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< Unchanged parts are omitted >
[bookmark: _Toc510467802]3.3	Abbreviations
For the purposes of the present document, the following abbreviations apply:
AUL	Autonomous Uplink
AUL-DFI	AUL downlink feedback information
AUL-UCI	AUL uplink control information
BCH	Broadcast channel
CFI	Control Format Indicator
COT	Channel Occupancy Time
CP	Cyclic Prefix
CSI	Channel State Information
DCI	Downlink Control Information
DL-SCH	Downlink Shared channel
EN-DC	E-UTRA NR Dual Connectivity with MCG using E-UTRA and SCG using NR 
EPDCCH	Enhanced Physical Downlink Control channel 
FDD	Frequency Division Duplexing
HI	HARQ indicator 
LAA	Licensed-Assisted Access
MCH	Multicast channel
MPDCCH	MTC Physical Downlink Control Channel 
MUST	Multiuser Superposition Transmission 
NPBCH	Narrowband Physical Broadcast channel
NPDCCH	Narrowband Physical Downlink Control channel
NPDSCH	Narrowband Physical Downlink Shared channel
NPRACH	Narrowband Physical Random Access channel
NPUSCH	Narrowband Physical Uplink Shared channel
PBCH	Physical Broadcast channel
PCFICH	Physical Control Format Indicator channel
PCH	Paging channel
PDCCH	Physical Downlink Control channel
PDSCH	Physical Downlink Shared channel
PHICH	Physical HARQ indicator channel
PMCH	Physical Multicast channel
PMI	Precoding Matrix Indicator
PRACH	Physical Random Access channel
PSBCH	Physical Sidelink Broadcast Channel
PSCCH	Physical Sidelink Control Channel
PSDCH	Physical Sidelink Discovery Channel
PSSCH	Physical Sidelink Shared Channel 
PUCCH	Physical Uplink Control channel
PUSCH	Physical Uplink Shared channel
RACH	Random Access channel
RI	Rank Indication 
SCI	Sidelink Control Information
SL-BCH	Sidelink Broadcast Channel
SL-DCH	Sidelink Discovery Channel
SL-SCH	Sidelink Shared Channel
SPDCCH	Short Physical Downlink Control channel
SPUCCH	Short Physical Uplink Control channel
SR	Scheduling Request
SRS	Sounding Reference Signal
TDD	Time Division Duplexing
TPMI	Transmitted Precoding Matrix Indicator
UCI	Uplink Control Information
UL-SCH	Uplink Shared channel
[bookmark: _Toc510467833]< Unchanged parts are omitted >
5.2.2.6	Channel coding of control information




Control data arrives at the coding unit in the form of channel quality information (CQI and/or PMI), HARQ-ACK and rank indication, and CSI-RS resource indication (CRI). Different coding rates for the control information are achieved by allocating different number of coded symbols for its transmission. When control data are transmitted in the PUSCH, the channel coding for HARQ-ACK, rank indication (including RI only, joint report of RI/i1, joint report of CRI/RI, joint report of CRI/RI/i1, joint report of CRI/RI/PTI, joint report of RI/i1,p-2, and joint report of RI/PTI), CRI and channel quality information  is done independently. Parameters i1,1-1 , i1,2-1 , i1,1-2 , i1,2-2 , i1,p-2 correspond to parameters , , [image: ], [image: ], and  in section 7.2.4 of [3].
For the cases with TDD primary cell, the number of HARQ-ACK bits is determined as described in section 7.3 of [3].


When the UE transmits HARQ-ACK bits, rank indicator bits or CRI bits, it shall determine the number of coded modulation symbols per layer  for HARQ-ACK, rank indicator, or CRI bits as follows.
For the case when only one transport block is transmitted in the PUSCH conveying the HARQ-ACK bits, rank indicator bits or CRI bits:


where 

-	 is the number of HARQ-ACK bits, rank indicator bits or CRI bits, and

-	is 4 for PUSCH with subframe duration, or for Partial PUSCH Mode 1. [image: ] is 
2 for PUSCH with slot duration, or for Partial PUSCH Mode 2 or 3.  [image: ] is and 1 for PUSCH with subslot duration

-	 is the scheduled bandwidth for PUSCH transmission in the current subframe/slot/subslot for the transport block, expressed as a number of subcarriers in [2], and 


-	is the number of SC-FDMA symbols per subframe/slot/subslot for initial PUSCH transmission for the same transport block, respectively, given by , where 

-	 for PUSCH with slot duration, or for Partial PUSCH Mode 2 or 3, or

-	 for PUSCH with subslot duration, 

-	 is the number of SC-FDMA symbols of the subslot as defined in section 4.1 of [2],

-	 is the number of SC-FDMA symbols for DMRS of the subslot as defined in section 5.5.2.1.2 of [2]

-	otherwise .

-	 is equal to 1 
-	if UE configured with one UL cell is configured to send PUSCH and SRS in the same subframe/slot/subslot for initial transmission, or
-	if UE transmits PUSCH and SRS in the same subframe/slot/subslot in the same serving cell for initial transmission, or 
-	if the PUSCH resource allocation for initial transmission even partially overlaps with the cell-specific SRS subframe and bandwidth configuration defined in section 5.5.3 of [2], and for PUSCH with slot/subslot duration if the current slot/subslot is the last slot/subslot in a subframe, or 
-	if the subframe/slot/subslot for initial transmission in the same serving cell is in a UE-specific type-1 SRS subframe as defined in Section 8.2 of [3], and for PUSCH with slot/subslot duration if the current slot/subslot is the last slot/subslot in a subframe, or 
-	if the subframe/slot/subslot for initial transmission in the same serving cell is in a UE-specific type-0 SRS subframe as defined in section 8.2 of [3] and the UE is configured with multiple TAGs, and for PUSCH with slot/subslot duration if the current slot/subslot is the last slot/subslot in a subframe. 

-	Otherwise  is equal to 0. 

-	 is equal to 1 when the UE configured for uplink transmission on a LAA SCell is indicated to transmit the PUSCH not starting from the beginning of the first symbol or the seventh symbol of the subframe for initial transmission, otherwise is equal to 0. 


-	 is equal to 1 when the UE configured for uplink transmission on a LAA SCell is indicated to transmit the PUSCH up to the second to last symbol of the subframe for initial transmission and  is equal to 0, otherwise is equal to 0.






-	, , and  are obtained from the initial PDCCH or EPDCCH or MPDCCH or SPDCCH for the same transport block. If there is no initial PDCCH or EPDCCH with DCI format 0/0A/0B/4A/4B or MPDCCH with DCI format 6-0A/6-0B or SPDCCH with DCI format 7-0A/7-0B for the same transport block, , , and  shall be determined from:
-	the most recent semi-persistent scheduling assignment PDCCH or EPDCCH or MPDCCH or SPDCCH, when the initial PUSCH for the same transport block is semi-persistently scheduled, or, 
-	the random access response grant for the same transport block, when the PUSCH is initiated by the random access response grant, or
-	the most recent AUL activation DCI as defined in [3], when the initial PUSCH for the same transport block is AUL PUSCH.
For the case when two transport blocks are transmitted in the PUSCH conveying the HARQ-ACK bits, rank indicator bits or CRI bits:

with


where 

-	 is the number of HARQ-ACK bits, rank indicator bits or CRI bits, and










-	 if , if  with  where  is the modulation order of transport block "x", and  if  with  and . 

-	 are the scheduled bandwidths or bandwidths assigned by the most recent AUL activation DCI as defined in [3] for PUSCH transmission in the initial sub-frame for the first and second transport block, respectively, expressed as a number of subcarriers in [2], and 


-	are the number of SC-FDMA symbols per subframe for initial PUSCH transmission for the first and second transport block given by [image: ], where 
-	[image: ] for Partial PUSCH Mode 2 or 3, 
-	otherwise [image: ].

