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In RAN1#106 e-Meeting, following agreements have been achieved on UE feedback enhancements for HARQ-ACK.
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 
Support PHY priority handling for a PUCCH carrying the Rel-17 enhanced Type 3 HARQ-ACK CB of smaller size. 
· The indicated PHY priority in the triggering DCI defines the PHY priority of the PUCCH carrying the Rel-17 enhanced Type 3 HARQ-ACK CB of smaller size.
· The A/N of HARQ processes is mapped to the Rel-17 enhanced Type 3 HARQ-ACK CB of smaller size irrespective of the PHY priority of the ‘A/N’ of the HARQ processes. 
· FFS: If the HARQ-ACK codebook size or structure is dependent on the PHY priority (e.g. separate configuration of CBG/NDI usage, separate configuration of HARQ IDs / CCs per priority, SPS HARQ-ACK process IDs of specific priority only for a SPS HARQ-ACK only codebook, …). 

Agreement 
Support PHY priority handling for a PUCCH carrying the Rel-16 Type 3 HARQ-ACK CB in Rel-17. 
· The indicated PHY priority in the triggering DCI defines the PHY priority of the PUCCH carrying the Rel-16 Type 3 HARQ-ACK CB.
· The A/N of HARQ processes is mapped to the Rel-16 Type 3 HARQ-ACK CB irrespective of the PHY priority of the ‘A/N’ of the HARQ processes. 
· The support is subject to a Rel-17 UE capability and a UE supporting this capability can be configured in Rel-17 with Rel-16 Type 3 HARQ-ACK CB and PHY prioritization. 

Agreement 
For the PHY priority handling of the enhanced Type 3 CB(s) of smaller size, the enhanced Type 3 HARQ-ACK has the same structure, size and content (in terms of HARQ-IDs, CCs) irrespective of the PHY priority. 

Agreement 
Support Rel-17 enhanced Type 3 HARQ-ACK CB of smaller size triggering using DCI format 1_2 for a UE supporting DCI format 1_2. 
· The triggering support for DCI format 1_2 is independently (from triggering using DCI format 1_1) RRC configured to the UE. 

Agreement 
Support Rel-16 Type 3 HARQ-ACK CB triggering using DCI format 1_2 in Rel-17 for a UE supporting DCI format 1_2. 
· The support is subject to a Rel-17 UE capability and a UE supporting this capability can be configured with DCI format 1_2 triggering of the Rel-16 Type 3 HARQ-ACK CB. 

Agreement 
For the enhanced Type 3 HARQ-ACK CB of smaller size triggered in a PUCCH slot, the UE is not expecting HARQ-ACK information in a Type 1 or Type 2 HARQ-ACK CB to be transmitted that cannot be mapped to the enhanced Type 3 HARQ-ACK CB of smaller size as the HARQ process is not part of the codebook. 

Agreement 
The DCI triggering (by a DL assignment) the one-shot HARQ-ACK re-transmission on a PUCCH resource other than enhanced Type 2 or (enhanced) Type 3 HARQ-ACK CB dynamically indicates the HARQ-ACK codebook(s) / PUCCH occasions to be re-transmitted. 
· FFS details 

Agreement 
A single DCI triggering 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 can trigger the re-transmission of HARQ-ACK information of only a single HARQ-ACK CB. 

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. 

Agreement 
Support PHY priority handling for 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. 
· The indicated PHY priority in the triggering DCI defines the PHY priority of the PUCCH carrying the re-transmitted HARQ-ACK information.
· The indicated PHY priority in the triggering DCI is used to determine the HARQ-ACK information to be re-transmitted corresponding to the indicated PHY priority. 


Agreement 
For sub-slot based PUCCH repetition for HARQ-ACK, semi-static configured PUCCH repetition (i.e. using nrofSlots) and dynamic repetition factor based operation is supported. 
· Sub-slot based PUCCH repetition based on semi-static configuration (i.e. using nrofSlots) and based on dynamic indication is subject to separate UE capabilities


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 enh. Type 3 HARQ-ACK CB(s), support dynamic selection based on indication in the triggering DCI of one of at least one enh. Type 3 HARQ-ACK CB(s). 
· Each of the at least one enh. Type 3 HARQ-ACK CBs is at least defined by RRC configuration This includes the option to configure all DL HARQ processs of all configured CCs as one enh. Type 3 HARQ-ACK CB (resulting in same structure and size as the Rel-16 Type 3 HARQ-ACK CB)
· This includes UE capability signaling (value range {1…X}) on the maximum number of supported simultaneously configured enh. Type 3 HARQ-ACK CBs that can be dynamically indicated 
· Details including the value of X are FFS

