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Introduction
In the RAN1#104-e meeting, the following agreements were reached [1]. 
	Agreements:
· 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
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.
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 

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, some methods are given for the topic about avoiding SPS HARQ-ACK dropping for TDD. Further, our views on some other topics for further study is provided.
HARQ-ACK feedback enhancements for SPS
1.1 Avoiding SPS HARQ-ACK dropping for TDD
In the RAN1#104-e meeting, the following agreement was reached for this topic. During the discussion, some issues (FFS) were still not resolved and were left to the RAN1#104b-e meeting. In this section, we will analyze and discuss the remaining issues.
	Agreements:
· 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
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: 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 



· Deferring condition
For minimal standardization efforts and UE complexity in implementation, it can be considered that if an SPS HARQ-ACK PUCCH is determined to conflict with a semi-statically configured DL symbol in the initial slot, then the SPS HARQ-ACK PUCCH should be deferred. 
We think that the SPS HARQ-ACK PUCCH is more similar to the semi-statically configured PUCCH, because once it is indicated by the activated DCI, it cannot be changed before the SPS configuration is inactivated. Therefore, if an SPS HARQ-ACK PUCCH is determined to overlap with the semi-statically configured flexible symbol in the initial slot, the SPS HARQ-ACK PUCCH should be transmitted.
We believe that UE should first determine whether the SPS HARQ-ACK PUCCH needs to be delayed before UCI multiplexing, if so, then the UE can determine that the next available PUCCH starts from the initial slot. It helps to avoid the impact of SPS HARQ-ACK deferral due to missing DCI.
Proposal 1: Regarding SPS HARQ-ACK PUCCH deferring conditions:
· If an SPS HARQ-ACK PUCCH is determined to conflict with a semi-statically configured DL symbol in the slot, then the SPS HARQ-ACK PUCCH should be deferred.
· If an SPS HARQ-ACK PUCCH is determined to collide with the semi-statically configured flexible symbol in the slot, the SPS HARQ-ACK PUCCH should be transmitted.
· UE should first determine whether the SPS HARQ-ACK PUCCH needs to be delayed before UCI multiplexing.

· SPS HARQ-ACK deferral configuration
In the RAN1#104-e meeting, two options are provided to support SPS HARQ-ACK deferral configuration:
· 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
Considering that not all SPS configurations need to support SPS HARQ-ACK PUCCH, we prefer that SPS HARQ-ACK deferral is configured per SPS configuration, which is easy to configure and has a flexible configuration granularity, compared to the configuration of the SPS HARQ-ACK deferral per PUCCH cell group.
Proposal 2: The SPS HARQ-ACK deferral configured per SPS configuration should be supported.

· Determining the target slot for SPS HARQ-ACK deferral 
In the RAN1#104-e meeting, it is agreed that 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).
For k1def, our understanding is that if the target slot/sub-slot finally determined by the UE satisfies k1def=0, it means that the UE has found the next available PUCCH in the initial slot/sub-slot. If the target slot/sub-slot finally determined by the UE satisfies k1def>0, it means that the UE has found the next available PUCCH in the slot/sub-slot after the initial slot/sub-slot.
Here k1def = 0 should be supported, because once the UE determines that the SPS HARQ-ACK PUCCH meets the deferring condition, the UE can determine the next available PUCCH starting from the initial slot/subslot in order to minimize the latency.
Here, whether k1def needs a maximum value, we think that there will always be an available PUCCH in a UL slot/sub-slot, so the UE can always determine a next available PUCCH from the first UL slot/sub-slot after the initial slot/subslot. Therefore, the latest target slot/sub-slot should be the first UL slot/sub-slot after the initial slot/sub-slot. That is, the latest target slot/sub-slot corresponding to k1+k1def is the first UL slot/sub-slot after the initial slot/sub-slot.
Proposal 3: Determining the target slot for SPS HARQ-ACK deferral:
· k1def ≥ 0 should be supported.
· Regarding the maximum value of k1def, it should be satisfied that the latest target UL slot/sub-slot corresponding to k1+k1def is the first UL slot/sub-slot after the initial slot/sub-slot.

· Determining the PUCCH resource set for a next valid PUCCH
An issue is, where the PUCCH resource corresponding to the delayed HARQ-ACK codebook is chosen from? The PUCCH resources could be chosen from the PUCCH resource set for SPS configuration, or from the PUCCH resource set for DG PDSCH, or from the both of these resources starting from the initial slot. We prefer that PUCCH resource could be chosen from the PUCCH resource sets for either SPS configuration or DG PDSCH. Because it has more flexibility to choose a proper PUCCH resource for the sake of latency.
Proposal 4: For deferring HARQ-ACK until a next (e.g., first) available PUCCH, the PUCCH could be chosen from PUCCH resource sets for either SPS configuration or DG PDSCH starting from the initial slot.
· Whether to use flexible symbols for the next valid PUCCH
It is natural that UL symbols should be allowed for the next valid PUCCH. The question is how about the flexible symbols before the UL symbols. In our view, at least part of the flexible symbols located before the UL symbols should be allowed for the next valid PUCCH in order to reduce the feedback latency.
In addition, if a UE is configured with flexible symbols set by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated, and if the UE does not detect DCI2-0 (SFI), and if the UE is provided EnableConfiguredUL-r16, and if a semi-static PUCCH is triggered for transmission and is configured to contain flexible  symbols, then the PUCCH will be allowed to be transmitted. In other words, although the PUCCH contains flexible symbols, the flexible symbols are actually allowed to transmit PUCCH.

