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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#106-e, the following agreements were made.
	Agreement
The SPS HARQ-ACK deferral is enabled per SPS configuration
· Note: part of sps-config, only HARQ-ACK of SPS PDSCH configurations enabled for deferral is in principle subject to deferral

Agreement
Definition of when to defer from the initial slot: 
· Alt1: 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

Agreement 
For SPS HARQ-ACK deferral, the maximum deferral value in terms of k1+k1def is RRC configured per SPS configuration.

Agreement
For SPS HARQ-ACK deferral, only SPS HARQ bits subject to deferral from HARQ-ACK codebook from an initial PUCCH slot are deferred to the target PUCCH slot

Agreement 
For SPS HARQ-ACK deferral, deferred SPS HARQ bits from more than one ‘initial PUCCH slot’ can be jointly deferred to a target PUCCH slot 

Agreement
For SPS HARQ-ACK deferral, the target PUCCH slot is defined as the next PUCCH slot where sps-PUCCH-AN-List-r16 or n1PUCCH-AN PUCCH resource is regarded as valid, or a PUCCH resource (from PUCCH-ResourceSet, i.e. DG PDSCH HARQ multiplexed) is dynamically indicated
· The target PUCCH slot determination is based on the total HARQ-ACK payload size including deferred SPS HARQ-ACK information and non-deferred HARQ-ACK information (if any) of a candidate target PUCCH slot
· The final PUCCH resource selection in the target PUCCH slot in terms of PUCCH resource set and PUCCH resource ID follows the Rel-16 procedures.

Agreement
For SPS HARQ-ACK deferral, if after the target PUCCH slot determination the deferred SPS HARQ-ACK cannot be transmitted, the deferred SPS HARQ-ACK bits are not further deferred and are dropped.

Agreement
For SPS HARQ-ACK deferral, in the target PUCCH slot the deferred SPS HARQ-ACK bits are appended to the initial HARQ bits / Type 1 or Type 2 codebook.

Agreement
For SPS HARQ-ACK deferral, confirm the RAN1#104b-e working assumption with the following updates in RED:
(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 is expected to receives PDSCH of a certain HARQ Process ID according to TS 38.214 Sec. 5.1, the deferred SPS HARQ bit(s) for this HARQ Process ID are dropped.
Note: there is no further discussion on specific handling for the case of DG PDSCH with the same HARQ process ID



Joint operation of HARQ-ACK deferral and PUCCH repetition
The SPS HARQ-ACK could be deferred to a slot with PUCCH configured with the repetition. This requires additional consideration to ensure that HARQ-ACK is delivered within a tolerable deferral period. For this purpose, the UE should defer the HARQ-ACK to a PUCCH with repetition if all the repetitions are within the deferral period, i.e., k1+k1def . For simplicity, the PUCCH repetition could be limited to a single carrier if the carrier switching is enabled. For the semi-static switching, the UE terminates the PUCCH repetition when the carrier is changed.
Proposal 1: The UE defers the SPS HARQ-ACK to a PUCCH with a repetition if all the repetitions are within the deferral period, i.e., k1+k1def. Otherwise, the UE does not use the deferred period.
Proposal 2: The PUCCH repetition should be performed over a single carrier even when the PUCCH carrier switching is enabled dynamically or semi-statically.

