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Introduction
This contribution discusses remaining issues (SPS HARQ-ACK deferring, Retransmission of cancelled HARQ, SPS HARQ skipping/payload size reduction, PUCCH repetition, Sub-slot based Type 1 HARQ-ACK CB, PUCCH carrier switching, and others) for HARQ-ACK reporting in Rel-17 IIoT. 

Discussion
1 
2 
SPS HARQ-ACK deferring/dropping for TDD
There were good progresses of this topic. Following agreements were achieved during RAN1#106-e. 
	Agreement
The SPS HARQ-ACK deferral is enabled per SPS configuration
· Note: part of sps-config, only HARQ-ACK of SPS PDSCH configurations enabled for deferral is in principle subject to deferral

Agreement
Definition of when to defer from the initial slot: 
· Alt1: Deferral only, if the SPS HARQ-ACK in the initial slot/sub-slot cannot be transmitted as the resulting PUCCH resource for transmission using the PUCCH by SPS-PUCCH-AN-List-r16 or n1PUCCH-AN is not valid

Agreement 
For SPS HARQ-ACK deferral, the maximum deferral value in terms of k1+k1def is RRC configured per SPS configuration.

Agreement
For SPS HARQ-ACK deferral, only SPS HARQ bits subject to deferral from HARQ-ACK codebook from an initial PUCCH slot are deferred to the target PUCCH slot

Agreement 
For SPS HARQ-ACK deferral, deferred SPS HARQ bits from more than one ‘initial PUCCH slot’ can be jointly deferred to a target PUCCH slot 

Agreement
For SPS HARQ-ACK deferral, the target PUCCH slot is defined as the next PUCCH slot where sps-PUCCH-AN-List-r16 or n1PUCCH-AN PUCCH resource is regarded as valid, or a PUCCH resource (from PUCCH-ResourceSet, i.e. DG PDSCH HARQ multiplexed) is dynamically indicated
· The target PUCCH slot determination is based on the total HARQ-ACK payload size including deferred SPS HARQ-ACK information and non-deferred HARQ-ACK information (if any) of a candidate target PUCCH slot
· The final PUCCH resource selection in the target PUCCH slot in terms of PUCCH resource set and PUCCH resource ID follows the Rel-16 procedures.

Agreement
For SPS HARQ-ACK deferral, if after the target PUCCH slot determination the deferred SPS HARQ-ACK cannot be transmitted, the deferred SPS HARQ-ACK bits are not further deferred and are dropped.

Agreement
For SPS HARQ-ACK deferral, in the target PUCCH slot the deferred SPS HARQ-ACK bits are appended to the initial HARQ bits / Type 1 or Type 2 codebook.

Agreement
For SPS HARQ-ACK deferral, confirm the RAN1#104b-e working assumption with the following updates in RED:
(working assumption) To handle the collision for the same HARQ process due to deferred SPS HARQ-ACK the following behaviour is to be specified: 
· In case the UE is expected to receives PDSCH of a certain HARQ Process ID according to TS 38.214 Sec. 5.1, the deferred SPS HARQ bit(s) for this HARQ Process ID are dropped.
· Note: there is no further discussion on specific handling for the case of DG PDSCH with the same HARQ process ID



In previous meetings, SPS HARQ-ACK deferral focused on PUCCH. It is not clear if a SPS HARQ-ACK can be multiplexed in a PUSCH or another PUCCH, whether the SPS HARQ-ACK can still be deferred. It has been agreed to reuse Rel-16 UCI multiplexing / PUCCH overriding rules in the target slot in RAN1#104e. However, whether Rel-16 UCI multiplexing/ PUCCH overriding rules apply in the initial slot is not clear. If Rel-16 UCI multiplexing/ PUCCH overriding rules are reused in the initial slot, whether SPS HARQ-ACK can be deferred needs to be clarified.
	Agreements: 
Rel-16 UCI multiplexing / PUCCH overriding rules are reused for deferred SPS HARQ-ACK in the target slot, if applicable.


