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1 Introduction
RAN1 continually discussed potential issues related on HARQ-ACK enhancements. 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(s)
In the last RAN1#104-e meeting, it was agreed to support SPS HARQ-ACK deferral due to TDD specific collisions. The related agreements are listed as follows [1]: 
	Agreements:
· [bookmark: _Hlk62406356]Support deferring SPS HARQ-ACK dropped due to TDD specific collisions until a next available PUCCH in Rel-17 based on semi-static configuration of slot format
· FFS: Details (including possible conditions for such a deferring, whether or not to consider semi-statically configured flexible symbols for PUCCH availability, etc.)
· Aim for minimal standardization efforts and UE complexity in implementation 

[bookmark: _Hlk68549818]Agreements: Rel-16 UCI multiplexing / PUCCH overriding rules are reused for deferred SPS HARQ-ACK in the target slot, if applicable.

Agreements: For SPS HARQ-ACK, the deferral from the initial slot/sub-slot determined by k1 in the activation DCI to the target slot/sub-slot determined by k1+ k1def, the UE will check the validity (TBD) of a target slot/sub-slot evaluating from one slot/sub-slot to the next sub/sub-slot (i.e. in principle k1def granularity is 1 slot/sub-slot)
· FFS: if there is a limit on the minimum deferral considered the required UE processing (k1def ≥0 >1)  
· FFS: if there is a limit on the maximum deferral given in terms of e.g. k1def <=X or k1+k1def <=X

Agreements: For SPS HARQ-ACK deferral, for the determination of valid symbols in the initial slot/sub-slot a collision with semi-static DL symbols, SSB and CORESET#0 is regarded as ‘invalid’ or ‘no symbols for UL transmission’.

[bookmark: _Hlk62747561]Agreements:
Further down-select between the following two options for SPS HARQ-ACK deferral: 
· Option 1: Joint RRC configuration of the SPS HARQ-ACK deferral per PUCCH cell group 
· Note: any SPS HARQ-ACK within a PUCCH cell group in principle is subject to deferral
· Option 2: The SPS HARQ-ACK deferral is configured per SPS configuration
Note: part of sps-config, only HARQ-ACK of SPS PDSCH configurations configured for deferral is in principle subject to deferral


The details for PUCCH resource selection and target slot selection were intensively discussed. Based on the discussions, the overall procedures for deferring SPS HARQ-ACK can be summarized as follows: 
· Overall procedure for deferring SPS HARQ-ACK
· Step 1(collision identification) If a PUCCH resource for SPS HARQ-ACK at (sub-)slot n overlaps with semi-static DL, SSB, or CORESET#0, then the PUCCH resource for SPS HARQ-ACK is dropped.
· The (sub-)slot n is the original (sub-)slot for SPS HARQ-ACK transmission.
· The PUCCH resource for SPS HARQ-ACK is one of SPS-PUCCH-AN-r16 in sps-PUCCH-AN-List-r16 according to SPS HARQ-ACK size, if provided. Otherwise, the PUCCH resource for SPS HARQ-ACK is n1PUCCH-AN in SPS-config.
· Step 2(Multiplexed with DG PUCCH resource) If HARQ-ACK transmission response by a DCI format (simply say DG HARQ-ACK) is scheduled in the (sub-)slot n, then DG HARQ-ACK and SPS HARQ-ACK are multiplexed into the PUCCH resource for DG HARQ-ACK. 
· The PUCCH resource for DG HARQ-ACK is selected from PUCCH resources configured in PUCCH-config based on the total # of bit for the DG HARQ-ACK and the SPS HARQ-ACK and PRI indicated by the DCI format.
· [Optional] Step 3(Multiplexed with configured PUCCH resource) If there are valid configured PUCCH resources in (sub-)slot n, then the SPS HARQ-ACK can be transmitted to the valid PUCCH resource in (sub-)slot n. 
· The configured PUCCH resource for SPS HARQ-ACK deferral can be additionally configured by a gNB or be one of PUCCH resources in PUCCH-config.
· The configured PUCCH resource is valid if it does not overlap with semi-static DL, SSB, or CORESET#0 as in Step 1. 
· If more than one configured PUCCH resource is valid, one of the configured PUCCH resources can be selected based on a pre-defined rule.
· Step 4(deferral to next (sub-)slot) Repeat from Step 1 to Step 3 by replacing (sub-)slot n with (sub-)slot n+1, until (sub-)slot n+1 exceeds the maximum deferral limit. 

