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[bookmark: _Ref521334010]Introduction
At the RAN1#103-e meeting, several HARQ-ACK feedback enhancements were discussed and the following agreements were reached.
Agreements: To address the issue of SPS HARQ-ACK dropping for TDD systems, focus on the following two options: 
· Option 1: Deferring HARQ-ACK until a next (e.g., first) available PUCCH
· FFS: Details including the definition of a next (e.g, first) available PUCCH, CB construction / multiplexing 
· Option 2: Dynamic triggering of a one-shot / Type-3 CB type of re-transmission
· FFS: Details on triggering and/or CB construction (incl. potential Type-3 CB optimizations) / multiplexing 
Agreements: In the studies on PUCCH carrier switching for HARQ-ACK, PUCCH carrier switching for different cells operated is considered only for cells that are part of the active UL CA configuration.
Agreements: For the studies on SPS HARQ skipping for skipped SPS PDSCH, the further discussions should focus on the following reduced sets methods:
· ‘NACK skipping’ for (skipped) SPS PDSCH (Alt. 1)
· FFS: details including at least when to skip the HARQ-ACK as well as NACK skipping configuration details (per SPS or group of SPS configurations etc.)
· Note: this alternative assumes inherently no identification of a skipped SPS PDSCH by the UE
· Dynamic indication of skipped SPS PDSCH occasions (Alt. 3)
· FFS: details including dynamic indication methods such as e.g. DCI, MAC CE, specific DM-RS instead of SPS DM-RS, …
Agreements: For the studies on SPS HARQ payload size reduction (of non-skipped SPS PDSCH), the further discussions should focus on the following reduced sets of methods:
1. ACK skipping (NACK-only) (Alt. 1)
0. FFS: Details
1. NACK skipping (ACK-only) (Alt. 2)
1. FFS: Details
1. HARQ bundling / compression (Alt. 3)
2. FFS: Details including HARQ bundling / compression window, bundling / compression technique
1. HARQ-ACK disabling /skipping for certain SPS configurations (Alt. 4)
3. The skipping / disabling is higher-layer configured per SPS configuration
3. FFS: HARQ-ACK skipping behaviour for Type 1 CB
In this contribution, we give our considerations for potential UE HARQ-ACK feedback enhancements for URLLC.
Discussion
HARQ-ACK feedback enhancements for TDD DL SPS
It was agreed that two options can be considered for SPS HARQ-ACK dropping for TDD system:
· Option 1: Deferring HARQ-ACK until a next (e.g., first) available PUCCH
· FFS: Details including the definition of a next (e.g, first) available PUCCH, CB construction / multiplexing 
· Option 2: Dynamic triggering of a one-shot / Type-3 CB type of re-transmission
· FFS: Details on triggering and/or CB construction (incl. potential Type-3 CB optimizations) / multiplexing 
Conditions for SPS HARQ-ACK delay
If PUCCH for SPS HARQ-ACK is not available in a slot/sub-slot and there is a dynamically scheduled PUCCH for HARQ-ACK which is available in the same slot/sub-slot, it needs to be considered whether the SPS HARQ-ACK should be delayed or multiplexed with dynamic HARQ-ACK.


[bookmark: _Ref61620925]Figure 1: whether HARQ-ACK for SPS PDSCH in slot n can be transmitted in PUCCH resource B?
As shown in Figure 1, the PUCCH resource for SPS HARQ-ACK in slot n+2 (PUCCH resource A) collides with semi-static DL symbols and there is a dynamically scheduled PUCCH resource B in the same slot. If SPS HARQ-ACKs are supposed to be multiplexed with the dynamic HARQ-ACKs in slot n+2, there may be misalignment between gNB and UE on the HARQ-ACK transmission in slot n+2 and subsequent slot(s) if UE missed the DCI scheduling the PUCCH. To be more specific, if the DCI for the dynamic HARQ-ACK is missed by the UE, UE would delay SPS HARQ-ACK to a later slot to multiplex in another HARQ-ACK codebook, while gNB considers the SPS HARQ-ACK(s) are multiplexed with the dynamic HARQ-ACK.
