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4.2
Frame structure type 2
Frame structure type 2 is applicable to TDD only. Each radio frame of length 
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each. Each half-frame consists of five subframes of length
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  where 
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 is the system frame number.
The uplink-downlink configuration in a cell may vary between frames and controls in which subframes uplink or downlink transmissions may take place in the current frame. The uplink-downlink configuration in the current frame is obtained according to Section 13 in [4].

The supported uplink-downlink configurations are listed in Table 4.2-2 where, for each subframe in a radio frame, "D" denotes a downlink subframe reserved for downlink transmissions, "U" denotes an uplink subframe reserved for uplink transmissions and "S" denotes a special subframe with the three fields DwPTS, GP and UpPTS. The length of DwPTS and UpPTS is given by Table 4.2-1 subject to the total length of DwPTS, GP and UpPTS being equal to
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 where X is the number of additional SC-FDMA symbols in UpPTS provided by the higher layer parameter srs-UpPtsAdd if configured otherwise X is equal to 0. The UE is not expected to be configured with 2 additional UpPTS SC-FDMA symbols for special subframe configurations {3, 4, 7, 8} for normal cyclic prefix in downlink and special subframe configurations {2, 3, 5, 6} for extended cyclic prefix in downlink and 4 additional UpPTS SC-FDMA symbols for special subframe configurations {1, 2, 3, 4, 6, 7, 8} for normal cyclic prefix in downlink and special subframe configurations {1, 2, 3, 5, 6} for extended cyclic prefix in downlink.
Uplink-downlink configurations with both 5 ms and 10 ms downlink-to-uplink switch-point periodicity are supported.

· In case of 5 ms downlink-to-uplink switch-point periodicity, the special subframe exists in both half-frames.

· In case of 10 ms downlink-to-uplink switch-point periodicity, the special subframe exists in the first half-frame only.

Subframes 0 and 5 and DwPTS are always reserved for downlink transmission. UpPTS and the subframe immediately following the special subframe are always reserved for uplink transmission. 
In case multiple cells are aggregated, the UE may assume that the guard period of the special subframe in the cells using frame structure type 2 have an overlap of at least 
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In case multiple cells with different uplink-downlink configurations in the current radio frame are aggregated and the UE is not capable of simultaneous reception and transmission in the aggregated cells, the following constraints apply:

-
if the subframe in the primary cell is a downlink subframe, the UE shall not transmit any signal or channel on a secondary cell in the same subframe 

-
if the subframe in the primary cell is an uplink subframe, the UE is not expected to receive any downlink transmissions on a secondary cell in the same subframe

-
if the subframe in the primary cell is a special subframe and the same subframe in a secondary cell is a downlink subframe, the UE is not expected to receive PDSCH/EPDCCH/PMCH/PRS transmissions in the secondary cell in the same subframe, and the UE is not expected to receive any other signals on the secondary cell in OFDM symbols that overlaps with the guard period or UpPTS in the primary cell.
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Figure 4.2-1: Frame structure type 2 (for 5 ms switch-point periodicity)

Table 4.2-1: Configuration of special subframe (lengths of DwPTS/GP/UpPTS)

	Special subframe configuration
	Normal cyclic prefix in downlink
	Extended cyclic prefix in downlink

	
	DwPTS
	UpPTS
	DwPTS
	UpPTS

	
	
	Normal cyclic prefix
 in  uplink
	Extended cyclic prefix 
in uplink
	
	Normal cyclic prefix in uplink
	Extended cyclic prefix in uplink

	0
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Table 4.2-2: Uplink-downlink configurations

	Uplink-downlink 

configuration
	Downlink-to-Uplink 

Switch-point periodicity
	Subframe number

	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	U

	1
	5 ms
	D
	S
	U
	U
	D
	D
	S
	U
	U
	D

	2
	5 ms
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D

	3
	10 ms
	D
	S
	U
	U
	U
	D
	D
	D
	D
	D

	4
	10 ms
	D
	S
	U
	U
	D
	D
	D
	D
	D
	D

	5
	10 ms
	D
	S
	U
	D
	D
	D
	D
	D
	D
	D

	6
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	D


5.3.2
Modulation
For each codeword
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 shall be modulated as described in clause 7.1, resulting in a block of complex-valued symbols 
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. Table 5.3.2-1 specifies the modulation mappings applicable for the physical uplink shared channel. 