Step 1 and further consideration on invalid symbols 
 In Step 1, a UE proceeds to check whether the PUCCH resource for SPS HARQ-ACK information in the original (sub-)slot n is invalid or not. Based on the discussion at the last RAN1#104-e meeting, if the PUCCH resource for SPS HARQ-ACK overlaps with semi-static DL, SSB, or CORESET#0, then the PUCCH resource for SPS HARQ-ACK information is marked as invalid and then it is dropped. 
 A further consideration point is for the case of half duplex TDD CA operation. In Rel-16 URLLC, the half-duplex TDD CA operation is considered to support PUSCH type-B repetition. In this case, semi-static DL symbols and SSB in any of multiple serving cells are prioritized over the configured UL transmission, including PUSCH, PUCCH, PRACH or SRS according to the TS 38.213 v16.5.0 as below. Similarly, as in the PUSCH type-B repetition, the half-duplex TDD CA operation can be applicable to SPS HARQ-ACK deferral in Rel-17 URLLC/IIoT scenarios so that it needs to further regard symbols for semi-static DL and SSB in a different carrier as invalid symbol(s). 
· Proposal 1: For half duplex TDD CA operation to be applicable to SPS HARQ-ACK deferral, it needs to further regard symbols for semi-static DL and SSB in a different carrier as invalid symbol(s).

	TS38.213 v16.5.0 [2]
If a UE 
-	is configured with multiple serving cells and is provided half-duplex-behavior = 'enable', and
-	is not capable of simultaneous transmission and reception on any of the multiple serving cells, and
-	indicates support of capability for half-duplex operation in CA with unpaired spectrum, and 
-	is not configured to monitor PDCCH for detection of DCI format 2_0 on any of the multiple serving cells,
for a set of symbols of a slot that are indicated to the UE for reception of SS/PBCH blocks in any of multiple serving cells by ssb-PositionsInBurst in SystemInformationBlockType1 or by ssb-PositionsInBurst in ServingCellConfigCommon, when provided to the UE, the UE does not transmit PUSCH, PUCCH, or PRACH in the slot if a transmission would overlap with any symbol from the set of symbols, and the UE does not transmit SRS in the set of symbols of the slot in any of multiple serving cells.
<…>
If a UE 
-	is configured with multiple serving cells and is provided half-duplex-behavior = 'enable', and
-	is not capable of simultaneous transmission and reception on any cell from the multiple serving cells, and
-	indicates support of capability for half-duplex operation in CA with unpaired spectrum, and 
-	is not configured to monitor PDCCH for detection of DCI format 2-0 on any of the multiple serving cells, 
the UE 
[bookmark: _Hlk33186884]<…>
-	does not transmit a PUCCH, PUSCH or PRACH that is configured by higher layers on a set of symbols on another cell if at least one symbol from the set of symbols is indicated as downlink by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated or is a symbol corresponding to a PDCCH, PDSCH, or CSI-RS reception that is configured by higher layers on the reference cell 
<…>



