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1 Introduction
In the last RAN1 #92bis meeting [1], RAN1 discussed a constructing rule for DL association set of semi-static HARQ-ACK codebook and provided the agreements as follows:
	Conclusion:
· It is confirmed that when a UE is configured with semi-static HARQ-ACK codebook, the HARQ association set is determined based on the semi-static (via RMSI/UE-specific) UL/DL configurations for PDSCH occasions in addition to HARQ-ACK in response to SPS release
· This is already reflected in the current specs

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


In this contribution, we discuss remaining issues related to semi-static HARQ-ACK codebook construction. 
2 Issues on Semi-static HARQ-ACK codebook construction
In the current TS38.213 [2], to construct DL association set of semi-static HARQ-ACK codebook, the following 3 components are considered: 1) K1 timing, 2) semi-static DL/UL configuration, and 3) SLIV configuration. Since NR has up to 8 K1 values and 16 SLIV values, at most 128 PDSCH allocations are possible (if counting overlapped PDSCH allocations separately). Therefore, semi-static HARQ-ACK codebook size of NR systems is expected to be quite larger than that of LTE systems. To reduce the semi-static HARQ-ACK codebook size (or equivalently, DL association set size), PDSCH processing timing can be considered.
In TS38.214 [3], the PDSCH processing timing is defined as minimum time duration, denoted as Tproc,1, to compute valid HARQ-ACK after receiving a PDSCH. In other words, if the time duration between the first symbol of PUCCH or PUSCH carrying HARQ-ACK information and the last symbol of PDSCH is less than the defined PDSCH processing timing, UE may not provide a valid HARQ-ACK information. Therefore, a normal operation is that gNB provides sufficient time duration for the UE to compute valid HARQ-ACK. Unfortunately, as shown in Figure 1, a DL association set includes both PDSCH candidate l and PDSCH candidate m even if valid HARQ-ACK for PDSCH candidate B may not be available due to PDSCH processing time. In order to reduce semi-static HARQ-ACK codebook size, therefore, it is reasonable to remove PDSCH candidate B from DL association set. 
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Figure 1. Example of PDSCH candidates and processing time

Based on the above discussion, we propose
· Proposal 1: In order to construct DL association set of semi-static HARQ-ACK codebook, the following rules are added
· if the time duration between the last OFDM symbol of the PDSCH candidate and the first OFDM symbol of the PUCCH or PUSCH carrying the HARQ-ACK information is less then PDSCH processing procedure timing, then the PDSCH candidate is excluded

3 Issues on Piggyback to Multi-slot PUSCH
If type-1 HARQ-ACK codebook is configured, the 1-bit UL DAI field included in UL grant can provide information on whether to perform piggyback. If the 1-bit UL DAI field is indicated to 0, the UE does not perform HARQ-ACK piggyback, but if the 1-bit UL DAI field is indicated to 1, the UE performs HARQ-ACK piggyback, i.e., the scheduled PUCCH carrying HARQ-ACK information is dropped and HARQ-ACK information is carried in UL-SCH. If a UE is configured with higher layer parameter aggregationFactorUL > 1, then the UE transmit a PUSCH over aggregationFactorUL slots applying the same symbol allocation in each slot. Since PUCCHs carrying HARQ-ACK information can be scheduled in each slot, the UE needs to determine whether/which HARQ-ACK information bits are piggybacked or not in each slot. The problem is that there is only one ‘UL DAI’ field in UL grant scheduling a multi-slot PUSCH to indicate whether to perform one PUCCH is piggybacked or not, but potentially more than one PUCCHs carrying HARQ-ACK information can be overlapped to the multi-slot PUSCH. 
The example is illustrated in Figure 2. Here, a UE is configured with aggregationFactorUL = 2. DL association set 1 for PUCCH#1 in slot n includes slot m, slot m+1, and slot m+2, and DL association set 2 for PUCCH#2 in slot n+1 includes slot m+1, m+2, and m+3. PUCCH#1 in slot n contains HARQ-ACK information for 3 PDSCHs (PDSCH#1, PDSCH#2, PDSCH#3), but PUCCH#2 (in slot n+1) contains no HARQ-ACK information. Since HARQ-ACK information in PUCCH#1 is needed to be piggybacked to PUSCH in slot n, the UL DAI in UL grant should be set to ‘1’. The UE-behavior may be to piggyback HARQ-ACK information in PUCCH#1 to PUSCH in slot n and not to piggyback HARQ-ACK information to PUSCH in slot n+1. However, the UE cannot guarantee that PUCCH2 has no HARQ-ACK information. Since, the UL DAI in UL grant is indicated to ‘1’, the UE may also piggyback HARQ-ACK information corresponding to PUCCH2 to the PUSCH in slot n+1. Therefore, large overhead may occur in slot n+1.
· Observation: When a multi-slot PUSCH is overlapped with multiple PUCCH, unnecessary piggyback may occur even though there is no HARQ-ACK information to be transmitted.
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Figure 2. Multi-slot PUSCH overlapped with multiple PUCCHs

