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Introduction
A work item on enhanced IIoT and URLLC was approved [1]. One of objectives of this work item is to study, identify, and specify if needed, required physical layer enhancements for meeting URLLC requirement covering UE feedback enhancements for HARQ-ACK. This document provides our view on potential techniques related to UE feedback enhancement for HARQ-ACK.
SPS HARQ-ACK dropping for TDD
In RAN1#104b-e, the following agreements were made.
	Agreements: For SPS HARQ-ACK deferral, for the determination of valid symbols in the target slot/sub-slot a collision with semi-static DL symbols, SSB and CORESET#0 is regarded as ‘invalid’ or ‘no symbols for UL transmission’.
Agreements: For SPS HARQ-ACK deferral, support a limit on the maximum deferral of SPS HARQ in terms of k1def  or k1+ k1def
· FFS: limitation given by a maximum value of k1def or a maximum of k1eff =k1+ k1def
· FFS how the limitation is determined (e.g. by K1 set(s) or RRC configured limit)
Agreements: For SPS HARQ-ACK deferral, there is no lower limit defined for k1def
Agreement: Restrict the further discussions on the initial slot handling for SPS HARQ-ACK deferral to the identified alternatives Alt. 1, Alt. 1A and 2. 
Agreement: For SPS HARQ-ACK deferral, the limit on the maximum deferral of SPS HARQ is defined in terms of k1eff =k1+ k1def.
Working assumption: To handle the collision for the same HARQ process due to deferred SPS HARQ-ACK the following behaviour is to be specified: 
· In case the UE receives PDSCH of a certain HARQ Process ID, the deferred SPS HARQ bit(s) for this HARQ Process ID are dropped.
Agreement: For SPS HARQ-ACK deferral, the initial HARQ-ACK transmission occasion is considered to determine the out-of-order HARQ condition.



There were two alternatives considered for the HARQ-ACK deferral configuration, i.e., per SPS configuration or per PUCCH group. The first alternative provides more configuration flexibility for SPS traffics, which is beneficial when the SPS traffics have different communication requirements, in terms of latency and reliability. For instance, a traffic with very stringent latency requirement may need a shorter maximal deferral period compared to a traffic with more relax latency requirement.
Proposal 1: The SPS HARQ-ACK deferral should be configured per SPS configuration.

The following alternatives were identified on the condition of SPS HARQ-ACK deferral,
· Alt. 1: “If SPS HARQ-ACK is multiplexed with any other UCI / dynamic PUCCH resource then it cannot be deferred!”
· Alt. 1A: “Defer SPS HARQ even if multiplexing & transmission based on PRI in initial slot would be possible”
· Alt. 2: “Consider intra-slot deferral before inter-slot deferral”
Alt.1 provides a similar UCI multiplexing behavior to Rel.16. That means for cases where HARQ-ACK feedback for SPS PDSCH is multiplexed with HARQ-ACK feedback for dynamic scheduled PDSCH, the PUCCH resource to be used is determined by reusing Rel.15 mechanism (PRI in DCI scheduling dynamic PDSCH). The concern would be in a case of missing a DCI scheduling PDSCH, which can be addressed by the blind detections at gNB. This handling is similar to UCI on HARQ-ACK on PUSCH, i.e., PUCCH or PUSCH depending on missing a DCI scheduling PDSCH. Alt. 1A does not suffer from missing the DCI. However, it could cause additional delay for delivering the HARQ-ACK report. Alt.2 can be considered as intra-slot deferral before inter-slot deferral. That means if the SPS HARQ-ACK resource is not valid (and no multiplexing with other UCI in the slot), the UE will look for an alternative PUCCH resource from another PUCCH resource set. Alternative resource may be from PUCCH-ResourceSet or another (e.g., newly configured) alternative set for SPS HARQ-ACK. In Alt.2 missed DCI issue would be less since the alternative PUCCH resource may be valid. In our view, Alt.1 would require less specification impact from for UCI multiplexing behavior. If missed DCI is still the issue in spite that can be addressed by blind detections, some modification of UCI multiplexing might be considered that if SPS HARQ-ACK PUCCH resource is overlapping, it will be deferred even through it could still be multiplexed, e.g., due to PRI overriding as the modification of Alt.1A.
Proposal 2: On the condition of SPS HARQ-ACK deferral, following Alt.1 should be supported. Our second preference is the following modification of Alt.1A. 
· Alt.1: Deferral only, if the SPS HARQ-ACK in the initial slot/sub-slot cannot be transmitted as the resulting PUCCH resource for transmission using the PUCCH by SPS-PUCCH-AN-List-r16 or n1PUCCH-AN is not valid.
· If SPS HARQ-ACK is multiplexed with any other UCI / dynamic PUCCH resource, then it cannot be deferred.
· Alt.1A: Deferral only, if the PUCCH resource configured by SPS-PUCCH-AN-List-r16 or n1PUCCH-AN for the HARQ-ACK transmission assuming SPS HARQ-ACK only is not valid in the initial slot/sub-slot.
· If SPS HARQ-ACK PUCCH resource is overlapping, it will be deferred even though it could still be multiplexed e.g., due to PRI overriding.

