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1. Introduction
This contribution discusses some descriptions captured in the specification related to HARQ-ACK codebook that is still controversial.
2. Discussion 

2.1 CBG-based HARQ-ACK codebook determination

DL SPS transmission has not been sufficiently discussed during R15 WI, only the following agreements were reached in RAN1-91 meeting [1].

	Agreements:
· Send an LS to RAN2 to inform following:
· Answer to Q1: RAN1 believes that it is feasible to support DL SPS operation in NR. The NR DL SPS scheme has no significant differences compared with LTE DL SPS scheme.
· Answer to Q2: RAN1 believes that at least the set of periodicities of DL SPS resource is same as that of LTE DL SPS. RAN1 has not been studied the periodicities shorter than that of LTE range. Note that there is no implication and impacts on any design and decision on uplink data transmission without grant.
· Answer to Q3: At least for type 1 UL transmission without UL grant:
· RAN1 agreed to support multiple resource configurations for UL transmission without UL grant for single serving cell. 
· Up to RAN2 to decide whether or not the RNTI is separately configured for the multiple resource configurations
· Following parameters are configured for DL SPS by UE-specific RRC signaling 
· a new RNTI for SPS (e.g. SPS C-RNTI)
· semiPersistSchedIntervalDL
· numberOfConfSPS-Processes
· PUCCH-AN-PersistentList


When a UE is configured per serving cell with higher layer parameter CBG-DL = ON and DL SPS is activated, how does the UE to feedback HARQ-ACK codebook is not discussed. CBG-based HARQ-ACK codebook determination in Release 15 TS38.213 Section 9.1.1 describes as follows [2]:

	
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 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. 
If a UE is not configured with higher layer parameter CBG-DL = ON, the UE generates one HARQ-ACK information bit per transport block. 



In the above description, SPS transmission is not included. When a UE is configured per serving cell with higher layer parameter CBG-DL = ON and DL SPS is activated, if a UE receives a SPS PDSCH, the UE should generate HARQ-ACK information only for the transport block in the PDSCH; If a UE receives a PDCCH with DCI format 1_0 indicating SPS release, the UE should generate ACK only for the PDCCH.
[bookmark: OLE_LINK5][bookmark: OLE_LINK8]Proposal 1: When a UE is configured per serving cell with higher layer parameter CBG-DL = ON and DL SPS is activated, if a UE receives a SPS PDSCH, the UE generates HARQ-ACK information only for the transport block in the PDSCH; If a UE receives a PDCCH with DCI format 1_0 indicating SPS release, the UE generates ACK only for the PDCCH.
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Type-1 HARQ-ACK codebook determination in Release 15 TS38.213 Section 9.1.2 describes as follows [2]:

	
If a UE is configured with higher layer parameter HARQ-ACK-codebook=semi-static, the UE shall determine  HARQ-ACK information bits of a HARQ-ACK codebook for transmission in a PUCCH 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  – 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 where 

Set - HARQ-ACK bit index

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

	while 

while 


if  is a monitoring occasion for PDCCH with DCI format 1_0 or DCI format 1_1 on serving cell ,


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 serving cell ,

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

	;

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

;

elseif HARQ-ACK-spatial-bundling-PUCCH = TRUE, 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 = 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



There are several issues in the above pseudo-code.
1) DL SPS transmission is not taken into consideration.
2) For cells with CBG-DL = ON, fallback DCI is not discussed.
3) For cells with CBG-DL = ON, Number-MCS-HARQ-DL-DCI is not discussed either.
The meaning of HARQ-ACK information bits are not stated clearly. For DL SPS transmission, if a UE receives a SPS PDSCH, the UE generates HARQ-ACK information only for the transport block in the PDSCH. If a UE receives a PDCCH with DCI format 1_0 indicating SPS release, the UE generates ACK for the PDCCH. For cells with CBG-DL = ON, 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. 
[bookmark: OLE_LINK19][bookmark: OLE_LINK20]Proposal 2: Change Type-1 HARQ-ACK codebook determination pseudo-code in clause 9.1.2 of 38.213 as follows.

