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<Unchanged parts are omitted>
[bookmark: _Toc525576817][bookmark: _Toc415085417]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 
NE-DC 	NR E-UTRA Dual Connectivity with MCG using NR and SCG using E-UTRA
NPBCH	Narrowband Physical Broadcast channel
<Unchanged parts are omitted>
[bookmark: _Toc525576848]5.2.2.6	Channel coding of control information
<Unchanged parts are omitted>
For FDD when the UE is not configured with EN-DC/NE-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 [image: ] 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: 
<Unchanged parts are omitted>
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/NE-DC and higher layer parameter subframeAssignment-r15, the bit sequence [image: ] is the result of the concatenation of HARQ-ACK bits for one or multiple DL cells. Define [image: ] as the number of cells configured by higher layers for the UE and [image: ] 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, [image: ] if subframe n-4 in the cell, or subframe n-3 in the cell if higher layer parameter shortProcessingTime is configured for the 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 [image: ] otherwise. For a cell using FDD, [image: ].
<Unchanged parts are omitted>
For the cases with TDD primary cell or EN-DC/NE-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 [image: ] 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].
<Unchanged parts are omitted>
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/NE-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:
<Unchanged parts are omitted>
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/NE-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:
<Unchanged parts are omitted>
[bookmark: _Toc525576860]5.2.3.1	Channel coding for UCI HARQ-ACK on PUCCH
<Unchanged parts are omitted>
For FDD when the UE is not configured with EN-DC/NE-DC and higher layer parameter subframeAssignment-r15, the sequence of bits [image: ] is the result of the concatenation of HARQ-ACK bits for different cells according to the following pseudo-code: 
[bookmark: _Toc415085426]<Unchanged parts are omitted>
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/NE-DC and higher layer parameter subframeAssignment-r15, the sequence of bits [image: ] is the result of the concatenation of HARQ-ACK bits for different cells. Define [image: ] as the number of cells configured by higher layers for the UE and [image: ] 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, [image: ] if subframe n-4 in the cell, or subframe n-3 in the cell if higher layer parameter shortProcessingTime is configured for the 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 [image: ] otherwise. For a cell using FDD, [image: ].
<Unchanged parts are omitted>
For the cases with TDD primary cell or EN-DC/NE-DC with FDD primary cell and higher layer parameter subframeAssignment-r15 configured, the sequence of bits [image: ] is obtained from the HARQ-ACK bits for different cells and different subframes.
<Unchanged parts are omitted>
For PUCCH format 3, the number of HARQ-ACK feedback bits [image: ] is computed as follows: 
Set [image: ] when TDD is used in all the configured serving cell(s) of the UE and [image: ] when FDD is used in at least one of the configured serving cells with TDD primary cell  and [image: ] when the UE is configured with EN-DC/NE-DC with FDD primary cell and higher layer parameter subframeAssignment-r15.
<Unchanged parts are omitted>
[bookmark: _Toc525576884]5.3.3.1.1	Format 0
DCI format 0 is used for the scheduling of PUSCH in one UL cell. 
<Unchanged parts are omitted>
- Downlink Assignment Index (DAI) – 2 bits as defined in subclause 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/NE-DC with FDD primary cell and higher layer parameter subframeAssignment-r15 configured and the corresponding DCI is mapped onto the UE specific search space given by the C-RNTI as defined in [3])
<Unchanged parts are omitted>
[bookmark: _Toc525576887]5.3.3.1.1C	Format 0C
DCI format 0C is used for the scheduling of PUSCH in one UL cell. 
<Unchanged parts are omitted>
-	Downlink Assignment Index (DAI) – 2 bits as defined in subclause 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/NE-DC with FDD primary cell and higher layer parameter subframeAssignment-r15 configured)
<Unchanged parts are omitted>
[bookmark: _Toc525576888]5.3.3.1.2	Format 1
DCI format 1 is used for the scheduling of one PDSCH codeword in one cell. 
