

	
3GPP TSG RAN WG1 Meeting #92bis 	R1-1803954
Sanya, China, April 16-April 20, 2018
	CR-Form-v11.2

	CHANGE REQUEST

	

	
	36.212
	CR
	[bookmark: _GoBack]0280
	rev
	-
	Current version:
	15.1.0
	

	

	For HELP on using this form: comprehensive instructions can be found at 
http://www.3gpp.org/Change-Requests.

	



	Proposed change affects:
	UICC apps
	
	ME
	X
	Radio Access Network
	X
	Core Network
	



	

	Title:	
	Corrections on shortened processing time and shortened TTI in 36.212

	
	

	Source to WG:
	Huawei

	Source to TSG:
	

	
	

	Work item code:
	LTE_sTTIandPT
	
	Date:
	2018-04-02

	
	
	
	
	

	Category:
	F
	
	Release:
	Rel-15

	
	Use one of the following categories:
F  (correction)
A  (mirror corresponding to a change in an earlier release)
B  (addition of feature), 
C  (functional modification of feature)
D  (editorial modification)
Detailed explanations of the above categories can
be found in 3GPP TR 21.900.
	[bookmark: OLE_LINK1]Use one of the following releases:
Rel-8	(Release 8)
Rel-9	(Release 9)
Rel-10	(Release 10)
Rel-11	(Release 11)
Rel-12	(Release 12)
Rel-13	(Release 13)
Rel-14	(Release 14)
Rel-15	(Release 15)
Rel-16	(Release 16)

	
	

	Reason for change:
	The endorsed text proposals and additional agreements in RAN1#92 need to be incorporated.

	
	

	Summary of change:
	The endorsed text proposals and additional agreements in RAN1#92 are incorporated.

	
	

	Consequences if not approved:
	Shortened processing time and shortened TTI will be incorrect.

	
	

	Clauses affected:
	5.1.4.1.2, 5.2.2.6, 5.2.2.6.1, 5.2.2.6.2, 5.2.2.6.3, 5.2.2.8, 5.2.3.1, 5.2.3.1A, 5.3.3.1.15, 5.3.3.1.16, 5.3.3.1.17, 5.3.3.1.18, 5.3.3.1.19, 5.3.3.1.20, 5.3.3.1.21, 5.3.3.1.22, 5.3.3.1.23

	
	

	
	Y
	N
	
	

	Other specs
	X
	
	 Other core specifications	
	36.211, 36.213 

	affected:
	
	X
	 Test specifications
	

	(show related CRs)
	
	X
	 O&M Specifications
	

	
	

	Other comments:
	



Page 1


[bookmark: _Toc446967021]< Unchanged parts are omitted >
[bookmark: _Toc510467820]5.1.4.1.2	Bit collection, selection and transmission

The circular buffer of length  for the r-th coded block is generated as follows:


	for k = 0,…, 


	for k = 0,…, 


	for k = 0,…, 
Denote the soft buffer size for the transport block by NIR bits and the soft buffer size for the r-th code block by Ncb bits. The size Ncb is obtained as follows, where C is the number of code blocks computed in section 5.1.2:

- 	for DL-SCH and PCH transport channels

- 	for UL-SCH, MCH, SL-SCH and SL-DCH transport channels
For UE category 0, for DL-SCH associated with SI-RNTI and RA-RNTI and PCH transport channel, Ncb is always equal to Kw.

Where NIR is equal to:







Where the coefficient  is 1 for subframe duration, 0.5 for slot duration and for subslot duration of initial PDSCH transmission. For retransmission of a transport block with slot or subslot duration, is 1 if the transport block has initially been transmitted with subframe duration. For retransmission of a transport block with subframe duration,  is 0.5 if the transport block has initially been transmitted with slot duration, and if the transport block has initially been transmitted with subslot duration.
< Unchanged parts are omitted >
[bookmark: _Toc510467833]5.2.2.6	Channel coding of control information
< Unchanged parts in this subclause are omitted >







For FDD with at least one cell configured with higher layer parameter dl-TTI-Length or for the aggregation of more than one DL cell including a primary cell using FDD and at least one secondary cell using TDD and at least one DL cell configured with higher layer parameter dl-TTI-Length, define the bit sequence  corresponding to PDSCH with slot/subslot duration as the result of the concatenation of HARQ-ACK bits for one or multiple DL cells configured with higher layer parameter dl-TTI-Length,  as the number of cells configured with dl-TTI-Length for the UE and  as the number of slot(s) or subslot(s) for which the UE needs to feed back HARQ-ACK bits in UL slot or subslot n for the c-th serving cell. For a cell using FDD and configured with dl-TTI-Length=subslot and ul-TTI-Length=subslot, or for a cell using FDD and configured with dl-TTI-Length=slot and ul-TTI-Length=slot, . For a cell using FDD and configured with dl-TTI-Length=subslot and ul-TTI-Length=slot, . For a cell using TDD, if slot n-4 in the cell is in a DL subframe, or slot n-4 is the first slot in a special subframe with special subframe cofigurations 1/2/3/4/6/7/8/9/10 and normal downlink CP, or slot n-4 is the second slot in a special subframe with special subframe cofigurations 3/4/8 and normal downlink CP, and  otherwise. 

The bit sequence  is performed according to the following pseudo-code:
Set c = 0 – cell index: lower indices correspond to lower RRC indices of corresponding cell configured with dl-TTI-Length
Set j = 0 – HARQ-ACK bit index

while c < 
set l = 0;

while l < 

 HARQ-ACK bit of this cell
j = j + 1
l=l+1
end while
c = c + 1
end while



For FDD with at least one cell configured with higher layer parameter dl-TTI-Length or for the aggregation of more than one DL cell including a primary cell using FDD and at least one secondary cell using TDD and at least one DL cell configured with higher layer parameter dl-TTI-Length, define the bit sequence  corresponding to PDSCH with subframe duration as the result of the concatenation of HARQ-ACK bits for one or multiple DL cells. The bit sequence is determined as below for bit sequence  and spatial bundling is performed if the HARQ-ACK is to be transmitted on subslot PUSCH or if the HARQ-ACK is to be transmitted on slot PUSCH and spatial bundling is configured.



For UEs configured by higher layers with codebooksizeDetermination-r13 = dai, the bit sequence  corresponding to PDSCH with subframe duration is determined according to the Downlink Assignment Index (DAI) as in Table 5.3.3.1.2-2 and as defined in [3]. Otherwise, the bit sequence  is determined as below. 