 
If a SPS HARQ-ACK PUCCH overlaps with a DG PUSCH, the SPS HARQ-ACK will be multiplexed in a PUSCH following Rel-16 UCI multiplexing rules. The SPS HARQ-ACK can be transmitted in the PUSCH even if the SPS HARQ-ACK PUCCH conflicts with semi-static DL symbols. Reusing Rel-16 UCI multiplexing / PUCCH overriding rules can help reduce the latency of SPS HARQ-ACK.
Observation 1: Reusing Rel-16 UCI multiplexing / PUCCH overriding rules in the initial slot can help reduce the latency of SPS HARQ-ACK.
Proposal 1: Rel-16 UCI multiplexing / PUCCH overriding rules are reused for deferred SPS HARQ-ACK in the initial slot, if applicable.
If Rel-16 UCI multiplexing / PUCCH overriding rules are reused for deferred SPS HARQ-ACK in the initial slot, Rel-16 UCI multiplexing / PUCCH overriding should be performed before checking SPS HARQ-ACK deferral. Then, UE checks whether to defer the SPS HARQ-ACK. There can be three cases after Rel-16 UCI multiplexing / PUCCH overriding, if any.
Case a) SPS HARQ-ACK is not multiplexed with another UL channel.
Case b) SR is multiplexed in the SPS HARQ-ACK PUCCH.
Case c) SPS HARQ-ACK is multiplexed in another UL channel.
For Case a), it should be clear that if the SPS HARQ-ACK PUCCH satisfies the deferral condition (e.g., the SPS HARQ-ACK PUCCH conflicts with semi-static DL symbols and the SPS PDSCH is enabled with deferral), the SPS HARQ-ACK can be deferred
For Case b), it can simply reuse the rule of Case a) because the result UL channel is still the SPS HARQ-ACK PUCCH.
For Case c), there are two sub-cases. Case c-1) SPS HARQ-ACK is multiplexed in an UL channel with a PDCCH which cannot be cancelled by semi-static DL symbols. SPS HARQ-ACK can be transmitted in the UL channel, deferral is not necessary. Case c-2) SPS HARQ-ACK is multiplexed in an UL channel without a PDCCH which can be cancelled by semi-static DL symbols. If the UL channel is cancelled by semi-static DL symbols, SPS HARQ-ACK can be either cancelled or deferred.
Proposal 2: If a SPS HARQ-ACK is multiplexed in another PUCCH or a PUSCH, the SPS HARQ-ACK cannot be deferred if the resulting PUCCH/PUSCH is scheduled by a PDCCH.
· FFS: The resulting PUCCH/PUSCH is not scheduled by a PDCCH.
It has been agreed that SPS HARQ-ACK deferral is configured per SPS PDSCH configuration. If a slot includes HARQ-ACK for SPS PDSCHs with deferral enabled and SPS PDSCHs with deferral disabled, the UE behaviour needs further clarification. Following Rel-16 UCI multiplexing / PUCCH overriding rules, the PUCCH resource is determined based on the total HARQ-ACK bits for all the SPS PDSCHs, for Case a) or Case b) if the deferral condition is satisfied, the HARQ-ACK for SPS PDSCHs with deferral enabled will be deferred. It is not clear whether HARQ-ACK for SPS PDSCHs with deferral disabled should be dropped or UE further check a new PUCCH only contains HARQ-ACK for SPS PDSCHs with deferral disabled can be transmitted. For example, there are 4 SPS PDSCHs with HARQ-ACK in slot n, SPS PDSCHs #1 and #2 are configured with deferral and SPS PDSCHs #3 and #4 are not configured with deferral. The 2nd PUCCH resource (PUCCH#2) in the SPS HARQ-ACK PUCCH list is chosen based on the total 4 HARQ-ACK bits. If PUCCH#2 satisfies the deferral condition, the HARQ-ACK for SPS PDSCHs #1 and #2 will be deferred. For SPS PDSCHs #3 and #4, UE can simply drop the HARQ-ACK, or UE further checks the PUCCH only contains the HARQ-ACK for SPS PDSCHs #3 and #4 can be transmitted. In this case, the first PUCCH resource (PUCCH#1) in the SPS HARQ-ACK PUCCH list. PUCCH#1 is chosen based on the total 2 HARQ-ACK bits. This issue can also happen for SPS HARQ-ACK reaching the maximum deferral. For simplicity, the HARQ-ACK that cannot be deferred should be dropped.
Observation 2: If a SPS HARQ-ACK PUCCH satisfies the deferral condition, the HARQ-ACK corresponding to a SPS PDSCH that cannot be deferred should be dropped.
Regarding PUCCH repetition case which was raised by some companies in last meeting, deferring mechanism is already supported as following conclusion made in RAN1#106-e. Thus, there is no issue of handling PUCCH repetition. 
	Conclusion
It is clarified that a PUCCH repetition in case [image: b] (including the first PUCCH repetition) is postponed to the next available slot if the PUCCH repetition collides with SSB symbols or symbols indicated as DL by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated.
· There is no consensus in RAN1 for whether or not the above case is supported in Rel-15 for the first PUCCH repetition when the PUCCH is triggered by DCI.



Observation 3: In case of PUCCH repetition, PUCCH deferring mechanism based on semi-static configuration is already supported in Rel-16.  
PUCCH repetition does not support UCI multiplexing, if a PUCCH repetition containing SPS HARQ-ACK is deferred to a next slot which also contains HARQ-ACK for other SPS PDSCH receptions, the HARQ-ACK starts in a later slot will be dropped according TS 38.213.
	TS 38.213 9.2.6 PUCCH repetition procedure
A UE does not multiplex different UCI types in a PUCCH transmission with repetitions over  slots. If a UE would transmit a first PUCCH over more than one slot and at least a second PUCCH over one or more slots, and the transmissions of the first PUCCH and the second PUCCH would overlap in a number of slots then, for each slot of the number of slots and with UCI type priority of HARQ-ACK > SR > CSI with higher priority > CSI with lower priority
-	the UE does not expect the first PUCCH and any of the second PUCCHs to start at a same slot and include a UCI type with same priority 
-	if the first PUCCH and any of the second PUCCHs include a UCI type with same priority, the UE transmits the PUCCH starting at an earlier slot and does not transmit the PUCCH starting at a later slot
-	if the first PUCCH and any of the second PUCCHs do not include a UCI type with same priority, the UE transmits the PUCCH that includes the UCI type with higher priority and does not transmit the PUCCH that include the UCI type with lower priority 



The UE behaviour is quite different for PUCCH repetition deferral and Rel-17 SPS HARQ-ACK deferral, if both are configured, the UE behaviour needs further clarification and additional specification work is required. Further, the motivation of simultaneous supports PUCCH repetition and Rel-17 SPS HARQ-ACK deferral is not clear, both options can provide multiple transmission opportunities. To simplify specification work, simultaneous configuration of PUCCH repetition and Rel-17 SPS HARQ-ACK deferral is not supported.
Proposal 3: Simultaneous configuration of PUCCH repetition and Rel-17 SPS HARQ-ACK deferral is not supported.


Retransmission of cancelled HARQ
In RAN1#106-e, the followings were agreed. 
	Agreement 
Confirm the following RAN1#105-e working assumption:
For at least HARQ-ACK re-transmission:
· Support at least one enhanced Type 3 HARQ-ACK CB with smaller size (compared to Rel-16) in Rel-17
· Definition of enhanced Type 3 CB: 
· The codebook size of a single triggered enhanced Type 3 HARQ-ACK codebook at least determined by RRC configuration 
· The codebook construction uses HARQ processes as a bases (i.e. ordered according to HARQ-IDs and serving cells)
· Support one-shot triggering (by a DL assignment) of HARQ-ACK re-transmission on a PUCCH resource other than enhanced Type 2 or (enhanced) Type 3 HARQ-ACK CB (i.e. Alt. 3) in Rel-17
· Details are FFS
· Enhanced Type 3 HARQ-ACK CB and/or one-shot triggering (by a DL assignment) of HARQ-ACK re-transmission on a PUCCH resource other than enhanced Type 2 or (enhanced) Type 3 HARQ-ACK CB are subject to separate UE capabilities

