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Introduction
In RAN1 #107-e, HARQ-ACK feedback enhancements for enhanced IoT and URLLC were discussed with following agreements:
Agreement
Apply a 1-bit triggering DCI field for triggering indication of one-shot HARQ re-transmission on PUCCH. 
· The triggering DCI with the triggering bit set to ‘1’ is not able to schedule PDSCH. 
· Some unused bit field in the DCI is used to indicate the HARQ slot offset. 
· FFS: if the ‘one-shot HARQ-ACK request’ field can be reused
· FFS: which unsed DCI field in the DCI is used for HARQ slot offset indication
· FFS: The indication of whether the PDSCH is not scheduled will reuse Rel-16 type-3 HARQ ACK CB UE behavior
Agreement
If more than one (M>1) enhanced Type 3 HARQ-ACK codebook is configured and the triggering DCI with the ‘one-shot HARQ-ACK request’ set to ‘1’,
· If the FDRA field is not valid, i.e. all “1s” or all “0s” as per Rel-16, then PDSCH is not scheduled:
. If a new field with N= log2 (M) bits is configured in the triggering DCI, the UE uses this new field to indicate one of M configured e-Type 3 HARQ-ACK CBs
. If the new field is not configured in the triggering DCI, the UE uses the MCS field to indicate one of M configured e-Type 3 HARQ-ACK CBs
· If the FDRA field is valid, then a PDSCH is scheduled
. If a new field with N= log2 (M) bits is configured in the triggering DCI, the UE uses this new field to indicate one of M configured e-Type 3 HARQ-ACK CBs
. If the new field is not configured in the triggering DCI, the UE selects the 1st indexed e-Type 3 HARQ-ACK CB in the M configured e-Type 3 HARQ-ACK CBs
In this contribution, we show our views on the remaining issues on HARQ-ACK enhancements for Rel-17 IoT and URLLC.
SPS HARQ-ACK deferral
(1) SPS HARQ-ACK deferral is configured with PUCCH repetition
In RAN1 #107-e, interaction of SPS HARQ deferral and PUCCH repetition was discussed and two options (i.e. Alt.1 and Alt. 3) were summarized as:
· Alt.1: 
· If the PUCCH format or PUCCH resource in the initial slot has a PUCCH repetition factor larger than 1, the PUCCH repetition for SPS HARQ-ACKs follows the R16 rule without considering the rules of SPS HARQ deferral.
· In case the PUCCH in the initial slot does not have a PUCCH repetition factor larger than 1, the SPS HARQ-ACK deferral rules for the initial slot apply. If the SPS HARQ from the initial PUCCH slot is subject to deferral, the UE proceeds to determine a target PUCCH slot as per the specified R17 SPS HARQ deferral procedure. 
· In case the PUCCH format or PUCCH resource in the target PUCCH slot has a PUCCH repetition factor larger than 1, the >1 repetitions take place starting from the target PUCCH slot using the Rel-16 PUCCH repetition procedure without considering the maximum SPS HARQ deferral limitation after the first PUCCH repetition.
· Alt.3: 
· If the SPS HARQ from the initial PUCCH slot is subject deferral, the UE proceeds to determine a target PUCCH slot as per the specified R17 SPS HARQ deferral procedure. 
· In case the PUCCH format or PUCCH resource in the target PUCCH slot has a PUCCH repetition factor larger than 1, the >1 repetitions take place starting from the target PUCCH slot using the Rel-16 PUCCH repetition procedure without considering the maximum SPS HARQ deferral limitation any further after the first PUCCH repetition.
The difference between Alt.1 and Alt.3 is how to handle the transmission in the initial slot. For Alt.1, PUCCH repetition and SPS deferral will be selected in the initial slot, and only SPS deferral is performed in the target slot. For Alt3, only SPS deferral is performed in both the initial slot and the target slots. We prefer Alt.1 and can accept Alt.3.
Proposal 1: For joint operation of SPS HARQ-ACK deferral and PUCCH repetition, we prefer Alt.1 and can accept Alt.3.