-	 is equal to 1 
-	if UE configured with one UL cell is configured to send PUSCH and SRS in the same subframe for initial transmission, or
-	if UE transmits PUSCH and SRS in the same subframe in the same serving cell for initial transmission of transport block "x", or 
-	if the PUSCH resource allocation for initial transmission of transport bock "x" even partially overlaps with the cell-specific SRS subframe and bandwidth configuration defined in section 5.5.3 of [2] , or 
-	if the subframe for initial transmission of transport block "x" in the same serving cell is a UE-specific type-1 SRS subframe as defined in Section 8.2 of [3], or 
-	if the subframe for initial transmission of transport block "x" in the same serving cell is a UE-specific type-0 SRS subframe as defined in section 8.2 of [3] and the UE is configured with multiple TAGs. 

-	Otherwise  is equal to 0. 

-	 is equal to 1 when the UE configured for uplink transmission on a LAA SCell is indicated to transmit the PUSCH for the first and second transport block not starting from the beginning of the first symbol or the seventh symbol of the subframe for initial transmission, otherwise is equal to 0. 


-	 is equal to 1 when the UE configured for uplink transmission on a LAA SCell is indicated to transmit the PUSCH for the first and second transport block up to the second to last symbol of the subframe for initial transmission and  is equal to 0, otherwise is equal to 0.



-	, , and  are obtained from the initial PDCCH or EPDCCH for the corresponding transport block, or from the most recent AUL activation DCI as defined in [3], when the initial PUSCH for the corresponding transport block is AUL PUSCH. 
< Unchanged parts are omitted >
For channel quality control information (CQI and/or PMI denoted as CQI/PMI);

When the UE transmits channel quality control information bits, it shall determine the number of modulation coded symbols per layer  for channel quality information as 


where 

-	 is the number of CQI/PMI bits, and


-	 is the number of CRC bits given by , and



-	and , where  shall be determined according to [3] depending on the number of transmission codewords for the corresponding PUSCH, the duration of the corresponding PUSCH, and on the uplink power control subframe set for the corresponding PUSCH when two uplink power control subframe sets are configured by higher layers for the cell. 

-	If neither RI nor CRI is not transmitted then .





The variable "x" in  represents the transport block index corresponding to the highest IMCS value indicated by the initial UL grant. In case the two transport blocks have the same IMCS value in the corresponding initial UL grant, "x =1", which corresponds to the first transport block. , , and [image: ] are obtained from the initial PDCCH or EPDCCH or MPDCCH or SPDCCH for the same transport block. If there is no initial PDCCH or EPDCCH with DCI format 0/0A/0B/4A/4B or MPDCCH with DCI format 6-0A/6-0B or SPDCCH with DCI format 7-0A/7-0B for the same transport block, , , and [image: ] shall be determined from:
-	the most recent semi-persistent scheduling assignment PDCCH or EPDCCH or MPDCCH or SPDCCH, when the initial PUSCH for the same transport block is semi-persistently scheduled, or, 
-	the random access response grant for the same transport block, when the PUSCH is initiated by the random access response grant, or
-	the most recent AUL activation DCI as defined in [3], when the initial PUSCH for the same transport block is AUL PUSCH.

is the number of SC-FDMA symbols per subframe/slot/subslot for initial PUSCH transmission for the same transport block.

For UL-SCH data information , where 

-	 is the number of layers the corresponding UL-SCH transport block is mapped onto, and

-	 is the scheduled bandwidth for PUSCH transmission in the current subframe/slot/subslot for the transport block, and 


-	 is the number of SC-FDMA symbols in the current PUSCH transmission subframe/slot/subslot given by , where 

-	 for PUSCH with slot duration, or for Partial PUSCH Mode 2 or 3, or

-	 for PUSCH with subslot duration, 

-	 is the number of SC-FDMA symbols of the subslot as defined in section 4.1 of [2],

-	 is the number of SC-FDMA symbols for DMRS of the subslot as defined in section 5.5.2.1.2 of [2]

-	otherwise .

-	 is equal to 1 for non-BL/CE UEs and BL/CE UEs in CEModeA
-	if UE configured with one UL cell is configured to send PUSCH and SRS in the same subframe for the current subframe/slot/subslot, or 
-	if UE transmits PUSCH and SRS in the same subframe/slot/subslot for the current subframe in the same serving cell, or 
-	if the PUSCH resource allocation for the current subframe even partially overlaps with the cell-specific SRS subframe and bandwidth configuration defined in section 5.5.3 of [2], and for PUSCH with slot/subslot duration if the current slot/subslot is the last slot/subslot in a subframe, or 
-	if the current subframe/slot/subslot in the same serving cell is a UE-specific type-1 SRS subframe as defined in Section 8.2 of [3], and for PUSCH with slot/subslot duration if the current slot/subslot is the last slot/subslot in a subframe, or 
-	if the current subframe/slot/subslot in the same serving cell is a UE-specific type-0 SRS subframe as defined in section 8.2 of [3] and the UE is configured with multiple TAGs, and for PUSCH with slot/subslot duration if the current slot/subslot is the last slot/subslot in a subframe. 

-	Otherwise  is equal to 0.

-	 is equal to 1 when the UE configured for uplink transmission on a LAA SCell is indicated to transmit the PUSCH not starting from the beginning of the first symbol or the seventh symbol of the current subframe, otherwise is equal to 0. 


-	 is equal to 1 when the UE configured for uplink transmission on a LAA SCell is indicated to transmit the PUSCH up to the second to last symbol of the current subframe and  is equal to 0, otherwise is equal to 0.


In case of CQI/PMI report for more than one DL cell,  is the result of concatenating the CQI/PMI report for each DL cell in increasing order of cell index. For the case where CQI/PMI feedback for more than one CSI process is to be reported,  is the result of concatenating the CQI/PMI reports in increasing order of CSI process index for each DL cell and then in increasing order of cell index.

-	If the payload size is less than or equal to 11 bits, the channel coding of the channel quality information is performed according to section 5.2.2.6.4 with input sequence .

-	For payload sizes greater than 11 bits, the CRC attachment, channel coding and rate matching of the channel quality information is performed according to sections 5.1.1, 5.1.3.1 and 5.1.4.2, respectively. The input bit sequence to the CRC attachment operation is . The output bit sequence of the CRC attachment operation is the input bit sequence to the channel coding operation. The output bit sequence of the channel coding operation is the input bit sequence to the rate matching operation. 


The output sequence for the channel coding of channel quality information is denoted by , where  is the number of layers the corresponding UL-SCH transport block is mapped onto.
< Unchanged parts are omitted >

5.2.2.6A	Channel coding of AUL-UCI
Control data arrives at the coding unit in the form of AUL uplink control information (AUL-UCI), [image: ], and is transmitted on AUL PUSCH as defined in [3]. 
When the UE transmits AUL-UCI bits in the AUL PUSCH, it shall determine the number of modulation coded symbols per layer [image: ] for AUL-UCI as
[image: ]
where 
-	[image: ] is the number of AUL-UCI bits, and
-	[image: ] is the number of CRC bits given by [image: ], and
-	[image: ]and [image: ], where [image: ] shall be determined according to [3] depending on the number of transmission codewords for the corresponding AUL PUSCH, and where [image: ] is the modulation order of transport block "x".
-	[image: ] is the bandwidth assigned in the most recent AUL activation DCI as defined in [3] for PUSCH transmission for the transport block.
-	[image: ], [image: ], and [image: ] are defined in 5.2.2.6.
The variable "x" in [image: ] represents the transport block index corresponding to the highest IMCS value indicated by the most recent AUL activation DCI. In case the two transport blocks have the same IMCS value in the corresponding AUL activation DCI, "x =1", which corresponds to the first transport block. [image: ], [image: ], and [image: ] are obtained from the most recent AUL activation DCI as defined in [3] for the same transport block.
For UL-SCH data information transmitted on the AUL PUSCH, [image: ], where [image: ] is the number of layers the corresponding UL-SCH transport block is mapped onto.
Table 5.2.2.6A-1 shows the fields and the corresponding bit widths for the AUL-UCI that is transmitted on the AUL PUSCH configured for 1 transport block and 2 transport blocks, respectively. 
Table 5.2.2.6A-1: Fields for AUL-UCI
	Field
	Bit width

	
	1 transport block
	2 transport blocks

	AUL C-RNTI
	16
	16

	HARQ process number
	4
	4

	Redundancy version
	2
	2

	New data indicator
	1
	2

	PUSCH starting symbol
	1
	1

	PUSCH ending symbol
	1
	1

	Channel Occupancy Time (COT) sharing indication
	1
	1



The CRC attachment, channel coding and rate matching of the AUL-UCI is performed according to sections 5.1.1, 5.1.3.1 and 5.1.4.2, respectively. The input bit sequence to the CRC attachment operation is [image: ], which is obtained by concatenating the fields as given in Table 5.2.2.6A-1. The output bit sequence of the CRC attachment operation is the input bit sequence to the channel coding operation. The output bit sequence of the channel coding operation is the input bit sequence to the rate matching operation. 
The output sequence for the channel coding of AUL-UCI is denoted by [image: ], where [image: ] is the number of layers the corresponding UL-SCH transport block is mapped onto.
< Unchanged parts are omitted >
[bookmark: _Toc510467839]5.2.2.7	Data and control multiplexing
The control and data multiplexing is performed such that HARQ-ACK information is present on both slots and is mapped to resources around the demodulation reference signals. In addition, the multiplexing ensures that control and data information are mapped to different modulation symbols. 









