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3.1
Symbols

For the purposes of the present document, the following symbols apply:
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Resource element with frequency-domain index 
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Value of resource element 
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Matrix for supporting cyclic delay diversity
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Density of random access opportunities per radio frame
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Carrier frequency
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PRACH resource frequency index within the considered time-domain location
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PRACH frequency hopping offset, expressed as a number of resource blocks 
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Start symbol in slot 0 for NPDCCH
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Start symbol in slot 0 for NPDSCH
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Bandwidth for PSBCH transmission, expressed as a number of subcarriers 
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Bandwidth for PSBCH transmission, expressed as a number of resource blocks
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Bandwidth for PSCCH transmission, expressed as a number of subcarriers 

[image: image17.wmf]PSCCH

RB

M


Bandwidth for PSCCH transmission, expressed as a number of resource blocks
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Bandwidth for PSDCH transmission, expressed as a number of subcarriers 
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Bandwidth for PSDCH transmission, expressed as a number of resource blocks
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Scheduled bandwidth for PSSCH transmission, expressed as a number of subcarriers 
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Scheduled bandwidth for PSSCH transmission, expressed as a number of resource blocks
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Scheduled bandwidth for uplink transmission, expressed as a number of subcarriers 
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Scheduled bandwidth for uplink transmission, expressed as a number of resource blocks
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Scheduled number of repetitions of a NPUSCH transmission
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Scheduled number of repetitions of a NPDSCH transmission
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Scheduled bandwidth for uplink NPUSCH transmission, expressed as a number of subcarriers
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Number of repetitions of identical slots for NPUSCH
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Number of coded bits to transmit on a physical channel [for codeword 
[image: image29.wmf]q

]


[image: image30.wmf](q)

M

symb


Number of modulation symbols to transmit on a physical channel [for codeword 
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Number of modulation symbols to transmit per layer for a physical channel
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Number of modulation symbols to transmit per antenna port for a physical channel
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A constant equal to 2048 for 
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Downlink cyclic prefix length for OFDM symbol 
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 in a slot
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Cyclic shift value used for random access preamble generation
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Number of cyclic shifts used for PUCCH formats 1/1a/1b in a resource block with a mix of formats 1/1a/1b and 2/2a/2b
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Bandwidth available for use by PUCCH formats 2/2a/2b, expressed in multiples of 
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The offset used for PUSCH frequency hopping, expressed in number of resource blocks (set by higher layers)
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Physical layer cell identity
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Narrowband physical layer cell identity
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MBSFN area identity
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Physical layer sidelink synchronization identity
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Positioning reference signal identity
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Downlink bandwidth configuration, expressed in multiples of 
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Smallest downlink bandwidth configuration, expressed in multiples of 
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Largest downlink bandwidth configuration, expressed in multiples of 
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Uplink bandwidth configuration, expressed in multiples of 
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Smallest uplink bandwidth configuration, expressed in multiples of 
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Largest uplink bandwidth configuration, expressed in multiples of 
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Sidelink bandwidth configuration, expressed in multiples of 
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Number of scheduled subframes for NPDSCH transmission
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Number of symbols for NPSS in a subframe
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Number of symbols for NSSS in a subframe
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Number of consecutive subcarriers in an UL resource unit for NB-IoT

