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5.3.3
Downlink control information
A DCI transports downlink or uplink scheduling information, or uplink power control commands for one RNTI.  The RNTI is implicitly encoded in the CRC.

Figure 5.3.3-1 shows the processing structure for the DCI. The following coding steps can be identified:

· Information element multiplexing

· CRC attachment
· Channel coding

· Rate matching

The coding steps for DCI are shown in the figure below. 
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Figure 5.3.3-1: Processing for DCI
5.3.3.1
DCI formats
The ordering of the information bits in the payload description below starts with 
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The information fields are multiplexed according to the order they are listed in each DCI format. The first bit of each information field corresponds to MSB.
5.3.3.1.1
Format 0
DCI format 0 is used for the scheduling of PUSCH. 

The following information is transmitted by means of the DCI format 0:

- Flag for format0/format1A differentiation – 1 bit

- Hopping flag – 1 bit

- Resource block assignment and hopping resource allocation – 
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- For PUSCH hopping:



- NUL_hop bits are used to obtain the value of 
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 bits provide the resource allocation of the first slot in the UL subframe

- For non-hopping PUSCH:
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 bits provide the resource allocation of the first slot in the UL subframe

- Modulation and coding scheme and redundancy version – 5 bits

- New data indicator – 1 bit

- TPC command for scheduled PUSCH – 2 bits

- Cyclic shift for DM RS – 3 bits

- UL index (2 bits, this field just applies to TDD operation)

- CQI request – 1 bit

If the number of information bits in format 0 is less than for format 1A, zeros shall be appended to format 0 until the payload size equals that of format 1A.

5.3.3.1.2
Format 1
DCI format 1 is used for the scheduling of one PDSCH codeword. 

The following information is transmitted by means of the DCI format 1:

- Resource allocation header (resource allocation type 0 / type 1) – 1 bit

- Resource block assignment:

- For resource allocation type 0 [3], 

- 
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- For resource allocation type 1 [3], 

- 
[image: image9.wmf](

)

é

ù

P

2

log

 bits of this field are used as a header specific to this resource allocation type to indicate the selected resource blocks subset

- 1 bit indicates a shift of the resource allocation span

- 
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where the value of P depends on the number of DL resource blocks as indicated in subclause [7.1.1] of [3]

- Modulation and coding scheme – 5 bits

- HARQ process number – 3 bits (FDD) , 4 bits (TDD)

- New data indicator – 1 bit

- Redundancy version – 2 bits

- TPC command for PUCCH – 2 bits

- Downlink Assignment Index (this field just applies to TDD operation) – 2 bits

5.3.3.1.3
Format 1A

DCI format 1A is used for the compact scheduling of one PDSCH codeword. DCI format 1A can be used for scheduling PDSCH to UEs configured in any transmission mode. 

The following information is transmitted by means of the DCI format 1A:

- Flag for format0/format1A differentiation – 1 bit

- Localized/Distributed VRB assignment flag – 1 bit

- Resource block assignment – 
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- For distributed VRB: 

- For 
[image: image13.wmf]50

DL

RB

<

N


- 
[image: image14.wmf]é

ù

)

2

/

)

1

(

(

log

DL

RB

DL

RB

2

+

N

N

bits provide the resource allocation 

- For 
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- 1 bit indicates if 
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 bits provide the resource allocation 
- Modulation and coding scheme – 5bits

- HARQ process number – 3 bits (FDD) , 4 bits (TDD)

- New data indicator – 1 bit

- Redundancy version – 2 bits

- TPC command for PUCCH – 2 bits

- Downlink Assignment Index (this field just applies to TDD operation) – 2 bits

If the number of information bits in format 1A is less than for format 0, zeros shall be appended to format 1A until the payload size equals that of format 0.

5.3.3.1.4
Format 1C

DCI format 1C is used for very compact assignments of DL-SCH assignments. The DL-SCH transmission shall always use QPSK modulation when format 1C is used.