In order to ensure gNB and UE to have the same understanding on the HARQ-ACK codebook in both original and delayed slots for SPS HARQ-ACK, an unified solution for the cases with and without dynamic HARQ-ACK should be applied. Hence it is proposed that whether SPS HARQ-ACK should be delayed is determined based on the PUCCH resource for SPS HARQ-ACK only regardless of whether there are HARQ-ACK(s) corresponding to dynamic PDSCH and/or SPS PDSCH release to be transmitted in the same slot/sub-slot.
Proposal 1: Whether SPS HARQ-ACK should be delayed is determined based on the PUCCH resource for SPS HARQ-ACK only regardless of whether there are HARQ-ACK(s) corresponding to dynamic PDSCH and/or SPS PDSCH release to be transmitted in the same slot/sub-slot.
Another issue should be considered is that which PUCCH resource for SPS PDSCH only feedback should be used to determine the next available PUCCH resource when there are initial SPS HARQ-ACK(s) in a slot. The following options can be considered:
· Option 1: The PUCCH resource used for delayed SPS HARQ-ACK only is used to determine the next available PUCCH resource
· Option 2: The PUCCH resource used for both initial and all delayed SPS HARQ-ACK is used to determine the next available PUCCH resource


[bookmark: _Ref61892680]Figure 2 : Whether PUCCH resource A or B to determine the next available PUCCH resource?
As shown in Figure 2, HARQ-ACK for SPS PDSCH-1 in slot n is indicated to be transmitted in slot n+2 which is a downlink slot. Hence HARQ-ACK for SPS PDSCH-1 in slot n should be delayed. In slot n+3, the PUCCH resource A is determined by HARQ-ACK of SPS PDSCH-1 in slot n only, and PUCCH resource B is determined by the total number of bits for HARQ-ACKs of SPS PDSCH-1 in slot n and slot n+1 and HARQ-ACK of SPS PDSCH-2 in slot n+1. Whether PUCCH resource A or B should be used to determine the next available PUCCH resource should be considered.
For option 1, out of order issue may exist. Assuming there is a first SPS HARQ-ACK in a slot which is delayed to a later slot in which there is a second initial SPS HARQ-ACK, the PUCCH resource used for the first SPS HARQ-ACK only is unavailable but the PUCCH resource used for the second initial SPS HARQ-ACK only is available, then the first SPS HARQ-ACK should be further delayed. Then there is out of order issue between the second initial SPS HARQ-ACK and the first SPS HARQ-ACK, since the SPS PDSCH corresponding to the first SPS HARQ-ACK is earlier than the SPS PDSCH corresponding to the second initial SPS HARQ-ACK, while the first SPS HARQ-ACK is later than the second initial SPS HARQ-ACK.
For option 2, if the PUCCH resource used for multiplexing the initial and all delayed SPS HARQ-ACK is unavailable, all HARQ-ACKs should be further delayed to avoid the out of order issue of partial delay. However, the available PUCCH resource is determined based on the total number of bits of all delayed SPS HARQ-ACK and initial SPS HARQ-ACK in a slot, then there is a circular issue since the total number of bits of all delayed SPS HARQ-ACK should be determined based on whether there is available PUCCH resource for corresponding SPS HARQ-ACKs. UE needs to maintain a record of delay status from the beginning of SPS activation; otherwise UE cannot determine the available PUCCH resource.
Both of the options should be further discussed and considered.
