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[bookmark: _Ref521334010]Introduction
At the RAN1#104-e meeting, several HARQ-ACK feedback enhancements were discussed and the following agreements were reached [1].
Agreements:
· [bookmark: _Hlk62406356]Support deferring SPS HARQ-ACK dropped due to TDD specific collisions until a next available PUCCH in Rel-17 based on semi-static configuration of slot format
· FFS: Details (including possible conditions for such a deferring, whether or not to consider semi-statically configured flexible symbols for PUCCH availability, etc.)
· Aim for minimal standardization efforts and UE complexity in implementation

[bookmark: _Hlk62747561]Agreements:
Further down-select between the following two options for SPS HARQ-ACK deferral: 
· Option 1: Joint RRC configuration of the SPS HARQ-ACK deferral per PUCCH cell group 
· Note: any SPS HARQ-ACK within a PUCCH cell group in principle is subject to deferral
· Option 2: The SPS HARQ-ACK deferral is configured per SPS configuration
· Note: part of sps-config, only HARQ-ACK of SPS PDSCH configurations configured for deferral is in principle subject to deferral

Agreements: Support sub-slot based PUCCH repetition for HARQ-ACK based on the Rel-16 PUCCH procedure for slot-based PUCCH applied to sub-slot based PUCCH
· Note: the intention is to take the Rel-16 slot-based PUCCH by replacing with “sub-slot” appropriately, without further optimization unless necessary
· FFS whether or not there is any restriction for the applicability of sub-slot based PUCCH repetition for HARQ-ACK
· Dynamic repetition indication is supported also for sub-slot based PUCCH in Rel-17
· FFS: if the method to be specified in Cov. Enh WI for slot-based PUCCH repetition can be directly applied to sub-slot PUCCH or if changes are needed

Agreements: Support PUCCH repetition for PUCCH formats 0 and 2 at least for sub-slot based PUCCH repetition. 
· FFS: Support for slot-based PUCCH repetition

Agreements: Rel-16 UCI multiplexing  / PUCCH overriding rules are reused for deferred SPS HARQ-ACK in the target slot, if applicable.
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]Agreements: For SPS HARQ-ACK, the deferral from the initial slot/sub-slot determined by k1 in the activation DCI to the target slot/sub-slot determined by k1+ k1def, the UE will check the validity (TBD) of a target slot/sub-slot evaluating from one slot/sub-slot to the next sub/sub-slot (i.e. in principle k1def granularity is 1 slot/sub-slot)
· FFS: if there is a limit on the minimum deferral considered the required UE processing (k1def ≥0 >1)  
· FFS: if there is a limit on the maximum deferral given in terms of e.g. k1def <=X or k1+k1def <=X

Agreements: For SPS HARQ-ACK deferral, for the determination of valid symbols in the initial slot/sub-slot a collision with semi-static DL symbols, SSB and CORESET#0 is regarded as ‘invalid’ or ‘no symbols for UL transmission’.

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 give our considerations for potential UE HARQ-ACK feedback enhancements for URLLC.
Discussion
SPS HARQ-ACK deferral
Deferring SPS HARQ-ACK due to TDD specific collisions until a next available PUCCH in Rel-17 was agreed in last meeting, but the details should be further discussed.
Configuration for SPS HARQ-ACK deferral
Two options as below were discussed in last meeting for configuration of SPS HARQ-ACK deferral:
· Option 1: Joint RRC configuration of the SPS HARQ-ACK deferral per PUCCH cell group 
· Note: any SPS HARQ-ACK within a PUCCH cell group in principle is subject to deferral
· Option 2: The SPS HARQ-ACK deferral is configured per SPS configuration
· Note: part of sps-config, only HARQ-ACK of SPS PDSCH configurations configured for deferral is in principle subject to deferral
The motivation to support SPS HARQ-ACK deferral is to avoid SPS HARQ-ACK dropping when colliding with downlink, which applies to all the SPS configurations. It is straightforward to enable the feature on a per PUCCH group basis thus option 1 should be adopted. The motivation and benefit of option 2 is not clear. If HARQ-ACK for certain SPS configuration is deemed not necessary, HARQ-ACK feedback for the SPS configuration can be disabled as discussed in SPS HARQ payload reduction or skipping. In addition, option 2 would complicate the design. 
Proposal 1: Joint RRC configuration of the SPS HARQ-ACK deferral per PUCCH cell group is adopted.
Conditions for SPS HARQ-ACK deferral
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 deferred or multiplexed with dynamic HARQ-ACK.