	11.1.1 of TS38.213
For a set of symbols of a slot that are indicated as flexible by tdd-UL-DL-ConfigurationCommon, and tdd-UL-DL-ConfigurationDedicated if provided, or when tdd-UL-DL-ConfigurationCommon, and tdd-UL-DL-ConfigurationDedicated are not provided to the UE, and if the UE does not detect a DCI format 2_0 providing a slot format for the slot

……
-	if the UE is configured by higher layers to transmit SRS, or PUCCH, or PUSCH, or PRACH in the set of symbols of the slot and the UE is provided EnableConfiguredUL-r16, the UE can transmit the SRS, or PUCCH, or PUSCH, or PRACH, respectively.




It is proposed that the flexible symbols starting from the start symbol of original deferred PUCCH can be used for the next (e.g., first) available PUCCH for the deferred HARQ-ACK codebook. For example, the original PUCCH is configured with symbols #6~#9, then the flexible symbols starting from symbol #6 can be used for the next available PUCCH.
Proposal 5: For deferring HARQ-ACK until a next (e.g., first) available PUCCH, flexible symbols that from the start symbol of the original deferred PUCCH could be used for the available PUCCH for the deferred HARQ-ACK codebook.
· Select PUCCH that meets the conditions
Considering the HARQ-ACK feedback latency and performance requirement, the selected PUCCH for deferred HARQ-ACK should meet the following conditions in a slot:
· The size of the deferred HARQ-ACK codebook is within the UCI size range configured for the selected PUCCH. So, the delayed HARQ-ACK codebook can be effectively carried.
· The number of the selected PUCCH symbols is not less than the number of original PUCCH symbols to ensure coverage.
· The selected PUCCH has the earliest end symbol in order to reduce the latency.
Proposal 6: For the next (e.g., first) available PUCCH for deferring HARQ-ACK, it needs to meet the following conditions in a slot:
· The size of the deferred HARQ-ACK codebook is within the UCI size range configured for the selected PUCCH.
· The number of the selected PUCCH symbols is not less than the number of original PUCCH symbols.
· The selected PUCCH has the earliest end symbol.

· Codebook construction/multiplexing for deferring HARQ-ACK
If the next available PUCCH for deferred HARQ-ACK codebook is in slot n and another HARQ-ACK codebook is also indicated to be transmitted in slot n, then the deferred HARQ-ACK codebook should be multiplexed with another HARQ-ACK codebook in the same PUCCH determined by PRI in the last DCI. In this case, the UE should construct a new HARQ-ACK codebook including the deferred HARQ-ACK codebook and another HARQ-ACK codebook. The details of the construction of the new HARQ-ACK codebook are discussed below.
Option 1: Regardless of whether the UE is configured with a dynamic codebook or a semi-static codebook, the UE always concatenates the deferred HARQ-ACK codebook after the other HARQ-ACK codebook to generate a new HARQ-ACK codebook. 
Option 1 is a simple method, but if the semi-static HARQ-ACK codebook is configured, redundant overhead may be generated.
For example, in Figure 1, the UE is configured with a semi-static HARQ-ACK codebook with k1={2,3,4,5,6,7,8}, 6 DG PDSCHs are scheduled, and are instructed to feed back HARQ-ACK in slot n. An SPS PDSCH is transmitted and k1=2 is indicated by the activated DCI, but the HARQ-ACK of the SPS PDSCH is finally deferred to be transmitted in slot n. According to Option 1 of codebook construction, HARQ-ACK of DG PDSCHs and HARQ-ACK of deferred SPS PDSCH should be multiplexed by concatenation in the new HARQ-ACK codebook in slot n. 
Since the SPS PDSCH corresponds to k1=2, the HARQ-ACK of the SPS PDSCH is originally indicated to be transmitted in slot n-3. However, the SPS PDSCH in slot n-5 is included in the semi-static codebook window corresponding to the HARQ-ACK codebook of the DG PDSCHs. According to the existing mechanism, the SPS PDSCH in slot n-5 is also filled with NACK in HARQ-ACK codebook corresponding to the DG PDSCHs. In this way, the HARQ-ACK of slot n-5 is fed back twice. One is the actual HARQ-ACK corresponding to the SPS PDSCH that is included in the deferred HARQ-ACK codebook, and the other is the padding NACK corresponding to the slot of SPS PDSCH that is included in the HARQ-ACK codebook for DG PUSCHs. Therefore, a redundant HARQ-ACK bit is generated.
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Figure 1 An example for the delayed HARQ-ACK codebook
An optimized method is to construct the codebook for HARQ-ACK feedback in slot n according to the semi-static HARQ-ACK codebook mechanism instead of using the method of concatenating two sub-codebooks (deferred HARQ-ACK codebook and semi-static HARQ-ACK codebook corresponding to the DG PDSCHs) in Option 1.
Option 2: If the slot with SPS PDSCH is contained in the semi-static HARQ-ACK codebook window corresponding to a semi-static HARQ-ACK codebook of the DG PDSCHs, then UE constructs the new HARQ-ACK codebook containing the deferred HARQ-ACK for SPS PDSCH and HARQ-ACKs of the DG PDSCHs according to the semi-static HARQ-ACK codebook mechanism in principle, but the actual HARQ-ACK is always generated for the slot with SPS PDSCH. In other words, the SPS PDSCH is treated as DG PDSCH to generate HARQ-ACK. Otherwise, UE generates new HARQ-ACK codebook according to Option 1.
For example, also in Figure 1, according to Option 2, the slot of the SPS PDSCH corresponding to the deferred HARQ-ACK is included in the semi-static codebook window corresponding to the semi-static HARQ-ACK codebook of the DG PDSCHs. Thus, a new HARQ-ACK codebook is constructed according to the semi-static HARQ-ACK codebook mechanism, and actual HARQ-ACK is always generate for the SPS PDSCH in the slot where the SPS PDSCH exists, just like the SPS PDSCH is treated as DG PDSCH. In this way, no redundant HARQ-ACK will be generated.
Based on the above analysis, Option 2 inherits the advantages of Option 1 and discards its shortcomings. Therefore, from the perspective of overhead reduction, we prefer Option 2 to construct a new HARQ-ACK codebook if the new HARQ-ACK codebook contains deferred HARQ-ACK and another HARQ-ACK codebook corresponding to DG PDSCHs. 

