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Introduction
In RAN1 #106-e, HARQ-ACK feedback enhancements for enhanced IoT and URLLC were discussed with following agreements and working assumption:
Agreement 
For SPS HARQ-ACK deferral, the maximum deferral value in terms of k1+k1def is RRC configured per SPS configuration.
Agreement
For SPS HARQ-ACK deferral, in the target PUCCH slot the deferred SPS HARQ-ACK bits are appended to the initial HARQ bits / Type 1 or Type 2 codebook.
Agreement
For enh. Type 3 HARQ-ACK CB(s), support dynamic selection based on indication in the triggering DCI of one of at least one enh. Type 3 HARQ-ACK CB(s). 
· Each of the at least one enh. Type 3 HARQ-ACK CBs is at least defined by RRC configuration This includes the option to configure all DL HARQ processes of all configured CCs as one enh. Type 3 HARQ-ACK CB (resulting in same structure and size as the Rel-16 Type 3 HARQ-ACK CB)
· This includes UE capability signaling (value range {1…X}) on the maximum number of supported simultaneously configured enh. Type 3 HARQ-ACK CBs that can be dynamically indicated 
· Details including the value of X are FFS
In this contribution, we show our views on the HARQ-ACK enhancements for Rel-17 IoT and URLLC.
SPS HARQ-ACK deferral
(1) SPS HARQ-ACK deferral is configured with PUCCH repetition
If both SPS HARQ-ACK deferral and PUCCH repetition are configured, for a SPS PDSCH reception ending in slot/subslot n, the following three options can be considered:
· Option a: If the first PUCCH occasion is no later than slot/subslot corresponding to the maximum deferral value, a UE transmits the PUCCH as Rel-15/16.
· Option b: If the last PUCCH occasion is no later than slot/subslot corresponding to the maximum deferral value, a UE transmits the PUCCH as Rel-15/16.
· [bookmark: _Hlk78560047]Option c: If the first PUCCH occasion is no later than slot/subslot corresponding to the maximum deferral value, 
· if the last PUCCH occasion is no later than slot/subslot corresponding to the maximum deferral value, a UE transmits the PUCCH as Rel-15/16;
· otherwise, the UE transmits the PUCCH repetition(s) no later than slot/subslot corresponding to the maximum deferral value and cancels the PUCCH repetition(s) after slot/subslot corresponding to the maximum deferral value.
We slightly prefer option c, since the feedback latency can be kept, and the UE can have more PUCCH transmission opportunities.
Proposal 1: When both SPS HARQ-ACK deferral and PUCCH repetition are configured, for a SPS PDSCH reception ending in slot/subslot n, if the first PUCCH occasion is no later than slot/subslot corresponding to the maximum deferral value,
· if the last PUCCH occasion is no later than slot/subslot corresponding to the maximum deferral value, a UE transmits the PUCCH as Rel-15/16;
· otherwise, the UE transmits the PUCCH repetition(s) no later than slot/subslot corresponding to the maximum deferral value and cancels the PUCCH repetition(s) after slot/subslot corresponding to the maximum deferral value.

(2) SPS HARQ-ACK deferral is configured with one-shot HARQ-ACK retransmission
When both SPS HARQ-ACK deferral and one-shot HARQ-ACK retransmission are configured to one UE, the following issues should be discussed:
· Issue 1: As shown in Figure 1, if PUCCH 2 determined to transmit the deferred HARQ-ACK for SPS PDSCH 1 is not transmitted, whether the HARQ-ACK codebook carried by PUCCH 2 can be triggered for one-shot HARQ-ACK retransmission?
	Agreement
For SPS HARQ-ACK deferral, if after the target PUCCH slot determination the deferred SPS HARQ-ACK cannot be transmitted, the deferred SPS HARQ-ACK bits are not further deferred and are dropped.


Since multiple HARQ-ACK bits may be contained in HARQ-ACK codebook 1, we slightly prefer to support the HARQ-ACK codebook, including the HARQ-ACK bits corresponding to the SPS configuration configured with SPS HARQ-ACK deferral, can be triggered for one-shot retransmission. Then the following options can be considered:
· Option A: The whole HARQ-ACK codebook is retransmitted without any modification.
· Option B: The HARQ-ACK bits that exceed the maximum deferral timing are dropped, and other HARQ-ACK bits are retransmitted.
Considering the UE complexity in implementation, option A is preferred.


Figure 1. Example for issue 1
Proposal 2: If the deferred SPS HARQ-ACK is not transmitted in the target PUCCH slot, the deferred SPS HARQ-ACK can be triggered for one-shot HARQ-ACK retransmission.
· The whole HARQ-ACK codebook is retransmitted without dropping the HARQ-ACK bits that exceed the maximum deferral timing.

