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1 Introduction
In the last RAN1#103-e meeting, RAN1 discussed potential issues related on HARQ-ACK enhancements and the reduced scope of the potential issues. In this contribution, we provide our views on HARQ-ACK enhancements for URLLC/IIoT. 

2 [bookmark: OLE_LINK71][bookmark: OLE_LINK72]Discussion on HARQ-ACK Enhancements
[bookmark: OLE_LINK69]Issue 1: SPS HARQ-ACK dropping for TDD due to PUCCH collision with at least on DL or flexible symbol
	Agreements: To address the issue of SPS HARQ-ACK dropping for TDD systems, focus on the following two options: 
· Option 1: Deferring HARQ-ACK until a next (e.g., first) available PUCCH
· FFS: Details including the definition of a next (e.g, first) available PUCCH, CB construction / multiplexing 
· Option 2: Dynamic triggering of a one-shot / Type-3 CB type of re-transmission
· FFS: Details on triggering and/or CB construction (incl. potential Type-3 CB optimizations) / multiplexing 



In Rel-15, periodicity of SPS PDSCH reception is multiple of 10ms so that gNB can simply avoid a directional collision of semi-static DL symbols and PUCCH carrying HARQ-ACK information for SPS PDSCH. However, in Rel-16, up to 1-slot periodicity for SPS PDSCH reception is introduced. If 1-slot SPS periodicity is configured, a PUCCH carrying HARQ-ACK information for SPS PDSCH reception may overlap with a semi-static DL symbol. For example, consider that the semi-static TDD UL/DL configuration of 5-slot periodicity is DDDSU where D slot having 14 DL symbols, U slot having 14 UL symbols, and S slot having 10 DL symbols, 2 Flexible symbols, and 2 UL symbols, as shown in Figure 1. If 1-slot periodicity for SPS PDSCH reception and K1=2 are configured, the HARQ-ACK information of the SPS PDSCH in the first slot, i.e., SPS#1 in Figure 1, is configured to be transmitted at the third slot, which is configured as DL-only slot. In this case, the HARQ-ACK information for the first SPS PDSCH reception, i.e., HARQ#1 in Figure 1, is dropped due to directional collision. 
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Figure 1. SPS configurations (1-slot periodicity and K1=2)
It was agreed in the RAN1#102-e meeting that as a high-priority issue in Rel-17, the enhancements to avoid SPS HARQ-ACK dropping for TDD due to PUCCH collision by at least one DL or flexible symbol should be considered. Furthermore, it was also agreed in the RAN1#103-e meeting to focus on two options as follows:
· Option 1: Deferring HARQ-ACK until a next (e.g., first) available PUCCH
· FFS: Details including the definition of a next (e.g., first) available PUCCH, CB construction / multiplexing 
· Option 2: Dynamic triggering of a one-shot / Type-3 CB type of re-transmission
· FFS: Details on triggering and/or CB construction (incl. potential Type-3 CB optimizations) / multiplexing 

The main purpose of using SPS configuration is to reduce PDCCH overhead. However, Option 2 should trigger type-3 CB through PDCCH, so the PDCCH overhead may increase. In addition, since it requires a very short latency of the URLLC/IIoT service, it is difficult to transmit the PDCCH to the UE under a given latency. The type-3 CB can be used for resending of cancelled HARQ-ACK (not only for HARQ-ACK of SPS PDSCHs). Therefore, it is preferable to design a type-3 CB for cancelled HARQ-ACK rather than new design of HARQ-ACK for SPS PDSCHs only. 
Compared to Option 2, Option 1 can transmit HARQ-ACK without additional PDCCH overhead. Also, it does not depend on the reception of any PDCCHs so that it is very reliable. Thus, the method of Option 1 is suitable for services that require much shorter latency, such as URLLC/IIoT.
· Proposal 1: Support option 1, i.e., Deferring HARQ-ACK until a next (e.g., first) available PUCCH, and discuss whether to support option 2 for the cancelled HARQ-ACK (not only for SPS HARQ-ACK).