The straightforward solution is to increase UL DAI field size according to aggregationFactorUL. In this example, 2-bit UL DAI field is required. But it definitely results in high DCI overhead and in general it is not acceptable. In order to decrease unnecessary HARQ-ACK piggyback, the following options can be considered
· Opt 1) If piggyback is indicated (UL DAI=1), then DL association sets are constructed to be disjoint.
In the above example, both the DL association set 1 and the DL association set 2 include PDSCH#2 and PDSCH#3. Since HARQ-ACK information for PDSCH#2 and PDSCH#3 has already been piggybacked on PUSCH in slot n, it is unnecessary to piggyback HARQ-ACK information for PDSCH#2 and PDSCH#3 in PUSCH in slot n+1 repeatedly. Therefore, as shown in Figure 3, DL association set 2 can be composed of the remaining PDSCH candidates except PDSCH candidates included in DL association 1. The advantage of Opt 1 is that the overhead can be reduced because the HARQ-ACK information of one PDSCH is piggybacked only in one slot of the multi-slot PUSCH.
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Figure 3. Disjoint DL association sets (Option 1) 

· Opt 2) If piggyback is indicated (UL DAI=1), then HARQ-ACK codebook is generated based on aggregated DL association set, and piggybacked to PUSCH
In Type-1 HARQ-ACK codebook, a DL association set collects the PDSCH candidates that can be transmitted in a PUCCH in a slot. When piggybacking to a multi-slot PUSCH, multiple DL association sets are needed to be constructed, as shown in Figure 2. Opt 2 aggregates all DL association sets into one DL association set to form a Type-1 HARQ-ACK codebook, and then piggybacks the HARQ-ACK information into one slot of the multi-slot PUSCH. As in Option 1, it is possible to prevent unnecessary PDSCH from being piggybacked to multiple slots, and to perform HARQ-ACK piggyback only in one slot. 
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Figure 4. Aggregated DL association set (Option 2)

· Proposal 2: In case of multi-slot PUSCH, to prevent duplicated HARQ-ACK information piggyback, consider the following two options
· Opt 1) If piggyback is indicated (UL DAI=1), then DL association sets are constructed to be disjoint
· Opt 2) If piggyback is indicated (UL DAI=1), then HARQ-ACK codebook is generated based on aggregated DL association set, and piggybacked to PUSCH

4 Conclusion
In this contribution, we discussed the constructing rule for DL association set of semi-static HARQ-ACK codebook. Our views are summarized as follows:
· Proposal 1: In order to construct DL association set of semi-static HARQ-ACK codebook, the following rules are added
· if the time duration between the last OFDM symbol of the PDSCH candidate and the first OFDM symbol of the PUCCH or PUSCH carrying the HARQ-ACK information is less then PDSCH processing procedure timing, then the PDSCH candidate is excluded
· Proposal: In case of multi-slot PUSCH, to prevent duplicated HARQ-ACK information piggyback, consider the following two options
· Opt 1) If piggyback is indicated (UL DAI=1), then DL association sets are constructed to be disjoint
· Opt 2) If piggyback is indicated (UL DAI=1), then HARQ-ACK codebook is generated based on aggregated DL association set, and piggybacked to PUSCH
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