For FDD when the UE is not configured with EN-DC and higher layer parameter subframeAssignment-r15, when HARQ ACK consists of 2 or more bits of information as a result of the aggregation of more than one DL cell, the bit sequence  corresponding to PDSCH with subframe duration is the result of the concatenation of HARQ-ACK bits for the multiple DL cells according to the following pseudo-code: 
Set c = 0 – cell index: lower indices correspond to lower RRC indices of corresponding cell
Set j = 0 – HARQ-ACK bit index

Set  to the number of cells configured by higher layers for the UE

while c < 

if transmission mode configured in cell 	– 1 bit HARQ-ACK feedback for this cell

 HARQ-ACK bit of this cell
j = j + 1	
else 
if the PUSCH is with subframe or slot duration and the UE is not configured with spatial bundling on PUSCH by higher layers

 HARQ-ACK bit corresponding to the first codeword of this cell
j = j + 1	

 HARQ-ACK bit corresponding to the second codeword of this cell
j = j + 1	
else 

 binary AND operation of the HARQ-ACK bits corresponding to the first and second codewords of this cell 
j = j + 1
end if
end if
c = c + 1
end while 






For the aggregation of more than one DL cell including a primary cell using FDD and at least one secondary cell using TDD when the UE is not configured with EN-DC and higher layer parameter subframeAssignment-r15, the bit sequence  is the result of the concatenation of HARQ-ACK bits for one or multiple DL cells. Define  as the number of cells configured by higher layers for the UE and  as the number of subframes for which the UE needs to feed back HARQ-ACK bits in UL subframe n for the c-th serving cell. For a cell using TDD, the subframes are determined by the DL-reference UL/DL configuration if the UE is configured with higher layer parameter eimta-HARQ-ReferenceConfig, and determined by the UL/DL configuration otherwise. For a cell using TDD,  if subframe n-4 in the cell, or subframe n-3 in the cell if higher layer parameter shortProcessingTime is configured for the primary cell, is a DL subframe or a special subframe with special subframe configurations 1/2/3/4/6/7/8/9/10 and normal downlink CP or a special subframe with special subframe configurations 1/2/3/5/6/7 and extended downlink CP, and  otherwise. For a cell using FDD, .

The bit sequence  is performed according to the following pseudo-code: 
Set c = 0 – cell index: lower indices correspond to lower RRC indices of corresponding cell
Set j = 0 – HARQ-ACK bit index

while c < 

if  

if transmission mode configured in cell  – 1 bit HARQ-ACK feedback for this cell

 HARQ-ACK bit of this cell
j = j + 1
else 
if the PUSCH is with subframe or slot duration and the UE is not configured with spatial bundling on PUSCH by higher layers

 HARQ-ACK bit corresponding to the first codeword of this cell
j = j + 1

 HARQ-ACK bit corresponding to the second codeword of this cell
j = j + 1 
else

 binary AND operation of the HARQ-ACK bits corresponding to the first and second codewords of this cell 
j = j + 1
end if
end if
end if
c = c + 1
end while

For the cases with TDD primary cell or EN-DC with FDD primary cell and higher layer parameter subframeAssignment-r15 configured, when HARQ-ACK is for the aggregation of one or more DL cells and the UE is configured with PUCCH format 3, PUCCH format 4 or PUCCH format 5 [3], the bit sequence  is the result of the concatenation of HARQ-ACK bits for the one or more DL cells configured by higher layers and the multiple subframes as defined in [3].


Define  as the number of cells configured by higher layers for the UE and  as the number of subframes for which the UE needs to feed back HARQ-ACK bits as defined in Section 7.3 of [3].
The number of HARQ-ACK bits for the UE to convey if it is configured with PUCCH format 3, PUCCH format 4 or PUCCH format 5 is computed as follows: 
Set k = 0 – counter of HARQ-ACK bits
Set c=0 – cell index: lower indices correspond to lower RRC indices of corresponding cell

while c <  
set l = 0;

while l < 

if transmission mode configured in cell  -- 1 bit HARQ-ACK feedback for this cell
k = k + 1	
else
k = k + 2	
end if
l = l+1
end while
c = c + 1
end while
When PUCCH format 3 is configured, if k ≤ 20 when TDD is used in all the configured serving cell(s) of the UE, or if k ≤ 21 when FDD is used in at least one of the configured serving cells with TDD primary cell, or if k ≤ 21 when the UE is configured with EN-DC with FDD primary cell and higher layer parameter subframeAssignment-r15; or when PUCCH format 4 or PUCCH format 5 is configured and when the UE is not configured with spatial bundling on PUSCH by higher layers, the multiplexing of HARQ-ACK bits is performed according to the following pseudo-code:
Set c = 0 – cell index: lower indices correspond to lower RRC indices of corresponding cell
Set j = 0 – HARQ-ACK bit index

while c <  
set l = 0;

while l < 

if transmission mode configured in cell  -- 1 bit HARQ-ACK feedback for this cell

 HARQ-ACK bit of this cell as defined in Section 7.3 of [3]
j = j + 1	
else

 HARQ-ACK bits of this cell as defined in Section 7.3 of [3]
j = j + 2	
end if
l = l+1
end while
c = c + 1
end while
When PUCCH format 3 is configured, if k > 20 when TDD is used in all the configured serving cell(s) of the UE, or if k > 21 when FDD is used in at least one of the configured serving cells with TDD primary cell, or if k > 21 when the UE is configured with EN-DC with FDD primary cell and higher layer parameter subframeAssignment-r15, spatial bundling is applied to all subframes in all cells; or when PUCCH format 4 or PUCCH format 5 is configured and when the UE is configured with spatial bundling on PUSCH by higher layers; or when the PUSCH is subslot duration, the multiplexing of HARQ-ACK bits is performed according to the following pseudo-code:
Set c = 0 – cell index: lower indices correspond to lower RRC indices of corresponding cell
Set j = 0 – HARQ-ACK bit index

while c <  
set l = 0;

while l < 	

if transmission mode configured in cell  – 1 bit HARQ-ACK feedback for this cell

HARQ-ACK bit of this cell as defined in Section 7.3 of [3]
j = j + 1	
else

 binary AND operation of the HARQ-ACK bits corresponding to the first and second codewords of this cell as defined in Section 7.3 of [3]
j = j + 1	
end if
l = l+1
end while
c = c + 1
end while 







For FDD with at least one cell configured with higher layer parameter dl-TTI-Length or for the aggregation of more than one DL cell including a primary cell using FDD and at least one secondary cell using TDD and at least one DL cell configured with higher layer parameter dl-TTI-Length, bit sequence is obtained by concatenation of the bit sequence  and , where  in the cases defined in section 7.3 of [3]. In all other cases, the sequence of bits is given by. For the cases with TDD primary cell with at least one cell configured with higher layer parameter dl-TTI-Length, the bit sequence  is as defined in [3].




For  or , the bit sequence  is obtained by setting .