Agreement 
Support PHY priority handling for a PUCCH carrying the Rel-17 enhanced Type 3 HARQ-ACK CB of smaller size. 
· The indicated PHY priority in the triggering DCI defines the PHY priority of the PUCCH carrying the Rel-17 enhanced Type 3 HARQ-ACK CB of smaller size.
· The A/N of HARQ processes is mapped to the Rel-17 enhanced Type 3 HARQ-ACK CB of smaller size irrespective of the PHY priority of the ‘A/N’ of the HARQ processes. 
· FFS: If the HARQ-ACK codebook size or structure is dependent on the PHY priority (e.g. separate configuration of CBG/NDI usage, separate configuration of HARQ IDs / CCs per priority, SPS HARQ-ACK process IDs of specific priority only for a SPS HARQ-ACK only codebook, …). 

Agreement 
Support PHY priority handling for a PUCCH carrying the Rel-16 Type 3 HARQ-ACK CB in Rel-17. 
· The indicated PHY priority in the triggering DCI defines the PHY priority of the PUCCH carrying the Rel-16 Type 3 HARQ-ACK CB.
· The A/N of HARQ processes is mapped to the Rel-16 Type 3 HARQ-ACK CB irrespective of the PHY priority of the ‘A/N’ of the HARQ processes. 
· The support is subject to a Rel-17 UE capability and a UE supporting this capability can be configured in Rel-17 with Rel-16 Type 3 HARQ-ACK CB and PHY prioritization. 

Agreement 
For the PHY priority handling of the enhanced Type 3 CB(s) of smaller size, the enhanced Type 3 HARQ-ACK has the same structure, size and content (in terms of HARQ-IDs, CCs) irrespective of the PHY priority. 

Agreement 
Support Rel-17 enhanced Type 3 HARQ-ACK CB of smaller size triggering using DCI format 1_2 for a UE supporting DCI format 1_2. 
· The triggering support for DCI format 1_2 is independently (from triggering using DCI format 1_1) RRC configured to the UE. 

Agreement 
Support Rel-16 Type 3 HARQ-ACK CB triggering using DCI format 1_2 in Rel-17 for a UE supporting DCI format 1_2. 
· The support is subject to a Rel-17 UE capability and a UE supporting this capability can be configured with DCI format 1_2 triggering of the Rel-16 Type 3 HARQ-ACK CB. 

Agreement 
For the enhanced Type 3 HARQ-ACK CB of smaller size triggered in a PUCCH slot, the UE is not expecting HARQ-ACK information in a Type 1 or Type 2 HARQ-ACK CB to be transmitted that cannot be mapped to the enhanced Type 3 HARQ-ACK CB of smaller size as the HARQ process is not part of the codebook. 

Agreement 
The DCI triggering (by a DL assignment) the one-shot HARQ-ACK re-transmission on a PUCCH resource other than enhanced Type 2 or (enhanced) Type 3 HARQ-ACK CB dynamically indicates the HARQ-ACK codebook(s) / PUCCH occasions to be re-transmitted. 
· FFS details 

Agreement 
A single DCI triggering the Rel-17 one-shot triggering (by a DL assignment) of HARQ-ACK re-transmission on a PUCCH resource other than enhanced Type 2 or (enhanced) Type 3 HARQ-ACK CB can trigger the re-transmission of HARQ-ACK information of only a single HARQ-ACK CB. 

Agreement 
The Rel-17 one-shot triggering (by a DL assignment) of HARQ-ACK re-transmission on a PUCCH resource other than enhanced Type 2 or (enhanced) Type 3 HARQ-ACK CB is done through an explicit triggering indication in the DCI through a DCI field. 

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

Agreement
For enh. Type 3 HARQ-ACK CB(s), support dynamic selection based on indication in the triggering DCI of one of at least one enh. Type 3 HARQ-ACK CB(s). 
· Each of the at least one enh. Type 3 HARQ-ACK CBs is at least defined by RRC configuration This includes the option to configure all DL HARQ processs of all configured CCs as one enh. Type 3 HARQ-ACK CB (resulting in same structure and size as the Rel-16 Type 3 HARQ-ACK CB)
· This includes UE capability signaling (value range {1…X}) on the maximum number of supported simultaneously configured enh. Type 3 HARQ-ACK CBs that can be dynamically indicated 
· Details including the value of X are FFS

Agreement
The following enhanced Type 3 CB types of smaller size are supported, the CB to contain either: 
· the HARQ processes of a subset of configured CCs, or
· a subset of configured HARQ processes (specific to CCs)
FFS: additional enh. Type 3 CB types

Agreement
For Rel-17 one-shot triggering for HARQ-ACK re-transmission, the UE does not expect more than one triggering DCI for Rel-17 one-shot feedback indicating the same PUCCH slot for the re-transmission of HARQ-ACK CBs of different PUCCH slots to be re-transmitted
· Note: i.e. only a single HARQ-ACK codebook / PUCCH occasion can be re-transmitted in a PUCCH slot



