- RAL  and uN  are given by clause 6.3.3 

- 𝑁CP,௟
RA ൌ 𝑁CP

RA ൅ 𝑛 ∙ 16𝜅 where  

- for ^ `kHz 5,25.1RA �'f , 0 n   

- for ^ `kHz 120,60,30,15RA �'f , n  is the number of times the interval ( )RA RA RA RA
start start u CP c,t t N N Tª ª+ +¬ ¬  

overlaps with either time instance 0 or time instance ( ) ms 5.02000 cfmax  �' TNf  in a subframe 
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- 𝜇଴ is the largest 𝜇 value among the subcarrier spacing configurations by the higher-layer parameter scs-
SpecificCarrierList.  

The starting position of OFDM symbol l  for subcarrier spacing configuration P in a subframe is given by 
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),( P  on antenna port 𝑝 for PRACH is defined by 
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where ( ) c
RA

,CPu
RA
start

RA
start TNNttt l++�d  and  

- k  is given by clause 6.3.3;  

- f'  is the subcarrier spacing of the initial active uplink bandwidth part during initial access. Otherwise, f'  is 
the subcarrier spacing of the active uplink bandwidth part;  

- 𝜇଴ is the largest 𝜇 value among the subcarrier spacing configurations by the higher-layer parameter scs-
SpecificCarrierList; 

- start
,BWP iN  is the lowest numbered resource block of the initial active uplink bandwidth part and is derived by the 

higher-layer parameter initialUplinkBWP during initial access. Otherwise, start
,BWP iN  is the lowest numbered 

resource block of the active uplink bandwidth part and is derived by the higher-layer parameter BWP-Uplink;  

- start
RAn  is the frequency offset of lowest PRACH transmission occasion in frequency domain with respect to PRB 

0 of the initial active uplink bandwidth part given by the higher-layer parameter msg1-FrequencyStart during 
initial access associated with the initial active uplink bandwidth part. Otherwise, start

RAn  is the frequency offset of 
lowest PRACH transmission occasion in frequency domain with respect to physical resource block 0 of the 
active uplink bandwidth part given by the higher-layer parameter msg1-FrequencyStart associated with the 
active uplink bandwidth part; 

- RAn  is the PRACH transmission occasion index in frequency domain for a given PRACH transmission occasion 
in one time instance as given by clause 6.3.3.2;  

- RA
RBN  is the number of resource blocks occupied and is given by the parameter allocation expressed in number of 

RBs for PUSCH in Table 6.3.3.2-1.  

- RAL  and uN  are given by clause 6.3.3 

- 𝑁CP,௟
RA ൌ 𝑁CP

RA ൅ 𝑛 ∙ 16𝜅 where  

- for ^ `kHz 5,25.1RA �'f , 0 n   

- for ^ `kHz 120,60,30,15RA �'f , n  is the number of times the interval ( )RA RA RA RA
start start u CP c,t t N N Tª ª+ +¬ ¬  

overlaps with either time instance 0 or time instance ( ) ms 5.02000 cfmax  �' TNf  in a subframe 
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- 
𝜇
଴  is the largest 𝜇 value am

ong the subcarrier spacing configurations by the higher-layer param
eter scs-

SpecificCarrierList.  
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- 
𝜇
଴  is the largest 𝜇 value am

ong the subcarrier spacing configurations by the higher-layer param
eter scs-

SpecificCarrierList.  
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FD

M
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in one tim
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- 𝜇଴ is the largest 𝜇 value among the subcarrier spacing configurations by the higher-layer parameter scs-
SpecificCarrierList.  

The starting position of OFDM symbol l  for subcarrier spacing configuration P in a subframe is given by 

( )¯
®
­

�++
 

 
�� otherwise

00

c1CP,u1,start
,start TNNt

l
t

ll
l PPP

P  

5.3.2 OFDM baseband signal generation for PRACH 

The time-continuous signal ( )ts p
l

),( P  on antenna port 𝑝 for PRACH is defined by 

𝑠𝑙
ሺ𝑝,𝜇ሻሺ𝑡ሻ ൌ ෍ 𝑎𝑘

ሺ𝑝,RAሻ

𝐿RAെ1

𝑘ൌ0

𝑒𝑗2𝜋ሺ𝑘൅𝐾𝑘1൅𝑘തሻΔ𝑓RA൫𝑡െ𝑁CP,𝑙
RA 𝑇cെ𝑡VWaUW

RA ൯ 

𝐾 ൌ Δ𝑓 Δ𝑓RA⁄  
𝑘1 ൌ 𝑘0

𝜇 ൅ ൫𝑁BWP,𝑖
VWaUW െ 𝑁gUid

VWaUW,𝜇൯𝑁Vc
RB ൅ 𝑛RAVWaUW𝑁Vc

RB ൅ 𝑛RA𝑁RB
RA𝑁Vc

RB െ 𝑁gUid
Vi]e,𝜇 𝑁Vc

RB 2⁄  

𝑘0
𝜇 ൌ ൫𝑁gUid

VWaUW,𝜇 ൅ 𝑁gUid
Vi]e,𝜇 2⁄ ൯𝑁Vc

RB െ ቀ𝑁gUid
VWaUW,𝜇0 ൅ 𝑁gUid

Vi]e,𝜇0 2⁄ ቁ𝑁Vc
RB2𝜇0െ𝜇 

where ( ) c
RA

,CPu
RA
start

RA
start TNNttt l++�d  and  

- k  is given by clause 6.3.3;  

- f'  is the subcarrier spacing of the initial active uplink bandwidth part during initial access. Otherwise, f'  is 
the subcarrier spacing of the active uplink bandwidth part;  

- 𝜇଴ is the largest 𝜇 value among the subcarrier spacing configurations by the higher-layer parameter scs-
SpecificCarrierList; 

- start
,BWP iN  is the lowest numbered resource block of the initial active uplink bandwidth part and is derived by the 

higher-layer parameter initialUplinkBWP during initial access. Otherwise, start
,BWP iN  is the lowest numbered 

resource block of the active uplink bandwidth part and is derived by the higher-layer parameter BWP-Uplink;  

- start
RAn  is the frequency offset of lowest PRACH transmission occasion in frequency domain with respect to PRB 

0 of the initial active uplink bandwidth part given by the higher-layer parameter msg1-FrequencyStart during 
initial access associated with the initial active uplink bandwidth part. Otherwise, start

RAn  is the frequency offset of 
lowest PRACH transmission occasion in frequency domain with respect to physical resource block 0 of the 
active uplink bandwidth part given by the higher-layer parameter msg1-FrequencyStart associated with the 
active uplink bandwidth part; 

- RAn  is the PRACH transmission occasion index in frequency domain for a given PRACH transmission occasion 
in one time instance as given by clause 6.3.3.2;  

- RA
RBN  is the number of resource blocks occupied and is given by the parameter allocation expressed in number of 

RBs for PUSCH in Table 6.3.3.2-1.  

- RAL  and uN  are given by clause 6.3.3 

- 𝑁CP,௟
RA ൌ 𝑁CP

RA ൅ 𝑛 ∙ 16𝜅 where  

- for ^ `kHz 5,25.1RA �'f , 0 n   

- for ^ `kHz 120,60,30,15RA �'f , n  is the number of times the interval ( )RA RA RA RA
start start u CP c,t t N N Tª ª+ +¬ ¬  

overlaps with either time instance 0 or time instance ( ) ms 5.02000 cfmax  �' TNf  in a subframe 

(All of the above (except k) are with respect to SCS and not 
PRACH Freq)

Aligned to RB
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- 𝜇଴ is the largest 𝜇 value among the subcarrier spacing configurations by the higher-layer parameter scs-
SpecificCarrierList.  

The starting position of OFDM symbol l  for subcarrier spacing configuration P in a subframe is given by 

( )¯
®
­

�++
 

 
�� otherwise

00

c1CP,u1,start
,start TNNt

l
t

ll
l PPP

P  

5.3.2 OFDM baseband signal generation for PRACH 

The time-continuous signal ( )ts p
l

),( P  on antenna port 𝑝 for PRACH is defined by 

𝑠𝑙
ሺ𝑝,𝜇ሻሺ𝑡ሻ ൌ ෍ 𝑎𝑘

ሺ𝑝,RAሻ

𝐿RAെ1

𝑘ൌ0

𝑒𝑗2𝜋ሺ𝑘൅𝐾𝑘1൅𝑘തሻΔ𝑓RA൫𝑡െ𝑁CP,𝑙
RA 𝑇cെ𝑡VWaUW

RA ൯ 

𝐾 ൌ Δ𝑓 Δ𝑓RA⁄  
𝑘1 ൌ 𝑘0

𝜇 ൅ ൫𝑁BWP,𝑖
VWaUW െ 𝑁gUid

VWaUW,𝜇൯𝑁Vc
RB ൅ 𝑛RAVWaUW𝑁Vc

RB ൅ 𝑛RA𝑁RB
RA𝑁Vc

RB െ 𝑁gUid
Vi]e,𝜇 𝑁Vc

RB 2⁄  

𝑘0
𝜇 ൌ ൫𝑁gUid

VWaUW,𝜇 ൅ 𝑁gUid
Vi]e,𝜇 2⁄ ൯𝑁Vc

RB െ ቀ𝑁gUid
VWaUW,𝜇0 ൅ 𝑁gUid

Vi]e,𝜇0 2⁄ ቁ𝑁Vc
RB2𝜇0െ𝜇 

where ( ) c
RA

,CPu
RA
start

RA
start TNNttt l++�d  and  

- k  is given by clause 6.3.3;  

- f'  is the subcarrier spacing of the initial active uplink bandwidth part during initial access. Otherwise, f'  is 
the subcarrier spacing of the active uplink bandwidth part;  

- 𝜇଴ is the largest 𝜇 value among the subcarrier spacing configurations by the higher-layer parameter scs-
SpecificCarrierList; 

- start
,BWP iN  is the lowest numbered resource block of the initial active uplink bandwidth part and is derived by the 

higher-layer parameter initialUplinkBWP during initial access. Otherwise, start
,BWP iN  is the lowest numbered 

resource block of the active uplink bandwidth part and is derived by the higher-layer parameter BWP-Uplink;  

- start
RAn  is the frequency offset of lowest PRACH transmission occasion in frequency domain with respect to PRB 

0 of the initial active uplink bandwidth part given by the higher-layer parameter msg1-FrequencyStart during 
initial access associated with the initial active uplink bandwidth part. Otherwise, start

RAn  is the frequency offset of 
lowest PRACH transmission occasion in frequency domain with respect to physical resource block 0 of the 
active uplink bandwidth part given by the higher-layer parameter msg1-FrequencyStart associated with the 
active uplink bandwidth part; 

- RAn  is the PRACH transmission occasion index in frequency domain for a given PRACH transmission occasion 
in one time instance as given by clause 6.3.3.2;  

- RA
RBN  is the number of resource blocks occupied and is given by the parameter allocation expressed in number of 

RBs for PUSCH in Table 6.3.3.2-1.  

- RAL  and uN  are given by clause 6.3.3 

- 𝑁CP,௟
RA ൌ 𝑁CP

RA ൅ 𝑛 ∙ 16𝜅 where  

- for ^ `kHz 5,25.1RA �'f , 0 n   

- for ^ `kHz 120,60,30,15RA �'f , n  is the number of times the interval ( )RA RA RA RA
start start u CP c,t t N N Tª ª+ +¬ ¬  

overlaps with either time instance 0 or time instance ( ) ms 5.02000 cfmax  �' TNf  in a subframe 

(in terms of RE           )
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- 𝜇଴ is the largest 𝜇 value among the subcarrier spacing configurations by the higher-layer parameter scs-
SpecificCarrierList.  

The starting position of OFDM symbol l  for subcarrier spacing configuration P in a subframe is given by 

( )¯
®
­

�++
 

 
�� otherwise

00

c1CP,u1,start
,start TNNt

l
t

ll
l PPP

P  

5.3.2 OFDM baseband signal generation for PRACH 

The time-continuous signal ( )ts p
l

),( P  on antenna port 𝑝 for PRACH is defined by 

𝑠𝑙
ሺ𝑝,𝜇ሻሺ𝑡ሻ ൌ ෍ 𝑎𝑘

ሺ𝑝,RAሻ

𝐿RAെ1

𝑘ൌ0

𝑒𝑗2𝜋ሺ𝑘൅𝐾𝑘1൅𝑘തሻΔ𝑓RA൫𝑡െ𝑁CP,𝑙
RA 𝑇cെ𝑡VWaUW

RA ൯ 

𝐾 ൌ Δ𝑓 Δ𝑓RA⁄  
𝑘1 ൌ 𝑘0

𝜇 ൅ ൫𝑁BWP,𝑖
VWaUW െ 𝑁gUid

VWaUW,𝜇൯𝑁Vc
RB ൅ 𝑛RAVWaUW𝑁Vc

RB ൅ 𝑛RA𝑁RB
RA𝑁Vc

RB െ 𝑁gUid
Vi]e,𝜇 𝑁Vc

RB 2⁄  

𝑘0
𝜇 ൌ ൫𝑁gUid

VWaUW,𝜇 ൅ 𝑁gUid
Vi]e,𝜇 2⁄ ൯𝑁Vc

RB െ ቀ𝑁gUid
VWaUW,𝜇0 ൅ 𝑁gUid

Vi]e,𝜇0 2⁄ ቁ𝑁Vc
RB2𝜇0െ𝜇 

where ( ) c
RA

,CPu
RA
start

RA
start TNNttt l++�d  and  

- k  is given by clause 6.3.3;  

- f'  is the subcarrier spacing of the initial active uplink bandwidth part during initial access. Otherwise, f'  is 
the subcarrier spacing of the active uplink bandwidth part;  

- 𝜇଴ is the largest 𝜇 value among the subcarrier spacing configurations by the higher-layer parameter scs-
SpecificCarrierList; 

- start
,BWP iN  is the lowest numbered resource block of the initial active uplink bandwidth part and is derived by the 

higher-layer parameter initialUplinkBWP during initial access. Otherwise, start
,BWP iN  is the lowest numbered 

resource block of the active uplink bandwidth part and is derived by the higher-layer parameter BWP-Uplink;  

- start
RAn  is the frequency offset of lowest PRACH transmission occasion in frequency domain with respect to PRB 

0 of the initial active uplink bandwidth part given by the higher-layer parameter msg1-FrequencyStart during 
initial access associated with the initial active uplink bandwidth part. Otherwise, start

RAn  is the frequency offset of 
lowest PRACH transmission occasion in frequency domain with respect to physical resource block 0 of the 
active uplink bandwidth part given by the higher-layer parameter msg1-FrequencyStart associated with the 
active uplink bandwidth part; 

- RAn  is the PRACH transmission occasion index in frequency domain for a given PRACH transmission occasion 
in one time instance as given by clause 6.3.3.2;  

- RA
RBN  is the number of resource blocks occupied and is given by the parameter allocation expressed in number of 

RBs for PUSCH in Table 6.3.3.2-1.  

- RAL  and uN  are given by clause 6.3.3 

- 𝑁CP,௟
RA ൌ 𝑁CP

RA ൅ 𝑛 ∙ 16𝜅 where  

- for ^ `kHz 5,25.1RA �'f , 0 n   

- for ^ `kHz 120,60,30,15RA �'f , n  is the number of times the interval ( )RA RA RA RA
start start u CP c,t t N N Tª ª+ +¬ ¬  

overlaps with either time instance 0 or time instance ( ) ms 5.02000 cfmax  �' TNf  in a subframe 
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- 𝜇଴ is the largest 𝜇 value among the subcarrier spacing configurations by the higher-layer parameter scs-
SpecificCarrierList.  

