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1 Introduction
In RAN1#91, the following agreements for HARQ-ACK transmission were approved:
Conclusion:

· No consensus to introduce CBG-level DAI in DCI in Rel-15
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

In this contribution, we share our views on the dynamic HARQ-ACK codebook with CBG-based configuration.
2 Discussion
Two sub-CBs are defined in TS38.213 section 9.1.3.2, as following:

	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 
[image: image1.wmf]CBG

DL

cells

N

,

 serving cells; and
-
higher layer parameter CBG-DL = OFF, or is not configured with higher layer parameter CBG-DL, for 
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the UE shall determine the 
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 according to the previous pseudo-code with the following modifications
-
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 is used for the determination of a first HARQ-ACK sub-codebook for TB-based PDSCH receptions;
-
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 for the determination of a second HARQ-ACK sub-codebook corresponding to the 
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-
Instead of generating one HARQ-ACK information bit per transport block for a serving cell from the 
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 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 
[image: image11.wmf]max

CBG/TB,

max

ACK,

HARQ

-

N

 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 
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, the UE generates NACK for the last 
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 HARQ-ACK information bits for serving cell 
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-
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.


Based on above description, the second sub-CB follows the same pseudo-code with modifications on the number of Cells and the number of HARQ-ACK bits corresponding to one TB. Since both total DAI and counter DAI calculate all of scheduled TBs. The following problems for the second sub-CB exist:

· Low efficiency caused by redundant bits corresponding to TB-based transmission.
· Ambiguity caused by DL grant missing.
As shown in Figure 1, once DL grant with C_DAI=2 is missed, the UE cannot know the missed grant is scheduled TB transmission on Scell 1 configured with TB-based transmission or Scell 2 configured with TB-based transmission. Therefore, UE cannot determine the second sub-CB. Furthermore, fallback TB is transmitted on Pcell with C_DAI=3, redundant CBG-based HARQ-ACKs are still transmitted in the second sub-CB.
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Figure 1: Problems for current second sub-CB
In order to solve the above problems, the following option for generating the second sub-CBs can be considered:
· The second sub-CB contains two parts:
· Part I is an N-bit bitmap indication of TB for CBG-based HARQ-ACK. N bits are mapped to the first N NACKs in the first sub-CB.
· Part II contains the CBG-based HARQ-ACKs corresponding to the TB indicated by Part I.
· The length of the second sub-CB is fixed.

For example, the length of the second sub-CB equals to 
[image: image20.wmf],max

CBG

NCN

+×

 bits, where N is the length of bitmap, 
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 is the maximum number of CBGs in one TB, and C is a constant. Furthermore, the value of N can be proportional to the maximum number of TB-based HARQ-ACKs multiplexed in one PUCCH. 
· CBG-based HARQ-ACKs can be transmitted based on the scheduled CBGs.
One example is shown in Figure 2, CBG-based HARQ-ACKs are transmitted based on the maximum number of CBGs. 10 TB-based HARQ-ACKs are contained in Part I, and three NACKs are fed back. The first two TBs with decoding failure can be indicated by 2-bit bitmap indication. The CBG-based HARQ-ACKs corresponding to the second TB with decoding failure are transmitted.
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Figure 2: CBG-based HARQ-ACKs are transmitted based on the maximum number of CBGs
Another example is shown in Figure 3, CBG-based HARQ-ACKs are transmitted based on the scheduled CBGs. The maximum number of CBGs in one TB is 8. In practice, three CBGs are scheduled in the first TB with decoding failure, and four CBGs are scheduled in the second TB with decoding failure. When UE transmits CBG-based HARQ-ACK for one TB, it means at least the DL grant for this TB has been correctly received, i.e. the actual number of CBGs in this TB is known by the UE. Therefore, no ambiguity exists when CBG-based HARQ-ACKs are transmitted based on the scheduled CBGs.
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Figure 3: CBG-based HARQ-ACKs are transmitted based on the scheduled CBGs
Considering the probability of decoding failure is about 10%, the length of second sub-CB can be set to the maximum number of CBGs in one TB among multiple cells. Therefore, the overhead of proposed option is significantly lower than the method in current specification. 
Proposal: Generate the second HARQ-ACK sub- CBs
· The second sub-CB contains two parts:
· Part I is an N-bit bitmap indication of TB for CBG-based HARQ-ACK. N bits are mapped to the first N NACKs in the first sub-CB.

· Part II contains the CBG-based HARQ-ACKs corresponding to the TB(s) indicated by Part I.

· The length of the second sub-CB is fixed.
· CBG-based HARQ-ACKs can be transmitted based on the scheduled CBGs.
3 Conclusions
In this contribution, we show our views on dynamic HARQ-ACK codebook with CBG-based configuration with following proposal:
Proposal: Generate the second HARQ-ACK sub- CBs
· The second sub-CB contains two parts:
· Part I is an N-bit bitmap indication of TB for CBG-based HARQ-ACK. N bits are mapped to the first N NACKs in the first sub-CB.

· Part II contains the CBG-based HARQ-ACKs corresponding to the TB indicated by Part I.

· The length of the second sub-CB is fixed.
· CBG-based HARQ-ACKs can be transmitted based on the scheduled CBGs.
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