Another concern is related to the PUCCH selection for transmitting the deferred HARQ-ACKs. There is a possibility that a PUCCH resource cannot accommodate all available deferred HARQ-ACKs. In such case, the UE should know whether to utilize the PUCCH resource to transmit part of deferred HARQ-ACKs or not. Figure 1 illustrates a scenario that two SPS processes are configured with the periodicity of 2 slots. In addition, the PUCCH 1 is configured to carry their associated HARQ-ACKs. The PUCCH 1 in slot n+3 collides with DL symbols, hence, it cannot be utilized. However, a PUCCH 0, indicated by the dynamic schedule, is available in this slot. The PUCCH 0 can accommodate up to 2 UCI bits. One bit is assigned to HARQ-ACK for DG and one bit is available. In Figure 1(a), the UE does not utilize PUCCH 0 for carrying deferred SPS HARQ-ACKs, since the PUCCH resource cannot accommodate all available deferred HARQ-ACKs. This would cause of dropping the HARQ-ACKs later since new PDSCHs with the same process IDs arrive in slot n+4. In Figure 1(b), the UE utilizes PUCCH 0 to carry one of deferred SPS HARQ-ACKs. In this case, only one of SPS HARQ-ACKs would be dropped. The partial transmission of HARQ-ACKs could reduce the HARQ-ACK dropping incident.
Proposal 3: Even if all SPS HARQ-ACK bits are not able to be sent in the PUCCH, the SPS HARQ-ACK bits should be transmitted as much as possible utilizing full capability of selected PUCCH format instead of dropping SPS HARQ-ACK bits.
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[bookmark: _Ref78575134]Figure 1. Possible HARQ-ACK deferral schemes.
Retransmission of cancelled HARQ
In RAN1#105e, following working assumption was made.
	Working assumption: (RAN1#105e)
· For at least HARQ-ACK retransmission
· Support at least one enhanced Type 3 HARQ-ACK codebook with smaller size (compared to Rel.16) in Rel.17.
· Definition of enhanced Type 3 codebook
· The codebook size of a single triggered enhanced Type 3 HARQ-ACK codebook at least determined by RRC configuration.
· The codebook construction uses HARQ processes as a bases (i.e., ordered according to HARQ IDs and serving cells).
· Support one-shot triggering (by a DL assignment) of HARQ-ACK retransmission on a PUCCH resource other than enhanced Type 2 or (enhanced) Type 3 HARQ-ACK codebook (i.e., Alt.3) in Rel.17.
· Details are FFS
· Enhanced Type 3 HARQ-ACK codebook and/or one-shot triggering (by a DL assignment) of HARQ-ACK retransmission on a PUCCH resource other than enhanced Type 2 or (enhanced) Type 3 HARQ-ACK codebook are subject to separate UE capabilities.