The starting position of OFDM symbol l  for subcarrier spacing configuration P in a subframe is given by 
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�� otherwise
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c1CP,u1,start
,start TNNt
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ll
l PPP

P  

5.3.2 OFDM baseband signal generation for PRACH 

The time-continuous signal ( )ts p
l

),( P  on antenna port 𝑝 for PRACH is defined by 

𝑠𝑙
ሺ𝑝,𝜇ሻሺ𝑡ሻ ൌ ෍ 𝑎𝑘

ሺ𝑝,RAሻ

𝐿RAെ1

𝑘ൌ0

𝑒𝑗2𝜋ሺ𝑘൅𝐾𝑘1൅𝑘തሻΔ𝑓RA൫𝑡െ𝑁CP,𝑙
RA 𝑇cെ𝑡VWaUW

RA ൯ 

𝐾 ൌ Δ𝑓 Δ𝑓RA⁄  
𝑘1 ൌ 𝑘0

𝜇 ൅ ൫𝑁BWP,𝑖
VWaUW െ 𝑁gUid

VWaUW,𝜇൯𝑁Vc
RB ൅ 𝑛RAVWaUW𝑁Vc

RB ൅ 𝑛RA𝑁RB
RA𝑁Vc

RB െ 𝑁gUid
Vi]e,𝜇 𝑁Vc

RB 2⁄  
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𝜇 ൌ ൫𝑁gUid

VWaUW,𝜇 ൅ 𝑁gUid
Vi]e,𝜇 2⁄ ൯𝑁Vc

RB െ ቀ𝑁gUid
VWaUW,𝜇0 ൅ 𝑁gUid

Vi]e,𝜇0 2⁄ ቁ𝑁Vc
RB2𝜇0െ𝜇 

where ( ) c
RA

,CPu
RA
start

RA
start TNNttt l++�d  and  

- k  is given by clause 6.3.3;  

- f'  is the subcarrier spacing of the initial active uplink bandwidth part during initial access. Otherwise, f'  is 
the subcarrier spacing of the active uplink bandwidth part;  

- 𝜇଴ is the largest 𝜇 value among the subcarrier spacing configurations by the higher-layer parameter scs-
SpecificCarrierList; 

- start
,BWP iN  is the lowest numbered resource block of the initial active uplink bandwidth part and is derived by the 

higher-layer parameter initialUplinkBWP during initial access. Otherwise, start
,BWP iN  is the lowest numbered 

resource block of the active uplink bandwidth part and is derived by the higher-layer parameter BWP-Uplink;  

- start
RAn  is the frequency offset of lowest PRACH transmission occasion in frequency domain with respect to PRB 

0 of the initial active uplink bandwidth part given by the higher-layer parameter msg1-FrequencyStart during 
initial access associated with the initial active uplink bandwidth part. Otherwise, start

RAn  is the frequency offset of 
lowest PRACH transmission occasion in frequency domain with respect to physical resource block 0 of the 
active uplink bandwidth part given by the higher-layer parameter msg1-FrequencyStart associated with the 
active uplink bandwidth part; 

- RAn  is the PRACH transmission occasion index in frequency domain for a given PRACH transmission occasion 
in one time instance as given by clause 6.3.3.2;  

- RA
RBN  is the number of resource blocks occupied and is given by the parameter allocation expressed in number of 

RBs for PUSCH in Table 6.3.3.2-1.  

- RAL  and uN  are given by clause 6.3.3 

- 𝑁CP,௟
RA ൌ 𝑁CP

RA ൅ 𝑛 ∙ 16𝜅 where  

- for ^ `kHz 5,25.1RA �'f , 0 n   

- for ^ `kHz 120,60,30,15RA �'f , n  is the number of times the interval ( )RA RA RA RA
start start u CP c,t t N N Tª ª+ +¬ ¬  

overlaps with either time instance 0 or time instance ( ) ms 5.02000 cfmax  �' TNf  in a subframe 

(in terms of RE           )
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- 𝜇଴ is the largest 𝜇 value among the subcarrier spacing configurations by the higher-layer parameter scs-
SpecificCarrierList.  

The starting position of OFDM symbol l  for subcarrier spacing configuration P in a subframe is given by 
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�� otherwise
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5.3.2 OFDM baseband signal generation for PRACH 

The time-continuous signal ( )ts p
l

),( P  on antenna port 𝑝 for PRACH is defined by 
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VWaUW,𝜇൯𝑁Vc
RB ൅ 𝑛RAVWaUW𝑁Vc

RB ൅ 𝑛RA𝑁RB
RA𝑁Vc

RB െ 𝑁gUid
Vi]e,𝜇 𝑁Vc

RB 2⁄  

𝑘0
𝜇 ൌ ൫𝑁gUid

VWaUW,𝜇 ൅ 𝑁gUid
Vi]e,𝜇 2⁄ ൯𝑁Vc

RB െ ቀ𝑁gUid
VWaUW,𝜇0 ൅ 𝑁gUid

Vi]e,𝜇0 2⁄ ቁ𝑁Vc
RB2𝜇0െ𝜇 

where ( ) c
RA

,CPu
RA
start

RA
start TNNttt l++�d  and  

- k  is given by clause 6.3.3;  

- f'  is the subcarrier spacing of the initial active uplink bandwidth part during initial access. Otherwise, f'  is 
the subcarrier spacing of the active uplink bandwidth part;  

- 𝜇଴ is the largest 𝜇 value among the subcarrier spacing configurations by the higher-layer parameter scs-
SpecificCarrierList; 

- start
,BWP iN  is the lowest numbered resource block of the initial active uplink bandwidth part and is derived by the 

higher-layer parameter initialUplinkBWP during initial access. Otherwise, start
,BWP iN  is the lowest numbered 

resource block of the active uplink bandwidth part and is derived by the higher-layer parameter BWP-Uplink;  

- start
RAn  is the frequency offset of lowest PRACH transmission occasion in frequency domain with respect to PRB 

0 of the initial active uplink bandwidth part given by the higher-layer parameter msg1-FrequencyStart during 
initial access associated with the initial active uplink bandwidth part. Otherwise, start

RAn  is the frequency offset of 
lowest PRACH transmission occasion in frequency domain with respect to physical resource block 0 of the 
active uplink bandwidth part given by the higher-layer parameter msg1-FrequencyStart associated with the 
active uplink bandwidth part; 

- RAn  is the PRACH transmission occasion index in frequency domain for a given PRACH transmission occasion 
in one time instance as given by clause 6.3.3.2;  

- RA
RBN  is the number of resource blocks occupied and is given by the parameter allocation expressed in number of 

RBs for PUSCH in Table 6.3.3.2-1.  

- RAL  and uN  are given by clause 6.3.3 

- 𝑁CP,௟
RA ൌ 𝑁CP

RA ൅ 𝑛 ∙ 16𝜅 where  

- for ^ `kHz 5,25.1RA �'f , 0 n   

- for ^ `kHz 120,60,30,15RA �'f , n  is the number of times the interval ( )RA RA RA RA
start start u CP c,t t N N Tª ª+ +¬ ¬  

overlaps with either time instance 0 or time instance ( ) ms 5.02000 cfmax  �' TNf  in a subframe 
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Table 6.3.3.2-1: Supported combinations of RAf'  and f' , and the corresponding value of k . 

RAL  
RAf'  for PRACH f'  for PUSCH RA

RBN , allocation 
expressed in number of 

RBs for PUSCH 

k  

839 1.25 15 6 7 
839 1.25 30 3 1 
839 1.25 60 2 133 
839 5 15 24 12 
839 5 30 12 10 
839 5 60 6 7 
139 15 15 12 2 
139 15 30 6 2 
139 15 60 3 2 
139 30 15 24 2 
139 30 30 12 2 
139 30 60 6 2 
139 60 60 12 2 
139 60 120 6 2 
139 120 60 24 2 
139 120 120 12 2 

 Observe that the PRACH length fits into the number of RBS allocated
• Consider ΔfRA =30 and Δf =30

• 12 RB are allocated = > 144 RE (139 sequence fits)
• Consider ΔfRA =1.25 and Δf =15

• 6 RE are allocated (in terms of  Δf =15). This implies a total of 6x 12x 
(15/1.25) = 864 (839 sequence fits)

RB

PR
AC

H

2 RE = 

3 RE

Example: 139 sequence  
with  ΔfRA =30 and Δf =30.

13
9 

RE14
4 

RE

k



Time Allocation

• Configured by the higher layer 
parameter
• prachConfigurationIndex
• Depends on FR1 or FR2

• nSFN : System frame number (0 to 1023)

• E.g., prachConfigurationIndex =70
• Odd number frames have PRACH
• Implies PRACH frequency is 20 ms
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PRACH 
Configuration  

Index 

Preamble 
format 

yxn  modSFN  
Subframe number Starting 

symbol 
Number 

of 
PRACH 

slots 
within a 

subframe 

RA,slot
tN , 

number of 
time-

domain 
PRACH 

occasions 
within a 
PRACH 

slot 

RA
durN , 

PRACH 
duration 

x  y  

0 0 16 1 1 0 - - 0 
1 0 16 1 4 0 - - 0 
2 0 16 1 7 0 - - 0 
3 0 16 1 9 0 - - 0 
4 0 8 1 1 0 - - 0 
5 0 8 1 4 0 - - 0 
6 0 8 1 7 0 - - 0 
7 0 8 1 9 0 - - 0 
8 0 4 1 1 0 - - 0 
9 0 4 1 4 0 - - 0 

10 0 4 1 7 0 - - 0 
11 0 4 1 9 0 - - 0 
12 0 2 1 1 0 - - 0 
13 0 2 1 4 0 - - 0 
14 0 2 1 7 0 - - 0 
15 0 2 1 9 0 - - 0 
16 0 1 0 1 0 - - 0 
17 0 1 0 4 0 - - 0 
18 0 1 0 7 0 - - 0 
19 0 1 0 1,6 0 - - 0 
20 0 1 0 2,7 0 - - 0 
21 0 1 0 3,8 0 - - 0 
22 0 1 0 1,4,7 0 - - 0 
23 0 1 0 2,5,8 0 - - 0 
24 0 1 0 3, 6, 9 0 - - 0 
25 0 1 0 0,2,4,6,8 0 - - 0 
26 0 1 0 1,3,5,7,9 0 - - 0 
27 0 1 0 0,1,2,3,4,5,6,7,8,9 0 - - 0 
28 1 16 1 1 0 - - 0 
29 1 16 1 4 0 - - 0 
30 1 16 1 7 0 - - 0 
31 1 16 1 9 0 - - 0 
32 1 8 1 1 0 - - 0 
33 1 8 1 4 0 - - 0 
34 1 8 1 7 0 - - 0 
35 1 8 1 9 0 - - 0 
36 1 4 1 1 0 - - 0 
37 1 4 1 4 0 - - 0 
38 1 4 1 7 0 - - 0 
39 1 4 1 9 0 - - 0 
40 1 2 1 1 0 - - 0 
41 1 2 1 4 0 - - 0 
42 1 2 1 7 0 - - 0 
43 1 2 1 9 0 - - 0 
44 1 1 0 1 0 - - 0 
45 1 1 0 4 0 - - 0 
46 1 1 0 7 0 - - 0 
47 1 1 0 1,6 0 - - 0 
48 1 1 0 2,7 0 - - 0 
49 1 1 0 3,8 0 - - 0 
50 1 1 0 1,4,7 0 - - 0 
51 1 1 0 2,5,8 0 - - 0 
52 1 1 0 3,6,9 0 - - 0 
53 2 16 1 1 0 - - 0 
54 2 8 1 1 0 - - 0 
55 2 4 0 1 0 - - 0 
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56 3 1 0 1,6 7 - - 0 
57 3 1 0 4,9 0 - - 0 
58 3 1 0 3,8 0 - - 0 
59 3 1 0 2,7 0 - - 0 
60 3 1 0 8,9 0 - - 0 
61 3 1 0 4,8,9 0 - - 0 
62 3 1 0 3,4,9 0 - - 0 
63 3 1 0 7,8,9 0 - - 0 
64 3 1 0 3,4,8,9 0 - - 0 
65 3 1 0 1,4,6,9 0 - - 0 
66 3 1 0 1,3,5,7,9 0 - - 0 
67 A1 16 1 9 0 2 6 2 
68 A1 8 1 9 0 2 6 2 
69 A1 4 1 9 0 1 6 2 
70 A1 2 1 9 0 1 6 2 
71 A1 2 1 4,9 7 1 3 2 
72 A1 2 1 7,9 7 1 3 2 
73 A1 2 1 7,9 0 1 6 2 
74 A1 2 1 8,9 0 2 6 2 
75 A1 2 1 4,9 0 2 6 2 
76 A1 2 1 2,3,4,7,8,9 0 1 6 2 
77 A1 1 0 9 0 2 6 2 
78 A1 1 0 9 7 1 3 2 
79 A1 1 0 9 0 1 6 2 
80 A1 1 0 8,9 0 2 6 2 
81 A1 1 0 4,9 0 1 6 2 
82 A1 1 0 7,9 7 1 3 2 
83 A1 1 0 3,4,8,9 0 1 6 2 
84 A1 1 0 3,4,8,9 0 2 6 2 
85 A1 1 0 1,3,5,7,9 0 1 6 2 
86 A1 1 0 0,1,2,3,4,5,6,7,8,9 7 1 3 2 
87 A2 16 1 9 0 2 3 4 
88 A2 8  1 9 0 2 3 4 
89 A2 4 1 9 0 1 3 4 
90 A2 2 1 7,9 0 1 3 4 
91 A2 2 1 8,9 0 2 3 4 
92 A2 2 1 7,9 9 1 1 4 
93 A2 2 1 4,9 9 1 1 4 
94 A2 2 1 4,9 0 2 3 4 
95 A2 2 1 2,3,4,7,8,9 0 1 3 4 
96 A2 1 0 2 0 1 3 4 
97 A2 1 0 7 0 1 3 4 
98 A2 2 1 9 0 1 3 4 
99 A2 1 0 9 0 2 3 4 

100 A2 1 0 9 9 1 1 4 
101 A2 1 0 9 0 1 3 4 
102 A2 1 0 2,7 0 1 3 4 
103 A2 1 0 8,9 0 2 3 4 
104 A2 1 0 4,9 0 1 3 4 
105 A2 1 0 7,9 9 1 1 4 
106 A2 1 0 3,4,8,9 0 1 3 4 
107 A2 1 0 3,4,8,9 0 2 3 4 
108 A2 1 0 1,3,5,7,9 0 1 3 4 
109 A2 1 0 0,1,2,3,4,5,6,7,8,9 9 1 1 4 
110 A3 16 1 9 0 2 2 6 
111 A3 8 1 9 0 2 2 6 
112 A3 4 1 9 0 1 2 6 
113 A3 2 1 4,9 7 1 1 6 
114 A3 2 1 7,9 7 1 1 6 
115 A3 2 1 7,9 0 1 2 6 
116 A3 2 1 4,9 0 2 2 6 
117 A3 2 1 8,9 0 2 2 6 
118 A3 2 1 2,3,4,7,8,9 0 1 2 6 
119 A3 1 0 2 0 1 2 6 
120 A3 1 0 7 0 1 2 6 

FR1
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For all other values of ud , there are no cyclic shifts in the restricted set. 

Table 6.3.3.1-1: PRACH preamble formats for 839RA  L  and 𝜟𝒇RA ∈ ሼ𝟏. 𝟐૞, ૞ሽ kHz. 

Format RAL  RAf'  uN  RA
CPN  Support for 

restricted sets 
0 839 1.25 kHz 24576𝜅 3168𝜅  Type A, Type B 
1 839 1.25 kHz 2 ⋅ 24576𝜅  21024𝜅  Type A, Type B 
2 839 1.25 kHz 4 ⋅ 24576𝜅  4688𝜅  Type A, Type B 
3 839 5 kHz 4 ⋅ 6144𝜅  3168𝜅  Type A, Type B 

 

Table 6.3.3.1-2: Preamble formats for 139RA  L  and 𝜟𝒇RA ൌ 𝟏૞ ⋅ 𝟐𝝁 kHz where ^ 3̀,2,1,0�P . 

Format RAL  RAf'  uN  RA
CPN  Support for 

restricted sets 
A1 139 kHz 215 P�  PN ��� 220482  PN ��2288  - 

A2 139 kHz 215 P�  PN ��� 220484  PN ��2576  - 

A3 139 kHz 215 P�  PN ��� 220486  PN ��2864  - 

B1 139 kHz 215 P�  PN ��� 220482  PN ��2216  - 

B2 139 kHz 215 P�  PN ��� 220484  PN ��2360  - 

B3 139 kHz 215 P�  PN ��� 220486  PN ��2504  - 

B4 139 kHz 215 P�  PN ��� 2204812  PN ��2936  - 

C0 139 kHz 215 P�  PN ��22048  PN ��21240  - 

C2 139 kHz 215 P�  PN ��� 220484  PN ��22048   
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- 𝜇଴ is the largest 𝜇 value among the subcarrier spacing configurations by the higher-layer parameter scs-
SpecificCarrierList.  