Step 2 and DTX issue & HARQ-ACK CB size ambiguity
 In the last RAN1#104-e meeting, it was agreed that Rel-16 UCI multiplexing / PUCCH overriding rules are reused for deferred SPS HARQ-ACK in the target slot, if applicable. Thus, if a UE detects a DCI format indicating PUCCH transmission with HARQ-ACK information in the (sub)-slot n, then the DG HARQ-ACK information and the SPS HARQ-ACK information should be multiplexed and transmitted on the same PUCCH resource indicated by the DCI format. The PUCCH resource indicated by the DCI format is determined by the total # of bits for the DG HARQ-ACK and the SPS HARQ-ACK and PRI value indicated by the DCI format. 
 The remaining issue is the case where the UE misses the DCI format indicating a HARQ-ACK information in the (sub)-slot n. In this case, the UE may defer the SPS HARQ-ACK information to the next available PUCCH resource, which causes miss-understanding at a gNB. That is, the gNB expects both the DG HARQ-ACK and the SPS HARQ-ACK in the PUCCH resource indicated by the DCI format, but the UE does not transmit PUCCH on the PUCCH resource indicated by the DCI format and would defer the SPS HARQ-ACK in the next available PUCCH resource. However, this issue can be addressed when the gNB blindly detects presence of PUCCH transmission on the PUCCH resource indicated by the DCI format. Also, since the gNB would transmit the DCI format with much higher reliability, the miss-detection of the DCI format can be rare especially for URLLC operation (for example, in Rel-16 URLLC, it was assumed to have PDCCH reception with reliability of 10e-5 or 10e-6 with a 40-bit DCI format). 
· Observation 1: The DTX issue can be addressed when a gNB blindly detects presence of PUCCH transmission on the PUCCH resource indicated by the DCI format. Also, since the gNB would transmit the DCI format with much higher reliability, the miss-detection of the DCI format can be rare especially for URLLC operation.

[bookmark: _Hlk68552021](Optional) Step 3 and PUCCH resource selection in case of more than one valid configured PUCCH resource
 The Step 3 can be optional, which means that the Step 3 can be performed if supported. We do not have strong views on the step 3, but it would be better to add the Step 3 for the completeness of the procedure. In the Step 3, the UE may be configured with one or more than one PUCCH resources for deferred SPS HARQ-ACK information. The configured PUCCH resources are separate to PUCCH-config or same as PUCCH-config. If more than one configured PUCCH resource is valid, the UE should select one PUCCH resource among the valid PUCCH resources. Herein, two points should be further considered. 
One point is to reduce a latency of the SPS HARQ-ACK information. So, the earliest PUCCH resource in a slot can be selected because it can provide the smallest latency. Another point is to keep the UE processing time. If the earliest PUCCH resource in a slot starts before the PUCCH resource for the SPS HARQ-ACK information, then the UE processing time may be affected. Note that there are no rooms to reduce UE processing time since a gNB may indicate SPS HARQ-ACK as early as possible. So, the PUCCH resource starting before the PUCCH resource for the SPS HARQ-ACK information should be excluded. 
Based on two considerable points, we propose
· Proposal 2: If more than one PUCCH resource is configured and valid, then the UE selects the earliest PUCCH resource not starting before the PUCCH resource for the SPS HARQ-ACK information.

Step 4 and maximum deferral limit
 If there is no PUCCH valid resource in the (sub-)slot n, then the UE tries to transmit SPS HARQ-ACK information in the next (sub-)slot n+1. Basically, Step 1-3 is repeated with replacing (sub-)slot n by (sub-)slot n+1. The remaining issue is whether/how to define the limits on the maximum deferral. Since it can be important to transmit SPS HARQ-ACK information within a latency bound(if not, gNB cannot retransmit a TB in SPS PDSCH), it needs to define the limits on the maximum deferral of SPS HARQ-ACK. The following two options can be considered, where K1 is the (sub-)slot offset between the (sub-)slot receiving SPS PDSCH and the (sub-)slot transmitting PUCCH, Kdef is the (sub-)slot offset between the original (sub-)slot and the target (sub-)slot, and Kth is the limit on the maximum deferral. 
· Option 1. K1 + KdefKth
· Option 2. KdefKth
The main difference of two options is whether or not to consider K1 (sub-)slots in the limit. Note that Option 1 is super-set of Option 2 because the Option 1 can be rewritten as Kdef<Kth-K1. Since the K1 can be dynamically indicated by a DCI format activating a SPS configuration, Option 1 seems to be more flexible and takes URLLC latency requirements into account. Contrary to Option 1, Option 2 only considers the difference between the original (sub-)slot and the target (sub-)slot, which may not be a proper way when the K1 is dynamically indicated. So, we propose to support Option 1. 
· Proposal 3: Define a limit on the maximum deferral as K1+KdefKth
 
 The further consideration point is how to apply PUCCH repetition case, where some parts of PUCCH repetitions is satisfied with the limit on the maximum deferral, but the remaining part of PUCCH repetition does not be satisfied with the limit on the maximum deferral. This case is shown in Figure 1, where the Kth is 4 and two PUCCHs for the deferred HARQ-ACK are repeated. The first PUCCH repetition meets the limit on the maximum deferral, while the second PUCCH repetition exceeds the limit on the maximum deferral. Since the limit on the maximum deferral is intended to allow retransmit a TB in SPS PDSCH, the second PUCCH repetition may not be necessary. Therefore, it seems reasonable to apply the limit on the maximum deferral to each PUCCH repetition. 
· Proposal 4: In case of PUCCH repetition, apply a limit on the maximum deferral to each PUCCH repetition.