Proposal 7: If the next available PUCCH for the deferred HARQ-ACK codebook for SPS PDSCH is determined in slot n and another PUCCH for the HARQ-ACK codebook for DG PDSCHs is also indicated in slot n, then the two HARQ-ACK codebooks should be multiplexed together in a same PUCCH determined by PRI in the last DCI. 
· If the slot with SPS PDSCH is contained in the semi-static HARQ-ACK codebook window corresponding to the semi-static HARQ-ACK codebook for the DG PDSCHs, then UE constructs a new HARQ-ACK codebook containing the deferred HARQ-ACK and HARQ-ACKs of the DG PDSCHs according to the semi-static HARQ-ACK codebook mechanism, but the actual HARQ-ACK is always generated for the slot with SPS PDSCH. 
· Otherwise, regardless of whether the UE is configured with a dynamic codebook or a semi-static codebook, the UE always concatenates the delayed HARQ-ACK codebook after the HARQ-ACK codebook for DG PUSCHs to generate a new HARQ-ACK codebook. 

1.2 SPS HARQ skipping for ‘skipped’ SPS PDSCH and SPS HARQ payload size reduction (of non-skipped SPS PDSCH) 
In the RAN1#103-e meeting, the following agreements were reached, and in RAN1#104-e meeting, no agreement is achieved. In this section, firstly the possibility of supporting both NACK only and ACK only is discussed. Secondly the HARQ bundling and HARQ-ACK disabling /skipping for certain SPS configurations are discussed. 
	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)
a. FFS: Details
2. NACK skipping (ACK-only) (Alt. 2)
a. FFS: Details
3. HARQ bundling / compression (Alt. 3)
a. FFS: Details including HARQ bundling / compression window, bundling / compression technique
4. HARQ-ACK disabling /skipping for certain SPS configurations (Alt. 4)
a. The skipping / disabling is higher-layer configured per SPS configuration
b. FFS: HARQ-ACK skipping behaviour for Type 1 CB



· NACK skipping and ACK skipping
For the SPS HARQ skipping for 'skipped' SPS PDSCH, NACK skipping has its valid use cases, for example, to support the TSC traffic with non-integer periodicity in terms of OFDM symbol granularity by over provision of the DL resources for SPS PDSCH.
For the SPS HARQ payload size reduction (of non-skipped SPS PDSCH), ACK skipping also has its valid use cases. For example, ACK generation is a high probability event for URLLC services, so in order to reduce overhead as much as possible, ACK skipping is preferred.
Therefore, we propose that both feedback modes are supported. The feedback mode to be used can be configured by the network according to the use case. For example, the network can configure the feedback mode for the UE through semi-static or dynamic signaling.
Proposal 8: Both NACK skipping (ACK only) and ACK skipping (NACK only) should be supported, and the feedback mode can be configured by the network.

· Alt. 3 (HARQ bundling) and Alt. 4 (HARQ-ACK disabling /skipping for certain SPS configurations)
For the SPS HARQ payload size reduction (of non-skipped SPS PDSCH), we believe that both Alt. 3 (HARQ bundling) and Alt. 4 (HARQ-ACK disabling /skipping for certain SPS configurations) should be supported.
For Alt. 3 (HARQ bundling), multiple HARQ-ACKs corresponding to SPS PDSCHs will be bundled to reduce overhead. For SPS configuration, the UE still needs to generate NACK for an SPS occasion where actual transmission does not occur. Since the UE cannot accurately know whether the actual transmission occurs at an SPS occasion, if the bundling mechanism is supported, the bundling mechanism will negatively affect the ACKs corresponding to other SPS occasions. For example, 3 SPS occasions (from one or more SPS configurations) are required for bundling, assuming that there is no actual transmission at one SPS occasion, and there is actual transmission at the remaining two SPS occasions. The result of the bundling mechanism is NACK. In this way, the base station does not know whether the actual transmission at the remaining two SPS occasions is received correctly. The base station can only consider NACK for the remaining two SPS occasions.
In order to support the bundling mechanism, the above issue shall be solved first.
For Alt. 4, if an SPS configuration is disabled for feedback, when the UE constructs a semi-static HARQ-ACK codebook corresponding to only the SPS configurations, the HARQ-ACK codebook should not include the SPS configuration disabled for feedback, for the sake of feedback overhead. 
Similarly, if feedback is disabled for an SPS configuration, when the UE constructs a semi-static HARQ-ACK codebook corresponding to the SPS configurations and DG PDSCH, it can also consider not to include the PDSCH TDRA corresponding to the SPS configurations. In this way, the number of PDSCH TDRAs participating in the construction of the semi-static HARQ-ACK codebook will be reduced, so that there is an opportunity to reduce the number of SLIV groups, thereby helping to reduce overhead.