The starting position of OFDM symbol l  for subcarrier spacing configuration P in a subframe is given by 

( )¯
®
­

�++
 

 
�� otherwise

00

c1CP,u1,start
,start TNNt

l
t

ll
l PPP

P  

5.3.2 OFDM baseband signal generation for PRACH 

The time-continuous signal ( )ts p
l

),( P  on antenna port 𝑝 for PRACH is defined by 

𝑠𝑙
ሺ𝑝,𝜇ሻሺ𝑡ሻ ൌ ෍ 𝑎𝑘

ሺ𝑝,RAሻ

𝐿RAെ1

𝑘ൌ0

𝑒𝑗2𝜋ሺ𝑘൅𝐾𝑘1൅𝑘തሻΔ𝑓RA൫𝑡െ𝑁CP,𝑙
RA 𝑇cെ𝑡VWaUW

RA ൯ 

𝐾 ൌ Δ𝑓 Δ𝑓RA⁄  
𝑘1 ൌ 𝑘0

𝜇 ൅ ൫𝑁BWP,𝑖
VWaUW െ 𝑁gUid

VWaUW,𝜇൯𝑁Vc
RB ൅ 𝑛RAVWaUW𝑁Vc

RB ൅ 𝑛RA𝑁RB
RA𝑁Vc

RB െ 𝑁gUid
Vi]e,𝜇 𝑁Vc

RB 2⁄  

𝑘0
𝜇 ൌ ൫𝑁gUid

VWaUW,𝜇 ൅ 𝑁gUid
Vi]e,𝜇 2⁄ ൯𝑁Vc

RB െ ቀ𝑁gUid
VWaUW,𝜇0 ൅ 𝑁gUid

Vi]e,𝜇0 2⁄ ቁ𝑁Vc
RB2𝜇0െ𝜇 

where ( ) c
RA

,CPu
RA
start

RA
start TNNttt l++�d  and  

- k  is given by clause 6.3.3;  

- f'  is the subcarrier spacing of the initial active uplink bandwidth part during initial access. Otherwise, f'  is 
the subcarrier spacing of the active uplink bandwidth part;  

- 𝜇଴ is the largest 𝜇 value among the subcarrier spacing configurations by the higher-layer parameter scs-
SpecificCarrierList; 

- start
,BWP iN  is the lowest numbered resource block of the initial active uplink bandwidth part and is derived by the 

higher-layer parameter initialUplinkBWP during initial access. Otherwise, start
,BWP iN  is the lowest numbered 

resource block of the active uplink bandwidth part and is derived by the higher-layer parameter BWP-Uplink;  

- start
RAn  is the frequency offset of lowest PRACH transmission occasion in frequency domain with respect to PRB 

0 of the initial active uplink bandwidth part given by the higher-layer parameter msg1-FrequencyStart during 
initial access associated with the initial active uplink bandwidth part. Otherwise, start

RAn  is the frequency offset of 
lowest PRACH transmission occasion in frequency domain with respect to physical resource block 0 of the 
active uplink bandwidth part given by the higher-layer parameter msg1-FrequencyStart associated with the 
active uplink bandwidth part; 

- RAn  is the PRACH transmission occasion index in frequency domain for a given PRACH transmission occasion 
in one time instance as given by clause 6.3.3.2;  

- RA
RBN  is the number of resource blocks occupied and is given by the parameter allocation expressed in number of 

RBs for PUSCH in Table 6.3.3.2-1.  

- RAL  and uN  are given by clause 6.3.3 

- 𝑁CP,௟
RA ൌ 𝑁CP

RA ൅ 𝑛 ∙ 16𝜅 where  

- for ^ `kHz 5,25.1RA �'f , 0 n   

- for ^ `kHz 120,60,30,15RA �'f , n  is the number of times the interval ( )RA RA RA RA
start start u CP c,t t N N Tª ª+ +¬ ¬  

overlaps with either time instance 0 or time instance ( ) ms 5.02000 cfmax  �' TNf  in a subframe 

Example: A1 sequence, PRACH: 30 KHZ, SCS: 30 KHZ

• Normal OFDM symbol length is 
• Normal CP length is 

• 16k is for the first OFDM symbol in slot.
• We see that N_u is for two OFDM symbols and the 

length of CP is for 2 OFDM symbols
• So you have the CP (of twice the length of normal 

CP) in the beginning followed by the PRACH 
(repeating twice)

• PRACH repeats twice since, the complex 
exponential is periodic (in t) with a time 
period of 1/ΔfRA.

• Hence the number of repetitions equal 

• which in the case of 30KHZ =2;
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Table 5.2.2.2-4: Definition of )(nM  for 24ZC  M   

𝒖 𝝋ሺ𝟎ሻ, … ,𝝋ሺ𝟐𝟑ሻ 
0 -1 -3 3 -1 3 1 3 -1 1 -3 -1 -3 -1 1 3 -3 -1 -3 3 3 3 -3 -3 -3 
1 -1 -3 3 1 1 -3 1 -3 -3 1 -3 -1 -1 3 -3 3 3 3 -3 1 3 3 -3 -3 
2 -1 -3 -3 1 -1 -1 -3 1 3 -1 -3 -1 -1 -3 1 1 3 1 -3 -1 -1 3 -3 -3 
3 1 -3 3 -1 -3 -1 3 3 1 -1 1 1 3 -3 -1 -3 -3 -3 -1 3 -3 -1 -3 -3 
4 -1 3 -3 -3 -1 3 -1 -1 1 3 1 3 -1 -1 -3 1 3 1 -1 -3 1 -1 -3 -3 
5 -3 -1 1 -3 -3 1 1 -3 3 -1 -1 -3 1 3 1 -1 -3 -1 -3 1 -3 -3 -3 -3 
6 -3 3 1 3 -1 1 -3 1 -3 1 -1 -3 -1 -3 -3 -3 -3 -1 -1 -1 1 1 -3 -3 
7 -3 1 3 -1 1 -1 3 -3 3 -1 -3 -1 -3 3 -1 -1 -1 -3 -1 -1 -3 3 3 -3 
8 -3 1 -3 3 -1 -1 -1 -3 3 1 -1 -3 -1 1 3 -1 1 -1 1 -3 -3 -3 -3 -3 
9 1 1 -1 -3 -1 1 1 -3 1 -1 1 -3 3 -3 -3 3 -1 -3 1 3 -3 1 -3 -3 

10 -3 -3 -3 -1 3 -3 3 1 3 1 -3 -1 -1 -3 1 1 3 1 -1 -3 3 1 3 -3 
11 -3 3 -1 3 1 -1 -1 -1 3 3 1 1 1 3 3 1 -3 -3 -1 1 -3 1 3 -3 
12 3 -3 3 -1 -3 1 3 1 -1 -1 -3 -1 3 -3 3 -1 -1 3 3 -3 -3 3 -3 -3 
13 -3 3 -1 3 -1 3 3 1 1 -3 1 3 -3 3 -3 -3 -1 1 3 -3 -1 -1 -3 -3 
14 -3 1 -3 -1 -1 3 1 3 -3 1 -1 3 3 -1 -3 3 -3 -1 -1 -3 -3 -3 3 -3 
15 -3 -1 -1 -3 1 -3 -3 -1 -1 3 -1 1 -1 3 1 -3 -1 3 1 1 -1 -1 -3 -3 
16 -3 -3 1 -1 3 3 -3 -1 1 -1 -1 1 1 -1 -1 3 -3 1 -3 1 -1 -1 -1 -3 
17 3 -1 3 -1 1 -3 1 1 -3 -3 3 -3 -1 -1 -1 -1 -1 -3 -3 -1 1 1 -3 -3 
18 -3 1 -3 1 -3 -3 1 -3 1 -3 -3 -3 -3 -3 1 -3 -3 1 1 -3 1 1 -3 -3 
19 -3 -3 3 3 1 -1 -1 -1 1 -3 -1 1 -1 3 -3 -1 -3 -1 -1 1 -3 3 -1 -3 
20 -3 -3 -1 -1 -1 -3 1 -1 -3 -1 3 -3 1 -3 3 -3 3 3 1 -1 -1 1 -3 -3 
21 3 -1 1 -1 3 -3 1 1 3 -1 -3 3 1 -3 3 -1 -1 -1 -1 1 -3 -3 -3 -3 
22 -3 1 -3 3 -3 1 -3 3 1 -1 -3 -1 -3 -3 -3 -3 1 3 -1 1 3 3 3 -3 
23 -3 -1 1 -3 -1 -1 1 1 1 3 3 -1 1 -1 1 -1 -1 -3 -3 -3 3 1 -1 -3 
24 -3 3 -1 -3 -1 -1 -1 3 -1 -1 3 -3 -1 3 -3 3 -3 -1 3 1 1 -1 -3 -3 
25 -3 1 -1 -3 -3 -1 1 -3 -1 -3 1 1 -1 1 1 3 3 3 -1 1 -1 1 -1 -3 
26 -1 3 -1 -1 3 3 -1 -1 -1 3 -1 -3 1 3 1 1 -3 -3 -3 -1 -3 -1 -3 -3 
27 3 -3 -3 -1 3 3 -3 -1 3 1 1 1 3 -1 3 -3 -1 3 -1 3 1 -1 -3 -3 
28 -3 1 -3 1 -3 1 1 3 1 -3 -3 -1 1 3 -1 -3 3 1 -1 -3 -3 -3 -3 -3 
29 3 -3 -1 1 3 -1 -1 -3 -1 3 -1 -3 -1 -3 3 -1 3 1 1 -3 3 -3 -3 -3 

 

5.3 OFDM baseband signal generation 
5.3.1 OFDM baseband signal generation for all channels except PRACH 

The time-continuous signal ( )ts pl
),( P  on antenna port 𝑝 and subcarrier spacing configuration 𝜇 for OFDM symbol 

^ `subframe, slot
slot symb0,1,..., 1l N NP� �  in a subframe for any physical channel or signal except PRACH is defined by 

 
( ) ( ) ( )

( ) ( )

size, RB
scgrid size, RB

sc c0 grid, CP, start ,
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2 2( , ) ( , )

,
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j k k N N f t N T tp p
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where ( ) c,CPu,start,start TNNttt lll
PPPP ++�d  is the time within the subframe,  
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and 

- f'  is given by clause 4.2; 

- P  is the subcarrier spacing configuration;  
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Table 5.2.2.2-4: Definition of )(nM  for 24ZC  M   

𝒖 𝝋ሺ𝟎ሻ, … ,𝝋ሺ𝟐𝟑ሻ 
0 -1 -3 3 -1 3 1 3 -1 1 -3 -1 -3 -1 1 3 -3 -1 -3 3 3 3 -3 -3 -3 
1 -1 -3 3 1 1 -3 1 -3 -3 1 -3 -1 -1 3 -3 3 3 3 -3 1 3 3 -3 -3 
2 -1 -3 -3 1 -1 -1 -3 1 3 -1 -3 -1 -1 -3 1 1 3 1 -3 -1 -1 3 -3 -3 
3 1 -3 3 -1 -3 -1 3 3 1 -1 1 1 3 -3 -1 -3 -3 -3 -1 3 -3 -1 -3 -3 
4 -1 3 -3 -3 -1 3 -1 -1 1 3 1 3 -1 -1 -3 1 3 1 -1 -3 1 -1 -3 -3 
5 -3 -1 1 -3 -3 1 1 -3 3 -1 -1 -3 1 3 1 -1 -3 -1 -3 1 -3 -3 -3 -3 
6 -3 3 1 3 -1 1 -3 1 -3 1 -1 -3 -1 -3 -3 -3 -3 -1 -1 -1 1 1 -3 -3 
7 -3 1 3 -1 1 -1 3 -3 3 -1 -3 -1 -3 3 -1 -1 -1 -3 -1 -1 -3 3 3 -3 
8 -3 1 -3 3 -1 -1 -1 -3 3 1 -1 -3 -1 1 3 -1 1 -1 1 -3 -3 -3 -3 -3 
9 1 1 -1 -3 -1 1 1 -3 1 -1 1 -3 3 -3 -3 3 -1 -3 1 3 -3 1 -3 -3 

10 -3 -3 -3 -1 3 -3 3 1 3 1 -3 -1 -1 -3 1 1 3 1 -1 -3 3 1 3 -3 
11 -3 3 -1 3 1 -1 -1 -1 3 3 1 1 1 3 3 1 -3 -3 -1 1 -3 1 3 -3 
12 3 -3 3 -1 -3 1 3 1 -1 -1 -3 -1 3 -3 3 -1 -1 3 3 -3 -3 3 -3 -3 
13 -3 3 -1 3 -1 3 3 1 1 -3 1 3 -3 3 -3 -3 -1 1 3 -3 -1 -1 -3 -3 
14 -3 1 -3 -1 -1 3 1 3 -3 1 -1 3 3 -1 -3 3 -3 -1 -1 -3 -3 -3 3 -3 
15 -3 -1 -1 -3 1 -3 -3 -1 -1 3 -1 1 -1 3 1 -3 -1 3 1 1 -1 -1 -3 -3 
16 -3 -3 1 -1 3 3 -3 -1 1 -1 -1 1 1 -1 -1 3 -3 1 -3 1 -1 -1 -1 -3 
17 3 -1 3 -1 1 -3 1 1 -3 -3 3 -3 -1 -1 -1 -1 -1 -3 -3 -1 1 1 -3 -3 
18 -3 1 -3 1 -3 -3 1 -3 1 -3 -3 -3 -3 -3 1 -3 -3 1 1 -3 1 1 -3 -3 
19 -3 -3 3 3 1 -1 -1 -1 1 -3 -1 1 -1 3 -3 -1 -3 -1 -1 1 -3 3 -1 -3 
20 -3 -3 -1 -1 -1 -3 1 -1 -3 -1 3 -3 1 -3 3 -3 3 3 1 -1 -1 1 -3 -3 
21 3 -1 1 -1 3 -3 1 1 3 -1 -3 3 1 -3 3 -1 -1 -1 -1 1 -3 -3 -3 -3 
22 -3 1 -3 3 -3 1 -3 3 1 -1 -3 -1 -3 -3 -3 -3 1 3 -1 1 3 3 3 -3 
23 -3 -1 1 -3 -1 -1 1 1 1 3 3 -1 1 -1 1 -1 -1 -3 -3 -3 3 1 -1 -3 
24 -3 3 -1 -3 -1 -1 -1 3 -1 -1 3 -3 -1 3 -3 3 -3 -1 3 1 1 -1 -3 -3 
25 -3 1 -1 -3 -3 -1 1 -3 -1 -3 1 1 -1 1 1 3 3 3 -1 1 -1 1 -1 -3 
26 -1 3 -1 -1 3 3 -1 -1 -1 3 -1 -3 1 3 1 1 -3 -3 -3 -1 -3 -1 -3 -3 
27 3 -3 -3 -1 3 3 -3 -1 3 1 1 1 3 -1 3 -3 -1 3 -1 3 1 -1 -3 -3 
28 -3 1 -3 1 -3 1 1 3 1 -3 -3 -1 1 3 -1 -3 3 1 -1 -3 -3 -3 -3 -3 
29 3 -3 -1 1 3 -1 -1 -3 -1 3 -1 -3 -1 -3 3 -1 3 1 1 -3 3 -3 -3 -3 

 

5.3 OFDM baseband signal generation 
5.3.1 OFDM baseband signal generation for all channels except PRACH 

The time-continuous signal ( )ts pl
),( P  on antenna port 𝑝 and subcarrier spacing configuration 𝜇 for OFDM symbol 

^ `subframe, slot
slot symb0,1,..., 1l N NP� �  in a subframe for any physical channel or signal except PRACH is defined by 
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where ( ) c,CPu,start,start TNNttt lll
PPPP ++�d  is the time within the subframe,  
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and 

- f'  is given by clause 4.2; 

- P  is the subcarrier spacing configuration;  

2.2048.2�µ

�f�1
RA

<latexit sha1_base64="KyZ7yPNEcTQz7vVfEiHV7k77V7A=">AAACHHicbVDJSgNBEO1xjXGLevTSGAQvDjOTgDnG5eAxilkgE0NNpydp0rPQ3SOEYT7Ei7/ixYMiXjwI/o2d5aCJDwoe71VRVc+LOZPKsr6NpeWV1bX13EZ+c2t7Z7ewt9+QUSIIrZOIR6LlgaSchbSumOK0FQsKgcdp0xtejv3mAxWSReGdGsW0E0A/ZD4joLTULZRcXwBJHRM7VrmC3SHEMWDTuU9P3SDJstS9olwB9rvp7XmmVTvLuoWiZVoT4EViz0gRzVDrFj7dXkSSgIaKcJCybVux6qQgFCOcZnk3kTQGMoQ+bWsaQkBlJ508l+FjrfSwHwldocIT9fdECoGUo8DTnQGogZz3xuJ/XjtRfqWTsjBOFA3JdJGfcKwiPE4K95igRPGRJkAE07diMgCdltJ55nUI9vzLi6ThmHbJdG7KxerFLI4cOkRH6ATZ6AxV0TWqoToi6BE9o1f0ZjwZL8a78TFtXTJmMwfoD4yvH/FGoBc=</latexit>
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- 𝜇଴ is the largest 𝜇 value among the subcarrier spacing configurations by the higher-layer parameter scs-
SpecificCarrierList.  

