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1 Introduction
At the RAN1 #92 meeting, several details on HARQ-ACK codebook determination were agreed for both single cell and CA operation [1]. In this contribution, we discuss several remaining issues on HARQ-ACK feedback.
2 Discussion
2.1 Corrections to semi-static HARQ-ACK codebook determination
For semi-static codebook, a set of slot timing values for determining occasions for candidate PDSCH receptions are determined based on the set of K1 values for DCI format 1_0 and/or the configured set of K1 values for DCI format 1_1.  If the UE is configured to monitor PDCCH for both DCI format 1_0 and DCI format 1_1 on serving cell 
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is the set of values configured for DCI format 1_1 since only values in this set that are also in {1, 2, 3, 4, 5, 6, 7, 8} can be indicated by DCI format 1_0. Hence the condition on DCI format 1_0 in Sub-clause 9.1.2.1 of 38.213 should be removed.
The following text proposal provided the suggested correction to 38.213 V15.0.1.
----------------------------------- Start of Text proposal to 9.1.2.1 of 38.213 ------------------------------------------------
9.1.2.1 Type-1 HARQ-ACK codebook in physical uplink control channel

For a serving cell 
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 and the active DL BWP and the active UL BWP, as described in Subclause 12, the UE determines a set of 
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 occasions for candidate PDSCH receptions for which the UE can transmit corresponding HARQ-ACK information in a PUCCH in slot 
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. The determination is based:

a) on a set of slot timing values 
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 associated with the active DL BWP
a. If the UE is configured to monitor PDCCH for DCI format 1_0 and is not configured to monitor PDCCH for DCI format 1_1 on serving cell 
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 is  provided by the slot timing values {1, 2, 3, 4, 5, 6, 7, 8} for DCI format 1_0;
b. If the UE is configured to monitor PDCCH for DCI format 1_1 on serving cell 
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 is provided by higher layer parameter DL-data-DL-acknowledgement for DCI format 1_1; 
c. If the UE is configured to monitor PDCCH for both DCI format 1_0 and DCI format 1_1 on serving cell 
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 is provided by higher layer parameter DL-data-DL-acknowledgement.

b) when provided, on a set of row indexes of a table provided by higher layer parameter pdsch-symbolAllocation associated with the active DL BWP and defining respective sets of slot offsets 
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, start and length indicators SLIV, and PDSCH mapping types for PDSCH reception as described in [6, TS 38.214]; and
c) when provided, on higher layer parameter UL-DL-configuration-common, higher layer parameter UL-DL-configuration-common-Set2, and higher layer parameter UL-DL-configuration-dedicated as described in Subclause 11.1; and
d) on a PDCCH monitoring periodicity, a PDCCH monitoring offset, and a PDCCH monitoring pattern within a slot for each search space in the set of search spaces configured to the UE for PDCCH candidates corresponding to DCI format 1_0 or DCI format 1_1 for serving cell 
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 as described in Subclause 10.1.

----------------------------------- End of Text proposal to 9.1.2.1 of 38.213 ------------------------------------------------
2.2 Corrections to dynamic HARQ-ACK codebook

For dynamic codebook in CA case if CBG based HARQ-ACK and TB based HARQ-ACK are configured for different carriers, it was agreed that 2 HARQ-ACK sub-codebooks (sub-CBs) are supported, where the first sub-CB is for transmissions with TB-based HARQ-ACK, the second sub-CB is for transmissions with CBG-based HARQ-ACK, and the sub-CBs are combined into a single HARQ-ACK codebook. However, there are no agreements on how to define the C-DAI and T-DAI. 
For example, three carriers are configured for a UE with 1 TB configured per PDSCH, where CC1 is configured with CBG based HARQ-ACK and number of CBGs per TB equal to 2, CC2 is configured with TB based HARQ-ACK and CC3 is configured with CBG based HARQ-ACK and number of CBGs per TB equal to 4. Figure 1 illustrates a scenario where different colors are used for DL transmission with TB-based or CBG based HARQ-ACK. It can be seen that PDSCH is scheduled by DCI format 1_0 in slot n+2 of CC3. Therefore, the C-DAI and T-DAI counters are incremented according to the number of scheduled PDSCHs with TB based HARQ-ACK or according to number of scheduled PDSCHs with CBG based HARQ-ACK across all CCs.
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Figure 1 C-DAI and T-DAI determination with two sub-codebooks for 3-CC configuration
Proposal 1: If two HARQ-ACK sub-codebook are used for dynamic codebook, the interpretation of counter DAI and total DAI fields should be  relative to each HARQ-ACK sub-codebook.
Furthermore, regarding how to determine the HARQ-ACK bits when CBG is configured in Sub-clause 9.1.3.1, we note that PUCCH format 0 and PUCCH format 1 also apply in the same section for single cell operation and number of CBGs is equal to 2.
The proposed changes for dynamic codebook determination are reflected in the following text proposal to 38.213 V15.0.1:
----------------------------------- Start of Text proposal to 9.1.3.1 of 38.213 ------------------------------------------------

If a UE transmits HARQ-ACK and the UE is configured with
· higher layer parameter CBG-DL = ON for 
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 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
· 
[image: image20.wmf]DL

cells

N

 is used for the determination of a first HARQ-ACK sub-codebook for SPS PDSCH release and for TB-based PDSCH receptions scheduled by DCI format 1_0 on the 
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 serving cells and DCI format 1_0 and DCI format 1_1 on the 
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· 
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[image: image24.wmf]CBG