Table 5.3.2-1: Uplink modulation schemes

	Physical channel
	Modulation schemes

	PUSCH
	QPSK, 16QAM, 64QAM, 256QAM


5.3.4
Mapping to physical resources

For each antenna port 
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 used for transmission of the PUSCH in a subframe the block of complex-valued symbols 
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 shall be multiplied with the amplitude scaling factor 
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 in order to conform to the transmit power 
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specified in clause 5.1.1.1 in 3GPP TS 36.213 [4], and mapped in sequence starting with 
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 to physical resource blocks on antenna port 
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 and assigned for transmission of PUSCH. The relation between the index 
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 and the antenna port number 
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 is given by Table 5.2.1-1. The mapping to resource elements 
[image: image55.wmf](

)

l

k

,

 corresponding to the physical resource blocks assigned for transmission and 

-
not used for transmission of reference signals, and

-
not part of the last SC-FDMA symbol in a subframe, if the UE transmits SRS in the same subframe in the same serving cell, and

-
not part of the last SC-FDMA symbol in a subframe configured with cell-specific SRS for non-BL/CE UEs and BL/CE UEs in CEModeA, if the PUSCH transmission partly or fully overlaps with the cell-specific SRS bandwidth, and

-
not part of an SC-FDMA symbol reserved for possible SRS transmission in a UE-specific aperiodic SRS subframe in the same serving cell, and

-
not part of an SC-FDMA symbol reserved for possible SRS transmission in a UE-specific periodic SRS subframe in the same serving cell when the UE is configured with multiple TAGs

-
not part of the first SC-FDMA symbol in a subframe if the associated DCI indicates PUSCH starting position ‘01’, ‘10’, or ‘11

-
not part of the last SC-FDMA symbol in a subframe if the associated DCI indicates PUSCH ending symbol ‘1’
shall be in increasing order of first the index 
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, then the index
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, starting with the first slot in an uplink subframe. For the UpPTS, if dmrsLess-UpPts is set to true, the mapping shall start at symbol 
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 in the second slot of a special subframe
, otherwise, the mapping shall start at symbol 
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 in the second slot of a special subframe.
For BL/CE UEs in CEModeB, resource elements in the last SC-FDMA symbol in a subframe configured with cell-specific SRS shall be counted in the PUSCH mapping but not used for transmission of the PUSCH.

For BL/CE UEs, if one or more SC-FDMA symbol(s) are left empty due to guard period for narrowband retuning, the affected SC-FDMA symbol(s) shall be counted in the PUSCH mapping but not used for transmission of the PUSCH. 
For a UE configured with SRS carrier switching, if the first symbol in a subframe collides with the switching time associated with an SRS transmission, the resource elements in the first OFDM symbol shall be counted in the PUSCH mapping but not used for transmission of PUSCH.

For a UE configured with SRS carrier switching, if the last symbol in a subframe collides with the switching time associated with an SRS transmission, the resource elements in the last OFDM symbol shall be counted in the PUSCH mapping but not used for transmission of PUSCH.

If uplink frequency-hopping is disabled or the resource blocks allocated for PUSCH transmission are not contiguous in frequency, the set of physical resource blocks to be used for transmission is given by 
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 is obtained from the uplink scheduling grant as described in clause 8.1 in 3GPP TS 36.213 [4]. 
If uplink frequency-hopping with type 1 PUSCH hopping is enabled, the set of physical resource blocks to be used for transmission is given by clause 8.4.1 in 3GPP TS 36.213 [4].
If uplink frequency-hopping with predefined hopping pattern is enabled, the set of physical resource blocks to be used for transmission in slot 
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 is given by the scheduling grant together with a predefined pattern according to
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where 
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 is obtained from the scheduling grant as described in clause 8.1 in 3GPP TS 36.213 [4]. The parameter pusch-HoppingOffset,
[image: image65.wmf]HO

RB

N

, is provided by higher layers. The size 
[image: image66.wmf]sb

RB

N

 of each sub-band is given by, 


[image: image67.wmf](

)

ë

û

ï

î

ï

í

ì

>

-

-

=

=

1

2

mod

1

sb

sb

HO

RB

HO

RB

UL

RB

sb

UL

RB

sb

RB

N

N

N

N

N

N

N

N


where the number of sub-bands 
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N

 is given by higher layers. The function 
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 determines whether mirroring is used or not. The parameter Hopping-mode provided by higher layers determines if hopping is "inter-subframe" or "intra and inter-subframe".

The hopping function 
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where 
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 is given by clause 7.2 and CURRENT_TX_NB indicates the transmission number for the transport block transmitted in slot 
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as defined in [8].  The pseudo-random sequence generator shall be initialised with 
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 for frame structure type 2  at the start of each frame. 
For BL/CE UEs, the PRB resources within the narrowband 
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 for PUSCH transmission in the first subframe are obtained from the DCI as described in clauses 5.3.3.1.10 and 5.3.3.1.11 in [3]. The PUSCH is transmitted with 
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 consecutive subframes, including non-BL/CE UL subframes where the UE postpones the PUSCH transmission if 
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. For BL/CE UE in CEModeA, PUSCH frequency hopping is enabled when the higher-layer parameter pusch-HoppingConfig is set and the frequency hopping flag in DCI format 6-0A indicates frequency hopping, otherwise frequency hopping is disabled. If frequency hopping is not enabled for PUSCH, the PUSCH repetitions are located at the same PRB resources at the same narrowband 
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. If frequency hopping is enabled for PUSCH, PUSCH is transmitted in subframe 
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 within the  
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 consecutive uplink subframes using the same PRB resources within narrowband 
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where 
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 is the absolute subframe number of the first UL subframe intended for carrying the PUSCH and 
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 are cell-specific higher-layer parameters. For the  
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 consecutive subframes, the UE shall not transmit PUSCH in subframe 
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 if it is not a BL/CE UL subframe.