The following information is transmitted by means of the DCI format 1C:

- Resource block assignment [5 bits]

- Modulation and coding scheme – 3 bits

- Redundancy version – 2 bits

5.3.3.1.5
Format 2
DCI format 2 is used for scheduling PDSCH to UEs configured in spatial multiplexing mode. 

The following information is transmitted by means of the DCI format 2:

In general: 

- Resource allocation header (resource allocation type 0 / type 1) – 1 bit

- Resource block assignment:

- For resource allocation type 0 [3], 

- 
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- For resource allocation type 1 [3], 

- 
[image: image20.wmf](

)

é

ù

P

2

log

 bits of this field are used as a header specific to this resource allocation type to indicate the selected resource blocks subset 

- 1 bit indicates a shift of the resource allocation span
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where the value of P depends on the number of DL resource blocks as indicated in subclause [7.1.1] of [3]

- TPC command for PUCCH – 2 bits

- Downlink Assignment Index (this field just applies to TDD operation) – 2 bits

- HARQ process number - 3 bits (FDD), 4 bits (TDD)

- HARQ swap flag – 1 bit

For codeword 1: 

- Modulation and coding scheme – 5 bits

- New data indicator – 1 bit

- Redundancy version – 2 bits

For codeword 2:

- Modulation and coding scheme – 5 bits
- New data indicator – 1 bit

- Redundancy version – 2 bits

Precoding information – number of bits as specified in Table 5.3.3.1.5-1

A codeword field is also used for determining whether the corresponding codeword is enabled or disabled. The interpretation of the precoding information field depends on the number of enabled codewords according to Table 5.3.3.1.5-2, Table 5.3.3.1.5-3 and Table 5.3.3.1.5-4.  Note that PMI indicates which codebook index is used in Table 6.3.4.2.3-1 or Table 6.3.4.2.3-2 of [2]. The combination of a single enabled codeword and RI=2 in Table 5.3.3.1.5-3 and Table 5.3.3.1.5-4 is only supported for retransmission of the corresponding HARQ process.

For the open-loop spatial multiplexing transmission mode with 2 antenna ports, the precoding information field is not present. The number of transmission layers, RI, is equal to 2 if both codewords are enabled; and is equal to 1 if codeword 1 is enabled while codeword 2 is disabled.

Table 5.3.3.1.5-1: Number of bits for precoding information

	Number of antenna ports at eNode-B
	Transmission mode

	
	Closed-loop spatial multiplexing
	Open-loop spatial multiplexing

	2
	3
	0

	4
	6
	2


Table 5.3.3.1.5-2: Content of precoding information field for 2 antenna ports and closed-loop spatial multiplexing transmission mode

	One codeword: 

Codeword 1 enabled, 

Codeword 2 disabled
	Two codewords: 

Codeword 1 enabled, 

Codeword 2 enabled

	Bit field mapped to index
	Message
	Bit field mapped to index
	Message

	0
	RI=1: transmit diversity
	0
	RI=2: PMI corresponding to precoder matrix 
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	1
	RI=1: PMI corresponding to precoding vector 
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	RI=2: PMI corresponding to precoder matrix 
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	2
	RI=1: PMI corresponding to precoder vector 
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	2
	RI=2: Precoding according to the latest PMI report on PUSCH



	3
	RI=1: PMI corresponding to precoder vector 
[image: image26.wmf][

]

2

/

1

T

j


	3
	reserved

	4
	RI=1: PMI corresponding to precoder vector 
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	4
	reserved

	5
	RI=1: 

Precoding according to the latest PMI report on PUSCH,

if RI=2 reported, use 1st column of all precoders implied by reported PMI(s) and reported RI
	5
	reserved

	6
	RI=1:

Precoding according to the latest PMI report on PUSCH,

if RI=2 reported, use 2nd column of all precoders implied by reported PMI(s) and reported RI
	6
	reserved

	7
	reserved
	7
	reserved


Table 5.3.3.1.5-3: Content of precoding information field for 4 antenna ports and closed-loop spatial multiplexing transmission mode

	One codeword: 

Codeword 1 enabled, 

Codeword 2 disabled
	Two codewords: 