Proposal 9: For SPS HARQ payload size reduction, support Alt. 3 (HARQ bundling) and Alt. 4 (HARQ-ACK disabling /skipping for certain SPS configurations)
· For Alt. 3, the bundling mechanism for SPS configuration should be further studied. 
· For Alt. 4,
· If an SPS configuration is disabled for feedback, when the UE constructs a semi-static HARQ-ACK codebook corresponding to only the SPS configurations, the semi-static HARQ-ACK codebook should not include the SPS configuration disabled for feedback.
· If an SPS configuration is disabled for feedback, when the UE constructs a semi-static HARQ-ACK codebook corresponding to the SPS configurations and DG PDSCH, the semi-static HARQ-ACK codebook should not include the PDSCH TDRA corresponding to the SPS configuration.
PUCCH repetition enhancements (at least for HARQ-ACK)
In the RAN1#104-e meeting, the following agreement was reached, but there are still some remaining issues.
	
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



Regarding dynamic repetition indication, we think it should be discussed in Cov. Enh WI first. We agree with FL’s suggestion: 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.
Regarding PUCCH repetition for PUCCH formats 0 and 2 for slot-based PUCCH repetition, we think it is not necessary, because the same functionality can be easily replaced by a long format PUCCH in a slot.
Proposal 10: Regarding PUCCH repetition:
· Regarding dynamic repetition indication, consider that the method to be specified in Cov. Enh WI for slot-based PUCCH repetition can be directly applied to sub-slot PUCCH or changes are needed.
· It is not necessary to consider slot-based PUCCH repetition for PUCCH formats 0 and 2.
Transmission of the cancelled HARQ-ACK
· Applicable scenarios for the transmission of the cancelled HARQ-ACK
A high priority HARQ-ACK codebook may be cancelled by the semi-static frame structure, but we believe that the probability of conflict between the high-priority HARQ-ACK codebook and the semi-static frame structure is quite tiny, while the probability of conflict between the high-priority HARQ-ACK codebook and the low-priority HARQ-ACK codebook is relatively high.
Therefore, we believe that the standardization work for retransmission of the low-priority HARQ-ACK codebook should be considered first. Preferably, the same principle can also be reused for retransmission of high-priority HARQ-ACK codebook.
Proposal 11: The standardization work for retransmission of the low-priority HARQ-ACK codebook should be considered first.
· The similar principle could be applied for high priority HARQ-ACK retransmission if it does not require a lot of extra standardization work compared to low priority HARQ-ACK retransmission.

· When to trigger the transmission of the cancelled HARQ-ACK
In Rel-16, when a low-priority HARQ-ACK PUCCH conflicts with a high-priority PUCCH or a high-priority PUSCH, the low-priority HARQ-ACK PUCCH is canceled. If the dropped low-priority PUCCH carries many HARQ-ACK bits, all related PDSCHs have to be re-transmitted. In order to avoid this, one way is to perform intra-UE multiplexing as discussed in our companion contribution [2]. However, this will also impact the transmission with high priority. And in some cases, the multiplexing of PUCCHs with different priorities cannot be done. For example, high-priority PUCCH and low-priority PUCCH may not meet the multiplexing timeline due to the low latency requirement of the high-priority PUCCH. So, dropping is expected, and thus enhancement on transmission of low-priority HARQ-ACK should be considered.
[image: ]
Figure 2 an example is for low-priority PUCCH resources to be modified.
For example, in Figure 2, a low-priority HARQ-ACK PUCCH is scheduled first, and then a high-priority PUCCH is scheduled and overlaps with the low-priority PUCCH. After the high PDCCH is received, the UE will know that the low-priority PUCCH will be cancelled. After the high PDCCH detection, the base station can send the new PDCCH to trigger a new low-priority PUCCH resource for the cancelled PUCCH as early as possible. In other words, the cancelled HARQ-ACK codebook can be triggered for transmission at the earliest after the conflict is determined. We believe that the cancelled HARQ-ACK codebook should be triggered as early as possible, which is beneficial to the UE, for example, avoiding the re-construction of the HARQ-ACK codebook.
Proposal 12: The cancelled HARQ-ACK codebook should be triggered for transmission as early as possible after the conflict is determined, for example, the earliest trigger is started after the PDCCH corresponding to the high-priority PUCCH. 

· [bookmark: OLE_LINK3]How to trigger the transmission of the dropped HARQ-ACK
In the RAN1#103-e and RAN1#104-e meeting, some discussions were related to how the dropped HARQ-ACK is triggered for retransmission. The progress is summarized by FL as follows, here we try to analyze the advantages and disadvantages of the alternatives.
	RAN1#103-e
· Alt. 1 -  Enhancements on top of Rel-16 enhanced dynamic CB (e-Type 2 CB)
· As there seems to be little interest, companies proposing related enhancements should clarify which enhancements and why such should be specified – in order to maybe convince companies still to also work on related enhancements
· Alt. 2 – Enhancements on to of Rel-16 Type 3 CB 
· Which enhancements to Type 3 CB are envisioned (please describe in detail)
· Maybe worth considering enhancements here more generically, including using one-shot / Type 3 CB type re-transmission also for SPS TDD issue (of Sec. 2) – e.g. discuss them jointly. 
· Alt. 3 / Alt. 4: DCI scheduling PUSCH (Alt. 3) or PUCCH (Alt. 4) to carry dropped HARQ 
· Details on the operation 
· Advantages over Alt. 1 / Alt. 2 



