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Introduction
In this contribution we discuss the remaining aspects of carrier aggregation to support CA with up to two different numerologies.
Furthermore, the HARQ codebook construction as currently described in Subclause 9 of 38.213 is analyzed.
Discussion – Carrier Aggregation
When introducing support for CA with different numerologies a few aspects needs to be clarified. 
The first aspect to clarify is the timing parameter k in section 9.2.3 of [1]. It should be expressed in the numerology of the serving cell in which the PUCCH is located. Currently the text is ambiguous. One can note that if the numerology is the same on all serving cells this will not matter as the result will be the same. Below is a text proposal capturing this aspect.
Proposal 1-1: k in section 9.2.3 in 38.213 should be expressed in the numerology of the serving cell in which the PUCCH is transmitted on.
For cross carrier scheduling there are some specific issues arising from the fact that it is possible to aggregate carriers of different numerologies. For example, if a carrier with a lower numerology cross-carrier schedules a carrier of a higher numerology, the PDCCH load on the carrier with the lower numerology can potentially be very high as it would need to cover multiple high-numerology slots in a single slot. This topic was partly discussed at a WG meeting preceding the RAN plenary where the down-scoping leading to limit CA to same numerology has been agreed. Hence it was not discussed further in any working group meetings how to handle this. To have a pragmatic approach for Rel-15 our proposal would be to exclude this case for Rel-15.
Proposal 1-2: Cross-carrier scheduling from a lower numerology to a higher numerology is not supported in Rel-15.
Text proposal
-----------------------------------------<Start of Text Proposal>-------------------------------------------------------------
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A UE may transmit one or more PUCCHs on a serving cell in different symbols within a slot of  symbols as defined in [4, TS 38.211]. With reference to slots for PUCCH transmissions, if the UE detects a DCI format 1_0 or a DCI format 1_1 that includes a PDSCH-to-HARQ-timing-indicator field [5, TS 38.212] and schedules a PDSCH reception or DL SPS release over a number of symbols where the last symbol is within slot , the UE shall provide corresponding HARQ-ACK information in a PUCCH transmission within slot , where  is a number of slots and is indicated by the PDSCH-to-HARQ-timing-indicator field in the DCI format using the numerology of the serving cell with PUCCH. The PDSCH-to-HARQ-timing-indicator field values map to values for a number of slots indicated by higher layer parameter DL-data-DL-acknowledgement as defined in Table 9.2.1-1 from a set of number of slots provided by higher layer parameter Slot-timing-value-K1. If the UE detects a DCI format that does not include a PDSCH-to-HARQ-timing-indicator field and schedules a PDSCH reception over a number of symbols where the last symbol is within slot , the UE shall provide corresponding HARQ-ACK information in a PUCCH transmission within slot .

Table 9.2.1-1: Mapping of PDSCH-to-HARQ_feedback timing indicator field values to numbers of slots
	PDSCH-to-HARQ_feedback timing indicator 
	