Proposal 2: FFS which PUCCH resource should be used to determine the next available PUCCH resource when there is initial SPS HARQ-ACK in a slot with the following options:
· Option 1: The PUCCH resource used for delayed SPS HARQ-ACK only is used to determine the next available PUCCH resource
· Option 2: The PUCCH resource used for both initial and all delayed SPS HARQ-ACK is used to determine the next available PUCCH resource
[bookmark: OLE_LINK6][bookmark: OLE_LINK7]The next issue to determine a next available PUCCH is that whether semi-static flexible symbols that are not SS/PBCH block symbols can be included in the next available PUCCH for postponing. Two options can be considered as below:
· Option 1: A next available PUCCH can include semi-static uplink and semi-static flexible symbols that are not SS/PBCH block symbols
· Option 1-1: semi-static flexible symbol(s) that are not SS/PBCH block symbols are used as valid PUCCH resource for postponing only if there is no conflicting dynamic DL scheduling and/or SFI indicates the semi-static flexible symbol(s) as uplink symbol(s)
· Option 1-2: semi-static flexible symbol(s) can always be used as next available PUCCH for postponing
· Option 2: A next available PUCCH for postponing includes semi-static uplink symbol(s) only


[bookmark: _Ref61625042]Figure 3 : Different options to determine the next available PUCCH
For option 1-1, there might be misalignment between gNB and UE in terms of the next available PUCCH resource when the DL scheduling DCI and/or SFI is missed by the UE. As shown in Figure 3 (option 1-1), if a dynamic PDSCH overlaps with SPS PUCCH in flexible symbols in slot n+3, the HARQ-ACK for SPS PDSCH in slot n and slot n+1 would be delayed to slot n+4; otherwise HARQ-ACK for SPS PDSCH in slot n would be delayed to slot n+3.
For option 1-2, the PUCCH resource in the first available slot/sub-slot may include semi-static flexible symbol(s) which cannot be used for uplink transmission based on DL scheduling and/or SFI. If only SPS HARQ-ACK shall be reported in the slot/sub-slot, the current rule for dropping a semi-static PUCCH can be used, i.e. when the PUCCH collides with dynamically scheduled DL transmission or SFI indicates the semi-static flexible symbol(s) as flexible, such PUCCH is dropped in the slot/sub-slot. If there is HARQ-ACK feedback for dynamic PDSCH, HARQ-ACKs for SPS PDSCH and dynamic PDSCH are multiplexed in the PUCCH resource indicated by PRI in DL scheduling DCI, which should not collide with DL or flexible symbol(s) that cannot be used for UL transmission. As shown in Figure 3 (option 1-2), if a dynamic PDSCH overlaps with SPS PUCCH in flexible symbols in slot n+3, the HARQ-ACK for SPS PDSCH in slot n and slot n+1 would be dropped if there is no dynamic HARQ-ACK transmitted in slot n+3.
For option 2, there will be larger latency compared with option 1. As shown in Figure 3 (option 2), the HARQ-ACK for SPS PDSCH in slot n and slot n+1 would be delayed to slot n+4.
Comparing the above options, option 1-2 is preferred since the latency is smaller compared with the other options and it follows the same mechanism as for slot determination for PUCCH repetition. Hence, it is proposed that semi-static flexible symbol(s) and semi-static uplink symbol(s) can be included in next available PUCCH for postponing. HARQ-ACK for SPS PDSCH colliding with semi-static DL symbol(s) or SSB symbols is delayed to an earliest subsequent slot/sub-slot with the PUCCH symbol allocation for SPS only feedback within the slot/sub-slot which does not collide with semi-static DL symbol(s) or SSB symbols.
Proposal 3: If PUCCH for SPS HARQ-ACK collides with semi-static DL symbol(s) or SSB symbols, the SPS HARQ-ACK feedback can be delayed to an earliest subsequent slot/sub-slot with a PUCCH symbol allocation for SPS only feedback within the slot/sub-slot which does not collide with semi-static DL symbol(s) or SSB symbols.
Required range for SPS HARQ-ACK delay 
For Type 1 HARQ-ACK codebook, existing mechanism for codebook construction can be reused. One issue for the above delay method is, when HARQ-ACK of one SPS PDSCH is delayed to a new slot/sub-slot, there may be no position of HARQ-ACK of SPS PDSCH in HARQ-ACK codebook determined based on the K1 set. As shown in Figure 4, HARQ-ACK of SPS PDSCH in slot n is delayed to slot n+3, while HARQ-ACK codebook in slot n+3 with K1 set as {1, 2} just contains HARQ-ACK positions for PDSCH transmission in slot n+1 and slot n+2, which means UE needs to add additional HARQ-ACK bits for delayed SPS PDSCH in slot n+3. 
