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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
This contribution provides our views on the details of HARQ-ACK feedback enhancements in Rel-17, including SPS HARQ-ACK dropping for TDD systems, Type 1 HARQ-ACK codebook for sub-slot configuration, PUCCH carrier switching, and retransmission of cancelled HARQ-ACK. 
Feedback enhancements for HARQ-ACK
2.1 Enhancements for HARQ-ACK dropping for DL SPS 
In the RAN1#106-e meeting, a great progress was made for the deferral of dropped SPS HARQ-ACK and the following agreements were achieved [1]. 

	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.
[bookmark: OLE_LINK9]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


Whether to transmit partial SPS HARQ-ACKs in candidate target slot 
A first remaining issue occurs when deferred SPS HARQ-ACK and non-deferred SPS HARQ-ACK are pointing to the same candidate target slot/sub-slot for PUCCH transmission. The slot/sub-slot may have been available for the non-deferred SPS HARQ-ACK only which could correspond to a small PUCCH resource located within the available UL symbols, but may become unavailable after the deferred SPS HARQ-ACK(s) are multiplexed and thereby resulting into a larger PUCCH resource which overlaps with DL symbols; or the other way around, where the slot/sub-slot may have been available for the deferred SPS HARQ-ACK and become unavailable after non-deferred SPS HARQ-ACK(s) are multiplexed. 
In our understanding, the procedure for checking the validity of a candidate target slot/sub-slot for PUCCH transmission is to first multiplex all SPS HARQ-ACKs, i.e. those that are originally pointing to this slot/sub-slot and also those that have been deferred, and then to determine the PUCCH resource based on the total payload. Based on this result the validity is checked by assessing if the available UL symbols of the current slot/sub-slot can hold the determined PUCCH. If this PUCCH resource then overlaps with invalid symbols, both any deferred SPS HARQ-ACK that has reached the maximum deferral value and non-deferred SPS HARQ-ACK that are configured without deferral shall be dropped, and SPS HARQ-ACKs which can be further deferred will be deferred to the next slot/sub-slot.
On the other hand, dropping partial SPS HARQ-ACKs (e.g., the deferred HARQ-ACKs) from the multiplexed HARQ-ACKs to fit the rest of the HARQ-ACKs (e.g., the non-deferred HARQ-ACKs) in the available UL symbols would require to split the multiplexed HARQ-ACK codebook and would therefore also need an iterated PUCCH resource determination step with a reduced HARQ-ACK payload size. In this case, complexity would become a problem.
Proposal 1: During the target PUCCH slot determination for a candidate slot/sub-slot, if the PUCCH resource determined by the total payload size of deferred SPS HARQ-ACKs and/or non-deferred SPS HARQ-ACKs is invalid,
· The deferred SPS HARQ-ACKs and/or non-deferred SPS HARQ-ACKs that have reached the maximum deferral value and that are configured without deferral are dropped, and the rest SPS HARQ-ACKs are deferred to the next candidate slot/sub-slot.
· Dropping partial SPS HARQ-ACKs for the purpose of re-determining a valid PUCCH resource should not be considered.
Available PUCCH resource and target slot for SPS HARQ-ACK deferral
As it was agreed in the previous meeting, the target PUCCH slot is determined as the slot where there are available SPS PUCCH resources or dynamic scheduled PUCCH resources. Whether the slot/sub-slot with PUCCH configured for CSI/DG-PUSCH/CG-PUSCH can be also considered as the target slot to transmit deferred SPS HARQ-ACK should be discussed.
In Rel-16, if SPS HARQ-ACKs and CSI report are pointed to the same slot/sub-slot, UE can transmit SPS HARQ-ACK bits and CSI report bits in a PUCCH resource provided by PUCCH-CSI-ResourceList or multi-CSI-PUCCH-ResourceList. And, in Rel-16, UE can multiplex HARQ-ACK information and/or CSI reports in a CG/DG-PUSCH if the determined PUCCH resource overlaps in time with the PUSCH transmission. To align with the principle with Rel-16 UCI multiplexing rule, besides the configured SPS PUCCH resources and DG PUCCH resources as already agreed, CG/DG-PUSCH and PUCCH resource for CSI report may also be considered as the available resource for carrying deferral SPS HARQ-ACK(s).
Proposal 2: For deferred SPS HARQ-ACKs, it should be further discussed whether CG/DG-PUSCH and PUCCH resource for CSI report(s) provided by PUCCH-CSI-ResourceList or multi-CSI-PUCCH-ResourceList should be regarded as available resource in the target PUCCH slot/sub-slot.
2.2 Type 1 HARQ-ACK codebook construction based on sub-slot configuration
In the RAN1#104b-e meeting, the following agreement was made for sub-slot based Type 1 HARQ-ACK codebook.
	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 