One FFS for the Rel-17 Type-3 HARQ-ACK CB is the following. 
FFS: If the HARQ-ACK codebook size or structure is dependent on the PHY priority (e.g. separate configuration of CBG/NDI usage, separate configuration of HARQ IDs / CCs per priority, SPS HARQ-ACK process IDs of specific priority only for a SPS HARQ-ACK only codebook, …). 
Given that there is sufficient granularity for a network to indicate HPNs/CCs for a Rel-17 Type-3 HARQ-ACK CB, there is no need for “separate configuration of HARQ IDs / CCs per priority”. That can also guard against missed detections of DCI formats and, in practice, a NW would dynamically share HPNs across priorities. Similarly, there is no need for “SPS HARQ-ACK process IDs of specific priority only for a SPS HARQ-ACK only codebook” – that would only add specification complexity for marginal/no overhead reduction compared to indicating a Rel-17 Type-3 HARQ-ACK CB state, and only for the case there are no DCI-based HARQ-ACKs to be provided. 
Observation 4: There is no need to additionally support for a Rel-17 Type-3 HARQ-ACK CB separate configuration of HARQ IDs / CCs per priority or SPS HARQ process IDs of specific priority only for a SPS HARQ-ACK only CB.
Regarding “separate configuration of CBG/NDI usage per priority” can be meaningful and falls under a general setup for having separate configurations per priority. The separate CBG configuration per priority is supported in Rel-16 and no further action is needed – whether or not the UE includes CBG-based HARQ-ACK in the Rel-17 Type-3 HARQ-ACK CB can be determined by the priority indicated in the triggering DCI format. As Type-3 HARQ-ACK CB in only supported for priority 0 in Rel-16, there is no equivalent per priority configuration for the presence of NDI bit in the Type-3 HARQ-ACK CB. That can be trivial extension in Rel-17.
Observation 5: Separate configuration of CBG usage per priority is supported in Rel-16. Separate configuration of NDI usage per priority for the Rel-17 Type-3 HARQ-ACK CB can be supported in Rel-17. 
Another FFS is the value of X for the Rel-17 Type-3 HARQ-ACK CB is the following: “This includes UE capability signalling (value range {1…X}) on the maximum number of supported simultaneously configured enh. Type 3 HARQ-ACK CBs that can be dynamically indicated”. Overall, X can be anything – a UE that can generate the Rel-16 Type-3 HARQ-ACK CB can also generate any subset of it. The limitation of X relates more to the DCI format design/RRC configurations (e.g. how many RRC states and DCI format bits to map to the RRC states) than to a UE capability. A maximum value of 8 or 16 should be sufficient for all typical CA deployments and maximum numbers of HARQ processes that are actually used for a UE (typically closer to 8 than to 16). 
One other issue is whether or not a DCI format triggering a Rel-17 Type-3 HARQ-ACK CB can also schedule a PDSCH reception. Both options are possible by essentially replicating the procedures for SCell dormancy indication in Rel-16. When the DCI format also schedules a PDSCH reception, a One-Shot HARQ-ACK request field of ceil(log2(N) bits can indicate N report states (HPNs, cell IDs), including no report. When the DCI format only triggers a Type-3 HARQ-ACK CB, the 1-bit One-Shot HARQ-ACK request field indicates the triggering and an unused field, such as the HPN, indicates the triggering state. 
Proposal 4: RRC configures N report states (HPNs, cell IDs) for a Type-3 HARQ-ACK CB, and 
a) a One-Shot HARQ-ACK request field of ceil(log2(N) bits in DCI format 1_1/1_2 indicate one of the N report states. 
b) a One-Shot HARQ-ACK request field of 1 bit in DCI format 1_1/1_2 with value 1 indicates no scheduled PDSCH and ceil(log2(N) bits from redundant fields indicate one of the N report states.  
For the “one-shot” triggered HARQ-ACK CB, a same design as for the Rel-17 Type-3 HARQ-ACK CB can apply as the only difference is the indication of a past slot instead of the indication of a state. The slot length is the one configured for the corresponding priority, if a priority indicator is present in the DCI format (no specification impact). If the triggered HARQ-ACK CB is by a DCI format 1_1/1_2 scheduling a PDSCH, the triggered HARQ-ACK CB is appended to the HARQ-ACK CB associated with the DCI format 1_1/1_2 (as in several other Rel-15 to Rel-17 cases, including the case of enhanced Type-2 CB). To minimize a number of bits or maximize the extend of the indication, especially for “sub-slot” based PUCCH, only slots with valid PUCCH resources (e.g. UL slots) are indicated. In NR, all timing indications by a DCI format have been defined relative to a slot of the DCI format reception and there is no need to define new slot timing references for triggering a HARQ-ACK CB retransmission (and even more so if the required range would be expanded). 
Proposal 5: For “one-shot triggered” HARQ-ACK CB 
a) a One-Shot HARQ-ACK trigger field of ceil(log2(N) bits in DCI format 1_1/1_2 indicates one of previous N slots, relative to the slot of the DCI format 1_1/1_2 reception, for HARQ-ACK CB retransmission.
b) a One-Shot HARQ-ACK trigger field of 1 bit in DCI format 1_1/1_2 with value 1 indicates no scheduled PDSCH and ceil(log2(N) bits from redundant fields indicate one of previous N slots, relative to the slot of the DCI format 1_1/1_2 reception, for HARQ-ACK CB retransmission.  
Proposal 6: For “one-shot triggered” HARQ-ACK CB, only slots with valid PUCCH resources are indicated. 

PUCCH repetition enhancements
In RAN1#106-e, the followings were agreed. 
	Conclusion
The dynamic repetition indication solution for slot-based PUCCH repetition from the RAN1#105-e working assumption from Cov. Enh. WI can be directly applied for dynamic repetition indication for sub-slot based PUCCH repetition.

Agreement 
For sub-slot based PUCCH repetition for HARQ-ACK, semi-static configured PUCCH repetition (i.e. using nrofSlots) and dynamic repetition factor based operation is supported. 
· Sub-slot based PUCCH repetition based on semi-static configuration (i.e. using nrofSlots) and based on dynamic indication is subject to separate UE capabilities

Agreement
Support slot-based PUCCH repetition for PUCCH Format 0 and Format 2 also for single TRP operation. 
· The support is subject to independent UE capability indication



There was a pending issue about whether or not to support all UCI types for sub-slot based PUCCH repetition other than only HARQ-ACK. Since current specification does not preclude a certain UCI type for slot based PUCCH repetition, all UCI types (HARQ-ACK, SR and CSI) can be supported for sub-slot based PUCCH repetition. Although current Rel-16 specification has only defined HARQ-ACK information for sub-slot based PUCCH transmission, expanding this case to other UCIs does not require much specification efforts. 
Proposal 7: Support all UCI types for sub-slot based PUCCH repetition.