The inputs to the data and control multiplexing are the coded bits of the control information denoted by and the coded bits of the UL-SCH denoted by . The output of the data and control multiplexing operation is denoted by , where  and  , and where,  are column vectors of length . H is the total number of coded bits allocated for UL-SCH data and CQI/PMI information across the  transmission layers of the transport block.

In case where more than one UL-SCH transport block are transmitted in a subframe of an UL cell, the CQI/PMI information is multiplexed with data only on the UL-SCH transport block with highest IMCS value on the initial grant or for the initial PUSCH. In case the two transport blocks have the same IMCS value in the corresponding initial UL grant or for the initial PUSCH, the CQI/PMI information is multiplexed with data only on the first transport block. For that UL-SCH transport block or in the case of single transport block transmission, and assuming that  is the number of layers onto which the UL-SCH transport block is mapped, the control information and the data shall be multiplexed as follows:
Set i, j, k to 0

while  -- first place the control information






end while

while  -- then place the data






end while
[bookmark: _Toc510467840]5.2.2.7A	Data and control multiplexing for Partial PUSCH Mode 1
If the control information is channel quality information and the control information is transmitted on the Partial PUSCH Mode 1, the UL-SCH data information and control information are multiplexed such that the CQI/PMI information is present only on the second slot of the subframe.
The inputs to the data and control multiplexing are the coded bits of the control information denoted by [image: ]and the coded bits of the UL-SCH denoted by [image: ]. The output for UL-SCH data information is denoted by [image: ], where [image: ] and [image: ] , and where[image: ], [image: ] are column vectors of length [image: ]. The output for channel quality information is denoted by [image: ], where [image: ], [image: ] are column vectors of length [image: ] and where [image: ]. 
For a UL-SCH transport block, and assuming that [image: ] is the number of layers onto which the UL-SCH transport block is mapped, the output for UL-SCH data information is obtained as follows:
Set i, k to 0
while [image: ]
[image: ]
[image: ]
[image: ]
end while
In case where more than one UL-SCH transport block are transmitted in a subframe of an UL cell, the CQI/PMI information is multiplexed with data only on the UL-SCH transport block with highest IMCS value for the initial PUSCH. In case the two transport blocks have the same IMCS value for the initial PUSCH, the CQI/PMI information is multiplexed with data only on the first transport block. For that UL-SCH transport block or in the case of single transport block transmission, and assuming that [image: ] is the number of layers onto which the UL-SCH transport block is mapped, the output for the CQI/PMI information is obtained as follows:
Set i, k to 0
while [image: ]
[image: ]
[image: ]
[image: ]
end while
5.2.2.7B	Data and control multiplexing for AUL PUSCH
If the control information is AUL-UCI and the control information is transmitted on the AUL PUSCH, the UL-SCH data information and control information are multiplexed such that the AUL-UCI is mapped from symbol 1 to symbol 12 of the subframe.
The inputs to the data and control multiplexing are the coded bits of the control information denoted by [image: ] and the coded bits of the UL-SCH denoted by [image: ]. The output for UL-SCH data information is denoted by [image: ], where [image: ] and [image: ] , and where[image: ], [image: ] are column vectors of length [image: ]. The output for AUL-UCI is denoted by [image: ], where [image: ], [image: ] are column vectors of length [image: ] and where [image: ].
For a UL-SCH transport block, and assuming that [image: ] is the number of layers onto which the UL-SCH transport block is mapped, the output for UL-SCH data information is obtained as follows:
Set i, k to 0
while [image: ]
[image: ]
[image: ]
[image: ]
end while
In case where more than one UL-SCH transport block are transmitted in a subframe of an UL cell, the AUL-UCI is multiplexed with data only on the UL-SCH transport block with highest IMCS value indicated by the AUL activation DCI. In case the two transport blocks have the same IMCS value in the corresponding AUL activation DCI, the AUL-UCI is multiplexed with data only on the first transport block. For that UL-SCH transport block or in the case of single transport block transmission, and assuming that [image: ] is the number of layers onto which the UL-SCH transport block is mapped, the output for the AUL-UCI is obtained as follows:
Set i, k to 0
while [image: ]
[image: ]
[image: ]
[image: ]
end while 
5.2.2.8	Channel interleaver
The channel interleaver described in this section in conjunction with the resource element mapping for PUSCH in [2] implements a time-first mapping of modulation symbols onto the transmit waveform while ensuring that 
-	if the PUSCH is Partial PUSCH Mode 1, the CQI/PMI and RI information are present only on the second slot of the subframe regardless of the number of actually transmitted slot(s) for the subframe based on the result of the channel access procedure in 4.2.1 defined in [8];
-	if the PUSCH is Partial PUSCH Mode 2 or 3, the CQI/PMI and RI information are present only on the scheduled slot of the subframe;
-	if the PUSCH is AUL PUSCH, the AUL-UCI is mapped from symbol 1 to symbol 12 of the subframe;
-	otherwise, the HARQ-ACK and RI information are present on both slots in the subframe for PUSCH with subframe duration. HARQ-ACK information is mapped to resources around the uplink demodulation reference signals while RI information is mapped to resources around those used by HARQ-ACK. 
The input to the channel interleaver are denoted by 
-	[image: ], [image: ], and [image: ], if the PUSCH is Partial PUSCH Mode 1;
-	[image: ], and [image: ], if the PUSCH is AUL PUSCH;



-	otherwise ,  and . 
In case where more than one UL-SCH transport block are transmitted in a subframe of an UL cell, the HARQ-ACK and RI information are multiplexed with data on both UL-SCH transport blocks. 
The number of modulation symbols per layer in the subframe is given by 
-	[image: ] if the PUSCH for the subframe is Partial PUSCH Mode 1and the CQI/PMI is multiplexed with data on this UL-SCH transport block, 
-	[image: ] if the PUSCH for the subframe is AUL PUSCH and the AUL-UCI is multiplexed with data on this UL-SCH transport block, and

-	 otherwise. 
The output bit sequence from the channel interleaver is derived as follows:



(1)	Assign  to be the number of columns of the matrix. The columns of the matrix are numbered 0, 1, 2,…, from left to right.  is determined according to section 5.2.2.6, or by higher layer parameter symPUSCH-UpPts for PUSCH transmission in UpPTS.


(2)	The number of rows of the matrix is  and we define .

The rows of the rectangular matrix are numbered 0, 1, 2,…,  from top to bottom.


(3) If rank information is transmitted in this subframe/slot/subslot, the vector sequence  is written onto the columns depending on PUSCH duration and DMRS pattern for PUSCH with subslot duration and by sets of  rows starting from the last row and moving upwards according to the following pseudo-code. 
Set i, j to 0.

