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1. Introduction

In RAN1 NR-AH 1801 meeting, the following agreements were made related to the CA aspects including HARQ-ACK codebook design in NR [1]. 

	Agreements:

· Place HARQ-ACK bit(s) in response to SPS PDSCH after ones in response to dynamic PDSCH in the HARQ-ACK codebook

Agreements:

· For semi-static HARQ-ACK codebook, 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

Agreements:

· No additional bundling for HARQ-ACK is supported when the actual coding rate for UCI on PUCCH exceeds the configured coding rate

· In this case, no dropping of HARQ-ACK

· If the actual coding rate on PUCCH carrying HARQ-ACK/SR only exceeds the configured coding rate, the UE is expected to proceed with the PUCCH transmission carrying the HARQ-ACK/SR

Agreements:

· DCI 0-0 doesn’t contain DAI

· DCI 1-0 contains a 2-bit counter DAI but doesn’t contain total DAI

Agreements:

· Regarding how to select PUSCH for piggybacking UCI 

· Follows the LTE-approach

· FFS whether or not there are any specific issues

Working assumption:

· In case a UE is configured for semi-static HARQ-ACK codebook determination, when the UE detects to receive only one PDSCH on the Pcell, the UE reports HARQ-ACK only for the one PDSCH

· FFS whether additional constraints are necessary for the above operation


In this contribution, we address and discuss the remaining issues on CA aspects and HARQ-ACK codebook in NR, in terms of HARQ-ACK payload size determination, HARQ-ACK piggyback on PUSCH, and HARQ-ACK fallback by PUCCH.
2. Remaining issues on CA and HARQ-ACK codebook
2.1. Semi-static HARQ-ACK codebook determination
According to the current TS38.213, the semi-static HARQ-ACK codebook size (i.e., a bundling window corresponding to HARQ-ACK feedback in a same slot) is determined only based on the HARQ-ACK timing (K1) set configured for the active BWP per each of aggregated cells for the UE. This is reasonable for the case of Pcell since the (active) BWP switching before HARQ-ACK transmission is to be avoided in Pcell responsible for conveying HARQ-ACK PUCCH. On the other hand, it is restrictive in HARQ operation to enforce the same active BWP (before transmitting HARQ-ACK) even in Scells not responsible for HARQ-ACK PUCCH transmission. Therefore, the semi-static HARQ-ACK codebook size needs to be determined based on the K1 timing sets for all the configured BWPs in case of Scells. 
Proposal 1: Semi-static HARQ-ACK codebook size is determined based on the K1 timing set for the active BWP in Pcell and the K1 timing sets for all the configured BWPs in Scell. 
As discussed in RAN1 NR-AH and captured in the current spec, the semi-static HARQ-ACK codebook size is determined by the number of candidate PDSCH occasions (denoted as “Nd”) based on the union of the K1 timing sets configured/predefined for DL scheduling DCI formats (e.g. 1_0 and 1_1), where up to 8 different values can be configured per each of the K1 timing sets. On the other hand, it was agreed in RAN1 NR-AH to support {2, 4, 6, 8, 10, 12, 16} as the configurable values for the maximum number of DL HARQ processes (denoted as “Np”). Considering the above agreements together, the actual HARQ-ACK codebook size should be determined by Np (rather than Nd) if Np is smaller than Nd, in order to avoid unnecessary UCI (PUCCH) overhead. For example, the number of candidate PDSCH occasions Nd is set to 8 and the number of DL HARQ processes Np is configured as 2, the actual HARQ-ACK codebook size is determined as 2 which is the minimum between Nd and Np. 
Proposal 2: Semi-static HARQ-ACK codebook size is determined by min(the number of candidate PDSCH occasions, the configured number of HARQ processes). 
2.2. Dynamic HARQ-ACK codebook determination
According to the current TS38.213, in case when at least one cell is configured with the CBG-based retransmission, the 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 CA with CBG-configured cells only, the above sub-codebook composition would not be desirable since the total-DAI required for determining HARQ-ACK size is not signalled to the UE at all for the first sub-codebook. Therefore, the dynamic HARQ-ACK (sub-) codebook should be generated according to TB/CBG configuration rather than scheduling DCI format. 
Proposal 3: 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). 
In RAN1 NR-AH meeting, it was agreed that fallback DCI format 1_0 only contains 2-bit counter-DAI but doesn’t contain total-DAI, while non-fallback DCI format 1_1 contains both counter-DAI and total-DAI. With this type of DCI transmission having counter-DAI only, considering the situation that the last DCI scheduled from the gNB is missed by the UE, it is reasonable to determine the counter-DAI value by “non-fallback DCI first-fallback DCI second” manner. For example, assuming that Pcell is scheduled by fallback DCI and Scell is scheduled by non-fallback DCI, {counter-DAI, total-DAI} for Pcell DCI and Scell DCI is set to {1, NA} and {2, 2} respectively if the current CC index-based DAI counting is applied, and in this case, HARQ-ACK size could be misaligned between UE and gNB if the last Scell DCI is missed by the UE. On the other hand, {counter-DAI, total-DAI} for Pcell DCI and Scell DCI is set to {2, NA} and {1, 2} respectively if the “non-fallback DCI first-fallback DCI second” DAI counting is applied to the above example, and in this case, there would be no misalignment on HARQ-ACK size between UE and gNB even if the last Scell DCI is missed by the UE.
Proposal 4: The value of counter-DAI for dynamic HARQ-ACK codebook is determined/counted by “non-fallback DCI first-fallback DCI second” manner.
2.3. HARQ-ACK piggyback on PUSCH under CA