Here, we present more details for Option 1 including 1) Definition of SPS PUCCH collision for deferral, 2) Definition of next available PUCCH slot, and 3) How to determine PUCCH resource in the next available PUCCH slot.
1) Definition of SPS PUCCH collision for deferral
First, it is necessary to define types of DL symbol or flexible symbol, which have a collision with the SPS PUCCH. The following three types of symbols can be distinguished:
Type-1 symbols) DL symbol or flexible symbol configured by semi-static DL/UL configuration 
Type-2 symbols) DL symbol or flexible symbol indicated by DCI format 2_0 (if DCI format 2_0 is configured)
Type-3 symbols) Symbols scheduling downlink reception indicated by DCI format 1_0, 1_1, or 1_2
The Type-1 symbols are the symbols configured by higher-layer signaling. For example, the DL symbol and the flexible symbol are configured by higher-layer parameters tdd-UL-DL-ConfigurationCommon in SIB1 and tdd-UL-DL-ConfigurationDedicated in dedicated RRC signal. Since the symbol directions can be determined by a UE and gNB without ambiguity, it is preferable to determine the SPS PUCCH collision based on these symbols.
Since Type-2 symbols and Type-3 symbols are indicated by a DCI format, the determination of SPS PUCCH collision depends on whether a PDCCH containing the DCI format is successfully received or not. For example, when a UE receives a DCI format indicating type-2 symbols or type-3 symbols overlapping with a PUCCH carrying SPS HARQ-ACK information, the PUCCH is dropped and the SPS HARQ-ACK information should be transmitted on another PUCCH according to the agreements made in RAN1#102-e. However, when the UE fails to receive the DCI format, the UE does not transmit the SPS HARQ-ACK information on another PUCCH. Accordingly, the UE and the gNB may have ambiguity of SPS HARQ-ACK transmission depending on successful reception of the DCI format. In addition, it is allowed for a gNB to drop the PUCCH carrying the SPS HARQ-ACK intentionally, e.g., for a case where a channel or a signal scheduled by the DCI format are more important than the SPS HARQ-ACK information. Therefore, it is not desirable to determine the SPS PUCCH collision based on type-2 or type-3 symbols indicated by a DCI format.
· Proposal 2: The DL and flexible symbols configured by semi-static DL/UL configuration are considered to determine SPS PUCCH collision. 

2) Definition of next available PUCCH slot
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Figure 2. Definition of next available PUCCH slot

In order to define the next available PUCCH slot, the following two options can be considered: 
Option 1) Next slot after the dropped SPS PUCCH, i.e., ‘k1’ value increases by 1 until finding available slot.  
Option 1 is that the dropped SPS HARQ-ACK information (due to SPS PUCCH collision) is deferred and transmitted in the next slot after the dropped SPS PUCCH indicated by K1 value. This is shown in Figure 2(a). By selecting the next slot after the dropped SPS PUCCH, the dropped SPS HARQ-ACK information can be transmitted to gNB as fast as possible so that it may be the best option in terms of HARQ-ACK latency. However, if more than one SPS PUCCHs are dropped and they are transmitted in the next slot right after the DL slots, the SPS HARQ-ACK information will be placed into a specific slot. Thus, there is possibility that the reliability of HARQ-ACK transmission falls in the specific slot. Thus, option 1 may not provide a good way to balance the dropped SPS HARQ-ACK information. 
Option 2) Next SPS PUCCH slot after the dropped SPS PUCCH, i.e, ‘k1’ value increases by P until finding available slot, where P is the SPS periodicity
Option 2 is that the dropped SPS HARQ-ACK information (due to SPS PUCCH collision) is deferred to the next SPS PUCCH slot, which is the slot transmitting SPS HARQ-ACK of the next periodicity as shown in Figure 2(b). Through this method, since the UE is already configured with the SPS PUCCH resource to transmit the SPS HARQ-ACK in the next SPS PUCCH slot, the dropped SPS HARQ-ACK information is additionally added to the SPS PUSCH resource. Also, since the next SPS PUCCH slot can be determined per SPS configuration, gNB can configure SPS configurations with considering balance of the dropped HARQ-ACK information. However, option 2 is more likely to cause higher latency when compared to the Option 1. However, if the periodicity of the SPS configuration is 1 slot (P = 1), Option 2 and Option 1 is the same, and if the periodicity of the SPS configuration is large, the SPS PUCCH collision may be avoided by proper configuration. Thus, the increase of latency seems to be marginal. 
· Proposal 3: Further consider the following two options to define the next available PUCCH slot with considering latency and balance of SPS HARQ-ACK. 