Set r to 

while i < 
if the PUSCH is Partial PUSCH Mode 1

[image: ]
else
	[image: ]
end if




if the duration of the PUSCH is subframe




else if the duration of the PUSCH is slot, or if the PUSCH is Partial PUSCH Mode 1, 2 or 3




else if the duration of the PUSCH is subslot


end if
end while
Where ColumnSet is given
-	in Table 5.2.2.8-1A if the PUSCH is scheduled by DCI format 0A/0B/4A/4B and
-	indexed left to right from 0 to 1 if the PUSCH is Partial PUSCH Mode 1, 2, or 3;
-	indexed left to right from 0 to 3 otherwise;
-	otherwise, 
-	in Table 5.2.2.8-1 or Table 5.2.2.8-1A and indexed left to right from 0 to 3 for PUSCH with subframe duration, 
-	in Table 5.2.2.8-1 or Table 5.2.2.8-1A indexed left to right from 0 to 1 for PUSCH with slot duration,
-	as {1} if DMRS pattern field of corresponding uplink DCI formats is '00' for subslot#0, '10' for subslot#1, '01' for subslot#2, '10' for subslot#4 or '00' for subslot#5, and as {0} otherwise, for PUSCH with subslot duration.
(3a) If  CQI/PMI information is transmitted in this subframe with Partial PUSCH mode 1, the vector sequence [image: ] is written onto the [image: ] matrix by sets of [image: ] rows from the column with [image: ] to the column with [image: ] and rows 0 to [image: ] and skipping the matrix entries that are already occupied:
[image: ]
The pseudocode is as follows:
Set i, k to 0.
while k < [image: ],
if [image: ] is not assigned to RI symbols in step (3) and [image: ]
[image: ]
k = k + 1
end if
i = i+1
end while
(3b) If AUL-UCI is transmitted in this subframe, the vector sequence [image: ] is written onto the [image: ] matrix by sets of [image: ] rows from the column with [image: ] to the column with [image: ] and rows 0 to [image: ]:
[image: ]
The pseudocode is as follows:
Set i, k to 0.
while k < [image: ],
if [image: ] and [image: ]
[image: ]
k = k + 1
end if
i = i+1
end while 





(4) Write the input vector sequence, for k = 0, 1,…, , into the  matrix by sets of  rows starting with the vector  in column 0 and rows 0 to and skipping the matrix entries that are already occupied:


The pseudocode is as follows:
Set i, k to 0.

while k <,

if  is not assigned to RI symbols, or CQI/PMI symbols in step (3a), or AUL-UCI symbols in step (3b)


k = k + 1
end if
i = i+1
end while


(5) If HARQ-ACK information is transmitted in this subframe/slot/subslot, the vector sequence  is written onto the columns depending on PUSCH duration and DMRS pattern for PUSCH with subslot duration, and by sets of  rows starting from the last row and moving upwards according to the following pseudo-code. Note that this operation overwrites some of the channel interleaver entries obtained in step (4). 
Set i, j to 0.



Set r to  if  for PUSCH with subslot duration, and  otherwise


while i <  and 






if the duration of the PUSCH is subframe




else if the duration of the PUSCH is slot





else if the duration of the PUSCH is subslot and 



else if the duration of the PUSCH is subslot and 


end if
end while
Where ColumnSet is given
-	in Table 5.2.2.8-2 and indexed left to right from 0 to 3for PUSCH with subframe duration,
-	in Table 5.2.2.8-1 or Table 5.2.2.8-1A indexed left to right from 0 to 1 for PUSCH with slot duration,



-	as {1} if DMRS pattern field of corresponding uplink DCI formats is '01' for subslot#0, '11' for subslot#1, '10' for subslot#3, or '11' for subslot#4, and as {0} otherwise, for PUSCH with subslot duration.(6) The output of the block interleaver is the bit sequence read out column by column from the  matrix. The bits after channel interleaving are denoted by , where  is the number of layers the corresponding UL-SCH transport block is mapped onto.

Table 5.2.2.8-1: Column set for Insertion of rank information for PUSCH not scheduled using DCI Format 0A, 4A, 0B and 4B
	CP configuration
	Column Set

	Normal
	{1, 4, 7, 10}

	Extended
	{0, 3, 5, 8}



Table 5.2.2.8-1A: Column set for Insertion of rank information for PUSCH scheduled using DCI Format 0A, 4A, 0B and 4B
	CP Configuration
	PUSCH Starting Position
	Column Set

	Normal

	At symbol 0 , or at symbol 7
	{1, 4, 7, 10}

	
	Within symbol 0, or at symbol 1, or within symbol 7, or at symbol 8
	{0, 3 ,6, 9} 



Table 5.2.2.8-2: Column set for Insertion of HARQ-ACK information
	CP configuration
	Column Set

	Normal
	{2, 3, 8, 9}

	Extended
	{1, 2, 6, 7}



The same channel interleaver procedures for RI are applied for CRI, using CRI instead of RI in the equations.
< Unchanged parts are omitted >
[bookmark: _Toc510467850]5.2.4.1	Channel coding of control information

Control data arrives at the coding unit in the form of channel quality information (CQI and/or PMI), HARQ-ACK and rank indication. Different coding rates for the control information are achieved by allocating different number of coded symbols for its transmission. When the UE transmits HARQ-ACK bits or rank indicator bits, it shall determine the number of coded symbols  for HARQ-ACK or rank indicator as


where 

-	 is the number of HARQ-ACK bits as defined in section 5.2.2.6, or rank indicator bits, 

-	 is the number of CQI bits including CRC bits assuming rank equals to 1 for all serving cells for which an aperiodic CSI report is triggered [3],

-	is 4 for PUSCH with subframe duration, . [image: ] is 2 for PUSCH with slot duration, or for Partial PUSCH Mode 2 or 3.  [image: ] is and 1 for PUSCH with subslot duration,

-	 is the scheduled bandwidth for PUSCH transmission in the current subframe/slot/subslot expressed as a number of subcarriers in [2], and 


-	is the number of SC-FDMA symbols in the current PUSCH transmission subframe/slot/subslot given by , where 

-	 for PUSCH with slot duration, or for Partial PUSCH Mode 2 or 3, or

-	 for PUSCH with subslot duration, 

-	 is the number of SC-FDMA symbols of the subslot as defined in section 4.1 of [2],

-	 is the number of SC-FDMA symbols for DMRS of the subslot as defined in section 5.5.2.1.2 of [2]

-	otherwise .

-	is equal to 1 
-	if UE is configured to send PUSCH and SRS in the same subframe/slot/subslot for the current subframe, or 
-	if the PUSCH resource allocation for the current subframe/slot/subslot even partially overlaps with the cell-specific SRS subframe and bandwidth configuration defined in section 5.5.3 of [2], and for PUSCH with slot/subslot duration if the current slot/subslot is the last slot/subslot in a subframe, or 
-	if the current subframe/slot/subslot is within a UE-specific type-1 SRS subframe as defined in Section 8.2 of [3], and for PUSCH with slot/subslot duration if the current slot/subslot is the last slot/subslot in a subframe, or 
-	if the current subframe/slot/subslot is within a UE-specific type-0 SRS subframe as defined in section 8.2 of [3] and the UE is configured with multiple TAGs, and for PUSCH with slot/subslot duration if the current slot/subslot is the last slot/subslot in a subframe. 

-	Otherwise is equal to 0. 

-	 is equal to 1 when the UE configured for uplink transmission on a LAA SCell is indicated to transmit the PUSCH not starting from the beginning of the first symbol or the seventh symbol of the current subframe, otherwise is equal to 0. 


-	 is equal to 1 when the UE configured for uplink transmission on a LAA SCell is indicated to transmit the PUSCH up to the second to last symbol of the current subframe and  is equal to 0, otherwise is equal to 0.





For HARQ-ACK information  and []. For UEs configured with no more than five DL cells,  shall be determined according to [3]. For UEs configured with more than five DL cells,  shall be determined according to [3] depending on the number of HARQ-ACK feedback bits, the duration for the corresponding PUSCH and the beta offset indicator in SPDCCH with DCI format 7-0A/7-0B when the duration for the corresponding PUSCH is subslot.




For rank indication or CRI, ,  and [], where  shall be determined according to [3].

For CQI and/or PMI information .