For BL/CE UEs, PUSCH transmission associated with Temporary C-RNTI, frequency hopping of the PUSCH is enabled when higher layer parameter rar-HoppingConfig is set. Further

-
if PRACH CE level 0 or 1  is used for the last PRACH attempt, 
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 is set to the higher layer parameter interval-UlHoppingConfigCommonModeA; 

-
if PRACH CE level 2 or 3 is used for the last PRACH attempt, 
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  is set to the higher layer parameter interval-UlHoppingConfigCommonModeB.

For BL/CE UEs in CEModeB, for PUSCH transmission not associated with Temporary C-RNTI, for frame structure type 1, after a transmission duration of 
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  time units shall be inserted, as specified in TS 36.331 [9]. BL/CE UL subframes within the gap of 
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  time units shall be counted for the PUSCH resource mapping but not used for transmission of the PUSCH.
For BL/CE UEs, for PUSCH transmission associated with Temporary C-RNTI for frame structure type 1, and if PRACH CE level 2 or 3 is used for the last PRACH attempt, after a transmission duration of 
[image: image97.wmf]s

30720

256

T

×

  time units (which may include non-BL/CE UL subframes), a gap of 
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  time units shall be counted for the PUSCH resource mapping but not used for transmission of the PUSCH.
5.5.2
Demodulation reference signal
5.5.2.1
Demodulation reference signal for PUSCH
5.5.2.1.1
Reference signal sequence
The PUSCH demodulation reference signal sequence 
[image: image100.wmf](

)

×

)

(

PUSCH

l

r

 associated with layer 
[image: image101.wmf]{

}

1

,...,

1

,

0

-

Î

u

l

 is defined by


[image: image102.wmf](

)

(

)

n

r

m

w

n

M

m

r

v

u

)

(

,

)

(

RS

sc

)

(

PUSCH

)

(

l

a

l

l

=

+

×


where 



[image: image104.wmf]1

,...,

0

otherwise

1

,

0

subframe

 

special

for 

0

RS

sc

-

=

î

í

ì

=

M

n

m


and


[image: image105.wmf]PUSCH

sc

RS

sc

M

M

=


Subclause 5.5.1 defines the sequence 
[image: image106.wmf])

1

(

),...,

0

(

RS

sc

)

(

,

)

(

,

-

M

r

r

v

u

v

u

l

l

a

a

. The orthogonal sequence 
[image: image107.wmf])

(

)

(

m

w

l

 is given by 
[image: image108.wmf][

]

[

]

1

1

)

1

(

)

0

(

=

l

l

w

w

 for DCI format 0 if the higher-layer parameter Activate-DMRS-with OCC is not set or if the temporary C-RNTI was used to transmit the most recent uplink-related DCI for the transport block associated with the corresponding PUSCH transmission, otherwise it is given by Table 5.5.2.1.1-1 using the cyclic shift field in most recent uplink-related DCI 3GPP TS 36.212 [3] for the transport block associated with the corresponding PUSCH transmission. 

The cyclic shift 
[image: image109.wmf]l

a

 in a slot 
[image: image110.wmf]s

n

 is given as 
[image: image111.wmf]12

2

cs,

l

l

p

a

n

=

 with


[image: image112.wmf](

)

12

mod

)

(

s

PN

)

2

(

DMRS,

)

1

(

DMRS

cs,

n

n

n

n

n

+

+

=

l

l


where the value of 
[image: image113.wmf](1)

DMRS

n

 is given by Table 5.5.2.1.1-2 according to the parameter cyclicShift provided by higher layers, for non-BL/CE UEs 
[image: image114.wmf](2)

DMRS,

l

n

 is given by the cyclic shift for DMRS field in most recent uplink-related DCI 3GPP TS 36.212 [3] for the transport block associated with the corresponding PUSCH transmission where the value of  
[image: image115.wmf](2)

DMRS,

l

n

 is given in Table 5.5.2.1.1-1. For BL/CE UEs, a cyclic shift field of ‘000’ shall be assumed when determining  
[image: image116.wmf](2)

DMRS,

l

n

 from Table 5.5.2.1.1-1.
The first row of Table 5.5.2.1.1-1 shall be used to obtain 
[image: image117.wmf](2)

0

DMRS,

n

 and 
[image: image118.wmf])

(

)

(

m

w

l

 if there is no uplink-related DCI for the same transport block associated with the corresponding PUSCH transmission, and 
-
if the initial PUSCH for the same transport block is semi-persistently scheduled, or

-
if the initial PUSCH for the same transport block is scheduled by the random access response grant.