[bookmark: _Ref61620925]Figure 1: potential misalignment if SPS HARQ-ACK subject to deferral is multiplexed with dynamic PUCCH
As shown in Figure 1, in slot n+2, the PUCCH resource for SPS HARQ-ACK collides with semi-static DL symbols and there is a dynamically scheduled PUCCH resource in the same slot. If SPS HARQ-ACKs are supposed to be multiplexed with the dynamic HARQ-ACKs, 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 defer 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 initial and deferred slots for SPS HARQ-ACK, a 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 deferred 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: Whether SPS HARQ-ACK should be deferred 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.
[bookmark: OLE_LINK16][bookmark: OLE_LINK17]Another issue should be considered is that which PUCCH resource for SPS HARQ-ACK only should be used to determine the next available PUCCH resource when there are initial SPS HARQ-ACK(s) or other deferred SPS HARQ-ACK(s) in a slot. The following options can be considered:
· Option 1: If an initial PUCCH resource for SPS HARQ-ACK only in a slot indicated by K1 is not available, the SPS HARQ-ACK should be deferred to a slot in which the initial PUCCH resource is available
· Option 2: If a PUCCH resource for both initial and all deferred SPS HARQ-ACK is not available, the SPS HARQ-ACK should be deferred to a slot in which the PUCCH resource for both initial and all deferred SPS HARQ-ACK in that slot is available


[bookmark: _Ref61892680]Figure 2: Which PUCCH resource is used 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+1 and HARQ-ACKs for SPS PDSCH-2 in slot n and SPS PDSCH-1 and SPS PDSCH-3 in slot n+1 are indicated to be transmitted in slot n+2. Given that slot n+1 is a downlink slot, HARQ-ACK for SPS PDSCH-1 in slot n should be deferred. 
According to option 1, PUCCH resource A which is the same as initial PUCCH resource for HARQ-ACK of SPS PDSCH-1 in slot n is used to determine whether PUCCH resource is available in a slot. PUCCH resource A in slot n+2 collides with semi-static downlink symbols so that it is further deferred to slot n+3 which is an UL slot and the HARQ-ACK for SPS PDSCH-1 in slot n is deferred from slot n+1 to slot n+3.
According to option 2, PUCCH resource B which is determined based on the total number of HARQ-ACKs for the deferred SPS HARQ-ACK (i.e. HARQ-ACK for SPS PDSCH-1 in slot n) and initial SPS HARQ-ACKs (i.e. HARQ-ACKs for SPS PDSCH-2 in slot n and SPS PDSCH-1 and SPS PDSCH-3 in slot n+1) is used to determine whether PUCCH resource is available in a slot. PUCCH resource B is available in slot n+2 so that the HARQ-ACK for SPS PDSCH-1 in slot n is deferred from slot n+1 to slot n+2.
According to the discussion in last meeting, it was understood that the deferring of SPS HARQ-ACK dropped due to TDD specific collisions does not lead to out-of-order HARQ restrictions. Hence, option 1 is a simple solution without out of order issue.
For option 2, 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, hence 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. Both UE and gNB need to maintain a record of deferral status from the beginning of SPS activation; otherwise UE cannot determine the available PUCCH resource.
Comparing the two options, option 1 is preferred since it is simple and easier for implementation.
Proposal 3: If an initial PUCCH resource for SPS HARQ-ACK only in a slot indicated by K1 is not available, the SPS HARQ-ACK should be deferred to a slot in which the initial PUCCH resource is available.
[bookmark: OLE_LINK6][bookmark: OLE_LINK7]Another 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. In last meeting, it was agreed that for SPS HARQ-ACK deferral, for the determination of valid symbols in the initial slot/sub-slot a collision with semi-static DL symbols, SSB and CORESET#0 is regarded as ‘invalid’ or ‘no symbols for UL transmission’. The same rule can be applied for determination of a next available PUCCH.
Proposal 4: For SPS HARQ-ACK deferral, for the determination of valid symbols in the next available PUCCH resource, a collision with semi-static DL symbols, SSB and CORESET#0 is regarded as ‘invalid’ or ‘no symbols for UL transmission’.

