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1. Introduction
[bookmark: _Hlk4423604]In RAN1 #104-e meeting, following agreements related to HARQ-ACK enhancement for Rel-17 URLLC/IIoT were achieved [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]Decision: As per email posted on Jan 29th,
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
From GTW sessions:
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
Agreement: Rel-16 UCI multiplexing  / PUCCH overriding rules are reused for deferred SPS HARQ-ACK in the target slot, if applicable.
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 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)  
· FFS: if there is a limit on the maximum deferral 
Decision: As per email posted on Feb 5th,
Agreement: 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 firstly discuss the enhancement for Type-1 HARQ codebook based on sub-slot PUCCH configuration. Then we discuss the enhancement for HARQ-ACK feedback for SPS PDSCH. At last, we discuss the PUCCH carrier switching for HARQ-ACK.
2. Enhancement on Type-1 HARQ-ACK codebook based on sub-slot PUCCH configuration
For a Rel.16 URLLC UE, sub-slot based HARQ-ACK feedback is supported to reduce the latency. Regarding the HARQ-ACK codebook construction, Type-2 HARQ-ACK codebook for sub-slot-based HARQ-ACK feedback procedure has been supported in Rel-16. For Type-1 HARQ-ACK codebook, it was agreed in 102-e meeting to discuss whether and how to support Type-1 HARQ-ACK codebook based on sub-slot PUCCH configuration in Rel-17. In our view, compared with Type-2 HARQ-ACK codebook, Type-1 HARQ-ACK codebook can provide robustness against missed DCI transmissions, which is beneficial for high reliable URLLC services. Some companies may have the concerns on the redundancy of the semi-static HARQ-ACK codebook, which will lead to high UCI overhead. However, the redundancy of URLLC Type-1 HARQ-ACK codebook can be controlled by network with suitable configuration for TDRA table and HARQ-ACK timing K1 set. Therefore, Tyep-1 HARQ-ACK codebook based on sub-slot PUCCH configuration should be supported in Rel-17. 
In order to further reduce the HARQ-ACK codebook size, small enhancements on Type-1 HARQ-ACK codebook construction based on sub-slot PUCCH configuration can be considered. When the numerology configured for DL and UL is same, one simple option for sub-slot based Type-1 HARQ-ACK codebook determination is as following:
· Step 1: Determine the HARQ-ACK multiplexing window based on the HARQ-ACK timing set and sub-slot length. 
[image: ]
Fig.1 Example for step 1 with K1={1,2,3} and 7-symbol sub-slot length
· Step 2: Split the TDRA table into N sub-tables based on the sub-slot length and PDSCH-to-UL sub-slot association. N is the number of UL sub-slot within a slot. Which means that the SLIV in the TDRA table is associated with which sub-table depends on the ending symbol of the SLIV is located in which sub-slot. E.g., the first sub-TDRA table is corresponding to the first sub-slot within a slot, the second sub-TDRA table is corresponding to the second sub-slot within a slot.           
[image: ]
Fig.2 Example for TDRA table splitting for 7-symbol sub-slot
· Step 3: Do pruning based on TDD configuration and sub-table per sub-slot similar as Rel-15.  E.g., if the sub-slot for HARQ-ACK timing set K1= {1, 2, 3} in the above given example are all DL symbols, the set of PDSCH occasions M is {0, 1, 2, 3, 4}.
Regarding the Type-1 HARQ-ACK codebook construction based on sub-slot PUCCH configuration when DL and UL are configured with different numerologies, following two options can be considered:
· Option 1: Determine the virtual DL sub-slot based on UL sub-slot configuration. The number of symbols for the virtual DL sub-slot is the same as the number of symbols for the UL sub-slot. Then the number of the virtual DL sub-slots within a DL slot is the same as number of the UL sub-slots within a UL slot. Therefore, the Type-1 HARQ-ACK codebook construction based sub-slot PUCCH configuration for different numerologies configuration between DL and UL can follow current slot based Type-1 HARQ-ACK codebook construction mechanism for different numerologies configuration between DL and UL. Which is achieved by replacing the DL slot, the UL slot and TDRA table with the virtual DL sub-slot, the UL sub-slot and the corresponding sub-TDRA table, the corresponding pseudo code is shown in the appendix. For example, when UL sub-slot length is configured as 7-symbol, the number of UL-sub slots within a UL slot and the number of virtual DL sub-slots within a DL slot is 2. The subcarrier spacing configurations for DL and UL are 60 KHz and 15 KHz, respectively. As shown in the Fig.3 below, for a given UL sub-slot, 4 virtual DL sub-slots are determined for k1=1, then for  the UE repeats the sub-slot based candidate PDSCH reception occasions determination process for k1=1 as above step 3. 