The starting position of OFDM symbol l  for subcarrier spacing configuration P in a subframe is given by 

( )¯
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�++
 

 
�� otherwise
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c1CP,u1,start
,start TNNt

l
t

ll
l PPP

P  

5.3.2 OFDM baseband signal generation for PRACH 

The time-continuous signal ( )ts p
l

),( P  on antenna port 𝑝 for PRACH is defined by 

𝑠𝑙
ሺ𝑝,𝜇ሻሺ𝑡ሻ ൌ ෍ 𝑎𝑘

ሺ𝑝,RAሻ

𝐿RAെ1

𝑘ൌ0

𝑒𝑗2𝜋ሺ𝑘൅𝐾𝑘1൅𝑘തሻΔ𝑓RA൫𝑡െ𝑁CP,𝑙
RA 𝑇cെ𝑡VWaUW

RA ൯ 

𝐾 ൌ Δ𝑓 Δ𝑓RA⁄  
𝑘1 ൌ 𝑘0

𝜇 ൅ ൫𝑁BWP,𝑖
VWaUW െ 𝑁gUid

VWaUW,𝜇൯𝑁Vc
RB ൅ 𝑛RAVWaUW𝑁Vc

RB ൅ 𝑛RA𝑁RB
RA𝑁Vc

RB െ 𝑁gUid
Vi]e,𝜇 𝑁Vc

RB 2⁄  

𝑘0
𝜇 ൌ ൫𝑁gUid

VWaUW,𝜇 ൅ 𝑁gUid
Vi]e,𝜇 2⁄ ൯𝑁Vc

RB െ ቀ𝑁gUid
VWaUW,𝜇0 ൅ 𝑁gUid

Vi]e,𝜇0 2⁄ ቁ𝑁Vc
RB2𝜇0െ𝜇 

where ( ) c
RA

,CPu
RA
start

RA
start TNNttt l++�d  and  

- k  is given by clause 6.3.3;  

- f'  is the subcarrier spacing of the initial active uplink bandwidth part during initial access. Otherwise, f'  is 
the subcarrier spacing of the active uplink bandwidth part;  

- 𝜇଴ is the largest 𝜇 value among the subcarrier spacing configurations by the higher-layer parameter scs-
SpecificCarrierList; 

- start
,BWP iN  is the lowest numbered resource block of the initial active uplink bandwidth part and is derived by the 

higher-layer parameter initialUplinkBWP during initial access. Otherwise, start
,BWP iN  is the lowest numbered 

resource block of the active uplink bandwidth part and is derived by the higher-layer parameter BWP-Uplink;  

- start
RAn  is the frequency offset of lowest PRACH transmission occasion in frequency domain with respect to PRB 

0 of the initial active uplink bandwidth part given by the higher-layer parameter msg1-FrequencyStart during 
initial access associated with the initial active uplink bandwidth part. Otherwise, start

RAn  is the frequency offset of 
lowest PRACH transmission occasion in frequency domain with respect to physical resource block 0 of the 
active uplink bandwidth part given by the higher-layer parameter msg1-FrequencyStart associated with the 
active uplink bandwidth part; 

- RAn  is the PRACH transmission occasion index in frequency domain for a given PRACH transmission occasion 
in one time instance as given by clause 6.3.3.2;  

- RA
RBN  is the number of resource blocks occupied and is given by the parameter allocation expressed in number of 

RBs for PUSCH in Table 6.3.3.2-1.  

- RAL  and uN  are given by clause 6.3.3 

- 𝑁CP,௟
RA ൌ 𝑁CP

RA ൅ 𝑛 ∙ 16𝜅 where  

- for ^ `kHz 5,25.1RA �'f , 0 n   

- for ^ `kHz 120,60,30,15RA �'f , n  is the number of times the interval ( )RA RA RA RA
start start u CP c,t t N N Tª ª+ +¬ ¬  

overlaps with either time instance 0 or time instance ( ) ms 5.02000 cfmax  �' TNf  in a subframe 
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- 𝜇଴ is the largest 𝜇 value among the subcarrier spacing configurations by the higher-layer parameter scs-
SpecificCarrierList.  

The starting position of OFDM symbol l  for subcarrier spacing configuration P in a subframe is given by 
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5.3.2 OFDM baseband signal generation for PRACH 

The time-continuous signal ( )ts p
l

),( P  on antenna port 𝑝 for PRACH is defined by 
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where ( ) c
RA

,CPu
RA
start

RA
start TNNttt l++�d  and  

- k  is given by clause 6.3.3;  

- f'  is the subcarrier spacing of the initial active uplink bandwidth part during initial access. Otherwise, f'  is 
the subcarrier spacing of the active uplink bandwidth part;  

- 𝜇଴ is the largest 𝜇 value among the subcarrier spacing configurations by the higher-layer parameter scs-
SpecificCarrierList; 

- start
,BWP iN  is the lowest numbered resource block of the initial active uplink bandwidth part and is derived by the 

higher-layer parameter initialUplinkBWP during initial access. Otherwise, start
,BWP iN  is the lowest numbered 

resource block of the active uplink bandwidth part and is derived by the higher-layer parameter BWP-Uplink;  

- start
RAn  is the frequency offset of lowest PRACH transmission occasion in frequency domain with respect to PRB 

0 of the initial active uplink bandwidth part given by the higher-layer parameter msg1-FrequencyStart during 
initial access associated with the initial active uplink bandwidth part. Otherwise, start

RAn  is the frequency offset of 
lowest PRACH transmission occasion in frequency domain with respect to physical resource block 0 of the 
active uplink bandwidth part given by the higher-layer parameter msg1-FrequencyStart associated with the 
active uplink bandwidth part; 

- RAn  is the PRACH transmission occasion index in frequency domain for a given PRACH transmission occasion 
in one time instance as given by clause 6.3.3.2;  

- RA
RBN  is the number of resource blocks occupied and is given by the parameter allocation expressed in number of 

RBs for PUSCH in Table 6.3.3.2-1.  

- RAL  and uN  are given by clause 6.3.3 

- 𝑁CP,௟
RA ൌ 𝑁CP

RA ൅ 𝑛 ∙ 16𝜅 where  

- for ^ `kHz 5,25.1RA �'f , 0 n   

- for ^ `kHz 120,60,30,15RA �'f , n  is the number of times the interval ( )RA RA RA RA
start start u CP c,t t N N Tª ª+ +¬ ¬  

overlaps with either time instance 0 or time instance ( ) ms 5.02000 cfmax  �' TNf  in a subframe 

• n=0 for ΔfRA 𝞊 {1.25,5}
• For ΔfRA 𝞊 {15,30,60,120}

• It is the number of times                                  overlaps with  time instant 0 or time instant 0.5 ms.
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- 𝜇଴ is the largest 𝜇 value among the subcarrier spacing configurations by the higher-layer parameter scs-
SpecificCarrierList.  

The starting position of OFDM symbol l  for subcarrier spacing configuration P in a subframe is given by 

( )¯
®
­

�++
 

 
�� otherwise

00

c1CP,u1,start
,start TNNt

l
t

ll
l PPP

P  

5.3.2 OFDM baseband signal generation for PRACH 

The time-continuous signal ( )ts p
l

),( P  on antenna port 𝑝 for PRACH is defined by 

𝑠𝑙
ሺ𝑝,𝜇ሻሺ𝑡ሻ ൌ ෍ 𝑎𝑘

ሺ𝑝,RAሻ

𝐿RAെ1

𝑘ൌ0

𝑒𝑗2𝜋ሺ𝑘൅𝐾𝑘1൅𝑘തሻΔ𝑓RA൫𝑡െ𝑁CP,𝑙
RA 𝑇cെ𝑡VWaUW

RA ൯ 

𝐾 ൌ Δ𝑓 Δ𝑓RA⁄  
𝑘1 ൌ 𝑘0

𝜇 ൅ ൫𝑁BWP,𝑖
VWaUW െ 𝑁gUid

VWaUW,𝜇൯𝑁Vc
RB ൅ 𝑛RAVWaUW𝑁Vc

RB ൅ 𝑛RA𝑁RB
RA𝑁Vc

RB െ 𝑁gUid
Vi]e,𝜇 𝑁Vc

RB 2⁄  

𝑘0
𝜇 ൌ ൫𝑁gUid

VWaUW,𝜇 ൅ 𝑁gUid
Vi]e,𝜇 2⁄ ൯𝑁Vc

RB െ ቀ𝑁gUid
VWaUW,𝜇0 ൅ 𝑁gUid

Vi]e,𝜇0 2⁄ ቁ𝑁Vc
RB2𝜇0െ𝜇 

where ( ) c
RA

,CPu
RA
start

RA
start TNNttt l++�d  and  

- k  is given by clause 6.3.3;  

- f'  is the subcarrier spacing of the initial active uplink bandwidth part during initial access. Otherwise, f'  is 
the subcarrier spacing of the active uplink bandwidth part;  

- 𝜇଴ is the largest 𝜇 value among the subcarrier spacing configurations by the higher-layer parameter scs-
SpecificCarrierList; 

- start
,BWP iN  is the lowest numbered resource block of the initial active uplink bandwidth part and is derived by the 

higher-layer parameter initialUplinkBWP during initial access. Otherwise, start
,BWP iN  is the lowest numbered 

resource block of the active uplink bandwidth part and is derived by the higher-layer parameter BWP-Uplink;  

- start
RAn  is the frequency offset of lowest PRACH transmission occasion in frequency domain with respect to PRB 

0 of the initial active uplink bandwidth part given by the higher-layer parameter msg1-FrequencyStart during 
initial access associated with the initial active uplink bandwidth part. Otherwise, start

RAn  is the frequency offset of 
lowest PRACH transmission occasion in frequency domain with respect to physical resource block 0 of the 
active uplink bandwidth part given by the higher-layer parameter msg1-FrequencyStart associated with the 
active uplink bandwidth part; 

- RAn  is the PRACH transmission occasion index in frequency domain for a given PRACH transmission occasion 
in one time instance as given by clause 6.3.3.2;  

- RA
RBN  is the number of resource blocks occupied and is given by the parameter allocation expressed in number of 

RBs for PUSCH in Table 6.3.3.2-1.  

- RAL  and uN  are given by clause 6.3.3 

- 𝑁CP,௟
RA ൌ 𝑁CP

RA ൅ 𝑛 ∙ 16𝜅 where  

- for ^ `kHz 5,25.1RA �'f , 0 n   

- for ^ `kHz 120,60,30,15RA �'f , n  is the number of times the interval ( )RA RA RA RA
start start u CP c,t t N N Tª ª+ +¬ ¬  

overlaps with either time instance 0 or time instance ( ) ms 5.02000 cfmax  �' TNf  in a subframe 
Recall: Even for normal OFDM 5G grid, every 0.5 ms require 16k extra CP length so that everything snugly fits in the 0.5 ms slot. 

Example 1: A1, ΔfRA=30 KHz (Not to scale) --> n=1

0.5 ms 0.5 ms

Tstart =0

CP Seq Seq
NRA + NCP

CP Seq
NRA + NCP

Seq Seq Seq Seq Seq Seq Seq Seq Seq Seq Seq Example 1: B4, ΔfRA=15 KHz
(Not to scale) --> n=2
(overlaps with t=0 and t=0.5)



Guard period for different formats (in a PRACH slot)
Format A= PRACH Length B= TOTAL OFDM symbol 

length (closest number)
GP = (B-A)

A1 288k + 2048k + 2048 k 2*(144k + 2048k) 0

A2 4*(144k+2048k) 4*(144k + 2048k) 0

A3 6*(144k+2048k) 6*(144k+2048k) 0

B1 2*2048k+ 216k 2*(144k + 2048k) 72k*2-u

B2 4*2048k+360k 4*(144k + 2048k) 216k*2-u

B3 6*2048k+504k 6*(144k + 2048k) 360k*2-u

B4 12*2048k + 936k 12*(144k + 2048k) 792k*2-u

C0 2048*k +1240*k 2*(144k + 2048k) 1096k*2-u

C2 4*2048+2048k 6*(144k + 2048k) 2912k*2-u

2 4*24576k + 4688k HOW??
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RA
shift

start
RA
group

start

start

CS
RA
shiftRAstart
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RA
shift

CSstart
RA
groupRA
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For all other values of ud , there are no cyclic shifts in the restricted set. 

Table 6.3.3.1-1: PRACH preamble formats for 839RA  L  and 𝜟𝒇RA ∈ ሼ𝟏. 𝟐૞, ૞ሽ kHz. 

Format RAL  RAf'  uN  RA
CPN  Support for 

restricted sets 
0 839 1.25 kHz 24576𝜅 3168𝜅  Type A, Type B 
1 839 1.25 kHz 2 ⋅ 24576𝜅  21024𝜅  Type A, Type B 
2 839 1.25 kHz 4 ⋅ 24576𝜅  4688𝜅  Type A, Type B 
3 839 5 kHz 4 ⋅ 6144𝜅  3168𝜅  Type A, Type B 

 

Table 6.3.3.1-2: Preamble formats for 139RA  L  and 𝜟𝒇RA ൌ 𝟏૞ ⋅ 𝟐𝝁 kHz where ^ 3̀,2,1,0�P . 