For , the bit sequence  is obtained by setting  if i is even and  if i is odd. 
< Unchanged parts are omitted >
[bookmark: _Toc510467834]5.2.2.6.1	Channel quality information formats for wideband CQI reports
< Unchanged parts in this subclause are omitted >




The channel quality bits in Table 5.2.2.6.1-1, Table 5.2.2.6.1-1-1, Table 5.2.2.6.1-1A, Table 5.2.2.6.1-1A-1, Table 5.2.2.6.1-1B, Table 5.2.2.6.1-1B-1, Table 5.2.2.6.1-1B-2, Table 5.2.2.6.1-1B-3, Table 5.2.2.6.1-1C, Table 5.2.2.6.1-1D, Table 5.2.2.6.1-1D-1, Table 5.2.2.6.1-1D-2, Table 5.2.2.6.1-1E, Table 5.2.2.6.1-1F, Table 5.2.2.6.1-1F-1, Table 5.2.2.6.1-1G, Table 5.2.2.6.1-1G-1, Table 5.2.2.6.1-1H, Table 5.2.2.6.1-1H-1, Table 5.2.2.6.1-1I, Table 5.2.2.6.1-1I-1, Table 5.2.2.6.1-1J, Table 5.2.2.6.1-1J-1, Table 5.2.2.6.1-1J-2, Table 5.2.2.6.1-1J-3, Table 5.2.2.6.1-1J-4, Table 5.2.2.6.1-1K-1, Table 5.2.2.6.1-1K-2, Table 5.2.2.6.1-1K-3, Table 5.2.2.6.1-1K-4, Table 5.2.2.6.1-2B, and Table 5.2.2.6.1-2D, form the bit sequence  with  corresponding to the first bit of the first field in the table,  corresponding to the second bit of the first field in the table, and  corresponding to the last bit in the last field in the table. The field of PMI shall be in the increasing order of the subband index [3]. The first bit of each field corresponds to MSB and the last bit LSB. The RI bits sequence in Table 5.2.2.6.1-2, Table 5.2.2.6.1-2B, Table 5.2.2.6.1-2D, Table 5.2.2.6.1-2E, Table 5.2.2.6.1-2F and the CRI sequence in Table 5.2.2.6.1-2A, Table 5.2.2.6.1-2C, Table 5.2.2.6.1-2G are encoded according to section 5.2.2.6. 
For transmission mode 9/10 configured with Class B CSI reporting and K>1 except with feCoMP-CSI-Enabled=true, the number of antenna port in Table 5.2.2.6.1-2B (or Table 5.2.2.6.1-2F with feCoMP-CSI-Enabled=true) refers to the maximum number of antenna ports of K CSI-RS resources configured for the CSI-process for the UE. 
For transmission mode 9/10 configured with Class B CSI reporting and K>1 except with feCoMP-CSI-Enabled=true and with activatedResources>1, the number of antenna port in Table 5.2.2.6.1-2D refers to the maximum number of antenna ports of N CSI-RS resources activated for the CSI-process for the UE. N is the value of higher layer parameter activatedResources.
For a UE configured with the higher layer parameter shortTTI, the entries associated with codeword 1 in Table 5.2.2.6.1-1, Table 5.2.2.6.1-1A, Table 5.2.2.6.1-1B, Table 5.2.2.6.1-1B-1, Table 5.2.2.6.1-1B-2, Table 5.2.2.6.1-1C, Table 5.2.2.6.1-1D, Table 5.2.2.6.1-1D-1, Table 5.2.2.6.1-1D-2, Table 5.2.2.6.1-1E, Table 5.2.2.6.1-1G, Table 5.2.2.6.1-1H, Table 5.2.2.6.1-1I, Table 5.2.2.6.1-1J, Table 5.2.2.6.1-1J-1, Table 5.2.2.6.1-1J-2, Table 5.2.2.6.1-1J-3, Table 5.2.2.6.1-1K-1, Table 5.2.2.6.1-1K-2, Table 5.2.2.6.1-1K-3 and Table 5.2.2.6.1-1K-4 are not applicable.
[bookmark: _Toc510467835]5.2.2.6.2	Channel quality information formats for higher layer configured subband CQI reports
< Unchanged parts in this subclause are omitted >




The channel quality bits in Table 5.2.2.6.2-1, Table 5.2.2.6.2-1B, Table 5.2.2.6.2-1B-1, Table 5.2.2.6.2-2, Table 5.2.2.6.2-2-1, Table 5.2.2.6.2-2A, Table 5.2.2.6.2-2A-1, Table 5.2.2.6.2-2B, Table 5.2.2.6.2-2C, Table 5.2.2.6.2-2C-1, Table 5.2.2.6.2-2D, Table 5.2.2.6.2-2D-1, Table 5.2.2.6.2-2E, Table 5.2.2.6.2-2B-1, Table 5.2.2.6.2-2B-2, Table 5.2.2.6.2-2B-3, Table 5.2.2.6.2-2B-4, Table 5.2.2.6.2-2B-5, Table 5.2.2.6.2-2B-6, Table 5.2.2.6.2-2B-7, Table 5.2.2.6.2-2B-8, Table 5.2.2.6.2-2B-9, Table 5.2.2.6.2-2B-10, Table 5.2.2.6.2-2B-11, Table 5.2.2.6.2-2E-1, Table 5.2.2.6.2-2E-2, Table 5.2.2.6.2-2E-3, Table 5.2.2.6.2-2E-4, Table 5.2.2.6.2-2E-5, Table 5.2.2.6.2-2E-6, Table 5.2.2.6.2-2E-7, Table 5.2.2.6.2-2E-9, Table 5.2.2.6.2-3B, and Table 5.2.2.6.2-3D form the bit sequence  with  corresponding to the first bit of the first field in each of the tables,  corresponding to the second bit of the first field in each of the tables, and  corresponding to the last bit in the last field in each of the tables. The field of the PMI and subband differential CQI shall be in the increasing order of the subband index [3]. The first bit of each field corresponds to MSB and the last bit LSB. The RI bits sequence in Tables 5.2.2.6.2-3, 5.2.2.6.2-3B, 5.2.2.6.2-3D, 5.2.2.6.2-3E, 5.2.2.6.2-3F and the CRI sequence in Tables 5.2.2.6.2-3A, 5.2.2.6.2-3C and 5.2.2.6.2-3G are encoded according to section 5.2.2.6. 
For transmission mode 9/10 configured with Class B CSI reporting and K>1 except with feCoMP-CSI-Enabled=true, the number of antenna port in Table 5.2.2.6.2-3B (or Table 5.2.2.6.2-3F with feCoMP-CSI-Enabled=true) refers to the maximum number of antenna ports of K CSI-RS resources configured for the CSI-process for the UE. 
For transmission mode 9/10 configured with Class B CSI reporting and K>1 except with feCoMP-CSI-Enabled=true and with activatedResources>1, the number of antenna port in Table 5.2.2.6.2-3D refers to the maximum number of antenna ports of N CSI-RS resources activated for the CSI-process for the UE. N is the value of higher layer parameter activatedResources.
For a UE configured with the higher layer parameter shortTTI, the entries associated with codeword 1 in Table 5.2.2.6.2-1A, Table 5.2.2.6.2-2, Table 5.2.2.6.2-2A, Table 5.2.2.6.2-2B, Table 5.2.26.2-2B1, Table 5.2.26.2-2B2, Table 5.2.26.2-2B3, Table 5.2.26.2-2B4, Table 5.2.26.2-2B5, Table 5.2.26.2-2B6, Table 5.2.26.2-2B7, Table 5.2.26.2-2B8, Table 5.2.26.2-2B9, Table 5.2.26.2-2B10, Table 5.2.2.6.2-2C, Table 5.2.2.6.2-2D, Table 5.2.2.6.2-2E, Table 5.2.2.6.2-2E-1, Table 5.2.2.6.2-2E-2, Table 5.2.2.6.2-2E-3, Table 5.2.2.6.2-2E-4, Table 5.2.2.6.2-2E-5, Table 5.2.2.6.2-2E-6, Table 5.2.2.6.2-2E-7 and Table 5.2.2.6.2-2E-8 are not applicable.
[bookmark: _Toc510467836]5.2.2.6.3	Channel quality information formats for UE selected subband CQI reports
< Unchanged parts in this subclause are omitted >