Required range for SPS HARQ-ACK delay 
The following was agreed in last meeting for SPS HARQ-ACK deferral, the FFS issue is whether a limit on the minimum deferral or the maximum deferral is needed. 
	[bookmark: OLE_LINK18][bookmark: OLE_LINK19]Agreements: For SPS HARQ-ACK, the deferral from the initial slot/sub-slot determined by k1 in the activation DCI to the target slot/sub-slot determined by k1+ k1def, the UE will check the validity (TBD) of a target slot/sub-slot evaluating from one slot/sub-slot to the next sub/sub-slot (i.e. in principle k1def granularity is 1 slot/sub-slot)
· FFS: if there is a limit on the minimum deferral considered the required UE processing (k1def ≥0 >1)  
· FFS: if there is a limit on the maximum deferral given in terms of e.g. k1def <=X or k1+k1def <=X



According to the agreements in the last meeting, the granularity of k1def is 1 slot/sub-slot. The motivation and necessity to define a limit on the minimum deferral is not clear. 
It is not necessary to delay to a slot/sub-slot which cannot be indicated by the maximum configured K1 value. Therefore, the maximum deferral should be limited by maximum K1 value configured for DCI format 1_1/1_2. If the configured K1 value sets are different for DCI format 1_1 and DCI format 1_2, the maximum K1 value of the two sets can be used. The SPS HARQ-ACK bits which do not satisfy the limitation should be dropped. 
Then, in case some of the SPS HARQ-ACK bits cannot be further deferred according to the limitation, which PUCCH resource is used to determine the next available PUCCH resource should be considered. Either the initial SPS HARQ-ACK resource or a SPS resource determined by the remaining SPS HARQ-ACK bits can be considered. As long as a rule is defined, gNB and UE would have the same understanding on the target slot.
Proposal 5: For SPS HARQ-ACK deferral to a target slot/sub-slot determined by k1+ k1def, there is no limitation on the minimum deferral and the maximum k1def should be equal to the maximum K1 value configured for DCI format 1_1/1_2.
[bookmark: _GoBack]Multiplexing between deferred SPS HARQ-ACK and initial SPS HARQ-ACK (which is not deferred) or dynamic HARQ-ACK can be performed after determining the target slot/subslot for SPS HARQ-ACK deferral. And the target slot/sub-slot is not changed anymore after determination. If the PUCCH resource determined by multiplexing is not available, the deferred HARQ-ACK should be dropped; otherwise the deferred HARQ-ACK can be multiplexed with the other UCIs. As shown in Figure 3, the initial PUCCH resource for SPS PDSCH-1 in slot n is unavailable in slot n+1, but is available in slot n+2, then it is determined that HARQ-ACK for SPS PDSCH-1 in slot n is deferred to slot n+2. Meanwhile, HARQ-ACKs of SPS PDSCH-1 and SPS PDSCH-2 in slot n+1 are indicated to be transmitted in slot n+2 and the PUCCH resource for multiplexing HARQ-ACKs of SPS PDSCH-1 in slot n and SPS PDSCH-1 and SPS PDSCH-2 in slot n+1 is not available in slot n+2, hence HARQ-ACK for SPS PDSCH-1 in slot n is dropped at last. PUCCH resource for HARQ-ACKs of SPS PDSCH-1 and SPS PDSCH-2 in slot n+1 is available in slot n+2, hence HARQ-ACKs of SPS PDSCH-1 and SPS PDSCH-2 in slot n+1 are transmitted in slot n+2.