Fig.3 Example for Type-1 HARQ-ACK codebook construction based on sub-slot PUCCH configuration for different numerologies configuration between DL and UL  
· Option 2:  In the RAN1 #103-e meeting, another option was proposed in [2] for  Type-1 HARQ-ACK codebook construction based on sub-slot PUCCH configuration for same or different numerologies configuration for DL and UL: 
· Step 1: Determine the HARQ-ACK multiplexing window based on the HARQ-ACK timing set and sub-slot length.
· Step 2: If a UL sub-slot in the HARQ-ACK window spans multiple DL slots, create a new TDRA table which is the union of the configured TDRA table and the configured TDRA table offset by 14 symbols.     
· Step 3: Split the TDRA table into N sub-tables based on the sub-slot length and PDSCH-to UL sub-slot association. A PDSCH TDRA is associated with a UL sub-slot if the end of the PDSCH overlaps with the UL sub-slot. N is the number of sub-slots within a slot.
· Step 4: Do pruning based on TDD configuration and sub-table per sub-slot similar as Rel-15.
From our point of understanding, when DL and UL are configured with different numerologies, option 1 can reuse the current slot based Type-1 HARQ-ACK codebook construction mechanism by replacing the slot with sub-slot, so option 1 seems to have less specification impact. For option 2, it may be simpler since it doesn’t need to introduce the virtual DL sub-slot. In our view, both two options are acceptable, it can be further discussed whether there are other methods and which method is better.             
[bookmark: _Hlk15547977]Proposal 1:
· Semi-static HARQ-ACK codebook for sub-slot based HARQ-ACK feedback procedure should be supported in Rel-17.

Proposal 2:
· When DL and UL are configured with same numerology, the sub-slot based semi-static HARQ-ACK codebook can be determined based on following three-steps:
· Step 1: Determine the HARQ-ACK multiplexing window based on the HARQ-ACK timing set and sub-slot length.
· Step 2: Split the TDRA table into N sub-tables based on the sub-slot length and PDSCH-to UL sub-slot association. N is the number of sub-slots within a slot.
· Step 3: Do pruning based on TDD configuration and sub-table per sub-slot similar as Rel-15.
· When DL and UL are configured with different numerologies, further study the sub-slot based semi-static HARQ-ACK codebook determination.

Another method on how to prune the sub-slot based Type-1 HARQ-ACK codebook is that the dynamically scheduled PDSCH ACK/NACK bits will only be present in the codebook if the corresponding sub-slot has at least one PDCCH transmission.
In the following example, a Type-1 HARQ-ACK codebook has a multiplexing window size of 4 slots in total. It is also configured to have 7 sub-slots per slot, with 1 PDCCH monitoring occasion for each sub-slot. 
Let’s say a correctly received Rel-16 Type-1 HARQ-ACK codebook is composed of these bits:
ACK/NACK bits = 1000100 0000000 0000000 1000000
With the proposed enhancement, the type 1 slot-based HARQ-ACK codebook will feedback as following:
ACK/NACK bits = 1000100 1000000
The number of bits for type 1 sub-slot based HARQ-ACK codebook can be further reduced if there are 7 sub-slots (2 symbols per sub-slot) per slot:
ACK/NACK bits = 11 1
To further improve reliability against missed detection, the existing C-DAI field may also be present:
· slot 0	(C-DAI=0, C-DAI=1)
· slot 3	(C-DAI=2)
For cases where HARQ-ACK feedback for one or more SPS PDSCH receptions without a corresponding PDCCH is multiplexed with HARQ-ACK feedback for dynamic scheduled PDSCH and/or for SPS PDSCH release, 
· HARQ-ACK for one or more SPS PDSCH receptions without a corresponding PDCCH is appended after HARQ-ACK bits for dynamic scheduled PDSCHs and/or for SPS PDSCH release at the end of each sub-slot, where sub-slot is determined by HARQ-ACK bit location for SPS PDSCH reception derived by reusing Rel-15 mechanism (i.e., based on the TDRA table row index and K1 indicated in the activation DCI).  