[image: ]
Figure 1. PUCCH repetitions with deferred SPS HARQ-ACK.

Issue 2: Retransmission of cancelled HARQ
In the last RAN1#104-e meeting, RAN1 discussed how to re-transmit cancelled HARQ-ACK information and three options are categorized as follows. 
	R1-2101818 [3]
· One-shot triggering of Enhanced Type 3 CB: 
· The codebook size of a single triggered enhanced Type 3 HARQ-ACK codebook is not flexible, but at least determined by RRC configuration or activation
· this would still include RRC configuration of sub-set of HARQ processes & / serving cells, only activated serving cells, SPS HARQ-ACK of SPS configuatoins or a subset of RRC configured or activated SPS configurations, …
· this may include dynamic DCI indication of triggering one of M applicable enhanced Type 3 CBs (combination of RRC configuration and DCI indication, e.g. different subset of cells / HARQ processes, SPS HARQ only, …)
· .. but this would not include: dynamic payload size optimization based on the number of (actually) dropped SPS HARQ-ACK (incl. time domain window, etc.)
· One-shot triggering of a ‘Type 4’ CB: 
· The codebook construction uses HARQ processes as a bases (i.e. ordered according to HARQ-IDs and serving cells) but the size of the codebook is NOT given by RRC configuration and/or activation
· This allows the transmission of any dropped HARQ-ACK (SPS / DG PDSCH, with or without time domain window, etc.), as long as the bits in the codebook follow the Type 3 principle using ordering according to HARQ-ID and serving cell
· this would not allow re-transmission triggering of dropped HARQ-ACK using the same codebook as initially intended 
· One-shot triggering of dropped HARQ-ACK: 
· The UE is provided a trigger and a PUSCH/PUCCH resource to transmit the dropped HARQ-ACK.
This may or may not include in addition some time windowing


The first option is to keep properties of the Type-3 HARQ-ACK CB as much as possible and enhances some critical points, including Type-3 HARQ-ACK CB size reduction. To reduce the Type-3 HARQ-ACK CB size, some of HARQ process numbers are configured by RRC or indicated by a DCI format triggering the Type-3 HARQ-ACK CB, but the Type-3 HARQ-ACK size is independent to any dynamic cancellation (i.e., the Type-3 HARQ-ACK includes HARQ-ACK information corresponding to the configured/indicated HARQ process numbers). 
Contrary to the first option, the second potion is to introduce a new Type of HARQ-ACK CB, namely Type-4 HARQ-ACK CB, for supporting cancelled HARQ-ACK only. The new type of HARQ-ACK CB includes cancelled HARQ-ACK (for SPS PDSCH and/or DG PDSCH). The advantage of the second option is that the size of the new type of HARQ-ACK CB can be smaller than that of Type-3 HARQ-ACK CB, so that reliability of the new type of HARQ-ACK can be better than that of Type-3 HARQ-ACK CB. However, if a UE misses a DCI format cancelling HARQ-ACK information, then it may occur a potential ambiguity between the UE and gNB on the size of Type-4 HARQ-ACK CB. 
The third option is still unclear how to trigger, how to indicate PUSCH/PUSCH resource, or how to determine the dropped HARQ-ACK information. 
 Based on the discussion above, we propose to support the first option for the cancelled HARQ-ACK information. 
· Proposal 5: Support one-shot triggering of enhanced Type-3 HARQ-ACK CB. 
· Further discuss how to configure/indicate HARQ process numbers. 