3) Determine PUCCH resource in the next available PUCCH slot
The first available & valid PUCCH resource should be defined to support the SPS HARQ-ACK deferring. The valid PUCCH resources can be classified into two categories as follows:
1) a PUCCH resource indicated by a DCI format
2) a PUCCH resource for SPS HARQ-ACK information of SPS PDSCHs
The first PUCCH resource is a PUCCH carrying HARQ-ACK information for PDSCH scheduled by the DCI format 1_0/1_1 or 1_2. Similar to the discussion on the symbol types above, a UE may or may not detect the DCI format correctly. Therefore, the valid PUCCH resource varies depending on whether the UE successfully detects the DCI format. Therefore, it is not desirable to include this PUCCH resource in a valid PUCCH resource.
The second PUCCH resource is a PUCCH for transmitting SPS HARQ-ACK information of SPS PDSCHs. Since this PUCCH is irrelevant to whether or not a DCI format is successfully detected, it is preferable to include it in a valid PUCCH resource.
A consideration point is the case where more than one SPS configurations are activated to a UE. For example, when the PUCCH carrying SPS HARQ-ACK information of the first SPS configuration overlaps with the DL/flexible symbol, the valid PUCCH resource for carrying this SPS HARQ-ACK information may or may not include a PUCCH resource carrying SPS HARQ-ACK information of the second SPS configuration. In Rel-16, HARQ-ACK information for SPS PDSCHs of different SPS configurations can be multiplexed and transmitted in one PUCCH. Therefore, it is possible to transmit the SPS HARQ-ACK information as quickly as possible by selecting an earlier PUCCH resource among the valid PUCCH resources including the PUCCH resource that carries the SPS HARQ-ACK information of the second SPS configuration.
Another point is that when a UE receives the SPS release DCI, it is necessary to determine transmission of the SPS HARQ-ACK deferred in the PUCCH resource carrying the HARQ-ACK information of the released SPS PDSCH. In other words, although the UE has received the SPS release DCI, this PUCCH resource may or may not be released. If the PUCCH resource is also released, it needs to further study how to defer the SPS HARQ-ACK information. 
· Proposal 4: The PUCCH resources for HARQ-ACK information of SPS configuration(s) are considered as the available valid PUCCH resource. 
· FFS: if multiple SPS PDSCHs are configured 
· FFS: when SPS release DCI is received

SPS HARQ-ACK skipping for ‘skipped’ SPS PDSCH or ‘non-skipped’ SPS PDSCH
	Agreements: For the studies on SPS HARQ skipping for skipped SPS PDSCH, the further discussions should focus on the following reduced sets methods:
· ‘NACK skipping’ for (skipped) SPS PDSCH (Alt. 1)
· FFS: details including at least when to skip the HARQ-ACK as well as NACK skipping configuration details (per SPS or group of SPS configurations etc.)
· Note: this alternative assumes inherently no identification of a skipped SPS PDSCH by the UE
· Dynamic indication of skipped SPS PDSCH occasions (Alt. 3)
· FFS: details including dynamic indication methods such as e.g. DCI, MAC CE, specific DM-RS instead of SPS DM-RS, …

Agreements: For the studies on SPS HARQ payload size reduction (of non-skipped SPS PDSCH), the further discussions should focus on the following reduced sets of methods:
1. ACK skipping (NACK-only) (Alt. 1)
0. FFS: Details
1. NACK skipping (ACK-only) (Alt. 2)
1. FFS: Details
1. HARQ bundling / compression (Alt. 3)
2. FFS: Details including HARQ bundling / compression window, bundling / compression technique
1. HARQ-ACK disabling /skipping for certain SPS configurations (Alt. 4)
3. The skipping / disabling is higher-layer configured per SPS configuration
3. FFS: HARQ-ACK skipping behaviour for Type 1 CB



