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Introduction
During the last RAN1 meetings, HARQ-ACK enhancements for IIoT and URLLC were discussed extensively and the list of agreements reached are captured in the Appendix. In this contribution, we discuss providing additional transmission opportunity for a dropped HARQ-ACK, supporting SPS HARQ payload reduction as well as PUCCH carrier switching for HARQ-ACK.  
Discussion
[bookmark: _Ref61526440]SPS HARQ-ACK dropping for TDD
In TDD mode, PUCCH collision with DL or FL symbols can result in dropping the HARQ-ACK feedback of DL SPS transmission. To provide the UE with additional HARQ-ACK transmission opportunity to transmit the dropped SPS HARQ ACK, two options were agreed for further consideration [1]. Option 1 consists of deferring HARQ-ACK until a next available PUCCH resource. With this solution, it is unclear what is the definition of next available PUCCH resource. It could be the next PUCCH opportunity scheduled for another HARQ-ACK codebook (denoted by CB1). In that case, the gNB might already have allocated the PUCCH resource for only CB1. The gNB needs to send a DCI to re-configure the PUCCH resource to combine the dropped SPS HARQ-ACK feedbacks and CB1. With option 1, there are multiple sub-options that can be introduced depending on the definition of the next available PUCCH. 
Dynamic triggering of one-shot HARQ feedback (Option 2) is already specified in NR Rel-16. It can be used to provide more flexibility to the gNB by enabling a dynamic way to control the timing and the uplink control resource for the HARQ-ACK feedback for the UE. Type-3 HARQ codebook can enable triggering the HARQ-ACK feedback without necessarily scheduling a PDSCH transmission. For example, the DCI triggering the HARQ CB transmission can be a scheduling DCI in case the gNB is planning to schedule the UE with a PDSCH transmission. Otherwise, a non-scheduling DCI can trigger the HARQ CB transmission as in NR Rel-16.
Proposal 1:    The UE can be dynamically triggered to transmit Type-3 HARQ-ACK CodeBook to retransmit a dropped SPS HARQ-ACK.
The payload size of the HARQ-ACK codebook Type 3 can be reduced in the case of dropped SPS HARQ. For example, the UE sends only the HARQ-ACK bits that were dropped due to PUCCH collision with DL/FL symbols. To support sending the HARQ-ACK feedback of dropped SPS HARQ instead of HARQ-ACK of all the HARQ processes, the triggering DCI can have a flag indicating whether the UE should transmit the HARQ-ACK of all configured HARQ processes or only the dropped HARQ-ACK feedbacks. This solution can also be applied for cancelled HARQ discussed in section 2.4.
Proposal 2:  The UE can be triggered to transmit only the SPS HARQ-ACK(s) of PUCCH(s) that collide with DL or flexible symbols.
[bookmark: _Ref61597534]SPS HARQ skipping and payload size reduction
Uplink control information payload, such as HARQ-ACK feedback payload, is expected to increase in IIoT deployments. For example, in case of factory automation, the UE can have a high number of active downlink SPS transmissions with different configurations (e.g. different periodicities and different offsets). The HARQ-ACK reports of the downlink SPS transmissions along with HARQ feedback of dynamic scheduling will increase the payload of HARQ-ACK bits to be reported simultaneously. The current uplink control channel design may not be able to support a large payload with a stringent requirement (e.g. low BLER target). For TDD case, the situation becomes more problematic as the available UL portion may not be enough to serve all UEs with stringent requirements at the same time. 
During the RAN1#103e meeting, different approaches were discussed, and it was agreed to focus the future discussion on the following four alternatives:
· Alt 1 ACK skipping.
· Alt 2 NACK skipping.
· Alt 3 HARQ bunding compression.
· Alt 4 HARQ-ACK disabling.
Alt 1 can be used when the error probability of PDSCH transmission is expected to be very low since correctly decoding the DL SPS transmission is more likely and therefore ACK state can occur more often. The ACK skipping can be enabled per SPS configuration. For Alt 2, it should be considered for the case where all A/N bits of a HARQ-ACK codebook are NACKs. Similar to ACK skipping, it should be configured per SPS configuration. Alt 3 is also beneficial but due to large specification effort, we think it should be down prioritized. Alt-4 can be applied when the latency requirement of the DL SPS transmission is stringent and the gNB is targeting successful transmission with one transmission. It should also be enabled per SPS configuration. 
Proposal 3:  To reduce the SPS HARQ payload size:
· The UE can be configured to skip NACK transmission or skip ACK transmission (Alt. 1 and Alt2) per SPS configuration. 
· The UE can be configured to disable HARQ-ACK transmission per SPS configuration (Alt. 4)
To avoid having a different HARQ-ACK codebook size assumption between the gNB and the UE, rules on when to skip the HARQ-ACK (ACK or NACK skipping) should be clarified. For the NACK skipping, one option could be that the NACK skipping can be applied when a HARQ codebook consist of all NACKs. For ACK skipping, it can be applied when the UE is having only one HARQ-ACK bit information to transmit. For the HARQ-ACK disabling per SPS configuration, the gNB does not expect a HARQ feedback for the SPS PDSCH and there will be no size ambiguity between the UE and the gNB.
For skipped SPS PDSCH transmission(s), sending the HARQ-ACK feedback will add unnecessary load on the uplink channels. It should be handled similarly to skipped NACK discussed in 2.2. The configuration of NACK skipping for skipped SPS PDSCH to be per SPS configuration and the skipping can be applied when a HARQ codebook consist of all NACKs. 
Proposal 4:  The UE can skip NACK transmission for skipped SPS PDSCH (Alt. 1).
[bookmark: _Ref61526332]Retransmission of cancelled HARQ
In NR Rel-16, prioritization mechanisms were introduced to support intra-UE multiplexing. Two HARQ-ACK codebooks for two different priorities are built simultaneously by the UE. In case of overlapping between low priority and high priority transmissions, the UE drops the transmission of HARQ-ACK codebook associated with low priority transmission. To avoid unnecessary retransmission(s) due to lack of HARQ information, Type 3 HARQ codebook can be re-used to send the dropped HARQ. As discussed in section 2.1, a flag can be introduced in the DCI to indicate that the requested HARQ-ACK feedbacks are only for dropped HARQ-ACK information. The UE sends only the HARQ-ACK information of the cancelled HARQ. 
Proposal 5:  The UE can retransmit a cancelled HARQ using enhanced Type 3 CB.