The PUCCH repetition increases the chance of PUCCH collisions, which may result in dropping some of HARQ-ACKs. Figure 1(a) illustrates a scenario in which two SPS processes with the same priorities are configured. The SPS#0 is configured with PUCCH0 and 4 repetitions, k1=1, and k1def =3. The SPS#1 is configured with PUCCH1 without repetition, k1=1, and k1def =0. The UE receives the PDSCHs for SPS#0 and SPS#1 in slot n and n+2, respectively. The HARQ-ACK for SPS#0 is transmitted immediately in slot n+1. However, the second repetition of PUCCH0 collides with the PUCCH1. According to the current specification, the PUCCH1 should be dropped, as both PUCCH0 and PUCCH1 have the same priorities. This results in dropping the HARQ-ACK for SPS#1, as it cannot be deferred to a later slot. To solve this issue, the UE can cancel the ongoing PUCCH repetition in slot n+3 and send the HARQ-ACK for SPS#1 using PUCCH1, as shown in Figure 1(b). The PUCCH collisions can be handled considering the defined deferral periods and/or the number of performed repetition in order to reduce the chance of HARQ-ACK dropping. If gNB thinks the former repetition of PUCCH0 is more important than PUCCH1, the gNB can avoid to send SPS#1 in the slot n+2.
Proposal 3: The deferral periods and the number of performed PUCCH repetitions should be considered as a priority for handling the PUCCH collisions. 
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[bookmark: _Ref83750775]Figure 1. Joint operation of SPS HARQ-ACK deferral and PUCCH repetition.
Joint operation of HARQ-ACK deferral and PUCCH carrier switching
Enabling the HARQ-ACK deferral and PUCCH carrier switching allows to transmit HARQ-ACK as early as possible. However, this requires defining different PUCCH resources among the PUCCH carriers. For semi-static carrier switching, different sps-PUCCH-AN-List-r16 or n1PUCCH-AN PUCCH could be defined for each carrier.
Proposal 4: The UE should be configured with sps-PUCCH-AN-List-r16 or n1PUCCH-AN PUCCH for each PUCCH carrier.
Retransmission of cancelled HARQ
Enhanced Type 3 HARQ-ACK codebook
In RAN1#106-e, the following agreement was made.
	 Agreement
· For enhanced Type-3 HARQ-ACK codebook(s), support dynamic selection based on indication in the triggering DCI of one of at least one enhanced Type-3 HARQ-ACK codebook(s).
· Each of the at least one enhanced Type-3 HARQ-ACK codebooks is at least defined by RRC configuration. This includes the option to configure all DL HARQ process of all configured CCs as one enhanced Type-3 HARQ-ACK codebook (resulting in same structure and size as the Rel-16 Type-3 HARQ-ACK codebook)
· This includes UE capability signalling (value range {1…X}) on the maximum number of supported simultaneously configured enhanced Type-3 HARQ-ACK codebooks that can be dynamically indicated.
· Details including the value of X are FFS




The remaining issue is triggering details (i.e., how to indicate the enhanced Type 3 HARQ-ACK codebook which is triggered). Following options were identified.
· Option 1: There is an N-bit DCI field for triggering included, one state indicating ‘not trigger’ whereas the remaining signalling states can be used to indicated one of up to M different enhanced Type-3 codebooks. N is defined as .
· Option 2: There is a 1-bit triggering DCI field (as for Rel.16 Type-3 codebook).
· If a single enhanced Type-3 codebook is configured (M=1), the triggering DCI can schedule also a PDSCH.
· If more than one enhanced Type-3 codebook are configured (M>1), and DCI field indicates the triggering, the DCI cannot be used to scheduled PDSCH and some unused field (e.g., HARQ ID, PDSCH FDRA, ...) is used to indicate the enhanced Type 3 codebook to be triggered.
In Option 1, the DCI overhead is increased for M > 1, but this allows to trigger the enhanced Type 3 HARQ-ACK codebook and scheduled PDSCH with the same DCI. In Option 2, the DCI overhead is not increased for M > 1, but for M > 1, this does not allow to trigger the enhanced Type 3 HARQ-ACK codebook and scheduled PDSCH with the same DCI. On DL overhead, Option 1 is constant overhead regardless of the operation of enhanced Type 3 HARQ codebooks. On the other hand, Option 2 is overhead at the time to trigger enhanced Type-3 codebooks. For example, when DCI format 1-1 is assumed to be 60 bits, if the operation of enhanced Type 3 HARQ-ACK codebook is less than once per DCI format 1-1 scheduling PDSCH, Option 2 would have less overhead. In our view, enhanced Type 3 HARQ-ACK codebook is not very frequent and therefore, Option 2 is preferred.
Proposal 5: 1-bit triggering DCI field (as for Rel.16 Type-3 codebook) is supported for the enhanced Type 3 HARQ-ACK codebook.
· If a single enhanced Type-3 codebook is configured (M=1), the triggering DCI can schedule also a PDSCH.
· If more than one enhanced Type-3 codebooks are configured (M>1), and DCI field indicates the triggering, the DCI cannot be used for scheduled PDSCH and some unused field is used to indicate the enhanced Type 3 codebook to be triggered.




One-shot triggering of HARQ-ACK retransmission on a PUCCH
In RAN1#106-e, following agreements were made.
	 Agreement 
· The Rel-17 one-shot triggering (by a DL assignment) of HARQ-ACK re-transmission on a PUCCH resource other than enhanced Type 2 or (enhanced) Type 3 HARQ-ACK CB is done through an explicit triggering indication in the DCI through a DCI field.