(2) SPS HARQ-ACK deferral is configured with one-shot HARQ-ACK retransmission
In RAN1 #107-e, the simultaneous configuration of one-shot triggering of HARQ re-transmission and SPS deferral was discussed and the following two alternatives were supported:
· Alt. 1: 
· The PUCCH slot with a one-shot triggered HARQ-ACK CB is regarded as a target PUCCH slot for SPS HARQ-ACK deferral with same PHY priority as the PHY priority of the triggered one-shot HARQ-ACK re-transmission.
· The deferred SPS HARQ-ACK in a target slot is appended to the re-transmitted HARQ-ACK CB following the operation of one-shot HARQ-ACK re-transmission. 
· Alt. 2: 
· UE stops the deferral procedure of pending SPS HARQ-ACK with the same PHY priority as PHY priority of the triggered reTx HARQ-ACK CB in that PUCCH slot and that PUCCH slot is not considered as a potential target slot for SPS HARQ-ACK deferral anymore.
In Alt.1 the deferred SPS HARQ-ACK is treated as the normal Type 1/2 HARQ-ACK codebook, SPS HARQ-ACK dropping can be avoided. Therefore, we support Alt.1.
Proposal 2: For joint operation of SPS HARQ-ACK deferral and one-shot HARQ-ACK retransmission, we support Alt.1. 

Enhanced Type 3 HARQ-ACK CB 
In RAN1 #106-e, the following agreement was made:
	Agreement 
For the enhanced Type 3 HARQ-ACK CB of smaller size triggered in a PUCCH slot, the UE is not expecting HARQ-ACK information in a Type 1 or Type 2 HARQ-ACK CB to be transmitted that cannot be mapped to the enhanced Type 3 HARQ-ACK CB of smaller size as the HARQ process is not part of the codebook. 


In RAN1 #107-e, we proposed the agreement should be updated to limit the Type 1 or Type 2 HARQ-ACK CB with the same priority index as the eType 3 HARQ-ACK CB, but the update was objected. Without the limitation on priority, additional clarification is needed when the PUCCH lengths of eType 3 and Type 1/2 are different. One example is shown in Figure 1, a subslot-based HP Type 3 CB is triggered in subslot 1 and a slot-based LP Type 1/2 CB is configured in the same slot (but in subslot 2). Whether the slot-based LP Type 1/2 CB must be mapped to the eType 3 should be clarified, and the following update is proposed: 
· For the enhanced Type 3 HARQ-ACK CB of smaller size triggered in a given PUCCH slot/subslot, the UE is not expecting HARQ-ACK information in a Type 1 or Type 2 HARQ-ACK CB to be transmitted in a PUCCH slot/subslot overlapping with the given PUCCH slot/subslot that cannot be mapped to the enhanced Type 3 HARQ-ACK CB of smaller size as the HARQ process is not part of the codebook.

 
Figure 1: Both a subslot-based HP Type 3 CB and a slot-based LP Type1/2 CB are indicated in one slot 
Proposal 3: Update to the earlier RAN1 agreement on the Type 3 HARQ-ACK CB:
· For the enhanced Type 3 HARQ-ACK CB of smaller size triggered in a given PUCCH slot/subslot, the UE is not expecting HARQ-ACK information in a Type 1 or Type 2 HARQ-ACK CB to be transmitted in a PUCCH slot/subslot overlapping with the given PUCCH slot/subslot that cannot be mapped to the enhanced Type 3 HARQ-ACK CB of smaller size as the HARQ process is not part of the codebook.