Agreement
The following enhanced Type 3 CB types of smaller size are supported, the CB to contain either: 
· the HARQ processes of a subset of configured CCs, or
· a subset of configured HARQ processes (specific to CCs)
FFS: additional enh. Type 3 CB types

Agreement
For Rel-17 one-shot triggering for HARQ-ACK re-transmission, the UE does not expect more than one triggering DCI for Rel-17 one-shot feedback indicating the same PUCCH slot for the re-transmission of HARQ-ACK CBs of different PUCCH slots to be re-transmitted
· Note: i.e. only a single HARQ-ACK codebook / PUCCH occasion can be re-transmitted in a PUCCH slot

Agreement
Support slot-based PUCCH repetition for PUCCH Format 0 and Format 2 also for single TRP operation. 
· The support is subject to independent UE capability indication 

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. 

In this contribution, we continue our discussion of the HARQ-ACK enhancement schemes and present our own views and opinions on important issues.
2. Discussion
2.1. PUCCH carrier switching for HARQ feedback
In last meeting, the maximum number of PUCCH cells within a PUCCH cell group is limited, there is a limitation of X cells by RRC configuration there could be a smaller number of cells Y<X configured for the PUCCH carrier switching operation. As for the value of X, it might be 4 or 2. When the maximum value equals to 2, there is no need to search the candidate carriers, the only thing needs to do is decide whether and when to switch to another carrier. But when there are more than two candidate PUCCH cells, the target carriers must be determined before carrier switching. Then, the possible procedure could be:
Step 1:  Determine candidate carrier for PUCCH switching in order of priority
Step 2: Determine HARQ-ACK reporting timing K1’on candidate carrier based on K1 value of original carrier
Step 3:  Determine PUCCH resource search space and search order based on K1’ on candidate carrier.
Step 4:  Check whether PUCCH resource within PUCCH resource search space of candidate carrier overlaps with “invalid symbol”. If yes, repeat step1 .Otherwise, the candidate carrier is identified as the target switching carrier.
For step 1, it is assumed that HARQ-ACK corresponding to PDSCH received on a Pcell/PScell or an Scell in a PUCCH group, can be sent on a PUCCH on an Scell also instead of only on Pcell/PScell/PUCCH-SCell in the same PUCCH group. All of these active carriers in same PUCCH group can constitute a set of switching candidate carriers. It is obvious that there are same and different SCS candidate carriers need to be considered. Switching priority is introduced to determine the order of candidate carriers. First, same SCS of candidate carriers should be highest priority because parameter conversions are not necessary and it is the easiest to find HARQ-ACK reporting timing K1’, that is K1’=K1 as showing in figure 1. Regarding different SCS carriers showing in figure 2 and 3,  compared to lower SCS only corresponds to a small search space contains only few symbols in a slot,  K1’ of higher SCS corresponds to a large search space containing multiple slots, which has a greater probability of finding valid PUCCH resources. 
Proposal 1: Same SCS of PUCCH carriers within a PUCCH cell group should be highest priority, and other different SCS decrease priority from high SCS to low SCS.