Number of slots 

	'000'
	1st value provided by DL-data-DL-acknowledgement

	'001'
	2nd value provided by DL-data-DL-acknowledgement

	'010'
	3rd value provided by DL-data-DL-acknowledgement

	'011'
	4th value provided by DL-data-DL-acknowledgement

	'100'
	5th value provided by DL-data-DL-acknowledgement

	'101'
	6th value provided by DL-data-DL-acknowledgement

	'110'
	7th value provided by DL-data-DL-acknowledgement

	'111'
	8th value provided by DL-data-DL-acknowledgement


-----------------------------------------<End of Text Proposal>-------------------------------------------------------------
Discussion - HARQ codebook
Condition to piggy-pack UCI as UCI on PUSCH
Section 9 of [1] specifies that UCI is transmitted as UCI on PUSCH only in case PUSCH and PUCCH completely overlap, i.e. share same start and stop symbol. However, PUCCH should not be transmitted as soon as PUSCH and PUCCH overlap in at least one symbol since this leads to a UE output power change which can lead to UE phase changes. Therefore, as soon as PUSCH and PUCCH overlap at least with one symbol, PUCCH should be dropped. In this case UCI from PUCCH could be piggy-backed on PUSCH. If PUCCH starts later and CSI report is not yet ready a previous CSI report can be included. ACK/NACK from PUCCH can be included on PUSCH if it corresponds to PDSCH which were received sufficiently early so that UE already decoded it. However, the simplest solution is to not include ACK/NACK from a PUCCH that starts after PUSCH and defer ACK/NACK transmission to the next opportunity.  
Proposal 2-1: As soon as PUSCH and PUCCH overlap with at least one symbol, PUCCH is dropped. CSI can be piggy-backed in this case on PUSCH.
An according text proposal for Section 9 in [1] is provided in Section 3.6.
HARQ feedback for DL assignments scheduled with fallback DCI and CBG
It has been agreed to use TB-based HARQ feedback for DL transmissions scheduled with DCI format 1_0 (fallback DCI), at least for the case without HARQ multiplexing. 
If a UE is configured with a dynamic HARQ codebook and detects only a single PDCCH, and this single PDCCH carries a DCI format 1_0, the UE generates TB-based HARQ feedback, irrespective of its CBG configuration. In all other cases the UE generates CBG-based HARQ feedback based on the largest CBG configuration across cells (if configured) for all entries of the dynamic HARQ codebook.
Proposal 2-2: If the UE is configured with a dynamic HARQ codebook and CBG, and the UE detects only a single PDCCH, and this single PDCCH carries a DCI format 1_0, the UE generates TB-based HARQ feedback. In all other cases the UE generates HARQ feedback according to its CBG configuration.
If the UE is configured with a semi-statically configured HARQ codebook and the UE detects more than one PDCCH with DCI format 1_0 and/or DCI format 1_1, or at least a single PDCCH with DCI format 1_1, the UE generates HARQ feedback based on its CBG configuration (if configured with CBG), for all PDSCH associated with the HARQ codebook (and not detected PDSCH are set to a NACK bitfield according to the CBG configuration of the cell). If the UE detects only a single PDCCH with DCI format 1_0 the UE generates TB-based HARQ feedback for the PDSCH corresponding to detected PDCCH (already agreed), no HARQ feedback is created for other PDSCH associated with the HARQ codebook.
Proposal 2-3: If the UE is configured with a semi-statically configured HARQ codebook and CBG, and the UE detects at least a single PDCCH with DCI format 1_1 or multiple PDCCH with DCI format 1_0 and/or 1_1 the UE generates HARQ feedback according to its CBG and HARQ codebook configuration. If the UE detects only a single PDCCH, and this single PDCCH carries a DCI format 1_0, the UE generates TB-based HARQ feedback for the corresponding PDSCH, no other HARQ feedback is generated.
An according text proposal for Section 9 in [1] is provided in Section 3.6.
Definition of PDCCH monitoring occasions
The set of PDCCH monitoring occasions which the UE needs to monitor for PDCCH with DCI format 1_0 or 1_1 is defined by the sorted (ascending in time) union of start time of PDCCH monitoring occasions across all configured cells. The start time of a PDCCH monitoring occasion in a cell is defined as the starting time of the corresponding CORESET.
An according text proposal for Section 9 in [1] is provided in Section 3.6.
Dynamic HARQ codebook without CBG configuration