If one-shot HARQ-ACK CB is used for Rel-17 URLLC/IIoT, the following points should be further enhanced. 
Determination of Type-3 CB priority: In Rel-16 URLLC, PUCCH configurations with two priorities are introduced. Since Type-3 HARQ-ACK CB contains HARQ-ACK information of all HPNs across cells, the Type-3 HARQ-ACK CB may contain both low-priority HARQ-ACK information and high-priority HARQ-ACK information. In this case, the priority of Type-3 HARQ-ACK CB should be defined in Rel-17. Since Type-3 HARQ-ACK CB is triggered by a DCI format, the DCI format can indicate priority of Type-3 HARQ-ACK CB. 
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. Considering that DCI format 1_2 is an attractive solution to provide high PDCCH reliability, 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 CB 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 associated HARQ-ACK(s) cannot be multiplexed. Therefore, even if Type-3 HARQ-ACK CB 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 aspects should be further enhanced.
· Determination of Type-3 HARQ-ACK CB priority, Support of DCI format 1_2 triggering Type-3 HARQ-ACK CB, and inclusion of HARQ-ACK associated with SPS release DCI.

[bookmark: _Hlk68637083]Issue 3: SPS HARQ skipping & payload size reduction (for skipped & non-skipped SPS PDSCH)
	R1-2101818 [3]
Questions 4.4.1: Which of the following method(s) should be supported in Rel-17 for handling SPS HARQ skipping and/or payload size reduction (more than one could be supported in Rel-17): 
1. ‘NACK skipping’ for SPS PDSCH, based on the following operation:
· A PUCCH transmission is skipped by the UE if the PUCCH is only carrying SPS PDSCH NACK(s) associated with SPS PDSCH configurations configured for NACK skipping
· FFS: Additional details including e.g. RRC configuration details, potential additional restrictions, …
· Note: ‘NACK skipping’ assumes inherently no identification of a skipped SPS PDSCH by the UE
· Note: This does not preclude the support of additional methods to support HARQ-ACK skipping / payload size reduction for skipped or non-skipped SPS PDSCH
2. [bookmark: _Hlk68602186]Dynamic indication of skipped SPS PDSCH occasions 
· FFS: details including dynamic indication methods such as e.g. common/UE-specific DCI, MAC CE, specific DM-RS instead of SPS DM-RS
3. ‘ACK skipping’ for SPS PDSCH, based on the following operation:
· A PUCCH transmission is skipped by the UE if the PUCCH is only carrying SPS PDSCH ACK(s) associated with SPS PDSCH configurations configured for ‘ACK skipping’
· FFS: Additional details including e.g. RRC configuration details, potential additional restrictions, …
4. HARQ bundling / compression 
· FFS: Details including HARQ bundling / compression window, bundling / compression technique
5. HARQ-ACK disabling /skipping for certain SPS configurations 
· The skipping / disabling is higher layer configured per SPS configuration
· FFS: HARQ-ACK skipping behaviour for Type 1 CB
6. Do NOT support any enhancements in Rel-17 to handle SPS PDSCH skipping and/or SPS playload size reduction


In the last RAN1#104-e meeting, RAN1 continually discussed SPS HARQ-ACK skipping and payload reduction techniques. Although the five methods were identified which is listed in the above, RAN1 did not make consensus on this issue because different companies support different methods. To facilitate the discussion and make progress on this issue, RAN1 needs to further down-scope and categorize some methods. From our views, the method 1/2 can be categorized to a set of methods targeting skipped SPS PDSCHs and the method 1/3/4/5 can be categorized to a set of methods targeting SPS HARQ payload size reduction. Note that this categorization is not mutually exclusive because the method 1 (NACK skipping) can be used for both skipped SPS PDSCHs and SPS HARQ-ACK payload size reduction. 
[bookmark: _Hlk68603978]RAN1 should determine one or two promising method for each category and then discuss whether to support the method or not. For the category targeting skipped SPS PDSCHs, the method 2 (dynamic indication of skipped SPS PDSCH occasions) requires much more specification efforts to define dynamic indication methods such as common/UE-specific DCI, MAC CE, specific DM-RS instead of SPS DM-RS and additional UE implementation complexity to detect specific DM-RS. Compared to the method 2, the method 1 (NACK skipping) is simple in terms of specification and UE implementation. So, RAN1 focus on method 1 in the first category. 
For the category targeting SPS HARQ-ACK payload size reduction, the method 4 (HARQ bundling / compression) also requires much more specification efforts to define bundling/compression window and bundling/compression techniques. Similarly, as in the method 2, we prefer not to support method 4 in Rel-17 URLLC&IIoT. Among the remaining three methods, method 1 (NACK skipping) is not proper to the SPS HARQ-ACK payload size reduction because reliability of a SPS PDSCH is higher than 99.99% or 99.999% and then a vast majority of SPS HARQ-ACK information seems to be ACK. 
· Proposal 7: RAN1 should further down-scope the methods for SPS HARQ skipping & payload size reduction as follows and discuss whether or not to support the methods.
· For the category targeting skipped SPS PDSCHs, method 1 (NACK skipping)
· For the category targeting SPS HARQ-ACK payload size reduction, method 3 (ACK skipping) or method 5 (HARQ-ACK disabling)

