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1 Introduction

Specification for CBG-based transmissions has been completed and captured in the spec. The current wording for the HARQ-ACK feedback bits according to the scheduled CBGs in section 9.1.1 of TS 38.213 [1] is not clear yet. This contribution analyzes all cases of HARQ-ACK feedback and provides the suggested TP. 
2 Discussion 
If a UE is configured with CBG-based scheduling, i.e. higher layer parameter CBG-DL = ON, UE may feedback CBG-level HARQ-ACK or TB-level HARQ-ACK feedback depending on HARQ-ACK codebook configuration (semi-static or dynamic), DCI format (format 1_0 or 1_1) and with/without HARQ-ACK multiplexing (without HARQ-ACK multiplexing means the HARQ-ACK codebook only contains the HARQ-ACK for a single PDSCH). 

· HARQ-ACK codebook = semi-static 

When UE is configured with HARQ-ACK codebook = semi-static, UE identifies the case of ‘without HARQ-ACK multiplexing’ if UE only detects DCI format 1_0 with counter DAI value of 1 scheduling a single PDSCH within a DL association set for HARQ-ACK feedback on the Pcell per the agreement in RAN1 92, otherwise, it is the case of ‘with HARQ-ACK multiplexing’. 
· ‘with HARQ-ACK multiplexing’
According to a RAN1 Adhoc-1801 agreement, when the configured number of CBGs is assumed to N (aka 
[image: image1.wmf]max

CBG/TB,

ACK

HARQ

-

N

 in [1]), and in case when N-bit HARQ-ACK is to be transmitted by the UE in response to the PDSCH transmission scheduled by fallback DCI format 1_0, the TB-level HARQ-ACK is repeated over all N bits. Meanwhile, it is also agreed that the UE provides CBG-based HARQ-ACK in response to detecting DCI format 1_0 for PDSCH reception on a cell with configuration for CBG-based HARQ-ACK for the semi-static HARQ-ACK codebook.  
Regarding the HARQ-ACK feedback for normal case, e.g., scheduled by DCI format 1_1, RAN1 agreed that “HARQ-ACK codebook includes HARQ-ACK corresponding to all the CBGs (including the non-scheduled CBG(s)) for the semi-static codebook with HARQ-ACK multiplexing. 

One particular example, when UE receives a single PDSCH but does not meet the condition of ‘without HARQ-ACK multiplexing’, the UE determines the HARQ-ACK codebook according to candidate PDSCH reception occasions defined for semi-static CB and reports N bits per candidate PDSCH reception occasion on the serving cell configured with CBG-DL = ON. 
· ‘without HARQ-ACK multiplexing’
In RAN1 90bis,  it was agreed that ‘When UE is configured with CBG based retransmission, for the PDSCH scheduled by PDCCH using fallback DCI, TB level HARQ-ACK feedback is used at least for the case without HARQ-ACK multiplexing’.  
Observation 1: When UE is configured with HARQ-ACK codebook = semi-static, the UE reports 1 HARQ-ACK bit when the UE receives only one PDSCH without HARQ-ACK multiplexing, otherwise the UE reports HARQ-ACK corresponding to the semi-static HARQ-ACK codebook. 
· HARQ-ACK codebook = dynamic  

When a UE is configured with HARQ-ACK codebook = dynamic, the UE identifies the case of ‘without HARQ-ACK multiplexing’ if the UE detects only a DCI format  1_0 with counter DAI value of 1 scheduling a single PDSCH within a DL association set, or if the UE detects only a DCI format  1_1 with counter DAI value of 1 and total DAI value of 1 scheduling a single PDSCH within a DL association set; otherwise, it is the case of ‘with HARQ-ACK multiplexing’. 

· ‘with HARQ-ACK multiplexing’
According to the dynamic HARQ-ACK codebook grouping rule, the HARQ-ACK codebook consists of a first sub-CB for transmissions with TB-based HARQ-ACK and of a second sub-CB for transmissions with CBG-based HARQ-ACK. The ‘TB-based HARQ-ACK’ includes the HARQ-ACK of PDSCH configured with TB-based transmission (cells with configured TB-based PDSCH and PDSCH in response to DCI format 1_0). The ‘CBG-based HARQ-ACK’ is for PDSCHs scheduled with DCI format 1_1 on cells configured with CBG-DL = ON. The number of HARQ-ACK bits per PDSCH in second the sub-CB is agreed to be the maximum one of configured CBGs among all CCs configured with CBG-DL = ON.
· ‘without HARQ-ACK multiplexing’
If a UE only detects a DCI format 1_0, similar as the discussion for semi-static CB, the UE shall provide TB level HARQ-ACK feedback per the agreement in RAN1 90b.  
If UE only detects a DCI format 1_1, it should follow the dynamic HARQ-ACK codebook grouping rule. As discussed above, the number of HARQ-ACK bits per PDSCH in the second sub-CB is the maximum value of the configured CBGs among all cells configured with CBG-DL = ON. 

Observation 2: When a UE is configured with HARQ-ACK codebook = dynamic, the UE reports 1 bit HARQ-ACK bit per PDSCH when the UE receives PDSCH scheduled by DCI format 1_0; otherwise the reports a number of HARQ-ACK bits per PDSCH according to the maximum number of configured CBGs of all cells in the cell sub-group configured for CBG-based HARQ-ACK.  
Finally, it is not a valid scenario that a gNB configures CBG parameters without configuring any HARQ-ACK codebook type as this would require a default HARQ-ACK codebook for CBG-based transmission. Even if this happens, the gNB can rely on DCI format 1_0, and the UE would reports 1 bit HARQ-ACK bit. It is noted that DCI format 1_1 is not applicable before HARQ-ACK codebook type configuration because the appearance of DAI in DCI format 1_1 is determined by the HARQ-ACK codebook type. 
Observation 3: It is an invalid scenario that a gNB configures CBG-DL = ON and schedules PDSCH with DCI format 1_1 while not configuring any HARQ-ACK codebook type. 
Observation 4: There is no case where a UE transmits HARQ-ACK according to scheduled CBGs.
The current wording in section 9.1.1 [1] for CBG-based HARQ-ACK feedback is to generate 
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 bits HARQ-ACK based on the number of scheduled CBGs. Based on the analysis above, there is no case UE transmits HARQ-ACK according to scheduled CBGs. The proposed TP is provided below. 