Section 9.1.3.1 of [1] currently limits generation of 2 ACK/NACK bits for a PDSCH corresponding to a detected PDCCH to the case that at least one PDCCH at the current PDCCH monitoring occasion can schedule two TB and spatial bundling is disabled. However, this can lead to ambiguities as shown in the figure below. 
[image: ]
Figure 1: Cell 1and 4 can be scheduled with PDSCH up to two TBs and spatial bundling is disabled. Cells 2 and 3 can only be scheduled with PDSCH with a single TB. The green boxes indicate PDCCH monitoring occasions in the different cells.
If the UE generates 2 ACK/NACK bits only if at least one of the PDCCH at the current PDCCH monitoring occasion can schedule up to two TBs, the UE would generate 1 ACK/NACK bit for PDSCH scheduled with PDCCH detected in PDCCH monitoring occasions 1,2, and 4 and 2 ACK/NACK bits for PDCCH monitoring occasions 0 and 3. In the example the UE is scheduled in PDCCH monitoring occasions 0, 1, 3, and 4 but misses PDCCH in PDCCH monitoring occasions 1 and 3. From the DAI the UE can determine it missed 2 PDCCH, but it cannot determine if it should generate 2 or 3 HARQ feedback bits for the missed DL assignments.
Therefore, the UE should generate 2 ACK/NACK bits as soon as at least one PDCCH at any PDCCH monitoring occasion can schedule two TB.
Proposal 2-4: If the UE is configured with a dynamic HARQ codebook and no CBG, the UE generates 2 ACK/NACK bits as soon as at least one PDCCH at any PDCCH monitoring occasion can schedule two TB.
An according text proposal for Section 9 in [1] is provided in Section 3.6.
Default HARQ codebook
During initial access the UE has not been UE-specifically configured with a HARQ codebook. It is proposed that a UE prior reception of a codebook configuration assumes the dynamic HARQ codebook.
Proposal 2-5: Prior configuration with a HARQ codebook type the UE assumes a dynamic HARQ codebook.
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-----------------------------------------<Start of Text Proposal>-------------------------------------------------------------
· UE procedure for reporting control information
If a UE is configured with a SCG, the UE shall apply the procedures described in this subclause for both MCG and SCG.
-	When the procedures are applied for MCG, the terms ‘secondary cell’, ‘secondary cells’ , ‘serving cell’, ‘serving cells’ in this clause refer to secondary cell, secondary cells, serving cell, serving cells belonging to the MCG respectively.
-	When the procedures are applied for SCG, the terms ‘secondary cell’, ‘secondary cells’, ‘serving cell’, ‘serving cells’ in this clause refer to secondary cell, secondary cells (not including PSCell), serving cell, serving cells belonging to the SCG respectively. The term ‘primary cell’ in this clause refers to the PSCell of the SCG.
If the UE is configured with a PUCCH-SCell, the UE shall apply the procedures described in this clause for both primary PUCCH group and secondary PUCCH group.
-	When the procedures are applied for the primary PUCCH group, the terms ‘secondary cell’, ‘secondary cells’ , ‘serving cell’, ‘serving cells’ in this clause refer to secondary cell, secondary cells, serving cell, serving cells belonging to the primary PUCCH group respectively.
-	When the procedures are applied for secondary PUCCH group, the terms ‘secondary cell’, ‘secondary cells’, ‘serving cell’, ‘serving cells’ in this clause refer to secondary cell, secondary cells (not including the PUCCH-SCell), serving cell, serving cells belonging to the secondary PUCCH group respectively. The term ‘primary cell’ in this clause refers to the PUCCH-SCell of the secondary PUCCH group.
If a UE would transmit a PUCCH that has a same first symbol and duration with a PUSCH transmission, the UE multiplexes the UCI in the PUSCH transmission and does not transmit the PUCCH.
If a UE would transmit a PUCCH which overlaps at least with one symbol with PUSCH, the UE does not transmit the PUCCH. If the PUCCH transmission would start earlier or at the same time as PUSCH, the UE multiplexes the HARQ-ACK and CSI into the PUSCH transmission. If the PUCCH transmission would start later than the PUSCH, the UE multiplexes CSI into the PUSCH transmission. If the PUCCH transmission would start later than the PUSCH, HARQ-ACK is transmitted at a later occasion.	Comment by Author: Proposal 2-1
[bookmark: _Toc501054882][bookmark: _Ref494282908]9.1	HARQ-ACK codebook determination
[bookmark: _Ref500167871][bookmark: _Toc501054883]9.1.1	CBG-based HARQ-ACK codebook determination