The channel quality bits in Table 5.2.2.6.3-1, Table 5.2.2.6.3-1B, Table 5.2.2.6.3-1B-1, Table 5.2.2.6.3-2, Table 5.2.2.6.3-2-1, Table 5.2.2.6.3-2A, Table 5.2.2.6.3-2A-1, Table 5.2.2.6.3-2B, Table 5.2.2.6.3-2B-1, Table 5.2.2.6.3-2C, Table 5.2.2.6.3-2D, Table 5.2.2.6.3-2E, Table 5.2.2.6.3-2F, Table 5.2.2.6.3-2G, Table 5.2.2.6.3-2H, Table 5.2.2.6.3-2I, Table 5.2.2.6.3-3B, and Table 5.2.2.6.3-3D form the bit sequence  with  corresponding to the first bit of the first field in each of the tables,  corresponding to the second bit of the first field in each of the tables, and  corresponding to the last bit in the last field in each of the tables. The field of PMI shall start with the wideband PMI followed by the PMI for the M selected subbands. The first bit of each field corresponds to MSB and the last bit LSB. The RI bits sequence in Table 5.2.2.6.3-3, Table 5.2.2.6.3-3B, Table 5.2.2.6.3-3D, Table 5.2.2.6.3-3E, Table 5.2.2.6.3-3F, and the CRI sequence in Table 5.2.2.6.3-3A, Table 5.2.2.6.3-3C and Table 5.2.2.6.3-3G are encoded according to section 5.2.2.6. 
For transmission mode 9/10 configured with Class B CSI reporting and K>1, the number of antenna port in Table 5.2.2.6.3-3B (or Table 5.2.2.6.3-3F with feCoMP-CSI-Enabled=true) refers to the maximum number of antenna ports of K CSI-RS resources configured for the CSI-process for the UE. 
For transmission mode 9/10 configured with Class B CSI reporting and K>1 except with feCoMP-CSI-Enabled=true and with activatedResources>1, the number of antenna port in Table 5.2.2.6.3-3D refers to the maximum number of antenna ports of N CSI-RS resources activated for the CSI-process for the UE. N is the value of higher layer parameter activatedResources.
For a UE configured with the higher layer parameter shortTTI, the entries associated with codeword 1 in Table 5.2.2.6.3-1A, Table 5.2.2.6.3-2, Table 5.2.2.6.3-2A, Table 5.2.2.6.3-2B, Table 5.2.2.6.3-2C, Table 5.2.2.6.3-2D, Table 5.2.2.6.3-2E, Table 5.2.2.6.3-2F, Table 5.2.2.6.3-2G, Table 5.2.2.6.3-2H and Table 5.2.2.6.3-2I are not applicable.
< Unchanged parts are omitted >
[bookmark: _Toc510467840]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 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 ,  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 . 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 duration of the PUSCH is subframe




else if the duration of the PUSCH is slot




else if the duration of the PUSCH is subslot


end if
end while
Where ColumnSet is given
-	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 in case  is equal to 0, and as {0} otherwise, for PUSCH with subslot duration.





(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


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  and  for PUSCH with subslot duration,  if  and 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 
 

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
	{1, 4, 7, 10}

	
	Within symbol 0 or at symbol 1
	{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: _Toc510467842]5.2.3.1	Channel coding for UCI HARQ-ACK on PUCCH




The HARQ-ACK bits are received from higher layers for each subframe of each cell. Each positive acknowledgement (ACK) is encoded as a binary '1' and each negative acknowledgement (NACK) is encoded as a binary '0'. For UEs configured with no more than five DL cells, or for UEs configured by higher layers with codebooksizeDetermination-r13 = cc, and for the case where PUCCH format 3, PUCCH format 4 or PUCCH format 5 [2] is configured by higher layers and is used for transmission of the HARQ-ACK feedback information, the HARQ-ACK feedback consists of the concatenation of HARQ-ACK bits for each of the serving cells. For UEs configured by higher layers with codebooksizeDetermination-r13 = dai, the HARQ-ACK feedback consists of the HARQ-ACK bits for the serving cells depending on the Downlink Assignment Index (DAI) as in Table 5.3.3.1.2-2 and as defined in [3]. For cells configured with transmission modes 1, 2, 5, 6 or 7 [3], i.e., single codeword transmission modes, 1 bit of HARQ-ACK information, , is used for that cell. For cells configured with other transmission modes, 2 bits of HARQ-ACK information are used for those cells, i.e.,  with  corresponding to HARQ-ACK bit for codeword 0 and  corresponding to that for codeword 1. 




Define  as the number of HARQ-ACK feedback bits and  as the number of HARQ-ACK feedback bits including the possible concurrent transmission of scheduling request and/or periodic CSI when PUCCH format 3 is used for transmission of HARQ-ACK feedback (section 10.1 in [3]), and  as the number of HARQ-ACK feedback bits including the possible concurrent transmission of scheduling request and/or periodic CSI when PUCCH format 4 is used for transmission of HARQ-ACK feedback (section 10.1 in [3]), and  as the number of HARQ-ACK feedback bits including the possible concurrent transmission of scheduling request and/or periodic CSI when PUCCH format 5 is used for transmission of HARQ-ACK feedback (section 10.1 in [3]).


For UEs configured by higher layers with codebooksizeDetermination-r13 = dai, the bit sequence  is determined according to the Downlink Assignment Index (DAI) as in Table 5.3.3.1.2-2 and as defined in [3]. Otherwise, the bit sequence  is determined as below.

For FDD when the UE is not configured with EN-DC and higher layer parameter subframeAssignment-r15, the sequence of bits  is the result of the concatenation of HARQ-ACK bits for different cells according to the following pseudo-code: 
Set c = 0 – cell index: lower indices correspond to lower RRC indices of corresponding cell
Set j = 0 – HARQ-ACK bit index

Set  to the number of cells configured by higher layers for the UE

while c < 

if transmission mode configured in cell  -- 1 bit HARQ-ACK feedback for this cell

 HARQ-ACK bit of this cell
j = j + 1
else 
if the UE is configured with spatial bundling on PUCCH by higher layers and if the UE is configured with PUCCH format 4 or PUCCH format 5 or if HARQ-ACK is to be transmitted on subslot SPUCCH as described in section 5.2.3.1A

 binary AND operation of the HARQ-ACK bits corresponding to the first and second codewords of this cell
j = j + 1
else

 HARQ-ACK bit corresponding to the first codeword of this cell
j = j + 1

 HARQ-ACK bit corresponding to the second codeword of this cell
j = j + 1	
end if
end if
c = c + 1
end while