	RAN1#104-e
Question 3.3.2: A modified Type 3 CB needs to still have the following properties: 
· Property A: The codebook size of a single triggered HARQ-ACK codebook is not flexible, but at least determined by RRC configuration or activation
· this would still include RRC configuration of sub-set of HARQ processes & / serving cells, only activated serving cells, SPS HARQ-ACK of SPS configuatoins or a subset of RRC configured or activated SPS configurations, …
· .. but this would not include: dynamic payload size optimization based on the number of (actually) dropped SPS HARQ-ACK (incl. time domain window, etc.)
· Property B: The codebook construction uses HARQ processes as a bases (i.e. ordered according to HARQ-IDs and serving cells)
· This allows the transmission of any dropped HARQ-ACK, as long as the bits in the codebook follow the Type 3 principle using ordering according according to HARQ-ID and serving cell
· this would not allow re-transmission triggering of dropped HARQ-ACK using the same codebook as initially intended 
· Property C: The UE is provided a trigger and a PUSCH/PUCCH resource to transmit the dropped HARQ-ACK. The main bullet is not applicable as Type-3 CB (in whatever version) is not applicable.



For Alt.2 (Type 3 CB), we think it can solve the transmission of the dropped HARQ-ACK codebook, but it has the following shortcomings:
· Type 3 codebook overhead is relatively large. For example, all CCs configured for the UE and all HARQ processes are required to generate HARQ-ACK in order to construct a type 3 codebook regardless of whether actual transmission occurs in the HARQ process.
· The type 3 codebook cannot separately support high or low priority HARQ-ACK codebook construction. For example, when a canceled HARQ-ACK codebook is triggered for transmission, the UE needs to reconstruct a type 3 codebook according to the HARQ process, but the type 3 codebook cannot support the construction of only a low priority type 3 codebook. In other words, after the type 3 codebook is triggered, the type 3 codebook will contain high and low priority HARQ-ACKs in one codebook. We believe this is unreasonable and may have a negative impact on high-priority codebooks.
· More effort to reconstruct the dropped HARQ-ACK codebook according to the HARQ process and CCs. For example, the dropped HARQ-ACK codebook is a complete codebook that has been constructed according to a semi-static or dynamic codebook. However, after the type 3 codebook is triggered, the UE needs to reconstruct the type 3 codebook according to the HARQ process and CCs and introduce additional overhead. We think this is also unreasonable, and the dropped HARQ-ACK codebook does not need to be reconstructed.
· Type 3 codebook is an optional feature for UEs, so it cannot be supported by all UEs.
In summary, the type 3 codebook is not the best candidate to solve the transmission of the dropped HARQ-ACK codebook.
In the RAN1#104-e meeting, the type 3 codebook was discussed mainly to support the priority of the physical layer and reduce the codebook overhead. However, no effective method is provided to support the priority of the physical layer. This is because the type3 codebook is constructed based on the HARQ process, and the current HARQ process does not support differentiating the priority of the physical layer. 
Therefore, to solve the priority issue of type 3 codebook, it can be considered to configure the corresponding physical layer priority for the HARQ process, so that the type 3 codebook can be constructed based only on the high-priority HARQ process, or based only on the low-priority HARQ process. Obviously, this can also reduce the overhead of the type 3 codebook, compared to the existing type 3 codebook.
Proposal 13: RAN1 should consider to introduce the priority of the physical layer for the HARQ process if the type 3 like codebook is supported for retransmission of the cancelled HARQ-ACK.
For Alt. 3 / Alt. 4 (DCI scheduling PUSCH (Alt. 3) or PUCCH (Alt. 4) to carry dropped HARQ), it is based on DCI to reschedule a PUSCH or PUCCH for the dropped HARQ-ACK codebook. The dropped HARQ-ACK codebook does not need to be reconstructed and no additional overhead is introduced. It can perfectly support the transmission of a dropped HARQ-ACK codebook in the new PUSCH/PUCCH. It only needs to design a DCI or add an indication field in the DCI to notify the UE that the DCI triggers the retransmission of a dropped HARQ-ACK codebook.
In summary, compared to Alt. 2, Alt. 3/Alt. 4 is more efficient and could be used by all UEs.
Proposal 14: For the retransmission of the dropped HARQ-ACK codebook, Alt. 3/Alt. 4 should be supported.
· Alt. 3: DCI scheduling PUSCH to carry dropped HARQ-ACK codebook.
· Alt. 4: DCI scheduling PUCCH to carry dropped HARQ-ACK codebook.
 