DL,

cells

N

 for the determination of a second HARQ-ACK sub-codebook corresponding to the 
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 serving cells for CBG-based PDSCH receptions scheduled by DCI format 1_1, 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, where 
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 across all 
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 is the value of higher layer parameter Number-MCS-HARQ-DL-DCI for serving cell 
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. If for a serving cell 
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 it is 
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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 interpretation of counter DAI and total DAI fields is relative to each HARQ-ACK sub-codebook;
· The UE generates the HARQ-ACK codebook by appending the second HARQ-ACK sub-codebook to the first HARQ-ACK sub-codebook.
-------------------------------- End of Text proposal to 9.1.3.1 of 38.213 -----------------------------------------------
2.3 HARQ-ACK feedback with BWP switch

It was agreed in RAN1#92 that for semi-static HARQ-ACK Codebook, HARQ-ACK corresponding to PDSCH transmission(s) of the DL BWP before DL and/or UL BWP switching is not transmitted by the UE after the switch. This is mainly because when DL BWP is changed, the K1 value set will be changed due to BWP-specific configuration, which will result in ambiguity of the HARQ-ACK codebook size. 

Actually for FDD with UL BWP switching, the K1 value set will not change since the DL BWP is not changed. Furthermore, when UL BWP switching happens on a CC that is not configured for PUCCH transmission, there is no PUCCH collision if the active UL BWP on the PUCCH CC is not changed as well. In such case, HARQ-ACK corresponding to PDSCH transmission(s) before UL BWP switching can be transmitted after the switching, as shown in Figure 2. 

When FDD with UL BWP switching happens on a CC configured for PUCCH, if HARQ-ACK corresponding to PDSCH transmission(s) before switching is transmitted in a PUCCH resource on the new UL BWP based on ARI in a PDCCH before the BWP switch, there may be PUCCH resource collision since the ARI in PDCCH before switching is for the previous UL BWP. Hence, in such case, HARQ-ACK corresponding to PDSCH transmission(s) before BWP switching should be not transmitted after switching, as shown in slot n+5 in Figure 2. 
HARQ-ACK corresponding to PDSCH transmission(s) before switching can be transmitted in a PUCCH resource on the new UL BWP that is indicated by ARI in a PDCCH received after the switching as illustrated in slot n+7 of Figure 3. 
In addition, HARQ-ACK corresponding to PDSCH transmission(s) before switching can be transmitted in PUSCH on the new UL BWP, such as in slot n+4 in Figure 3. This can be used for both semi-static codebook and dynamic HARQ-ACK codebook since the DL BWP is not changed.

For DL BWP switching and dynamic HARQ-ACK codebook, as long as the DAI counter can be incremented across the BWP switch, HARQ-ACK corresponding to PDSCH transmission(s) before switching can be transmitted after switching on either PUCCH or PUSCH and there is no resource collision since the UL BWP is not changed. 

Proposal 2: For FDD with UL BWP switching on a CC not configured for PUCCH, HARQ-ACK corresponding to PDSCH transmission(s) before switching can be transmitted by UE after switching.

Proposal 3: For FDD with UL BWP switching on a CC configured for PUCCH, a PDCCH received after the BWP switch may indicate a PUCCH resource for HARQ-ACK corresponding to PDSCHs received before and after the BWP switch.

Proposal 4: For FDD with DL BWP switching, when dynamic HARQ-ACK codebook is configured, HARQ-ACK corresponding to PDSCH transmission(s) before switching can be transmitted by UE after switching.
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Figure 2: FDD UL BWP switching on CC without PUCCH
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Figure 3: FDD UL BWP switching on CC with PUCCH

For TDD, the DL/UL BWP pair is jointly switched, which means HARQ-ACK corresponding to PDSCH transmission(s) before switching cannot be transmitted by UE after switching for semi-static codebook. The same rule as FDD can be reused for TDD only for dynamic HARQ-ACK codebook. 
Proposal 5: For TDD with UL/DL BWP switching on a CC configured for PUCCH, when dynamic HARQ-ACK codebook is configured, HARQ-ACK corresponding to PDSCH transmission(s) before switching can be transmitted by UE after switching.

Proposal 6: For TDD with UL/DL BWP switching on a CC configured for PUCCH, when dynamic HARQ-ACK codebook is configured, a PDCCH received after the BWP switch may indicate a PUCCH resource for HARQ-ACK corresponding to PDSCHs received before and after the BWP switch.

3 Conclusions

Based on the above discussion, we have the following proposals:
Proposal 1: If two HARQ-ACK sub-codebook are used for dynamic codebook, the interpretation of counter DAI and total DAI fields should be  relative to each HARQ-ACK sub-codebook.

Proposal 2: For FDD with UL BWP switching on a CC not configured for PUCCH, HARQ-ACK corresponding to PDSCH transmission(s) before switching can be transmitted by UE after switching.

Proposal 3: For FDD with UL BWP switching on a CC configured for PUCCH, a PDCCH received after the BWP switch may indicate a PUCCH resource for HARQ-ACK corresponding to PDSCHs received before and after the BWP switch.

Proposal 4: For FDD with DL BWP switching, when dynamic HARQ-ACK codebook is configured, HARQ-ACK corresponding to PDSCH transmission(s) before switching can be transmitted by UE after switching.

Proposal 5: For TDD with UL/DL BWP switching on a CC configured for PUCCH, when dynamic HARQ-ACK codebook is configured, HARQ-ACK corresponding to PDSCH transmission(s) before switching can be transmitted by UE after switching.

Proposal 6: For TDD with UL/DL BWP switching on a CC configured for PUCCH, when dynamic HARQ-ACK codebook is configured, a PDCCH received after the BWP switch may indicate a PUCCH resource for HARQ-ACK corresponding to PDSCHs received before and after the BWP switch.
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