For the aggregation of more than one DL cell including a primary cell using FDD and at least one secondary cell using TDD when the UE is not configured with EN-DC and higher layer parameter subframeAssignment-r15, the sequence of bits  is the result of the concatenation of HARQ-ACK bits for different cells. Define  as the number of cells configured by higher layers for the UE and  as the number of subframes for which the UE needs to feed back HARQ-ACK bits in UL subframe n for the c-th serving cell. For a cell using TDD, the subframes are determined by the DL-reference UL/DL configuration if the UE is configured with higher layer parameter eimta-HARQ-ReferenceConfig, and determined by the UL/DL configuration otherwise. For a cell using TDD,  if subframe n-4 in the cell, or subframe n-3 in the cell if higher layer parameter shortProcessingTime is configured for the primary cell, is a DL subframe or a special subframe with special subframe configurations 1/2/3/4/6/7/8/9/10 and normal downlink CP or a special subframe with special subframe configurations 1/2/3/5/6/7 and extended downlink CP, and  otherwise. For a cell using FDD, .
< Unchanged parts are omitted >
[bookmark: _Toc510467843]5.2.3.1A	Channel coding for UCI HARQ-ACK on SPUCCH

The HARQ-ACK bits are received from higher layers for each subframe of each cell and for each slot or subslot of each cell if higher layer parameter dl-TTI-Length is configured for the cell. Each positive acknowledgement (ACK) is encoded as a binary '1' and each negative acknowledgement (NACK) is encoded as a binary '0'. For UEs configured with more than one DL cell and no more than five DL cells, or for UEs configured by higher layers with codebooksizeDeterminationSTTI-rel15 = cc, the HARQ-ACK feedback consists of the concatenation of HARQ-ACK bits for each of the serving cells. For UEs configured by higher layers with codebooksizeDeterminationSTTI-rel15 = dai, the HARQ-ACK feedback consists of the HARQ-ACK bits for the serving cells depending on the Downlink Assignment Index (DAI) as in Table 5.3.3.1.2-2 and as defined in [3]. For a cell configured with higher layer parameter dl-TTI-Length, 1 bit of HARQ-ACK information, , is used for that cell.



Define  as the number of HARQ-ACK feedback bits and as the number of HARQ-ACK feedback bits including the possible concurrent transmission of scheduling request when SPUCCH format 3 is used for transmission of HARQ-ACK feedback (section 10.1 in [3]), and as the number of HARQ-ACK feedback bits including the possible concurrent transmission of scheduling request when SPUCCH format 4 is used for transmission of HARQ-ACK feedback (section 10.1 in [3]).


For UEs configured by higher layers with codebooksizeDeterminationSTTI-rel15 = dai, the bit sequence  is determined according to the Downlink Assignment Index (DAI) as in Table 5.3.3.1.2-2 and as defined in [3]. Otherwise, the bit sequence  is determined as below.







For FDD with at least one cell configured with higher layer parameter dl-TTI-Length or for the aggregation of more than one DL cell including a primary cell using FDD and at least one secondary cell using TDD and at least one DL cell configured with higher layer parameter dl-TTI-Length, define the bit sequence  corresponding to PDSCH with slot/subslot duration as the result of the concatenation of HARQ-ACK bits for one or multiple DL cells configured with higher layer parameter dl-TTI-Length,  as the number of cells configured with dl-TTI-Length for the UE and  as the number of slot(s) or subslot(s) for which the UE needs to feed back HARQ-ACK bits in UL slot or subslot n for the c-th serving cell. For a cell using FDD and configured with dl-TTI-Length=subslot and ul-TTI-Length=subslot, or for a cell using FDD and configured with dl-TTI-Length=slot and ul-TTI-Length=slot, . For a cell using FDD and configured with dl-TTI-Length=subslot and ul-TTI-Length=slot, . For a cell using TDD, if slot n-4 in the cell is in a DL subframe, or slot n-4 is the first slot in a special subframe with special subframe configurations 1/2/3/4/6/7/8/9/10 and normal downlink CP, or slot n-4 is the second slot in a special subframe with special subframe configurations 3/4/8 and normal downlink CP, and  otherwise. 

The bit sequence  is performed according to the following pseudo-code:
Set c = 0 – cell index: lower indices correspond to lower RRC indices of corresponding cell configured with dl-TTI-Length
Set j = 0 – HARQ-ACK bit index

while c < 
set l = 0;

while l < 

 HARQ-ACK bit of this cell
j = j + 1
l=l+1
end while
c = c + 1
end while








For FDD with at least one cell configured with higher layer parameter dl-TTI-Length or for the aggregation of more than one DL cell including a primary cell using FDD and at least one secondary cell using TDD and at least one DL cell configured with higher layer parameter dl-TTI-Length, define the bit sequence  as the result of the concatenation of HARQ-ACK bits corresponding to PDSCH with subframe duration for one or multiple DL cells. The bit sequence is determined as for bit sequence in section 5.2.3.1 and spatial bundling is performed if the HARQ-ACK is to be transmitted on subslot SPUCCH or if the HARQ-ACK is to be transmitted on slot SPUCCH and spatial bundling is configured. For FDD with at least one cell configured with higher layer parameter dl-TTI-Length or for the aggregation of more than one DL cell including a primary cell using FDD and at least one secondary cell using TDD and at least one DL cell configured with higher layer parameter dl-TTI-Length, the sequence of bits  is the result of the concatenation of HARQ-ACK bits for different cells and is obtained by concatenation of the bit sequence  and  in the cases defined in section 7.3 of [3]. In all other cases, the sequence of bits  is given by . 
< Unchanged parts are omitted >
[bookmark: _Toc510467893]5.3.3.1.15	Format 7-0A
DCI format 7-0A is used for the scheduling of PUSCH with slot or subslot duration in one UL cell. 
The following information is transmitted by means of the DCI format 7-0A:
-	Flag for UL/DL differentiation – 1 bit, where value 0 indicates format 7-0A and value 1 indicates format 7-1A/B/C/D/E/F/G depending on the configured downlink transmission mode

-	Resource block assignment –  bits provide the resource allocation in the UL slot or subslot as defined in section 8.1.1 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
-	TPC command for scheduled PUSCH – 2 bits as defined in section 5.1.1.1 of [3]
-	DMRS pattern – 2 bits as defined in section 5.5.2.1.2 in [2] (The field is present only for PUSCH with subslot duration) 
-	Cyclic shift for DMRS and IFDMA configuration – 1 bit 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 0, 5, 9 or 10)
-	Downlink Assignment Index (DAI) – 2 bits as defined in section 7.3 of [3] (this field is present only for cases with TDD primary cell and either TDD operation with uplink-downlink configurations 1-6 or FDD operation)
-	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 – 0 or 1 bit as defined in section 8.2 of [3] (this field is present only for TDD operation and the UE is configured for SRS triggering)
-	Beta offet indicator – 1 bit as defined in section 8.6.3 of [3] (this field is present only if UE is configured with ul-TTI-Length=subslot). 
-	Cyclic Shift Field mapping table for DMRS – 1 bit as defined in section 5.5.2.1.1 of [2]. 
If the number of information bits in format 7-0A mapped onto a given search space is less than the payload size of format 7-1A/B/C/D/E/F/G depending on the configured downlink transmission mode for scheduling the same serving cell and mapped onto the same search space (including any padding bits appended to format 7-1A/B/C/D/E/F/G), zeros shall be appended to format 7-0A until the payload size equals that of format 7-1A/B/C/D/E/F/G.
If the number of information bits in format 7-0A carried by PDCCH is equal to the payload size of a configured format 0/0C/1/1A/1B/1D/2/2A/2B/2C/2D/4 mapped onto the UE specific search space given by C-RNTI or SPS C-RNTI as defined in [3] (including any padding bits appended to format 0/0C/1/1A/1B/1D/2/2A/2B/2C/2D/4), one or more zero bit(s) shall be appended to format 7-0A until the payload size is not equal to that of a configured format 0/0C/1/1A/1B/1D/2/2A/2B/2C/2D/4.
[bookmark: _Toc510467894]5.3.3.1.16	Format 7-0B
DCI format 7-0B is used for the scheduling of PUSCH with slot or subslot duration in one UL cell with multi-antenna port transmission mode. 
The following information is transmitted by means of the DCI format 7-0B:
-	Flag for UL/DL differentiation – 1 bit, where value 0 indicates format 7-0B and value 1 indicates format 7-1A/B/C/D/E/F/G depending on the configured downlink transmission mode