The channel coding and rate matching of the control data is performed according to section 5.2.2.6. The coded output sequence for channel quality information is denoted by , the coded vector sequence output for HARQ-ACK is denoted by  and the coded vector sequence output for rank indication or CRI, is denoted by .
< Unchanged parts are omitted >
[bookmark: _Toc510467867][bookmark: historyclause]5.3.3.1.1A	Format 0A
DCI format 0A is used for the scheduling of PUSCH in a LAA SCell , or activating/releasing AUL transmission as defined in [3], or indicating AUL downlink feedback information (AUL-DFI) to a UE that is activated with AUL transmission. 
The following information is transmitted by means of the DCI format 0A:
-	Carrier indicator – 0 or 3 bits. This field is present according to the definitions in [3].
If the format 0A DCI is scrambled by C-RNTI
-	Flag for format0A/format1A differentiation – 1 bit, where value 0 indicates format 0A and value 1 indicates format 1A;
Else
-	Flag for AUL differentiation – 1 bit, where value 0 indicates activating/releasing AUL transmission and value 1 indicates AUL-DFI.

If the format 0A is used for the scheduling of PUSCH in a LAA SCell or activating/releasing AUL transmission for a UE, all the remaining fields are set as follows:
-	PUSCH trigger A – 1 bit, where value 0 indicates non-triggered scheduling and value 1 indicates triggered scheduling as defined in section 8.0 of [3].
-	Timing offset – 4 bits as defined in section 8.0 of [3].
-	When the PUSCH trigger A is set to 0, 
-	The field indicates the absolute timing offset for the PUSCH transmission. 
-	Otherwise, 
-	The first two bits of the field indicate the timing offset, relative to the UL offset l as defined in section 13A of [3], for the PUSCH transmission. 
-	The last two bits of the field indicate the time window within which the scheduling of PUSCH via triggered scheduling is valid. 
-	Resource block assignment – 5 or 6 bits provide the resource allocation in the UL subframe as defined in section 8.1.4 of [3]
-	Modulation and coding scheme – 5 bits as defined in section 8.6 of [3]
-	HARQ process number – 4 bits.
-	New data indicator – 1 bit
-	Redundancy version – 2 bits as defined in section 8.6.1 of [3]
-	TPC command for scheduled PUSCH – 2 bits as defined in section 5.1.1.1 of [3]
-	Cyclic shift for DM RS and OCC index – 3 bits as defined in section 5.5.2.1.1 of [2]
-	CSI request – 1, 2 or 3 bits as defined in section 7.2.1 of [3]. The 2-bit field applies to UEs configured with no more than five DL cells and to
-	UEs that are configured with more than one DL cell and when the corresponding DCI format is mapped onto the UE specific search space given by the C-RNTI as defined in [3];
-	UEs that are configured by higher layers with more than one CSI process and when the corresponding DCI format is mapped onto the UE specific search space given by the C-RNTI as defined in [3]; 
-	UEs that are configured with two CSI measurement sets by higher layers with the parameter csi-MeasSubframeSet, and when the corresponding DCI format is mapped onto the UE specific search space given by the C-RNTI as defined in [3];
	the 3-bit field applies to UEs that are configured with more than five DL cells and when the corresponding DCI format is mapped onto the UE specific search space given by the C-RNTI as defined in [3];
	otherwise the 1-bit field applies
-	SRS request – 1 bit. The interpretation of this field is provided in section 8.2 of [3]
-	Partial PUSCH Mode – 2 bits as specified in Table 5.3.3.1.1A-3. This field is only present when partialPUSCHmode is configured by higher layer. 
-	PUSCH starting position – 2 bits 
-	as specified in Table 5.3.3.1.1A-2 if the ‘Partial PUSCH Mode’ field indicates Partial PUSCH Mode 2;
-	as specified in Table 5.3.3.1.1A-1otherwise. 
-	PUSCH ending symbol – 1 bit, where 
-	if the ‘Partial PUSCH Mode’ field indicates Partial PUSCH Mode 3, value 0 indicates symbol 6 of the subframe, and value 1 indicates symbol 3 of the subframe.
-	otherwise value 0 indicates the last symbol of the subframe and value 1 indicates the second to last symbol of the subframe. 
-	Channel Access type – 1 bit as defined in section 154.2 of [38]
-	Channel Access Priority Class – 2 bits as defined in section 154.2 of [38]
If the format 0A is used for indicating AUL-DFI to a UE that is activated with AUL transmission, all the remaining fields are set as follows:
-	HARQ-ACK bitmap – 16 bits.
-	TPC command – 2 bits as defined in section 5.1.1.1 of [3].
-	All the remaining bits in format 0A are set to zero.
If the number of information bits in format 0A mapped onto a given search space is less than the payload size of format 1A for scheduling the same serving cell and mapped onto the same search space (including any padding bits appended to format 1A), zeros shall be appended to format 0A until the payload size equals that of format 1A.
Table 5.3.3.1.1A-1: PUSCH starting position
	Value
	PUSCH starting position

	00
	symbol 0

	01
	25µs in symbol 0

	10
	(25+TA) µs in symbol 0

	11
	symbol 1



Table 5.3.3.1.1A-2: PUSCH starting position in the second slot
	Value
	PUSCH starting position

	00
	symbol 7

	01
	25µs in symbol 7

	10
	(25+TA) µs in symbol 7

	11
	symbol 8



Table 5.3.3.1.1A-3: Partial PUSCH Mode
	Value
	Partial PUSCH Mode
	Starting position
	Ending symbol

	00
	Partial PUSCH Mode 0
	Indicated by ‘PUSCH starting position’ according to Table 5.3.3.1.1A-1
	The last symbol of the subframe or the second to last symbol of the subframe

	01
	Partial PUSCH Mode 1
	Indicated by ‘PUSCH starting position’ or at symbol 7, based on the result of the channel access procedure in 4.2.1 defined in [8]
	The last symbol of the subframe or the second to last symbol of the subframe

	10
	Partial PUSCH Mode 2
	Indicated by ‘PUSCH starting position’ according to Table 5.3.3.1.1A-2
	The last symbol of the subframe or the second to last symbol of the subframe

	11
	Partial PUSCH Mode 3
	Indicated by ‘PUSCH starting position’ according to Table 5.3.3.1.1A-1
	Symbol 3 of the subframe or symbol 6 of the subframe