Format RAL  RAf'  uN  RA
CPN  Support for 

restricted sets 
A1 139 kHz 215 P�  PN ��� 220482  PN ��2288  - 

A2 139 kHz 215 P�  PN ��� 220484  PN ��2576  - 

A3 139 kHz 215 P�  PN ��� 220486  PN ��2864  - 

B1 139 kHz 215 P�  PN ��� 220482  PN ��2216  - 

B2 139 kHz 215 P�  PN ��� 220484  PN ��2360  - 

B3 139 kHz 215 P�  PN ��� 220486  PN ��2504  - 

B4 139 kHz 215 P�  PN ��� 2204812  PN ��2936  - 

C0 139 kHz 215 P�  PN ��22048  PN ��21240  - 

C2 139 kHz 215 P�  PN ��� 220484  PN ��22048   
 



Time allocation
• The start of the PRACH OFDM symbols coincides exactly with the start of the 

Global frame
•
• l0 is the starting symbol
• Ndur

RA is the duration (in number of symbols) of the PRACH
• nt

RA takes values from 0 to number of time-domain prach occasions with a 
PRACH slot -1
• For u = {30,120} Khz,
• If no of PRACH slots withan a sub frame =1

• Then nslot
RA =1

• Else, nslot
RA ={0,1}

• For other u, nslot
RA =0
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The starting position 𝑡startRA  of the PRACH preamble in a subframe (for ^ `RA 1.25,5,15,30  kHzf' � ) or in a 60 kHz slot 

(for ^ `RA 60,120  kHzf' � ) is given by 

 ( )

RA
start start ,

start ,
start , 1 u CP, 1 c

0 0

otherwise

l

l
l l

t t

l
t

t N N T

P

P
P P P

� �

 

 ­° ® + + �°̄  

where  

- the subframe or 60 kHz slot is assumed to start at 0 t  ; 

- a timing advance value 𝑁TA ൌ 0 shall be assumed;  

- 𝑁u
ఓ and 𝑁CP,௟ିଵ

ఓ  are given by clause 5.3.1; 

- 0P   shall be assumed for ^ `kHz 5,25.1RA �'f , otherwise it is given by ^ `kHz 120,60,30,15RA �'f  and the 
symbol position l  is given by 

 𝑙 ൌ 𝑙଴ ൅ 𝑛௧RA𝑁dXU
RA ൅ 14𝑛VORWRA 

where  

- 0l  is given by the parameter "starting symbol" in Tables 6.3.3.2-2 to 6.3.3.2-4; 

- RA
tn  is the PRACH transmission occasion within the PRACH slot, numbered in increasing order from 0 to 

RA,slot
t 1N �  within a RACH slot where RA,slot

tN  is given Tables 6.3.3.2-2 to 6.3.3.2-4 for RA 139L   and fixed to 
1 for RA 839L  ; 

- RA
durN  is given by Tables 6.3.3.2-2 to 6.3.3.2-4; 

- RA
slotn  is given by 

- if ^ `RA 1.25,5,15,60  kHzf' � , then RA
slot 0n   

- if ^ `RA 30,120  kHzf' �  and either of "Number of PRACH slots within a subframe" in Tables 6.3.3.2-2 to 

6.3.3.2-3 or "Number of PRACH slots within a 60 kHz slot" in Table 6.3.3.2-4 is equal to 1, then RA
slot 1n   

- otherwise, ^ `RA
slot 0,1n �  

If the preamble format given by Tables 6.3.3.2-2 to 6.3.3.2-4 is A1/B1, A2/B2 or A3/B3, then 

- if 𝑛௧RA ൌ 𝑁௧
RA,slot െ 1, then the PRACH preamble with the corresponding PRACH preamble format from B1, B2 

and B3 is transmitted in the PRACH transmission occasion; 

- otherwise the PRACH preamble with the corresponding PRACH preamble format from A1, A2 and A3 is 
transmitted in the PRACH transmission occasion 

5.4 Modulation and upconversion 
Modulation and upconversion to the carrier frequency 0f  of the complex-valued OFDM baseband signal for antenna 
port 𝑝, subcarrier spacing configuration 𝜇, and OFDM symbol l  in a subframe assumed to start at 0 t  is given by  

 ( ) ( )
¿
¾
½

¯
®
­ � �� cCP,,start02),(Re TNttfjp
l

llets
PPSP  

for all channels and signals except PRACH and by 
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PRACH 
Configuration  

Index 

Preamble 
format 

yxn  modSFN  
Subframe number Starting 

symbol 
Number 

of 
PRACH 

slots 
within a 

subframe 

RA,slot
tN , 

number of 
time-

domain 
PRACH 

occasions 
within a 
PRACH 

slot 

RA
durN , 

PRACH 
duration 

x  y  

0 0 16 1 1 0 - - 0 
1 0 16 1 4 0 - - 0 
2 0 16 1 7 0 - - 0 
3 0 16 1 9 0 - - 0 
4 0 8 1 1 0 - - 0 
5 0 8 1 4 0 - - 0 
6 0 8 1 7 0 - - 0 
7 0 8 1 9 0 - - 0 
8 0 4 1 1 0 - - 0 
9 0 4 1 4 0 - - 0 

10 0 4 1 7 0 - - 0 
11 0 4 1 9 0 - - 0 
12 0 2 1 1 0 - - 0 
13 0 2 1 4 0 - - 0 
14 0 2 1 7 0 - - 0 
15 0 2 1 9 0 - - 0 
16 0 1 0 1 0 - - 0 
17 0 1 0 4 0 - - 0 
18 0 1 0 7 0 - - 0 
19 0 1 0 1,6 0 - - 0 
20 0 1 0 2,7 0 - - 0 
21 0 1 0 3,8 0 - - 0 
22 0 1 0 1,4,7 0 - - 0 
23 0 1 0 2,5,8 0 - - 0 
24 0 1 0 3, 6, 9 0 - - 0 
25 0 1 0 0,2,4,6,8 0 - - 0 
26 0 1 0 1,3,5,7,9 0 - - 0 
27 0 1 0 0,1,2,3,4,5,6,7,8,9 0 - - 0 
28 1 16 1 1 0 - - 0 
29 1 16 1 4 0 - - 0 
30 1 16 1 7 0 - - 0 
31 1 16 1 9 0 - - 0 
32 1 8 1 1 0 - - 0 
33 1 8 1 4 0 - - 0 
34 1 8 1 7 0 - - 0 
35 1 8 1 9 0 - - 0 
36 1 4 1 1 0 - - 0 
37 1 4 1 4 0 - - 0 
38 1 4 1 7 0 - - 0 
39 1 4 1 9 0 - - 0 
40 1 2 1 1 0 - - 0 
41 1 2 1 4 0 - - 0 
42 1 2 1 7 0 - - 0 
43 1 2 1 9 0 - - 0 
44 1 1 0 1 0 - - 0 
45 1 1 0 4 0 - - 0 
46 1 1 0 7 0 - - 0 
47 1 1 0 1,6 0 - - 0 
48 1 1 0 2,7 0 - - 0 
49 1 1 0 3,8 0 - - 0 
50 1 1 0 1,4,7 0 - - 0 
51 1 1 0 2,5,8 0 - - 0 
52 1 1 0 3,6,9 0 - - 0 
53 2 16 1 1 0 - - 0 
54 2 8 1 1 0 - - 0 
55 2 4 0 1 0 - - 0 
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56 3 1 0 1,6 7 - - 0 
57 3 1 0 4,9 0 - - 0 
58 3 1 0 3,8 0 - - 0 
59 3 1 0 2,7 0 - - 0 
60 3 1 0 8,9 0 - - 0 
61 3 1 0 4,8,9 0 - - 0 
62 3 1 0 3,4,9 0 - - 0 
63 3 1 0 7,8,9 0 - - 0 
64 3 1 0 3,4,8,9 0 - - 0 
65 3 1 0 1,4,6,9 0 - - 0 
66 3 1 0 1,3,5,7,9 0 - - 0 
67 A1 16 1 9 0 2 6 2 
68 A1 8 1 9 0 2 6 2 
69 A1 4 1 9 0 1 6 2 
70 A1 2 1 9 0 1 6 2 
71 A1 2 1 4,9 7 1 3 2 
72 A1 2 1 7,9 7 1 3 2 
73 A1 2 1 7,9 0 1 6 2 
74 A1 2 1 8,9 0 2 6 2 
75 A1 2 1 4,9 0 2 6 2 
76 A1 2 1 2,3,4,7,8,9 0 1 6 2 
77 A1 1 0 9 0 2 6 2 
78 A1 1 0 9 7 1 3 2 
79 A1 1 0 9 0 1 6 2 
80 A1 1 0 8,9 0 2 6 2 
81 A1 1 0 4,9 0 1 6 2 
82 A1 1 0 7,9 7 1 3 2 
83 A1 1 0 3,4,8,9 0 1 6 2 
84 A1 1 0 3,4,8,9 0 2 6 2 
85 A1 1 0 1,3,5,7,9 0 1 6 2 
86 A1 1 0 0,1,2,3,4,5,6,7,8,9 7 1 3 2 
87 A2 16 1 9 0 2 3 4 
88 A2 8  1 9 0 2 3 4 
89 A2 4 1 9 0 1 3 4 
90 A2 2 1 7,9 0 1 3 4 
91 A2 2 1 8,9 0 2 3 4 
92 A2 2 1 7,9 9 1 1 4 
93 A2 2 1 4,9 9 1 1 4 
94 A2 2 1 4,9 0 2 3 4 
95 A2 2 1 2,3,4,7,8,9 0 1 3 4 
96 A2 1 0 2 0 1 3 4 
97 A2 1 0 7 0 1 3 4 
98 A2 2 1 9 0 1 3 4 
99 A2 1 0 9 0 2 3 4 

100 A2 1 0 9 9 1 1 4 
101 A2 1 0 9 0 1 3 4 
102 A2 1 0 2,7 0 1 3 4 
103 A2 1 0 8,9 0 2 3 4 
104 A2 1 0 4,9 0 1 3 4 
105 A2 1 0 7,9 9 1 1 4 
106 A2 1 0 3,4,8,9 0 1 3 4 
107 A2 1 0 3,4,8,9 0 2 3 4 
108 A2 1 0 1,3,5,7,9 0 1 3 4 
109 A2 1 0 0,1,2,3,4,5,6,7,8,9 9 1 1 4 
110 A3 16 1 9 0 2 2 6 
111 A3 8 1 9 0 2 2 6 
112 A3 4 1 9 0 1 2 6 
113 A3 2 1 4,9 7 1 1 6 
114 A3 2 1 7,9 7 1 1 6 
115 A3 2 1 7,9 0 1 2 6 
116 A3 2 1 4,9 0 2 2 6 
117 A3 2 1 8,9 0 2 2 6 
118 A3 2 1 2,3,4,7,8,9 0 1 2 6 
119 A3 1 0 2 0 1 2 6 
120 A3 1 0 7 0 1 2 6 



Time allocation Example(s)
Let us assume the following parameters
• PRACH configuration index =70

• Preamble format A1
• X=2, y=1
• Subframe number 9
• Starting symbol =0
• Number of prach slots within a sub-frame = 1
• Number of time domain PRACH occasions within a PRACH slot = 6
• PRACH duration=2 

• Length 139, 30 KHz PRACH, 30 KHZ SCS
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56 3 1 0 1,6 7 - - 0 
57 3 1 0 4,9 0 - - 0 
58 3 1 0 3,8 0 - - 0 
59 3 1 0 2,7 0 - - 0 
60 3 1 0 8,9 0 - - 0 
61 3 1 0 4,8,9 0 - - 0 
62 3 1 0 3,4,9 0 - - 0 
63 3 1 0 7,8,9 0 - - 0 
64 3 1 0 3,4,8,9 0 - - 0 
65 3 1 0 1,4,6,9 0 - - 0 
66 3 1 0 1,3,5,7,9 0 - - 0 
67 A1 16 1 9 0 2 6 2 
68 A1 8 1 9 0 2 6 2 
69 A1 4 1 9 0 1 6 2 
70 A1 2 1 9 0 1 6 2 
71 A1 2 1 4,9 7 1 3 2 
72 A1 2 1 7,9 7 1 3 2 
73 A1 2 1 7,9 0 1 6 2 
74 A1 2 1 8,9 0 2 6 2 
75 A1 2 1 4,9 0 2 6 2 
76 A1 2 1 2,3,4,7,8,9 0 1 6 2 
77 A1 1 0 9 0 2 6 2 
78 A1 1 0 9 7 1 3 2 
79 A1 1 0 9 0 1 6 2 
80 A1 1 0 8,9 0 2 6 2 
81 A1 1 0 4,9 0 1 6 2 
82 A1 1 0 7,9 7 1 3 2 
83 A1 1 0 3,4,8,9 0 1 6 2 
84 A1 1 0 3,4,8,9 0 2 6 2 
85 A1 1 0 1,3,5,7,9 0 1 6 2 
86 A1 1 0 0,1,2,3,4,5,6,7,8,9 7 1 3 2 
87 A2 16 1 9 0 2 3 4 
88 A2 8  1 9 0 2 3 4 
89 A2 4 1 9 0 1 3 4 
90 A2 2 1 7,9 0 1 3 4 
91 A2 2 1 8,9 0 2 3 4 
92 A2 2 1 7,9 9 1 1 4 
93 A2 2 1 4,9 9 1 1 4 
94 A2 2 1 4,9 0 2 3 4 
95 A2 2 1 2,3,4,7,8,9 0 1 3 4 
96 A2 1 0 2 0 1 3 4 
97 A2 1 0 7 0 1 3 4 
98 A2 2 1 9 0 1 3 4 
99 A2 1 0 9 0 2 3 4 

100 A2 1 0 9 9 1 1 4 
101 A2 1 0 9 0 1 3 4 
102 A2 1 0 2,7 0 1 3 4 
103 A2 1 0 8,9 0 2 3 4 
104 A2 1 0 4,9 0 1 3 4 
105 A2 1 0 7,9 9 1 1 4 
106 A2 1 0 3,4,8,9 0 1 3 4 
107 A2 1 0 3,4,8,9 0 2 3 4 
108 A2 1 0 1,3,5,7,9 0 1 3 4 
109 A2 1 0 0,1,2,3,4,5,6,7,8,9 9 1 1 4 
110 A3 16 1 9 0 2 2 6 
111 A3 8 1 9 0 2 2 6 
112 A3 4 1 9 0 1 2 6 
113 A3 2 1 4,9 7 1 1 6 
114 A3 2 1 7,9 7 1 1 6 
115 A3 2 1 7,9 0 1 2 6 
116 A3 2 1 4,9 0 2 2 6 
117 A3 2 1 8,9 0 2 2 6 
118 A3 2 1 2,3,4,7,8,9 0 1 2 6 
119 A3 1 0 2 0 1 2 6 
120 A3 1 0 7 0 1 2 6 
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PRACH 
Configuration  

Index 

Preamble 
format 

yxn  modSFN  
Subframe number Starting 

symbol 
Number 

of 
PRACH 

slots 
within a 

subframe 

RA,slot
tN , 

number of 
time-

domain 
PRACH 

occasions 
within a 
PRACH 

slot 

RA
durN , 

PRACH 
duration 

x  y  

0 0 16 1 1 0 - - 0 
1 0 16 1 4 0 - - 0 
2 0 16 1 7 0 - - 0 
3 0 16 1 9 0 - - 0 
4 0 8 1 1 0 - - 0 
5 0 8 1 4 0 - - 0 
6 0 8 1 7 0 - - 0 
7 0 8 1 9 0 - - 0 
8 0 4 1 1 0 - - 0 
9 0 4 1 4 0 - - 0 

10 0 4 1 7 0 - - 0 
11 0 4 1 9 0 - - 0 
12 0 2 1 1 0 - - 0 
13 0 2 1 4 0 - - 0 
14 0 2 1 7 0 - - 0 
15 0 2 1 9 0 - - 0 
16 0 1 0 1 0 - - 0 
17 0 1 0 4 0 - - 0 
18 0 1 0 7 0 - - 0 
19 0 1 0 1,6 0 - - 0 
20 0 1 0 2,7 0 - - 0 
21 0 1 0 3,8 0 - - 0 
22 0 1 0 1,4,7 0 - - 0 
23 0 1 0 2,5,8 0 - - 0 
24 0 1 0 3, 6, 9 0 - - 0 
25 0 1 0 0,2,4,6,8 0 - - 0 
26 0 1 0 1,3,5,7,9 0 - - 0 
27 0 1 0 0,1,2,3,4,5,6,7,8,9 0 - - 0 
28 1 16 1 1 0 - - 0 
29 1 16 1 4 0 - - 0 
30 1 16 1 7 0 - - 0 
31 1 16 1 9 0 - - 0 
32 1 8 1 1 0 - - 0 
33 1 8 1 4 0 - - 0 
34 1 8 1 7 0 - - 0 
35 1 8 1 9 0 - - 0 
36 1 4 1 1 0 - - 0 
37 1 4 1 4 0 - - 0 
38 1 4 1 7 0 - - 0 
39 1 4 1 9 0 - - 0 
40 1 2 1 1 0 - - 0 
41 1 2 1 4 0 - - 0 
42 1 2 1 7 0 - - 0 
43 1 2 1 9 0 - - 0 
44 1 1 0 1 0 - - 0 
45 1 1 0 4 0 - - 0 
46 1 1 0 7 0 - - 0 
47 1 1 0 1,6 0 - - 0 
48 1 1 0 2,7 0 - - 0 
49 1 1 0 3,8 0 - - 0 
50 1 1 0 1,4,7 0 - - 0 
51 1 1 0 2,5,8 0 - - 0 
52 1 1 0 3,6,9 0 - - 0 
53 2 16 1 1 0 - - 0 
54 2 8 1 1 0 - - 0 
55 2 4 0 1 0 - - 0 