Enhanced Type 3 HARQ-ACK codebook with smaller size (compared to Rel.16)
A Potential enhancement from Rel.16 would be codebook size reduction. Instead of all configured cells, only activated cells are included for reporting. It would be a straightforward extension to remove the useless bits of inactivated cells from the codebook. Further extension seems to be dynamic codebook size adaptation based on the actual use of HARQ processes or HARQ-ACK dropping situation, but it would be more optimization. Therefore, the codebook size of triggered Type-3 HARQ-ACK codebook is determined by RRC configuration and/or activation.
Proposal 4: The codebook size of triggered Type-3 HARQ-ACK codebook is determined by RRC configuration and/or activation.

Other issues identified in RAN1#105e are as follows.
· Issue 1: DCI format 1-2 support for Rel.16 Type 3 HARQ-ACK codebook triggering and/or Rel.17 enhanced Type 3 codebook with smaller size
· Issue 2: PHY priority support for Rel.16 Type 3 HARQ-ACK codebook triggering and/or Rel.17 enhanced Type 3 HARQ-ACK codebook with smaller size.
· Issue 3: Dynamic indication of a specific enhanced Type 3 HARQ codebook
On Issue 1, if Type 3 HARQ-ACK codebook is introduced for Rel.17 URLLC, there is no need to restrict its applicability of DCI format 1-2. On Issue 2, it could be supported and the indicated PHY priority in the triggering DCI defines the PHY priority of the PUCCH carrying the Type 3 HARQ-ACK codebook. On Issue 3, based on Proposal 4, we think dynamic indication is not needed. Such optimization of Type-3 HARQ-ACK codebook means mechanism become close to one-shot triggering of HARQ-ACK retransmission on a PUCCH.
Proposal 5: DCI format 1-2 supports triggering Rel.16 Type 3 HARQ-ACK codebook and Rel.17 enhanced Type 3 codebook with smaller size
Proposal 6: PHY priority is supported for Rel.16 Type 3 HARQ-ACK codebook and Rel.17 enhanced Type 3 codebook with smaller size. The indicated PHY priority in the triggering DCI defines the PHY priority of the PUCCH carrying the Type 3 HARQ-ACK codebook.

One-shot triggering of HARQ-ACK retransmission on a PUCCH
Following alternatives can be considered on one-shot triggering of HARQ-ACK retransmission on a PUCCH.
· Alt.1: The last ‘dropped’ HARQ-ACK codebook is retransmitted
· Alt.2: The HARQ-ACK codebook to be retransmitted is explicitly indicated in the triggering DCI
· Alt.3: The (dropped) HARQ-ACK of one or more ‘dropped’ PUCCH occasions/codebooks within a time window is retransmitted
In our view, Alt.1 and Alt.3 have similarity that dropped HARQ-ACK codebook is retransmitted. The difference is existence of time domain window and the number of HARQ-ACK codebooks to be retransmitted. In Alt.1, only the last dropped HARQ-ACK codebook is retransmitted and the number of HARQ-ACK codebook is one. In Alt.3, dropped HARQ-ACK codebooks within a time window are retransmitted and then, the number of HARQ-ACK codebooks to be retransmitted can be more than one. In Alt.1 and Alt.3, there could be ambiguity issues. We think Alt.2 seems a simple way as the necessary indication would be only an offset between triggering DCI and the dropped PUCCH.
Proposal 7: For one-shot triggering of HARQ-ACK retransmission on a PUCCH, the HARQ-ACK codebook to be retransmitted is explicitly indicated in the triggering DCI.

PUCCH repetition enhancements
Following agreement was made in the previous meeting.
	Agreement: (RAN1#104e)
· Support sub-slot-based PUCCH repetition for HARQ-ACK based on the Rel.16 PUCCH procedure for slot-based PUCCH applied to sub-slot-based PUCCH.
· Note: The intention is to take the Rel.16 slot-based PUCCH by replacing with “sub-slot” appropriately, without further optimization unless necessary.
· FFS whether or not there is any restriction for the applicability of sub-slot-based PUCCH repetition for HARQ-ACK
· Dynamic repetition indication is supported also for sub-slot-based PUCCH in Rel.17.
· FFS: If the method to be specified in CovEnh WI for slot-based PUCCH repetition can be directly applied to sub-slot PUCCH or if changes are needed.