It was discussed in RAN1 NR-AH on how to select PUSCH for piggybacking UCI, and the issue if the CC index-based LTE approach is used was how to handle/consider different UL grant DCI transmission timing across cells in NR to schedule the PUSCHs transmitted in a same slot. To be specific, if the PUSCH for UCI piggyback is selected just based on CC index as in LTE, the UL DAI signalled in the UL grant DCI for the selected PUSCH might not be updated or could not reflect up to the last DL scheduling. As one approach for this case, it can be considered for the gNB to allow indicating a predictive UL DAI value considering potential DL scheduling possibility in future, but it would be burden in the gNB scheduler. As another approach, it can be considered for the UE to allow applying the UL DAI signalled in the last received UL grant DCI which schedules other PUSCH, but it is undesirable by considering potential DCI missing by the UE. For the above reasons, the PUSCH scheduled by the last received UL grant DCI should be selected for piggybacking UCI, and the UL DAI value signalled in the same UL grant DCI is used for determination of the UCI payload (size). 
Proposal 5: The PUSCH scheduled by the last received UL grant DCI is selected for piggybacking UCI, and the UL DAI signalled in the same UL grant DCI is used to determine the UCI payload (size).
In RAN1#91 meeting, it was agreed to include 1-bit UL DAI in UL grant DCI for supporting HARQ-ACK piggyback on PUSCH in case configured with semi-static HARQ-ACK codebook. According to the relevant discussion, the motivation is to distinguish between the case of HARQ-ACK puncturing (for up to 2 bits) and the case of HARQ-ACK rate-matching (for more than 2 bits) around UL-SCH on PUSCH. However, in the current TS38.213, it is just captured (not based on the explicit agreement) that the 1-bit UL DAI is defined to indicate whether the HARQ-ACK to be piggybacked on the PUSCH is present (based on the maximum payload size) or absent (no HARQ-ACK bits then no PUSCH piggyback). Considering the above motivation and the PUSCH resource efficiency by reducing the REs allocated for the UCI, it is reasonable to define two states indicated by the 1-bit UL DAI as “less than or equal to 2 HARQ-ACK bits” and “the maximum HARQ-ACK payload size”.
Proposal 6: 1-bit UL DAI in UL grant DCI for semi-static HARQ-ACK codebook is defined to indicate “less than or equal to 2 HARQ-ACK bits” or “the maximum HARQ-ACK payload size”.
2.4. HARQ-ACK PUCCH fallback for single PDSCH
A working assumption was made to support the HARQ-ACK fallback by PUCCH for a single PDSCH received in Pcell only in case configured with semi-static HARQ-ACK codebook, and the related FFS point is remained on whether additional constraints are necessary on top of the above condition. Considering UL resource efficiency in terms of reserving the PUCCH resource used for HARQ-ACK fallback in case when Pcell is configured with CBG based retransmission, it is reasonable to add one constraint as “the PDSCH with up to 2 HARQ-ACK bits” to the above condition. Furthermore, it can be considered to add another constraint as “the PDSCH received in the last slot” if the ambiguity in case when the UE misses the DCI for one of two PDSCHs scheduled from the gNB needs to be avoided. 
Proposal 7: For semi-static HARQ-ACK codebook, in case when the UE receives only one PDSCH in Pcell requiring up to 2 HARQ-ACK bits, the UE reports HARQ-ACK only for the PDSCH.
According to the agreement in RAN1 NR-AH, fallback DCI format 1_0 is decided to contain 2-bit field for the purpose of indicating counter-DAI value in case configured with dynamic HARQ-ACK codebook. In other words, it can be considered to use this field for other purpose in case of semi-static HARQ-ACK codebook or before RRC connection. For the semi-static HARQ-ACK codebook, the field can be used to indicate whether to perform the HARQ-ACK fallback by PUCCH for a single PDSCH reception. Before RRC connection, the field can be used to indicate the PUCCH resource for HARQ-ACK combined with the original ARI field in the DCI, and by doing so, it is possible to increase the number of PUCCH resources within an initial PUCCH resource set with consideration of forward compatibility.
Proposal 8: 2-bit field in DL fallback DCI is used to indicate HARQ-ACK fallback in case of semi-static codebook, and it is used to indicate HARQ-ACK PUCCH resource before RRC connection.
2.5. HARQ-ACK for multiple SPS PDSCHs only
Unlike the LTE where SPS based PDSCH transmission is configured only for Pcell, it is supported in NR to configure SPS based PDSCH transmission for any cell (i.e., even for Scell on top of Pcell) under CA. And consequently, there could be the case where multiple HARQ-ACKs corresponding to multiple SPS PDSCHs received in multiple cells are to be transmitted in a same slot. Considering this case, it is required to consider on how to transmit the HARQ-ACK feedback corresponding to reception of multiple SPS PDSCHs only, in case when the UE doesn’t receive any DL grant DCI with PUCCH resource indicator. Related to this, the following is captured in the current TS38.213: “If a UE receives a PDSCH without a corresponding PDCCH, a PUCCH resource for corresponding HARQ-ACK transmission is provided by higher layer parameter n1PUCCH-AN.”. In addition, the value range of the parameter “n1PUCCH-AN” is captured in the RRC spec as: CHOICE{PUCCH-resource-config-PF0, PUCCH-resource-config-PF1}. 
Regarding this issue, one of the following two alternatives can be adopted with consideration of potential RRC impact and HARQ-ACK processing (assuming N as the number of SPS PDSCHs). 
1) Alt 1: bundled 2-bit HARQ-ACK on PUCCH 

