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1. Introduction

In RAN1#92bis meeting, the following agreements were made related to the CA aspects including HARQ-ACK codebook design in NR [1]. 

	Agreements:

· Confirm WA from RAN1#92 with the following update

· When a UE is configured with semi-static HARQ-ACK Codebook, on a per cell basis:

· If the UE indicates capability to receive more than one unicast PDSCH per slot, it assumes a max number of non-overlapping candidate unicast PDSCH occasions per slot as determined by the SLIV in the configured pdsch-symbolAllocation table. 

· Otherwise, the UE is expected to receive only one unicast PDSCH per slot, and HARQ-ACK association set assumes one unicast PDSCH per slot

· The UE is not expected to receive SPS PDSCH release and unicast PDSCH in a same slot
· Handling HARQ-ACK for PDCCH for SPS release follows the same way as in LTE

Agreements:

· For unpaired spectrum and DL/UL BWP switching 

· UE does not transmit HARQ-ACK for PDSCH reception(s) on the DL BWP prior to DL/UL BWP switching


In this contribution, we address and discuss the remaining issues on CA aspects and HARQ-ACK codebook in NR, in terms of HARQ-ACK codebook composition, HARQ-ACK piggyback on PUSCH, and HARQ-ACK feedback for multi-slot PDSCH or SPS PDSCH.
2. Remaining issues on CA and HARQ-ACK codebook
2.1. Composition of dynamic HARQ-ACK codebook 
According to the current TS38.213, in case when at least one cell is configured with the CBG-based retransmission, dynamic HARQ-ACK codebook is composed of two sub-codebooks where the first sub-codebook is generated for TB-based PDSCHs and the second sub-codebook is generated for CBG-based PDSCHs. Specifically, the TB-based PDSCHs include the PDSCHs transmitted in TB-configured cells and the PDSCHs transmitted in CBG-configured cell scheduled by fallback DCI (e.g. format 1_0) while the CBG-based PDSCHs include the PDSCH transmitted in CBG-configured cell scheduled by non-fallback DCI (e.g. format 1_1). On the other hand, considering the case with CBG-configured cells only, the above sub-codebook composition would not be desirable since the total-DAI for determining HARQ-ACK size is not signalled to the UE at all for the first sub-codebook. Therefore, dynamic HARQ-ACK (sub-)codebook should be generated according to TB/CBG configuration per cell rather than the DCI format used for PDSCH scheduling. 
Proposal 1: Dynamic HARQ-ACK (sub-)codebook is generated according to TB/CBG configuration per cell (e.g. one for TB-configured cells, the other for CBG-configured cells). 
2.2. HARQ-ACK piggyback on PUSCH under CA
In RAN1#92 meeting, it was discussed on how to select PUSCH for UCI multiplexing, and it was concluded that LTE approach based on cell index is sufficient even for NR operated with dynamic HARQ timing. Although consideration of UL grant detection timing is not necessary for UCI PUSCH selection, it would be reasonable to apply some prioritization according to PUSCH scheduling manner or PUSCH transmission parameter. For example, the grant-based PUSCH providing UL DAI could have higher priority compared to the grant-free PUSCH in order for reduction of HARQ-ACK payload size. For another example, a prioritization according to the sub-carrier spacing (SCS) used for PUSCH transmission could also be considered in case with multiple different numerologies. 
Proposal 2: Grant-based PUSCH providing UL DAI has higher priority than grant-free PUSCH in PUSCH selection for UCI multiplexing by considering HARQ-ACK payload size reduction.
2.3. HARQ-ACK feedback for multi-slot PDSCH 
It was agreed to support multi-slot PDSCH in NR for which a single same TB is (repeatedly) transmitted over multiple slots. In this case configured with multi-slot PDSCH, it is necessary to decide how to define the bundling window (size) corresponding to HARQ-ACK feedback, in terms of determining the number of candidate PDSCH occasions within a bundling window. For this case, it is reasonable to consider the intersection between 1) the candidate slots used as the last slot for a multi-slot PDSCH and 2) the slots corresponding to K1 timing value, and/or the maximum number of non-overlapped multi-slot PDSCHs in time domain (within a bundling window). Specifically, it can be considered to apply the following approach for determining HARQ-ACK payload (size) in case with multi-slot PDSCH. 