· Issue 2: As shown in Figure 2, whether the PUCCH resource dynamically indicated for one-shot HARQ-ACK retransmission can be used to determine the target PUCCH slot for SPS HARQ-ACK deferral?
	Agreement
For SPS HARQ-ACK deferral, the target PUCCH slot is defined as the next PUCCH slot where sps-PUCCH-AN-List-r16 or n1PUCCH-AN PUCCH resource is regarded as valid, or a PUCCH resource (from PUCCH-ResourceSet, i.e. DG PDSCH HARQ multiplexed) is dynamically indicated
· The target PUCCH slot determination is based on the total HARQ-ACK payload size including deferred SPS HARQ-ACK information and non-deferred HARQ-ACK information (if any) of a candidate target PUCCH slot
· The final PUCCH resource selection in the target PUCCH slot in terms of PUCCH resource set and PUCCH resource ID follows the Rel-16 procedures.



The following options can be considered to handle the collision of one-shot triggering and SPS HARQ-ACK deferral:
Option 1: The deferred SPS HARQ-ACK and the one-shot HARQ-ACK codebook are multiplexed, same as normal Type-1/Type-2 HARQ-ACK codebook.
Option 2: One-shot HARQ-ACK codebook is retransmitted with no new HARQ-ACK bit, and SPS HARQ-ACK is further deferred.
Option 3: One-shot HARQ-ACK retransmission cannot be triggered in the slot used to determine the target PUCCH slot for SPS HARQ-ACK deferral. 
In our opinion, a DCI triggering one-shot HARQ-ACK retransmission should be treated same as the DCI scheduling DG PDSCH, i.e. option 1 is preferred. Specifically, the target PUCCH slot determination is based on the total HARQ-ACK payload size including deferred SPS HARQ-ACK and one-shot HARQ-ACK codebook, and the PUCCH resource indicated by the PRI in the DCI triggering one-shot HARQ-ACK retransmission shall be used for determining the target PUCCH slot for SPS HARQ-ACK deferral.


Figure 2. Example for issue 2
Proposal 3: A PUCCH resource indicated by the DCI triggering one-shot HARQ-ACK retransmission can be used to determine the target PUCCH slot for SPS HARQ-ACK deferral.

Enhanced Type 3 HARQ-ACK CB 
	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. 


Since the enhanced Type 3 HARQ-ACK CB is transmitted based on the indicated PHY priority in the triggering DCI, the above agreement should be used to limit the Type 1 or Type 2 HARQ-ACK CB with the same priority index as the enhanced Type 3 HARQ-ACK CB.
Proposal 4: For an enhanced Type 3 HARQ-ACK CB triggered in a PUCCH slot, the UE is not expecting HARQ-ACK information in a Type 1 or Type 2 HARQ-ACK CB with the same priority index as the enhanced Type3 HARQ-ACK CB to be transmitted that cannot be mapped to the enhanced Type 3 HARQ-ACK CB.

In order to balance the triggering flexibility and DCI overhead, we support that the subsets triggered by DCI format 1_1 and DCI format 1_2 should be separately configured. Generally, more subsets can be configured for DCI format 1_1, so fewer serving cells/HARQ processes can be contained in the subset to reduce feedback overhead. For DCI format 1_2, smaller bit-field leads smaller number of indicated subsets, more serving cells/HARQ processes need to be contained in the subset . 
Proposal 5: For enhanced Type 3 HARQ-ACK CB, the subsets of serving cells or HARQ processes triggered by DCI format 1_1 and DCI format 1_2 should be separately configured. 

When CBG-based transmission is configured for some serving cells, with appropriate configuration of subsets of configured CCs, gNB can control the size of one enhanced type 3 HARQ-ACK codebook to satisfy the reliability for HP HARQ-ACK transmission. Therefore, we propose that CBG-based HARQ-ACK feedback is supported by enhanced Type 3 HARQ-ACK CB and can be configurable.
In Rel-16, NDI per HARQ process can be reported in a Type 3 HARQ-ACK CB to avoid the ambiguity of NACK-to-ACK error caused by DCI missing. This mechanism should also be supported by enhanced Type 3 HARQ-ACK CB, and gNB can configure it to a UE when enhanced Type 3 HARQ-ACK CB is mainly used for retransmission of cancelled HARQ-ACK.
Proposal 6: CBG-based HARQ-ACK feedback can be configured for enhanced Type 3 HARQ-ACK CB.
Proposal 7: NDI report in enhanced Type 3 HARQ-ACK CB can be configured for enhanced Type 3 HARQ-ACK CB.