One-shot triggering for HARQ-ACK retransmission
Based on the agreement made in RAN1 #107-e, i.e. “The triggering DCI with the triggering bit set to ‘1’ is not able to schedule PDSCH”, it is no need to use FDRA field to indicate the PDSCH is not scheduled for one-shot triggering of HARQ-ACK retransmission. For the other aspects, the triggering DCI design for eType 3 HARQ-ACK CB should be reused as much as possible.
Proposal 4:For triggering indication of one-shot HARQ-ACK retransmission on PUCCH
· The ‘one-shot HARQ-ACK request’ field is reused.
· If the triggering DCI with the triggering bit set to ‘1’, the MCS field is used to indicate HARQ slot offset.
· No need to use FDRA field to indicate the PDSCH is not scheduled.

PUCCH carrier switching
In RAN1 #107-e, the following proposal for the interaction between PUCCH repetition and semi-static PUCCH cell switching was discussed without agreement:
· For semi-static PUCCH cell switching, a PUCCH repetition transmission on a different target PUCCH cell from the PUCCH cell of the first PUCCH repetition is not supported.
· A PUCCH slot mapped to different PUCCH cell is considered as invalid for PUCCH repetition and the PUCCH repetition is dropped.
We can support such proposal for semi-static PUCCH cell switching. According to the Rel-16 PUCCH repetition procedure, if two PUCCHs, carrying HARQ-ACK, are overlapped, the earlier PUCCH repetition is transmitted. To avoid additional enhancements for dynamic indication of PUCCH cell switching, we propose that a UE doesn’t expect receive a DCI indicating a first PUCCH on a first cell starting from a slot that is during the transmission of a second PUCCH repetition bundle, carrying HARQ-ACK, on a second cell. 
Proposal 5: For dynamic indication of PUCCH cell switching, a UE doesn’t expect receive a DCI indicating a first PUCCH on a first cell starting from a slot that is during the transmission of a second PUCCH repetition bundle, carrying HARQ-ACK, on a second cell.
Proposal 6: For semi-static indication of PUCCH cell switching, a PUCCH repetition transmission on a different target PUCCH cell from the PUCCH cell of the first PUCCH repetition is not supported
· A PUCCH slot mapped to different PUCCH cell is considered as invalid for PUCCH repetition and the PUCCH repetition is dropped.
Conclusions
In this contribution, we show our views on the HARQ-ACK enhancements for Rel-17 IoT and URLLC with following proposals:
Proposal 1: For joint operation of SPS HARQ-ACK deferral and PUCCH repetition, we prefer Alt.1 and can accept Alt.3.
Proposal 2: For joint operation of SPS HARQ-ACK deferral and one-shot HARQ-ACK retransmission, we support Alt.1. 
Proposal 3: Update to the earlier RAN1 agreement on the Type 3 HARQ-ACK CB:
· For the enhanced Type 3 HARQ-ACK CB of smaller size triggered in a given PUCCH slot/subslot, the UE is not expecting HARQ-ACK information in a Type 1 or Type 2 HARQ-ACK CB to be transmitted in a PUCCH slot/subslot overlapping with the given PUCCH slot/subslot that cannot be mapped to the enhanced Type 3 HARQ-ACK CB of smaller size as the HARQ process is not part of the codebook.
Proposal 4:For triggering indication of one-shot HARQ-ACK retransmission on PUCCH
· The ‘one-shot HARQ-ACK request’ field is reused.
· If the triggering DCI with the triggering bit set to ‘1’, the MCS field is used to indicate HARQ slot offset.
· No need to use FDRA field to indicate the PDSCH is not scheduled.
Proposal 5: For dynamic indication of PUCCH cell switching, a UE doesn’t expect receive a DCI indicating a first PUCCH on a first cell starting from a slot that is during the transmission of a second PUCCH repetition bundle, carrying HARQ-ACK, on a second cell.
Proposal 6: For semi-static indication of PUCCH cell switching, a PUCCH repetition transmission on a different target PUCCH cell from the PUCCH cell of the first PUCCH repetition is not supported.
· A PUCCH slot mapped to different PUCCH cell is considered as invalid for PUCCH repetition and the PUCCH repetition is dropped.
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