Proposal 3: 
HARQ-ACK bits will only be present in the semi-static type-1 codebook if the corresponding sub-slot has at least one PDCCH transmission or SPS PDSCH reception. 
3. Enhancement on HARQ-ACK feedback for SPS PDSCH
3.1 Support avoiding SPS HARQ-ACK dropping for TDD
In order to address the issue of SPS HARQ-ACK dropping for TDD systems, it was agreed to 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  
Option 1 is a semi-static method for addressing SPS HARQ-ACK dropping for TDD systems, option 2 is a dynamic method, which is controlled by gNB. In our views, different options can be applied for different use cases. For example, when the earliest available PUCCH resource for delayed SPS HARQ-ACK defined in option 1 doesn’t satisfy the latency requirement, gNB can dynamically trigger option 2 to provide a PUCCH resource for SPS HARQ-ACK. Therefore, both two options can be supported in Rel-17, which option is applied can be configured by gNB.
Deferring HARQ-ACK until a next available PUCCH
In last meeting, it was agreed to 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. While the conditions for such a deferring is still FFS. From our point of views, when HARQ-ACK of dynamically scheduled PDSCH is indicated to be transmitted in the same slot or sub-slot as for SPS HARQ-ACK, a valid PUCCH resource for the multiplexed HARQ-ACK for dynamically scheduled PDSCH and SPS PDSCH can be ensured by gNB. Therefore, it is sufficient that the SPS HARQ-ACK deferral will be triggered only when the SPS HARQ-ACK in the initial slot or sub-slot cannot be transmitted as the resulting PUCCH resource for transmission using the PUCCH by SPS-PUCCH-AN-List-r16 or n1PUCCH-AN collides with invalid symbols. 
Another FFS of SPS HARQ-ACK deferral is whether the restriction of k1def  is needed, we think the limitation of the maximum deferral of k1def  is necessary, since the deferred SPS HARQ-ACK will be useless if the latency requirement can’t be satisfied.  However, there is no need to restrict the k1+ k1def  value to be in the configured K1 set, because the specification impact is small. If the delayed SPS PDSCH HARQ-ACK and HARQ-ACK for dynamically scheduled PDSCH are to be transmitted in the same slot or sub-slot and multiplexed on a Type-1 HARQ-ACK codebook, considering the current UCI multiplexing rules cannot be reused when k1+ k1def is not in the K1 set, a simple HARQ-ACK codebook construction method is placing the delayed SPS PDSCH HARQ-ACK bit(s) after the HARQ-ACK codebook of dynamically scheduled PDSCH(s). When multiple SPS PDSCH HARQ-ACK bits are delayed to same PUCCH resource, the SPS PDSCH HARQ-ACK bits are ordered as Rel-16.        
Dynamic triggering of a one-shot / Type-3 HARQ-ACK codebook type of re-transmission
In Rel-16, when one-shot HARQ-ACK request is received by UE, a Type-3 HARQ-ACK codebook containing the all DL HARQ processes for all CCs configured for a UE in the PUCCH group will be generated. For option 2, if directly reuse the Rel-16 one-shot HARQ-ACK feedback mechanism for SPS PDSCH, it will cause large redundancy. To reduce the Type-3 HARQ-ACK codebook size, following enhanced solutions can be considered:
· Alt.1: gNB can trigger the one-shot HARQ-ACK feedback for the SPS PDSCH only by a DL DCI with or without scheduling PDSCH. The requested HARQ-ACK codebook contains the number of all DL HARQ processes for all the configured/activated SPS configuration(s) in the configured CC(s).
· Alt.2: gNB can trigger the one-shot HARQ-ACK feedback for the SPS PDSCH only by a DL DCI without scheduling PDSCH. The requested HARQ-ACK codebook contains only the number of DL HARQ processes for the indicated SPS configuration(s) in the configured CC(s). HARQ-ACK for which SPS configuration will be reported can be indicated by reusing HPN field in the request DCI. 
· Alt.3: gNB can trigger the one-shot HARQ-ACK feedback for the SPS PDSCH only by a DL DCI with or without scheduling PDSCH. The requested HARQ-ACK codebook contains a set of DL HARQ processes for the configured/activated SPS configuration(s) in the configured CC(s). The association between the set of the DL HARQ processes and the configured/activated SPS configuration is configured for UE by RRC. 
In Rel-16, PUCCH resource set SPS-PUCCH-AN-List-r16 is provided for UE for SPS PDSCH only, while if support the requested Type-3 HARQ-ACK codebook only containing HARQ-ACK for SPS PDSCH only, whether UE determines the PUCCH resource for the Type-3 HARQ-ACK codebook based on UCI payload from SPS-PUCCH-AN-List-r16  or based on PRI indication in the requested DCI from PUCCH-ResourceSet for DG PDSCH may need to be further studied. 
 
