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4.1
Frame structure type 1
Frame structure type 1 is applicable to both full duplex and half duplex FDD only. Each radio frame is 
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For subframes using 
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For subframes using 
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, subframe 
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 is defined as one slot, 
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For FDD, 10 subframes are available for downlink transmission and 10 subframes are available for uplink transmissions in each 10 ms interval. Uplink and downlink transmissions are separated in the frequency domain. In half-duplex FDD operation, the UE cannot transmit and receive at the same time while there are no such restrictions in full-duplex FDD.
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Figure 4.1-1: Frame structure type 1
6.1
Overview

The smallest time-frequency unit for downlink transmission is denoted a resource element and is defined in clause 6.2.2.
A subset of the downlink subframes in a radio frame can be configured as MBSFN subframes by higher layers. Each MBSFN subframe is divided into a non-MBSFN region and an MBSFN region.

-
For subframes using 
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, the non-MBSFN region spans the first one or two OFDM symbols in an MBSFN subframe where the length of the non-MBSFN region is given according to Subclause 6.7. 
-
For subframes using 
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, the non-MBSFN region is of zero size.
-
The MBSFN region in an MBSFN subframe is defined as the OFDM symbols not used for the non-MBSFN region. 

For an MBMS-dedicated cell, subframes where PSS/SSS/PBCH or PDSCH carrying system information are transmitted with 
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 are non-MBSFN subframes.
For frame structure type 3, MBSFN configuration shall not be applied to downlink subframes in which at least one OFDM symbol is not occupied or discovery signal is transmitted.
Unless otherwise specified, transmission in each downlink subframe shall use the same cyclic prefix length as used for downlink subframe #0.
6.2.3
Resource blocks
Resource blocks are used to describe the mapping of certain physical channels to resource elements. Physical and virtual resource blocks are defined.

A physical resource block is defined as 
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consecutive subcarriers in the frequency domain, where 
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 are given by Table 6.2.3-1. A physical resource block thus consists of 
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 resource elements, corresponding to one slot in the time domain and 180 kHz in the frequency domain. 

Physical resource blocks are numbered from 0 to 
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 in the frequency domain. The relation between the physical resource block number 
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Table 6.2.3-1: Physical resource blocks parameters

	Configuration
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	Normal cyclic prefix
	
[image: image41.wmf]kHz

 

15

=

D

f


	12
	7

	Extended cyclic prefix
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A physical resource-block pair is defined as the two physical resource blocks in one subframe having the same physical resource-block number 
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A virtual resource block is of the same size as a physical resource block. Two types of virtual resource blocks are defined:

-
Virtual resource blocks of localized type

-
Virtual resource blocks of distributed type

For each type of virtual resource blocks, a pair of virtual resource blocks over two slots in a subframe is assigned together by a single virtual resource block number, 
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6.2.3.1
Virtual resource blocks of localized type
Virtual resource blocks of localized type are mapped directly to physical resource blocks such that virtual resource block 
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6.2.3.2
Virtual resource blocks of distributed type
Virtual resource blocks of distributed type are mapped to physical resource blocks as described below.

Table 6.2.3.2-1: RB gap values
	System BW (
[image: image51.wmf]DL

RB

N

)
	Gap (
[image: image52.wmf]gap

N

)

	
	1st Gap (
[image: image53.wmf]gap,1

N

)
	2nd Gap (
[image: image54.wmf]gap,2

N

)

	6-10
	
[image: image55.wmf]é

ù

2

/

DL

RB

N


	N/A

	11
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	27-44
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The parameter 
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Virtual resource blocks of distributed type are numbered from 0 to
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Consecutive 
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 VRB numbers compose a unit of VRB number interleaving, where 
[image: image71.wmf]DL

VRB

DL

VRB

~

N

N

=

 for 
[image: image72.wmf]gap,1

gap

N

N

=

 and 
[image: image73.wmf]gap

DL

VRB

2

~

N

N

=

 for 
[image: image74.wmf]gap,2

gap

N

N

=

. Interleaving of VRB numbers of each interleaving unit is performed with 4 columns and 
[image: image75.wmf]row

N

 rows, where 
[image: image76.wmf]é

ù

P

P

N

N

×

=

)

4

/(

~

DL

VRB

row

, and 
[image: image77.wmf]P

 is RBG size as described in 3GPP TS 36.213 [4]. VRB numbers are written row by row in the rectangular matrix, and read out column by column. 
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. Nulls are ignored when reading out. The VRB numbers mapping to PRB numbers including interleaving is derived as follows:  

For even slot number 
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 is obtained from the downlink scheduling assignment as described in 3GPP TS 36.213 [4].