Issue 4: Type 1 HARQ codebook based on sub-slot PUCCH configuration
The general rules and the corresponding detail pseudo-code to enable Type-1 HARQ-ACK CB 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 CB in Rel-15/16 is based on slot granularity contains the following steps: (excludes 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 generates Type-1 HARQ-ACK CB 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 CB. 
· If a UE has capability to receive more than one unicast PDSCH per DL slot, overlapping of SLIVs are further checked and then finds 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 following modifications are straightforward: (the 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 generates Type-1 HARQ-ACK CB 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 CB. 
· If a UE has capability to receive more than one unicast PDSCH per DL slot, overlapping of SLIVs are further checked and then finds a set of SLIVs to be represented as one HARQ-ACK occasion. 

· Proposal 8: To support Type-1 HARQ-ACK codebook with sub-slot K1 granularity, the following general rules can be 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., 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 generates Type-1 HARQ-ACK CB 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 CB. 
· If a UE has capability to receive more than one unicast PDSCH per DL slot, overlapping of SLIVs are further checked and then finds 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: 
· Observation 1: The DTX issue can be addressed when a gNB blindly detects presence of PUCCH transmission on the PUCCH resource indicated by the DCI format. Also, since the gNB would transmit the DCI format with much higher reliability, the miss-detection of the DCI format can be rare especially for URLLC operation.
· Proposal 1: For half duplex TDD CA operation to be applicable to SPS HARQ-ACK deferral, it needs to further regard symbols for semi-static DL and SSB in a different carrier as invalid symbol(s).
· Proposal 2: If more than one PUCCH resource is configured and valid, then the UE selects the earliest PUCCH resource not starting before the PUCCH resource for the SPS HARQ-ACK information.
· Proposal 3: Define a limit on the maximum deferral as K1+KdefKth
· Proposal 4: In case of PUCCH repetition, apply a limit on the maximum deferral to each PUCCH repetition.
· Proposal 5: Support one-shot triggering of enhanced Type-3 HARQ-ACK CB. 
· Further discuss how to configure/indicate HARQ process numbers. 
· Proposal 6: One-shot HARQ-ACK codebook is used for re-sending of cancelled HARQ-ACK information and the following aspects should be further enhanced.
· Determination of Type-3 HARQ-ACK CB priority, Support of DCI format 1_2 triggering Type-3 HARQ-ACK CB, and inclusion of HARQ-ACK associated with SPS release DCI.
· Proposal 7: RAN1 should further down-scope the methods for SPS HARQ skipping & payload size reduction as follows and discuss whether or not to support the methods.
· For the category targeting skipped SPS PDSCHs, method 1 (NACK skipping)
· For the category targeting SPS HARQ-ACK payload size reduction, method 3 (ACK skipping) or method 5 (HARQ-ACK disabling)
· Proposal 8: To support Type-1 HARQ-ACK codebook with sub-slot K1 granularity, the following general rules can be 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., 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 generates Type-1 HARQ-ACK CB 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 CB. 
· If a UE has capability to receive more than one unicast PDSCH per DL slot, overlapping of SLIVs are further checked and then finds a set of SLIVs to be represented as one HARQ-ACK occasion. 
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