Proposal 4:
· Support deferring HARQ-ACK if the SPS HARQ-ACK in the initial slot or sub-slot cannot be transmitted as the resulting PUCCH resource for transmission using the PUCCH by SPS-PUCCH-AN-List-r16 or n1PUCCH-AN collides with invalid symbols.
· Support the limitation of the maximum deferral of k1def.
· Support multiplexing the deferred HARQ-ACK for SPS PDSCH and HARQ-ACK for dynamically scheduled PDSCH(s) on a Type-1 HARQ-ACK codebook.
· Append the delayed HARQ-ACK bits for SPS PDSCH after the HARQ-ACK codebook for dynamically scheduled PDSCH(s) if current UCI multiplexing rule cannot be reused. 

Proposal 5:
· Support dynamic triggering of a one-shot / Type-3 CB type of HARQ-ACK re-transmission for SPS PDSCH due to collision between PUCCH resource and invalid symbol. 
· Following options can be considered to reduce the Type-3 HARQ-ACK codebook size:
· Alt.1: The requested HARQ-ACK codebook contains the number of all DL HARQ processes for all the configured/activated SPS configuration(s) in the configured CC(s).
· Alt.2: The requested HARQ-ACK codebook contains only the number of DL HARQ processes for the indicated SPS configuration(s) in the configured CC(s). 
· Alt.3: The requested HARQ-ACK codebook contains a set of DL HARQ processes for the configured/activated SPS configuration(s) in the configured CC(s).
· FFS the PUCCH resource determination for the triggered Type-3 HARQ-ACK codebook for SPS PDSCH only.

3.2 SPS HARQ skipping for skipped SPS PDSCH
In Rel-16, multiple SPS configurations with short SPS periodicity in a cell is supported to reduce the latency. For TSC/TSN traffic with non-integer periodicities, multiple SPS configurations maybe configured for one service, some SPS PDSCH occasions may be skipped and not used for DL data transmission. For such case, in order to avoid the unnecessary PUCCH transmission for skipped SPS PDSCH, skipping NACK for skipped SPS PDSCH can be supported in Rel-17. In the last meeting, following two methods were agreed to be further studied. 
NACK skipping for (skipped) SPS PDSCH  
UE does not need to identify whether the SPS PDSCH is skipped SPS PDSCH (without DL data) or failed to be decoded. UE only skips PUCCH transmission when all HARQ-ACK bits multiplexed in the PUCCH for SPS PDSCH only are NACK. It can reduce the PUCCH transmission for UE and the specification impact is small. Therefore, support NACK skipping for skipped SPS PDSCH in Rel-17.  
Dynamic indication of skipped SPS PDSCH occasions
Whether UE skips NACK for SPS PDSCH or not depends on the skipped SPS PDSCH occasion indication by gNB, e.g., by DCI or MAC CE. From our point of understanding, compared with skipping PUCCH transmission if all HARQ-ACK bits in the PUCCH resource for SPS PDSCH only are NACK, it can reduce the UCI payload when HARQ-ACK for the indicated skipped SPS PDSCH and HARQ-ACK for other PDSCH (e.g., dynamically scheduled PDSCH) are indicated to be reported in a same slot. However, it will introduce additional signalling overhead, and the benefits are not obvious when Type-1 HARQ-ACK codebook is configured.  Considering that the benefits are not clear, we suggest that whether support dynamic indication of skipped SPS PDSCH occasions in Rel-17 can be further studied.   