• ODD Frames
• nt

RA={0,1,2,3,4,5}
• Ndur

RA=2
• l0=0;
• nslot

RA =1

0 1 2 3 4 5 6 1023SFN

0 1 2 3 4 5 6 7 8 9

0 1 2 3 4 5 6 7 8 9 10 11 12 13

Sub Frame

14 15 16 17 18 19 20 21 22 23 24 25 26 27
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The starting position 𝑡startRA  of the PRACH preamble in a subframe (for ^ `RA 1.25,5,15,30  kHzf' � ) or in a 60 kHz slot 

(for ^ `RA 60,120  kHzf' � ) is given by 

 ( )

RA
start start ,

start ,
start , 1 u CP, 1 c

0 0

otherwise

l

l
l l

t t

l
t

t N N T

P

P
P P P

� �

 

 ­° ® + + �°̄  

where  

- the subframe or 60 kHz slot is assumed to start at 0 t  ; 

- a timing advance value 𝑁TA ൌ 0 shall be assumed;  

- 𝑁u
ఓ and 𝑁CP,௟ିଵ

ఓ  are given by clause 5.3.1; 

- 0P   shall be assumed for ^ `kHz 5,25.1RA �'f , otherwise it is given by ^ `kHz 120,60,30,15RA �'f  and the 
symbol position l  is given by 

 𝑙 ൌ 𝑙଴ ൅ 𝑛௧RA𝑁dXU
RA ൅ 14𝑛VORWRA 

where  

- 0l  is given by the parameter "starting symbol" in Tables 6.3.3.2-2 to 6.3.3.2-4; 

- RA
tn  is the PRACH transmission occasion within the PRACH slot, numbered in increasing order from 0 to 

RA,slot
t 1N �  within a RACH slot where RA,slot

tN  is given Tables 6.3.3.2-2 to 6.3.3.2-4 for RA 139L   and fixed to 
1 for RA 839L  ; 

- RA
durN  is given by Tables 6.3.3.2-2 to 6.3.3.2-4; 

- RA
slotn  is given by 

- if ^ `RA 1.25,5,15,60  kHzf' � , then RA
slot 0n   

- if ^ `RA 30,120  kHzf' �  and either of "Number of PRACH slots within a subframe" in Tables 6.3.3.2-2 to 

6.3.3.2-3 or "Number of PRACH slots within a 60 kHz slot" in Table 6.3.3.2-4 is equal to 1, then RA
slot 1n   

- otherwise, ^ `RA
slot 0,1n �  

If the preamble format given by Tables 6.3.3.2-2 to 6.3.3.2-4 is A1/B1, A2/B2 or A3/B3, then 

- if 𝑛௧RA ൌ 𝑁௧
RA,slot െ 1, then the PRACH preamble with the corresponding PRACH preamble format from B1, B2 

and B3 is transmitted in the PRACH transmission occasion; 

- otherwise the PRACH preamble with the corresponding PRACH preamble format from A1, A2 and A3 is 
transmitted in the PRACH transmission occasion 

5.4 Modulation and upconversion 
Modulation and upconversion to the carrier frequency 0f  of the complex-valued OFDM baseband signal for antenna 
port 𝑝, subcarrier spacing configuration 𝜇, and OFDM symbol l  in a subframe assumed to start at 0 t  is given by  

 ( ) ( )
¿
¾
½

¯
®
­ � �� cCP,,start02),(Re TNttfjp
l

llets
PPSP  

for all channels and signals except PRACH and by 

Prach 1 Prach 2 Prach 3 Prach 4 Prach 5 Prach 6

CP Seq Seq CP Seq Seq

288k +16k 288k

OFDM symbols

0



Time allocation Example(s)
Let us assume the following parameters
• PRACH configuration index =74

• Preamble format A1
• X=2, y=1
• Subframe number =8,9
• Starting symbol =0
• Number of prach slots within a sub-frame = 2
• Number of time domain PRACH occasions within a PRACH slot = 6
• PRACH duration=2 

• Length 139, 30 KHz PRACH, 30 KHZ SCS
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56 3 1 0 1,6 7 - - 0 
57 3 1 0 4,9 0 - - 0 
58 3 1 0 3,8 0 - - 0 
59 3 1 0 2,7 0 - - 0 
60 3 1 0 8,9 0 - - 0 
61 3 1 0 4,8,9 0 - - 0 
62 3 1 0 3,4,9 0 - - 0 
63 3 1 0 7,8,9 0 - - 0 
64 3 1 0 3,4,8,9 0 - - 0 
65 3 1 0 1,4,6,9 0 - - 0 
66 3 1 0 1,3,5,7,9 0 - - 0 
67 A1 16 1 9 0 2 6 2 
68 A1 8 1 9 0 2 6 2 
69 A1 4 1 9 0 1 6 2 
70 A1 2 1 9 0 1 6 2 
71 A1 2 1 4,9 7 1 3 2 
72 A1 2 1 7,9 7 1 3 2 
73 A1 2 1 7,9 0 1 6 2 
74 A1 2 1 8,9 0 2 6 2 
75 A1 2 1 4,9 0 2 6 2 
76 A1 2 1 2,3,4,7,8,9 0 1 6 2 
77 A1 1 0 9 0 2 6 2 
78 A1 1 0 9 7 1 3 2 
79 A1 1 0 9 0 1 6 2 
80 A1 1 0 8,9 0 2 6 2 
81 A1 1 0 4,9 0 1 6 2 
82 A1 1 0 7,9 7 1 3 2 
83 A1 1 0 3,4,8,9 0 1 6 2 
84 A1 1 0 3,4,8,9 0 2 6 2 
85 A1 1 0 1,3,5,7,9 0 1 6 2 
86 A1 1 0 0,1,2,3,4,5,6,7,8,9 7 1 3 2 
87 A2 16 1 9 0 2 3 4 
88 A2 8  1 9 0 2 3 4 
89 A2 4 1 9 0 1 3 4 
90 A2 2 1 7,9 0 1 3 4 
91 A2 2 1 8,9 0 2 3 4 
92 A2 2 1 7,9 9 1 1 4 
93 A2 2 1 4,9 9 1 1 4 
94 A2 2 1 4,9 0 2 3 4 
95 A2 2 1 2,3,4,7,8,9 0 1 3 4 
96 A2 1 0 2 0 1 3 4 
97 A2 1 0 7 0 1 3 4 
98 A2 2 1 9 0 1 3 4 
99 A2 1 0 9 0 2 3 4 

100 A2 1 0 9 9 1 1 4 
101 A2 1 0 9 0 1 3 4 
102 A2 1 0 2,7 0 1 3 4 
103 A2 1 0 8,9 0 2 3 4 
104 A2 1 0 4,9 0 1 3 4 
105 A2 1 0 7,9 9 1 1 4 
106 A2 1 0 3,4,8,9 0 1 3 4 
107 A2 1 0 3,4,8,9 0 2 3 4 
108 A2 1 0 1,3,5,7,9 0 1 3 4 
109 A2 1 0 0,1,2,3,4,5,6,7,8,9 9 1 1 4 
110 A3 16 1 9 0 2 2 6 
111 A3 8 1 9 0 2 2 6 
112 A3 4 1 9 0 1 2 6 
113 A3 2 1 4,9 7 1 1 6 
114 A3 2 1 7,9 7 1 1 6 
115 A3 2 1 7,9 0 1 2 6 
116 A3 2 1 4,9 0 2 2 6 
117 A3 2 1 8,9 0 2 2 6 
118 A3 2 1 2,3,4,7,8,9 0 1 2 6 
119 A3 1 0 2 0 1 2 6 
120 A3 1 0 7 0 1 2 6 
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PRACH 
Configuration  

Index 

Preamble 
format 

yxn  modSFN  
Subframe number Starting 

symbol 
Number 

of 
PRACH 

slots 
within a 

subframe 

RA,slot
tN , 

number of 
time-

domain 
PRACH 

occasions 
within a 
PRACH 

slot 

RA
durN , 

PRACH 
duration 

x  y  

0 0 16 1 1 0 - - 0 
1 0 16 1 4 0 - - 0 
2 0 16 1 7 0 - - 0 
3 0 16 1 9 0 - - 0 
4 0 8 1 1 0 - - 0 
5 0 8 1 4 0 - - 0 
6 0 8 1 7 0 - - 0 
7 0 8 1 9 0 - - 0 
8 0 4 1 1 0 - - 0 
9 0 4 1 4 0 - - 0 

10 0 4 1 7 0 - - 0 
11 0 4 1 9 0 - - 0 
12 0 2 1 1 0 - - 0 
13 0 2 1 4 0 - - 0 
14 0 2 1 7 0 - - 0 
15 0 2 1 9 0 - - 0 
16 0 1 0 1 0 - - 0 
17 0 1 0 4 0 - - 0 
18 0 1 0 7 0 - - 0 
19 0 1 0 1,6 0 - - 0 
20 0 1 0 2,7 0 - - 0 
21 0 1 0 3,8 0 - - 0 
22 0 1 0 1,4,7 0 - - 0 
23 0 1 0 2,5,8 0 - - 0 
24 0 1 0 3, 6, 9 0 - - 0 
25 0 1 0 0,2,4,6,8 0 - - 0 
26 0 1 0 1,3,5,7,9 0 - - 0 
27 0 1 0 0,1,2,3,4,5,6,7,8,9 0 - - 0 
28 1 16 1 1 0 - - 0 
29 1 16 1 4 0 - - 0 
30 1 16 1 7 0 - - 0 
31 1 16 1 9 0 - - 0 
32 1 8 1 1 0 - - 0 
33 1 8 1 4 0 - - 0 
34 1 8 1 7 0 - - 0 
35 1 8 1 9 0 - - 0 
36 1 4 1 1 0 - - 0 
37 1 4 1 4 0 - - 0 
38 1 4 1 7 0 - - 0 
39 1 4 1 9 0 - - 0 
40 1 2 1 1 0 - - 0 
41 1 2 1 4 0 - - 0 
42 1 2 1 7 0 - - 0 
43 1 2 1 9 0 - - 0 
44 1 1 0 1 0 - - 0 
45 1 1 0 4 0 - - 0 
46 1 1 0 7 0 - - 0 
47 1 1 0 1,6 0 - - 0 
48 1 1 0 2,7 0 - - 0 
49 1 1 0 3,8 0 - - 0 
50 1 1 0 1,4,7 0 - - 0 
51 1 1 0 2,5,8 0 - - 0 
52 1 1 0 3,6,9 0 - - 0 
53 2 16 1 1 0 - - 0 
54 2 8 1 1 0 - - 0 
55 2 4 0 1 0 - - 0 

• ODD Frames
• nt

RA={0,1,2,3,4,5}
• Ndur

RA=2
• l0=0;
• nslot

RA ={0,1}

0 1 2 3 4 5 6 1023SFN

0 1 2 3 4 5 6 7 8 9

0 1 2 3 4 5 6 7 8 9 10 11 12 13

Sub Frame

14 15 16 17 18 19 20 21 22 23 24 25 26 27
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The starting position 𝑡startRA  of the PRACH preamble in a subframe (for ^ `RA 1.25,5,15,30  kHzf' � ) or in a 60 kHz slot 

(for ^ `RA 60,120  kHzf' � ) is given by 

 ( )

RA
start start ,

start ,
start , 1 u CP, 1 c

0 0

otherwise

l

l
l l

t t

l
t

t N N T

P

P
P P P

� �

 

 ­° ® + + �°̄  

where  

- the subframe or 60 kHz slot is assumed to start at 0 t  ; 

- a timing advance value 𝑁TA ൌ 0 shall be assumed;  

- 𝑁u
ఓ and 𝑁CP,௟ିଵ

ఓ  are given by clause 5.3.1; 

- 0P   shall be assumed for ^ `kHz 5,25.1RA �'f , otherwise it is given by ^ `kHz 120,60,30,15RA �'f  and the 
symbol position l  is given by 

 𝑙 ൌ 𝑙଴ ൅ 𝑛௧RA𝑁dXU
RA ൅ 14𝑛VORWRA 

where  

- 0l  is given by the parameter "starting symbol" in Tables 6.3.3.2-2 to 6.3.3.2-4; 

- RA
tn  is the PRACH transmission occasion within the PRACH slot, numbered in increasing order from 0 to 

RA,slot
t 1N �  within a RACH slot where RA,slot

tN  is given Tables 6.3.3.2-2 to 6.3.3.2-4 for RA 139L   and fixed to 
1 for RA 839L  ; 

- RA
durN  is given by Tables 6.3.3.2-2 to 6.3.3.2-4; 

- RA
slotn  is given by 

- if ^ `RA 1.25,5,15,60  kHzf' � , then RA
slot 0n   

- if ^ `RA 30,120  kHzf' �  and either of "Number of PRACH slots within a subframe" in Tables 6.3.3.2-2 to 

6.3.3.2-3 or "Number of PRACH slots within a 60 kHz slot" in Table 6.3.3.2-4 is equal to 1, then RA
slot 1n   

- otherwise, ^ `RA
slot 0,1n �  

If the preamble format given by Tables 6.3.3.2-2 to 6.3.3.2-4 is A1/B1, A2/B2 or A3/B3, then 

- if 𝑛௧RA ൌ 𝑁௧
RA,slot െ 1, then the PRACH preamble with the corresponding PRACH preamble format from B1, B2 

and B3 is transmitted in the PRACH transmission occasion; 

- otherwise the PRACH preamble with the corresponding PRACH preamble format from A1, A2 and A3 is 
transmitted in the PRACH transmission occasion 

5.4 Modulation and upconversion 
Modulation and upconversion to the carrier frequency 0f  of the complex-valued OFDM baseband signal for antenna 
port 𝑝, subcarrier spacing configuration 𝜇, and OFDM symbol l  in a subframe assumed to start at 0 t  is given by  

 ( ) ( )
¿
¾
½

¯
®
­ � �� cCP,,start02),(Re TNttfjp
l

llets
PPSP  

for all channels and signals except PRACH and by 

Prach 1 Prach 2 Prach 3 Prach 4 Prach 5 Prach 6

CP Seq Seq CP Seq Seq

288k +16k 288k
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PRACH PROCEDURE 
(38.213)



Step1: Random Access Preamble Transmission

• Transmission of a RA preamble
• Signals the gNodeB the presence of a RA attempt
• Helps in estimating the timing advance

• Time-Frequency resource : PRACH
• Broadcasted by the network to all the terminals (SIB-1)

• Information encoded
• Location of the preamble
• Circular shift 

312 CHAPTER 14 Access Procedures

the second step also assigns uplink resources to the terminal to be used in the third step in the 
random-access procedure.

3. The transmission of the mobile-terminal identity to the network using the UL-SCH similar to nor-
mal scheduled data. The exact content of this signaling depends on the state of the terminal, in 
particular whether it is previously known to the network or not.

4. The final step consists of transmission of a contention-resolution message from the network to the 
terminal on the DL-SCH. This step also resolves any contention due to multiple terminals trying 
to access the system using the same random-access resource.

Only the first step uses physical-layer processing specifically designed for random access. The 
subsequent three steps utilize the same physical-layer processing as used for normal uplink and 
downlink data transmission. In the following, each of these steps is described in more detail.

Contention-free random access can only be used for re-establishing uplink synchronization upon 
downlink data arrival, handover, and positioning. Only the first two steps of the procedure above are 
used as there is no need for contention resolution in a contention-free scheme.

14.3.1 Step 1: Random-Access Preamble Transmission
The first step in the random-access procedure is the transmission of a random-access preamble. The 
main purpose of the preamble transmission is to indicate to the base station the presence of a random-
access attempt and to allow the base station to estimate the delay between the eNodeB and the termi-
nal. The delay estimate will be used in the second step to adjust the uplink timing.

The time–frequency resource on which the random-access preamble is transmitted is known as the 
Physical Random-Access Channel (PRACH). The network broadcasts information to all terminals in 
which time–frequency resource random-access preamble transmission is allowed (that is, the PRACH 
resources, in SIB-2). As part of the first step of the random-access procedure, the terminal selects one 
preamble to transmit on the PRACH.

In each cell, there are 64 preamble sequences available. Two subsets of the 64 sequences are 
defined as illustrated in Figure 14.9, where the set of sequences in each subset is signaled as part of 
the system information. When performing a (contention-based) random-access attempt, the terminal 
selects at random one sequence in one of the subsets. As long as no other terminal is performing a 
random-access attempt using the same sequence at the same time instant, no collisions will occur and 
the attempt will, with a high likelihood, be detected by the eNodeB.