If a UE is configured per serving cell with higher layer parameter CBG-DL = ON, the UE receives PDSCHs that include code block groups (CBGs) of a transport block. If the UE is configured by higher layer parameter CBG-DL = ON, the UE is configured by higher layer parameter CBGs-per-TB-DL per serving cell c a maximum number  of CBGs for generating respective HARQ-ACK information bits for a transport block reception. 












For a number of  code blocks (CBs) in a transport block, the UE determines a number of CBGs as . Each of the first  CBGs includes  CBs, where CBG , includes CBs , and each of the last  CBGs includes  CBs, where CBG , includes CBs . The UE generates  HARQ-ACK information bits through a one-to-one mapping with the  CBGs. If the UE receives two transport blocks, the UE concatenates the HARQ-ACK information bits for the second transport block after the HARQ-ACK information bits for the first transport block.  
A retransmission of a transport block to a UE, corresponding to a same HARQ process as a previous transmission of the transport block to the UE, includes the same CBs in a CBG as the initial transmission of the transport block. 



If a DCI format scheduling the retransmission of the transport block includes a CBG transmission information (CBGTI) field of  bits where the first  bits of the CBGTI field have a one-to-one mapping with the  CBGs, the UE determines whether or not a CBG is retransmitted based on a corresponding value of the CBGTI field.  



If a UE is configured with higher layer parameter HARQ-ACK-codebook=semi-static, the HARQ-ACK codebook includes the  HARQ-ACK information bits and, if  for a transport block, the UE generates a NACK value for the last  HARQ-ACK information bits for the transport block in the HARQ-ACK codebook. 
If the UE generates a HARQ-ACK codebook in response to a retransmission of a transport block, corresponding to a same HARQ process as a previous transmission of the transport block, the UE generates an ACK for each CBG that the UE correctly decoded in a previous transmission of the transport block.  



If a UE correctly detects each of the  CBGs and does not correctly detect the transport block for the  CBGs, the UE generates a NACK value for each of the  CBGs. 
If a UE receives a PDSCH that is scheduled by a PDCCH with DCI format 1_0, the UE generates HARQ-ACK information only for the transport block in the PDSCH. 	Comment by Author: Moved to next section and have different text for fixed and dynamic.
If a UE is not configured with higher layer parameter CBG-DL = ON, the UE generates one HARQ-ACK information bit per transport block. 
[bookmark: _Ref497329097][bookmark: _Toc501054884]9.1.2	Type-1 (semi-static) HARQ-ACK codebook determination
This subclause applies if the UE is configured with HARQ-ACK-codebook=semi-static.
If a UE is configured with higher layer parameter HARQ-ACK-codebook=semi-static and, bBased on maximum and minimum PDSCH-to-HARQ_feedback timingslot timing values per cell provided to a UE by higher layer parameter DL-data-DL-acknowledgement, the UE determines PDCCH monitoring occasions for PDCCH with DCI format 1_0 or DCI format 1_1 per cell. The PDCCH monitoring occasions of a cell are determined based on the PDCCH monitoring periodicity and the PDCCH monitoring offset for each control resource set in the set of control resource sets configured to the UE for the cell. The set of PDCCH monitoring occasions is defined as the union of PDCCH monitoring occasions across configured cells, ordered in ascending order of start time of the control resource set associated with a PDCCH monitoring occasion. The number M is defined as the cardinality of the set of PDCCH monitoring occasions. 


and on a number of possible slot timing values, the UE determines a number  of PDCCH monitoring occasion(s) for PDCCH with DCI format 1_0 or DCI format 1_1, for which the UE transmits a corresponding HARQ-ACK codebook in a same PUCCH or PUSCH. The determination for the number  of PDCCH monitoring occasion(s) is based on the PDCCH monitoring periodicity, the PDCCH monitoring offset, and the PDCCH monitoring pattern within a slot for each control resource set in the set of control resource sets configured to the UE as described in Subclause 10.1. For a serving cell and for a HARQ-ACK codebook determination, PDCCH monitoring occasions are indexed in an ascending order in time.  	Comment by Author: Covered later.
For a UE monitoring occasion of a PDCCH with DCI format 1_1 and if higher layer parameter Number-MCS-HARQ-DL-DCI indicates reception of two transport blocks, when the UE receives a PDSCH with one transport block, the HARQ-ACK response is associated with the first transport block and the UE generates a NACK for the second transport block if spatial bundling is not applied (HARQ-ACK-spatial-bundling-PUCCH = FALSE or HARQ-ACK-spatial-bundling-PUSCH = FALSE) and generates HARQ-ACK value of ACK for the second transport block if spatial bundling is applied. 