As a starting point, HARQ CB Type3 can carry all the configured HARQ processes regardless of the priority associated with the scheduled HARQ-ACK processes. Further enhancements can be introduced to support different priority of HARQ CB Type 3 i.e. a HARQ CB Type 3 to carry A/N belonging to the same priority.
PUCCH carrier switching for HARQ feedback
In TDD mode, the UE can suffer from additional latency due to unavailable UL opportunity to transmit HARQ-ACK feedback in the configured PUCCH group. Switching to a different PUCCH carrier with available UL opportunity to transmit the HARQ-ACK feedback can reduce the latency in IIoT/URLLC type of service and help meeting the target performance. During the last RAN1 meetings, different options were discussed and were captured in the agreements. First alternative is to support dynamic switching of the PUCCH carrier. This option enables the scheduler to use the available PUCCH carrier in a dynamic and flexible manner. The drawback of this option is that in case the UE misdetects the DCI switching the PUCCH carrier, the gNB needs to blind detect over two carriers to determine which PUCCH carrier was used by the UE. To solve that issue, the UE can have some restriction to when to apply the PUCCH carrier switching. For example, all the DCIs scheduling PDSCHs with A/Ns in a same HARQ-ACK codebook should indicate the same PUCCH carrier. With this solution, if the UE is transmitting a HARQ-ACK codebook, the gNB and the UE will have the same assumption about the PUCCH carrier. Second alternative is to have PUCCH carrier switching based on semi-static rules. The drawback of this option is that it will not enable a flexible and a dynamic way to change the PUCCH carrier. Semi-static rules can be supported as an additional restriction/condition to the dynamic indication so that the scheduler can benefit from the available PUCCH carrier depending on the scenario while ensuring that the UE and the gNB have the same assumption about the PUCCH carrier. The third alternative is having an RRC configuration of a timing pattern of applicable PUCCH carriers. While this option allows to distribute the PUCCH occasions over different cells, it is still not flexible to adjust the PUCCH carrier based on the scenario on which the scheduler is operating on. The semi-static configuration can result in invalid UL opportunities on both PUCCH carriers at the transmission time of HARQ-ACK codebook.
Proposal 6:  The PUCCH carrier switching is based on dynamic indication using the scheduling DCI.