For odd slot number 
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Then, for all 
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Virtual resource blocks of distributed type are not applicable to BL/CE UEs.
6.6.1
Scrambling

The block of bits
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, the number of bits transmitted on the physical broadcast channel, equals 1920 for normal cyclic prefix and 1728 for extended cyclic prefix, shall be scrambled with a cell-specific sequence prior to modulation, resulting in a block of scrambled bits  
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where the scrambling sequence 
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6.6.4
Mapping to resource elements
The block of complex-valued symbols
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 for each antenna port shall

-
for an MBMS-dedicated cell, be transmitted during 4 consecutive radio frames fulfilling 
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otherwise, be transmitted during 4 consecutive radio frames, starting in each radio frame fulfilling 
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The block of complex-valued symbols shall be mapped in sequence starting with 
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 constituting the core set of PBCH resource elements. The mapping to resource elements 
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 not reserved for transmission of reference signals shall be in increasing order of first the index
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 in slot 1 in subframe 0 and finally the radio frame number. The resource-element indices are given by 
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where resource elements reserved for reference signals shall be excluded. The mapping operation shall assume cell-specific reference signals for antenna ports 0-3 being present irrespective of the actual configuration. The UE shall assume that the resource elements assumed to be reserved for reference signals in the mapping operation above but not used for transmission of reference signal are not available for PDSCH or MPDCCH transmission. The UE shall not make any other assumptions about these resource elements. 

If a cell is configured with repetition of the physical broadcast channel 

-
symbols mapped to core resource element 
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  in slot 1 in subframe 0 within a radio frame 
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cell-specific reference signals in OFDM symbols 
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shall additionally be mapped to resource elements 
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For frame structure type 1, 
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For frame structure type 2,
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For both frame structure type 1 and frame structure type 2, repetition of the physical broadcast channel is not applicable if 
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Resource elements already used for transmission of cell-specific reference signals in absence of repetition shall not be used for additional mapping of cell-specific reference signals. 

Table 6.6.4-1: Frame offset, slot and symbol number triplets for repetition of PBCH for frame structure type 1.
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	Frame offset, slot and symbol number triplets 
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	Normal cyclic prefix
	Extended cyclic prefix

	0
	(1,18,3), (1,19,0), (1,19,4), (0,0,4)
	(1,18,3), (1,19,0), (1,19,5)

	1
	(1,18,4), (1,19,1). (1,19,5), (0,1,4)
	(1,18,4), (1,19,1). (0,0,3)

	2
	(1,18,5), (1,19,2), (1,19,6), (0,1,5)
	(1,18,5), (1,19,2), (0,1,4)

	3
	(1,18,6), (1,19,3), (0,0,3), (0,1,6)
	(1,19,3), (1,19,4), (0,1,5)


Table 6.6.4-2: Slot and symbol number pairs for repetition of PBCH for frame structure type 2.
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	Slot and symbol number pairs 
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	Normal cyclic prefix
	Extended cyclic prefix

	0
	(0,3), (1,4), (10,3), (11,0), (11,4)
	(0,3), (10,3), (11,0)

	1
	(0,4), (1,5), (10,4), (11,1), (11,5)
	(0,4), (10,4), (11,1)

	2
	(0,5), (10,5), (11.2)
	(0,5), (10,5), (11.2)

	3
	(0,6), (10,6), (11.3)
	(1,4), (11,3), (11.4)


6.7
Physical control format indicator channel

The physical control format indicator channel carries information about the number of OFDM symbols used for transmission of PDCCHs in a subframe. The set of OFDM symbols possible to use for PDCCH in a subframe is given by Table 6.7-1.

Table 6.7-1: Number of OFDM symbols used for PDCCH

	Subframe
	Number of OFDM symbols for PDCCH when 
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	Number of OFDM symbols for PDCCH when 
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	Subframe 1 and 6 for frame structure type 2 or a subframe for frame structure type 3 with the same duration as the DwPTS duration of a special subframe configuration
	1, 2
	2

	MBSFN subframes with 
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 and configured with 1 or 2 cell-specific antenna ports
	1, 2
	2

	MBSFN subframes with 
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 and configured with 4 cell-specific antenna ports
	2
	2

	MBSFN subframes with 
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	0
	0

	Non-MBSFN subframes (except subframe 6 for frame structure type 2) configured with positioning reference signals
	1, 2, 3
	2, 3

