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1 Introduction
In the last RAN1#102-e meeting, RAN1 discussed potential issues related on HARQ-ACK enhancements and the following agreements were made [1]. 
	Agreements:
Support Rel-17 enhancements to avoid SPS HARQ-ACK dropping for TDD due to PUCCH collision with at least one DL or flexible symbol. 
· This topic is to be considered as high priority
· FFS detailed solution(s)

Agreements:
· Simultaneous PUSCH / PUCCH within a cell group (of Sec. 6.13 of R1-2007216) and enhanced (sub-slot) HARQ-ACK multiplexing on PUSCH (of Sec. 4.3 of R1-2007216) can be further discussed as part of AI 8.3.3 in this WI (but not as part of AI 8.3.1.1).   

Agreements:
Study further at least the following schemes:
· SPS HARQ skipping for ‘skipped’ SPS PDSCH
· PUCCH repetition enhancements (at least for HARQ-ACK), e.g., sub-slot based, etc.
· Retransmission of cancelled HARQ
· SPS HARQ payload size reduction and / or skipping for ‘non-skipped’SPS PDSCH
· Type 1 HARQ codebook based on sub-slot PUCCH config 
· PUCCH carrier switching for HARQ feedback
Companies are encouraged to provide detailed analysis and comparison accordingly


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]SPS HARQ-ACK dropping for TDD due to PUCCH collision with at least on DL or flexible symbol
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 last 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. Here, we present a specific method to resolve this issue as follows: 
First, it is necessary to define types of DL symbol or flexible symbol which have 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 PDSCH 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, 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 1: The DL and flexible symbols configured by semi-static DL/UL configuration are considered to determine SPS PUCCH collision. 

Several options to resolve the SPS HARQ-ACK dropping were proposed in the last meeting and the proposals can be categorized into the four options as follows: 
Option 1) Deferring HARQ-ACK until the first available valid PUCCH resource
Option 1 is that the dropped SPS HARQ-ACK information (due to SPS PUCCH collision) is deferred and transmitted on a second PUCCH after the first PUCCH indicated by K1 value, where the second PUCCH does not overlap with DL symbols or flexible symbols. In Figure 1, the PUCCH carrying SPS HARQ-ACK information in slot 3 and slot 4 cannot be transmitted due to SPS PUCCH collision. However, the PUCCH in slot 5 can be transmitted. Accordingly, the UE may transmit the SPS HARQ-ACK information in the PUCCH in slot 5, instead of the transmission in slots 3 and 4.
In this option, since the UE may choose the available PUCCH resource to transmit the dropped SPS HARQ-ACK information by itself, it would be the best approach without additional higher-layer signaling overhead. However, since this option needs to transmit a plurality of SPS HARQ-ACK information in one PUCCH (e.g., the first valid PUCCH), SPS HARQ-ACK information cannot be distributed to more than one PUCCHs, and thus the reliability of SPS HARQ-ACK information may be degraded.
Option 2) Indicating K1 value for each SPS transmission in a time window configured by RRC 
In Option 2, the UE is configured with a separate K1 value for each SPS PDSCH. Here, the K1 value may indicate a specific slot in which the PUCCH carrying SPS HARQ-ACK information can be transmitted. Therefore, in this option, if the gNB selects and sets the K1 value properly, it is possible that the PUCCH carrying the SPS HARQ-ACK information is no longer overlaps the DL symbol or the flexible symbol.
However, since the gNB must set multiple K1 values ​​to the UE, e.g., up to 8 SPS PDSCHs in a single cell, the RRC signalling overhead may be increased. Also, the K1 value to be set may vary according to periodicities of the SPS PDSCH configuration and the semi-static UL/DL configuration. For example, if periodicity of the SPS PDSCH is 3 slots and periodicity of the semi-static UL/DL configuration is 5 slots, then a UE should be configured with K1 values ​​for 5 SPS PDSCHs within a 15-slot period. In general, a UE should be configured with K1 values for LCM(Psps, Pslot)/Psps SPS PDSCHs during LCM(Psps, Pslot) slots, where Psps and Pslot denote periodicities of SPS PDSCH configuration semi-static UL/DL configuration, respectively, and LCM(Psps, Pslot) is the least common multiple of Psps, and Pslot.
Option 3) Selecting the first applicable K1 value from a set of configured K1 values 
In Option 3, a UE is configured with multiple candidate K1 values and selects one K1 value among the configured candidate K1 values. If the PUCCH carrying SPS HARQ-ACK information can be transmitted by using a certain K1 value among the configured K1 values, the K1 value is selected. If not, the next K1 value can be selected. Compared to option 2, since a relatively small number of K1 values ​​may be set, RRC signaling overhead can be reduced. In addition, compared to option 1, to some extent, it is possible to solve the problem of transmitting all dropped SPS HARQ-ACK information in one PUCCH.
However, this method may be complicated because the gNB needs to set multiple candidate K1 values appropriately and the UE should select one available K1 value among the configured K1 values using a predefined rule.
Option 4) One-shot HARQ-ACK request 
Option 4 is a method for a gNB to request retransmission of SPS HARQ-ACK information. For example, it can use a one-shot HARQ-ACK request defined in the NR-U WI in Rel-16. However, this option is not preferable because the gNB should transmit separate PDCCHs for every retransmission of the SPS HARQ-ACK information. 