In the RAN1#102-e meeting, a method for not transmitting the HARQ-ACK information of 'skipped' SPS PDSCH or the HARQ-ACK information of 'non-skipped' SPS PDSCH was discussed. In the last RAN1#103-e meeting, RAN1 decided to focus on the reduced set. 
For SPS HARQ skipping for ‘skipped’ SPS PDSCH, the reduced set includes two options. One is ‘NACK skipping’ for the skipped SPS PDSCH and another is ‘dynamic indication of SPS PDSCH occasion.’ Regarding the latter option, gNB may predict the occasions, where SPS PDSCH will be skipped, for the dynamic indication. Since the bursty nature of URLLC/IIoT traffic, it would be hard for gNB to predict presence of SPS PDSCH occasions in the future so that the latter option can be used only for periodic and non-bursty URLLC/IIoT traffic. Also, it is expected the dynamic indication requires large specification efforts. For example, if DCI is used to indicate skipped SPS PDSCH occasions, then new DCI format or new DCI field should be specified. So, we suggest to focus on ‘NACK skipping; for (skipped) SPS PDSCH. It is worth noting that the ‘NACK skipping” can be also considered as a potential solution of SPS HARQ payload size reduction (of non-skipped SPS PDSCH). From our views, if we support the ‘NACK skipping’, then it can be applicable to both skipped SPS PDSCH and non-skipped SPS PDSCH.

For SPS HARQ payload size reduction (of non-skipped SPS PDSCH), ACK skipping (Alt. 1), NACK skipping (Alt. 2), and HARQ skipping (Alt. 4) are proposed. 
· “ACK skipping” means that if HARQ-ACK information of a SPS PDSCH is ‘ACK’, this HARQ-ACK information is not transmitted to the base station and dropped intentionally. If the base station does not receive a PUCCH carrying the HARQ-ACK information from the UE, it can be regarded as ‘ACK’. This scheme is effective when the UE can successfully receive most of the SPS PDSCHs because the base station ensures high reliability of the SPS PDSCH for URLLC transmission. For example, if the reliability of SPS PDSCH is transmitted to a target of 99.99%, since 99.99% of the SPS HARQ-ACK information is ACK, this ACK may not be transmitted. Therefore, the UE can reduce the power consumption and the uplink interference of the network by not transmitting a PUCCH carrying ACK.
· “NACK skipping” means that if HARQ-ACK information of a SPS PDSCH is ‘NACK’, this HARQ-ACK information is not transmitted to the base station and dropped intentionally. If the base station does not receive a PUCCH carrying the HARQ-ACK information from the UE, it can be regarded as ‘NACK’. It is worth noting that the operation of the base station is the same regardless of support for NACK skipping. That is, if the base station does not receive the HARQ-ACK information from the UE, the base station can recognize that the SPS PDSCH has not been successfully received by the UE. The NACK skipping is more effective when the SPS PDSCH is “skipped”. That is, the UE will determine NACK as HARQ-ACK for a SPS PDSCH reception including “skipped” SPS PDSCH (not intended to distinguish the SPS PDSCH reception is “skipped” or “non-skipped”), and this HARQ-ACK information does not provide any information to the base station. The UE does not know whether the SPS PDSCH is “skipped” or “non-skipped”, but since the base station can know that this SPS PDSCH is “skipped”, it can predict that the UE will not transmit a PUCCH including HARQ-ACK information. Therefore, the base station can use this PUCCH resource to another UE, thereby improving uplink performance.
· “HARQ skipping” means that HARQ-ACK information a SPS PDSCH is not transmitted to gNB regardless of HARQ-ACK states. This scheme would be beneficial for very stringent latency target, where additional HARQ retransmission based on the HARQ-ACK information may exceed the latency. Since there are no HARQ-ACK feedback from a UE, gNB cannot apply link adaptation techniques according to time-varying wireless channel environments. For example, even if the quality of the wireless channel become poor, gNB cannot reconfigure SPS PDSCH configurations based on HARQ-ACK feedback. 
Since the ACK skipping and the NACK skipping have advantages in different situations, if SPS HARQ-ACK skipping is supported in Rel-17 URLLC/IIoT WI, it is preferable to configure one of the ACK skipping or the NACK skipping to the UE per SPS configuration.
· Proposal 5: If SPS HARQ-ACK skipping is supported in Rel-17 URLLC/IIoT WI, one of ACK skipping or NACK skipping can be configurable to a UE per SPS configuration.