-	Resource block assignment –  bits provide the resource allocation in the UL slot or subslot as defined in section 8.1.1 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
-	TPC command for scheduled PUSCH – 2 bits as defined in section 5.1.1.1 of [3]
-	DMRS pattern – 2 bits as defined in section 5.5.2.1.2 in [2] (The field is present only for PUSCH with subslot duration) 
-	Cyclic shift for DMRS and IFDMA configuration – 1 bit 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 0, 5, 9 or 10)
-	Downlink Assignment Index (DAI) – 2 bits as defined in section 7.3 of [3] (this field is present only for cases with TDD primary cell and either TDD operation with uplink-downlink configurations 1-6 or FDD operation) 
-	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] (this field is present only for TDD operation and the UE is configured for SRS triggering)
-	Beta offet indicator – 1 bit as defined in section 8.6.3 of [3] (this field is present only if UE is configured with ul-TTI-Length=subslot). 
-	Cyclic Shift Field mapping table for DMRS – 1 bit as defined in section 5.5.2.1.1 of [2]. 
-	Precoding information and number of layers: number of bits as specified in Table 5.3.3.1.8-1. Bit field are shown in Table 5.3.3.1.16-1 and Table 5.3.3.1.16- 2. 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].
Table 5.3.3.1.16-1: Content of precoding information field for 2 antenna ports
	Bit field mapped to index
	Message

	0
	1 layer: TPMI=0

	1
	1 layer: TPMI=1

	2
	1 layer: TPMI=2

	…
	…

	5
	1 layer: TPMI=5

	6
	2 layers: TPMI=0

	7
	reserved



Table 5.3.3.1.16-2: Content of precoding information field for 4 antenna ports
	Bit field mapped to index
	Message

	0
	1 layer: TPMI=0

	1
	1 layer: TPMI=1

	…
	…

	23
	1 layer: TPMI=23

	24
	2 layers: TPMI=0

	25
	2 layers: TPMI=1

	…
	…

	39
	2 layers: TPMI=15

	40
	3 layers: TPMI=0

	41
	3 layers: TPMI=1

	…
	…

	51
	3 layers: TPMI=11

	52
	4 layers: TPMI=0

	53-63
	reserved



If the number of information bits in format 7-0B mapped onto a given search space is less than the payload size of format 7-1A/B/C/D/E/F/G depending on the configured downlink transmission mode for scheduling the same serving cell and mapped onto the same search space (including any padding bits appended to format 7-1A/B/C/D/E/F/G), zeros shall be appended to format 7-0B until the payload size equals that of format 7-1A/B/C/D/E/F/G.
If the number of information bits in format 7-0B carried by PDCCH is equal to the payload size of a configured format 0/0C/1/1A/1B/1D/2/2A/2B/2C/2D/4 mapped onto the UE specific search space given by C-RNTI or SPS C-RNTI as defined in [3] (including any padding bits appended to format 0/0C/1/1A/1B/1D/2/2A/2B/2C/2D/4), one or more zero bit(s) shall be appended to format 7-0B until the payload size is not equal to that of a configured format 0/0C/1/1A/1B/1D/2/2A/2B/2C/2D/4.
[bookmark: _Toc510467895]5.3.3.1.17	Format 7-1A
DCI format 7-1A is used for the scheduling of one PDSCH codeword with slot or subslot duration in one cell. 
The following information is transmitted by means of the DCI format 7-1A:
-	Flag for DL/UL differentiation – 1 bit, where value 0 indicates format 7-0A/B depending on the configured uplink transmission mode and value 1 indicates the DL DCI format
-	For resource allocation type 0 as defined in section 7.1.6.1 of [3]:

-	bits provide the resource allocation
where the value of P depends on the number of DL resource blocks as indicated in section 7.1.6.1 of [3]
-	For resource allocation type 2 as defined in section 7.1.6.3 of [3]:

-	bits provide the resource allocation

-	one additional bit if 

where  is defined in section 7.1.6.3 of [3]
-	Modulation and coding scheme – 5 bits as defined in section 7.1.7 of [3]
-	HARQ process number – 4 bits
-	New data indicator – 1 bit
-	Redundancy version – 2 bits
-	TPC command for slot-SPUCCH or subslot-SPUCCH – 2 bits as defined in section 5.1.2.1 of [3]
-	DMRS position indicator – 1 bit as defined in section 6.10.3.2 in [2] (The field is present only if UE is configured with dl-TTI-Length=subslot)
-	Downlink Assignment Index – number of bits as specified in Table 5.3.3.1.2-2
-	SRS request – 0 or 1 bit as defined in section 8.2 of [3] (this field is present only for TDD operation and the UE is configured for SRS triggering)
-	Used/Unused SPDCCH resource indication – 2 bits (This field is present if the DCI is mapped to SPDCCH and L1-based reuse indication is configured by higher layers)
-	SPUCCH resource indication – 2 bit as defined in section 10.1.2 of [3].
If the UE is configured to decode SPDCCH CRC scrambled by the C-RNTI and the number of information bits in format 7-1A mapped onto a given search space is less than that of format 7-0A/B depending on the configured uplink transmission mode for scheduling the same serving cell and mapped onto the same search space, zeros shall be appended to format 7-1A until the payload size equals that of format 7-0A/B, except when format 7-1A assigns downlink resource on a secondary cell without an uplink configuration associated with the secondary cell. 
If the number of information bits in format 7-1A carried by PDCCH is equal to the payload size of a configured format 0/0C/1/1A/1B/1D/2/2A/2B/2C/2D/4 mapped onto the UE specific search space given by C-RNTI or SPS C-RNTI as defined in [3] (including any padding bits appended to format 0/0C/1/1A/1B/1D/2/2A/2B/2C/2D/4), one or more zero bit(s) shall be appended to format 7-1A until the payload size is not equal to that of a configured format 0/0C/1/1A/1B/1D/2/2A/2B/2C/2D/4.
[bookmark: _Toc510467896]5.3.3.1.18	Format 7-1B
DCI format 7-1B is used for the scheduling of one PDSCH codeword with slot or subslot duration in one cell.
The following information is transmitted by means of the DCI format 7-1B:
-	The fields of format 7-1A
-	Precoding information –1 bit for transmission with 2 antenna ports and 2 bits for transmission with 4 antenna ports. 
For transmission with 4 antenna ports, the precoding information field is defined according to Table 5.3.3.1.18-1. For transmission with 2 antenna ports, the number of transmission layers is equal to 2 if precoding information is 1; transmit diversity is used if precoding information is 0. 
Table 5.3.3.1.18-1: Content of precoding information field for 4 antenna ports
	Bit field mapped to index
	Message