[image: image68.wmf]RU

seq

N


Number of reference signal sequences available for the UL resource unit size
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Number of scheduled UL resource units for NB-IoT
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Total number of uplink narrowbands
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Total number of uplink widebands
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Number of subcarriers in the frequency domain for NB-IoT 
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Number of consecutive absolute subframes over which the scrambling sequence stays the same 
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Total number of absolute subframes a PUSCH with repetition spans , expressed as a number of absolute subframes
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Number of repetititions of a PUSCH transmission
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Number of consecutive absolute subframes over which PUCCH or PUSCH stays at the same narrowband before hopping to another narrowband, expressed as a number of absolute subframes
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Narrowband offset between one narrowband and the next narrowband a PUSCH hops to, expressed as a number of uplink narrowbands
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Total number of absolute subframes a PUCCH with repetition spans, expressed as a number of absolute subframes
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Number of repetititions of a PUCCH transmission
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Number of PRACH repetitions per preamble transmission attempt
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Number of subframes allowed for preamble transmission within a 1024-frame interval
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PRACH starting subframe periodicity
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Number of NPRACH repetitions per preamble transmission attempt
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NPRACH resource periodicity
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Frequency location of the first sub-carrier allocated to NPRACH
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Number of sub-carriers allocated to NPRACH
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Number of starting sub-carriers allocated for UE initiated random access
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NPRACH starting subframe 
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Fraction for starting subcarrier index for UE support for multi-tone msg3 transmission
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Periodicity for NPDSCH/NPDCCH gaps 
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Duration for NPDSCH/NPDCCH gaps
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Threshold for applying NPDDCH/NPDCCH gaps
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Total number of downlink narrowbands
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Total number of downlink widebands
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Total number of absolute subframes a PDSCH with repetition spans, expressed as a number of absolute subframes
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Number of repetititions of a PDSCH transmission
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Number of consecutive absolute subframes over which MPDCCH or PDSCH stays at the same narrowband before hopping to another narrowband, expressed as a number of absolute subframes
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Number of narrowbands over which MPDCCH or PDSCH frequency hops
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Narrowband offset between one narrowband and the next narrowband an MPDCCH or PDSCH hops to, expressed as a number of downlink narrowbands
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Number of times a PDSCH carrying SIB1-BR is transmitted over 8 radio frames
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Total number of absolute subframes a MPDCCH with repetition spans , expressed as a number of absolute subframes
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Number of repetitions of a MPDCCH transmission
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Total number of absolute subframes a MPDCCH search space with maximum repetition level spans, expressed as a number of absolute subframes
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Maximum repetition level of a MPDCCH search space


[image: image105.wmf]MPDCCH

ECCE

N


Number of ECCEs in a subframe for one MPDCCH
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Number of OFDM symbols in a downlink slot 
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Number of SC-FDMA symbols in an uplink slot 
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Number of symbols in a guard period for narrowband or wideband retuning
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Number of consecutive slots in an UL resource unit for NB-IoT
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Number of SC-FDMA symbols in a sidelink slot 
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Resource block size in the frequency domain, expressed as a number of subcarriers 
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Number of sub-bands for PUSCH frequency-hopping with predefined hopping pattern
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Size of each sub-band for PUSCH frequency-hopping with predefined hopping pattern, expressed as a number of resource blocks
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Size of narrow-band random-access resource in number of subcarriers
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Number of downlink to uplink switch points within the radio frame

[image: image116.wmf]PUCCH

RS

N


Number of reference symbols per slot for PUCCH
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Timing offset between uplink and downlink radio frames at the UE, expressed in units of 
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Fixed timing advance offset, expressed in units of 
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Timing offset between sidelink and timing reference frames at the UE, expressed in units of 
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Resource index for PUCCH formats 1/1a/1b


[image: image124.wmf])

~

,

2

(

PUCCH

p

n


Resource index for PUCCH formats 2/2a/2b
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Resource index for PUCCH formats 3
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Number of PDCCHs present in a subframe
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Physical resource block number
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First physical resource block occupied by PRACH resource considered
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First physical resource block available for PRACH 
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Subcarrier occupied by NPRACH resource considered
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Virtual resource block number
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Radio network temporary identifier
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Sidelink group destination identity
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System frame number
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Slot number within a radio frame
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Absolute subframe number
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Index for subframes allowed for preamble transmission
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Number of antenna ports used for transmission of a channel
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Antenna port number
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Codeword number
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Index for PRACH versions with same preamble format and PRACH density

Qm
Modulation order: 2 for QPSK, 4 for 16QAM, 6 for 64QAM and 8 for 256QAM transmissions
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Time-continuous baseband signal for antenna port 
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 and OFDM symbol 
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 in a slot

[image: image145.wmf])

0

(

RA

t


Radio frame indicator index of PRACH opportunity
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Half frame index of PRACH opportunity within the radio frame
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Uplink subframe number for start of PRACH opportunity within the half frame
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Radio frame duration
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Basic time unit
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Slot duration
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Precoding matrix for downlink spatial multiplexing
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Amplitude scaling for PRACH
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Amplitude scaling for NPRACH
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Amplitude scaling for PUCCH
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Amplitude scaling for PUSCH
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Amplitude scaling for NPUSCH
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Amplitude scaling for sounding reference symbols
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Subcarrier spacing
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Subcarrier spacing for the random access preamble
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Number of transmission layers
< Unchanged parts are omitted >
10.1.6
Narrowband physical random access channel

10.1.6.1
Time and frequency structure

The physical layer random access preamble is based on single-subcarrier frequency-hopping symbol groups. A symbol group is illustrated in Figure 10.1.6.1-1, consisting of a cyclic prefix of length 
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 and a sequence of 5 identical symbols with total length
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. The parameter values are listed in Table 10.1.6.1-1.
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Figure 10.1.6.1-1: Random access symbol group

Table 10.1.6.1-1: Random access preamble parameters

	Preamble format
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The preamble consisting of 4 symbol groups transmitted without gaps shall be transmitted 
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 times.