Previously, only the case where a PUCCH carrying HARQ-ACK information for one SPS PDSCH has been described. However, the SPS HARQ-ACK information may be multiplexed with other HARQ-ACKs and transmitted on one PUCCH. In this case, it should be checked whether the ACK skipping and the NACK skipping is applicable.
1) One PUCCH may multiplex and transmit several SPS HARQ-ACKs. Similar to the previous case, the ACK skipping can be applied when all SPS HARQ-ACKs are ACK, and the NACK skipping can be applied when all SPS HARQ-ACKs are NACK. When some of HARQ-ACKs may be ‘ACK’ and others may be ‘NACK,’ if the ACK skipping or the NACK skipping is applied, then the size of SPS HARQ-ACK bits is changed according to the state of HARQ-ACK information. Therefore, the base station cannot receive the PUCCH correctly because it cannot know the exact payload size of the HARQ-ACK. This implies that, for the case where ACK and NACK are mixed in HARQ-ACKs, the ACK skipping or the NACK skipping cannot be applied. 
2) One PUCCH may be transmitted by multiplexing HARQ-ACK of dynamic granted PDSCH, i.e., DG HARQ-ACK, and SPS HARQ-ACK. Here, the HARQ-ACK bits can be composed of a type-1 HARQ-ACK codebook or a type-2 HARQ-ACK codebook. In the case of type-1 HARQ-ACK codebook, the size of the HARQ-ACK codebook is determined regardless of how many SPS PDSCHs are successfully received. Therefore, the size of the type-1 HARQ-ACK codebook is fixed so that there is no effect of HARQ skipping of SPS PDSCHs. In the case of type-2 HARQ-ACK codebook, DG HARQ-ACK and SPS HARQ-ACK are separately determined and combined. In this case, when the ACK skipping or the NACK skipping is applied, some bits of SPS HARQ-ACK are dropped, and thus the size of the type-2 HARQ-ACK codebook may be changed. Therefore, in the case of type-2 HARQ-ACK codebook, the ACK skipping or the NACK skipping are not applicable.
· Observation 1: The ACK skipping can be applied to the case where one PUCCH contains SPS HARQ-ACK only, and all of the SPS HARQ-ACKs are ACK. The NACK skipping can be applied to the case where one PUCCH contains SPS HARQ-ACK only, and all of the SPS HARQ-ACKs are NACK.