Type 1 HARQ-ACK codebook based on sub-slot for URLLC
In the RAN1#104-e meeting, the sub-slot based type 1 HARQ-ACK codebook was discussed. Some proposals that are close to be agreed are summarized as follows by the FL. There are 2 issues involved in the summary, we try to clarify them and provide solutions.
	Update 3 FL Proposal 6.1: Support Type-1 HARQ-ACK codebook for sub-slot based PUCCH configuration in Rel-17.
· The properties of the Type-1 HARQ-ACK codebook for sub-slot PUCCH at least includes that a PDSCH TDRA is associated with a UL /PUCCH sub-slot if the end of the PDSCH overlaps with the associated sub-slot determined by a k1 in the set of sub-slot timing values K1. 
· [bookmark: _Hlk63182198]FFS: whether or not to consider PDSCH TDRA grouping per sub-slot
· FFS: Additional properties that may need clarification 
· FFS: Other Type 1 HARQ-ACK CB enhancements (for sub-slot based &/ slot based HARQ-ACK feedback)



Issue 1: How to deal with the situation where one UL sub-slot overlaps with one or more DL slots?
In the existing specification, the type 1 HARQ-ACK codebook already supports one UL slot overlaps with multiple DL slots, i.e. loop multiple DL slots within one UL slot. For sub-slot case, we can simply reuse the same principles, even same pseudo-code with simple clarification that the DL slot is overlapped with one UL sub-slot (in Rel-15, it is written the DL slot is within one UL slot).
Proposal 15: For the type 1 HARQ-ACK codebook, if one UL sub-slot overlaps with one or more DL slots, the existing mechanism is reused, for example, loop multiple DL slots within one UL slot.
Issue 2: How to generate HARQ-ACK information for Type1 HARQ-ACK codebook based on sub-slot in case of one DL slot overlapping with one or more UL sub-slots?
In order for the type1 HARQ-ACK codebook to support sub-slots, it should be considered for minimal standardization efforts and UE implementation complexity. A simple method is provided as follows and has no introduction of additional HARQ-ACK overhead.
For the convenience of description, the following steps are introduced to construct a type1 HARQ-ACK codebook based on sub-slot:
1　 Determine the DL slot corresponding to the type1 HARQ-ACK codebook;
2　 Within the determined DL slot, if the end symbol of a PDSCH TDRA does not overlap with the determined UL sub-slot (n-k1), then delete the PDSCH TDRA from the PDSCH TDRA of the determined DL slot;
3　 The remaining PDSCH TDRA in the determined DL slot is divided into SLIV groups;
4　 Generate HARQ-ACK information for each SLIV group.
[image: ]
Figure 3 Type1 HARQ-ACK codebook construction based on UL sub-slot
For example, In Figure 3, the UE is configured with a UL sub-slot with a length of 2 symbols (or called a UL slot, containing the number of symbols equal to the number of symbols of the sub-slot, and the following UL sub-slot can be replaced by the UL slot). The configuration of PDSCH#1~PDSCH#8 is shown in Figure 3 in a DL slot. Corresponding to Figure 3, suppose that the UE has determined the DL slot (or UL sub-slot) corresponding to the type-1 HARQ-ACK codebook, and further suppose that the UE has determined the UL sub-slot as the first, second, fifth and seventh UL sub-slots by n-k1 in Figure 3.
In this way, the end symbol of PDSCH#4, PDSCH#5 and PDSCH#6 does not overlap with the determined UL sub-slots, so PDSCH#4, PDSCH#5 and PDSCH#6 are removed from the PDSCHs candidates for generating HARQ-ACK feedback corresponding to the DL slot. Therefore, the remaining PDSCHs for generating HARQ-ACK are PDSCH #1, PDSCH#2, PDSCH#3, PDSCH#7 and PDSCH#8.
Then, for PDSCH#1, PDSCH#2, PDSCH#3, PDSCH#7, and PDSCH#8, the SLIV group is divided based on slot level within the DL slot. The finally obtained SLIV groups are group {#1, #2}, group {#3} and group {#7, #8}, with a total of 3 SLIV groups.
For the determined DL slot, each SLIV group generates a corresponding HARQ-ACK, in order to construct a type1 HARQ-ACK codebook.
A possible specification modification is provided as follows for TS36.213:
	[bookmark: _Toc36498168][bookmark: _Toc60601311][bookmark: _Toc29899139][bookmark: _Ref505248562][bookmark: _Toc29894840][bookmark: _Toc45699194][bookmark: _Toc12021470][bookmark: _Toc26719407][bookmark: _Toc29917294][bookmark: _Toc20311582][bookmark: _Toc29899557]9.1.2.1	Type-1 HARQ-ACK codebook in physical uplink control channel
...
while [image: ]
if the UE is provided tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated and, for each slot from slot  to slot , 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: ],

Or, if the UE is provided tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated and, for each slot from slot 


 to slot , the end symbol of the PDSCH time resource derived by row [image: ] does not overlap with a slot  for an associated PUCCH transmission where [image: ] is the k-th slot timing value in set [image: ],
[image: ];
else
[image: ]; 
end if
...
while [image: ]
if the UE is provided tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated and, for each slot from slot  to slot , 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: ], 

Or, if the UE is provided tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated and, for each slot from slot 


 to slot , the end symbol of the PDSCH time resource derived by row [image: ] does not overlap with a slot  for an associated PUCCH transmission where [image: ] is the k-th slot timing value in set [image: ],
[image: ];
else
[image: ]; 
end if
...



Proposal 16: Determine the type1 HARQ-ACK codebook based on sub-slot with the following procedure:
1　 Determine the DL slot corresponding to the type1 HARQ-ACK codebook;
2　 Within the determined DL slot, if the end symbol of a PDSCH TDRA does not overlap with the determined UL sub-slot (n-k1), then delete the PDSCH TDRA from the PDSCH TDRA of the determined DL slot;
3　 The remaining PDSCH TDRA in the determined DL slot is divided into SLIV groups;
4　 Generate HARQ-ACK information for each SLIV group.