The quantity 
[image: image119.wmf])

(

s

PN

n

n

 is given by  


[image: image120.wmf]å

=

×

+

×

=

7

0

s

UL

symb

s

PN

2

)

8

(

)

(

i

i

i

n

N

c

n

n


where the pseudo-random sequence 
[image: image121.wmf])

(

i

c

 is defined by clause 7.2. The application of 
[image: image122.wmf])

(

i

c

 is cell-specific. The pseudo-random sequence generator shall be initialized with 
[image: image123.wmf]init

c

 at the beginning of each radio frame. The quantity 
[image: image124.wmf]init

c

  is given by 
[image: image125.wmf](

)

(

)

30

mod

2

30

ss

cell

ID

5

cell

ID

init

D

+

+

×

ú

ú

û

ú

ê

ê

ë

ê

=

N

N

c

 if no value for 
[image: image126.wmf]csh_DMRS

ID

N

 is configured by higher layers for PUSCH/PUCCH format 4/PUCCH format 5 or the PUSCH transmission corresponds to a Random Access Response Grant or a retransmission of the same transport block as part of the contention based random access procedure, otherwise it is given by 
[image: image127.wmf](

)

30

mod

2

30

csh_DMRS

ID

5

csh_DMRS

ID

init

N

N

c

+

×

ú

ú

û

ú

ê

ê

ë

ê

=

.

The vector of reference signals shall be precoded according to
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where 
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5.5.2.1.2
Mapping to physical resources
For each antenna port used for transmission of the PUSCH, the sequence 
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The set of physical resource blocks used in the mapping process and the relation between the index 
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5.5.2.2
Demodulation reference signal for PUCCH

5.5.2.2.1
Reference signal sequence
The PUCCH demodulation reference signal sequence 
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and 
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 is the number of antenna ports used for PUCCH transmission. For PUCCH formats 2a and 2b, 
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Table 5.5.2.2.1-1: Number of PUCCH demodulation reference symbols per slot
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Table 5.5.2.2.1-2: Orthogonal sequences 
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Table 5.5.2.2.1-3: Orthogonal sequences 
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 for PUCCH formats 2, 2a, 2b and 3.

	Normal cyclic prefix
	Extended cyclic prefix
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Table 5.5.2.2.1-4: Relation between 
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The PUCCH demodulation reference signal sequence 
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Subclause 5.5.1 defines the sequence 
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The cyclic shift 
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5.5.2.2.2
Mapping to physical resources

The sequence 
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 shall be identical to the values used for the corresponding PUCCH transmission. The values of the symbol index 
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 in a slot are given by Table 5.5.2.2.2-1.

Table 5.5.2.2.2-1: Demodulation reference signal location for different PUCCH formats.

	PUCCH format
	Set of values for 
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	Normal cyclic prefix
	Extended cyclic prefix

	1, 1a, 1b
	2, 3, 4
	2, 3

	2, 3
	1, 5
	3

	2a, 2b
	1, 5
	N/A

	4,5
	3
	2


6.8A
Enhanced physical downlink control channel

For frame structure type 3, for a subframe with the same duration as the DwPTS duration of a special subframe configuration, the enhanced physical downlink control channel is defined the same as that for the corresponding special subframe configuration.
6.8A.1
EPDCCH formats

The enhanced physical downlink control channel (EPDCCH) carries scheduling assignments. An enhanced physical downlink control channel is transmitted using an aggregation of one or several consecutive enhanced control channel elements (ECCEs) where each ECCE consists of multiple enhanced resource element groups (EREGs), defined in clause 6.2.4A. The number of ECCEs used for one EPDCCH depends on the EPDCCH format as given by Table 6.8A.1-2 and the number of EREGs per ECCE is given by Table 6.8A.1-1.Both localized and distributed transmission is supported. 
An EPDCCH can use either localized or distributed transmission, differing in the mapping of ECCEs to EREGs and PRB pairs.

A UE shall monitor multiple EPDCCHs as defined in 3GPP TS 36.213 [4]. One or two sets of physical resource-block pairs which a UE shall monitor for EPDCCH transmissions can be configured. All EPDCCH candidates in EPDCCH set 
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 use either only localized or only distributed transmission as configured by higher layers. Within EPDCCH set 
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 is the number of ECCEs per resource-block pair. The physical resource-block pairs constituting EPDCCH set 
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Table 6.8A.1-1: Number of EREGs per ECCE, 
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	Normal cyclic prefix
	Extended cyclic prefix

	Normal subframe
	Special subframe, configuration 3, 4, 8
	Special subframe, configuration 1, 2, 6, 7, 9, 10
	Normal subframe
	Special subframe, configuration 1, 2, 3, 5, 6

	4
	8


Table 6.8A.1-2: Supported EPDCCH formats

	EPDCCH format
	Number of ECCEs for one EPDCCH, 
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	Case A
	Case B

	
	Localized transmission
	Distributed transmission
	Localized transmission
	Distributed transmission