<Unchanged parts are omitted>
- HARQ process number – 4 bits if higher layer parameter dl-TTI-Length is configured for the cell, otherwise 3 bits (for cases with FDD primary cell not configured with EN-DC/NE-DC and higher layer parameter subframeAssignment-r15), 4 bits (for cases with TDD primary cell, or for cases with EN-DC/NE-DC with FDD primary cell and higher layer parameter subframeAssignment-r15 configured)
<Unchanged parts are omitted>
Table 5.3.3.1.2-2: Number of bits for Downlink Assignment Index
	Number 
of bits
	

	4
	For UEs configured by higher layers with codebooksizeDetermination-r13 = dai and when a DCI format 1/1A/1B/1D/2/2A/2B/2C/2D/6-1A scheduling PDSCH is mapped onto the UE specific search space given by the C-RNTI as defined in [3], or UEs configured by higher layers with codebooksizeDeterminationSTTI = dai and when a DCI format 7-1A/7-1B/7-1C/7-1D/7-1E/7-1F/7-1G scheduling PDSCH is mapped onto the UE specific search space given by the C-RNTI as defined in [3], the 4-bit DAI consists of a 2-bit counter DAI and a 2-bit total DAI. 
-	Counter DAI – 2 bits as defined in subclause 7.3 of [3]
-	Total DAI – 2 bits as defined in subclause 7.3 of [3]

	2
	For UEs not configured with codebooksizeDetermination-r13 = dai and codebooksizeDeterminationSTTI-r15=dai, or for UEs configured by higher layers with codebooksizeDetermination-r13 = dai and when a DCI format scheduling PDSCH is not mapped onto the UE specific search space given by the C-RNTI as defined in [3], this field is present for FDD or TDD operation, for cases with TDD primary cell.
If the UL/DL configuration of all TDD serving cells is same and the UE is not configured to decode PDCCH with CRC scrambled by eimta-RNTI, then this field only applies to serving cell with UL/DL configuration 1-6.
If at least two TDD serving cells have different UL/DL configurations or the UE is configured to decode PDCCH with CRC scrambled by eimta-RNTI, then this field applies to a serving cell with DL-reference UL/DL configuration 1-6 as defined in subclause 10.2 of [3].
For UEs configured with EN-DC/NE-DC with FDD primary cell and higher layer parameter subframeAssignment-r15 and a DCI format scheduling PDSCH is mapped onto the UE specific search space given by the C-RNTI as defined in [3], this field is present.

	0
	For UEs not configured with codebooksizeDetermination-r13 = dai and codebooksizeDeterminationSTTI-r15=dai and not configured with EN-DC/NE-DC and higher layer parameter subframeAssignment-r15, or for UEs configured by higher layers with codebooksizeDetermination-r13 = dai and when a DCI format scheduling PDSCH is not mapped onto the UE specific search space given by the C-RNTI as defined in [3], this field is not present for FDD or TDD operation, for cases with FDD primary cell.
For UEs configured with EN-DC/NE-DC with FDD primary cell and higher layer parameter subframeAssignment-r15 and a DCI format scheduling PDSCH is not mapped onto the UE specific search space given by the C-RNTI as defined in [3], this field is not present.


<Unchanged parts are omitted>
[bookmark: _Toc525576889]5.3.3.1.3	Format 1A
DCI format 1A is used for the compact scheduling of one PDSCH codeword in one cell and random access procedure initiated by a PDCCH order. The DCI corresponding to a PDCCH order can be carried by PDCCH or EPDCCH.
<Unchanged parts are omitted>
-	HARQ process number – 4 bits if higher layer parameter dl-TTI-Length is configured for the cell and the corresponding DCI is mapped onto the UE specific search space given by the C-RNTI as defined in [3], otherwise 3 bits (for cases with FDD primary cell not configured with EN-DC/NE-DC and higher layer parameter subframeAssignment-r15, or for cases with EN-DC/NE-DC with FDD primary cell and higher layer parameter subframeAssignment-r15 configured and the corresponding DCI is not mapped onto the UE specific search space given by the C-RNTI as defined in [3]), 4 bits (for cases with TDD primary cell, or for cases with EN-DC/NE-DC with FDD primary cell and higher layer parameter subframeAssignment-r15 configured and the corresponding DCI is mapped onto the UE specific search space given by the C-RNTI as defined in [3])
<Unchanged parts are omitted>
[bookmark: _Toc525576890]5.3.3.1.3A	Format 1B
DCI format 1B is used for the compact scheduling of one PDSCH codeword in one cell with precoding information. 
