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1 Introduction

In the RAN1#91 meeting, the following agreement was achieved for the HARQ-ACK codebook with carrier aggregation. 
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 the latest TS 38.213, this agreement is captured as below: 
“The UE shall determine the 
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 according to the previous pseudo-code with the following modifications
-

[image: image2.wmf]DL

cells

N

 is used for the determination of a first HARQ-ACK sub-codebook for TB-based PDSCH receptions;
-
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 is replaced by 
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 for the determination of a second HARQ-ACK sub-codebook corresponding to the 
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 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 
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 serving cells, the UE generates 
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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 
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 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 
[image: image9.wmf]max

CBG/TB,

max

ACK,

HARQ

-

N

 is the maximum value of 
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 across all 
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 serving cells and, if for a serving cell 
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 it is 
[image: image13.wmf]max

CBG/TB,

max

ACK,

HARQ

max

CBG/TB,

ACK,

HARQ

-

-

<

N

N

c

, 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.”

Considerations were discussed in this contribution to compress the HARQ-ACK codebook size. 
2 Discussion
Basically, 1 HARQ-ACK bits are produced per TB for all serving cells as the first sub-codebook and then the same number of HARQ-ACK bits are produced per TB for each serving cell with CBG based PDSCH reception as the second sub-codebook. Two sub-codebooks are concatenated to produce the final codebook. It is understood that the same number of HARQ-ACK bits will be produced for a TB even if that TB is correct which must be already indicated in the first sub-codebook. 

If a TB is already marked as ACK in the first sub-codebook, more HARQ-ACK bits in CBG level does not give any new information but redundancy. It is proposed to at least exclude those TBs which are already indicated as ACK from the second sub-codebook. The second sub-codebook should be generated with TBs which are marked as NACK in the first sub-codebook and from serving cells with CBG based reception configured. Additionally it is not clear why each cell has to use the same number of CBGs per TB, since the gNB knows how many CBGs are configure for each serving cell, there should be no problem for the gNB to interpret the codebook with different number of CBG level HARQ-ACK bits for different cells. 
In Rel-16, it can be considered to further adopt enhancements to compress the HARQ-ACK codebook size as discussed in [1].  
Proposal 1: it is proposed to compress the HARQ-ACK codebook size for carrier aggregation and cross-slot scheduling. 

3 Conclusions
Based on above discussions, we have the following proposal: 

Proposal 1: it is proposed to compress the HARQ-ACK codebook size for carrier aggregation and cross-slot scheduling. 
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