Conclusion
In this contribution we discuss enabling HARQ CB3 to retransmit dropped HARQ-ACK for SPS in TDD scenario and cancelled HARQ-ACK, SPS HARQ-ACK payload size reduction and PUCCH carrier switching. The following proposals are made:
Proposal 1:    The UE can be dynamically triggered to transmit Type-3 HARQ-ACK CodeBook to retransmit a dropped SPS HARQ-ACK.
Proposal 2:  The UE can be triggered to transmit only the SPS HARQ-ACK(s) of PUCCH(s) that collide with DL or flexible symbols.
Proposal 3:  To reduce the SPS HARQ payload size:
· The UE can be configured to skip NACK transmission or skip ACK transmission (Alt. 1 and Alt2) per SPS configuration. 
· The UE can be configured to disable HARQ-ACK transmission per SPS configuration (Alt. 4)
Proposal 4:  The UE can skip NACK transmission for skipped SPS PDSCH (Alt. 1).
Proposal 5:  The UE can retransmit a cancelled HARQ using enhanced Type 3 CB.
Proposal 6:  The PUCCH carrier switching is based on dynamic indication using the scheduling DCI.
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[bookmark: _Ref61435807]Appendix
Agreements from RAN1#104e meeting:
	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 (TBD) 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 >1)  
· FFS: if there is a limit on the maximum deferral given in terms of e.g. k1def <=X or k1+k1def <=X

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



Agreements from RAN1#103e meeting:
	Agreements: In the studies on PUCCH carrier switching for HARQ-ACK, PUCCH carrier switching for different cells operated is considered only for cells that are part of the active UL CA configuration.
Agreements: For the studies on SPS HARQ skipping for skipped SPS PDSCH, the further discussions should focus on the following reduced sets methods:
· ‘NACK skipping’ for (skipped) SPS PDSCH (Alt. 1)
· FFS: details including at least when to skip the HARQ-ACK as well as NACK skipping configuration details (per SPS or group of SPS configurations etc.)
· Note: this alternative assumes inherently no identification of a skipped SPS PDSCH by the UE
· Dynamic indication of skipped SPS PDSCH occasions (Alt. 3)
· FFS: details including dynamic indication methods such as e.g. DCI, MAC CE, specific DM-RS instead of SPS DM-RS, …

Agreements: For the studies on SPS HARQ payload size reduction (of non-skipped SPS PDSCH), the further discussions should focus on the following reduced sets of methods:
1. ACK skipping (NACK-only) (Alt. 1)
0. FFS: Details
1. NACK skipping (ACK-only) (Alt. 2)
1. FFS: Details
1. HARQ bundling / compression (Alt. 3)
2. FFS: Details including HARQ bundling / compression window, bundling / compression technique
1. HARQ-ACK disabling /skipping for certain SPS configurations (Alt. 4)
3. The skipping / disabling is higher-layer configured per SPS configuration
3. FFS: HARQ-ACK skipping behaviour for Type 1 CB




RAN1#102e meeting:
	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:
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
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