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Introduction
In RAN1 #104e, HARQ-ACK feedback enhancements for enhanced IoT and URLLC were discussed with following agreements:
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 show our views on the HARQ-ACK enhancements for Rel-17 IoT and URLLC.
Discussion
Retransmission of Cancelled HARQ-ACK 
In RAN1 #104b-e, the following methods were proposed to retransmit the cancelled HARQ-ACK:
· 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 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, …)
· The codebook construction uses HARQ processes as a bases (i.e. ordered according to HARQ-IDs and serving cells)
For enhanced type 3 CB , a new HARQ-ACK codebook should be generated for HARQ-ACK retransmission. Redundant HARQ-ACK bits will be transmitted together with the cancelled HARQ-ACK, especially when multiple HARQ processes and/or serving cells are configured to the UE. To reduce the redundant HARQ-ACK bits, we support the following enhancements:
1) Multiple subsets of cells can be semi-statically configured by high layer signaling, and DCI indicates one subset for HARQ-ACK feedback.
2) Enhanced Type 3 CB includes the SPS HARQ-ACKs corresponding to the DL SPS HARQs within a predefined window which references to the reception of DCI.  One example is shown in Figure 1, the feedback window is predefined as 5 slots. A DCI in slot n triggers an enhanced Type 3 CB including the HARQ-ACK corresponding to the slot n-5 to slot n-1. This method is available to transmit the SPS HARQ-ACK dropped in R16. It can be an alternative to deferral of SPS HARQ-ACK.


Figure 1. An enhanced Type 3 CB
Proposal 1: The following enhancements can be supported to reduce the payload of Type 3 HARQ-ACK codebook:
· Multiple subsets of cells can be semi-statically configured by high layer signaling, and DCI indicates one subset for HARQ-ACK feedback.
· Enhanced Type 3 CB includes the HARQ-ACKs corresponding to the DL HARQs within a predefined window which references to the reception of DCI.
· One-shot triggering of dropped HARQ-ACK 
· The UE is provided a trigger and a PUSCH/PUCCH resource to transmit the dropped HARQ-ACK.
The cancelled HARQ-ACK codebook with/without other UCI can be directly retransmitted on a new resource. No redundant HARQ-ACK bits exists.  For PUSCH transmission, UCI with small payload transmission in PUSCH without UL-SCH needs to be studied. For PUCCH transmission, PUCCH resource in another slot can be directly configured for UCI retransmission. Compared with PUCCH transmission, PUSCH transmission is inefficient due to not supporting multiple user multiplexing and less reliable due to the channel structure. From the perspective of efficiency and complexity, we suggest that a PUCCH is triggered to retransmit the dropped HARQ-ACK.
HARQ-ACK retransmission can be automatically, similar as SPS deferral. If LP HARQ-ACK is deprioritized, then it defers to the first available uplink slot. HARQ-ACK retransmission can also be triggered by a DCI. We support dynamic triggering based HARQ-ACK retransmission.
In addition, the following options were proposed to identify the dropped HARQ-ACK that is to be retransmitted:
1) Option 1: the last dropped PUCCH occasion is to be re-transmitted 
2) Option 2: dynamic indication of the PUCCH occasion that is to be re-transmitted
3) Option 3: based on a timing window of the PUCCH occasion(s) that is/are to be re-transmitted
We support option 2, and both the explicit and implicit indication can be considered: 
· X-bit explicit indication to trigger the PUCCH occasion that is to be re-transmitted; or
· A DCI, indicating a given HARQ process which is included into the dropped HARQ ACK codebook without NDI toggle, triggers a retransmission of the dropped HARQ ACK codebook, as shown in Figure 2. A LP PUCCH, including the HARQ-ACK for HARQ process X, is cancelled by a HP PUCCH. UE receives a DCI indicating HARQ process X without NDI toggle, then LP PUCCH should be retransmitted based on the PRI and k1 indicated by the DCI.


Figure 2. Implicit indication of dropped HARQ-ACK
Proposal 2: One-shot triggering of dropped HARQ-ACK should be supported.
Proposal 3: Dynamic indication of the PUCCH occasion that is to be retransmitted should be supported.
PUCCH carrier switching
The use case for PUCCH carrier switching is very limited, i.e. inter-band carrier aggregation with different UL/DL configurations. Therefore, both the specification modification and implementation complexity should be minimized or deprioritized. We do not prefer Alt.1A and Alt.2B proposed in RAN1 #104b, since much more complexity can be expected by using semi-static rules.
Proposal 4: If PUCCH carrier switching is to be supported, only a simple solution to determine PUCCH carrier can be considered. 
Conclusions
[bookmark: _GoBack]In this contribution, we show our views on the HARQ-ACK enhancements for Rel-17 IoT and URLLC with following proposals:
Proposal 1: The following enhancements can be supported to reduce the payload of Type 3 HARQ-ACK codebook:
· Multiple subsets of cells can be semi-statically configured by high layer signaling, and DCI indicates one subset for HARQ-ACK feedback.
· Enhanced Type 3 CB includes the HARQ-ACKs corresponding to the DL HARQs within a predefined window which references to the reception of DCI.
Proposal 2: One-shot triggering of dropped HARQ-ACK should be supported.
Proposal 3: Dynamic indication of the PUCCH occasion that is to be retransmitted should be supported.
Proposal 4: If PUCCH carrier switching is to be supported, only a simple solution to determine PUCCH carrier can be considered. 
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