	0
	2
	2
	1
	1

	1
	4
	4
	2
	2

	2
	8
	8
	4
	4

	3
	16
	16
	8
	8

	4
	-
	32
	-
	16


Case A in Table 6.8A.1-2 is used when the conditions corresponding to case 1 in clause 9.1.4 of 3GPP TS 36.213 [4] are satisfied, otherwise case B is used. The quantity 
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 for a particular UE and referenced in 3GPP TS 36.213 [4] is defined as the number of downlink resource elements 
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 available for EPDCCH transmission in a physical resource-block pair configured for possible EPDCCH transmission of EPDCCH set 
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 and fulfilling all of the following criteria:

-
they are part of any one of the 16 EREGs in the physical resource-block pair, and

-
they are assumed by the UE not to be used for cell-specific reference signals, where the positions of the cell-specific reference signals are given by clause 6.10.1.2 with the number of antenna ports for and the frequency shift of cell-specific reference signals derived as described in clause 6.10.1.2 unless other values for these parameters are provided by clause 9.1.4.3 in 3GPP TS 36.213 [4], and-

-
they are assumed by the UE not to be used for transmission of CSI reference signals, where the positions of the CSI reference signals are given by clause 6.10.5.2 with the configuration for zero power CSI reference signals obtained as described in clause 6.10.5.2 unless other values are provided by clause 9.1.4.3 in 3GPP TS 36.213 [4], and with the configuration for non-zero power CSI reference signals obtained as described in clause 6.10.5.2, and

-
for frame structure type 1 and 2, the index 
[image: image282.wmf]l

 in the first slot in a subframe fulfils 
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 is given by clause 9.1.4.1 of 3GPP TS 36.213 [4], and

-
for frame structure type 3, 

-
if the higher layer parameter subframeStartPosition indicates ‘s07’ and if the downlink transmission starts in the second slot of a subframe 

-
the index 
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 in the second slot in the subframe fulfils 
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 is given by clause 9.1.4.1 of 3GPP TS 36.213  [4],
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otherwise 

-
the index 
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 in the first slot in the subframe fulfils 
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 is given by clause  9.1.4.1 of 3GPP TS 36.213  [4].

6.8A.2
Scrambling

The block of bits 
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 to be transmitted on an EPDCCH in a subframe shall be scrambled, resulting in a block of scrambled bits 
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where the UE-specific scrambling sequence 
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 is given by clause 7.2. The scrambling sequence generator shall be initialized with 
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 where 
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 is the EPDCCH set number.
6.8A.3
Modulation

The block of scrambled bits 
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 shall be modulated as described in clause 7.1, resulting in a block of complex-valued modulation symbols 
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. Table 6.8A.3-1 specifies the modulation mappings applicable for the enhanced physical downlink control channel.

Table 6.8A.3-1: EPDCCH modulation schemes

	Physical channel
	Modulation schemes

	EPDCCH
	QPSK


6.8A.4
Layer mapping and precoding

The block of complex-valued modulation symbols shall be mapped to a single layer and precoded according to 
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6.8A.5
Mapping to resource elements

The block of complex-valued symbols 
[image: image301.wmf])

1

(

),...,

0

(

symb

-

M

y

y

 shall be mapped in sequence starting with 
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 to resource elements 
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 on the associated antenna port which meet all of the following criteria: 

-
they are part of the EREGs assigned for the EPDCCH transmission, and

-
they are assumed by the UE not to be used for cell-specific reference signals, where the positions of the cell-specific reference signals are given by clause 6.10.1.2 with the number of antenna ports for and the frequency shift of cell-specific reference signals derived as described in clause 6.10.1.2 unless other values for these parameters are provided by clause 9.1.4.3 in 3GPP TS 36.213 [4], and

-
they are assumed by the UE not to be used for transmission of: 
-
zero-power CSI reference signals, where the positions of the CSI reference signals are given by clause 6.10.5.2. The configuration for zero power CSI reference signals is

-
obtained as described in clause 6.10.5.2 unless other values are provided by clause 9.1.4.3 in 3GPP TS 36.213 [4], and 

-
obtained by higher-layer configuration of up to five reserved CSI-RS resources as part of the discovery signal configuration following the procedure for zero-power CSI-RS in clause 6.10.5.2.

-
non-zero-power CSI reference signals for CSI reporting with the configuration for non-zero power CSI reference signals for CSI reporting obtained as described in clause 6.10.5.2, and

-
for frame structure type 1 and 2, the index 
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 in the first slot in a subframe fulfils 
[image: image305.wmf]t

EPDCCHStar

l

l

³

 where 
[image: image306.wmf]t

EPDCCHStar

l

 is given by clause 9.1.4.1 of 3GPP TS 36.213 [4], and

-
for frame structure type 3, 

-
if the higher layer parameter subframeStartPosition indicates ‘s07’ and if the downlink transmission starts in the second slot of a subframe 

-
the index 
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 in the second slot in the subframe fulfils 
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 is given by clause 9.1.4.1 of 3GPP TS 36.213  [4],

-
otherwise 

-
the index 
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 in the first slot in the subframe fulfils 
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 is given by clause 9.1.4.1 of 3GPP TS 36.213  [4].

