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Introduction
A work item [2] on enhanced IIoT and URLLC has started last RAN#102-e meeting. One of the objectives is identify and specify feedback enhancements for HARQ-ACK. The following agreements were reached regarding the potential enhancements:
	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



In this contribution we discuss solutions on avoiding dropping SPS HARQ-ACK for TDD as well as the support of SPS HARQ-ACK payload size reduction.  
Discussion
In the last RAN1#102-e meeting, it was agreed to support enhancements to avoid SPS HARQ ACK dropping for TDD mode due to PUCCH collision with DL or flexible symbols and detailed solutions were left for further study. Different options were summarized in [1] and the common aspects of the proposed solutions is to provide the UE with additional HARQ-ACK transmission opportunity. HARQ CB type3 can be reused to schedule additional time opportunity for the UE. As opposed to pre-configuring the UE with multiple K1 values for a DL SPS configuration or delaying the HARQ A/N transmission to the next available PUCCH, HARQ CB type 3 can be used to provide more flexibility to the gNB by enabling a dynamic way to provide the timing and the uplink control resource for the HARQ-ACK feedback for the UE. 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. We propose the following:
Proposal 1:  HARQ-ACK codebook type 3 can be used as baseline to schedule the UE to transmit the SPS HARQ-ACK(s) of PUCCH(s) that collide with DL or flexible symbols.

To reduce the payload size of the HARQ-ACK codebook, the UE can send only the HARQ-ACK codebook that was dropped due to PUCCH collision with DL/FL symbols. For example, when the UE is triggered with one shot HARQ-ACK feedback request, the UE can transmit HARQ feedbacks corresponding to the previously dropped PUCCH.
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.

Uplink control information payload, such as HARQ-ACK feedback payload, is expected to increase in some 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. For example, in case of a factory with high number of devices to be served, the UL slots/symbols may not be enough to support all UEs with specific target performance requirements. In that case, reducing the payload of HARQ-ACK feedback is necessary. One of the possible options to reduce the payload could be to delay or skip the HARQ A/N bit(s) transmission for certain SPS PDSCH transmissions. The HARQ-ACK feedback reduction mechanisms should consider the priority associated with the DL SPS transmission. For example, the HARQ A/N bit(s) associated with low latency type of service cannot be delayed. 
Proposal 3:    SPS HARQ-ACK payload size reduction is supported.

SPS HARQ-ACK payload reduction mechanisms can be applied by the UE if UCI payload is above a threshold. The UE can determine which A/N bits to delay based on the DL SPS configured periodicity and the priority associated with SPS PDSCH transmission. For DL SPS with shorter periodicity, delaying ACK/NACK feedback may not be tolerated. 
The delayed HARQ-ACK can be skipped (i.e. not transmitted at all) or requested later by the gNB. To provide additional transmission occasion, one option could be that the gNB requests the delayed HARQ feedback by triggering HARQ-ACK CB type 3 transmission or by requesting only the delayed HARQ feedbacks. 
For skipped SPS PDSCH transmission(s), sending the HARQ-ACK feedback will add unnecessary load on the uplink channels. Therefore, it is desirable to not transmit the NACK in this situation. First, the UE needs to determine if a SPS PDSCH transmission occurred or not. One option could be that the UE can rely on DMRS detection to determine whether a PDSCH is transmitted or not. For example, based on the energy detection of DMRS. Another option could be that the gNB indicates to the UE that an SPS PDSCH transmission is skipped using dynamic signaling.
Proposal 4:    The UE can skip the HARQ-ACK transmission for skipped SPS PDSCH.
Conclusion
In this contribution we discuss our view on avoiding dropping SPS HARQ-ACK for TDD and reduce the HARQ-ACK payload size due to large number of configured DL SPS. The following proposals are made:

Proposal 1:  HARQ-ACK codebook type 3 can be used as baseline to schedule the UE to transmit the SPS HARQ-ACK(s) of PUCCH(s) that collide with DL or flexible symbols.
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:    SPS HARQ-ACK payload size reduction is supported.
Proposal 4:    The UE can skip the HARQ-ACK transmission for skipped SPS PDSCH.

References
[1] [bookmark: _Ref47517724][bookmark: _Ref490232774][bookmark: _Ref490232798][bookmark: _Ref520462121][bookmark: _Ref521506944][bookmark: _Ref528655388][bookmark: _Ref4596411][bookmark: _Ref513201801][bookmark: _Ref174151459][bookmark: _Ref189809556]R1-2007354, “Feature lead summary #4 on HARQ-ACK feedback enhancements for NR Rel-17 URLLC/IIoT (AI 8.3.1.1)”, Nokia.
[2] [bookmark: _Ref47517834]RP-201310, “Revised WID: Enhanced Industrial Internet of Things (IoT) and ultra-reliable and low latency communication (URLLC) support for NR”, Nokia, Nokia Shanghai Bell.
	1/8	