If a UE is configured with higher layer parameter HARQ-ACK-codebook=semi-static, tThe UE shall determine  HARQ-ACK information bits of a HARQ-ACK codebook for transmission in a PUCCH or PUSCH according to the following pseudo-code. In the following pseudo-code, if the UE does not receive a transport block or a CBG, due to the UE not detecting a corresponding PDCCH with DCI format 1_0 or DCI format 1_1, the UE generates a NACK value for the transport block or the CBG. 

Set  			– serving cell index: lower indices correspond to lower RRC indices of corresponding cell


Set  		– first PDCCH monitoring occasion within the set of PDCCH monitoring occasionsPDCCH with DCI format 1_0 or DCI format 1_1 monitoring occasion index: lower index corresponds to earlier PDCCH with DCI format 1_0 or DCI format 1_1 monitoring occasion where 

Set 			- HARQ-ACK bit index

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

	while 

while 


if  is contains a monitoring occasion for PDCCH with DCI format 1_1 or a monitoring occasion for PDCCH with DCI format 1_0 or and DCI format 1_1 on in serving cell , and if the PDSCH-to-HARQ_feedback timing indicator and PUCCH resource indicator received in the DCI received in the PDCCH monitoring occasion indicates this HARQ codebook


if if HARQ-ACK-spatial-bundling-PUCCH = FALSE, CBG-DL = OFF,  is a monitoring occasion for PDCCH with DCI format 1_1, and the UE is configured by higher layer parameter Number-MCS-HARQ-DL-DCI with reception of two transport blocks on in serving cell ,

	 = HARQ-ACK bit corresponding to a the first transport block of this cell;

	;

	 = HARQ-ACK bit corresponding to a the second transport block of this cell - if the UE receives one transport block, the UE assumes NACK for the second transport block;;

;

elseif elseif HARQ-ACK-spatial-bundling-PUCCH = TRUE, CBG-DL = OFF, and the UE is configured by higher layer parameter Number-MCS-HARQ-DL-DCI with reception of two transport blocks in serving cell ,

 = binary AND operation of the HARQ-ACK bits corresponding to first and second transport blocks of this cell - if the UE receives one transport block, the UE assumes ACK for the second transport block;

;

elseif CBG-DL = OFF, and the UE is configured by higher layer parameter Number-MCS-HARQ-DL-DCI with reception of a single transport blocks in serving cell ,

 = HARQ-ACK bit corresponding to the first transport block of this cell;

	;

elseif CBG-DL = ON, and the UE is configured by higher layer parameter Number-MCS-HARQ-DL-DCI with reception of two transport blocks in serving cell ,

Set 			- CBG index

while 


 = HARQ-ACK bit corresponding to CBG  of the first transport block of this cell;

;

;
end while

Set 			- CBG index

while 


 = HARQ-ACK bit corresponding to CBG  of the second transport block of this cell -  if the UE receives one transport block, the UE assumes NACK for all CBG of the second transport block;

;

;
end while

elseif CBG-DL = ON, and the UE is configured by higher layer parameter Number-MCS-HARQ-DL-DCI with reception of a single transport blocks in serving cell ,

Set 			- CBG index

while 


 = HARQ-ACK bit corresponding to CBG  of the first transport block of this cell;

;

;
end while
		end if


elseif  contains a monitoring occasion only for PDCCH with DCI format 1_0 in serving cell , and if the PDSCH-to-HARQ_feedback timing indicator and PUCCH resource indicator received in the DCI received in the PDCCH monitoring occasion indicates this HARQ codebook
if CBG-DL = OFF in serving cell c,

 = HARQ-ACK bit corresponding to the first transport block of this cell;