The mapping to resource elements 
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 on antenna port 
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 meeting the criteria above shall be in increasing order of first the index 
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 and then the index
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, starting with the first slot and ending with the second slot in a subframe.
For localized transmission, the single antenna port 
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 to use is given by Table 6.8A.5-1 with
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where 
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 is the lowest ECCE index used by this EPDCCH transmission in the EPDCCH set, 
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 equals the C-RNTI, and 
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 is the number of ECCEs used for this EPDCCH.

Table 6.8A.5-1: Antenna port to use for localized EPDCCH transmission
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	Normal cyclic prefix
	Extended cyclic prefix

	
	Normal subframes,

Special subframes,
configurations 3, 4, 8
	Special subframes, 
configurations 1, 2, 6, 7, 9, 10
	Any subframe

	0
	107
	107
	107

	1
	108
	109
	108

	2
	109
	-
	-

	3
	110
	-
	-


For distributed transmission, each resource element in an EREG is associated with one out of two antenna ports in an alternating manner, starting with antenna port 107, where 
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6.10.5
CSI reference signals

CSI reference signals are transmitted on one, two, four, eight, twelve, or sixteen antenna ports using 
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For CSI reference signals using more than eight antenna ports, 
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 CSI-RS configurations in the same subframe, numbered from 0 to 
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, where value 0 corresponds to the configured resourceConfig-r11 or resourceConfig-r10 and value k (k>0) corresponds to the configured k-th entry of nzp-resourceConfigList-r13, are aggregated to obtain 
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 antenna ports in total. Each CSI-RS configuration in such an aggregation corresponds to 
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 antenna ports and one of the configurations in Table 6.10.5.3-1 or 6.10.5.2-1 for normal cyclic prefix, and one of the configurations in Table 6.10.5.3-1 or 6.10.5.2-2 for extended cyclic prefix. The supported configurations of aggregated CSI-RS configurations are shown in Table 6.10.5-1.

CSI reference signals are defined for 
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Table 6.10.5-1: Aggregation of CSI-RS configurations.

	Total number of 
antenna ports
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	Number of antenna ports per CSI-RS configuration
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	Number of CSI-RS configurations
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	12
	4
	3

	16
	8
	2


6.10.5.1
Sequence generation

The 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 
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 at the start of each OFDM symbol where 
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The quantity 
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6.10.5.2
Mapping to resource elements

In subframes configured for CSI reference signal transmission, the reference signal sequence 
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 shall be mapped to complex-valued modulation symbols 
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 used as reference symbols on antenna port 
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 . The mapping depends on the higher-layer parameter CDMType. 

For the case of CDMType not equal to CDM4:
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For the case of CDMType equal to CDM4:
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where
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and where 
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Table 6.10.5.2-0: The sequence 
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The quantity 
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 are given by Tables 6.10.5.2-1 and 6.10.5.2-2 for normal and extended cyclic prefix, respectively. 

The relation between the antenna port number 
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 depends on the number of CSI-RS antenna ports:

-
for CSI reference signals using up to eight antenna ports, 
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-
for CSI reference signals using more than eight antenna ports when the higher-layer parameter CDMType equals CDM2
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where 
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 is the CSI-RS resource number.

-
for CSI reference signals using more than eight antenna ports the higher-layer parameter CDMType equals CDM4, antenna port number 
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Multiple CSI reference signal configurations can be used in a given cell. A UE can be configured with multiple sets of CSI reference signals,

-
one or more configurations for CSI reporting for which the UE shall assume non-zero transmission power for the CSI-RS, and

-
zero or more configurations for which the UE shall assume zero transmission power, and

-
zero or more configurations valid across the system downlink bandwidth as part of the discovery signals for which the UE shall assume non-zero transmission power for the CSI-RS. 

The CSI-RS configurations for which the UE shall assume non-zero transmission power are provided by higher layers.

The CSI-RS configurations for which the UE shall assume zero transmission power in a subframe are given by a bitmap derived according to clause 7.2.7 in 3GPP TS 36.213 [4]. For each bit set to one in the 16-bit bitmap, the UE shall assume zero transmission power for the resource elements corresponding to the four CSI reference signal column in Tables 6.10.5.2-1 and 6.10.5.2-2 for normal and extended cyclic prefix, respectively, except for resource elements that overlap with those for which the UE shall assume non-zero transmission power CSI-RS as configured by higher layers. The most significant bit corresponds to the lowest CSI reference signal configuration index and subsequent bits in the bitmap correspond to configurations with indices in increasing order. 
CSI reference signals can only occur in

-
downlink slots where 
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 fulfils the condition in Tables 6.10.5.2-1 and 6.10.5.2-2 for normal and extended cyclic prefix, respectively, and 

-
where the subframe number fulfils the conditions in clause 6.10.5.3. 

