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1. Introduction

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

	Agreements:

· When a UE is configured with semi-static HARQ-ACK Codebook, the codebook is not a function of dynamic SFI

Agreements:
· When a UE is configured with semi-static HARQ-ACK Codebook, support restricting HARQ-ACK timings for DCI format 1_0 to be a subset of ones configured for DCI format 1_1 for a given cell

· As an example: Configured HARQ-ACK timing for DCI format 1_1 are {2, 6, 9} ( then, timings for DCI format 1_0 of {2, 6} are possible, but not if any timing value from{1, 3, 4, 5, 7, 8}

· UE is not expected to be indicated by DCI format 1_0 a HARQ-ACK timing which is not based on the above rule

Agreements:

· Confirm the following working assumption with updates:

· Working assumption: In case a UE is configured for semi-static HARQ-ACK codebook determination, when the UE detects to receive only one PDSCH within a DL association set for HARQ-ACK feedback on the Pcell, the UE reports HARQ-ACK only for the one PDSCH

· Additional constraint: only if UE detects DCI format 1_0 with counter DAI value of 1

Agreements:
· When a UE is configured with 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 switching

Working assumption:
· 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; 

· Handling HARQ-ACK for PDCCH for SPS release follows the same way as in LTE

Agreements:

· In Rel-15, UE is not expected to be configured to report HARQ-ACK on the same PUCCH for more than 2 SPS PDSCH receptions

· To include this agreements in one of the LSs to RAN2

Agreements:
· To respond the LS from RAN2 (on EN-DC):

· Simultaneous configuration of EN-DC and NR PUCCH Scell (PScell)

· Yes, but the UE is not expected to be configured with more than one PUCCH in NR under EN-DC

· Also state that it’s the RAN1 understanding of the intention of the question from RAN2

· Simultaneous transmission of PUCCH and PUSCH in LTE for EN-DC

· Yes


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 for multi-slot PDSCH or SPS PDSCH.
2. Remaining issues on CA and HARQ-ACK codebook
2.1. Semi-static HARQ-ACK codebook determination
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 1: 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 2: 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 3: 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
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 4: 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”.
Moreover, it was discussed in RAN1#92 meeting 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 could be reasonable to apply some prioritization according to PUSCH scheduling manner or PUSCH transmission parameter. For example, grant-based PUSCH providing UL DAI could have higher priority compared to 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 could also be considered in mixed numerology case. 
Proposal 5: Grant-based PUSCH providing UL DAI has higher priority than grant-free PUSCH in PUSCH selection for UCI multiplexing with consideration of HARQ-ACK payload size reduction.
2.4. HARQ-ACK for multi-slot PDSCH or SPS 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). 
Proposal 6: It is necessary to decide how to define the bundling window (size) corresponding to HARQ-ACK feedback in case when multi-slot PDSCH is configured, in terms of determining the number of candidate PDSCH occasions within a bundling window.
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 7: 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 8: 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.
2.5. Power headroom report for NR CA
In NR, UE can be configured with multiple CCs which may be characterized with different SCS so that their slot lengths are different. Furthermore, even in a same CC, UE can be configured with multiple BWPs which may be characterized with different SCS. Since RAN2 specification works regarding UE’s PHR report follows LTE procedure so far, UE configured with multiple CCs should report PHR for all the configured CCs on a PUSCH in a slot. In NR, however, slot length of other CCs can be different from the CC where PHR is actually transmitted via PUSCH due to different SCS between BWPs of different CCs.
Regarding this PHR for CA case, two types of the combination between PHR-carrying CC and the other CC can be considered. First of all, for the case where the slot length of PHR-carrying CC is shorter than the other CC, there may be no issue compared to LTE since it is natural the UE reports PHR in the overlapping slot of the other CC. On the other hand, for the case where the slot length of PHR-carrying CC (e.g. CC1) is larger than the other CC (e.g. CC2) where a slot of CC1 overlaps with multiple slots of CC2, it should be defined PHR of which slot in CC2 should be reported in PHR report in CC1. Several factors may be considered such as a slot which is scheduled with actual transmission, etc. However, to avoid potential misalignment between gNB and UE, fixing a slot could be a simplest and most robust approach. 
Proposal 9: In case of UL CA with different numerologies, PHR on an UL carrier in a slot includes PHR in the first overlapping slot(s) in the other aggregated carrier(s).

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 by min(the number of candidate PDSCH occasions, the configured number of HARQ processes). 
Proposal 2: 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 3: The value of counter-DAI for dynamic HARQ-ACK codebook is determined/counted by “non-fallback DCI first-fallback DCI second” manner.
Proposal 4: 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 5: Grant-based PUSCH providing UL DAI has higher priority than grant-free PUSCH in PUSCH selection for UCI multiplexing with consideration of HARQ-ACK payload size reduction.
Proposal 6: It is necessary to decide how to define the bundling window (size) corresponding to HARQ-ACK feedback in case when multi-slot PDSCH is configured, in terms of determining the number of candidate PDSCH occasions within a bundling window.
Proposal 7: 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 8: 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.
Proposal 9: In case of UL CA with different numerologies, PHR on an UL carrier in a slot includes PHR in the first overlapping slot(s) in the other aggregated carrier(s).
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