In addition, following working assumption was made in CovEnh WI.
	Working assumption: (RAN1#105e)
· In Rel.17, for a PUCCH with associated scheduling DCI, support the following for dynamic PUCCH repetition factor indication.
· Enhance RRC signaling to allow configuration of PUCCH repetition factor per PUCCH resource. Reuse Rel.16 PUCCH resource indication mechanism based on “PUCCH resource indicator (PRI) field and starting CCE index (when applicable based on Rel.16 specification) of DCI to indicate a PUCCH resource and its associated repetition factor.
· FFS: RRC signaling enhancement details


In Rel.16, PUCCH repetition factor “nrofSlots’ is configured. In Rel.16, repetition factor (nrofSlots) is included in PUCCH-FormatConfig field, which are parameters common for all PUCCH resources of each PUCCH format. In Rel.17, ‘nrofSlots-r17’ may be included in in PUCCH-Resource field. For sub-slot-based PUCCH, both semi-static based PUCCH repetition factor “nrofSlots’ and dynamic based PUCCH repetition factor ‘nrofSlots-r17’ should be supported if sub-slot-based PUCCH repetition and dynamic repetition indication are separate UE features.
Proposal 8: For dynamic repetition factor indication for sub-slot-based PUCCH, the method to be specified in CovEnh WI for slot-based PUCCH repetition is directly applied to sub-slot PUCCH.
Proposal 9: For sub-slot-based PUCCH, both semi-static based PUCCH repetition factor “nrofSlots’ and dynamic based PUCCH repetition factor ‘nrofSlots-r17’ should be supported if sub-slot-based PUCCH repetition and dynamic repetition indication are separate UE features.

PUCCH carrier switching 
In RAN1#105e, the following agreements were made regarding the PUCCH carrier switching.
	Agreement: Support PUCCH carrier switching based on dynamic indication in DCI scheduling a PUCCH and semi-static configuration
· Details are FFS (including applicability of dynamic and/or semi-static means)
· Aim for minimum specification impact 
· Dynamic indication and/or semi-static configuration are subject to separate UE capabilities
· The semi-static PUCCH carrier switching configuration operation is based on RRC configured PUCCH cell timing pattern of applicable PUCCH cells and supports PUCCH carrier switching across cells with different numerologies.
· FFS whether additional rules are needed to support PUCCH carrier switching across cells with different numerologies
· FFS the maximum number of PUCCH cells
· FFS whether and how to support joint operation of dynamic and semi-static carrier switching for a UE
· FFS whether and how to support joint operation of PUCCH carrier switching and SPS HARQ-ACK deferral

Agreement: For PUCCH carrier switching, the PUCCH resource configuration is per UL BWP (i.e. per candidate cell and UL BWP of that specific candidate cell).
Agreement: For PUCCH carrier switching based on dynamic indication in DCI scheduling a PUCCH (i.e. Alt. 1), the PDSCH to HARQ-ACK offset k1 is interpreted based on the numerology of the dynamically indicated target PUCCH cell.



The dynamic carrier switching is mainly applicable to dynamic scheduling, while the semi-static carrier switching is feasible for both dynamic scheduling and semi-static scheduling (SPS). In addition, using semi-static carrier switching for dynamic scheduling and SPS might require different configuration settings, since they could have different communication requirements. In this regard, the dynamic and semi-static carrier should be enabled and configured for dynamic scheduling and SPS separately.
Proposal 10: Dynamic and semi-static PUCCH carrier switching should be configured and enabled for dynamic scheduling and SPS separately.