[bookmark: _Toc510467868]5.3.3.1.1B	Format 0B
DCI format 0B is used for the scheduling of PUSCH in each of multiple subframes in a LAA SCell. 
The following information is transmitted by means of the DCI format 0B:
-	Carrier indicator – 0 or 3 bits. This field is present according to the definitions in [3].
-	PUSCH trigger A – 1 bit, where value 0 indicates non-triggered scheduling and value 1 indicates triggered scheduling as defined in section 8.0 of [3].
-	Timing offset – 4 bits as defined in section 8.0 of [3].
-	When the PUSCH trigger A is set to 0, 
-	The field indicates the absolute timing offset for the PUSCH transmission. 
-	Otherwise, 
-	The first two bits of the field indicate the timing offset, relative to the UL offset l as described in section 13A of [3], for the PUSCH transmission. 
-	The last two bits of the field indicate the time window within which the scheduling of PUSCH via triggered scheduling is valid. 
-	Number of scheduled subframes – 1 or 2 bits. The 1-bit field applies when maxNumberOfSchedSubframes-Format0B-r14 is configured by higher layers to two, otherwise the 2-bit field applies.
-	Resource block assignment – 5 or 6 bits provide the resource allocation in the UL subframe as defined in section 8.1.4 of [3].
-	Modulation and coding scheme – 5 bits as defined in section 8.6 of [3].
-	HARQ process number - 4 bits. The 4-bit applies to the first scheduled subframe, and the HARQ process numbers for other scheduled subframes are defined in section 8.0 of [3].
-	New data indicator – maxNumberOfSchedSubframes-Format0B-r14 bits. Each scheduled PUSCH corresponds to 1 bit. 
-	Redundancy version – maxNumberOfSchedSubframes-Format0B-r14 bits. Each scheduled PUSCH corresponds to 1 bit as defined in section 8.6.1 of [3].
-	TPC command for scheduled PUSCH – 2 bits as defined in section 5.1.1.1 of [3].
-	Cyclic shift for DM RS and OCC index – 3 bits as defined in section 5.5.2.1.1 of [2].
-	CSI request – 1, 2 or 3 bits as defined in section 7.2.1 of [3]. The 2-bit field applies to UEs configured with no more than five DL cells and to
-	UEs that are configured with more than one DL cell and when the corresponding DCI format is mapped onto the UE specific search space given by the C-RNTI as defined in [3];
-	UEs that are configured by higher layers with more than one CSI process and when the corresponding DCI format is mapped onto the UE specific search space given by the C-RNTI as defined in [3]; 
-	UEs that are configured with two CSI measurement sets by higher layers with the parameter csi-MeasSubframeSet, and when the corresponding DCI format is mapped onto the UE specific search space given by the C-RNTI as defined in [3];
	the 3-bit field applies to UEs that are configured with more than five DL cells and when the corresponding DCI format is mapped onto the UE specific search space given by the C-RNTI as defined in [3];
	otherwise the 1-bit field applies.
-	SRS request – 2 bits. The interpretation of this field is provided in section 8.2 of [3].
-	Partial PUSCH Mode 1 – 1 bit only present if partialPUSCHmode1 is configured by higher layer, and applicable to each of the scheduled subframe(s), except for the first scheduled subframe in case the ‘Partial PUSCH Mode 2’ field is value 1 and the last scheduled subframe in case the ‘Partial PUSCH Mode 3’ field is value 1, where 
-	value 0 indicates the starting position of the PUSCH is determined following Partial PUSCH Mode 0 as defined in Table 5.3.3.1.1A-3;
-	value 1 indicates the starting position of the PUSCH of the first transmitted subframe is determined following  Partial PUSCH Mode 1 as defined in Table 5.3.3.1.1A-3. 
-	Partial PUSCH Mode 2 – 1 bit. This field is only present if partialPUSCHmode2 is configured by higher layer, and applicable to only the first scheduled subframe.
-	Partial PUSCH Mode 3 – 1 bit. This field is only present if partialPUSCHmode3 is configured by higher layer, and applicable to only the last scheduled subframe.
-	PUSCH starting position – 2 bits 
-	as specified in Table 5.3.3.1.1A-2 applicable to only the first scheduled subframe, if the ‘Partial PUSCH Mode 2’ field is value 1;
-	as specified in Table 5.3.3.1.1A-1 applicable to only the first scheduled subframe otherwise.
-	PUSCH ending symbol – 1 bit, where 
-	if the ‘Partial PUSCH Mode 3’ field is value 1, value 0 indicates symbol 6 of the last scheduled subframe, and value 1 indicates symbol 3 of the last scheduled subframe;
-	otherwise value 0 indicates the last symbol of the last scheduled subframe and value 1 indicates the second to last symbol of the last scheduled subframe.
-	Channel Access type – 1 bit as defined in section 154.2 of [38].
-	Channel Access Priority Class – 2 bits as defined in section 154.2 of [38].
If the number of information bits in format 0B is equal to the payload size for DCI format 1, 2, 2A, 2B, 2C or 2D associated with the configured DL transmission mode in the same serving cell, one zero bit shall be appended to format 0B.
< Unchanged parts are omitted >
[bookmark: _Toc510467873]5.3.3.1.4	Format 1C
DCI format 1C is used for very compact scheduling of one PDSCH codeword, notifying MCCH change [6], notifying SC-MCCH change and direct indication [6] , reconfiguring TDD, and LAA common information. 
The following information is transmitted by means of the DCI format 1C:
	If the format 1C is used for very compact scheduling of one PDSCH codeword


-	1 bit indicates the gap value, where value 0 indicates  and value 1 indicates 

-	For, there is no bit for gap indication


-	Resource block assignment – [image: ]bits as defined in 7.1.6.3 of [3] where  is defined in [2] and  is defined in [3]
-	Modulation and coding scheme – 5 bits as defined in section 7.1.7 of [3]
Else if the format 1C is used for notifying MCCH change and direct indication
-	Information for MCCH change notification – 8 bits as defined in section 5.8.1.3 of [6]

-	Direct Indication information – 2 bits provide direct indication of system information update and other fields, as defined in subclause 6.6a [6]. This field is only present for MBMS-dedicated cell or feMBMS/Unicast-mixed cell with  .
-	Reserved information bits are added until the size is equal to that of format 1C used for very compact scheduling of one PDSCH codeword 
Else if the format 1C is used for notifying SC-MCCH change
-	Information for SC-MCCH change notification – 8 bits as defined in section 5.8a.1.3 of [6]
-	Reserved information bits are added until the size is equal to that of format 1C used for very compact scheduling of one PDSCH codeword
Else if the format 1C is used for reconfiguring TDD
-	UL/DL configuration indication:
UL/DL configuration number 1, UL/DL configuration number 2,…, UL/DL configuration number I


Where each UL/DL configuration is 3 bits, ,  is equal to the payload size of format 1C used for very compact scheduling of one PDSCH codeword. The parameter eimta-UL-DL-ConfigIndex provided by higher layers determines the index to the UL/DL configuration indication for a serving cell.
-	Zeros are added until the size is equal to that of format 1C used for very compact scheduling of one PDSCH codeword
Else
-	Subframe configuration for LAA – 4 bits as defined in section 13A of [3] 
-	UL duration and offset – 5 bits as defined in section 13A of [3]. The field only applies to a UE configured with uplink transmission on a LAA SCell 
-	PUSCH trigger B – 1 bit as defined in section 8.0 of [3]. The field only applies to a UE configured with uplink transmission on a LAA SCell
-	COT sharing indication for AUL – 1 bit as defined in 4.1.3 of [8]. The field only applies to a UE configured with uplink transmission on a LAA SCell
-	Reserved information bits are added until the size is equal to that of format 1C used for very compact scheduling of one PDSCH codeword
[bookmark: _Toc510467883]< Unchanged parts are omitted >
5.3.3.1.8	Format 4
DCI format 4 is used for the scheduling of PUSCH in one UL cell with multi-antenna port transmission mode, 
The following information is transmitted by means of the DCI format 4:
-	Carrier indicator – 0 or 3 bits. The field is present according to the definitions in [3].

-	Resource block assignment -  bits, where P is the UL RBG size as defined in section 8.1.2 of [3]

-	For resource allocation type 0:

-	The LSBs provide the resource allocation in the UL subframe as defined in section 8.1.1 of [3]
-	For resource allocation type 1:

-	The  LSBs provide the resource allocation in the UL subframe as defined in section 8.1.2 of [3] 
-	TPC command for scheduled PUSCH – 2 bits as defined in section 5.1.1.1 of [3]
-	Cyclic shift for DM RS and OCC index and IFDMA configuration – 3 bits as defined in section 5.5.2.1.1 of [2]
-	UL index – 2 bits as defined in sections 5.1.1.1, 7.2.1, 8 and 8.4 of [3] (this field is present only for TDD operation with uplink-downlink configuration 0, or TDD operation with uplink-downlink configuration 6 and special subframe configuration 10 when the higher layer parameter symPUSCH-UpPts or shortProcessingTime is configured for the cell)
-	Downlink Assignment Index (DAI) – 2 bits as defined in section 7.3 of [3] (this field is present only for the following cases: 1) TDD primary cell and either TDD operation with uplink-downlink configurations 1-6 or FDD operation; or 2) EN-DC with FDD primary cell and higher layer parameter subframeAssignment-r15 configured)
-	CSI request – 1, 2, 3, 4 or 5 bits as defined in section 7.2.1 of [3]. 
If UEs are not configured with CSI-RS-ConfigNZPAperiodic or if UEs are configured with CSI-RS-ConfigNZPAperiodic and numberActivatedAperiodicCSI-RS-Resources=1 for each CSI process, 
the 2-bit field applies to UEs configured with no more than five DL cells and to
-	UEs that are configured with more than one DL cell;
-	UEs that are configured by higher layers with more than one CSI process; 
-	UEs that are configured with two CSI measurement sets by higher layers with the parameter csi-MeasSubframeSet;
the 3-bit field applies to UEs that are configured with more than five DL cells;
otherwise the 1-bit field applies 
If UEs are configured with CSI-RS-ConfigNZPAperiodic and numberActivatedAperiodicCSI-RS-Resources>1 for at least one CSI process, 
the 4-bit field applies to UEs configured with no more than five DL cells and to
-	UEs that are configured with more than one DL cell;
-	UEs that are configured by higher layers with more than one CSI process; 
-	UEs that are configured with two CSI measurement sets by higher layers with the parameter csi-MeasSubframeSet; 
the 5-bit field applies to UEs that are configured with more than five DL cells;
otherwise the 3-bit field applies.
-	SRS request – 2 bits as defined in section 8.2 of [3]
-	Resource allocation type – 1 bit as defined in section 8.1 of [3] 
-	Cyclic Shift Field mapping table for DMRS – 1 bit as defined in section 5.5.2.1.1 of [2]. The 1-bit field applies to UEs that are configured with higher layer parameter UL-DMRS-IFDMA. 
-	HARQ process number – 4 bits if higher layer parameter ul-TTI-Length is configured for the cell, otherwise 3 bits (this field is present when higher layer parameter shortProcessingTime is configured for the cell)
-	Redundancy version – 2 bits (this field is present when higher layer parameter shortProcessingTime is configured for the cell)

