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1 Introduction
RAN1 continually discussed potential issues related on HARQ-ACK enhancements. In this contribution, we provide our views on HARQ-ACK enhancements for URLLC/IIoT. 

2 [bookmark: OLE_LINK71][bookmark: OLE_LINK72]Discussion on HARQ-ACK Enhancements
[bookmark: OLE_LINK69]Issue 1: Retransmission of cancelled HARQ
In the RAN1#104-e meeting, RAN1 discussed how to re-transmit cancelled HARQ-ACK information and three options are categorized as follows. 
	R1-2101818 [1]
· One-shot triggering of Enhanced Type 3 CB: 
· The codebook size of a single triggered enhanced Type 3 HARQ-ACK codebook is not flexible, but at least determined by RRC configuration or activation
· this would still include RRC configuration of sub-set of HARQ processes & / serving cells, only activated serving cells, SPS HARQ-ACK of SPS configuatoins or a subset of RRC configured or activated SPS configurations, …
· this may include dynamic DCI indication of triggering one of M applicable enhanced Type 3 CBs (combination of RRC configuration and DCI indication, e.g. different subset of cells / HARQ processes, SPS HARQ only, …)
· .. but this would not include: dynamic payload size optimization based on the number of (actually) dropped SPS HARQ-ACK (incl. time domain window, etc.)
· One-shot triggering of a ‘Type 4’ CB: 
· The codebook construction uses HARQ processes as a bases (i.e. ordered according to HARQ-IDs and serving cells) but the size of the codebook is NOT given by RRC configuration and/or activation
· This allows the transmission of any dropped HARQ-ACK (SPS / DG PDSCH, with or without time domain window, etc.), as long as the bits in the codebook follow the Type 3 principle using ordering according to HARQ-ID and serving cell
· this would not allow re-transmission triggering of dropped HARQ-ACK using the same codebook as initially intended 
· One-shot triggering of dropped HARQ-ACK: 
· The UE is provided a trigger and a PUSCH/PUCCH resource to transmit the dropped HARQ-ACK.
This may or may not include in addition some time windowing


The first option is to keep properties of the Type-3 HARQ-ACK CB as much as possible and to enhance some critical points, including Type-3 HARQ-ACK CB size reduction. To reduce the Type-3 HARQ-ACK CB size, some of HARQ process numbers are configured by RRC or indicated by a DCI format triggering the Type-3 HARQ-ACK CB, but the Type-3 HARQ-ACK size is independent to any dynamic cancellation (i.e., the Type-3 HARQ-ACK includes HARQ-ACK information corresponding to the configured/indicated HARQ process numbers). 
Contrary to the first option, the second potion is to introduce a new Type of HARQ-ACK CB, namely Type-4 HARQ-ACK CB, for supporting retransmission of cancelled HARQ-ACK only. The new type of HARQ-ACK CB includes cancelled HARQ-ACK (for SPS PDSCH and/or DG PDSCH). The advantage of the second option is that the size of the new type of HARQ-ACK CB can be smaller than that of Type-3 HARQ-ACK CB, so that reliability of the new type of HARQ-ACK can be better than that of Type-3 HARQ-ACK CB. However, if a UE misses a DCI format related cancelling HARQ-ACK information, then it may occur a potential ambiguity between the UE and gNB on the size of Type-4 HARQ-ACK CB. 
The third option is still unclear how to trigger, how to indicate PUSCH/PUSCH resource, or how to determine the dropped HARQ-ACK information. 
 Based on the discussion above, we propose to support the first option for retransmission of the cancelled HARQ-ACK information. 
· Proposal 1: Support one-shot triggering of enhanced Type-3 HARQ-ACK CB. 
· Further discuss how to configure/indicate HARQ process numbers. 