	All other cases
	1, 2, 3
	2, 3, 4


The UE may assume the PCFICH is transmitted when the number of OFDM symbols for PDCCH is greater than zero unless stated otherwise in [4, clause 12].
6.8.5
Mapping to resource elements
The mapping to resource elements is defined by operations on quadruplets of complex-valued symbols. Let 
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 denote symbol quadruplet 
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 for antenna port
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The block of quadruplets
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. The permutation shall be according to the sub-block interleaver in clause 5.1.4.2.1 of 3GPP TS 36.212 [3] with the following exceptions:

· the input and output to the interleaver is defined by symbol quadruplets instead of bits

· interleaving is performed on symbol quadruplets instead of bits by substituting the terms "bit", "bits" and "bit sequence" in clause 5.1.4.2.1 of 3GPP TS 36.212 [3] by "symbol quadruplet", "symbol quadruplets" and "symbol-quadruplet sequence", respectively

<NULL> elements at the output of the interleaver in 3GPP TS 36.212 [3] shall be removed when forming 
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The block of quadruplets 
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Mapping of the block of quadruplets 
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 is defined in terms of resource-element groups, specified in clause 6.2.4, according to steps 1–10 below:
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PDCCHs shall not be transmitted in MBSFN subframes with zero-size non-MBSFN region.
6.9.3
Mapping to resource elements

The sequence 
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PHICH groups are mapped to PHICH mapping units. 
For normal cyclic prefix, the mapping of PHICH group 
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For extended cyclic prefix, the mapping of PHICH group 
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Number the resource-element groups not assigned to PCFICH in OFDM symbol 
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8)
Set the frequency-domain index 
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 to the resource-element group assigned the number 
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in case of extended PHICH duration in MBSFN subframes, or extended PHICH duration in subframes 1 and 6 for frame structure type 2, or extended PHICH duration in subframe with the same duration as the DwPTS duration of a special subframe configuration in frame structure type 3 and by
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otherwise.

9)
Increase 
[image: image207.wmf]m
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 by 1.

10)
Repeat from step 5 until all PHICH mapping units have been assigned.

The PHICH duration is configurable by higher layers according to Table 6.9.3-1. 

The PHICH shall not be transmitted in MBSFN subframes with zero-size non-MBSFN region. 

Table 6.9.3-1: PHICH duration in MBSFN and non-MBSFN subframes

	PHICH duration
	Non-MBSFN subframes
	MBSFN subframes



	
	Subframes 1 and 6 

in case of frame structure type 2
	Subframe with the same duration as the DwPTS duration of a specifial subframe configuration in case of frame structure type 3
	All other cases
	

	Normal
	1
	1
	1
	1

	Extended
	2
	2
	3
	2


6.10.1
Cell-specific Reference Signal (CRS)

The UE may assume cell-specific reference signals are, unless otherwise stated in [4, clause 12],  transmitted in 

-
all downlink subframes for frame structure type 1,

-
all downlink subframes and DwPTS for frame structure type 2,

-
non-empty subframes for frame structure type 3

in a cell supporting PDSCH transmission. 

Cell-specific reference signals are transmitted on one or several of antenna ports 0 to 3.

Cell-specific reference signals are transmitted in subframes where 
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6.10.2
MBSFN reference signals

MBSFN reference signals shall be transmitted in the MBSFN region of MBSFN subframes only when the PMCH is transmitted. MBSFN reference signals are transmitted on antenna port 4.

MBSFN reference signals are defined for extended cyclic prefix only.

6.10.2.1
Sequence generation

6.10.2.1.1
Sequence generation for 15 kHz and 7.5 kHz subcarrier spacing
The MBSFN reference-signal sequence 
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where 
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 is the slot number within a radio frame and 
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 is the OFDM symbol number within the slot. The pseudo-random sequence 
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 is defined in clause 7.2. The pseudo-random sequence generator shall be initialised with 
[image: image214.wmf](

)

(

)

(

)

MBSFN

ID

MBSFN

ID

9

init

1

2

1

1

7

2

N

N

l

n

c

s

+

+

×

×

+

+

+

×

×

=

 at the start of each OFDM symbol.
6.10.2.1.2
Sequence generation for 1.25 kHz subcarrier spacing
The MBSFN reference-signal sequence 
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where 
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 is the subframe number within a radio frame and 
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 is the OFDM symbol number within the subframe. The pseudo-random sequence 
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 at the start of each OFDM symbol.
6.10.2.2
Mapping to resource elements