Proposal 6:
· Support skipping PUCCH transmission if all HARQ-ACK bits in the PUCCH resource for SPS PDSCH only are NACK.
Proposal 7：
· Further study whether support dynamic indication of skipped SPS PDSCH occasions in Rel-17.
4. PUCCH carrier switching for HARQ-ACK feedback
In NR Rel-16, UE can only transmit PUCCH on a cell (Pcell or PUCCH-Scell) within a PUCCH group. Under such restriction, for a URLLC UE, due to there is no early available PUCCH resource in the Pcell or PUCCH-Scell for HARQ-ACK transmission in a given TDD configuration, the latency requirement may not be met in some cases, as shown in Fig.4. In last meeting, it was agreed to 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
In our view, supporting PUCCH carrier switching in a PUCCH group when multiple cells for PUCCH transmission for HARQ-ACK are configured can help to reduce the HARQ-ACK feedback latency, as shown in the Fig.5, which is beneficial for the URLLC service.
[image: ]
Fig. 4 Example for PUCCH transmission only allowed on a cell

[image: ]
Fig. 5 Example for PUCCH carrier switching for HARQ-ACK
Regarding the PUCCH carrier switching indication method, for Alt.2B, considering that the multiple cells for PUCCH transmission may be configured with different numerologies, the predefined rule below can be considered.
· Firstly, UE determines a slot for HARQ-ACK feedback transmission based on the HARQ-ACK timing k1 indication with a reference numerology. The reference numerology determination can be down-selected from the two options:     
· Option 1: The reference numerology is the numerology with the largest 𝜇 value among the 𝜇 values of the configured multiple PUCCH cells.
· Option 2: The reference numerology is the numerology of the PUCCH cell with highest priority.
· Then UE determines a cell in order of priority from highest to lowest with enough available symbols (not collide with DL symbol or DL reception) within the corresponding determined slot for PUCCH transmission. If option 2 is applied, when the 𝜇 value of determined cell is larger than the 𝜇 value of the reference numerology, then more than one slot on the cell may be determined based on the k1 value, UE determines the first available slot for PUCCH transmission.  


Fig. 6 Example for the first available slot determination of option 2 
Alt.1 is simple and flexible, but it will increase the DCI overhead.  Alt.2B is flexible and doesn’t need to introduce additional signalling overhead. Alt.2C is not as flexible as Alt.1 and Alt.2B, but it is simple and doesn’t require additional DCI overhead. Therefore, Alt.2B is our first preference, Alt.2C is our second preference. 
As pointed out by other company [3], another open issue related to PUCCH carrier switching is power control of PUCCH. For example, it should be further studied that whether separate or joint closed loop power control for PUCCH transmissions on multiple cells is operated and how to apply the TPC command value in group common DCI format 2_2 for accumulative power control for PUCCH.

 Proposal 8：
· Support PUCCH carrier switching for HARQ-ACK in Rel-17.

Proposal 9：
· Further study the PUCCH power control if PUCCH carrier switching for HARQ-ACK is supported.

5. Conclusion
In this contribution, we discussed the possible enhancements for HARQ-ACK feedback for URLLC. Proposals are summarized as following: 
 Proposal 1:
· Semi-static HARQ-ACK codebook for sub-slot based HARQ-ACK feedback procedure should be supported in Rel-17.

Proposal 2:
· When DL and UL are configured with same numerology, the sub-slot based semi-static HARQ-ACK codebook can be determined based on following three-steps:
· Step 1: Determine the HARQ-ACK multiplexing window based on the HARQ-ACK timing set and sub-slot length.
· Step 2: Split the TDRA table into N sub-tables based on the sub-slot length and PDSCH-to UL sub-slot association. N is the number of sub-slots within a slot.
· Step 3: Do pruning based on TDD configuration and sub-table per sub-slot similar as Rel-15.
· When DL and UL are configured with different numerologies, further study the sub-slot based semi-static HARQ-ACK codebook determination.

Proposal 3:
HARQ-ACK bits will only be present in the semi-static type-1 codebook if the corresponding sub-slot has at least one PDCCH transmission or SPS PDSCH reception.

Proposal 4:
· Support deferring HARQ-ACK if the SPS HARQ-ACK in the initial slot or sub-slot cannot be transmitted as the resulting PUCCH resource for transmission using the PUCCH by SPS-PUCCH-AN-List-r16 or n1PUCCH-AN collides with invalid symbols.
· Support the limitation of the maximum deferral of k1def.
· Support multiplexing the deferred HARQ-ACK for SPS PDSCH and HARQ-ACK for dynamically scheduled PDSCH(s) on a Type-1 HARQ-ACK codebook.
· Append the delayed HARQ-ACK bits for SPS PDSCH after the HARQ-ACK codebook for dynamically scheduled PDSCH(s) if current UCI multiplexing rule cannot be reused. 