The subset to select the preamble sequence from is given by the amount of data the terminal 
would like to (and from a power perspective can) transmit on the UL-SCH in the third random-access 

Preamble set  #0 Preamble set  #1

64 preambles in each cell

For contention-free access

FIGURE 14.9

Preamble subsets.



Step2: Random access response

• gNodeB transmits a message on the DL-SCH
• Index of the random-access preamble that the network 

detected
• The timing correction
• A scheduling grant (27 bits)
• A temporary identity: TC-RNTI is assigned.

• Multiple RA attempts from different users are 
combined
• DL-SCH and indicated on the PDCCH using RA-RNTI
• Monitored by the UE

• Terminal adjusts its timing and proceeds to step 3

• Preamble index is called the RAPID

 

3GPP 

3GPP TS 38.321 V15.4.0 (2018-12) 72 Release 15 

(BI). The T field is set to "1" to indicate the presence of a Random Access Preamble ID field in the subheader 
(RAPID); 

- R: Reserved bit, set to "0"; 

- BI: The Backoff Indicator field identifies the overload condition in the cell. The size of the BI field is 4 bits; 

- RAPID: The Random Access Preamble IDentifier field identifies the transmitted Random Access Preamble (see 
subclause 5.1.3). The size of the RAPID field is 6 bits. If the RAPID in the MAC subheader of a MAC subPDU 
corresponds to one of the Random Access Preambles configured for SI request, MAC RAR is not included in the 
MAC subPDU. 

The MAC subheader is octet aligned. 

6.2.3 MAC payload for Random Access Response 
The MAC RAR is of fixed size as depicted in Figure 6.2.3-1, and consists of the following fields: 

- R: Reserved bit, set to "0"; 

- Timing Advance Command: The Timing Advance Command field indicates the index value TA used to control 
the amount of timing adjustment that the MAC entity has to apply in TS 38.213 [6]. The size of the Timing 
Advance Command field is 12 bits; 

- UL Grant: The Uplink Grant field indicates the resources to be used on the uplink in TS 38.213 [6]. The size of 
the UL Grant field is 27 bits; 

- Temporary C-RNTI: The Temporary C-RNTI field indicates the temporary identity that is used by the MAC 
entity during Random Access. The size of the Temporary C-RNTI field is 16 bits. 

The MAC RAR is octet aligned. 

Timing Advance Command Oct 1

UL Grant Oct 2

UL Grant Oct 3

UL Grant Oct 4

Temporary C-RNTI

Oct 5

Temporary C-RNTI

Oct 6

Timing Advance Command

UL Grant

Oct 7

R

 

Figure 6.2.3-1: MAC RAR 

7 Variables and constants 

7.1 RNTI values 
RNTI values are presented in Table 7.1-1. 
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- a MAC subheader with RAPID and MAC RAR. 

A MAC subheader with Backoff Indicator consists of five header fields E/T/R/R/BI as described in Figure 6.1.5-1. A 
MAC subPDU with Backoff Indicator only is placed at the beginning of the MAC PDU, if included. 'MAC subPDU(s) 
with RAPID only' and 'MAC subPDU(s) with RAPID and MAC RAR' can be placed anywhere between MAC subPDU 
with Backoff Indicator only (if any) and padding (if any). 

A MAC subheader with RAPID consists of three header fields E/T/RAPID as described in Figure 6.1.5-2. 

Padding is placed at the end of the MAC PDU if present. Presence and length of padding is implicit based on TB size, 
size of MAC subPDU(s). 

BIE Oct 1T R R
 

Figure 6.1.5-1: E/T/R/R/BI MAC subheader 

RAPIDE Oct 1T
 

Figure 6.1.5-2: E/T/RAPID MAC subheader 

MAC subPDU 1 
(BI only)

MAC subPDU 2 
(RAPID only) ... MAC subPDU n Padding (opt)

E/T/R/R/BI 
subheader

E/T/RAPID 
subheader MAC RAR

MAC subPDU 3
(RAPID and RAR)

E/T/RAPID 
subheader

MAC subPDU 4
 

Figure 6.1.5-3: Example of MAC PDU consisting of MAC RARs 

6.2 Formats and parameters 

6.2.1 MAC subheader for DL-SCH and UL-SCH 
The MAC subheader consists of the following fields: 

- LCID: The Logical Channel ID field identifies the logical channel instance of the corresponding MAC SDU or 
the type of the corresponding MAC CE or padding as described in Tables 6.2.1-1 and 6.2.1-2 for the DL-SCH 
and UL-SCH respectively. There is one LCID field per MAC subheader. The LCID field size is 6 bits; 

- L: The Length field indicates the length of the corresponding MAC SDU or variable-sized MAC CE in bytes. 
There is one L field per MAC subheader except for subheaders corresponding to fixed-sized MAC CEs, padding, 
and MAC SDUs containing UL CCCH. The size of the L field is indicated by the F field; 

- F: The Format field indicates the size of the Length field. There is one F field per MAC subheader except for 
subheaders corresponding to fixed-sized MAC CEs, padding, and MAC SDUs containing UL CCCH. The size 
of the F field is 1 bit. The value 0 indicates 8 bits of the Length field. The value 1 indicates 16 bits of the Length 
field; 

- R: Reserved bit, set to "0". 

The MAC subheader is octet aligned. 

38.321, 6.2.2

MAC PDU

38.211, 8.2
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In a non-contention based random access procedure, the CSI request field in the RAR UL grant indicates whether or not 
the UE includes an aperiodic CSI report in the corresponding PUSCH transmission according to [6, TS 38.214]. In a 
contention based random access procedure, the CSI request field is reserved. 

Table 8.2-1: Random Access Response Grant Content field size 

RAR grant field Number of bits 
Frequency hopping flag 1 
PUSCH frequency resource allocation 14 
PUSCH time resource allocation 4 
MCS 4 
TPC command for PUSCH 3 
CSI request 1 

 

Table 8.2-2: TPC Command cfbmsg ,,,2G  for PUSCH 

TPC Command Value (in dB) 
0 -6 
1 -4 
2 -2 
3 0 
4 2 
5 4 
6 6 
7 8 

 

Unless the UE is configured a SCS, the UE receives subsequent PDSCH using same SCS as for the PDSCH reception 
providing the RAR message. 

If the UE does not detect the DCI format with CRC scrambled by the corresponding RA-RNTI or the UE does not 
correctly receive a corresponding transport block within the window, the UE procedure is as described in [11, TS 
38.321].  

8.3 PUSCH scheduled by RAR UL grant 
An active UL BWP, as described in Subclause 12 and in [4, TS 38.211], for a PUSCH transmission scheduled by a 
RAR UL grant is indicated by higher layers. For determining the frequency domain resource allocation for the PUSCH 
transmission within the active UL BWP 

- if the active UL BWP and the initial UL BWP have same SCS and same CP length and the active UL BWP 
includes all RBs of the initial UL BWP, or the active UL BWP is the initial UL BWP, the initial UL BWP is 
used  

- else, the RB numbering starts from the first RB of the active UL BWP and the maximum number of RBs for 
frequency domain resource allocation equals the number of RBs in the initial UL BWP 

The frequency domain resource allocation is by uplink resource allocation type 1 [6, TS 38.214]. For an LQLWLDO UL BWP 
VL]H RI size

BWPN  RBs, a UE processes WKH IUHTXHQF\ GRPDLQ UHVRXUFH DVVLJQPHQW ILHOG as follows 

- if 180size
BWP dN  

- truncate the frequency GRPDLQ resource assignment ILHOG to its ( )( )ª º21log size
BWP

size
BWP2 +� NN  least significant 

bits and interpret the truncated frequency resource assignment ILHOG as for WKH IUHTXHQF\ UHVRXUFH assignment 
ILHOG LQ DCI format 0_0 DV GHVFULEHG LQ [5, TS 38.212]  

- else 

- insert ( )( )ª º 1421log size
BWP

size
BWP2 �+� NN  most significant bits with value set to '0' after the hopUL,N  bits WR the 

frequency GRPDLQ resource DVVLJQPHQW ILHOG, where 0hopUL, =N  if the frequency hopping flag is set to '0' and 



Step 2  (Details)
• DCI format 1_0
• RNTI = RA-RNTI [TS 38.321, 11]
•

• If RAPID is found by the higher layers before the timer expires
• Timer (possible values)

• {sl 1, sl 2, sl 4, sl 8, sl 10, sl 20, sl 40, sl 80}  (SLOTS)
• Uplink scheduling  is indicated

• PRB size indicator (0 or 1 bit), used to indicate the PDSCH bundling size
as described in Section 9.9.

• Reserved resources (0!2 bit), used to indicate to the device if the reserved
resources can be used for PDSCH or not as described in Section 9.10.

• Zero-power CSI-RS trigger (0!2 bit), see Section 8.1 for a discussion on
CSI reference signals.

• Transport-block-related information:
• Modulation-and-coding scheme (5 bit), used to provide the device with

information about the modulation scheme, the code rate, and the transport-
block size, as described further below.

• New-data indicator (1 bit), used to clear the soft buffer for initial
transmissions as discussed in Section 13.1.

Table 10.1 DCI Formats 1!0 and 1!1 for Downlink Scheduling

Field
Format
1!0

Format
1!1

Format identifier • •

Resource information CFI •

BWP indicator •

Frequency domain allocation • •

Time-domain allocation • •

VRB-to-PRB mapping • •

PRB bundling size indicator •

Reserved resources •

Zero-power CSI-RS trigger •

Transport-block related MCS • •

NDI • •

RV • •

MCS, 2nd TB •

NDI, 2nd TB •

RV, 2nd TB •

Hybrid-ARQ related Process number • •

DAI • •

PDSCH-to-HARQ feedback
timing

• •

CBGTI •

CBGFI •

Multi-antenna related Antenna ports •

TCI •

SRS request •

DM-RS sequence initialization •

PUCCH-related
information

PUCCH power control • •

PUCCH resource indicator •

19910.1 Downlink

Similarly to LTE, the device identity modifies the CRC transmitted through a
scrambling operation. Upon receipt of the DCI, the device will compute a scram-
bled CRC on the payload part using the same procedure and compare it against
the received CRC. If the CRC checks, the message is declared to be correctly
received and intended for the device. Thus, the identity of the device that is sup-
posed to receive the DCI message is implicitly encoded in the CRC and not
explicitly transmitted. This reduces the number of bits necessary to transmit on
the PDCCH as, from a device point of view, there is no difference between a cor-
rupt message whose CRC will not check, and a message intended for another
device. Note that the RNTI does not necessarily have to be the identity of the
device, the C-RNTI, but can also be different types of group or common RNTIs,
for example, to indicate paging or a random-access response.

Channel coding of the PDCCH is based on Polar codes, a relatively new form
of channel coding. The basic idea behind Polar codes is to transform several
instances of the radio channel into a set of channels that are either noiseless or

Downlink Control Information
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K bit payload 
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1> else if a CSI-RS is selected above: 

2> if there is no contention-free Random Access Resource associated with the selected CSI-RS: 

3> determine the next available PRACH occasion from the PRACH occasions, permitted by the restrictions 
given by the ra-ssb-OccasionMaskIndex if configured, corresponding to the SSB in candidateBeamRSList 
which is quasi-colocated with the selected CSI-RS as specified in TS 38.214 [7] (the MAC entity shall 
select a PRACH occasion randomly with equal probability amongst the consecutive PRACH occasions 
according to subclause 8.1 of TS 38.213 [6], corresponding to the SSB which is quasi-colocated with the 
selected CSI-RS; the MAC entity may take into account the possible occurrence of measurement gaps 
when determining the next available PRACH occasion corresponding to the SSB which is quasi-colocated 
with the selected CSI-RS). 

2> else: 

3> determine the next available PRACH occasion from the PRACH occasions in ra-OccasionList 
corresponding to the selected CSI-RS (the MAC entity shall select a PRACH occasion randomly with 
equal probability amongst the PRACH occasions occurring simultaneously but on different subcarriers, 
corresponding to the selected CSI-RS; the MAC entity may take into account the possible occurrence of 
measurement gaps when determining the next available PRACH occasion corresponding to the selected 
CSI-RS). 

1> perform the Random Access Preamble transmission procedure (see subclause 5.1.3). 

NOTE: When the UE determines if there is an SSB with SS-RSRP above rsrp-ThresholdSSB or a CSI-RS with 
CSI-RSRP above rsrp-ThresholdCSI-RS, the UE uses the latest unfiltered L1-RSRP measurement. 

5.1.3 Random Access Preamble transmission 
The MAC entity shall, for each Random Access Preamble: 

1> if PREAMBLE_TRANSMISSION_COUNTER is greater than one; and 

1> if the notification of suspending power ramping counter has not been received from lower layers; and 

1> if SSB or CSI-RS selected is not changed from the selection in the last Random Access Preamble transmission: 

2> increment PREAMBLE_POWER_RAMPING_COUNTER by 1. 

1> select the value of DELTA_PREAMBLE according to subclause 7.3; 

1> set PREAMBLE_RECEIVED_TARGET_POWER to preambleReceivedTargetPower + DELTA_PREAMBLE + 
(PREAMBLE_POWER_RAMPING_COUNTER ± 1) × PREAMBLE_POWER_RAMPING_STEP; 

1> except for contention-free Random Access Preamble for beam failure recovery request, compute the RA-RNTI 
associated with the PRACH occasion in which the Random Access Preamble is transmitted; 

1> instruct the physical layer to transmit the Random Access Preamble using the selected PRACH occasion, 
corresponding RA-RNTI (if available), PREAMBLE_INDEX and PREAMBLE_RECEIVED_TARGET_POWER. 

The RA-RNTI associated with the PRACH occasion in which the Random Access Preamble is transmitted, is computed 
as: 

RA-RNTI= 1 + s_id + 14 × t_id + 14 × 80 × f_id + 14 × 80 × 8 × ul_carrier_id 

where s_id is the index of the first OFDM symbol of the PRACH occasion (0 � s_id < 14), t_id is the index of the first 
slot of the PRACH occasion in a system frame (0 � t_id < 80), f_id is the index of the PRACH occasion in the 
frequency domain (0 � f_id < 8), and ul_carrier_id is the UL carrier used for Random Access Preamble transmission (0 
for NUL carrier, and 1 for SUL carrier). 

5.1.4 Random Access Response reception 
Once the Random Access Preamble is transmitted and regardless of the possible occurrence of a measurement gap, the 
MAC entity shall: 

PRACH TX
ra- ResponseWindow

RAR



Step3: Terminal identification

• Terminal transmits using the UL-SCH in the second step
• Includes terminal identity

• If connected, the C-RNTI is used
• Otherwise, a core network terminal identifier is used

• UE_specific scrambling
• TC-RNTI



Step 4: Contention Resolution

• If multiple UEs use the same preamble in the first step
• The UE identity (sent in step 3) is contained in the message. 
• All other UE’s understand that there is a collision and restart their RA 

procedure again.



Summary of the 4 steps
Step UE Direction BS Where

1 Sends RACH Preambles à Computes CR and TA. Also computes 
RA-RNTI

PRACH SLOT

2 Checks if  RAPID belongs to the UE.

Adjusts its TA and reads TC-RNTI

ß Random access response.
Sends  TC-RNTI
--
TA, RAPID and UL schedule on PDSCH

PDCCH and 
PDSCH

3 Scrambles using TC-RNTI

Sends a global UE identifier for the 
core network

à If decoded, the BS will have an idea of 
the UE identity .

Collision might happen. One or more 
UE’s can be detected. BS can pick one 
UE.

PUSCH

4 UE(s) decode this DCI and checks 
for the UE identity. Only the UE for 
which the identity matches 
proceed further. 

ß BS transmits DCI message with the 
chosen TC RNTI. Also has information 
about the chosen UE identity.