Type 1 HARQ-ACK codebook based on sub-slot PUCCH.
In  RAN1#104b-e, the following was agreed for Type 1 HARQ-ACK codebook based on sub-slot PUCCH configuration [1]. However, no more progresses had been achieved since then. 
	Agreement: 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. 
· FFS: whether the PDSCH TDRA grouping is performed per DL slot or sub-slot
· Decide between PDSCH TDRA grouping per DL slot and sub-slot during RAN1#105-e


As discussed in RAN1#104b-e, the UE determines a set of occasions for candidate PDSCH receptions using 2 steps. The first step is to determine DL slots based on sub-slot K1, and the second step is to determine the candidate PDSCH receptions within the DL slot. The FFS point is whether to determine candidate PDSCH receptions by TDRA grouping/pruning per DL slot or per sub-slot in the second step. Apparently, that would not only complicate the whole procedure by introducing a new concept of a virtual DL sub-slot, but it would also result in more redundant bits than the Rel-16 DL-slot based pruning when overlapped SLIVs end in different virtual DL sub-slots. Therefore, TDRA grouping/pruning should be performed per DL slot as Rel-15/16. 
It is noted that whether to use DL slot boundary or PDSCH ending symbol as reference for K1 determination for Rel-16 Type-1 codebook is still under discussion. Rel-16 Type-1 codebook only considers slot-based PUCCH but the outcome of Rel-16 CR also has impact on the Rel-17 Type-1 codebook for sub-slot based PUCCH, especially the latency. Therefore, RAN1 may need to further discuss this issue after the determination of K1 reference for Rel-16. 
Proposal 8: Type-1 codebook for sub-slot based PUCCH supports PDSCH TDRA grouping per DL slot as in Rel-15/16.   

PUCCH cell switching
The following were agreed in RAN1#105-e and RAN1#106-e.
	Agreement: Support PUCCH carrier switching based on dynamic indication in DCI scheduling a PUCCH and semi-static configuration 
· Details are FFS (including applicability of dynamic and/or semi-static means)
· Aim for minimum specification impact 
· Dynamic indication and/or semi-static configuration are subject to separate UE capabilities
· The semi-static PUCCH carrier switching configuration operation is based on RRC configured PUCCH cell timing pattern of applicable PUCCH cells and supports PUCCH carrier switching across cells with different numerologies.
· FFS whether additional rules are needed to support PUCCH carrier switching across cells with different numerologies
· FFS the maximum number of PUCCH cells
· FFS whether and how to support joint operation of dynamic and semi-static carrier switching for a UE
· FFS whether and how to support joint operation of PUCCH carrier switching and SPS HARQ-ACK deferral

Agreement: For PUCCH carrier switching, the PUCCH resource configuration is per UL BWP (i.e. per candidate cell and UL BWP of that specific candidate cell). 

Agreement: For PUCCH carrier switching based on dynamic indication in DCI scheduling a PUCCH (i.e. Alt. 1), the PDSCH to HARQ-ACK offset k1 is interpreted based on numerology of dynamically indicated target PUCCH cell.

Agreement
In addition to HARQ-Ack of PDSCH dynamically scheduled by a DCI indicating a PUCCH carrier, the dynamic target carrier indication also applies to:
· HARQ-ACK corresponding to the first SPS PDSCH activated by Activation DCI based on the indication in the activation DCI
· HARQ-ACK corresponding to the SPS Release DCI based on the indication in the release DCI
· triggered PUCCH for Rel-16 Type 3 CB, Rel-17 enh. Type 3 CB of smaller size and Rel-17 one-shot triggering for HARQ-Ack retransmission based on the indication in the triggering DCI
· FFS: Additional cases



A first aspect to consider is that the agreement to support PUCCH cell switching was conditioned on “Aim minimum specification impact”. This is because of the several limitations associated with PUCCH cell switching and because the feature itself is not useful for networks that do not deploy inter-band CA (particularly within FR1). Even for networks that do, many IIoT UEs will not have inter-band CA capability and for the ones that do, a network may not configure inter-band CA just to support PUCCH cell switching when PUSCH cell switching is not supported. Despite all those limitations for the usefulness of PUCCH cell switching, the specification impact will actually be considerable even if the minimum required support is defined. Therefore, although marginal optimizations should not be pursued in general, the “Aim for minimum specification impact” should be strictly followed for PUCCH cell switching in Rel-17 and non-essential mechanisms offering unclear/marginal/conditional or no performance gain should not be considered/discussed.
Observation 6: Support of PUCCH cell switching in Rel-17 is conditioned on “aim for minimum specification impact”. 
Regarding the FFS for the maximum number of PUCCH cells, there is only one band combination that includes 3 different TDD bands for CA (CA_n39_n41_n79, Table 5.2A.2.2-1 [3] – there is also CA_n40_n41_n79 but has restrictions that make PUCCH carrier switching over 3 bands not meaningful). An actual CA deployment for that band combination is unknown. It is noted that there is little/no use of PUCCH carrier switching if a band is FDD (which is also likely to be at lower carrier frequency and include the PCell). Therefore, as there are practically no deployment scenarios that support more than 2 inter-bands in TDD and, even if there were, latency gains would be incremental over the case of 2 PUCCH cells, and as PUCCH cell switching would be a UE-specific feature (can add bits if needed in a later release if needed), it is enough to have a maximum of 2 PUCCH cells in Rel-17 (the primary cell and one SCell). 
Proposal 9: The maximum number of PUCCH cells is 2.
Based on the above, the PUCCH cell timing pattern can be a bitmap of 1 bit per time unit. Regarding the time unit in case of different SCS configurations on the two cells, there are 3 basic alternatives: (a) SCS of P(S)Cell, (b) larger SCS, (c) smaller SCS. The first alternative is meaningful if the reason for PUCCH transmissions on a SCell is to enable them when it is not possible to do on the P(S)Cell. The second alternative maximizes the granularity of switching. The third alternative minimizes RRC signaling for the timing pattern (e.g., if the pattern covers 10 msec, it can be 10 bits instead of 20 bits). 