In addition, for transport block 1: 
-	Modulation and coding scheme and redundancy version – 5 bits as defined in section 8.6 of [3]
-	New data indicator – 1 bit
In addition, for transport block 2:
-	Modulation and coding scheme and redundancy version – 5 bits as defined in section 8.6 of [3]
-	New data indicator – 1 bit
Precoding information and number of layers: number of bits as specified in Table 5.3.3.1.8-1. Bit field as shown in Table 5.3.3.1.8-2 and Table 5.3.3.1.8- 3. Note that TPMI for 2 antenna ports indicates which codebook index is to be used in Table 5.3.3A.2-1 of [2], and TPMI for 4 antenna ports indicates which codebook index is to be used in Table 5.3.3A.2-2, Table 5.3.3A.2-3, Table 5.3.3A.2-4 and Table 5.3.3A.2-5 of [2]. If both transport blocks are enabled, transport block 1 is mapped to codeword 0; and transport block 2 is mapped to codeword 1. In case one of the transport blocks is disabled, the transport block to codeword mapping is specified according to Table 5.3.3.1.5-2. For a single enabled codeword, indices 24 to 39 in Table 5.3.3.1.8-3 are only supported for retransmission of the corresponding transport block if that transport block has previously been transmitted using two layers.
Table 5.3.3.1.8-1: Number of bits for precoding information
	Number of antenna ports at UE
	Number of bits for precoding information

	2
	3

	4
	6



Table 5.3.3.1.8-2: Content of precoding information field for 2 antenna ports
	One codeword: 
Codeword 0 enabled
Codeword 1 disabled
	Two codewords: 
Codeword 0 enabled
Codeword 1 enabled

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

	0
	1 layer: TPMI=0
	0
	2 layers: TPMI=0

	1
	1 layer: TPMI=1
	1-7
	reserved

	2
	1 layer: TPMI=2
	
	

	…
	…
	
	

	5
	1 layer: TPMI=5
	
	

	6-7
	reserved
	
	



Table 5.3.3.1.8-3: Content of precoding information field for 4 antenna ports
	One codeword: 
Codeword 0 enabled
Codeword 1 disabled
	Two codewords: 
Codeword 0 enabled
Codeword 1 enabled

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

	0
	1 layer: TPMI=0
	0
	2 layers: TPMI=0

	1
	1 layer: TPMI=1
	1
	2 layers: TPMI=1

	…
	…
	…
	…

	23
	1 layer: TPMI=23
	15
	2 layers: TPMI=15

	24
	2 layers: TPMI=0
	16
	3 layers: TPMI=0

	25
	2 layers: TPMI=1
	17
	3 layers: TPMI=1

	…
	…
	…
	…

	39
	2 layers: TPMI=15
	27
	3 layers: TPMI=11

	40-63
	reserved
	28
	4 layers: TPMI=0

	
	
	29 - 63
	Reserved



If the number of information bits in format 4 is equal to the payload size for DCI format 1, 2, 2A, 2B, 2C or 2D associated with the configured DL transmission mode in the same serving cell, one zero bit shall be appended to format 4.
[bookmark: _Toc510467884]5.3.3.1.8A	Format 4A
DCI format 4 is used for the scheduling of PUSCH in a LAA SCell with multi-antenna port transmission mode, or activating/releasing AUL transmission for a UE with multi-antenna port transmission mode, or indicating AUL-DFI to a UE that is activated with AUL transmission with multi-antenna port transmission mode. 
The following information is transmitted by means of the DCI format 4A:
-	Carrier indicator – 0 or 3 bits. The field is present according to the definitions in [3].
If the format 4A DCI is scrambled by C-RNTI
-	PUSCH trigger A – 1 bit, where value 0 indicates non-triggered scheduling and value 1 indicates triggered scheduling as defined in section 8.0 of [3] ;
Else
-	Flag for AUL differentiation – 1 bit, where value 0 indicates activating/releasing AUL transmission and value 1 indicates AUL-DFI.