Based on the observation and comparison among the proposed options, it is preferable to support option 1 by taking into account the overhead of RRC signaling and the complexity of UE implementation.
· Proposal 2: RAN1 strive to support deferring HARQ-ACK of SPS PDSCH receptions until the first available valid PUCCH resource
· FFS: details on the first available valid PUCCH resource

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. That is, 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 3: 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
In the last 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.
A UE can determine whether a SPS PDSCH is skipped or non-skipped based on detection of DM-RS of the SPS PDSCH. However, performance of the DM-RS based detection may vary according to the channel environment, and since the DM-RS based detection should be performed for each SPS PDSCH, additional terminal complexity and energy consumption may be required. Therefore, it is not desirable for the UE to determine whether the SPS PDSCH is “skipped” or “non-skipped”. Accordingly, SPS HARQ-ACK skipping should be applied to both ‘skipped’ SPS PDSCH and ‘non-skipped’ SPS PDSCH. 
· Observation 1: Considering performance and complexity of the DM-RS based detection, it is not desirable for the UE to determine whether the SPS PDSCH is “skipped” or “non-skipped”.

When the UE receives a SPS PDSCH and generates a HARQ-ACK for the SPS PDSCH, the UE can determine whether or not to transmit the HARQ-ACK to the gNB depending on the states of the HARQ-ACK. In other words, we can consider “ACK skipping” and “NACK skipping,” separately.
“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.
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.
· Proposal 4: 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.

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 2: ACK skipping and NACK skipping can be applied to the case where one PUCCH contains SPS HARQ-ACK only, and all of the SPS HARQ-ACKs are ACK or 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. 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. 
· Proposal 5: One-shot HARQ-ACK codebook is used for re-sending of cancelled HARQ-ACK information and size reduction of the one-shot HARQ-ACK codebook is further required. 

3 Conclusion
In this contribution, we discussed HARQ-ACK enhancements for URLLC/IIoT. The followings are proposed: 
· Proposal 1: The DL and flexible symbols configured by semi-static DL/UL configuration are considered to determine SPS PUCCH collision. 
· Proposal 2: RAN1 strive to support deferring HARQ-ACK of SPS PDSCH receptions until the first available valid PUCCH resource.
· FFS: details on the first available valid PUCCH resource
· Proposal 3: 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
· Observation 1: Considering performance and complexity of the DM-RS based detection, it is not desirable for the UE to determine whether the SPS PDSCH is “skipped” or “non-skipped”.
· Proposal 4: 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.
· Observation 2: ACK skipping or NACK skipping can be applied to the case where one PUCCH contains SPS HARQ-ACK only, and all of the SPS HARQ-ACKs are ACK or NACK.
· Proposal 5: One-shot HARQ-ACK codebook is used for re-sending of cancelled HARQ-ACK information and size reduction of the one-shot HARQ-ACK codebook is further required. 
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