If one-shot HARQ-ACK CB is used for Rel-17 URLLC/IIoT, the following points should be further enhanced. 
Determination of Type-3 CB priority: In Rel-16 URLLC, PUCCH configurations with two priorities are introduced. Since Type-3 HARQ-ACK CB contains HARQ-ACK information of all HPNs across cells, the Type-3 HARQ-ACK CB may contain both low-priority HARQ-ACK information and high-priority HARQ-ACK information. In this case, the priority of Type-3 HARQ-ACK CB should be defined in Rel-17. Since Type-3 HARQ-ACK CB is triggered by a DCI format, the DCI format can indicate priority of Type-3 HARQ-ACK CB. 
Support of DCI format 1_2 triggering Type-3 CB: Type-3 CB can be triggered by DCI format 1_1, but it cannot be triggered by DCI format 1_2. That is, DCI format 1_1 includes 1-bit one-shot HARQ-ACK request field if pdsch-HARQ-ACK-OneShotFeedback-r16 by higher layer is configured, but DCI format 1_2 does not have this field. Considering that DCI format 1_2 is an attractive solution to provide high PDCCH reliability, it is required to trigger Type-3 CB by DCI format 1_2. 
Inclusion of HARQ-ACK of SPS release DCI: Another problem of Type-3 HARQ-ACK CB is that it does not allow to multiplex HARQ-ACK for SPS release DCI in Type-3 HARQ-ACK codebook. The Type-3 HARQ-ACK codebook includes HARQ-ACK information for all HARQ process numbers. However, since SPS release DCI does not have HARQ process number, its associated HARQ-ACK(s) cannot be multiplexed. Therefore, even if Type-3 HARQ-ACK CB is used to re-send the dropped HARQ-ACK, the HARQ-ACK for SPS release DCI is still dropped.
· Proposal 2: One-shot HARQ-ACK codebook is used for retransmission of cancelled HARQ-ACK information and the following aspects should be further enhanced.
· Determination of Type-3 HARQ-ACK CB priority, Support of DCI format 1_2 triggering Type-3 HARQ-ACK CB, and inclusion of HARQ-ACK associated with SPS release DCI.


Issue 2: Dynamic PUCCH carrier switching
	Agreements: [2] 
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


There was a long discussion in the last several RAN1 meetings on whether or not to support dynamic PUCCH carrier switching and, if supported, how to change PUCCH carrier dynamically. The reason why the proponents support dynamic PUCCH carrier switching seems to be valid in case that two cells have different TDD configurations. For example, if a PUCCH transmission carrying HARQ-ACK information collides DL symbols/slots in Pcell/PScell, the UE can transmit the PUCCH in Scell by using the dynamic PUCCH carrier switching, which can reduce HARQ-ACK feedback latency due to TDD configuration for IIoT/URLLC service. 
Among the three alternatives, Alt 1 (dynamic indication in DCI) can provide maximal flexibility, but it requires more specification impacts on DCI format design. It is not applicable not only to a PUCCH without corresponding DCI format, e.g., PUCCH carrying SPS HARQ-ACK information, but also to a DCI format 1_0 in which the dynamic indication cannot be added. In addition, if Pcell/PScell has UL symbols/slots enough to transmit a PUCCH, it would be unnecessary to dynamically change to transmit the PUCCH on Scell so that semi-static rule (Alt 2B) or semi-static pattern configuration (Alt 2C) can provide the same flexibility. In other words, the dynamic indication in DCI is useful only when both Pcell/PScell and Scell have UL symbols/slots to transmit a PUCCH, but the UL symbols/slots in Pcell/PScell occupies for other transmission and the UL symbols/slots in Scell is available. Such a PUCCH offloading is not an intended objective in IIoT/URLLC service.
Alt 2B (semi-static rule) and Alt 2C (semi-static time pattern configuration) can address some drawbacks in Alt 1, such as applicability of PUCCH without corresponding DCI format and DCI format 1_0. Between two alternatives, Alt 2C may provide less specification impacts and a clear solution. For example, in Alt 2B, a UE misses the last DCI format changing PRI to indicate Scell for PUCCH transmission, then the UE may transmit PUCCH on Pcell/PScell but a gNB expects to receive the PUCCH on Scell. However, in Alt 2C, the gNB can configure a time pattern for PUCCH carrier so that the gNB only receive the PUCCH on the cell according to the time pattern. Therefore, the ambiguity which carrier is used for PUCCH transmission is not an issue in Alt 2C. 
· Proposal 3: If dynamic PUCCH carrier switching is supported, Alt 2C is preferred in terms of PUCCH carrier ambiguity. 

3 Conclusion
In this contribution, we discussed HARQ-ACK enhancements for URLLC/IIoT. The followings are proposed: 
· Proposal 1: Support one-shot triggering of enhanced Type-3 HARQ-ACK CB. 
· Further discuss how to configure/indicate HARQ process numbers. 
· Proposal 2: One-shot HARQ-ACK codebook is used for retransmission of cancelled HARQ-ACK information and the following aspects should be further enhanced.
· Determination of Type-3 HARQ-ACK CB priority, Support of DCI format 1_2 triggering Type-3 HARQ-ACK CB, and inclusion of HARQ-ACK associated with SPS release DCI.
· Proposal 3: If dynamic PUCCH carrier switching is supported, Alt 2C is preferred in terms of PUCCH carrier ambiguity. 
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