Proposal:  Adopt the proposed TP for CBG-based HARQ-ACK feedback. 
	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 a maximum number 
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 of CBGs for generating respective HARQ-ACK information bits for a transport block reception. 

For a number of 
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 code blocks (CBs) in a transport block, the UE determines a number of CBGs as 
[image: image5.wmf](

)

C

N

N

,

min

max

CBG/TB,

ACK

HARQ

CBG/TB

ACK

HARQ

-

-

=

. Each of the first 
[image: image6.wmf](

)

CBG/TB

ACK

-

HARQ

CBG/TB,1

ACK

HARQ

,

mod

N

C

N

=

-

 CBGs includes 
[image: image7.wmf]é

ù

CBG/TB

ACK

-

HARQ

N

C

 CBs, where CBG 
[image: image8.wmf]CBG/TB,1

ACK

HARQ

CBG

CBG

0

,

-

<

£

N

n

n

, includes CBs 
[image: image9.wmf]é

ù

é

ù

CBG/TB

ACK

-

HARQ

CB

CB

CBG/TB

ACK

-

HARQ

CBG

0

,

N

C

n

n

N

C

n

<

£

+

×

, and each of the last 
[image: image10.wmf](

)

CBG/TB

ACK

-

HARQ

CBG/TB

ACK

-

HARQ

CBG/TB,2

ACK

HARQ

,

mod

N

C

N

N

-

=

-

 CBGs includes 
[image: image11.wmf]ë

û

CBG/TB

ACK

-

HARQ

N

C

 CBs, where CBG 
[image: image12.wmf]CBG/TB,2

ACK

HARQ

CBG/TB,1

ACK

HARQ

CBG

CBG/TB,1

ACK

HARQ

CBG

,

-

-

-

+

<

£

N

N

n

N

n

, includes CBs 
[image: image13.wmf]é

ù

(

)

ë

û

ë

û

CBG/TB

ACK

-

HARQ

CB

CB

CBG/TB

ACK

-

HARQ

CBG/TB,1

ACK

HARQ

CBG

CBG/TB

ACK

-

HARQ

CBG/TB,1

ACK

HARQ

0

,

N

C

n

n

N

C

N

n

N

C

N

<

£

+

×

-

+

×

-

-

. The UE generates 
[image: image14.wmf]CBG/TB,2

ACK

HARQ

CBG/TB,1

ACK

HARQ

-

-

+

N

N

 HARQ-ACK information bits through a one-to-one mapping with the 
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 CBGs, and the UE generates a NACK value for the last 
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. 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. The UE generates an ACK for the HARQ-ACK information bit of a CBG if the UE correctly received all code blocks of the CBG and generates a NACK for the HARQ-ACK information bit of a CBG if the UE incorrectly received at least one code block of the CBG. 

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 DCI format 1_1 schedules the retransmission of the transport block and includes a CBG transmission information (CBGTI) field of 
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 bits, where 
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 is the value of higher layer parameter Number-MCS-HARQ-DL-DCI for serving cell 
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 bits of the CBGTI field for the transport block have a one-to-one mapping with the 
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 CBGs of the transport block. The UE determines whether or not a CBG is retransmitted based on a corresponding value of the CBGTI field where a binary 0 indicates that a corresponding CBG is retransmitted and a binary 1 indicates that a corresponding CBG is not retransmitted.  
If a UE is configured with higher layer parameter HARQ-ACK-codebook=semi-static, the HARQ-ACK codebook includes the 
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 HARQ-ACK information bits and, if 
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 for a transport block, the UE generates a NACK value for the last 
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 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 
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 CBGs and does not correctly detect the transport block for the 
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 CBGs, the UE generates a NACK value for each of the 
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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 receives a PDSCH that is scheduled by a PDCCH with DCI format 1_0, and if the UE is configured with higher layer parameter HARQ-ACK-codebook=semi-static, the UE repeats 
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 times the HARQ-ACK information for the transport block in the PDSCH for generating 
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 HARQ-ACK information bits as described in Subclause 9.1.2. 



3 Conclusions

This contribution discusses the number of HARQ-ACK feedback for CBG-based transmission, and proposes the following. 
Observation 1: When a UE is configured with HARQ-ACK codebook = semi-static, UE reports 1 bit HARQ-ACK when UE receives only one PDSCH without HARQ-ACK multiplexing, otherwise reports HARQ-ACK corresponding to semi-static HARQ-ACK codebook. 
Observation 2: When a UE is configured with HARQ-ACK codebook = dynamic, the UE reports 1 HARQ-ACK bit per PDSCH when the UE receives PDSCH scheduled by DCI format 1_0; otherwise, the UE reports a number of HARQ-ACK bits per PDSCH according to the maximum number of configured CBGs of all cells in the cell sub-group configured for CBG-based HARQ-ACK.  
Observation 3: It is an invalid scenario that a gNB configures CBG-DL = ON and schedules PDSCH with DCI format 1_1 while not configuring any HARQ-ACK codebook type. 

Observation 4: There is no case where a UE transmits HARQ-ACK according to scheduled CBGs.

Proposal:  Adopt the proposed TP for CBG-based HARQ-ACK feedback. 
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