6.10.2.2.1
Mapping to resource elements for 15 kHz and 7.5 kHz subcarrier spacing
The reference-signal sequence 
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 in OFDM symbol 
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 shall be mapped to complex-valued modulation symbols 
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Figure 6.10.2.2-1 illustrates the resource elements used for MBSFN reference signal transmission in case of 
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, the MBSFN reference signal shall be mapped to resource elements according to Figure 6.10.2.2-3. The notation 
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 is used to denote a resource element used for reference signal transmission on antenna port
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Figure 6.10.2.2-1: Mapping of MBSFN reference signals (extended cyclic prefix, 
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Figure 6.10.2.2-3: Mapping of MBSFN reference signals (extended cyclic prefix, 
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6.10.2.2.1
Mapping to resource elements for 1.25 kHz
The reference-signal sequence 
[image: image235.wmf])
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 shall be mapped to complex-valued modulation symbols 
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6.11
Synchronization signals
There are 504 unique physical-layer cell identities. The physical-layer cell identities are grouped into 168 unique physical-layer cell-identity groups, each group containing three unique identities. The grouping is such that each physical-layer cell identity is part of one and only one physical-layer cell-identity group. A physical-layer cell identity 
[image: image241.wmf](2)
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is thus uniquely defined by a number
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in the range of 0 to 167, representing the physical-layer cell-identity group, and a number
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 in the range of 0 to 2, representing the physical-layer identity within the physical-layer cell-identity group.

6.11.1
Primary synchronization signal (PSS)
6.11.1.1
Sequence generation
The sequence 
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 used for the primary synchronization signal is generated from a frequency-domain Zadoff-Chu sequence according to
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where the Zadoff-Chu root sequence index 
[image: image246.wmf]u

 is given by Table 6.11.1.1-1.

Table 6.11.1.1-1: Root indices for the primary synchronization signal
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	Root index 
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	0
	25

	1
	29

	2
	34


6.11.1.2
Mapping to resource elements
The mapping of the sequence to resource elements depends on the frame structure. The UE shall not assume that the primary synchronization signal is transmitted on the same antenna port as any of the downlink reference signals. The UE shall not assume that any transmission instance of the primary synchronization signal is transmitted on the same antenna port, or ports, used for any other transmission instance of the primary synchronization signal.

The sequence 
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For frame structure type 1, the primary synchronization signal shall be mapped to the last OFDM symbol in slots 0 and 10. 

For frame structure type 2, the primary synchronization signal shall be mapped to the third OFDM symbol in subframes 1 and 6. Resource elements 
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 in the OFDM symbols used for transmission of the primary synchronization signal where
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are reserved and not used for transmission of the primary synchronization signal. 
For frame structure type 3, the primary synchronization signal shall be mapped according to frame structure type 1 with the following exceptions: 

-
the primary synchronization signal shall be transmitted only if the corresponding subframe is non-empty and at least 12 OFDM symbols are transmitted,

-
a primary synchronization signal being part of a discovery signal shall be transmitted in the last OFDM symbol of the first slot of a discovery signal occasion.
For an MBMS-dedicated cell, the primary synchronization signal shall be mapped according to frame structure type 1 with following exception:
-
the primary synchronization signal shall be transmitted in slot 0 in subframes fulfilling 
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6.11.2
Secondary synchronization signal (SSS)
6.11.2.1
Sequence generation
The sequence 
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used for the second synchronization signal is an interleaved concatenation of two length-31 binary sequences. The concatenated sequence is scrambled with a scrambling sequence given by the primary synchronization signal.

The combination of two length-31 sequences defining the secondary synchronization signal differs between subframes according to
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where the output of the above expression is listed in Table 6.11.2.1-1.
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The two scrambling sequences 
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The scrambling sequences 
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with initial conditions 
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Table 6.11.2.1-1: Mapping between physical-layer cell-identity group 
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	0
	0
	1
	34
	4
	6
	68
	9
	12
	102
	15
	19
	136
	22
	27