The second alternative practically requires sub-slot (e.g. half-slot) level splitting of PUCCH resources on the cell with the smaller SCS and, as there is only one PUCCH-Config (per BWP, per cell) across time, it is not meaningful in practice. Specifications will also need to preclude more than one PUCCH transmissions with HARQ-ACK (of same priority) in a same slot (except for M-TRP with per-TRP reporting). Using the smaller SCS as reference for the timing pattern is preferable. Using the SCS of the P(S)Cell is also OK in principle as the P(S)Cell is likely to have the smaller SCS considering the frequencies of TDD bands; however, the RRC element size that indicates the timing pattern will need to be variable to address both cases of larger/smaller P(S)Cell SCS (while that size can be fixed to 10 bits when the smaller SCS is used as that is sufficient for the TDD UL-DL configuration).  
Proposal 10: The unit of the time pattern is the slot of the cell with the smaller SCS. The SCS of the P(S)Cell can also be considered if PUCCH cell switching when the P(S)Cell has larger SCS than the PUCCH SCell is not supported.
In addition to the time pattern unit, the unit for the PDSCH-to-HARQ_feedback timing (K1) needs to be defined (for RRC-based PUCCH cell switching). If it is based on the slot of smaller SCS, then only one of the slots of the larger SCS can be indicated without further complicating the K1 indication. To minimize latency and avoid unnecessary specifications to indicate a slot, that can be the first slot. If it is based on the slot of the larger SCS, any slot on the cell with the larger SCS can be indicated but then the range of K1 for the cell with the smaller SCS (practically certain to be the PCell) is reduced which is problematic even for the smallest ratio of 2 for the larger/smaller SCS. Counting only slots with PUCCH resources (e.g. not including DL slots in the slots that can be indicated by K1) can largely resolve the problem. Another possibility would be to increase the size of the PDSCH-to-HARQ_feedback timing field.
Proposal 11: The time unit of the PDSCH-to-HARQ_feedback timing field for RRC-based PUCCH cell switching is based on the smaller SCS of the PUCCH cells. When a UE is indicated to transmit PUCCH on the cell with larger SCS, the UE transmits the PUCCH in the first slot that overlaps with the indicated slot on the cell with smaller SCS. 
Use of the time pattern is sufficient to support PUCCH carrier switching in Rel-17, including for cells with different SCS, and no additional rules are necessary as they will certainly lead to increased UE/gNB implementation complexity and likely non-trivial specifications. This is also applicable for SPS HARQ-ACK deferral. 
Observation 7: RRC configured PUCCH cell timing pattern is sufficient to determine the cell of PUCCH transmission, regardless of SCS, and to support SPS HARQ-ACK deferral.
For DCI-based indication of the cell for PUCCH transmission, FFS aspects include (a) possible multiplexing of PUCCHs on the P(S)Cell and the PUCCH SCell, (b) the interaction with the RRC configured time pattern (when configured), and (c) the mechanism for the cell indication. 
In general, for DCI-based determination of a cell for PUCCH transmission, several events can occur that would require relatively complex specifications and/or changes in UE implementation to resolve. Considering the objective to “aim for minimum specification impact” and that the purpose of PUCCH cell switching is to enable PUCCH transmissions when they are not possible on the P(S)Cell, resolutions for several such events should be based on “UE does not expect …” conclusions. Therefore, the case of a UE having overlapping PUCCH transmissions on the P(S)Cell and the PUCCH SCell does not need to be supported and definition of additional timelines or multiplexing procedures, particularly for different SCS, can be avoided. That would imply that the gNB cannot indicate the PUCCH SCell for PUCCH transmission when the UE has PUCCH transmissions in an overlapping slot on the P(S)Cell but that is perfectly fine. When both the cell switching pattern and the DCI-based indication are configured, that would imply that the gNB cannot indicate the PUCCH SCell/P(S)Cell for PUCCH transmission when the UE has PUCCH transmissions in an overlapping slot on the P(S)Cell/PUCCH SCell which is also perfectly fine. For PUCCH transmissions not triggered by a DCI format, the PUCCH transmissions are on the P(S)Cell as in Rel-16 when the cell switching pattern is not configured – that includes PUCCH with HARQ-ACK for SPS PDSCHs that are not scheduled by DCI formats (i.e. excluding activation/retransmissions); otherwise, all PUCCH transmissions are on the cell indicated by the timing pattern as in Rel-17. Then, if the cell switching pattern is not configured, UCI in a PUCCH transmission that would be dropped on the P(S)Cell is not multiplexed in an overlapping PUCCH transmission on the PUCCH SCell, when any.
Proposal 12: Multiplexing procedures for PUCCH transmissions on P(S)Cell and PUCCH SCell are not supported.  