No RRC impact will exist (FFS on how to perform HARQ-ACK bundling across cells)
2) Alt 2: N-bit payload HARQ-ACK on PUCCH 

RRC impact will exist (need to configure PUCCH format 2/3/4 on top of PUCCH format 0/1)
Between the above two alternatives, Alt 1 (bundled 2-bit HARQ-ACK on PUCCH format 0/1) is slightly preferred to avoid RRC impact at this stage.
Proposal 9: It is to be decided on how to transmit HARQ-ACK feedback in case when the UE only receives multiple SPS PDSCHs without receiving DL grant DCI with PUCCH resource indicator. 
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: Semi-static HARQ-ACK codebook size is determined based on the K1 timing set for the active BWP in Pcell and the K1 timing sets for all the configured BWPs in Scell. 
Proposal 2: Semi-static HARQ-ACK codebook size is determined by min(the number of candidate PDSCH occasions, the configured number of HARQ processes). 
Proposal 3: 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 4: The value of counter-DAI for dynamic HARQ-ACK codebook is determined/counted by “non-fallback DCI first-fallback DCI second” manner.
Proposal 5: The PUSCH scheduled by the last received UL grant DCI is selected for piggybacking UCI, and the UL DAI signalled in the same UL grant DCI is used to determine the UCI payload (size).
Proposal 6: 1-bit UL DAI in UL grant DCI for semi-static HARQ-ACK codebook is defined to indicate “less than or equal to 2 HARQ-ACK bits” or “the maximum HARQ-ACK payload size”.
Proposal 7: For semi-static HARQ-ACK codebook, in case when the UE receives only one PDSCH in Pcell requiring up to 2 HARQ-ACK bits, the UE reports HARQ-ACK only for the PDSCH.
Proposal 8: 2-bit field in DL fallback DCI is used to indicate HARQ-ACK fallback in case of semi-static codebook, and it is used to indicate HARQ-ACK PUCCH resource before RRC connection.
Proposal 9: It is to be decided on how to transmit HARQ-ACK feedback in case when the UE only receives multiple SPS PDSCHs without receiving DL grant DCI with PUCCH resource indicator. 
4. Reference

[1] RAN1 Chairman’s notes, RAN1 NR-AH 1801 meeting
