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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In RAN1#104 e-Meeting, the following agreements have been achieved on UE feedback enhancements for HARQ-ACK.
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: _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
Agreements: 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 Cov. Enh WI for slot-based PUCCH repetition can be directly applied to sub-slot PUCCH or if changes are needed
Agreements: Support PUCCH repetition for PUCCH formats 0 and 2 at least for sub-slot based PUCCH repetition. 
· FFS: Support for slot-based PUCCH repetition
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  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 )  
· FFS: if there is a limit on the maximum deferral.
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’.

Agreements: For further study on whether and how to support PUCCH carrier switching in a PUCCH group, focus on the following three alternatives:
· Alt. 1: PUCCH carrier switching is based dynamic indication in DCI
· Alt. 2B: PUCCH carrier switching is based on certain (semi-static) rules
· Alt. 2C: PUCCH carrier switching is based on RRC configured PUCCH cell timing pattern of applicable PUCCH cells
· Note: In above alternatives, 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, as opposed to Rel-16 where HARQ-ACK corresponding to PDSCH received on a Pcell/PScell or an Scell in a PUCCH group can only be sent on Pcell/PScell/PUCCH-SCell in the same PUCCH group.
· Note: Realistic deployment scenarios including TDD configurations should be considered for the study
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. HARQ-ACK feedback for downlink SPS
In Rel-16 URLLC, a UE may be configured with multiple downlink SPS configurations for a serving cell, compared to at most one configuration for a cell group in NR Rel-15. In addition, periodicity of a downlink SPS configuration can be shorten to a single slot for reducing latency, in contrast to minimum periodicity of 10ms for NR Rel-15. In last RAN1#103 e-meeting, some reduced set methods of SPS HARQ-ACK feedback have been come to an agreement. In this section, we will further discuss them and provide our views and more details.
2.1.1. Avoiding SPS HARQ-ACK dropping for TDD
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]For the restrictions with the definition of “next available PUCCH”, we support introducing a limit on the maximum deferral. On the one hand, it limits the feedback delay for URLLC service and realizes retransmission as soon as possible. On the other hand, it can relief unbalanced HARQ-ACK payload issues among PUCCH resources, prevent all HARQ-ACK bits collision mapping to the first available PUCCH resource after several consecutive downlink slots. Generally, the value of k1def  should at least guarantee two available PUCCH resources.
Proposal 1: Support a limit on the maximum deferral considering the time delay and payload balance.
As for the condition of SPS HARQ-ACK dropped for TDD to be subject to deferral, we think it needs to defer only when the SPS HARQ-ACK in the initial slot/sub-slot cannot be transmitted, include SPS-PUCCH-AN-List-r16 or n1PUCCH-AN.  When SPS-PUCCH-AN-List-r16 is not configured, PUCCH resource is determined based on n1PUCCH-AN in SPS-config when only SPS HARQ-ACK is to be transmitted. When SPS HARQ-ACK is multiplexed with any other UCI/dynamic HARQ-ACK, no collision will be expected based on dynamic scheduling. So SPS HARQ-ACK should not be deferred. Another reason not to consider this case is because the valid PUCCH resource for SPS HARQ-ACK can be determined prior to the deferral mechanism, which is convenient for reducing UE complexity in implementation.
Proposal 2: When SPS HARQ-ACK is multiplexed with any other UCI/dynamic HARQ-ACK, there should be no SPS HARQ-ACK deferral.
As for the two candidate SPS HARQ-ACK deferral options, we prefer option 2, SPS HARQ-ACK deferral is configured per SPS configuration, which is more flexible and accurate. More signaling overhead may be required compared to option one, but some compression methods or reuse methods can be considered.
[bookmark: OLE_LINK22][bookmark: OLE_LINK23]Proposal 3: We prefer option2, SPS HARQ-ACK deferral is configured per SPS configuration.
2.1.2. 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 after some rounds of email discussion, 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, but no actual transmission occurs and there is no doubt that it will leads to NACK feedback to inform gNB. In this case, whether a NACK feedback actually needed is not important because gNB has already known there is no data transmission on these resources. Thus skipping NACK is this case can save the SPS HARQ payload and dose not cause 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 4: 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. In this case, only one of the multiple SPS PDSCH occasions within a common period has actual transmission and will be reported. But when alt4 is used combined with alt1 and alt3, it may have significant gains. For example, if M actual SPS PDSCH transmissions occur within the SPS PDSCH bundling size N, and only one actual SPS PDSCH transmission failed need to feedback NACK. Then only need to report the index of PDSCH corresponding to this NACK.