	0
	4 layers: Transmit diversity

	1
	2 layers: precoder cycling with large delay CDD

	2
	3 layers: precoder cycling with large delay CDD

	3
	4 layers: precoder cycling with large delay CDD



If the UE is configured to decode SPDCCH CRC scrambled by the C-RNTI and the number of information bits in format 7-1B mapped onto a given search space is less than that of format 7-0A/B depending on the configured uplink transmission mode for scheduling the same serving cell and mapped onto the same search space, zeros shall be appended to format 7-1B until the payload size equals that of format 7-0A/B, except when format 7-1B assigns downlink resource on a secondary cell without an uplink configuration associated with the secondary cell. 
If the number of information bits in format 7-1B carried by PDCCH is equal to the payload size of a configured format 0/0C/1/1A/1B/1D/2/2A/2B/2C/2D/4 mapped onto the UE specific search space given by C-RNTI or SPS C-RNTI as defined in [3] (including any padding bits appended to format 0/0C/1/1A/1B/1D/2/2A/2B/2C/2D/4), one or more zero bit(s) shall be appended to format 7-1B until the payload size is not equal to that of a configured format 0/0C/1/1A/1B/1D/2/2A/2B/2C/2D/4.
[bookmark: _Toc510467897]5.3.3.1.19	Format 7-1C
DCI format 7-1C is used for the scheduling of one PDSCH codeword with slot or subslot duration in one cell.
The following information is transmitted by means of the DCI format 7-1C:
-	The fields of format 7-1A
-	Precoding information – 4 bits for 2 antenna ports and 6 bits for 4 antenna portsnumber of bits as the value specified in Table 5.3.3.1.5-3 plus 1. 
The precoding information field is defined in Table 5.3.3.1.19-1 and Table 5.3.3.1.19-2. Note that TPMI indicates which codebook index is used in Table 6.3.4.2.3-1 or Table 6.3.4.2.3-2 of [2].
Some entries in Table 5.3.3.1.5-4 and Table 5.3.3.1.5-5 are used for indicating that the eNodeB has applied precoding according to PMI(s) reported by the UE. In these cases the precoding for the corresponding RB(s) in slot/subslot n is according to the latest PMI(s) in an aperiodic CSI reported on or before slot n-4 if higher layer parameter ul-TTI-Length is configured as slot, or subslot n-k if higher layer parameter ul-TTI-Length is configured as subslot, where k is the minimum processing timing configured in higher layer parameter min-proc-TimelineSubslot. For aperiodic CSI mode 2-2: Precoding of scheduled resource blocks belonging to the reported preferred M subband(s) use precoder(s) according to the preferred M subband PMI indicated by the latest aperiodic CSI report; Precoding of scheduled resource blocks not belonging to the reported preferred M subband(s) use a precoder according to the wideband PMI indicated by the latest aperiodic CSI report.
Table 5.3.3.1.19-1: Content of precoding information field for 2 antenna ports
	Bit field mapped to index
	Message

	0
	2 layers: Transmit diversity

	1
	
1 layer: Precoding corresponding to precoding vector 

	2
	
1 layer: Precoding corresponding to precoder vector 

	3
	
1 layer: Precoding corresponding to precoder vector 

	4
	
1 layer: Precoding corresponding to precoder vector 

	5
	1 layer: 
Precoding according to the latest PMI report on PUSCH, using the precoder(s) indicated by the reported PMI(s),

if RI=2 was reported, using 1st column multiplied by of all precoders implied by the reported PMI(s)

	6
	1 layer:
Precoding according to the latest PMI report on PUSCH, using the precoder(s) indicated by the reported PMI(s),

if RI=2 was reported, using 2nd column multiplied by of all precoders implied by the reported PMI(s)

	7
	
2 layers: Precoding corresponding to precoder matrix 

	8
	
2 layers: Precoding corresponding to precoder matrix 

	9
	2 layers: Precoding according to the latest PMI report on PUSCH, using the precoder(s) indicated by the reported PMI(s)


	10~15
	reserved




Table 5.3.3.1.19-2: Content of precoding information field for 4 antenna ports
	Bit field mapped to index
	Message

	0
	4 layers: Transmit diversity

	1
	1 layer: TPMI=0

	2
	1 layer: TPMI=1

	

	


	16
	1 layer: TPMI=15

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

	18
	2 layers: TPMI=0

	19
	2 layers: TPMI=1

	

	


	33
	2 layers: TPMI=15

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

	35
	3 layers: TPMI=0

	36
	3 layers: TPMI=1

	

	


	50
	3 layers: TPMI=15

	51
	 3 layers: Precoding according to the latest PMI report on PUSCH using the precoder(s) indicated by the reported PMI(s)

	52
	4 layers: TPMI=0

	53
	4 layers: TPMI=1

	
	


	6762
	4 layers: TPMI=1510

	6863
	4 layers: Precoding according to the latest PMI report on PUSCH using the precoder(s) indicated by the reported PMI(s)

	69~127
	reserved



If the UE is configured to decode SPDCCH CRC scrambled by the C-RNTI and the number of information bits in format 7-1C mapped onto a given search space is less than that of format 7-0A/B depending on the configured uplink transmission mode for scheduling the same serving cell and mapped onto the same search space, zeros shall be appended to format 7-1C until the payload size equals that of format 7-0A/B, except when format 7-1C assigns downlink resource on a secondary cell without an uplink configuration associated with the secondary cell.
If the number of information bits in format 7-1C carried by PDCCH is equal to the payload size of a configured format 0/0C/1/1A/1B/1D/2/2A/2B/2C/2D/4 mapped onto the UE specific search space given by C-RNTI or SPS C-RNTI as defined in [3] (including any padding bits appended to format 0/0C/1/1A/1B/1D/2/2A/2B/2C/2D/4), one or more zero bit(s) shall be appended to format 7-1C until the payload size is not equal to that of a configured format 0/0C/1/1A/1B/1D/2/2A/2B/2C/2D/4.
[bookmark: _Toc510467898]5.3.3.1.20	Format 7-1D
DCI format 7-1D is used for the scheduling of one PDSCH codeword with slot or subslot duration in one cell.
The following information is transmitted by means of the DCI format 7-1C:
-	The fields of format 7-1A
-	TPMI information for precoding – number of bits as specified in Table 5.3.3.1.3A-1
TPMI information indicates which codebook index is used in Table 6.3.4.2.3-1 or Table 6.3.4.2.3-2 of [2] corresponding to the single-layer transmission.
-	PMI confirmation for precoding – 1 bit as specified in Table 5.3.3.1.3A-2 
If the UE is configured to decode SPDCCH CRC scrambled by the C-RNTI and the number of information bits in format 7-1D mapped onto a given search space is less than that of format 7-0A/B depending on the configured uplink transmission mode for scheduling the same serving cell and mapped onto the same search space, zeros shall be appended to format 7-1D until the payload size equals that of format 7-0A/B, except when format 7-1D assigns downlink resource on a secondary cell without an uplink configuration associated with the secondary cell.
If the number of information bits in format 7-1D carried by PDCCH is equal to the payload size of a configured format 0/0C/1/1A/1B/1D/2/2A/2B/2C/2D/4 mapped onto the UE specific search space given by C-RNTI or SPS C-RNTI as defined in [3] (including any padding bits appended to format 0/0C/1/1A/1B/1D/2/2A/2B/2C/2D/4), one or more zero bit(s) shall be appended to format 7-1D until the payload size is not equal to that of a configured format 0/0C/1/1A/1B/1D/2/2A/2B/2C/2D/4.
[bookmark: _Toc510467899]5.3.3.1.21	Format 7-1E
DCI format 7-1E is used for the scheduling of one PDSCH codeword with slot or subslot duration in one cell.
The following information is transmitted by means of the DCI format 7-1E:
-	The fields of format 7-1A
-	Number of layers and antenna ports – 2 bits as specified in Table 5.3.3.1.21-1.
Table 5.3.3.1.21-1: Number of layers and antenna port
	Number of layers and antenna port field value
	Number of layers
	Antenna port 