In RAN1 #106-e, the following DCI designs were proposed for enhanced Type 3 HARQ-ACK CBs:
· Option 1: There is an N-bit DCI field for triggering included, one state indicating ‘not trigger’ whereas the remaining signaling states can be used to indicated one of up to M different enh. Type 3 CBs. N is defined as N=log2 (M+1).
· Option 2: There is a 1-bit triggering DCI field (as for Rel-16 enh. Type 3 CB). 
· If one a single enh. Type 3 CB is configured (M=1), the triggering DCI can schedule also a PDSCH, which corresponds to Option 1 of Alt. 1 and Alt. 2. 
· If more than one enh. Type 3 CB are configured (i.e. M>1), and DCI field indicates the triggering, the DCI cannot be used to scheduled PDSCH and some unused field (e.g. HARQ ID, PDSCH FDRA,…) is used to indicate the enh. Type 3 CB to be triggered. 
First of all, we support the maximum number of supported enhanced Type 3 HARQ-ACK CBs can be limited to 3. Then, taking the restriction on the maximum number of enhanced Type 3 HARQ-ACK CBs, the size of N-bit DCI field is a small value, e.g. 2.  Therefore, option 1 is preferred for simplicity and no scheduling limitation, and N can be limited to 2.
Proposal 8: A DCI triggering enhanced Type 3 HARQ-ACK CB can also schedule PDSCH transmission. 
Proposal 9: A N-bit DCI field is used for triggering enhanced Type 3 HARQ-ACK CB, and N is up to 2.

One-shot triggering for HARQ-ACK retransmission
(1) PHY priority handling
	Agreement 
Support PHY priority handling for the Rel-17 one-shot triggering (by a DL assignment) of HARQ-ACK re-transmission on a PUCCH resource other than enhanced Type 2 or (enhanced) Type 3 HARQ-ACK CB. 
· The indicated PHY priority in the triggering DCI defines the PHY priority of the PUCCH carrying the re-transmitted HARQ-ACK information.
· The indicated PHY priority in the triggering DCI is used to determine the HARQ-ACK information to be re-transmitted corresponding to the indicated PHY priority. 


Case 1: If both one-shot triggering for HARQ-ACK retransmission and Rel-17 intra-UE multiplexing is configured, whether a PUCCH carrying both HP HARQ-ACK and LP HARQ-ACK can be triggered for one-shot retransmission?
Taking Figure 3 as an example, PUCCH 1 carrying LP HARQ-ACK overlaps with PUCCH 2 carrying HP HARQ-ACK in slot n, and PUCCH 3 is used for multiplexing of LP and HP HARQ-ACK. If PUCCH 3 is cancelled for inter-UE prioritization, and if PUCCH 3 cannot be triggered for one-shot retransmission, the transmission loss can be expected. Therefore, we slightly prefer a PUCCH carrying both HP HARQ-ACK and LP HARQ-ACK can be triggered for one-shot retransmission


[bookmark: _GoBack]Figure 3. One-shot HARQ-ACK triggering for the slot supporting R17 intra-UE multiplexing
Case 2: Whether an initial HARQ-ACK transmission and a one-shot HARQ-ACK retransmission with the same priority index cannot be triggered in one slot?
One-shot HARQ-ACK retransmission is dynamically triggered by gNB, we slightly prefer gNB can avoid such collision to avoid the complexity.
Proposal 10: If both one-shot triggering for HARQ-ACK retransmission and Rel-17 intra-UE multiplexing is configured, a PUCCH carrying both HP HARQ-ACK and LP HARQ-ACK can be triggered for one-shot retransmission.
Proposal 11: A UE doesn’t expect that an initial HARQ-ACK transmission and a one-shot HARQ-ACK retransmission with the same priority index are triggered in one slot.

(2) DCI design 
In RAN1 #106-e, the following DCI designs were proposed for one-shot triggering of HARQ-ACK retransmission:
· Option 1: A N-bit DCI field is introduced to indicate the PUCCH occasion to be retransmitted, and the DCI can also schedule PDSCH transmission.
· Option 2: 1-bit DCI field is used to support the triggering indication. If one-shot HARQ-ACK retransmission is triggered, no PDSCH is scheduled and some other DCI field is used to indicate the PUCCH occasion to be retransmitted.
Generally, we think it is no need to configure both (enhanced) Type 3 HARQ-ACK CB and one-shot triggering of HARQ-ACK retransmission to one UE simultaneously. And then, the DCI overhead for triggering enhanced Type 3 HARQ-ACK CB can be kept the same as DCI overhead of triggering one-shot HARQ-ACK retransmission. Therefore, we support a 2-bit DCI field is used for triggering one-shot HARQ-ACK retransmission.
Proposal 12: One-shot triggering for HARQ-ACK retransmission is no need to be configured with Type-3 or enhanced Type-3 HARQ-ACK CB simultaneously.
Proposal 13: A N-bit DCI field is used for triggering HARQ-ACK retransmission, and N is up to 2.

