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10.1.5
SC-FDMA baseband signal generation
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in SC-FDMA symbol 
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 in an uplink slot is defined by 


[image: image15.wmf](

)

(

)

(

)

ë

û

2

UL

sc

)

(

2

1

2

,

,

s

,

CP

,

)

(

N

k

k

e

e

a

t

s

T

N

t

f

k

j

j

l

k

l

k

l

l

k

+

=

×

×

=

-

-

D

+

-

p

j



For 
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 are given in Table 10.1.5-1, 
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 is the modulation value of symbol 
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where 
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 is a symbol counter that is reset at the start of a transmission and incremented for each symbol during the transmission.

Table 10.1.5-1: SC-FDMA parameters for 
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	Cyclic prefix length 
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	Set of values for 
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The SC-FDMA symbols in a slot shall be transmitted in increasing order of 
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 are not transmitted and used for guard period.

Only normal CP is supported for Narrowband IoT uplink in this release of the specification.

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 10.6.1.1-1: 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 sub-carrier allocated to NPRACH 
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 (nprach-SubcarrierOffset),

-
number of sub-carriers allocated to NPRACH 
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  (nprach-NumSubcarriers),

-
number of NPRACH repetitions per attempt 
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 (nprach-NumRepetitions),

-
NPRACH starting time 
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 (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-SubcarrierRangeStart).

NPRACH transmission can start only 
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NPRACH configurations where 
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The NPRACH subcarriers 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 
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 being the subcarrier selected by the MAC layer from 
[image: image72.wmf]}

1

,...,

1

,

0

{

NPRACH

 

sc

-

N

, and the pseudo random sequence 
[image: image73.wmf])

(

n

c

 is given by clause 7.2. The pseudo random sequence generator shall be initialised with 
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10.1.6.2
Baseband signal generation

The time-continuous random access signal 
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where 
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 is an amplitude scaling factor in order to conform to the transmit power 
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 specified in clause 16.3.1 in 3GPP TS 36.213 [4], 
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, accounts for the difference in subcarrier spacing between the random access preamble and uplink data transmission, and the location in the frequency domain controlled by the parameter 
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 is derived from clause 10.1.6.1. The variable
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 is given by Table 10.1.6.2-1.
Table 10.1.6.2-1: Random access baseband parameters

	Preamble format
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<Unchanged part omitted>

10.2.6
Narrowband reference signal (NRS)

The UE may assume narrowband reference signals are transmitted in all NB-IoT downlink subframes in a cell supporting NPDSCH transmission. The UE shall not expect narrowband reference signals in subframes that are not NB-IoT downlink subframes, except if these subframes contain NPBCH or NPDSCH carrying SystemInformationBlockType1-NB where narrowband reference signals shall be transmitted. 

A UE without a NB-IoT downlink subframes configuration may assume narrowband reference signals are transmitted in subframes #0 and #4 and in subframes #9 not containing NSSS.

10.2.6.1
Sequence generation

The narrowband reference sequence shall be initialised according to clause 6.10.1.1 where  
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 is replaced with 
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10.2.6.2
Mapping to resource elements

Narrowband reference signals are transmitted on one or two antenna ports. 
If the higher layer parameter operationModeInfo indicates ‘00’, the number of antenna ports for narrowband reference signals is the same as for the cell-specific reference signals as defined in clause 6.10.1, the narrowband reference signals are transmitted on the same antenna ports as the cell-specificreference signals, 0 to 1, and the UE may assume the cell-specificreference signals are available in all subframes where the narrowband reference signals are available. 

If the higher layer parameter operationModeInfo does not indicate ‘00’, the narrowband reference signals are transmitted on antenna ports 1000 to 1001.

The reference signal sequence 
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The variables 
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 and 
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 define the position in the frequency domain for the different reference signals where 
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 is given by
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The cell-specific frequency shift is given by 
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Resource elements 
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 used for transmission of narrowband reference signals on any of the antenna ports in a slot shall not be used for any transmission on any other antenna port in the same slot and set to zero.
Narrowband reference signals shall not be transmitted in subframes containing NPSS or NSSS.

Figure 10.2.6.2-1 illustrates the resource elements used for reference signal transmission according to the above definition. The notation 
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R

 is used to denote a resource element used for reference signal transmission on antenna port
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10.2.8
OFDM baseband signal generation

The time-continuous signal 
[image: image102.wmf](

)

t

s

p

l

)

(

 on antenna port 
[image: image103.wmf]p

 in OFDM symbol 
[image: image104.wmf]l
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Only normal CP is supported for Narrowband IoT downlink in this release of the specification.
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