Proposal 5 : Support using alt 4 HARQ bundling / compression combined with alt 1 and alt 3 together.

As for alt 2, we think it is not necessary to support dynamic indication of skipped SPS, the key point of skipping SPS HARQ-ACK feedback is to save overhead while indication increases the DCI overhead and introduces new specification impacts. It’s a bit of pyrrhic. And we are open for alt 5, alt 5 HARQ-ACK disabling could be used when the latency is too stringent to allow retransmission opportunities, then no HARQ-ACK for the SPS configuration(s) will be reported actually. In this case, certain SPS configurations can be configured by RRC beforehand and then be enable/disabled by gNB through MAC-CE/DCI. But we think this scenario is very limit.

Proposal 6: Dynamic indication of skipped SPS is not necessary considering a tradeoff between small gains and large standard impacts. And we are open for alt 5.

2.2. Retransmission of cancelled HARQ 
High priority HARQ-ACK information can be dropped when PUSCH with high priority HARQ-ACK is cancelled. In order to support retransmission of cancelled HARQ, one-shot HARQ-ACK codebook, also known as type-3 HARQ-ACK codebook can be considered. The original one-shot/type 3 HARQ-ACK codebook is triggered by gNB and contains HARQ-ACK information for all HARQ process numbers and all cells. Thus, some enhancements related to one-shot / Type-3 CB size reduction need to be done.
[bookmark: _GoBack]For one-shot feedback codebook, gNB can only indicate and trigger the concerned SPS configurations, or even concerned occasions or HARQ processes for the indicated SPS configurations in a DCI format. Then UE will report corresponding SPS HARQ-ACK bit(s) accordingly. The Type-3 HARQ-ACK codebook size can also be reduced by some simple enhancements, e.g., the HARQ-ACK codebook only containing the number of DL HARQ processes for the indicated SPS configurations.Optimized one-shot HARQ-ACK only need to trigger a subset/partial CB of activated cells/HARQ processes. The index of HARQ-ACK process numbers or cells may be configured by higher layer RRC or dynamic indicated in a DCI format. 
[bookmark: OLE_LINK24][bookmark: OLE_LINK25]Proposal 7 : As for dynamic triggering of a one-shot / Type-3 CB type of re-transmission, only activated SPS configurations or activated HARQ processes need to be considered.
2.3. PUCCH repetition 
Slot-based PUCCH repetition has been supported for coverage enhancement in R15 but has been adopted for only long format PUCCH. Some companies propose to enhance the PUCCH repetition in Rel-17. And it has already agreed to support PUCCH repetition for PUCCH formats 0 and 2 at least for sub-slot based PUCCH repetition. In R17 CE topic, dynamic repetition indication is designed in details. Not only considering sub-slot based repetitions but also DMRS bundling mechanism and frequency hopping pattern are included. There is nothing particularly different here, thus we think dynamic repetition indication can be directly applied.
Proposal 8: Dynamic repetition indication mechanism in CE PUCCH enhancement can be directly applied to sub-slot based PUCCH repetition for HARQ-ACK
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: Support a limit on the maximum deferral considering the time delay and payload balance.
Proposal 2: When SPS HARQ-ACK is multiplexed with any other UCI/dynamic HARQ-ACK, there should be no SPS HARQ-ACK deferral.
Proposal 3: We prefer option2, SPS HARQ-ACK deferral is configured per SPS configuration.
Proposal 4: Support NACK skipping for skipped SPS PDSCH and support ACK skipping for non-skipped SPS PDSCH.
Proposal 5 : Support using alt 4 HARQ bundling / compression combined with alt 1 and alt 3 together.
Proposal 6: Dynamic indication of skipped SPS is not necessary considering a tradeoff between small gains and large standard impacts. And we are open for alt 5.
Proposal 7 : As for dynamic triggering of a one-shot / Type-3 CB type of re-transmission, only activated SPS configurations or activated HARQ processes need to be considered.
Proposal 8: Dynamic repetition indication mechanism in CE PUCCH enhancement can be directly applied to sub-slot based PUCCH repetition for HARQ-ACK
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