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1 Introduction
In the last RAN1 #92 meeting [1], RAN1 discussed a constructing rule for DL association set of semi-static HARQ-ACK codebook and then the following agreements and working assumption are made
	Agreements: (RAN1 NR-AH#4)
· DCI 0-0 doesn’t contain DAI
· DCI 1-0 contains a 2-bit counter DAI but doesn’t contain total DAI

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
· FFS whether aAdditional constraintsare necessary for the above operation: only if UE detects DCI format 1_0 with counter DAI value of 1

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

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



In this contribution, we discuss remaining issues related to semi-static HARQ-ACK codebook and dynamic HARQ-ACK codebook. 
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 four components are considered: 1) K1 timing, 2) semi-static DL/UL configuration, 3) SLIV configuration, 4) CORESET/Search space 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), the following two components are additionally considered.
Additional component 1) PRACH ocassion
In the last RAN1 #92 meeting, the following working assumption is made in random-access agenda
	Agreements:
· For the previous working assumption:
· If the Semi-static UL/DL configuration is in RMSI, only PRACH occasions within the UL part is transmitted
· UE assumes that RACH occasions configured in RMSI are not collided with DL transmission
· Introducing start symbol(s) larger than 2 for a limited number of entries in the Configuration table.
· For FR2, it is replaced with the following working assumption (no change of the previous working assumption regarding FR1)
· For the Semi-static UL/DL configuration in RMSI, only PRACH occasions within the UL part and X part are valid as long as it does not precede or collide with an SSB in the RACH slot
· UE is not expected to receive DL signals during any valid RACH occasion
· Note: In the UL/DL semi-static configuration, 0 UL slots and 0 UL symbols can be configured
· FFS how to handle the gap necessary in between SS/PBCH block or DL part and PRACH tx



For FR2, the working assumption says that PRACH can be transmitted on the UL or flexible symbol configured by RMSI and that UE is not expected to received DL signals during any valid RACH occasion. In other words, for FR2, gNB cannot schedule PDSCH (and any other DL signals) on flexible symbols, if valid RACH occasion is overlapped on the flexible symbols. Therefore, it is reasonable to exclude PDSCH candidates overlapping with valid RACH occasion from the DL association set. Simply, if a symbol is configured to transmit PRACH, the symbol is considered as UL symbol as in semi-static DL/UL configuration.

Additional component 2) PDSCH processing timing
PDSCH processing timing is defined in TS38.214 [3], where 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 A and PDSCH candidate B even if valid HARQ-ACK for PDSCH candidate B may not be available due to PDSCH processing time. So, in order to reduce semi-static HARQ-ACK codebook size, it is reasonable to remove PDSCH candidate B from DL association set. 
[image: ]
Figure 1. Example of PDSCH candidates and processing time

Based on the presented discussion, we propose
· Proposal 1: In order to construct DL association set of semi-static HARQ-ACK codebook, the following rules are added
· if PDSCH candidate are overlapped on valid RACH occasion, then the PDSCH candidate is excluded
· 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 Dynamic HARQ-ACK codebook construction
To schedule PDSCH, there are two DCI formats. One is fallback DCI format, namely DCI format 1_0 and another is non-fallback DCI format, namely DCI format 1_1. The non-fallback DCI contains 2-bit counter-DAI and 2-bit total DAI. However, fallback DCI contains 2-bit counter DAI only. Thus, if a UE receives only fallback DCI, the UE cannot know total DAI value. In figure 2, for example, a fallback DCI is scheduled in component carrier#0 and a non-fallback DCI is scheduled in component carrier#1. If counter DAI is increased according to component carrier index as in LTE eCA, as shown in figure 2(a), counter DAI = 1 for fallback DCI and (counter DAI, total DAI) = (2,2) for non-fallback DCI. In this case, if a UE receives fallback DCI only, then the UE would generate 1-bit HARQ-ACK for the PDSCH scheduled by fallback DCI. However, gNB expects 2-bit HARQ-ACK for the PDSCHs scheduled by fallback DCI and non-fallback DCI. This is because fallback DCI does not contain any information about the total number of PDSCH. To resolve this issue, we propose a simple rule as follows: 
· Proposed rule: for a monitoring occasion, count non-fallback DCI first and then count fallback DCI
As shown is figure 2(b), counter DAI = 2 for fallback DCI and (counter DAI, total DAI) = (1,2) for non-fallback DCI. Even if non-fallback DCI is DTXed, the UE can know the number of PDSCHs from its counter DAI value of 2. So, there are no miss-understanding between gNB and UE. 

[image: ]
Figure 2. Counter DAI and Total DAI configurations for DCI format 1_0 & 1_1
As an extension of the proposed rule to the additional examples, Figure 3 shows the mismatch of HARQ-ACK bits with various configurations of DCI format 1_0 & 1_1. It is shown that the proposed rule can provide the higher reliable HARQ-ACK bits without any cost. Therefore, the proposed simple rule is necessary for dynamic HARQ-ACK codebook.
· Proposal 2: In case of dynamic HARQ-ACK codebook, NR supports the following rules for counter-DAI 
· For a monitoring occasion, count non-fallback DCI first and then count fallback DCI

[image: ]
(a) [bookmark: _GoBack]2 fallback DCIs and 1 non-fallback DCI
[image: ]
(b) 1 fallback DCIs and 2 non-fallback DCI
Figure 3. Examples for dynamic HARQ-ACK codebook

4 Conclusion
In this contribution, we discussed the constructing rule for DL association set of semi-static HARQ-ACK codebook and the counting rule for dynamic 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 PDSCH candidate are overlapped on valid RACH occasion, then the PDSCH candidate is excluded
· 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 2: In case of dynamic HARQ-ACK codebook, NR supports the following rules for counter-DAI 
· For a monitoring occasion, count non-fallback DCI first and then count fallback DCI
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