PUCCH carrier switching for HARQ-ACK feedback
In the RAN1#104-e meeting, the following agreement was reached.
	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


1.3 Motivation for dynamic PUCCH carrier switching
The main use case of PUCCH carrier switching for HARQ feedback is to provide HARQ-ACK latency reduction for DG PDSCH for TDD under CA, where different serving cells may have different UL/DL patterns. An example in Figure 4 is for illustration, where the dynamic PUCCH indication on CC1 allows the HARQ-ACK to be transmitted with a smaller k1 compared to the PUCCH on the CC0 (e.g. Pcell).
[image: ]
Figure 4 PUCCH carrier switching for HARQ-ACK feedback
We also believe that the dynamic PUCCH carrier switching is also beneficial to relieve intra UE or inter UE overlapping. For example, more UL slots can be provided for PUCCH scheduling from the multiple carriers in order to facilitate discrete scheduling of PUCCH.
There are also other methods provided in [1] in order to achieve earlier HARQ-ACK feedback, such as using a DG PUSCH scheduled on CC1 that overlaps the HARQ-ACK PUCCH in CC0 in the time domain, so that the HARQ-ACK in the PUCCH is transmitted through the DG PUSCH, and the PUCCH is not transmitted. However, this method is inefficient compared with dynamic PUCCH carrier switching for the following reasons:
· DCI overheard: an UL DCI needed to schedule the PUSCH.
· UL overhead: A PUSCH need to be transmitted even if there is no data to be transmitted.
· Delay: The HARQ-ACK will have to meet the PUSCH preparation timeline.
Thus, an efficient method such as dynamic PUCCH carrier switching should be supported for HARQ-ACK enhancement in Rel-17 URLLC. 
Proposal 17: Dynamic PUCCH carrier switching should be supported in HARQ-ACK enhancement in Rel-17 URLLC.
1.4 Potential method for dynamic PUCCH carrier switching
In the RAN1#104-e conference, several candidate methods were provided. Here we further add detailed content as the favorite method.
· [bookmark: _GoBack]Alt. 1: PUCCH carrier switching is based on dynamic indication in DCI
Alt.1 can include more specific methods.
Method 1: Add an indication field to DCI for PUCCH carrier switching.
Method 2, reinterpret the original field in the DCI. For example, the high bits of PRI or k1 are reinterpreted as PUCCH carrier switching.
Method 3, PRI is used to instruct PUCCH carrier to switch from a new PUCCH resource set, which can include PUCCH resources of different UL CCs. 
For example, the new PUCCH resource set can be configured to include PUCCH resources of different UL CCs. In this way, the PRI in the DCI not only indicates the PUCCH resource, but also indicates the PUCCH carrier. This method will not affect the physical layer specifications. 
In comparison, we prefer Method 3 because it is simple and does not affect the physical layer specifications. Because of the absence of DCI, Alt.1 cannot be used for SPS PDSCH. The PUCCH carrier switching for SPS PDSCH could be further studied.
· Alt. 2B: PUCCH carrier switching is based on certain (semi-static) rules
Alt.2B can include more specific steps.
Step 1: Configure a UL CC set to allow PUCCH carriers to be switched between UL CCs included in the UL CC set.
For example, there are two possible configuration methods. The first one is that the UL CC set does not include UL Pcell, but the PUCCH is determined by default to start from UL Pcell; the second one is that the UL CC set includes UL Pcell.
Step 2: Combining the SCS of each CC and the configured PUCCH resource set, use the k1 and PRI in the DCI to determine the effective PUCCH, in ascending order according to the carrier index, until the effective PUCCH is determined from the UL CC set (if the PUCCH does not match the DL Conflict, it is a valid PUCCH).
For example, a UL CC set contains CC0 and CC1, the SCS of CC0 is 15KHz, and the SCS of CC1 is 30Khz. In DCI, k1 is 2, and PRI is 3. The UE uses k=2, PRI=3, and SCS=15KHz to first determine the valid PUCCH from CC0. If the valid PUCCH is determined, then CC0 is the PUCCH carrier, and the valid PUCCH is the PUCCH resource. If no valid PUCCH is determined from CC0, continue to use k=2, PRI=3 and SCS=30KHz to determine the valid PUCCH from CC1. If the valid PUCCH is determined, then CC1 is the PUCCH carrier, and the valid PUCCH is the PUCCH resource.
For Alt. 2B is a compromise method between dynamic and semi-static PUCCH carrier switching.
Between Alt. 1 and Alt. 2B, we prefer the method 3 in Alt. 1 because it is simple and does not affect the physical layer specifications.
Proposal 18: For dynamic PUCCH carrier switching, dynamic indication in DCI should be supported.
· PRI is used to instruct PUCCH carrier switching from an extended PUCCH resource set, which can include PUCCH resources of different UL CCs. 