Codeword 1 enabled, 

Codeword 2 enabled

	Bit field mapped to index
	Message
	Bit field mapped to index
	Message

	0
	RI=1: transmit diversity
	0
	RI=2: PMI=0

	1
	RI=1: PMI=0
	1
	RI=2: PMI=1

	2
	RI=1: PMI=1
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	15
	RI=2: PMI=15

	16
	RI=1: PMI=15
	16
	RI=2: Precoding according to the latest PMI report on PUSCH using the precoder(s) indicated by the reported PMI(s)

	17
	RI=1: Precoding according to the latest PMI report on PUSCH using the precoder(s) indicated by the reported PMI(s)
	17
	RI=3: PMI=0

	18
	RI=2: PMI=0
	18
	RI=3: PMI=0

	19
	RI=2: PMI=1
	19
	RI=3: PMI=1
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	33
	RI=2: PMI=15
	32
	RI=3: PMI=15

	34
	RI=2: Precoding according to the latest PMI report on PUSCH using the precoder(s) indicated by the reported PMI(s)
	33
	RI=3: Precoding according to the latest PMI report on PUSCH using the precoder(s) indicated by the reported PMI(s)

	35 – 63
	reserved
	34
	RI=4: PMI=0

	
	
	35
	RI=4: PMI=1
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	49
	RI=4: PMI=15

	
	
	50
	RI=4: Precoding according to the latest PMI report on PUSCH using the precoder(s) indicated by the reported PMI(s)

	
	
	51 – 63
	Reserved


Table 5.3.3.1.5-4: Content of precoding information field for 4 antenna ports and open-loop spatial multiplexing transmission mode

	One codeword: 

Codeword 1 enabled, 

Codeword 2 disabled
	Two codewords: 

Codeword 1 enabled, 

Codeword 2 enabled

	Bit field mapped to index
	Message
	Bit field mapped to index
	Message

	0
	RI=1: transmit diversity
	0
	RI=2: precoder cycling with large delay CDD

	1
	RI=2: precoder cycling with large delay CDD
	1
	RI=3: precoder cycling with large delay CDD

	2
	reserved
	2
	RI=4: precoder cycling with large delay CDD

	3
	reserved
	3
	reserved


5.3.3.1.6
Format 3

DCI format 3 is used for the transmission of TPC commands for PUCCH and PUSCH with 2-bit power adjustments. 

The following information is transmitted by means of the DCI format 3:

- TPC command number 1, TPC command number 2,…, TPC command number N
where 
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 is equal to the payload size of format 0 before CRC attachment.
5.3.3.1.7
Format 3A

DCI format 3A is used for the transmission of TPC commands for PUCCH and PUSCH with single bit power adjustments. 

The following information is transmitted by means of the DCI format 3A:

- TPC command number 1, TPC command number 2,…, TPC command number M
where 
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 is equal to the payload size of format 0 before CRC attachment.
5.3.3.2
CRC attachment
Error detection is provided on DCI transmissions through a Cyclic Redundancy Check (CRC). 

The entire PDCCH payload is used to calculate the CRC parity bits. Denote the bits of the PDCCH payload by
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. A is the PDCCH payload size and L is the number of parity bits.

The parity bits are computed and attached according to subclause 5.1.1 setting L to 16 bits, resulting in the sequence
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In the case where UE transmit antenna selection is not configured or applicable, after attachment, the CRC parity bits are scrambled with the corresponding RNTI 
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 to form the sequence of bits
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for k = 0, 1, 2, …, A-1
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for k = A, A+1, A+2,..., A+15. 

In the case where UE transmit antenna selection is configured and applicable, after attachment, the CRC parity bits are scrambled with the Antenna selection mask 
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 as indicated in Table 5.3.3.2-1 and the corresponding RNTI 
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for k = 0, 1, 2, …, A-1
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for k = A, A+1, A+2,..., A+15. 

Table 5.3.3.2-1: UE transmit antenna selection mask

	UE transmit antenna selection 
	Antenna selection mask
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	UE port 0
	<0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0>

	UE port 1
	<0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 1>
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