Retransmission of cancelled HARQ
 As we discussed in our companion contribution [2], high priority HARQ-ACK information can be dropped when PUSCH with high priority HARQ-ACK is cancelled. In this case, gNB requires to configure fast re-sending of the high priority HARQ-ACK information. In order to support such a fast re-sending, one-shot HARQ-ACK codebook, also known as type-3 HARQ-ACK codebook, can be considered. 
The one-shot HARQ-ACK codebook is triggered by gNB and it contains HARQ-ACK information for all HARQ process numbers and all cells. This codebook is mainly used for a LBT failure case in unlicensed carriers. In order to utilize type-3 HARQ-ACK codebook for URLLC/IIoT, the following issues should be further addressed. 
Reduction of Type-3 CB size: Even if the one-shot HARQ-ACK codebook can be used for the fast re-sending, the problem is that the size of the one-shot HARQ-ACK codebook is too large to guarantee reliability of the high priority HARQ-ACK information. Therefore, re-sending of partial one-shot HARQ-ACK codebook needs to be supported. For example, the partial one-shot HARQ-ACK codebook can contain HARQ-ACK information for some HARQ-ACK process numbers or some cells. The index of HARQ-ACK process numbers or cells may be configured by higher layer or indicated in a DCI format. Considering the dynamic cancellation of HARQ, the flexible indication in a DCI format would give more chance to meet the reliability of high priority HARQ-ACK information. 
Determination of type-3 CB priority: In Rel-16 URLLC, PUCCH configurations with two priorities are introduced. Since type 3 HARQ-ACK codebook contains HARQ-ACK information of all HPNs across cells, the type-3 HARQ-ACK codebook may contain low-priority HARQ-ACK information and high-priority HARQ-ACK information. In this case, the priority of type-3 HARQ-ACK CB is should be defined in Rel-17. Since type-3 HARQ-ACK codebook is triggered by a DCI format, the DCI format can indicate priority of type-3 HARQ-ACK codebook. 
 Support of DCI format 1_2 triggering type-3 CB: Type-3 CB can be triggered by DCI format 1_1, but it cannot be triggered by DCI format 1_2. That is, DCI format 1_1 includes 1-bit One-shot HARQ-ACK request field if higher layer parameter pdsch-HARQ-ACK-OneShotFeedback-r16 is configured, but DCI format 1_2 does not have this field. DCI format 1_2 is an attractive solution to provide high PDCCH reliability so that it needs to trigger type-3 CB by DCI format 1_2. 
 Inclusion of HARQ-ACK of SPS release DCI: Another problem of type-3 HARQ-ACK codebook is that it does not allow to multiplex HARQ-ACK for SPS release DCI in type-3 HARQ-ACK codebook. The type-3 HARQ-ACK codebook includes HARQ-ACK information for all HARQ process numbers. However, since SPS release DCI does not have HARQ process number, its HARQ-ACK cannot be multiplexed. Therefore, even if type-3 HARQ-ACK codebook is used to re-send the dropped HARQ-ACK, the HARQ-ACK for SPS release DCI is still dropped.
· Proposal 6: One-shot HARQ-ACK codebook is used for re-sending of cancelled HARQ-ACK information and the following should be further enhanced.
· Reduction of Type-3 CB size, Determination of type-3 CB priority, Support of DCI format 1_2 triggering type-3 CB, and inclusion of HARQ-ACK of SPS release DCI.

Type-1 HARQ-ACK Codebook with sub-slot K1 granularity
In the last RAN1#103-e meeting, the general rules and the corresponding detail pseudo-code to enable type-1 HARQ-ACK codebook with sub-slot granularity were proposed and discussed. Since the detailed pseudo-code can be quite diverged, RAN1 should focus on the general rules first. 
The type-1 HARQ-ACK codebook in Rel-15/16 is based on slot granularity contains the following steps: (ignore different DL/UL numerologies for simplicity)
· For a given (slot-level) K1 value k1, find the DL slot corresponding to the UL slot n-k1. 
· Validity of each SLIV in a TDRA table R for the DL slot is checked. The invalid SLIVs are removed from the TDRA table R.
· The validity is checked based on semi-static UL/DL configuration, i.e., if a symbol corresponding to an SLIV overlaps with semi-static UL symbol, then the SLIV is invalid. 
· If the TDRA table R is not empty, then generate type-1 HARQ-ACK codebook for the DL slot. 
· If a UE has no capability to receive more than one unicast PDSCH per DL slot, then one HARQ-ACK occasion is added to the type-1 HARQ-ACK codebook. 
· If a UE has capability to receive more than one unicast PDSCH per DL slot, overlapping of SLIVs are further checked and then find a set of SLIVs to be represented as one HARQ-ACK occasion. 
If the type-1 HARQ-ACK codebook in Rel-15/16 is changed for applying sub-slot K1 granularity, the DL slot corresponding to the UL sub-slot n-k1 (where k1 is sub-slot-level K1 value in K1 set) is identified and an SLIV for the DL slot is further checked whether it is valid or not. Since the reference UL sub-slot for the SLIV is the last UL sub-slot overlapping the SLIV, the last symbol of the SLIV overlaps with the sub-slot n-k1, then it turns out valid. Based on the above changes, the followings modifications are straightforward: (change is highlighted by ‘red’ color) 
· For a given (sub-slot-level) K1 value k1, find the DL slot corresponding to the UL sub-slot n-k1.
· Validity of each SLIV in a TDRA table R for the DL slot is checked. The invalid SLIVs are removed from the TDRA table R.
· The validity is checked based on semi-static UL/DL configuration, i.e., if a symbol corresponding to an SLIV overlaps with semi-static UL symbol, then the SLIV is invalid. 
· And the validity is further checked based on the last symbol of an SLIV, i.e., if the last symbol of an SLIV does not overlaps with the UL sub-slot n-k1, then the SLIV is invalid.
· If the TDRA table R is not empty, then generate type-1 HARQ-ACK codebook for the DL slot. 
· If a UE has no capability to receive more than one unicast PDSCH per DL slot, then one HARQ-ACK occasion is added to the type-1 HARQ-ACK codebook. 
· If a UE has capability to receive more than one unicast PDSCH per DL slot, overlapping of SLIVs are further checked and then find a set of SLIVs to be represented as one HARQ-ACK occasion. 