The UE shall assume that CSI reference signals are not transmitted

-
in the DwPTS for special subframe configuration 0, 5, 9 and 10 for normal cyclic prefix and special subframe configuration 0, 4 and 7 for extended cyclic prefix, in case of frame structure type 2, 
-
in subframes where PDSCH/EPDCCH transmission starts in the second slot of a subframe for frame structure type 3,

-
in subframes where PDSCH/EPDCCH transmission ends prior to the end of a subframe for frame structure type 3, 

-
in an empty subframe where there is no PDSCH or discovery signal transmission for frame structure type 3,

-
in subframes where transmission of a CSI-RS would collide with SystemInformationBlockType1 messages,
-
in the primary cell in subframes configured for transmission of paging messages in the primary cell for any UE with the cell-specific paging configuration. 

For special subframe configuration {1, 2, 6, or 7}, a UE does not expect to be configured with one of CSI-RS configurations {1, 2, 3, 4, 6, 7, 8, 9, 12, 13, 14, 15, 16, 17} in DwPTS for normal CP.
The UE shall assume that none of the CSI reference signals corresponding to a CSI reference signal configuration are transmitted in subframes where transmission of any of those CSI reference signals would collide with transmission of synchronization signals or the core part of PBCH.
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  shall not be used for transmission of PDSCH on any antenna port in the same slot if higher layer parameter CDMType is not configured, or is configured to CDM2. 
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 for CSI reference signals on 16 ports shall not be used for transmission of PDSCH on any antenna port in the same slot if higher layer parameter CDMType is configured to CDM4.

The mapping for CSI reference signal configuration 0 is illustrated in Figures 6.10.5.2-1 and 6.10.5.2-2.

Table 6.10.5.2-1: Mapping from CSI reference signal configuration to 
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	CSI-RS
config.
	Number of CSI reference signals configured

	
	1 or 2
	4
	8

	
	Normal subframe
	Special subframe
	Normal subframe
	Special subframe
	Normal subframe
	Special subframe
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	0
	(9,5)
	0
	(9,5)
	0
	(9,5)
	0
	(9,5)
	0
	(9,5)
	0
	(9,5)
	0

	1
	(11,2)
	1
	(11,5)
	0
	(11,2)
	1
	(11,5)
	0
	(11,2)
	1
	(11,5)
	0

	2
	(9,2)
	1
	(9,2)
	1
	(9,2)
	1
	(9,2)
	1
	(9,2)
	1
	(9,2)
	1

	3
	(7,2)
	1
	(7,5)
	0
	(7,2)
	1
	(7,5)
	0
	(7,2)
	1
	(7,5)
	0

	4
	(9,5)
	1
	
	
	(9,5)
	1
	
	
	(9,5)
	1
	
	

	5
	(8,5)
	0
	(8,5)
	0
	(8,5)
	0
	(8,5)
	0
	
	
	
	

	6
	(10,2)
	1
	(10,5)
	0
	(10,2)
	1
	(10,5)
	0
	
	
	
	

	7
	(8,2)
	1
	(8,2)
	1
	(8,2)
	1
	(8,2)
	1
	
	
	
	

	8
	(6,2)
	1
	(6,5)
	0
	(6,2)
	1
	(6,5)
	0
	
	
	
	

	9
	(8,5)
	1
	
	
	(8,5)
	1
	
	
	
	
	
	

	10
	(3,5)
	0
	(3,5)
	0
	
	
	
	
	
	
	
	

	11
	(2,5)
	0
	(2,5)
	0
	
	
	
	
	
	
	
	

	12
	(5,2)
	1
	(5,5)
	0
	
	
	
	
	
	
	
	

	13
	(4,2)
	1
	(4,5)
	0
	
	
	
	
	
	
	
	

	14
	(3,2)
	1
	(3,2)
	1
	
	
	
	
	
	
	
	

	15
	(2,2)
	1
	(2,2)
	1
	
	
	
	
	
	
	
	

	16
	(1,2)
	1
	(1,5)
	0
	
	
	
	
	
	
	
	

	17
	(0,2)
	1
	(0,5)
	0
	
	
	
	
	
	
	
	

	18
	(3,5)
	1
	
	
	
	
	
	
	
	
	
	

	19
	(2,5)
	1
	
	
	
	
	
	
	
	
	
	

	20
	(11,1)
	1
	
	
	(11,1)
	1
	
	
	(11,1)
	1
	
	

	21
	(9,1)
	1
	
	
	(9,1)
	1
	
	
	(9,1)
	1
	
	

	22
	(7,1)
	1
	
	
	(7,1)
	1
	
	
	(7,1)
	1
	
	

	23
	(10,1)
	1
	
	
	(10,1)
	1
	
	
	
	
	
	

	24
	(8,1)
	1
	
	
	(8,1)
	1
	
	
	
	
	
	

	25
	(6,1)
	1
	
	
	(6,1)
	1
	
	
	
	
	
	

	26
	(5,1)
	1
	
	
	
	
	
	
	
	
	
	

	27
	(4,1)
	1
	
	
	
	
	
	
	
	
	
	

	28
	(3,1)
	1
	
	
	
	
	
	
	
	
	
	

	29
	(2,1)
	1
	
	
	
	
	
	
	
	
	
	

	30
	(1,1)
	1
	
	
	
	
	
	
	
	
	
	

	31
	(0,1)
	1
	
	
	
	
	
	
	
	
	
	


Note:
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. Configurations 0 – 19 for normal subframes are available for frame structure types 1, 2 and 3. Configurations 20 – 31 and configurations for special subframes are available for frame structure type 2 only.