	1
	1
	2
	35
	5
	7
	69
	10
	13
	103
	16
	20
	137
	23
	28

	2
	2
	3
	36
	6
	8
	70
	11
	14
	104
	17
	21
	138
	24
	29

	3
	3
	4
	37
	7
	9
	71
	12
	15
	105
	18
	22
	139
	25
	30

	4
	4
	5
	38
	8
	10
	72
	13
	16
	106
	19
	23
	140
	0
	6

	5
	5
	6
	39
	9
	11
	73
	14
	17
	107
	20
	24
	141
	1
	7

	6
	6
	7
	40
	10
	12
	74
	15
	18
	108
	21
	25
	142
	2
	8

	7
	7
	8
	41
	11
	13
	75
	16
	19
	109
	22
	26
	143
	3
	9

	8
	8
	9
	42
	12
	14
	76
	17
	20
	110
	23
	27
	144
	4
	10

	9
	9
	10
	43
	13
	15
	77
	18
	21
	111
	24
	28
	145
	5
	11

	10
	10
	11
	44
	14
	16
	78
	19
	22
	112
	25
	29
	146
	6
	12

	11
	11
	12
	45
	15
	17
	79
	20
	23
	113
	26
	30
	147
	7
	13

	12
	12
	13
	46
	16
	18
	80
	21
	24
	114
	0
	5
	148
	8
	14

	13
	13
	14
	47
	17
	19
	81
	22
	25
	115
	1
	6
	149
	9
	15

	14
	14
	15
	48
	18
	20
	82
	23
	26
	116
	2
	7
	150
	10
	16

	15
	15
	16
	49
	19
	21
	83
	24
	27
	117
	3
	8
	151
	11
	17

	16
	16
	17
	50
	20
	22
	84
	25
	28
	118
	4
	9
	152
	12
	18

	17
	17
	18
	51
	21
	23
	85
	26
	29
	119
	5
	10
	153
	13
	19

	18
	18
	19
	52
	22
	24
	86
	27
	30
	120
	6
	11
	154
	14
	20

	19
	19
	20
	53
	23
	25
	87
	0
	4
	121
	7
	12
	155
	15
	21

	20
	20
	21
	54
	24
	26
	88
	1
	5
	122
	8
	13
	156
	16
	22

	21
	21
	22
	55
	25
	27
	89
	2
	6
	123
	9
	14
	157
	17
	23

	22
	22
	23
	56
	26
	28
	90
	3
	7
	124
	10
	15
	158
	18
	24

	23
	23
	24
	57
	27
	29
	91
	4
	8
	125
	11
	16
	159
	19
	25

	24
	24
	25
	58
	28
	30
	92
	5
	9
	126
	12
	17
	160
	20
	26

	25
	25
	26
	59
	0
	3
	93
	6
	10
	127
	13
	18
	161
	21
	27

	26
	26
	27
	60
	1
	4
	94
	7
	11
	128
	14
	19
	162
	22
	28

	27
	27
	28
	61
	2
	5
	95
	8
	12
	129
	15
	20
	163
	23
	29

	28
	28
	29
	62
	3
	6
	96
	9
	13
	130
	16
	21
	164
	24
	30

	29
	29
	30
	63
	4
	7
	97
	10
	14
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	17
	22
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	7

	30
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	64
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	8
	98
	11
	15
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	18
	23
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	8
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	65
	6
	9
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	12
	16
	133
	19
	24
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	2
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	32
	2
	4
	66
	7
	10
	100
	13
	17
	134
	20
	25
	-
	-
	-

	33
	3
	5
	67
	8
	11
	101
	14
	18
	135
	21
	26
	-
	-
	-


6.11.2.2
Mapping to resource elements
The mapping of the sequence to resource elements depends on the frame structure. In a subframe for frame structure type 1 and 3 and in a half-frame for frame structure type 2, the same antenna port as for the primary synchronization signal shall be used for the secondary synchronization signal. 

The sequence 
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Resource elements 
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are reserved and not used for transmission of the secondary synchronization signal.
6.12
OFDM baseband signal generation

The time-continuous signal 
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The OFDM symbols in a slot shall be transmitted in increasing order of 
[image: image325.wmf]l

, starting with 
[image: image326.wmf]0

=

l

, where OFDM symbol 
[image: image327.wmf]0

>

l

starts at time  
[image: image328.wmf]å

-

=

¢

¢

+

1

0

s

,

CP

)

(

l

l

l

T

N

N

 within the slot. In case the first OFDM symbol(s) in a slot use normal cyclic prefix and the remaining OFDM symbols use extended cyclic prefix, the starting position the OFDM symbols with extended cyclic prefix shall be identical to those in a slot where all OFDM symbols use extended cyclic prefix. Thus there will be a part of the time slot between the two cyclic prefix regions where the transmitted signal is not specified. For 
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, there is one OFDM symbol per slot and one slot per subframe.
Table 6.12-1 lists the value of 
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that shall be used. Note that different OFDM symbols within a slot in some cases have different cyclic prefix lengths. 
In case NB-IoT is supported, the OFDM baseband signal generation is defined in subclause 10.2.8.
Table 6.12-1: OFDM parameters
	Configuration
	Cyclic prefix length 
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Antenna port 4
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One radio frame, Tf = 307200Ts = 10 ms


One slot, Tslot = 15360Ts = 0.5 ms


One subframe
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