	;
elseif CBG-DL = ON in serving cell c

Set 			- CBG index

while 


 = HARQ-ACK bit corresponding to CBG  of the first transport block of this cell;

;

;
end while
end if


elseif CBG-DL = ON, and  CBGs indicated by higher layer parameter CBGs-per-TB-DL for serving cell ,

Set - CBG index

while 


 = HARQ-ACK bit corresponding to CBG  of this cell;

;

;
end while
else

	 = HARQ-ACK bit of this cell

	;
end if
end if

;
end while

;
end while
If the UE detected only a single PDCCH in all PDCCH monitoring occasions in the set of PDCCH monitoring occasions and this single PDCCH contained a DCI format 1_0, the UE generates only a single bit HARQ feedback:	Comment by Author: Proposal 2-3

 = HARQ-ACK bit corresponding to the received transport block;
For HARQ-ACK transmission in a PUSCH, the UE shall determine a HARQ-ACK codebook according to the previous pseudo-code except that HARQ-ACK-spatial-bundling-PUCCH is replaced by HARQ-ACK-spatial-bundling-PUSCH.  
[bookmark: _Ref497329141][bookmark: _Toc501054885]9.1.3	Type-2 (dynamic) HARQ-ACK codebook determination 
This subclause applies if the UE is configured with HARQ-ACK-codebook=dynamic.

[bookmark: _Ref500250940][bookmark: _Toc501054886]9.1.3.1	Type-2 HARQ-ACK codebook in physical uplink control channel





If a UE is configured with higher layer parameter HARQ-ACK-codebook=dynamic, with higher layer parameter CBG-DL = OFF or is not configured with higher layer parameter CBG-DL, a value of the counter downlink assignment indicator (DAI) field in DCI format 1_0 or DCI format 1_1 denotes the accumulative number of {serving cell, PDCCH monitoring occasion}-pair(s) in which PDSCH reception(s) associated with DCI format 1_0 or DCI format 1_1 or DCI format 1_0 indicating downlink SPS release is present indicating this HARQ codebook, up to the current serving cell and current PDCCH monitoring occasion, first in increasing order of serving cell index and then in increasing order of PDCCH monitoring occasion index , where . The UE determines the set of PDCCH monitoring occasions as in Subclause 9.1.2 except that denotes the first PDCCH monitoring occasion when the UE detects a first DCI format 1_0 or DCI format 1_1 which PDSCH-to-HARQ_feedback timing indicator and PUCCH resource indicator indicate this HARQ codebook and that denotes the last PDCCH monitoring occasion when the UE detects a last  DCI format 1_0 or DCI format 1_1 which PDSCH-to-HARQ_feedback timing indicator and PUCCH resource indicator indicate this HARQ codebookThe UE determines the value of  as described in Subclause 9.1.2 except that the maximum slot timing value is replaced by the slot timing value indicated in a first DCI format 1_0 or DCI format 1_1 that the UE detects and the minimum slot timing value is replaced by the slot timing value indicated in a last DCI format 1_0 or DCI format 1_1 that the UE detects and for which the UE transmits HARQ-ACK in a same PUCCH.

The value of the total DAI in DCI format 1_0 or DCI format 1_1 denotes the total number of {serving cell, PDCCH monitoring occasion}-pair(s) in which PDSCH reception(s) associated with DCI format 1_0 or DCI format 1_1 or associated with DCI format 1_0 indicating downlink SPS release is present indicating this HARQ codebook, up to the current PDCCH monitoring occasion and shall be updated from PDCCH monitoring occasion to PDCCH monitoring occasion. 






Denote  as the value of the counter DAI in DCI format 1_0 or DCI format 1_1 scheduling PDSCH reception or indicating downlink SPS release for serving cell  in PDCCH monitoring occasion  according to Table 9.1.3-1. Denote as the value of the total DAI in DCI format 1_0 or DCI format 1_1 scheduling PDSCH reception or indicating downlink SPS release in PDCCH monitoring occasion  according to Table 9.1.3-1. The UE shall assume a same value of total DAI in all DCI formats 1_0 or DCI format 1_1 scheduling PDSCH reception(s) and DCI format 1_0 indicating downlink SPS release in PDCCH monitoring occasion .