For dynamic PUCCH carrier switching, the target carrier can be indicated either through a separate filed in DCI or from the PRI configuration. The former case entails having the same size of PUCCH configurations among all the PUCCH carriers. While, the latter case enables defining different numbers of PUCCH configurations for carriers. If current PRI size is not sufficient, the field size of PRI can be increased. Extending the PRI field is more efficient than introducing a carrier index field in the DCI, which entails using the same number and location of PUCCH resources among all the PUCCH carriers in spite of possible difference of SCS.
Proposal 11: For dynamic PUCCH carrier switching, the target carrier can be derived from the PRI field. To enlarge PRI field should be considered.

In addition, it was agreed to interpret the PDSCH to HARQ-ACK offset based on the numerology of indicated target PUCCH carrier. However, using the same set of k1 values among all the carriers with different numerologies would cause larger timing variations. For instance, some of configured k1 values could not be used for carriers with high SCS, due to the UE processing time. Figure 3 illustrates a case that UE can be scheduled with a k1 value from the set of {2, 3, 4, 5}. Assuming that the minimum processing time for generating the HARQ-ACK is 1 slot according to the SCS of 15 kHz, some of k1 values cannot be used over carriers with SCS of 30 and 60 kHz. This would limit the scheduling flexibility for the network. 
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[bookmark: _Ref78360389]Figure 3. Illustration of k1 values for carries with different numerologies.
To achieve a better scheduling flexibility, the UE can be configured with additional offset values semi-statically for the carriers. The UE considers both indicated k1 offset and configured offset to derive PDSCH to HARQ-ACK. Figure 4 illustrates a similar case in which the UE is configured with k1 values from the set of {2, 3, 4, 5}. In addition, the UE is configured with slot offsets of 1 and 3 for CC#1 and CC#2, respectively. By applying these additional slot offsets, all possiblek1 values could be used for the carriers, meeting the processing time constraint.
[image: ]
[bookmark: _Ref78361594]Figure 4. Illustration of k1 values with additional slot offset values for carries with different numerologies
A similar problem exists for SPS with semi-static carrier switching. The SPS is configured according to the SCS of a cell receiving PDSCH. In case the UE needs to switch to another carrier with a higher SCS, there would be ambiguity for selecting the PUCCH resource in time domain. One possible solution would be to select the first available slot for PUCCH transmission, as shown in Figure 5. However, this is not desirable when there are many UEs scheduled on the carrier.

[image: ]
[bookmark: _Ref78365322]Figure 5. Semi-static PUCCH selection for SPS with the earliest PUCCH opportunity.
Similarly, the UE can be configured with additional timing offset values among the PUCCH carriers. When the UE identifies the target carrier, it applies the associated timing offset in addition to the common k1 value. Figure 6 illustrates a case that UE is configured with three PUCCH carriers, with slot offset values of 0 and 2 for CC#1 and CC#2, respectively. With this approach, different UEs can be configured with different timing offset value in order to enhance the resource utilization.
Proposal 12: Configure additional timing offset values for PDSCH to HARQ-ACK for the PUCCH carries.
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[bookmark: _Ref78375407]Figure 6.Semi-static PUCCH selection for SPS with configured additional slot offsets.
The dynamic and semi-static PUCCH carrier switching can be enabled simultaneously for dynamic scheduling. This allows configuring a larger number of carriers without much increasing the DCI overhead. For this purpose, the UE needs to be informed to use the PUCCH carrier whether indicated dynamically or configured semi-statically. One solution is to define a dedicated indication in DCI, in the carrier field or PRI, to follow the semi-static switching. Another solution is to use the semi-statically configured carrier when the dynamic indicated carrier is not available.
Proposal 13: To enable dynamic and semi-static PUCCH carrier switching schemes simultaneously, one of the alternatives should be considered
· a dedicated indication can be configured in DCI for switching between two schemes,
· the semi-static carrier switching is applied when the PUCCH transmission is not possible over the dynamic indicated carrier.