· Proposal 7: To support type-1 HARQ-ACK codebook with sub-slot K1 granularity, the following general rules are considered. 
· For a given (sub-slot-level) K1 value k1, find the DL slot corresponding to the UL sub-slot n-k1.
· Validity of each SLIV in a TDRA table R for the DL slot is checked. The invalid SLIVs are removed from the TDRA table R.
· The validity is checked based on semi-static UL/DL configuration, i.e., if a symbol corresponding to an SLIV overlaps with semi-static UL symbol, then the SLIV is invalid. 
· And the validity is further checked based on the last symbol of an SLIV, i.e., the last symbol of an SLIV does not overlaps with the UL sub-slot n-k1, then the SLIV is invalid.
· If the TDRA table R is not empty, then generate type-1 HARQ-ACK codebook for the DL slot. 
· If a UE has no capability to receive more than one unicast PDSCH per DL slot, then one HARQ-ACK occasion is added to the type-1 HARQ-ACK codebook. 
· If a UE has capability to receive more than one unicast PDSCH per DL slot, overlapping of SLIVs are further checked and then find a set of SLIVs to be represented as one HARQ-ACK occasion. 

3 Conclusion
In this contribution, we discussed HARQ-ACK enhancements for URLLC/IIoT. The followings are proposed: 
· Proposal 1: Support option 1, i.e., Deferring HARQ-ACK until a next (e.g., first) available PUCCH, and discuss whether to support option 2 for the cancelled HARQ-ACK (not only for SPS HARQ-ACK).
· Proposal 2: The DL and flexible symbols configured by semi-static DL/UL configuration are considered to determine SPS PUCCH collision. 
· Proposal 3: Further consider the following two options to define the next available PUCCH slot with considering latency and balance of SPS HARQ-ACK. 
· Proposal 4: The PUCCH resources for HARQ-ACK information of SPS configuration(s) are considered as the available valid PUCCH resource. 
· FFS: if multiple SPS PDSCHs are configured 
· FFS: when SPS release DCI is received
· Proposal 5: If SPS HARQ-ACK skipping is supported in Rel-17 URLLC/IIoT WI, one of ACK skipping or NACK skipping can be configurable to a UE per SPS configuration.
· Proposal 6: One-shot HARQ-ACK codebook is used for re-sending of cancelled HARQ-ACK information and the following should be further enhanced.
· Reduction of Type-3 CB size, Determination of type-3 CB priority, Support of DCI format 1_2 triggering type-3 CB, and inclusion of HARQ-ACK of SPS release DCI.
· Proposal 7: To support type-1 HARQ-ACK codebook with sub-slot K1 granularity, the following general rules are considered. 
· For a given (sub-slot-level) K1 value k1, find the DL slot corresponding to the UL sub-slot n-k1.
· Validity of each SLIV in a TDRA table R for the DL slot is checked. The invalid SLIVs are removed from the TDRA table R.
· The validity is checked based on semi-static UL/DL configuration, i.e., if a symbol corresponding to an SLIV overlaps with semi-static UL symbol, then the SLIV is invalid. 
· And the validity is further checked based on the last symbol of an SLIV, i.e., the last symbol of an SLIV does not overlaps with the UL sub-slot n-k1, then the SLIV is invalid.
· If the TDRA table R is not empty, then generate type-1 HARQ-ACK codebook for the DL slot. 
· If a UE has no capability to receive more than one unicast PDSCH per DL slot, then one HARQ-ACK occasion is added to the type-1 HARQ-ACK codebook. 
· If a UE has capability to receive more than one unicast PDSCH per DL slot, overlapping of SLIVs are further checked and then find a set of SLIVs to be represented as one HARQ-ACK occasion. 
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