Table 6.10.5.2-2: Mapping from CSI reference signal configuration to 
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	CSI-RS
config.
	Number of CSI reference signals configured

	
	1 or 2
	4
	8

	
	Normal subframe
	Special subframe
	Normal subframe
	Special subframe
	Normal Subframe
	Special subframe
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	0
	(11,4)
	0
	(11,4)
	0
	(11,4)
	0
	(11,4)
	0
	(11,4)
	0
	(11,4)
	0

	1
	(9,4)
	0
	(9,4)
	0
	(9,4)
	0
	(9,4)
	0
	(9,4)
	0
	(9,4)
	0

	2
	(10,4)
	1
	
	
	(10,4)
	1
	
	
	(10,4)
	1
	
	

	3
	(9,4)
	1
	
	
	(9,4)
	1
	
	
	(9,4)
	1
	
	

	4
	(5,4)
	0
	(5,4)
	0
	(5,4)
	0
	(5,4)
	0
	
	
	
	

	5
	(3,4)
	0
	(3,4)
	0
	(3,4)
	0
	(3,4)
	0
	
	
	
	

	6
	(4,4)
	1
	
	
	(4,4)
	1
	
	
	
	
	
	

	7
	(3,4)
	1
	
	
	(3,4)
	1
	
	
	
	
	
	

	8
	(8,4)
	0
	(8,4)
	0
	
	
	
	
	
	
	
	

	9
	(6,4)
	0
	(6,4)
	0
	
	
	
	
	
	
	
	

	10
	(2,4)
	0
	(2,4)
	0
	
	
	
	
	
	
	
	

	11
	(0,4)
	0
	(0,4)
	0
	
	
	
	
	
	
	
	

	12
	(7,4)
	1
	
	
	
	
	
	
	
	
	
	

	13
	(6,4)
	1
	
	
	
	
	
	
	
	
	
	

	14
	(1,4)
	1
	
	
	
	
	
	
	
	
	
	

	15
	(0,4)
	1
	
	
	
	
	
	
	
	
	
	

	16
	(11,1)
	1
	(11,1)
	1
	(11,1)
	1
	(11,1)
	1
	(11,1)
	1
	(11,1)
	1

	17
	(10,1)
	1
	(10,1)
	1
	(10,1)
	1
	(10,1)
	1
	(10,1)
	1
	(10,1)
	1

	18
	(9,1)
	1
	(9,1)
	1
	(9,1)
	1
	(9,1)
	1
	(9,1)
	1
	(9,1)
	1

	19
	(5,1)
	1
	(5,1)
	1
	(5,1)
	1
	(5,1)
	1
	
	
	
	

	20
	(4,1)
	1
	(4,1)
	1
	(4,1)
	1
	(4,1)
	1
	
	
	
	

	21
	(3,1)
	1
	(3,1)
	1
	(3,1)
	1
	(3,1)
	1
	
	
	
	

	22
	(8,1)
	1
	(8,1)
	1
	
	
	
	
	
	
	
	

	23
	(7,1)
	1
	(7,1)
	1
	
	
	
	
	
	
	
	

	24
	(6,1)
	1
	(6,1)
	1
	
	
	
	
	
	
	
	

	25
	(2,1)
	1
	(2,1)
	1
	
	
	
	
	
	
	
	

	26
	(1,1)
	1
	(1,1)
	1
	
	
	
	
	
	
	
	

	27
	(0,1)
	1
	(0,1)
	1
	
	
	
	
	
	
	
	


Note:
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. Configurations 0 – 15 for normal subframes are available for both frame structure type 1 and type 2. Configurations 16 – 27 and configurations for special subframes are available for frame structure type 2 only.
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Figure 6.10.5.2-1: Mapping of CSI reference signals (CSI configuration 0, normal cyclic prefix)
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Figure 6.10.5.2-2: Mapping of CSI reference signals (CSI configuration 0, extended cyclic prefix)

6.10.5.3
CSI reference signal subframe configuration

The subframe configuration period 
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 for the occurence of CSI reference signals are listed in Table 6.10.5.3-1. The parameter 
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 can be configured separately for CSI reference signals for which the UE shall assume non-zero and zero transmission power. Subframes containing CSI reference signals shall satisfy 
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Table 6.10.5.3-1: CSI reference signal subframe configuration

	CSI-RS-SubframeConfig 
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