	


[bookmark: _Ref54027135][bookmark: OLE_LINK8][bookmark: OLE_LINK9]Figure 4: multiplexed HARQ-ACK feedback when delayed to the first available slot/sub-slot
For Type 2 HARQ-ACK codebook, similar issue also exists since the delayed HARQ-ACK is not considered in HARQ-ACK codebook.
To resolve the issue for delay SPS HARQ-ACK, the following options can be considered:
· Option 1: Enhance HARQ-ACK codebook to included delayed SPS HARQ-ACK in the codebook
· Option 2: SPS HARQ-ACK is delayed to a slot/sub-slot included in configured K1 set
For option 1, the current HARQ-ACK codebook scheme should be modified by adding HARQ-ACK feedback bits for SPS PDSCH with delayed HARQ-ACK in current slot/sub-slot, some specification efforts are expected. For option 2, the delay of SPS HARQ-ACK must be limited in the range of K1 set, if there is no valid PUCCH resource in the delayed range, the SPS HARQ-ACK should be dropped. From the perspective of simplicity, option 2 is slightly preferred.
Proposal 4: SPS HARQ-ACK can only be delayed to a slot/sub-slot included in configured K1 set, otherwise the SPS HARQ-ACK should be dropped.
Details for one-shot codebook type for SPS HARQ-ACK re-transmission
One-shot codebook was introduced in NR-U to support HARQ-ACK retransmission. It can be considered to be reused for HARQ-ACK feedback of SPS PDSCH in case the TDD collision happens. To reduce the codebook size, only HARQ processes for SPS PDSCHs can be considered in one-shot codebook. For example, when one-shot codebook is configured, an additional RRC parameter can be used to configure whether HARQ-ACK for all HARQ processes or for only HARQ processes of SPS PDSCHs are included in the one-shot codebook.
Proposal 5: One-shot codebook type can be used for SPS HARQ-ACK re-transmission, and one-shot codebook can be configured to include HARQ-ACK for HARQ processes of SPS PDSCHs only.
Enhancement for sub-slot based Type-1 HARQ-ACK CB
It was agreed that sub-slot based Type-1 HARQ-ACK codebook was not supported in Rel-16. Considering that Type-1 HARQ-ACK codebook could achieve more robust HARQ-ACK feedback, sub-slot based Type-1 HARQ-ACK codebook should be supported in Rel-17. 
[bookmark: OLE_LINK259][bookmark: OLE_LINK260]The general idea to support sub-slot based Type-1 HARQ-ACK codebook is that find all the PDSCH occasions based on the boundary of UL sub-slot so that the redundant HARQ-ACK bit(s) can be removed and all the PDSCH occasions can be included, where a PDSCH occasion is associated with a UL sub-slot if the end of the PDSCH overlaps with the UL sub-slot.
In order to reuse the existing pseudo code for Type-1 codebook as much as possible, the following update can be considered for sub-slot based Type-1 HARQ-ACK codebook [1]:
1. For the case of an UL sub-slot spans multiple DL slots, the loop condition “while [image: ]” for Type-1 codebook should be replaced by “while ” for HARQ-ACK in a UL sub-slot;
2. For the case of one DL slot spans multiple UL sub-slots, only the PDSCH SLIV which falls into the HARQ-ACK multiplexing window are considered to determine the HARQ-ACK codebook, A PDSCH SLIV is associated with a UL sub-slot if the end of the PDSCH overlaps with the UL sub-slot. The HARQ-ACK multiplexing window is determined based on the HARQ-ACK timing set and sub-slot length.
Proposal 6: Enhance sub-slot based Type-1 HARQ-ACK codebook to reduce redundant HARQ-ACK bit(s) and to include all the PDSCH occasions.
Type-1 codebook construction for reference SLIV
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]In Rel-16, PDCCH based reference SLIV was supported in Type-1 codebook. However, according to the current mechanism defined in specification, there will be redundant bits included in Type-1 HARQ-ACK codebook. 
Since the step of extending SLIV set is performed before pseudo-code flow to determine [image: ], and it is not determined per slot, then the obtained extended SLIV set is a superset which includes the corresponding reference SLIV considering PDCCH monitoring occasion for DCI format 1_2 in all time slots, even though DCI format 1_2 may not exist in all the slots and the PDCCH monitoring occasion for DCI format 1_2 may be different in different slots. 