	00
	1
	7

	01
	1
	8

	10
	2
	7, 8

	11
	Reserved
	Reserved



If the UE is configured to decode SPDCCH CRC scrambled by the C-RNTI and the number of information bits in format 7-1E mapped onto a given search space is less than that of format 7-0A/B depending on the configured uplink transmission mode for scheduling the same serving cell and mapped onto the same search space, zeros shall be appended to format 7-1E until the payload size equals that of format 7-0A/B, except when format 7-1E assigns downlink resource on a secondary cell without an uplink configuration associated with the secondary cell.
If the number of information bits in format 7-1E carried by PDCCH is equal to the payload size of a configured format 0/0C/1/1A/1B/1D/2/2A/2B/2C/2D/4 mapped onto the UE specific search space given by C-RNTI or SPS C-RNTI as defined in [3] (including any padding bits appended to format 0/0C/1/1A/1B/1D/2/2A/2B/2C/2D/4), one or more zero bit(s) shall be appended to format 7-1E until the payload size is not equal to that of a configured format 0/0C/1/1A/1B/1D/2/2A/2B/2C/2D/4.
[bookmark: _Toc510467900]5.3.3.1.22	Format 7-1F
DCI format 7-1F is used for the scheduling of one PDSCH codeword with slot or subslot duration in one cell.
The following information is transmitted by means of the DCI format 7-1F:
-	The fields of format 7-1A
-	DMRS position indicator – 1 bit as defined in section 6.10.3.2 in [2] (The field is present only if UE is configured with dl-TTI-Length=subslot)
-	Antenna port(s), scrambling identity and number of layers – 3 bits as specified in Table 5.3.3.1.22-1 where nSCID is the scrambling identity for antenna ports 7 and 8 defined in section 6.10.3.1 of [2], or 1 bit as specified in Table 5.3.3.1.5C-6 where nSCID is the scrambling identity for antenna ports 7 and 8 defined in section 6.10.3.1 of [2] when higher layer parameter semiOpenLoop is configured.
When higher layer parameter semiOpenLoop is configured, antenna ports 7 and 8 are used for transmit diversity.
Table 5.3.3.1.22-1: Antenna port(s), scrambling identity and number of layers indication
	Value
	Message

	0
	1 layer, port 7, nSCID=0

	1
	1 layer, port 7, nSCID=1

	2
	1 layer, port 8, nSCID=0

	3
	1 layer, port 8, nSCID=1

	4
	2 layers, ports 7-8, nSCID=0

	5
	2 layers, ports 7-8, nSCID=1

	6
	3 layers, ports 7-9

	7
	4 layers, ports 7-10



If the UE is configured to decode SPDCCH CRC scrambled by the C-RNTI and the number of information bits in format 7-1F mapped onto a given search space is less than that of format 7-0A/B depending on the configured uplink transmission mode for scheduling the same serving cell and mapped onto the same search space, zeros shall be appended to format 7-1F until the payload size equals that of format 7-0A/B, except when format 7-1F assigns downlink resource on a secondary cell without an uplink configuration associated with the secondary cell.
If the number of information bits in format 7-1F carried by PDCCH is equal to the payload size of a configured format 0/0C/1/1A/1B/1D/2/2A/2B/2C/2D/4 mapped onto the UE specific search space given by C-RNTI or SPS C-RNTI as defined in [3] (including any padding bits appended to format 0/0C/1/1A/1B/1D/2/2A/2B/2C/2D/4), one or more zero bit(s) shall be appended to format 7-1F until the payload size is not equal to that of a configured format 0/0C/1/1A/1B/1D/2/2A/2B/2C/2D/4.
[bookmark: _Toc510467901]5.3.3.1.23	Format 7-1G
DCI format 7-1G is used for the scheduling of one PDSCH codeword with slot or subslot duration in one cell.
The following information is transmitted by means of the DCI format 7-1G:
-	The fields of format 7-1A
-	DMRS position indicator – 1 bit as defined in section 6.10.3.2 in [2] (The field is present only if UE is configured with dl-TTI-Length=subslot)
-	Antenna port(s), scrambling identity and number of layers – 3 bits as specified in Table 5.3.3.1.22-1 where nSCID is the scrambling identity for antenna ports 7 and 8 defined in section 6.10.3.1 of [2], or 1 bit as specified in Table 5.3.3.1.5C-6 where nSCID is the scrambling identity for antenna ports 7 and 8 defined in section 6.10.3.1 of [2] when higher layer parameter semiOpenLoop is configured.
-	PDSCH RE Mapping and Quasi-Co-Location Indicator – 2 bits as defined in sections 7.1.9 and 7.1.10 of [3]
When higher layer parameter semiOpenLoop is configured, antenna ports 7 and 8 are used for transmit diversity.
If the UE is configured to decode SPDCCH CRC scrambled by the C-RNTI and the number of information bits in format 7-1G mapped onto a given search space is less than that of format 7-0A/B depending on the configured uplink transmission mode for scheduling the same serving cell and mapped onto the same search space, zeros shall be appended to format 7-1G until the payload size equals that of format 7-0A/B, except when format 7-1G assigns downlink resource on a secondary cell without an uplink configuration associated with the secondary cell.
If the number of information bits in format 7-1G carried by PDCCH is equal to the payload size of a configured format 0/0C/1/1A/1B/1D/2/2A/2B/2C/2D/4 mapped onto the UE specific search space given by C-RNTI or SPS C-RNTI as defined in [3] (including any padding bits appended to format 0/0C/1/1A/1B/1D/2/2A/2B/2C/2D/4), one or more zero bit(s) shall be appended to format 7-1G until the payload size is not equal to that of a configured format 0/0C/1/1A/1B/1D/2/2A/2B/2C/2D/4.
< Unchanged parts are omitted >
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