The transmission of a random access preamble, if triggered by the MAC layer, is restricted to certain time and frequency resources.

A NPRACH configuration provided by higher layers contains the following:

-
NPRACH resource periodicity 
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 (nprach-Periodicity),

-
frequency location of the first subcarrier allocated to NPRACH 
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 (nprach-SubcarrierOffset),

-
number of subcarriers allocated to NPRACH 
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  (nprach-NumSubcarriers), 
-
number of starting sub-carriers allocated toUE initiated random access 
[image: image174.wmf]NPRACH

sc_cont 

N

 (nprach-NumCBRA-StartSubcarriers),
-
number of NPRACH repetitions per attempt 
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 (numRepetitionsPerPreambleAttempt),

-
NPRACH starting time 
[image: image176.wmf]NPRACH

start

N

 (nprach-StartTime),

-
Fraction for calculating starting subcarrier index for the range of NPRACH subcarriers reserved for indication of UE support for multi-tone msg3 transmission 
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 (nprach-SubcarrierMSG3-RangeStart).

NPRACH transmission can start only 
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[image: image179.wmf](

)

0

10

/

mod

NPRACH

period

f

=

N

n

. After transmissions of 
[image: image180.wmf](

)

SEQ

CP

64

4

T

T

+

×

 time units, a gap of 
[image: image181.wmf]s

30720

40

T

×

 time units shall be inserted.

NPRACH configurations where 
[image: image182.wmf]UL

sc

NPRACH

sc

NPRACH

scoffset

N

N

N

>

+

 are invalid.

The NPRACH starting subcarriers allocated to UE initiated random access are split in two sets of subcarriers, 
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, where the second set, if present, indicate UE support for multi-tone msg3 transmission.

The frequency location of the NPRACH transmission is constrained within 
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 sub-carriers. Frequency hopping shall be used within the 12 subcarriers, where the frequency location of the ith symbol group is given by 
[image: image186.wmf](

)

)

(

~

RA

SC

start

RA

sc

i

n

n

i

n

+

=

 where 
[image: image187.wmf]ë

û

RA

sc

N

N

n

N

n

×

+

=

RA

sc

init

NPRACH

scoffset

start

 and


[image: image188.wmf](

)

(

)

(

)

(

)

(

)

(

)

0

1

mod

1

1

mod

2

1

6

)

1

(

~

 

and

 

2

4

mod

6

)

1

(

~

6

)

1

(

~

 

and

 

2

4

mod

6

)

1

(

~

1

2

mod

)

1

(

~

 

and

 

3

,

1

4

mod

1

)

1

(

~

0

2

mod

)

1

(

~

 

and

 

3

,

1

4

mod

1

)

1

(

~

  

0

 

and

 

0

4

mod

mod

)

4

/

(

)

0

(

~

)

(

~

RA

sc

RA

sc

9

10

1

10

)

1

10

(

RA

sc

RA

sc

RA

sc

RA

sc

RA

sc

RA

sc

RA

sc

RA

sc

RA

sc

RA

sc

RA

sc

=

-

÷

÷

ø

ö

ç

ç

è

æ

+

-

÷

÷

ø

ö

ç

ç

è

æ

+

-

=

ï

ï

ï

î

ï

ï

ï

í

ì

³

-

=

-

-

<

-

=

+

-

=

-

=

-

-

=

-

=

+

-

>

=

+

=

å

+

+

=

+

-

f

N

N

n

c

t

f

t

f

i

n

i

i

n

i

n

i

i

n

i

n

i

i

n

i

n

i

i

n

i

i

N

i

f

n

i

n

t

t

n

t

n


where 
[image: image189.wmf]RA

sc

N

n

n

mod

)

0

(

~

init

RA

SC

=

 with 
[image: image190.wmf]init

n

 being the subcarrier selected by the MAC layer from 
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 is given by clause 7.2. The pseudo random sequence generator shall be initialised with 
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< Unchanged parts are omitted >
_1315824991.unknown