[bookmark: _Ref68278862]Figure 3: Example of PUCCH resource in target slot is not available
Proposal 6: The target slot/sub-slot for SPS HARQ-ACK deferral is not changed after determination, the deferred HARQ-ACK should be dropped if the PUCCH resource determined by multiplexing is not available.
HARQ-ACK retransmission
For retransmission of cancelled HARQ, the following options were given in last meeting:
· Option 1: One-shot triggering of Enhanced Type 3 CB
· Option 2: One-shot triggering of a ‘Type 4’ CB
· Option 3: One-shot triggering of dropped HARQ-ACK
For option 1, a simple enhancement can be considered for Type-3 codebook. Type-3 codebook was introduced in NR-U to support HARQ-ACK retransmission. It can be reused for HARQ-ACK feedback of SPS PDSCH in case the TDD collision happens. To reduce the codebook size, it can be considered that only HARQ processes for SPS PDSCHs is included in the codebook. Furthermore, 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 Type-3 codebook. For option 2, a new Type-4 codebook is defined. Indication of HARQ-ACK for which HARQ process(es) to be transmitted is needed and how to indicate the triggered HARQ-ACK process(es) should be further considered. For option 3, it has more impact on specification in terms of how to trigger the dropped HARQ-ACK and how to construct the codebook. From the perspective of simplicity, we prefer to support one-shot triggering of enhanced Type-3 codebook.
Proposal 7: 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.
SPS HARQ skipping and payload size reduction
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
· Option 5: Dynamic indication of skipped SPS PDSCH occasions
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 4, 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 4: 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.
For option 5, 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.
Proposal 8: Disable HARQ-ACK feedback for one or multiple SPS configurations can be considered for SPS HARQ payload size reduction.
Proposal 9: ACK skipping, NACK skipping, HARQ bundling/compression and dynamic indication of skipped SPS PDSCH occasions are not supported in Rel-17.
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 PUCCH repetition based on UCI type
· Option 3:  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 5, 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 5: Sub-slot based PUCCH repetition
For option 2, 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 3, 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 1-2, 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.
PUCCH carrier switching
For PUCCH carrier switching, the following three alternatives were agreed for further study in last meeting:
· Alt. 1: PUCCH carrier switching is based on 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
Alternative 1 is the most flexible option to allow gNB to dynamically determine the PUCCH carrier. The numerology and slot/sub-slot configuration can be determined based on the configuration of the indicated PUCCH carrier, and all current schemes of PUCCH resource determination can be reused, which is simple and has less impact to specification. The drawback is the DCI overhead and only PUCCH with dynamic HARQ-ACK can support dynamic switching, how to deal with the semi-static PUCCH resources should be further considered.
For alternative 2B, a unified solution can be considered for dynamic PUCCH resource and semi-static PUCCH. A possible way is to perform PUCCH carrier switching when the PUCCH resource on PCell/PSCell/PUCCH-SCell is unavailable, but it is complicated since the detailed rules to perform PUCCH carrier switching should be defined, including when PUCCH carrier switching is performed, the target carrier for PUCCH carrier switching and the mapping of PUCCH resource from PCell to SCell etc.. In addition, the PUCCH carrier switching is performed automatically so that gNB cannot stop the PUCCH carrier switching for a UE in case of collision with other UEs. The benefit is that neither DCI overhead nor RRC overhead would be increased.
For alternative 2C, it seems simple but actually not for the case of different SCS configurations between PUCCH carriers. The mapping of PUCCH resource from PCell to a SCell for PUCCH transmission is needed. Since UE should first determine in which slot/sub-slot on PCell the PUCCH is transmitted, then determine whether PUCCH should be switched to a SCell. For dynamic PUCCH resource with HARQ-ACK, UE should understand the DCI based on the configuration for PCell, and then map to a certain PUCCH resource on SCell in case of different SCS, it is a little complicated especially considering the case that if the switching pattern is symbol based. In addition, RRC overhead is needed for this option.
Compare the three alternatives, each has corresponding merits and demerits, we are slightly prefer to further study Alt.1 and Alt.2B.  
Proposal 11: PUCCH carrier switching based on dynamic indication in DCI or based on certain semi-static rules can be further considered.
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 [2]:
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 12: 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 6, 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 6, 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 6: Issue of extending reference SLIV for Type-1 codebook 
Another similar example is shown in Figure 7, 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 7, 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 7: 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 13: 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.

Conclusion
In this contribution, we discuss some considerations for HARQ-ACK feedback enhancements and give the following proposals.
Proposal 1: Joint RRC configuration of the SPS HARQ-ACK deferral per PUCCH cell group is adopted.
Proposal 2: Whether SPS HARQ-ACK should be deferred 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 3: If an initial PUCCH resource for SPS HARQ-ACK only in a slot indicated by K1 is not available, the SPS HARQ-ACK should be deferred to a slot in which the initial PUCCH resource is available.
Proposal 4: For SPS HARQ-ACK deferral, for the determination of valid symbols in the next available PUCCH resource, a collision with semi-static DL symbols, SSB and CORESET#0 is regarded as ‘invalid’ or ‘no symbols for UL transmission’.
Proposal 5: For SPS HARQ-ACK deferral to a target slot/sub-slot determined by k1+ k1def, there is no limitation on the minimum deferral and the maximum k1def should be equal to the maximum K1 value configured for DCI format 1_1/1_2.
Proposal 6: The target slot/sub-slot for SPS HARQ-ACK deferral is not changed after determination, the deferred HARQ-ACK should be dropped if the PUCCH resource determined by multiplexing is not available.
Proposal 7: 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 8: Disable HARQ-ACK feedback for one or multiple SPS configurations can be considered for SPS HARQ payload size reduction.
Proposal 9: ACK skipping, NACK skipping, HARQ bundling/compression and dynamic indication of skipped SPS PDSCH occasions are not supported in Rel-17.
Proposal 10: Configuring the number of repetition times for each PUCCH resource can be considered in Rel-17.
Proposal 11: PUCCH carrier switching based on dynamic indication in DCI or based on certain semi-static rules can be further considered.
Proposal 12: Enhance sub-slot based Type-1 HARQ-ACK codebook to reduce redundant HARQ-ACK bit(s) and to include all the PDSCH occasions.
Proposal 13: 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.
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