One of remaining issues is the definition of some “PUCCH slot offset” for dynamically indicating the HARQ-ACK codebook(s) / PUCCH occasions to be retransmitted. Following alternatives were identified.
· Alt.1: The PUCCH slot offset defines the offset between the triggering DCI and the PUCCH slot of the HARQ-ACK codebook to be retransmitted.
· Alt.2: The PUCCH slot offset defines the offset between the new PUCCH slot for transmission and the PUCCH slot of the HARQ-ACK codebook to be retransmitted.
In Alt.1, a PUCCH slot offset between the PUCCH slot where the triggering DCI is received and the PUCCH slot, where the HARQ-ACK codebook has been located. In case the HARQ-ACK codebook is earlier than the triggering DCI, then a negative value needs to be indicated if the triggering DCI indicates a retransmission of HARQ-ACK codebooks in a future slot. Therefore, Alt.1 would require a combination of positive and negative values for the offset triggering. When the SCS is different between DCI and PUCCH, some rule would be required to specify which slot of DCI corresponds to which slot in PUCCH.
In Alt.2, the offset to be counted from the new PUCCH slot backwards. In contrast to the definition in Alt.1, the values of slot offset are independent of the triggering DCI timing and would be all negative values, which could simplify the definition of the slot offset values (due to the independence of the triggering timing). The slot count is always based on SCS of PUCCH.
In our view, as far as the number of candidate timings (or slots) is same between Alt.1 and Alt.2, the required bits are the same. If Alt.1 has the possibility that the candidate timing does not start just before the PUCCH slot offset, but more earlier timing around triggering DCI, Alt.1 can reduce bitwidth. On the other hand. to indicate too earlier timing increases the complexity of UEs. In addition, different SCS handling is simplified in option 2. Therefore, we have a preference for Option 2 for simplicity.
Proposal 6: For one-shot triggering of HARQ-ACK retransmission on a PUCCH, the PUCCH slot offset defines the offset between the new PUCCH slot for transmission and the PUCCH slot of the HARQ-ACK codebook to be retransmitted.

Another remaining issue is triggering DCI details in terms of DCI field usage and ability to schedule PDSCH at the same time. Following alternatives were identified.
· Alt.1: A 1-bit DCI field is used to support the explicit triggering indication. A separate N-bit DCI field is included in the DCI for the dynamic indication of the HARQ-ACK codebook / PUCCH occasion to be retransmitted.
· Alt.2: A N-bit DCI field is included to the triggering DCI, where one state indicates ‘no triggering’ and the remaining 2N-1 states are used for the dynamic indication of the HARQ-ACK codebook / PUCCH occasion to be retransmitted.
· Alt.3: A 1-bit DCI field is used to support the explicit triggering indication. If the triggering DCI indicates ‘triggering’, the DCI does not schedule PDSCH at the same time and some DCI field (such as the HARQ ID field) is used for the dynamic indication of the HARQ-ACK codebook / PUCCH occasion to be retransmitted.
Alt.1 has N+1 bit DCI overhead and enables the triggering DCI to schedule PDSCH at the same time. Alt.2 has N-bit DCI overhead and enables the triggering DCI to schedule PDSCH at the same time. Alt.3 has 1-bit DCI overhead, but a triggering DCI indicating “trigger” does not support to schedule PDSCH. The similar consideration to enhanced Type 3 HARQ-ACK codebook triggering is applicable. We assume one-shot triggering event is not very frequent, and therefore, considering overhead, Alt.3 is preferred.
Proposal 7: 1-bit DCI field is used to support the explicit triggering indication for one-shot triggering of HARQ-ACK retransmission on a PUCCH. 
· If the triggering DCI indicates “triggering”, the DCI does not schedule PDSCH at the same time and some DCI field is used for the dynamic indication of the HARQ-ACK codebook / PUCCH occasion to be retransmitted.
PUCCH carrier switching 
In RAN1#106e, the following agreements were made regarding the PUCCH carrier switching.
	Agreement
Update the following RAN1#105-e agreement as (RED):   
· RAN1#105-e Agreement: For PUCCH carrier switching, the PUCCH resource configuration (i.e. pucch-Config / PUCCH-ConfigurationList) is per UL BWP (i.e. per candidate cell and UL BWP of that specific candidate cell).
· FFS: CSI and SR

Agreement
In addition to HARQ-Ack of PDSCH dynamically scheduled by a DCI indicating a PUCCH carrier, the dynamic target carrier indication also applies to:
· HARQ-ACK corresponding to the first SPS PDSCH activated by Activation DCI based on the indication in the activation DCI
· HARQ-ACK corresponding to the SPS Release DCI based on the indication in the release DCI
· triggered PUCCH for Rel-16 Type 3 CB, Rel-17 enh. Type 3 CB of smaller size and Rel-17 one-shot triggering for HARQ-Ack retransmission based on the indication in the triggering DCI
· FFS: Additional cases

Agreement
Semi-static PUCCH carrier switching is applicable to all UCI types incl. HARQ-ACK, SR and CSI. 