If the UE transmits HARQ-ACK using PUCCH format 2 or PUCCH format 3 or PUCCH format 4, the UE shall determine the  according to the following pseudo-code:

Set  – serving cell index: lower indices correspond to lower RRC indices of corresponding cell

Set  – PDCCH with DCI format 1_0 or DCI format 1_1 monitoring occasion index: lower index corresponds to earlier PDCCH with DCI format 1_0 or DCI format 1_1 monitoring occasion

Set 

Set 

Set 

Set 

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

Set  to the number of PDCCH monitoring occasion(s)

while 

while 



if there is a PDSCH on serving cell  associated with PDCCH in PDCCH monitoring occasion , or there is a PDCCH indicating downlink SPS release on serving cell , and if  the PDSCH-to-HARQ_feedback timing indicator and PUCCH resource indicator received in the DCI received in the PDCCH indicates this HARQ codebook


	if 

		
end if



if 

			
else 

	

if the higher layer parameter HARQ-ACK-spatial-bundling-PUCCH = FALSE and  is a monitoring occasion for PDCCH with DCI format 1_1 and the UE is configured by higher layer parameter Number-MCS-HARQ-DL-DCI with reception of two transport blocks in at least one configured serving cell,	Comment by Author: Proposal 2-4

	 = HARQ-ACK bit corresponding to the first transport block of this cell

	 = HARQ-ACK bit corresponding to the second transport block of this cell - if the UE receives one transport block, the UE assumes NACK for the second transport block;



elseif the higher layer parameter HARQ-ACK-spatial-bundling-PUCCH = TRUE and  is a monitoring occasion for PDCCH with DCI format 1_1 and the UE is configured by higher layer parameter Number-MCS-HARQ-DL-DCI with reception of two transport blocks in at least one configured serving cell,	Comment by Author: Proposal 2-4

 = binary AND operation of the HARQ-ACK bits corresponding to the first and second transport blocks of this cell - if the UE receives one transport block, the UE assumes ACK for the second transport block;


else

	 = HARQ-ACK bit corresponding to the transport block of this cellHARQ-ACK bit of this cell

	
end if


end while


end while

if 

	
end if

if the higher layer parameter HARQ-ACK-spatial-bundling-PUCCH = FALSE and  is a monitoring occasion for PDCCH with DCI format 1_1 and the UE is configured by higher layer parameter Number-MCS-HARQ-DL-DCI with reception of two transport blocks in at least one configured serving cell,	Comment by Author: Proposal 2-4


else




 for any 

if SPS PDSCH transmission is activated for a UE and the UE is configured to receive SPS PDSCH in a slot within the  PDCCH monitoring occasions



= HARQ-ACK bit associated with the SPS PDSCH reception
end if
For a monitoring occasion of a PDCCH with DCI format 1_1 in at least one serving cell, when a UE receives a PDSCH with one transport block and the value of higher layer parameter Number-MCS-HARQ-DL-DCI is 2, the HARQ-ACK response is associated with the first transport block and the UE generates a NACK for the second transport block if spatial bundling is not applied (HARQ-ACK-spatial-bundling-PUCCH = FALSE or HARQ-ACK-spatial-bundling-PUSCH = FALSE) and generates HARQ-ACK value of ACK for the second transport block if spatial bundling is applied. 	Comment by Author: Already covered.
If a UE transmits HARQ-ACK using PUCCH format 2 or PUCCH format 3 or PUCCH format 4 and the UE is configured with
-higher layer parameter HARQ-ACK-codebook=dynamic;

-	higher layer parameter CBG-DL = ON for  serving cells; and


[bookmark: _GoBack]-	higher layer parameter CBG-DL = OFF, or is not configured with higher layer parameter CBG-DL, for  serving cells where 

the UE shall determine the  according to the previous pseudo-code with the following modifications


-	 is used for the determination of a first HARQ-ACK sub-codebook for TB-based PDSCH receptions;