If the format 4A is used for the scheduling of PUSCH in a LAA SCell or activating/releasing AUL transmission for a UE, all the remaining fields are set as follows:
-	Timing offset – 4 bits as defined in section 8.0 of [3].
-	When the PUSCH trigger A is set to 0, 
-	The field indicates the absolute timing offset for the PUSCH transmission. 
-	Otherwise, 
-	The first two bits of the field indicate the timing offset, relative to the UL offset l as defined in section 13A of [3], for the PUSCH transmission. 
-	The last two bits of the field indicate the time window within which the scheduling of PUSCH via triggered scheduling is valid.
-	Resource block assignment – 5 or 6 bits provide the resource allocation in the UL subframe as defined in section 8.1.4 of [3]. 
-	HARQ process number – 4 bits.
-	Redundancy version – 2 bits as defined in section 8.6.1 of [3] which is common for both transport blocks. 
-	TPC command for scheduled PUSCH – 2 bits as defined in section 5.1.1.1 of [3]
-	Cyclic shift for DM RS and OCC index – 3 bits as defined in section 5.5.2.1.1 of [2]
-	CSI request – 1, 2 or 3 bits as defined in section 7.2.1 of [3]. The 2-bit field applies to UEs configured with no more than five DL cells and to
-	UEs that are configured with more than one DL cell;
-	UEs that are configured by higher layers with more than one CSI process; 
-	UEs that are configured with two CSI measurement sets by higher layers with the parameter csi-MeasSubframeSet;
	the 3-bit field applies to UEs that are configured with more than five DL cells;
	otherwise the 1-bit field applies.
-	SRS request – 2 bits as defined in section 8.2 of [3].
-	Partial PUSCH Mode – 2 bits as specified in Table 5.3.3.1.1A-3. This field is only present when partialPUSCHmode is configured by higher layer.
-	PUSCH starting position – 2 bits 
-	as specified in Table 5.3.3.1.1A-2 if the ‘Partial PUSCH Mode’ field indicates Partial PUSCH Mode 2;
-	as specified in Table 5.3.3.1.1A-1 otherwise.
-	PUSCH ending symbol – 1 bit, where 
-	if the ‘Partial PUSCH Mode’ field indicates Partial PUSCH Mode 3, value 0 indicates symbol 6 of the subframe, and value 1 indicates symbol 3 of the subframe.
-	otherwise value 0 indicates the last symbol of the subframe and value 1 indicates the second to last symbol of the subframe.
-	Channel Access type – 1 bit as defined in section 154.2 of [38].
-	Channel Access Priority Class – 2 bits as defined in section 154.2 of [38].
In addition, for transport block 1: 
-	Modulation and coding scheme and redundancy version – 5 bits as defined in section 8.6 of [3].
-	New data indicator – 1 bit.
In addition, for transport block 2:
-	Modulation and coding scheme and redundancy version – 5 bits as defined in section 8.6 of [3].
-	New data indicator – 1 bit.
Precoding information and number of layers: number of bits as specified in Table 5.3.3.1.8-1. Bit field as shown in Table 5.3.3.1.8-2 and Table 5.3.3.1.8- 3. Note that TPMI for 2 antenna ports indicates which codebook index is to be used in Table 5.3.3A.2-1 of [2], and TPMI for 4 antenna ports indicates which codebook index is to be used in Table 5.3.3A.2-2, Table 5.3.3A.2-3, Table 5.3.3A.2-4 and Table 5.3.3A.2-5 of [2]. If both transport blocks are enabled, transport block 1 is mapped to codeword 0; and transport block 2 is mapped to codeword 1. In case one of the transport blocks is disabled, the transport block to codeword mapping is specified according to Table 5.3.3.1.5-2. For a single enabled codeword, indices 24 to 39 in Table 5.3.3.1.8-3 are only supported for retransmission of the corresponding transport block if that transport block has previously been transmitted using two layers.
If the format 4A is used for indicating AUL-DFI to a UE that is activated with AUL transmission, all the remaining fields are set as follows:
-	HARQ-ACK bitmap – 32 bits.
-	TPC command – 2 bits as defined in section 5.1.1.1 of [3].	
-	Precoding information: number of bits as specified in Table 5.3.3.1.8-1. Bit field as shown in Table 5.3.3.1.8-2 and Table 5.3.3.1.8- 3. Note that TPMI for 2 antenna ports indicates which codebook index is to be used in Table 5..2-1 of [2], and TPMI for 4 antenna ports indicates which codebook index is to be used in Table 5..2-2, Table 5..2-3, Table 5..2-4 and Table 5..2-5 of [2]. If both transport blocks are enabled, transport block 1 is mapped to codeword 0; and transport block 2 is mapped to codeword 1. In case one of the transport blocks is disabled, the transport block to codeword mapping is specified according to Table 5.3.3.1.5-2. For a single enabled codeword, indices 24 to 39 in Table 5.3.3.1.8-3 are only supported for retransmission of the corresponding transport block if that transport block has previously been transmitted using two layers.
-	All the remaining bits in format 4A are set to zero. 
If the number of information bits in format 4A is equal to the payload size for DCI format 1, 2, 2A, 2B, 2C or 2D associated with the configured DL transmission mode in the same serving cell, one zero bit shall be appended to format 4A.
[bookmark: _Toc510467885]5.3.3.1.8B	Format 4B
DCI format 4B is used for the scheduling of PUSCH with multi-antenna port transmission mode in each of multiple subframes in a LAA SCell.
The following information is transmitted by means of the DCI format 4B:
-	Carrier indicator – 0 or 3 bits. The field is present according to the definitions in [3].
-	PUSCH trigger A – 1 bit, where value 0 indicates non-triggered scheduling and value 1 indicates triggered scheduling as defined in section 8.0 of [3].
-	Timing offset – 4 bits as defined in section 8.0 of [3].
-	When the PUSCH trigger A is set to 0, 
-	The field indicates the absolute timing offset for the PUSCH transmission. 
-	Otherwise, 
-	The first two bits of the field indicate the timing offset, relative to the UL offset l as defined in section 13A of [3], for the PUSCH transmission. 
-	The last two bits of the field indicate the time window within which the scheduling of PUSCH via triggered scheduling is valid.
-	Number of scheduled subframes – 1 or 2 bits. The 1-bit field applies when maxNumberOfSchedSubframes-Format4B-r14 is configured by higher layers to two, otherwise the 2-bit field applies.
-	Resource block assignment – 5 or 6 bits provide the resource allocation in the UL subframe as defined in section 8.1.4 of [3]. 
-	HARQ process number – 4 bits. The 4-bit applies to the first scheduled subframe, and the HARQ process numbers for other scheduled subframes are defined in section 8.0 of [3].
-	Redundancy version – maxNumberOfSchedSubframes-Format4B-r14 bits. Each scheduled PUSCH corresponds to 1 bit as defined in section 8.6.1 of [3]. Redundancy version is common for both transport blocks.
-	TPC command for scheduled PUSCH – 2 bits as defined in section 5.1.1.1 of [3].
-	Cyclic shift for DM RS and OCC index – 3 bits as defined in section 5.5.2.1.1 of [2].
-	CSI request – 1, 2 or 3 bits as defined in section 7.2.1 of [3]. The 2-bit field applies to UEs configured with no more than five DL cells and to
-	UEs that are configured with more than one DL cell;
-	UEs that are configured by higher layers with more than one CSI process; 
-	UEs that are configured with two CSI measurement sets by higher layers with the parameter csi-MeasSubframeSet;
	the 3-bit field applies to UEs that are configured with more than five DL cells;
	otherwise the 1-bit field applies.
-	SRS request – 2 bits as defined in section 8.2 of [3].
-	Partial PUSCH Mode 1 – 1 bit only present if partialPUSCHmode1 is configured by higher layer, and applicable to each of the scheduled subframe(s), except for the first scheduled subframe in case the ‘Partial PUSCH Mode 2’ field is value 1 and the last scheduled subframe in case the ‘Partial PUSCH Mode 3’ field is value 1, where 
-	value 0 indicates the starting position of the PUSCH is determined following Partial PUSCH Mode 0 as defined in Table 5.3.3.1.1A-3;
-	value 1 indicates the starting position of the PUSCH of the first transmitted subframe is determined following Partial PUSCH Mode 1 as defined in Table 5.3.3.1.1A-3. 
-	Partial PUSCH Mode 2 – 1 bit. This field is only present if partialPUSCHmode2 is configured by higher layer, and applicable to only the first scheduled subframe.
-	Partial PUSCH Mode 3 – 1 bit. This field is only present if partialPUSCHmode3 is configured by higher layer, and applicable to only the last scheduled subframe.
-	PUSCH starting position – 2 bits 
-	as specified in Table 5.3.3.1.1A-2 applicable to only the first scheduled subframe, if the ‘Partial PUSCH Mode 2’ field is value 1;
-	as specified in Table 5.3.3.1.1A-1 applicable to only the first scheduled subframe otherwise.
-	PUSCH ending symbol – 1 bit, where 
-	if the ‘Partial PUSCH Mode 3’ is value 1, value 0 indicates symbol 6 of the last scheduled subframe, and value 1 indicates symbol 3 of the last scheduled subframe;
-	otherwise value 0 indicates the last symbol of the last scheduled subframe and value 1 indicates the second to last symbol of the last scheduled subframe.
-	Channel Access type – 1 bit as defined in section 154.2 of [38].
-	Channel Access Priority Class – 2 bits as defined in section 154.2 of [38].
In addition, for transport block 1: 
-	Modulation and coding scheme and redundancy version – 5 bits as defined in section 8.6 of [3].
-	New data indicator – maxNumberOfSchedSubframes-Format4B-r14 bits. Each scheduled PUSCH corresponds to 1 bit.
In addition, for transport block 2:
-	Modulation and coding scheme and redundancy version – 5 bits as defined in section 8.6 of [3].
-	New data indicator – maxNumberOfSchedSubframes-Format4B-r14 bits. Each scheduled PUSCH corresponds to 1 bit.
Precoding information and number of layers: number of bits as specified in Table 5.3.3.1.8-1. Bit field as shown in Table 5.3.3.1.8-2 and Table 5.3.3.1.8- 3. Note that TPMI for 2 antenna ports indicates which codebook index is to be used in Table 5.3.3A.2-1 of [2], and TPMI for 4 antenna ports indicates which codebook index is to be used in Table 5.3.3A.2-2, Table 5.3.3A.2-3, Table 5.3.3A.2-4 and Table 5.3.3A.2-5 of [2]. If both transport blocks are enabled, transport block 1 is mapped to codeword 0; and transport block 2 is mapped to codeword 1. In case one of the transport blocks is disabled, the transport block to codeword mapping is specified according to Table 5.3.3.1.5-2. For a single enabled codeword, indices 24 to 39 in Table 5.3.3.1.8-3 are only supported for retransmission of the corresponding transport block if that transport block has previously been transmitted using two layers.
If the number of information bits in format 4B is equal to the payload size for DCI format 1, 2, 2A, 2B, 2C or 2D associated with the configured DL transmission mode in the same serving cell, one zero bit shall be appended to format 4B.
< Unchanged parts are omitted >
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