As an example shown in Figure 5, for HARQ-ACK codebook in slot#5, the corresponding PDSCH transmission slots include slot#0 and slot#1. If there are two PDCCH monitoring occasions for DCI format 1_2 in slot#0 starting from symbol#0 and symbol#7 respectively, and no PDCCH monitoring occasions for DCI format 1_2 in slot#1, according to the current specification, the extended SLIV set is as shown in Figure 5, however the extended SLIVs are not needed in slot#1 since UE would not receive DCI format 1_2 in slot#1.


[bookmark: _Ref54178170]Figure 5: Issue of extending reference SLIV for Type-1 codebook 
Another similar example is shown in Figure 6, for HARQ-ACK codebook in slot#5, the corresponding PDSCH transmission slots include slot#0 and slot#1, if there is one PDCCH monitoring occasion for DCI format 1_2 in slot#0 starting from symbol#0, and one PDCCH monitoring occasions for DCI format 1_2 in slot#1 starting from symbol#7, according to the current specification, the extended SLIV set is as shown in Figure 6, however the extended SLIVs are not needed in slot#0 since UE would not receive DCI format 1_2 in symbol#7/#8 of slot#0.



[bookmark: _Ref54178368]Figure 6: Issue of extending reference SLIV for Type-1 codebook
To reduce the redundant bits in Type-1 HARQ-ACK codebook, enhancement should be considered. For example, extend the SLIVs only in slot(s) in which reference SLIV will be used.
When PDSCH repetitions and SPS PDSCH are not configured for a cell, slots in which reference SLIV will be used are slots configured with DCI format 1_2. Then, extend the SLIVs only in slot(s) configured with DCI format 1_2 and only considering PDCCH monitoring occasions in that slot can be applied.
On the other hand, when PDSCH repetitions or SPS are configured for a cell, slots in which reference SLIV will be used should be determined based on the repetition configuration and SPS configuration, there are two options to extend SLIVs as below:
· Option 1: Extend the SLIVs considering PDCCH monitoring occasion for DCI format 1_2 in all time slots
· Option 2: Extend the SLIVs considering slots in which reference SLIV would be used
For option 1, the current scheme is reused for the case when repetitions are configured, it is simple but there is redundancy in HARQ-ACK codebook. 
For option 2, it is a little complicated since the slots in which reference SLIV would be used are different in different cases. For example, assuming SPS is not configured on a serving cell, when pdsch-AggregationFactor is configured in pdsch-config, for HARQ-ACK transmitted in slot n, whether reference SLIV would be used in slot n-K1 is determined based on the DCI format 1_2 configured in slot n-K1- pdsch-AggregationFactor; when repetitionNumber-r16 is configured, for HARQ-ACK transmitted in slot n, whether reference SLIV would be used in slot n-K1 is determined based on the DCI format 1_2 configured in slot n-K1- repetitionNumber-r16. If SPS is configured on a serving cell, it is possible that reference SLIV can be used in any slot since the periodicity of SPS can be one slot, gNB may activate the SPS in a slot with DCI format 1_2. Option 2 reduces the HARQ-ACK codebook size but increases the complexity of UE implementation.
From the perspective of simplicity, we prefer option 1.
Proposal 7: Extending SLIVs in a serving cell for Type-1 HARQ-ACK codebook should be enhanced by considering the SLIVs in slot(s) configured with DCI format 1_2 monitoring only and considering PDCCH monitoring occasions in that slot only in case repetitions is not configured for the serving cell.
SPS HARQ skipping
For ‘NACK skipping’ for (skipped) SPS PDSCH, since no identification of a skipped SPS PDSCH by the UE is considered in this subject, we think this should be discussed together with option 2 for SPS HARQ payload size reduction.
For dynamic indication of skipped SPS PDSCH occasions, we do not see the necessity and motivation to support it. If MAC CE is used for indication, it is not clear how gNB can know in advance which SPS PDSCH occasions would be skipped. If DCI is used for indication, it is contradictory with the idea of using SPS from the perspectives of DCI overhead reduction and reliability. In addition, the reliability of HARQ-ACK feedback would be negatively impacted due to miss-detection of DCI indication or DM-RS.