Conclusions
According to the analysis given above, we have the following observations and proposals:
Proposal 1: Regarding SPS HARQ-ACK PUCCH deferring conditions:
· If an SPS HARQ-ACK PUCCH is determined to conflict with a semi-statically configured DL symbol in the slot, then the SPS HARQ-ACK PUCCH should be deferred.
· If an SPS HARQ-ACK PUCCH is determined to collide with the semi-statically configured flexible symbol in the slot, the SPS HARQ-ACK PUCCH should be transmitted.
· UE should first determine whether the SPS HARQ-ACK PUCCH needs to be delayed before UCI multiplexing.
Proposal 2: The SPS HARQ-ACK deferral configured per SPS configuration should be supported.
Proposal 3: Determining the target slot for SPS HARQ-ACK deferral:
· k1def ≥ 0 should be supported.
· Regarding the maximum value of k1def, it should be satisfied that the latest target UL slot/sub-slot corresponding to k1+k1def is the first UL slot/sub-slot after the initial slot/sub-slot.
Proposal 4: For deferring HARQ-ACK until a next (e.g., first) available PUCCH, the PUCCH could be chosen from PUCCH resource sets for either SPS configuration or DG PDSCH starting from the initial slot.
Proposal 5: For deferring HARQ-ACK until a next (e.g., first) available PUCCH, flexible symbols that from the start symbol of the original deferred PUCCH could be used for the available PUCCH for the deferred HARQ-ACK codebook.
Proposal 6: For the next (e.g., first) available PUCCH for deferring HARQ-ACK, it needs to meet the following conditions in a slot:
· The size of the deferred HARQ-ACK codebook is within the UCI size range configured for the selected PUCCH.
· The number of the selected PUCCH symbols is not less than the number of original PUCCH symbols.
· The selected PUCCH has the earliest end symbol.
Proposal 7: If the next available PUCCH for the deferred HARQ-ACK codebook for SPS PDSCH is determined in slot n and another PUCCH for the HARQ-ACK codebook for DG PDSCHs is also indicated in slot n, then the two HARQ-ACK codebooks should be multiplexed together in a same PUCCH determined by PRI in the last DCI. 
· If the slot with SPS PDSCH is contained in the semi-static HARQ-ACK codebook window corresponding to the semi-static HARQ-ACK codebook for the DG PDSCHs, then UE constructs a new HARQ-ACK codebook containing the deferred HARQ-ACK and HARQ-ACKs of the DG PDSCHs according to the semi-static HARQ-ACK codebook mechanism, but the actual HARQ-ACK is always generated for the slot with SPS PDSCH. 
· Otherwise, regardless of whether the UE is configured with a dynamic codebook or a semi-static codebook, the UE always concatenates the delayed HARQ-ACK codebook after the HARQ-ACK codebook for DG PUSCHs to generate a new HARQ-ACK codebook. 
Proposal 8: Both NACK skipping (ACK only) and ACK skipping (NACK only) should be supported, and the feedback mode can be configured by the network.
Proposal 9: For SPS HARQ payload size reduction, support Alt. 3 (HARQ bundling) and Alt. 4 (HARQ-ACK disabling /skipping for certain SPS configurations)
· For Alt. 3, the bundling mechanism for SPS configuration should be further studied. 
· For Alt. 4,
· If an SPS configuration is disabled for feedback, when the UE constructs a semi-static HARQ-ACK codebook corresponding to only the SPS configurations, the semi-static HARQ-ACK codebook should not include the SPS configuration disabled for feedback.
· If an SPS configuration is disabled for feedback, when the UE constructs a semi-static HARQ-ACK codebook corresponding to the SPS configurations and DG PDSCH, the semi-static HARQ-ACK codebook should not include the PDSCH TDRA corresponding to the SPS configuration.
Proposal 10: Regarding PUCCH repetition:
· Regarding dynamic repetition indication, consider that the method to be specified in Cov. Enh WI for slot-based PUCCH repetition can be directly applied to sub-slot PUCCH or changes are needed.
· It is not necessary to consider slot-based PUCCH repetition for PUCCH formats 0 and 2.
Proposal 11: The standardization work for retransmission of the low-priority HARQ-ACK codebook should be considered first.
· The similar principle could be applied for high priority HARQ-ACK retransmission if it does not require a lot of extra standardization work compared to low priority HARQ-ACK retransmission.
Proposal 12: The cancelled HARQ-ACK codebook should be triggered for transmission as early as possible after the conflict is determined, for example, the earliest trigger is started after the PDCCH corresponding to the high-priority PUCCH. 
Proposal 13: RAN1 should consider to introduce the priority of the physical layer for the HARQ process if the type 3 like codebook is supported for retransmission of the cancelled HARQ-ACK.
Proposal 14: For the retransmission of the dropped HARQ-ACK codebook, Alt. 3/Alt. 4 should be supported.
· Alt. 3: DCI scheduling PUSCH to carry dropped HARQ-ACK codebook.
· Alt. 4: DCI scheduling PUCCH to carry dropped HARQ-ACK codebook.
Proposal 15: For the type 1 HARQ-ACK codebook, if one UL sub-slot overlaps with one or more DL slots, the existing mechanism is reused, for example, loop multiple DL slots within one UL slot.
Proposal 16: Determine the type1 HARQ-ACK codebook based on sub-slot with the following procedure:
1　 Determine the DL slot corresponding to the type1 HARQ-ACK codebook;
2　 Within the determined DL slot, if the end symbol of a PDSCH TDRA does not overlap with the determined UL sub-slot (n-k1), then delete the PDSCH TDRA from the PDSCH TDRA of the determined DL slot;
3　 The remaining PDSCH TDRA in the determined DL slot is divided into SLIV groups;
4　 Generate HARQ-ACK information for each SLIV group.
Proposal 17: Dynamic PUCCH carrier switching should be supported in HARQ-ACK enhancement in Rel-17 URLLC.
Proposal 18: For dynamic PUCCH carrier switching, dynamic indication in DCI should be supported.
· PRI is used to instruct PUCCH carrier switching from an extended PUCCH resource set, which can include PUCCH resources of different UL CCs. 
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