Figure 3: Scell SCS= Pcell SCS


Figure 4: Scell SCS> Pcell SCS


Figure 5: Scell SCS< Pcell SCS
For step 4, when checking whether PUCCH resource on candidate carrier overlaps with “invalid symbol”. In order to simplify checking process and save checking time, two cases should be ignored, that is UL resource multiplexing and UL resource collision on candidate Scell. Because PUCCH carrier switching is only one of the alternative schemes to ensure the reliability and delay of SPS PDSCH HARQ-ACK feedback in addition to multiplexing, deferral or retransmission HARQ-ACK on Pcell carrier, overly complex scheme design is not expected. Another reason is that it is exactly multiplexing failure and collision dropping on Pcell that may cause PUCCH carrier switching, so there's no need to take into consideration twice.
Proposal 2: The case of multiplexing and collision should not be considered on the switching PUCCH carrier.
      There might be multiple SPS HARQ-ACK need to switch to another Scell PUCCH resource. In this case, in order to reduce the complexity of UE implementation, strict sequential relationships need to be defined. Out-of-order trigger PUCCH carrier switching and out-of-order HARQ feedback are not expected. 
Proposal 3:Out-of-order trigger and out-of-order HARQ feedback are not expected for PUCCH carrier switching. 
Considering PUCCH carrier switching and SPS HARQ-ACK deferral are two parallel and non-conflicting methods, the joint operation should be supported to complement each other. Therefore, it is necessary to define rules and priorities for joint operation.
Between PUCCH carrier switching and SPS HARQ-ACK deferral, we propose PUCCH switching should have higher priority considering the latency of HARQ-ACK feedback can be shortened. That is, if there are available candidate carriers for PUCCH switching, it should be preferentially performed, otherwise, available resource for SPS HARQ-ACK deferral should be searched. And PUCCH carrier switching can be indicated or triggered in DCI through reusing 1 bit PUCCH SUL/UL field. What’s more, if a DCI is received for trigger PUCCH carrier switching during the procedure of searching available slots, SPS HARQ-ACK deferral operation should be stopped immediately.
Proposal 4: For joint operation of PUCCH carrier switching and SPS HARQ-ACK deferral, PUCCH carrier switching should be performed with high priority.
        Whether to continue to support SPS HARQ-ACK deferral on Scell after PUCCH carrier switching needs to be further considered. Our point is for simplicity, when the original PUCCH resource on Scell is invalid, SPS HARQ-ACK deferral on Scell should not be performed further. 
Proposal 5: SPS HARQ-ACK deferral should not be further performed on switched PUCCH carrier.
         As for indication of candidate carriers, when X=2, it can reuse one bit of UL/SUL field in DCI 0_1/-0_2 to explicit indicate the PUCCH carrier switching. For example, when UL/SUL field is set to ‘1’, it means PUCCH carrier switching is supported and UE should feedback the HARQ-ACK on Scell, otherwise, if UL/SUL field is set to ‘0’, it means there is no candidate PUCCH carrier for switching. As for X=4, one bit field is not enough, reusing one bit UL/SUL field can only indicate whether the PUCCH carrier switching is triggered or enabled, but which carrier is the target carrier still needs more fields to indicate. In this case, both UL/SUL field and PRI field can be used for joint indication.
Proposal 6: one bit UL/SUL field in DCI 0_1/0_2 can be reused to indicate the PUCCH carrier switching.
2.2. PUCCH repetition
         For sub-slot based PUCCH repetition, the interaction of RRC configured PUCCH repetition and dynamic repetition indication need to be further studied. There are several alternatives need to be down-selected. Majority companies support to leave the discussion to the Cov. Enh. WI and apply the same handling as for slot-based PUCCH repetition. In Cov.Enh WI for a PUCCH resource, there is an agreement that if both a new repetition parameter corresponding to Rel-17 dynamic PUCCH repetition factor indication and the Rel-15/16 nrofSlots are configured, the new repetition parameter overrides nrofSlots. Thus, we think similarly, for the interaction of RRC configured PUCCH repetition and dynamic repetition indication, when dynamic repetition indication is available, ignore nrofSlots.
Proposal 7: For the interaction of RRC configured PUCCH repetition and dynamic repetition indication, when dynamic repetition indication is available, ignore nrofSlots.
         Besides, to align with Rel-17 Cov.Enh WI, sub-slot based PUCCH repetition configured with using dynamic indication) should not support PUCCH repetition of all UCI types, as least SR or P/SP-CSI should not be supported.
Proposal 8: For sub-slot based PUCCH repetition configured with dynamic indication, at least SR or P/SP-CSI on PUCCH is not supported. 
2.3. SPS HARQ-ACK skipping & SPS HARQ payload size reduction
SPS HARQ payload size reduction (of non-skipped SPS PDSCH) and SPS HARQ-ACK skipping are joint discussed,  and there are five methods as following need to be down-selected:
NACK skipping (NACK-only) (Alt. 1)
Dynamic SPS skipping indication (Alt. 2)
ACK skipping (ACK-only) (Alt. 3)
HARQ bundling / compression (Alt. 4)
HARQ-ACK disabling /skipping for certain SPS configurations (Alt. 5) 
For alt1 and alt 3, they should be discussed jointly for SPS HARQ-ACK skipping. And there are two cases need to be considered:
Case1:  SPS HARQ-ACK skipping for skipped SPS PDSCH
Case2:  SPS HARQ-ACK skipping for non-skipped SPS PDSCH.
We think alt 1 is suitable for case1, when SPS PDSCH resources are reserved for SPS HARQ-ACK without actual transmission, it will leads to NACK feedback to inform gNB according to the existing rules. Actually, whether a NACK feedback actually needed reported is not important because gNB has already known there is no data transmission on these resources. Thus skipping NACK in this case can save the SPS HARQ payload without causing gNB misunderstanding. In case 2, we prefer alt 3, not only because ACK skipping has more benefits for saving more overhead, but it is compatible with alt 1 NACK skipping for skipped SPS PDSCH. For example, when ACK skipping for non-skipped SPS PDSCH and NACK skipping for skipped SPS PDSCH are supported simultaneously, then only NACK for non-skipped PDSCH will be reported, gNB can clearly know which PDSCHs need retransmission.