Hence, SPS HARQ skipping should not be supported in Rel-17.
Proposal 8: Dynamic indication of skipped SPS PDSCH occasions is not supported in Rel-17.
SPS HARQ payload size reduction / skipping
Several solutions were considered for SPS HARQ payload reduction or skipping as below:
· Option 1: ACK skipping (NACK-only)
· Option 2: NACK skipping (ACK-only)
· Option 3: HARQ bundling / compression
· Option 4: HARQ-ACK disabling /skipping for certain SPS configurations
For option 1, the benefit is marginal since UE does not transmit PUCCH if only SPS ACK is to be transmitted. HARQ-ACK codebook needs to be transmitted as long as there is dynamic or ‘NACK’ multiplexed in the PUCCH. In addition, PUCCH resources need to be reserved for the UE even if UE does not transmit the PUCCH. Similar issues also exist for option 2. 
For option 3, it is based on the assumption that multiple SPS PDSCH configurations are activated to handle the traffic jitter and HARQ-ACK for the multiple SPS PDSCH configurations are transmitted in the same PUCCH, otherwise if HARQ-ACK for the multiple SPS PDSCH configurations are transmitted in different PUCCHs, HARQ bundling cannot be applied. It is considered not necessary for UE to feed back for all the multiple SPS configurations since gNB would transmit SPS in only one of them in a period. In this case, HARQ-ACK bundling for multiple SPS configurations can be considered, e.g. UE transmits 1 bit ACK for the multiple SPS PDSCH configurations if at least one of the SPS PDSCH configurations is correctly decoded, otherwise UE would feedback 1 bit NACK for the multiple SPS PDSCH configurations. However, HARQ bundling for traffic jitter would delay the HARQ-ACK transmission time for some of the multiple SPS PDSCH configurations, which is conflict with the idea of using multiple SPS PDSCH configurations for traffic jitter from the perspectives of latency. As an example shown in Figure 7, without HARQ bundling, the minimum HARQ-ACK delay can be indicated by gNB, while if HARQ bundling is applied, larger HARQ-ACK delay is introduced if SPS PDSCH is transmitted in slot 0/1/2.


[bookmark: _Ref61628321]Figure 7: Comparison of HARQ-ACK delay between with and without HARQ bundling
For option 4, it does not work for Type-1 HARQ-ACK codebook if there is HARQ-ACK for dynamic PDSCH multiplexed with disabled HARQ-ACK for SPS, but for SPS only or for Type-2 HARQ-ACK codebook, the HARQ-ACK codebook size can be reduced, which may be beneficial. Hence, disable HARQ-ACK feedback for one or multiple SPS configurations can be considered for SPS HARQ payload size reduction or skipping.
Proposal 9: Disable HARQ-ACK feedback for one or multiple SPS configurations can be considered for SPS HARQ payload size reduction.
PUCCH repetition enhancements
For PUCCH repetition enhancements, the following was agreed in RAN#90-e meeting:
	· For handling of the PUCCH repetitions it is proposed to proceed as follows:
1. RAN1 to continue discussion on PUCCH repetition, whether to specify or not, in the IIoT/URLLC WI for single TRP.
0. The following items are not within scope of the continued discussions in the IIoT/URLLC WI:
0. DMRS-less PUCCH with UCI payload up to 11 bits
0. PUSCH-repetition-Type-B like PUCCH repetition
0. DMRS bundling across PUCCH repetitions
1. PUCCH repetition issues with multi-TRP to be handled in Fe-MIMO WI.



Then, the following options can be further considered for PUCCH repetition enhancement:
· [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Option 1: sub-slot based PUCCH repetition across sub-slots
· Option 2: Support of PUCCH repetition of short PUCCH formats
· Option 3: Support PUCCH repetition based on UCI type
· Option 4:  Repetitions to support different starting point & duration based on PUCCH configuration
It is understood that slot based repetition is supported for sub-slot based PUCCH transmission but sub-slot based repetition is not supported for sub-slot based PUCCH transmission. For option 1, it is simple and has least specification impact. The current mechanism for slot based repetition can be fully reused for sub-slot based repetition. The motivation to support sub-slot based PUCCH repetition is that it is beneficial for minimizing latency in specific TDD configurations. As shown in Figure 8, if 4 repetitions are required for a PUCCH transmission with 4 symbols to satisfy the coverage requirement, supporting sub-slot based repetition would largely reduce the latency compared with slot based repetition. 