The PUCCH carrier switching can be enabled along with the SPS HARQ-ACK deferral, to ensure both reliability and latency requirements. For semi-static carrier switching, the HARQ-ACK might be dropped when the PUCCH collision happens, due to the arrival of a SFI or disabling a carrier without updating the timing table. In such case, the UE should first apply the HARQ-ACK deferral according to the PCell and then selects the appropriate PUCCH carrier.
Proposal 14: When semi-static carrier switching is enabled along with the SPS HARQ-ACK deferral, the UE should first apply HARQ-ACK deferral according to the PCell and then identifies the PUCCH carrier accordingly.

Conclusion
In this contribution, we provide our view on UE feedback enhancement for Rel.17 enhanced IIoT/URLLC. We made following proposals.
Proposal 1: The SPS HARQ-ACK deferral should be configured per SPS configuration.
Proposal 2: On the condition of SPS HARQ-ACK deferral, following Alt.1 should be supported. Our second preference is the following modification of Alt.1A. 
· Alt.1: Deferral only, if the SPS HARQ-ACK in the initial slot/sub-slot cannot be transmitted as the resulting PUCCH resource for transmission using the PUCCH by SPS-PUCCH-AN-List-r16 or n1PUCCH-AN is not valid.
· If SPS HARQ-ACK is multiplexed with any other UCI / dynamic PUCCH resource, then it cannot be deferred.
· Alt.1A: Deferral only, if the PUCCH resource configured by SPS-PUCCH-AN-List-r16 or n1PUCCH-AN for the HARQ-ACK transmission assuming SPS HARQ-ACK only is not valid in the initial slot/sub-slot.
· If SPS HARQ-ACK PUCCH resource is overlapping, it will be deferred even though it could still be multiplexed e.g., due to PRI overriding.
Proposal 3: Even if all SPS HARQ-ACK bits are not able to be sent in the PUCCH, the SPS HARQ-ACK bits should be transmitted as much as possible utilizing full capability of selected PUCCH format instead of dropping SPS HARQ-ACK bits.
Proposal 4: The codebook size of triggered Type-3 HARQ-ACK codebook is determined by RRC configuration and/or activation.
Proposal 5: DCI format 1-2 supports triggering Rel.16 Type 3 HARQ-ACK codebook and Rel.17 enhanced Type 3 codebook with smaller size
Proposal 6: PHY priority is supported for Rel.16 Type 3 HARQ-ACK codebook and Rel.17 enhanced Type 3 codebook with smaller size. The indicated PHY priority in the triggering DCI defines the PHY priority of the PUCCH carrying the Type 3 HARQ-ACK codebook.
Proposal 7: For one-shot triggering of HARQ-ACK retransmission on a PUCCH, the HARQ-ACK codebook to be retransmitted is explicitly indicated in the triggering DCI.
Proposal 8: For dynamic repetition factor indication for sub-slot-based PUCCH, the method to be specified in CovEnh WI for slot-based PUCCH repetition is directly applied to sub-slot PUCCH.
Proposal 9: For sub-slot-based PUCCH, both semi-static based PUCCH repetition factor “nrofSlots’ and dynamic based PUCCH repetition factor ‘nrofSlots-r17’ should be supported if sub-slot-based PUCCH repetition and dynamic repetition indication are separate UE features.
Proposal 10: Dynamic and semi-static PUCCH carrier switching should be configured and enabled for dynamic scheduling and SPS separately.
Proposal 11: For dynamic PUCCH carrier switching, the target carrier can be derived from the PRI field. To enlarge PRI field should be considered.
Proposal 12: Configure additional timing offset values for PDSCH to HARQ-ACK for the PUCCH carries.
Proposal 13: To enable dynamic and semi-static PUCCH carrier switching schemes simultaneously, one of the alternatives should be considered
· a dedicated indication can be configured in DCI for switching between two schemes,
· the semi-static carrier switching is applied when the PUCCH transmission is not possible over the dynamic indicated carrier.
Proposal 14: When semi-static carrier switching is enabled along with the SPS HARQ-ACK deferral, the UE should first apply HARQ-ACK deferral according to the PCell and then identifies the PUCCH carrier accordingly.
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