Proposal 9: Support NACK skipping for skipped SPS PDSCH and support ACK skipping for non-skipped SPS PDSCH.

Alt 4 was originally introduced for multiple SPS configurations configured to support one service with jitter, and only one of the multiple SPS PDSCH occasions within a common period has actual transmission and will be reported. Here we propose to combine alt4 with alt1 and alt3 to achieve the most significant gain.
 For example, if M actual SPS PDSCH transmissions occur within the SPS PDSCH bundling size N, with alt 1for skipped SPS PDSCH and alt 3 for non-skipped SPS PDSCH, then only actual SPS PDSCH transmission failed need to feedback NACK. If there is only one NACK need to feedback in each bundle size, it only needs to report the index of PDSCH corresponding to this NACK, which can save the overhead from N bits to log2(M)bits.

Proposal 10: Support using alt 4 HARQ bundling / compression combined with alt 1 and alt 3 together to achieve the most significant gain.
3. Conclusion
In this contribution, some questions and potential solutions for identified issues on HARQ-ACK enhancements for URLLC Rel-17 have been further discussed, and the proposals made are summarized as below:
Proposal 1: Same SCS of PUCCH carriers within a PUCCH cell group should be highest priority, and other different SCS decrease priority from high SCS to low SCS.
Proposal 2: The case of multiplexing and collision should not be considered on the switching PUCCH carrier.
Proposal 3:Out-of-order trigger and out-of-order HARQ feedback are not expected for PUCCH carrier switching. 
Proposal 4: For joint operation of PUCCH carrier switching and SPS HARQ-ACK deferral, PUCCH carrier switching should be performed with high priority.
Proposal 5: SPS HARQ-ACK deferral should not be further performed on switched PUCCH carrier.
Proposal 6: one bit UL/SUL field in DCI 0_1/0_2 can be reused to indicate the PUCCH carrier switching.
[bookmark: _GoBack]Proposal 7: For the interaction of RRC configured PUCCH repetition and dynamic repetition indication, when dynamic repetition indication is available, ignore nrofSlots.
Proposal 8: For sub-slot based PUCCH repetition configured with dynamic indication, at least SR or P/SP-CSI on PUCCH is not supported. 
Proposal 9: Support NACK skipping for skipped SPS PDSCH and support ACK skipping for non-skipped SPS PDSCH.
Proposal 10: Support using alt 4 HARQ bundling / compression combined with alt 1 and alt 3 together to achieve the most significant gain.
References 
[1] Chairman’s notes RAN#106-e v019, 2021,8
image1.emf
PUCCH Slot 1 PUCCH Slot 2 Scell:  SCS=15KHz

Pcell:  SCS=15KHz PUCCH Slot 1 PUCCH Slot 2

K1=2

K1'=2


oleObject1.bin

image2.emf
PUCCH Slot 1 PUCCH Slot 2

slot1 slot2 slot3 slot4 slot5 slot6 slot7 slot8

Pcell:  SCS=15KHz

Scell:  SCS=60KHz

K1=2

K1start=5

K1end=8


oleObject2.bin

image3.emf
PUCCH Slot 1 PUCCH Slot 2

slot1 slot2 slot3 slot4 slot5 slot6 slot7 slot8

Scell:  SCS=15KHz

Pcell:  SCS=60KHz

K1=3

K1'=1


oleObject3.bin