<Unchanged parts are omitted>
- HARQ process number – 4 bits if higher layer parameter dl-TTI-Length is configured for the cell, otherwise 3 bits (for cases with FDD primary cell not configured with EN-DC/NE-DC and higher layer parameter subframeAssignment-r15), 4 bits (for cases with TDD primary cell, or for cases with EN-DC/NE-DC with FDD primary cell and higher layer parameter subframeAssignment-r15 configured)
<Unchanged parts are omitted>
[bookmark: _Toc525576892]5.3.3.1.4A	Format 1D
DCI format 1D is used for the compact scheduling of one PDSCH codeword in one cell with precoding and power offset information. 
<Unchanged parts are omitted>
- HARQ process number – 4 bits if higher layer parameter dl-TTI-Length is configured for the cell, otherwise 3 bits (for cases with FDD primary cell not configured with EN-DC/NE-DC and higher layer parameter subframeAssignment-r15), 4 bits (for cases with TDD primary cell, or for cases with EN-DC/NE-DC with FDD primary cell and higher layer parameter subframeAssignment-r15 configured)
<Unchanged parts are omitted>
[bookmark: _Toc525576893]5.3.3.1.5	Format 2
The following information is transmitted by means of the DCI format 2:
<Unchanged parts are omitted>
-	HARQ process number - 4 bits if higher layer parameter dl-TTI-Length is configured for the cell, otherwise 3 bits (for cases with FDD primary cell not configured with EN-DC/NE-DC and higher layer parameter subframeAssignment-r15), 4 bits (for cases with TDD primary cell, or for cases with EN-DC/NE-DC with FDD primary cell and higher layer parameter subframeAssignment-r15 configured)
<Unchanged parts are omitted>
[bookmark: _Toc525576894]5.3.3.1.5A	Format 2A
The following information is transmitted by means of the DCI format 2A:
<Unchanged parts are omitted>
- HARQ process number - 4 bits if higher layer parameter dl-TTI-Length is configured for the cell, otherwise 3 bits (for cases with FDD primary cell not configured with EN-DC/NE-DC and higher layer parameter subframeAssignment-r15), 4 bits (for cases with TDD primary cell, or for cases with EN-DC/NE-DC with FDD primary cell and higher layer parameter subframeAssignment-r15 configured)
<Unchanged parts are omitted>
[bookmark: _Toc525576895]5.3.3.1.5B	Format 2B
The following information is transmitted by means of the DCI format 2B:
<Unchanged parts are omitted>
- HARQ process number - 4 bits if higher layer parameter dl-TTI-Length is configured for the cell, otherwise 3 bits (for cases with FDD primary cell not configured with EN-DC/NE-DC and higher layer parameter subframeAssignment-r15), 4 bits (for cases with TDD primary cell, or for cases with EN-DC/NE-DC with FDD primary cell and higher layer parameter subframeAssignment-r15 configured)
<Unchanged parts are omitted>
[bookmark: _Toc525576896]5.3.3.1.5C	Format 2C
The following information is transmitted by means of the DCI format 2C:
<Unchanged parts are omitted>
- HARQ process number - 4 bits if higher layer parameter dl-TTI-Length is configured for the cell, otherwise 3 bits (for cases with FDD primary cell not configured with EN-DC/NE-DC and higher layer parameter subframeAssignment-r15), 4 bits (for cases with TDD primary cell, or for cases with EN-DC/NE-DC with FDD primary cell and higher layer parameter subframeAssignment-r15 configured)
<Unchanged parts are omitted>
[bookmark: _Toc525576897]5.3.3.1.5D	Format 2D
The following information is transmitted by means of the DCI format 2D:
<Unchanged parts are omitted>
- HARQ process number - 4 bits if higher layer parameter dl-TTI-Length is configured for the cell, otherwise 3 bits (for cases with FDD primary cell not configured with EN-DC/NE-DC and higher layer parameter subframeAssignment-r15), 4 bits (for cases with TDD primary cell, or for cases with EN-DC/NE-DC with FDD primary cell and higher layer parameter subframeAssignment-r15 configured)
<Unchanged parts are omitted>
[bookmark: _Toc525576901]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, 
<Unchanged parts are omitted>
-	Downlink Assignment Index (DAI) – 2 bits as defined in subclause 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/NE-DC with FDD primary cell and higher layer parameter subframeAssignment-r15 configured)
<Unchanged parts are omitted>
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