For the interaction between DCI-based indication and the RRC configured timing pattern, the usual principle of DCI overriding RRC can apply and the UE determines the cell based on the indication by the DCI format. It is also possible to consider to not simultaneously support indication by DCI format and configuration of the timing pattern as there is no apparent reason for the DCI format to provide a different indication than the timing pattern and any other specifications are not needed and potential conflicts do not need to be discussed. 
Proposal 13: Conditioned on no additional specification impact, when a UE is indicated a slot by a DCI format that overlaps with a slot indicated by a PUCCH cell timing pattern, the UE determines the cell for a PUCCH transmission from the indication by the DCI format. 
For the cell indication, suggestions from RAN1#105-e included using a dedicated field (1 bit is enough) or using the indicated PUCCH resource by including the cell as part of the PUCCH resource configuration. The simplest option is to add 1 bit for DCI format 1_1/1_2. For DCI format 1_0, to avoid any complex restrictions or timeline checks/conditions, it is preferable to obtain 1 bit from existing fields, such as from the 4-bit HPN field or from the RV field. Considering the infrequent use and baseline functionality of DCI format 1_0 (e.g. fallback, RRC reconfiguration, …), an operational impact is practically zero while a specification impact is trivial. It is also possible to not support PUCCH cell switching by DCI format 1_0 as any potential restrictions will be infrequent in practice.
Proposal 14: A field of 1 bit in DCI formats 1_1/1_2 indicates the cell of an associated PUCCH transmission. If PUCCH cell switching is to be supported using DCI format 1_0, 1 bit from the HPN or RV field indicates the cell of an associated PUCCH transmission.
PUCCH cell switching should also be supported for SR since same latency considerations as for HARQ-ACK apply. Further, as CSI is used for scheduling regardless of the traffic type, CSI should also benefit from PUCCH cell switching. In general, there is no apparent reason to exclude any UCI type from support of PUCCH cell switching. That should be restricted on the RRC configured cell timing pattern in order to avoid having to define multiplexing procedures for PUCCH transmissions on different cells in case the cell timing pattern is not configured and PUCCH cell switching is based only on indication by a DCI format. That would simplify the specifications and the UE implementation as a UE performs the exact same functionalities on the PUCCH cells. 
Proposal 15: Support PUCCH cell switching for all UCI types based on the cell timing pattern. 
PUCCH power control needs to be different for transmissions on different cells, particularly when the cells are located on different bands. Power control commands should be provided for both cells by a DCI format 2_2 while, for PUCCH transmissions associated with a DCI format, the TPC command in the DCI format can operate for the CLPC adjustment state of the cell with the PUCCH transmission. The path-loss estimate can be as for PUSCH transmissions.  
Proposal 16: A UE determines the PUCCH transmission power separately for the P(S)Cell and the PUCCH SCell. DCI format 2_2 provides TPC commands for both cells. 
As for different BWPs of the P(S)Cell, separate pucch-Config should be provided for the PUCCH SCell.
Proposal 17: A UE is separately provided a pucch-Config for each BWP of the PUCCH SCell. 

Finally, there has been extensive discussion on the support of NUL/SUL for PUCCH cell switching. A specification impact is minimal and there is also no apparent impact on testing compared to Rel-16 NUL/SUL operation and Rel-17 PUCCH cell switching operation. It is also a fact that, despite the misnomer “carrier” (similar to “carrier” aggregation), the agreements considered only “cell” switching and NUL/SUL were not part of the discussions. Further, considering that the SUL is always available for PUCCH transmissions, the motivation for introducing the PUCCH cell/carrier switching feature (to minimize latency when PUCCH resources are not available on the P(S)Cell) does not exist for SUL. Coupled with the agreement to “aim for minimum specification impact” and the large number of issues pending for the specification of PUCCH cell switching, subsequent discussions can focus on PUCCH cell switching and NUL/SUL can be considered after sufficient progress and subject to minimum specification impact such as one limited to changing ‘cell’ to ‘carrier’.
Proposal 18: Consider support for PUCCH carrier switching to include NUL/SUL after progressing the specifications for PUCCH cell switching and subject to minimum specification impact. 

PUSCH reception robustness with increased (SPS) HARQ-ACK bits
[bookmark: _Toc131306784]In Rel-15, if a UE multiplexes HARQ-ACK information in a PUSCH and the number of HARQ-ACK information bits is not larger than 2, the UE uses reserved REs for up to 2 HARQ-ACK bits to avoid PUSCH decoding error due to an incorrect HARQ-ACK payload size caused by one missed PDCCH (scheduling 2 TBs) or by two missed PDCCHs (scheduling 1 TB or having HARQ-ACK bundling). Basically, Rel-15 aims to handle vulnerability for one or two PDCCH missed detections also depending on the existence of one SPS HARQ-ACK bit. 
In Rel-16, while such vulnerability with small number of HARQ-ACK bits associated with DCI formats still needs to be handled, multiple active SPS configurations and smaller SPS periodicity may result in multiple SPS HARQ-ACK bits. As a result, the incorrect HARQ-ACK payload size caused by missing 1-2 PDCCH detections corresponding to 1-2 HARQ-ACK bits associated with DCI formats may happen for a larger number of HARQ-ACK bits when several SPS HARQ-ACK bits are present. Therefore, the condition of reserving REs for up to 2 bits is not suitable and the number of HARQ-ACK bits for reserved Res needs to be increased.
Proposal 19: Maintain PUSCH reception robustness due to multiplexing 1-2 HARQ-ACK bits from dynamic scheduling also when multiple HARQ-ACK bits from SPS PDSCH receptions are multiplexed in the PUSCH.

Type 1 HARQ-ACK codebook enhancement for intra-slot repetition 
In Rel-16 eMIMO, multi-TRP PDSCH repetition was introduced to improve reliability. However, Type-1 HARQ-ACK codebook size is not fully optimized for the PDSCH repetition scheme. For example, 2 SLIVs are configured in the TDRA table as shown in Figure 1 and these two SLIVs are not overlapping. There will be 2 bits for this slot in current Type-1 HARQ-ACK codebook. However, when intra slot repetition is enabled, the SLIV should be extended and the extended SLIVs can be overlapped as shown in Figure 2. Type-1 HARQ-ACK codebook can be determined based on the extended SLIVs. In the example of Figure 2, there is only one candidate PDSCH reception in the slot and the size of the HARQ-ACK codebook can be reduced in half. Further, even though the 2 TRPs transmit the same TB (for single PDCCH/dual PDSCH case targeting URLLC), the UE generates corresponding HARQ-ACK information twice in the same HARQ-ACK codebook. Basically, there are several typical URLLC cases where the HARQ-ACK codebook size is currently twice or ever four times larger than it needs to be for no reason. 


Figure 2. An example of extended SLIV for intra slot repetition
Proposal 20: Remove duplicated HARQ-ACK information from the Type-1 HARQ-ACK codebook for intra slot PDSCH repetition.