(3) PUCCH offset 
In RAN1 #106-e, the following options were proposed to determine the PUCCH slot of HARQ-ACK CB to be retransmitted:
· Alt. 1: the PUCCH slot offset defines the offset between the triggering DCI and the PUCCH slot of the HARQ-ACK codebook to be re-transmitted.
· Alt. 2: the PUCCH slot offset defines the offset between the new PUCCH slot for transmission and the PUCCH slot of the HARQ-ACK codebook to be re-transmitted.
We think that with a limited number of offset values,  Alt.1 may lead to less scheduling limitation for gNB, because it may be more easily for gNB to find an appropriate PDCCH occasion than to determine an appropriate PUCCH occasion in a TDD serving cell.
Proposal 14: The PUCCH slot offset defines the offset between the triggering DCI and the PUCCH slot of the HARQ-ACK codebook to be re-transmitted.
Conclusions
In this contribution, we show our views on the HARQ-ACK enhancements for Rel-17 IoT and URLLC with following proposals:
Proposal 1: When both SPS HARQ-ACK deferral and PUCCH repetition are configured, for a SPS PDSCH reception ending in slot/subslot n, if the first PUCCH occasion is no later than slot/subslot corresponding to the maximum deferral value,
· if the last PUCCH occasion is no later than slot/subslot corresponding to the maximum deferral value, a UE transmits the PUCCH as Rel-15/16;
· otherwise, the UE transmits the PUCCH repetition(s) no later than slot/subslot corresponding to the maximum deferral value and cancels the PUCCH repetition(s) after slot/subslot corresponding to the maximum deferral value.
Proposal 2: If the deferred SPS HARQ-ACK is not transmitted in the target PUCCH slot, the deferred SPS HARQ-ACK can be triggered for one-shot HARQ-ACK retransmission.
· The whole HARQ-ACK codebook is retransmitted without dropping the HARQ-ACK bits that exceed the maximum deferral timing.
Proposal 3: One-shot HARQ-ACK retransmission can be triggered in the slot used to determine the target PUCCH slot for SPS HARQ-ACK deferral.
Proposal 4: For an enhanced Type 3 HARQ-ACK CB triggered in a PUCCH slot, the UE is not expecting HARQ-ACK information in a Type 1 or Type 2 HARQ-ACK CB with the same priority index as the enhanced Type3 HARQ-ACK CB to be transmitted that cannot be mapped to the enhanced Type 3 HARQ-ACK CB.
Proposal 5: For enhanced Type 3 HARQ-ACK CB, the subsets of serving cells or HARQ processes triggered by DCI format 1_1 and DCI format 1_2 should be separately configured. 
Proposal 6: CBG-based HARQ-ACK feedback can be configured for enhanced Type 3 HARQ-ACK CB.
Proposal 7: NDI report in enhanced Type 3 HARQ-ACK CB can be configured for enhanced Type 3 HARQ-ACK CB.
Proposal 8: A DCI triggering enhanced Type 3 HARQ-ACK CB can also schedule PDSCH transmission. 
Proposal 9: A N-bit DCI field is used for triggering enhanced Type 3 HARQ-ACK CB, and N is up to 2.
Proposal 10: If both one-shot triggering for HARQ-ACK retransmission and Rel-17 intra-UE multiplexing is configured, a PUCCH carrying both HP HARQ-ACK and LP HARQ-ACK cannot be triggered for one-shot retransmission.
Proposal 11: A UE doesn’t expect that an initial HARQ-ACK transmission and a one-shot HARQ-ACK retransmission with the same priority index are triggered in one slot.
Proposal 12: One-shot triggering for HARQ-ACK retransmission is no need to be configured with Type-3 or enhanced Type-3 HARQ-ACK CB simultaneously.
Proposal 13: A N-bit DCI field is used for triggering HARQ-ACK retransmission, and N is up to 2.
Proposal 14: The PUCCH slot offset defines the offset between the triggering DCI and the PUCCH slot of the HARQ-ACK codebook to be re-transmitted.
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