-	 is replaced by  for the determination of a second HARQ-ACK sub-codebook corresponding to the  serving cells for CBG-based PDSCH receptions, andand











-		Instead of generating one HARQ-ACK information bit per transport block for a serving cell from the  serving cells, the UE generates  HARQ-ACK information bits per transport block as described in Subclause 9.1.1 for two transport blocks if a monitoring occasion includes PDCCH with DCI format 1_1 and the value of higher layer parameter Number-MCS-HARQ-DL-DCI is 2 in at least one of the  serving cells, or generates  HARQ-ACK information bits for one transport block if a monitoring occasion includes PDCCH with DCI format 1_0 and does not include PDCCH with DCI format 1_1 or if the value of higher layer parameter Number-MCS-HARQ-DL-DCI is 1 as described in Subclause 9.1.1otherwise, where  is the maximum value of  across all  serving cells and, if for a serving cell  it is , the UE generates NACK for the last  HARQ-ACK information bits for serving cell ;	Comment by Author: Proposal 2-4
-	The pseudo-code operation for HARQ-ACK-spatial-bundling-PUCCH = TRUE is not applicable;


-	If the value of higher layer parameter Number-MCS-HARQ-DL-DCI is 2 in at least one of the  serving cells and the UE receives only a single transport block in a PDSCH, it generates  NACK for the second transport block
-    If the UE detected only a single PDCCH in all PDCCH monitoring occasions in the set of PDCCH monitoring occasions and this single PDCCH contained a DCI format 1_0, the UE generates only a single bit HARQ feedback:

 = HARQ-ACK bit corresponding to the received transport block;

-	The UE generates the HARQ-ACK codebook by appending the second HARQ-ACK sub-codebook to the first HARQ-ACK sub-codebook.
1. Table 9.1.3-1: Value of counter DAI and total DAI in DCI format 1_0 or DCI format 1_1
	DAI
MSB, LSB
	

 or  
	

Number of {serving cell, PDCCH monitoring occasion}-pair(s) in which PDSCH transmission(s) associated with PDCCH or PDCCH indicating downlink SPS release is present, denoted as  and 

	0,0
	1
	


	0,1
	2
	


	1,0
	3
	


	1,1
	4
	





-----------------------------------------<End of Text Proposal>-------------------------------------------------------------
Conclusion
In this contribution we discuss aspects related to carrier aggregation with different numerologies and HARQ codebook construction. The following proposals are made and related text proposals are presented:
Carrier aggregation with different numerologies
Proposal 1-1: k in section 9.2.3 in 38.213 should be expressed in the numerology of the serving cell in which the PUCCH is transmitted on.
Proposal 1-2: Cross-carrier scheduling from a lower numerology to a higher numerology is not supported in Rel-15.
HARQ codebook
Proposal 2-1: As soon as PUSCH and PUCCH overlap with at least one symbol, PUCCH is dropped. CSI can be piggy-backed in this case on PUSCH.
Proposal 2-2: If the UE is configured with a dynamic HARQ codebook and CBG, and the UE detects only a single PDCCH, and this single PDCCH carries a DCI format 1_0, the UE generates TB-based HARQ feedback. In all other cases the UE generates HARQ feedback according to its CBG configuration. 
Proposal 2-3: If the UE is configured with a semi-statically configured HARQ codebook and CBG, and the UE detects a single PDCCH with DCI format 1_1 or multiple PDCCH with DCI format 1_0 and/or 1_1 the UE generates HARQ feedback according to its CBG and HARQ codebook configuration. If the UE detects only a single PDCCH, and this single PDCCH carries a DCI format 1_0, the UE generates TB-based HARQ feedback for the corresponding PDSCH, no other HARQ feedback is generated.
Proposal 2-4: If the UE is configured with a dynamic HARQ codebook and no CBG, the UE generates 2 ACK/NACK bits as soon as at least one PDCCH at any PDCCH monitoring occasion can schedule two TB.
Proposal 2-5: Prior configuration with a HARQ codebook type the UE assumes a dynamic HARQ codebook.
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