Proposal 5:
· Support dynamic triggering of a one-shot / Type-3 CB type of HARQ-ACK re-transmission for SPS PDSCH due to collision between PUCCH resource and invalid symbol. 
· Following options can be considered to reduce the Type-3 HARQ-ACK codebook size:
· Alt.1: The requested HARQ-ACK codebook contains the number of all DL HARQ processes for all the configured/activated SPS configuration(s) in the activated CC(s).
· Alt.2: The requested HARQ-ACK codebook contains only the number of DL HARQ processes for the indicated SPS configuration(s) in the activated CC(s). 
· Alt.3: The requested HARQ-ACK codebook contains a set of DL HARQ processes for the configured/activated SPS configuration(s) in the activated CC(s).
· FFS the PUCCH resource determination for the triggered Type-3 HARQ-ACK codebook for SPS PDSCH only.

Proposal 6:
· Support skipping PUCCH transmission if all HARQ-ACK bits in the PUCCH resource for SPS PDSCH only are NACK.

Proposal 7：
· Further study whether support dynamic indication of skipped SPS PDSCH occasions in Rel-17.

Proposal 8：
· Support PUCCH carrier switching for HARQ-ACK in Rel-17.

Proposal 9：
· Further study the PUCCH power control if PUCCH carrier switching for HARQ-ACK is supported.
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Appendix 
TP for Type-1 HARQ-ACK codebook determination based on sub-slot PUCCH configuration
	9.1.2.1	Type-1 HARQ-ACK codebook in physical uplink control channel
*** Unchanged text is omitted ***
Set N to the number of UL sub-slots in a slot. In the following pseudo code, slot of a PUCCH means sub-slot of a PUCCH and slot of a PDSCH means sub-slot of a PDSCH if sub-slot based type 1 CB is configured.
Set [image: ] - index of occasion for candidate PDSCH reception or SPS PDSCH release
Set [image: ]
Set [image: ]
Set [image: ] to the cardinality of set [image: ]
Set k =0 – index of slot timing values [image: ], in descending order of the slot timing values, in set [image: ] for serving cell [image: ]
Set , where i=0,…N-1
Set  to the set of rows
while 
Set m to a last OFDM symbol index, as determined by the SLIV, of any row of  with row index  


end while

If a UE is not provided ca-SlotOffset for any serving cell of PDSCH receptions and for the serving cell of corresponding PUCCH transmission with HARQ-ACK information.
while [image: ] 
if [image: ] 
Set [image: ] – index of a DL slot within an UL slot
while [image: ] 
Set [image: ] to 
Set [image: ] to the cardinality of [image: ]
Set [image: ] – index of row in set [image: ]
if slot [image: ] starts at a same time as or after a slot for an active DL BWP change on serving cell [image: ] or an active UL BWP change on the PCell and slot  is before the slot for the active DL BWP change on serving cell [image: ] or the active UL BWP change on the PCell 
; 
else 
while [image: ]
if the UE is provided tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated and, for each slot from slot  where  , at least one symbol of the PDSCH time resource derived by row [image: ] is configured as UL where [image: ] is the k-th slot timing value in set [image: ], 
[image: ];
else
[image: ]; 
end if
end while
if the UE does not indicate a capability to receive more than one unicast PDSCH per slot and [image: ], 
[image: ]; 
[image: ];
else 
Set [image: ] to the cardinality of [image: ]
Set [image: ] to the smallest last OFDM symbol index, as determined by the SLIV, among all rows of [image: ]
while [image: ]
Set [image: ] 
while [image: ]
if [image: ] for start OFDM symbol index [image: ] for row [image: ] 
[image: ]; - index of occasion for candidate PDSCH reception or SPS PDSCH release associated with row [image: ]
[image: ];
[image: ];
else
[image: ]; 
end if
end while
[image: ]
[image: ];
Set [image: ] to the smallest last OFDM symbol index among all rows of[image: ];
end while
end if
;
end if
end while
end if
[image: ];
end while
else
…
end if
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