The maximum number of carriers
The higher number of carriers would bring more operational flexibility with the cost of signaling overhead for DCI and RRC configurations. Having two PUCCH carriers could be sufficient in many scenarios, especially when one carrier is configured with adequate UL slots. However, supporting a higher number of PUCCH carrier could be a separate UE feature compared with 2 carriers. 
Proposal 8: The specification supports 4 and 2 carriers for PUCCH carrier switching. 4 or 2 is up to UE capability selection.

Carrier indication for dynamic carrier switching
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 the current PRI size is not sufficient, the field size of PRI can be increased. Extending the PRI field is more promising than introducing a separate carrier index field in the DCI. In addition, a dedicated field for carrier index is not efficient for supporting an odd number of carriers.
Proposal 9: For dynamic PUCCH carrier switching, the target carrier can be derived from the PRI field. To enlarge PRI field should be considered.

Mixed numerology for dynamic indication and semi-static operation:
The configured PUCCH carriers may have different SCS values. For dynamic carrier switching, 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. This could result in reduced scheduling flexibility, since not all k1 values will be used for scheduling among the carriers. The problem would be more serious for semi-static switching, since all UCI types can be configured. When the timing-pattern is defined according to the PCell/PScell, there are several overlapping slots for carriers with higher SCSs. Using the first/last slot for PUCCH transmission would bring scheduling limitation for the network, particularly, when a carrier is used by a large number of UEs. To achieve a better scheduling flexibility, the UE can be configured with additional slot offset values among the carriers. Figure 2 illustrates a case that UE is configured with three PUCCH carriers, with slot offset values of 1 and 2 for CC#1 and CC#2, respectively. With this approach, different UEs can be configured with different timing offset values in order to enhance the resource utilization.

Proposal 10: Define additional slot offset values among the PUCCH carriers.

[image: ]
[bookmark: _Ref83730360]Figure 2. semi-static carrier switching with additional slot offset values.

Joint operation of dynamic and semi-static carrier switching schemes:
The dynamic and semi-static PUCCH carrier switching can be enabled simultaneously. When the indicated PUCCH carrier by the DCI is different from the semi-static timing patter, the UE needs to know which carrier to use. One simple solution is to give the higher priority to the dynamic indicated carrier. In case the PUCCH is not available over the dynamic indicated carrier, the UE then follows the semi-static configuration.  
Proposal 11: To enable dynamic and semi-static PUCCH carrier switching schemes simultaneously, the dynamic DCI overrides the semi-static configurations.
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 UE defers the SPS HARQ-ACK to a PUCCH with a repetition if all the repetitions are within the deferral period, i.e., k1+k1def. Otherwise, the UE does not use the deferred period.
Proposal 2: The PUCCH repetition should be performed over a single carrier even when the PUCCH carrier switching is enabled dynamically or semi-statically.
Proposal 3: The deferral periods and the number of performed PUCCH repetitions should be considered as a priority for handling the PUCCH collisions. 
Proposal 4: The UE should be configured with sps-PUCCH-AN-List-r16 or n1PUCCH-AN PUCCH for each PUCCH carrier.
Proposal 5: 1-bit triggering DCI field (as for Rel.16 Type-3 codebook) is supported for the enhanced Type 3 HARQ-ACK codebook.
· If a single enhanced Type-3 codebook is configured (M=1), the triggering DCI can schedule also a PDSCH.
· If more than one enhanced Type-3 codebooks are configured (M>1), and DCI field indicates the triggering, the DCI cannot be used for scheduled PDSCH and some unused field is used to indicate the enhanced Type 3 codebook to be triggered.
Proposal 6: For one-shot triggering of HARQ-ACK retransmission on a PUCCH, the PUCCH slot offset defines the offset between the new PUCCH slot for transmission and the PUCCH slot of the HARQ-ACK codebook to be retransmitted.
Proposal 7: 1-bit DCI field is used to support the explicit triggering indication for one-shot triggering of HARQ-ACK retransmission on a PUCCH. 
· If the triggering DCI indicates “triggering”, the DCI does not schedule PDSCH at the same time and some DCI field is used for the dynamic indication of the HARQ-ACK codebook / PUCCH occasion to be retransmitted.
Proposal 8: The specification supports 4 and 2 carriers for PUCCH carrier switching. 4 or 2 is up to UE capability selection.
Proposal 9: For dynamic PUCCH carrier switching, the target carrier can be derived from the PRI field. To enlarge PRI field should be considered.
Proposal 10: Define additional slot offset values among the PUCCH carriers.
Proposal 11: To enable dynamic and semi-static PUCCH carrier switching schemes simultaneously, the dynamic DCI overrides the semi-static configurations.
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