[bookmark: _GoBack]
HARQ-ACK feedback timing indicator
The agreement in Rel-17 MIMO regarding the timing of SRS triggering being applicable only to slots with SRS resources needs to also apply for the HARQ-ACK timing. In typical/actual deployments, and particularly for single-cell or intra-band CA operation, it is not possible to ensure existence of PUCCH resources in case of “sub-slot” based timing with an up to 3-bit HARQ-ACK timing indicator – this is clearly the case for a 2-symbol “sub-slot” but can also happen for a 7-symbol sub-slot. For practically same reasons, only available slots are considered for PUCCH repetitions and that is also introduced in Rel-17 for PUSCH repetitions. 
Proposal 21: The HARQ-ACK timing indicator counts only slots with PUCCH resources. 

Conclusions
This contribution considered remaining issues on HARQ-ACK feedback enhancements and proposes the following. 
Proposal 1: Rel-16 UCI multiplexing / PUCCH overriding rules are reused for deferred SPS HARQ-ACK in the initial slot, if applicable.
Proposal 2: If a SPS HARQ-ACK is multiplexed in another PUCCH or a PUSCH, the SPS HARQ-ACK cannot be deferred if the resulting PUCCH/PUSCH is scheduled by a PDCCH.
· FFS: The resulting PUCCH/PUSCH is not scheduled by a PDCCH.
Proposal 3: Simultaneous configuration of PUCCH repetition and Rel-17 SPS HARQ-ACK deferral is not supported.
Proposal 4: RRC configures N report states (HPNs, cell IDs) for a Type-3 HARQ-ACK CB, and 
a) a One-Shot HARQ-ACK request field of ceil(log2(N) bits in DCI format 1_1/1_2 indicate one of the N report states. 
b) a One-Shot HARQ-ACK request field of 1 bit in DCI format 1_1/1_2 with value 1 indicates no scheduled PDSCH and ceil(log2(N) bits from redundant fields indicate one of the N report states.  
Proposal 5: For “one-shot triggered” HARQ-ACK CB 
a) a One-Shot HARQ-ACK trigger field of ceil(log2(N) bits in DCI format 1_1/1_2 indicates one of previous N slots, relative to the slot of the DCI format 1_1/1_2 reception, for HARQ-ACK CB retransmission.
b) a One-Shot HARQ-ACK trigger field of 1 bit in DCI format 1_1/1_2 with value 1 indicates no scheduled PDSCH and ceil(log2(N) bits from redundant fields indicate one of previous N slots, relative to the slot of the DCI format 1_1/1_2 reception, for HARQ-ACK CB retransmission.  
Proposal 6: For “one-shot triggered” HARQ-ACK CB, only slots with valid PUCCH resources are indicated. 
Proposal 7: Support all UCI types for sub-slot based PUCCH repetition.
Proposal 8: Type-1 codebook for sub-slot based PUCCH supports PDSCH TDRA grouping per DL slot as in Rel-15/16.   
Proposal 9: The maximum number of PUCCH cells is 2.
Proposal 10: The unit of the time pattern is the slot of the cell with the smaller SCS. The SCS of the P(S)Cell can also be considered if PUCCH cell switching when the P(S)Cell has larger SCS than the PUCCH SCell is not supported.
Proposal 11: The time unit of the PDSCH-to-HARQ_feedback timing field for RRC-based PUCCH cell switching is based on the smaller SCS of the PUCCH cells. When a UE is indicated to transmit PUCCH on the cell with larger SCS, the UE transmits the PUCCH in the first slot that overlaps with the indicated slot on the cell with smaller SCS. 
Proposal 12: Multiplexing procedures for PUCCH transmissions on P(S)Cell and PUCCH SCell are not supported.  
Proposal 13: Conditioned on no additional specification impact, when a UE is indicated a slot by a DCI format that overlaps with a slot indicated by a PUCCH cell timing pattern, the UE determines the cell for a PUCCH transmission from the indication by the DCI format. 
Proposal 14: A field of 1 bit in DCI formats 1_1/1_2 indicates the cell of an associated PUCCH transmission. If PUCCH cell switching is to be supported using DCI format 1_0, 1 bit from the HPN or RV field indicates the cell of an associated PUCCH transmission.
Proposal 15: Support PUCCH cell switching for all UCI types based on the cell timing pattern. 
Proposal 16: A UE determines the PUCCH transmission power separately for the P(S)Cell and the PUCCH SCell. DCI format 2_2 provides TPC commands for both cells. 
Proposal 17: A UE is separately provided a pucch-Config for each BWP of the PUCCH SCell. 
Proposal 18: Consider support for PUCCH carrier switching to include NUL/SUL after progressing the specifications for PUCCH cell switching and subject to minimum specification impact. 
Proposal 19: Maintain PUSCH reception robustness due to multiplexing 1-2 HARQ-ACK bits from dynamic scheduling also when multiple HARQ-ACK bits from SPS PDSCH receptions are multiplexed in the PUSCH.
Proposal 20: Remove duplicated HARQ-ACK information from the Type-1 HARQ-ACK codebook for intra slot PDSCH repetition.
Proposal 21: The HARQ-ACK timing indicator counts only slots with PUCCH resources. 

Additionally, the following are observed. 
Observation 1: Reusing Rel-16 UCI multiplexing / PUCCH overriding rules in the initial slot can help reduce the latency of SPS HARQ-ACK.
Observation 2: If a SPS HARQ-ACK PUCCH satisfies the deferral condition, the HARQ-ACK corresponding to a SPS PDSCH that cannot be deferred should be dropped.
Observation 3: In case of PUCCH repetition, PUCCH deferring mechanism based on semi-static configuration is already supported in Rel-16.  
Observation 4: There is no need to additionally support for a Rel-17 Type-3 HARQ-ACK CB separate configuration of HARQ IDs / CCs per priority or SPS HARQ process IDs of specific priority only for a SPS HARQ-ACK only CB.
Observation 5: Separate configurations per priority of parameters for construction of HARQ-ACK CBs can be beneficial for all HARQ-ACK CB types. 
Observation 6: Support of PUCCH cell switching in Rel-17 is conditioned on “aim for minimum specification impact”. 
Observation 7: RRC configured PUCCH cell timing pattern is sufficient to determine the cell of PUCCH transmission, regardless of SCS, and to support SPS HARQ-ACK deferral.
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