	
If a UE is configured with higher layer parameter HARQ-ACK-codebook=semi-static, the UE shall determine  HARQ-ACK information bits of a HARQ-ACK codebook for transmission in a PUCCH 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  – 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 where 

Set - HARQ-ACK bit index

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

	while 

while 


if  is a monitoring occasion for PDCCH with DCI format 1_0 or DCI format 1_1 on serving cell ,


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 serving cell ,

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

	;

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

;

elseif HARQ-ACK-spatial-bundling-PUCCH = TRUE, 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 = ON, and  CBGs indicated by higher layer parameter CBGs-per-TB-DL for serving cell ,

Set - CBG index

while 
if a DCI format 1_1 is detected 
    


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

;

;
elseif a DCI format 1_0 indicating SPS release is detected

	if 

 = ACK;
else

 = NACK
end if

;

;
elseif a SPS PDSCH is received

	if 

 = HARQ-ACK bit corresponding to the SPS transport block;
else

 = NACK
end if

;

;
elseif a DCI format 1_0 is detected and it is not a SPS release DCI

if 

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

 = NACK
end if

;

;
else

 = NACK

;

;
end if

end while

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

Set 

while 
if a DCI format 1_1 is detected 


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

;

;
else

   = NACK;

;

;
end if
                end while
end if

end while
else

	 = HARQ-ACK bit of this cell

	;
end if
end if

;
end while

;
end while



2.3 Type-2 HARQ-ACK codebook determination

In RAN1-91 meeting, the following agreements were reached.

	Agreements:
· Generate 2 HARQ-ACK sub-codebooks (sub-CBs) 
· First sub-CB is for transmissions with TB-based HARQ-ACK, second sub-CB is for transmissions with CBG-based HARQ-ACK
· The sub-CBs are combined in a single HARQ-ACK codebook (sub-CB for TB-based HARQ-ACK is placed first)
· No additional reliability enhancements




Type-2 HARQ-ACK codebook determination for CBG sub-codebook in Release 15 TS38.213 Section 9.1.2 describes as follows [2]:

	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


-	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, and










-	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, 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 9.1.1, 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 ;
-	The pseudo-code operation for HARQ-ACK-spatial-bundling-PUCCH = TRUE is not applicable;
-	The UE generates the HARQ-ACK codebook by appending the second HARQ-ACK sub-codebook to the first HARQ-ACK sub-codebook.




There are several issues in the above description.
1) The first sub-codebook does not need to contain the cells with higher layer parameter CBG-DL = ON since the second sub-CB will feedback the CBG level HARQ-ACK of those cells. 
2) 
UE generates  HARQ-ACK information bits per transport block may result in a situation that UE generates 16 HARQ-ACK information bits per PDSCH which is not reasonable. HARQ-ACK information bits per PDSCH should be limited to 8.
 
Proposal 3: For Type-2 HARQ-ACK codebook determination, first sub-codebook should only contain cell with higher layer parameter CBG-DL = OFF.
Proposal 4: For Type-2 HARQ-ACK codebook determination, HARQ-ACK information bits per PDSCH should be limited to 8 for the second sub-codebook.
3. Conclusion
In This contribution, we present our views on HARQ-ACK codebook determination, based on the above discussion, we have the following proposals:
Proposal 1: When a UE is configured per serving cell with higher layer parameter CBG-DL = ON and DL SPS is activated, if a UE receives a SPS PDSCH, the UE generates HARQ-ACK information only for the transport block in the PDSCH; If a UE receives a PDCCH with DCI format 1_0 indicating SPS release, the UE generates ACK only for the PDCCH.
Proposal 2: Change Type-1 HARQ-ACK codebook determination pseudo-code in clause 9.1.2 of 38.213 as in Section 2.2.
Proposal 3: For Type-2 HARQ-ACK codebook determination, first sub-codebook should only contain cell with higher layer parameter CBG-DL = OFF.
Proposal 4: For Type-2 HARQ-ACK codebook determination, HARQ-ACK information bits per PDSCH should be limited to 8 for the second sub-codebook.
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