[bookmark: _Ref61441565]Figure 8 Sub-slot based PUCCH repetition
For option 2, the motivation is to adapt for TDD configurations, the last one/two UL symbols can be used as much as possible and the latency may be reduced. From this perspective, both slot based and sub-slot based repetition can be considered for short PUCCH formats.
For option 3, supporting PUCCH repetition is to satisfy the coverage requirement, different UCI types can use different PUCCH resources with different performances, and then different numbers of repetitions may be required for different UCI types.
For option 4, it may cause complicate RRC configuration and the PUCCH format and/or UCI coding rate would be different in different repetitions, which may have impact on UE implementation.
In general, for option 1-3, all can be supported by a unified solution, that is configuring the number of repetition times for each PUCCH resource. Then, if a PUCCH resource is sub-slot based, sub-slot based repetition can be applied, if a PUCCH resource is slot based, slot based PUCCH repetition can be applied. If different numbers of repetitions are required, then PRI can be used to indicate different PUCCH resources with different numbers of repetitions. Since more PUCCH resources may be configured to support different numbers of repetitions, whether the maximum number of PRI bits should be increased in DCI should be further considered.
Proposal 10: Configuring the number of repetition times for each PUCCH resource can be considered in Rel-17.
Conclusion
In this contribution, we discuss some considerations for HARQ-ACK feedback enhancements and give the following proposals.
Proposal 1: Whether SPS HARQ-ACK should be delayed is determined based on the PUCCH resource for SPS HARQ-ACK only regardless of whether there are HARQ-ACK(s) corresponding to dynamic PDSCH and/or SPS PDSCH release to be transmitted in the same slot/sub-slot.
Proposal 2: FFS which PUCCH resource should be used to determine the next available PUCCH resource when there is initial SPS HARQ-ACK in a slot with the following options:
· Option 1: The PUCCH resource used for delayed SPS HARQ-ACK only is used to determine the next available PUCCH resource
· Option 2: The PUCCH resource used for both initial and all delayed SPS HARQ-ACK is used to determine the next available PUCCH resource
Proposal 3: If PUCCH for SPS HARQ-ACK collides with semi-static DL symbol(s) or SSB symbols, the SPS HARQ-ACK feedback can be delayed to an earliest subsequent slot/sub-slot with a PUCCH symbol allocation for SPS only feedback within the slot/sub-slot which does not collide with semi-static DL symbol(s) or SSB symbols.
Proposal 4: SPS HARQ-ACK can only be delayed to a slot/sub-slot included in configured K1 set, otherwise the SPS HARQ-ACK should be dropped.
Proposal 5: One-shot codebook type can be used for SPS HARQ-ACK re-transmission, and one-shot codebook can be configured to include HARQ-ACK for HARQ processes of SPS PDSCHs only.
Proposal 6: Enhance sub-slot based Type-1 HARQ-ACK codebook to reduce redundant HARQ-ACK bit(s) and to include all the PDSCH occasions.
Proposal 7: Extending SLIVs in a serving cell for Type-1 HARQ-ACK codebook should be enhanced by considering the SLIVs in slot(s) configured with DCI format 1_2 monitoring only and considering PDCCH monitoring occasions in that slot only in case repetitions is not configured for the serving cell.
Proposal 8: Dynamic indication of skipped SPS PDSCH occasions is not supported in Rel-17.
[bookmark: _GoBack]Proposal 9: Disable HARQ-ACK feedback for one or multiple SPS configurations can be considered for SPS HARQ payload size reduction.
Proposal 10: Configuring the number of repetition times for each PUCCH resource can be considered in Rel-17.
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