(1) Step 1: find the PDSCH candidate C1 having the earliest ending slot index among entire set of the PDSCH candidates, and go to Step 2.
(2) Step 2: find the PDSCH candidate(s) C2 overlapping with C1, and allocate a same HARQ-ACK bit for both C1 and C2.
(3) Step 3: update the set of PDSCH candidates by excluding C1 and C2, and then go to Step 1.
Proposal 3: It is necessary to define the bundling window (size) corresponding to HARQ-ACK feedback in case when multi-slot PDSCH transmission is configured, and specifically the following approach can be applied for determination of the HARQ-ACK payload (size) in case with multi-slot PDSCH. 
(1) Step 1: find the PDSCH candidate C1 having the earliest ending slot index among entire set of the PDSCH candidates, and go to Step 2.

(2) Step 2: find the PDSCH candidate(s) C2 overlapping with C1, and allocate a same HARQ-ACK bit for both C1 and C2.

(3) Step 3: update the set of PDSCH candidates by excluding C1 and C2, and then go to Step 1.
2.4. HARQ-ACK feedback for SPS PDSCH
Regarding SPS PDSCH, first of all, it is required to clarify on whether TB-level HARQ-ACK is generated even for the SPS PDSCH transmitted in the cell configured with the CBG-based retransmission. On the other hand, the current TS38.213 seems to be specified already with assumption that TB-level HARQ-ACK is generated even for the SPS PDSCH in the CBG-configured cell, although there was no explicit agreement on that so far. Therefore, it is needed to make the relevant agreement first as the following. 
Proposal 4: TB-level HARQ-ACK is generated for the SPS PDSCH transmitted in the cell configured with CBG-based retransmission. 
In addition, regarding HARQ-ACK feedback for SPS PDSCH, one issue needed to be defined is HARQ-ACK bit mapping in case when the UE only receives two SPS PDSCHs (in different CCs) during a bundling window without receiving any other PDCCH/PDSCH. In this case, simply, 2-bit HARQ-ACK corresponding to two SPS PDSCHs can be mapped based on CC index. Similarly, 2-bit HARQ-ACK corresponding to two SPS PDSCHs in a same CC (within a bundling window) can be mapped based on slot index if the case is supported according to the configured period of SPS PDSCH. 

Proposal 5: HARQ-ACK bit mapping is done based on CC index in case when UE only receives two SPS PDSCHs (in different CCs) during a bundling window without receiving any other PDCCH/PDSCH.
Another issue required to be discussed is how to determine HARQ-ACK codebook for case when both SPS release PDCCH transmission and SPS PDSCH-configured slot exist within a same bundling window. In this case, HARQ-ACK codebook (size) could not be aligned between UE and gNB if the UE misses the SPS release PDCCH transmitted from the gNB, because UE and gNB would have different understanding on whether SPS is released or still being activated. For this case, simply, it can be considered to append the HARQ-ACK bit corresponding to SPS PDSCH in the entire HARQ-ACK payload even in case when the UE detects SPS release PDCCH. 
Proposal 6: It is necessary to discuss on HARQ-ACK codebook determination in case when both SPS release PDCCH transmission and SPS PDSCH-configured slot exist within a same bundling window.
3. Conclusions
In this contribution, the remaining issues on CA and HARQ-ACK codebook in NR were discussed, and finally we propose the followings.
Proposal 1: Dynamic HARQ-ACK (sub-)codebook is generated according to TB/CBG configuration per cell (e.g. one for TB-configured cells, the other for CBG-configured cells). 

Proposal 2: Grant-based PUSCH providing UL DAI has higher priority than grant-free PUSCH in PUSCH selection for UCI multiplexing by considering HARQ-ACK payload size reduction.

Proposal 3: It is necessary to define the bundling window (size) corresponding to HARQ-ACK feedback in case when multi-slot PDSCH transmission is configured, and specifically the following approach can be applied for determination of the HARQ-ACK payload (size) in case with multi-slot PDSCH. 

(1) Step 1: find the PDSCH candidate C1 having the earliest ending slot index among entire set of the PDSCH candidates, and go to Step 2.

(2) Step 2: find the PDSCH candidate(s) C2 overlapping with C1, and allocate a same HARQ-ACK bit for both C1 and C2.

(3) Step 3: update the set of PDSCH candidates by excluding C1 and C2, and then go to Step 1.
Proposal 4: TB-level HARQ-ACK is generated for the SPS PDSCH transmitted in the cell configured with CBG-based retransmission. 

Proposal 5: HARQ-ACK bit mapping is done based on CC index in case when UE only receives two SPS PDSCHs (in different CCs) during a bundling window without receiving any other PDCCH/PDSCH.

Proposal 6: It is necessary to discuss on HARQ-ACK codebook determination in case when both SPS release PDCCH transmission and SPS PDSCH-configured slot exist within a same bundling window.
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