PDCCH

5 UE sends a HARQ à PUCCH



PRACH Power allocation

• Initial estimates based on estimates
of path-loss combined with target power
• For i-th transmission occasion

• For every preamble failure (38.321) (only after 
the first time)
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cfbmsg ,,,2G  is the TPC command value indicated in the random access response grant corresponding to 

the random access preamble that the UE transmitted on active UL BWP b  of carrier f  of the serving 
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where cfbestedrampuprequP ,,,'  is provided by higher layers and corresponds to the total power ramp-up 

requested by higher layers from the first to the last preamble for active UL BWP b  of carrier f  of 

serving cell c . 

- )()( ,,SRS,,, iih cfbcfb G=  if the UE is not configured for PUSCH transmissions on active UL BWP b  of 

carrier f  of serving cell c , or if srs-PowerControlAdjustmentStates indicates separate power control 
adjustment states between SRS transmissions and PUSCH transmissions, and tpc-Accumulation is provided, 
and the UE detects a DCI format 2_3 minSRS,K  symbols before a first symbol of SRS transmission occasion 

i , where absolute values of cfb ,,SRS,G  are provided in Table 7.1.1-1 

- if srs-PowerControlAdjustmentStates indicates a same power control adjustment state for SRS transmissions 
and PUSCH transmissions, the update of the power control adjustment state for SRS transmission occasion i  
occurs at the beginning of each SRS resource in the SRS resource set sq ; otherwise, the update of the power 

control adjustment state SRS transmission occasion i  occurs at the beginning of the first transmitted SRS 
resource in the SRS resource set sq .  

7.4 Physical random access channel 
A UE determines a transmission power for a physical random access channel (PRACH), )(,,PRACH, iP cfb , on active UL 

BWP b  of carrier f  of serving cell c  based on DL RS for serving cell c  in transmission occasion i  as  

 ^ `cfbf,ccfcfb PLPiPiP ,,target,PRACH,,,CMAX,,PRACH, ),(min)( +=  [dBm], 

where )(CMAX, iP f,c  is the configured UE transmission power defined in [8-1, TS 38.101-1] and [8-2, TS38.101-2] for 

carrier f  of serving cell c  within transmission occasion i , f,cP target,PRACH,  is the PRACH target reception power 

PREAMBLE_RECEIVED_TARGET_POWER provided by higher layers [11, TS 38.321] for the active UL BWP b  of 
carrier f  of serving cell c , and cfbPL ,,  is a pathloss for the active UL BWP b  of carrier f  based on the DL RS 

associated with the PRACH transmission on the active DL BWP of serving cell c  and calculated by the UE in dB as 
referenceSignalPower ± higher layer filtered RSRP in dBm, where RSRP is defined in [7, TS 38.215] DQG the higher 
layer filter configuration is defined in [12, TS 38.331]. If the active DL BWP is the initial DL BWP and for SS/PBCH 
block and CORESET multiplexing pattern 2 or 3, as described in Subclause 13, the UE determines cfbPL ,,  based on the 
SS/PBCH block associated with the PRACH transmission. 

If a PRACH transmission from a UE is not in response to a detection of a PDCCH order by the UE, or is in response to 
a detection of a PDCCH order by the UE that triggers a contention based random access procedure, or is associated with 

RACH-ConfigGeneric ::= SEQUENCE {

prach-ConfigurationIndex INTEGER (0..255),

msg1-FDM ENUMERATED {one, two, four, eight},

msg1-FrequencyStart INTEGER (0..maxNrofPhysicalResourceBlocks-1),

zeroCorrelationZoneConfig INTEGER(0..15),

preambleReceivedTargetPower INTEGER (-200..-74),

preambleTransMax ENUMERATED {n3,n4,n5,n6,n7,n8,n10,n20,n50,n100,n200},

powerRampingStep ENUMERATED {dB0, dB2, dB4, dB6},

ra-ResponseWindow ENUMERATED {sl1, sl2, sl4, sl8, sl10, sl20, sl40, sl80}

}
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Table 7.2-1: Backoff Parameter values. 

Index Backoff Parameter value (ms) 
0 5 
1 10 
2 20 
3 30 
4 40 
5 60 
6 80 
7 120 
8 160 
9 240 
10 320 
11 480 
12 960 
13 1920 
14 Reserved 
15 Reserved 

 

7.3 DELTA_PREAMBLE values 
The DELTA_PREAMBLE preamble format based power offset values are presented in Tables 7.3-1 and 7.3-2. 

Table 7.3-1: DELTA_PREAMBLE values for long preamble formats. 

Preamble 
Format DELTA_PREAMBLE values 

0  0 dB 
1 -3 dB 
2 -6 dB 
3  0 dB 

 

Table 7.3-2: DELTA_PREAMBLE values for short preamble formats. 

Preamble 
Format DELTA_PREAMBLE values (dB) 

A1 8 + 3 × μ 
A2 5 + 3 × μ 
A3 3 + 3 × μ 
B1 8 + 3 × μ 
B2 5 + 3 × μ 
B3 3 + 3 × μ 
B4 3 × μ 
C0 11 + 3 × μ 
C2 5 + 3 × μ 

 

where μ is the sub-carrier spacing configuration determined by msg1-SubcarrierSpacing and Table 4.2-1 in TS 38.211 
[8], and the preamble formats are given by prach-ConfigurationIndex and Tables 6.3.3.2-2 and 6.3.3.2-3 in TS 38.211 
[8]. 

38.321, 6.2.2

preambleReceivedTargetPower (i+1) =preambleReceivedTargetPower(i) + DELTA_PREAMBLE + 
(PREAMBLE_POWER_RAMPING_COUNTER – 1) × PREAMBLE_POWER_RAMPING_STEP 

Computed by 
using SSB

Max power. 
38.101-1/-2



Path-loss computation (ideas)

 

3GPP 

Release 15 329 3GPP TS 38.331 V15.4.0 (2018-12) 

– ServingCellConfigCommon 

The ServingCellConfigCommon IE is used to configure cell specific parameters of a UE's serving cell. The IE contains parameters which a UE would typically acquire from SSB, 
MIB or SIBs when accessing the cell from IDLE. With this IE, the network provides this information in dedicated signalling when configuring a UE with a SCells or with an 
additional cell group (SCG). It also provides it for SpCells (MCG and SCG) upon reconfiguration with sync. 

ServingCellConfigCommon information element 

-- ASN1START 
-- TAG-SERVING-CELL-CONFIG-COMMON-START 
 
ServingCellConfigCommon ::=         SEQUENCE { 
    physCellId                          PhysCellId                                                  OPTIONAL,   -- Cond HOAndServCellAdd, 
    downlinkConfigCommon                DownlinkConfigCommon                                        OPTIONAL,   -- Cond HOAndServCellAdd 
 
    uplinkConfigCommon                  UplinkConfigCommon                                          OPTIONAL,   -- Need M 
    supplementaryUplinkConfig           UplinkConfigCommon                                          OPTIONAL,   -- Need S 
    n-TimingAdvanceOffset               ENUMERATED { n0, n25600, n39936 }                           OPTIONAL,   -- Need S 
    ssb-PositionsInBurst                CHOICE { 
        shortBitmap                         BIT STRING (SIZE (4)), 
        mediumBitmap                        BIT STRING (SIZE (8)), 
        longBitmap                          BIT STRING (SIZE (64)) 
    }                                                                                                       OPTIONAL, -- Cond AbsFreqSSB 
    ssb-periodicityServingCell          ENUMERATED { ms5, ms10, ms20, ms40, ms80, ms160, spare2, spare1 }   OPTIONAL, -- Need S 
    dmrs-TypeA-Position                 ENUMERATED {pos2, pos3}, 
    lte-CRS-ToMatchAround               SetupRelease { RateMatchPatternLTE-CRS }                            OPTIONAL, -- Need M 
    rateMatchPatternToAddModList        SEQUENCE (SIZE (1..maxNrofRateMatchPatterns)) OF RateMatchPattern   OPTIONAL, -- Need N 
    rateMatchPatternToReleaseList       SEQUENCE (SIZE (1..maxNrofRateMatchPatterns)) OF RateMatchPatternId OPTIONAL, -- Need N 
    subcarrierSpacing                   SubcarrierSpacing                                                   OPTIONAL, -- Cond HOAndServCellAdd 
    tdd-UL-DL-ConfigurationCommon       TDD-UL-DL-ConfigCommon                                              OPTIONAL, -- Cond TDD 
    ss-PBCH-BlockPower                  INTEGER (-60..50), 
    ... 
} 
 
 
-- TAG-SERVING-CELL-CONFIG-COMMON-STOP 
-- ASN1STOP 

 
• SIB1 has the value of the pBCH-

BlockPower (for the SSS sequence)
• Based on this and the received 

power, the UE can compute the path 
loss.

ss-PBCH-BlockPower
Average EPRE (energy per resource element) of the 
resources elements that carry secondary synchronization 
signals in dBm that the NW used for SSB transmission. 
The UE uses it to estimate the RA preamble TX power. 
(see TS 38.213 [13], clause 7.4) 



PRACH SSB Association

• Unlike LTE, NR has many possible RACH locations. 
• Recall that multiple SSBlocks are possible for a half frame. 

• For mmwae systems (or even sub-6), each SSBlock might correspond to a different 
direction.

• How does the UE convey which direction (or which SSBlock index) it was able to 
decode so that the BS knows the direction?
• Use different PRACH locations to convey this information.

• A specific mapping between SSB and RACH occasions (RO)
• Two parameters

• Msg1-fdm
• ssb-perRACH-OccasionAndCB-PreamblesPerSSB
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FilterConfig ::=                    SEQUENCE { 
    filterCoefficientRSRP               FilterCoefficient                                       DEFAULT fc4, 
    filterCoefficientRSRQ               FilterCoefficient                                       DEFAULT fc4, 
    filterCoefficientRS-SINR            FilterCoefficient                                       DEFAULT fc4 
} 
 
-- TAG-QUANTITY-CONFIG-STOP 
-- ASN1STOP 

 

QuantityConfigNR field descriptions 
quantityConfigCell 
Specifies L3 filter configurations for cell measurement results for the configurable RS Types (e.g. SS/PBCH block and CSI-RS) and the configurable measurement quantities 
(e.g. RSRP, RSRQ and SINR). 
quantityConfigRS-Index 
Specifies L3 filter configurations for measurement results per RS index for the configurable RS Types (e.g. SS/PBCH block and CSI-RS) and the configurable measurement 
quantities (e.g. RSRP, RSRQ and SINR). 
 

QuantityConfigRS field descriptions 
csi-RS-FilterConfig 
CSI-RS basedL3 filter configurations: 
Specifies L3 filter configurations for CSI-RSRP, CSI-RSRQ and CSI-SINR measurement results from the L1 filter(s), as defined in TS 38.215 [9]. 
ssb-FilterConfig 
SS Block based L3 filter configurations: 
Specifies L3 filter configurations for SS-RSRP, SS-RSRQ and SS-SINR measurement results from the L1 filter(s), as defined in TS 38.215 [9]. 
 

– RACH-ConfigCommon 

The RACH-ConfigCommon IE is used to specify the cell specific random-access parameters. 

RACH-ConfigCommon information element 

-- ASN1START 
-- TAG-RACH-CONFIG-COMMON-START 
 
RACH-ConfigCommon ::=               SEQUENCE { 
    rach-ConfigGeneric                  RACH-ConfigGeneric, 
    totalNumberOfRA-Preambles           INTEGER (1..63)                                                             OPTIONAL,   -- Need S 
    ssb-perRACH-OccasionAndCB-PreamblesPerSSB   CHOICE { 
        oneEighth                               ENUMERATED {n4,n8,n12,n16,n20,n24,n28,n32,n36,n40,n44,n48,n52,n56,n60,n64}, 
        oneFourth                               ENUMERATED {n4,n8,n12,n16,n20,n24,n28,n32,n36,n40,n44,n48,n52,n56,n60,n64}, 
        oneHalf                                 ENUMERATED {n4,n8,n12,n16,n20,n24,n28,n32,n36,n40,n44,n48,n52,n56,n60,n64}, 
        one                                     ENUMERATED {n4,n8,n12,n16,n20,n24,n28,n32,n36,n40,n44,n48,n52,n56,n60,n64}, 
        two                                     ENUMERATED {n4,n8,n12,n16,n20,n24,n28,n32}, 
        four                                    INTEGER (1..16),  
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        eight                                   INTEGER (1..8), 
        sixteen                                 INTEGER (1..4) 
    }                                                                                                               OPTIONAL,   -- Need M 
 
    groupBconfigured                    SEQUENCE { 
        ra-Msg3SizeGroupA                   ENUMERATED {b56, b144, b208, b256, b282, b480, b640, 
                                                        b800, b1000, b72, spare6, spare5,spare4, spare3, spare2, spare1}, 
        messagePowerOffsetGroupB            ENUMERATED { minusinfinity, dB0, dB5, dB8, dB10, dB12, dB15, dB18}, 
        numberOfRA-PreamblesGroupA          INTEGER (1..64) 
    }                                                                                                               OPTIONAL,   -- Need R 
    ra-ContentionResolutionTimer            ENUMERATED { sf8, sf16, sf24, sf32, sf40, sf48, sf56, sf64}, 
    rsrp-ThresholdSSB                       RSRP-Range                                                              OPTIONAL,   -- Need R 
    rsrp-ThresholdSSB-SUL                   RSRP-Range                                                              OPTIONAL,   -- Cond SUL 
    prach-RootSequenceIndex                 CHOICE { 
        l839                                    INTEGER (0..837), 
        l139                                    INTEGER (0..137) 
    }, 
    msg1-SubcarrierSpacing                  SubcarrierSpacing                                                       OPTIONAL,   -- Cond L139 
    restrictedSetConfig                     ENUMERATED {unrestrictedSet, restrictedSetTypeA, restrictedSetTypeB}, 
    msg3-transformPrecoder                  ENUMERATED {enabled}                                                    OPTIONAL,   -- Need R 
    ... 
} 
 
-- TAG-RACH-CONFIG-COMMON-STOP 
-- ASN1STOP 
 



• msg-FDM specifies how many RO are allocated in frequency domain (at 
the same location in time domain)
• ssb-perRACH-OccasionAndCB-PreamblesPerSSB specifies how many SSB 

can be mapped to one RO and how many premable index can be 
mapped to single SSB.
• First, in increasing order of preamble indexes within a single PRACH occasion
• Second, in increasing order of frequency resource indexes for frequency 

multiplexed PRACH occasions
• Third, in increasing order of time resource indexes for time multiplexed PRACH 

occasions within a PRACH slot
• Fourth, in increasing order of indexes for PRACH slots



Examples
•msg1-FDM = one
•ssb-perRACH-OccasionAndCB-PreamblesPerSSB = 
one

•msg1-FDM = two
•ssb-perRACH-OccasionAndCB-PreamblesPerSSB
= one



Examples (contd…)
•msg1-FDM = two
•ssb-perRACH-OccasionAndCB-PreamblesPerSSB = 
eight

•msg1-FDM = two
•ssb-perRACH-OccasionAndCB-PreamblesPerSSB = 
oneHalf



PRACH Response time



Extra Slides



Decoding Strategies [FFT based correlation, hybrid approach]

CP Removal X Down sample
Factor: D FFT (size K)

ZC sequence
(139/839)

DFT
(size: 139/839) Conjugate

X IFFT (size M)

Peak Detector
The DFT of the ZC can be computed directly

abs( . )2

How to choose the parameters c, D, K and M?
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Choosing the parameters

• C is chosen so that c ⍙f = frequency difference between the center frequency of 
PRACH and the center frequency of the Grid (DC sub carrier). 
• This operation of multiplying with a[n], would center the PRACH at DC.

• D is chosen so that the output length K= N/D is a power of 2. 
• Also D should be chosen so that there is no aliasing, i.e,

• FFT M is chosen so that the output resolution is enough

D  fs(sampling frequency)

Prach BW
<latexit sha1_base64="3fIFdiyFoUSbrlcFqRd5OxTYzdQ="></latexit>
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PRACH preamble PRACH SCS (kHz) Time error tolerance
AWGN TDLC300-100

0 1.25 1.04 us 2.55 us
A1, A2, A3, B4, C0, C2 15 0.52 us 2.03 us

30 0.26 us 1.77 us

Table 8.4.2.1-1: Time error tolerance for AWGN and TDLC300-100 [38.104]



Parameters for A1 format (PRACH index 70)

• D = 16
• K= 4096/16 =256
• M=256
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