_1516636152.unknown

_1521804449.unknown

_1526198031.unknown

_1538552276.unknown

_1551079841.unknown

_1551079876.unknown

_1551079931.unknown

_1548081321.unknown

_1549281754.unknown

_1549281776.unknown

_1547018308.unknown

_1548080624.unknown

_1547018213.unknown

_1536412367.unknown

_1536429760.unknown

_1536429844.unknown

_1526812035.unknown

_1526812966.unknown

_1526370272.unknown

_1526199044.unknown

_1523270307.unknown

_1523361534.unknown

_1523361551.unknown

_1524395054.unknown

_1523359297.unknown

_1523359772.unknown

_1523357640.unknown

_1521805349.unknown

_1522741394.unknown

_1523269967.unknown

_1522741797.unknown

_1522054432.unknown

_1521805171.unknown

_1516730664.unknown

_1517830219.unknown

_1521357520.unknown

_1521576486.unknown

_1521801719.unknown

_1521283840.unknown

_1521283916.unknown

_1521283997.unknown

_1521299454.unknown

_1521284034.unknown

_1521283976.unknown

_1521283883.unknown

_1521283778.unknown

_1521283815.unknown

_1521019996.unknown

_1521020800.unknown

_1517854018.vsd
CP



_1517854888.unknown

_1517809988.unknown

_1517830202.unknown

_1517830211.unknown

_1517830192.unknown

_1516730967.unknown

_1517771459.unknown

_1516730831.unknown

_1516698060.unknown

_1516715913.unknown

_1516729343.unknown

_1516698442.unknown

_1516698379.unknown

_1516636172.unknown

_1516643100.unknown

_1516696836.unknown

_1516645809.unknown

_1516636256.unknown

_1516636162.unknown

_1472286711.unknown

_1510339367.unknown

_1510605574.unknown

_1516636046.unknown

_1516636144.unknown

_1510608870.unknown

_1516636005.unknown

_1510469548.unknown

_1510578114.unknown

_1510527061.unknown

_1510340331.unknown

_1509944728.unknown

_1510333876.unknown

_1510338964.unknown

_1510333207.unknown

_1509904989.unknown

_1509906680.unknown

_1483344794.unknown

_1473752215.unknown

_1472285675.unknown

_1472286391.unknown

_1472286530.unknown

_1472286700.unknown

_1472286632.unknown

_1472286517.unknown

_1472285983.unknown

_1472286380.unknown

_1472285982.unknown

_1351348632.unknown

_1352794263.unknown

_1470748255.unknown

_1352794247.unknown

_1352794226.unknown

_1315831272.unknown

_1315986585.unknown

_1351348555.unknown

_1315831284.unknown

_1315831293.unknown

_1315825049.unknown

_1315825101.unknown

_1315825025.unknown

_1246270469.unknown

_1262429395.unknown

_1265054609.unknown

_1265547680.unknown

_1284359409.unknown

_1315824971.unknown

_1271865367.unknown

_1265547624.unknown

_1262429547.unknown

_1264770890.unknown

_1264770982.unknown

_1264771576.unknown

_1262965584.unknown

_1262965659.unknown

_1262429538.unknown

_1249739544.unknown

_1254135540.unknown

_1257096051.unknown

_1262429384.unknown

_1257096007.unknown

_1249822918.unknown

_1249822968.unknown

_1249823012.unknown

_1249822952.unknown

_1249739545.unknown

_1249739542.unknown

_1249739543.unknown

_1246270575.unknown

_1249279502.unknown

_1249739445.unknown

_1246276804.unknown

_1246270520.unknown

_1246269052.unknown

_1246269183.unknown

_1246269806.unknown

_1246270284.unknown

_1246270424.unknown

_1246270000.unknown

_1246269365.unknown

_1246269486.unknown

_1246269393.unknown

_1246269199.unknown

_1246269114.unknown

_1246269168.unknown

_1246269097.unknown

_1242399032.unknown

_1242400644.unknown

_1243228559.unknown

_1246268992.unknown

_1246269008.unknown

_1246268955.unknown

_1242400677.unknown

_1233508093.unknown

_1242398978.unknown

_1226742512.unknown

_1233415371.unknown

_1233423362.unknown

_1229842096.unknown

_1226419446.unknown

_1226742152.unknown

_1223655802.unknown

_1223721011.unknown

_1226215348.unknown

_1223359352.unknown

_1223359426.unknown