The remaining issue is how to perform the TDRA grouping. For the current Rel-15/Rel-16 specification, the slot based Type 1 CB construction consists of three steps:
· Step 1: For a UL slot where the UE has to transmit HARQ-ACK information, loop the PDSCH-to-HARQ-timing value k1 in timing set K1 to find the candidate DL slots which may be potentially associated with the UL slot with respect to k1.
· [bookmark: OLE_LINK58]Step 2: For each candidate DL slot, prune the SLIVs that is conflict with the UL symbol regarding to the DL/UL configuration from the TDRA table.
· Step 3: For the rest of the SLIVs, perform the SLIV splitting to generate the TDRA groups, each group of which is associated with the HARQ-ACK bit field.
In Rel-17, there could be two alternatives for TDRA grouping of the sub-slot based Type 1 CB: sub-slot based grouping and slot based grouping. Sub-slot based TDRA grouping loops the K1 set in Step 1, removes the conflict SLIVs in Step 2, and performs the SLIV splitting in Step 3 per sub-slot level. This may incur redundancy of HARQ-ACK bit number in Step 3 if the TDRA table includes SLIVs crossing sub-slots.
As a comparison, slot based TDRA grouping loops the K1 set in Step 1 per slot level, prunes the SLIVs conflict with the UL symbol as well as the SLIVs in the DL sub-slot which is not associated with the UL sub-slot in Step 2 based on K1 set, and performs the SLIV splitting jointly per slot level in Step 3. As the SLIV splitting is performed jointly in Step 3, the redundancy due to the overlap of SLIVs crossing sub-slots can be avoided, and therefore the HARQ-ACK payload can be minimized.
As an example shown in Figure 1 below, assuming there are 8 SLIVs in the Slot#1 which is composed of 7 sub-slots each with 2OS length. The sub-slot level K1 set is configured as k1={2,3,5,6} subs-lots, thus the DL sub-slots associated with the UL sub-slot are sub-slot#2, sub-slot#3, sub-slot#5 and sub-slot#6, respectively, while sub-slot#1/#4/#7 are not associated with the UL sub-slot. 
If per sub-slot based TDRA grouping is applied, 4-bit HARQ-ACK CB is generated with each bit respectively associated with group {#2} in sub-slot#2, group {#3} in sub-slot#3, group {#5} in sub-slot#5 and group {#6} in sub-slot#6. Considering only one PDSCH between the overlapping SLIV#3 and SLIV#4 or between SLIV#5 and SLIV#6 would be actually transmitted, reporting 4 bits results in redundancy. 
On the other hand, if per slot based TDRA grouping is applied, SLIV#1/#4/#7/#8 in sub-slot#1/#4/#7 are pruned from the TDRA table in Step 2, and the remaining SLIV#2/#3/#5/#6 are jointly applied with the slot based TDRA grouping, resulting group {#2, #3} and group {#5, #6}. Thus only 2-bit HARQ-ACK CB is generated, saving 2 bits in contrast with per sub-slot based grouping.
 [image: ]
Figure 1 - Comparison between per slot grouping and per sub-slot grouping
From the perspective of standard impact, for per slot based grouping, the impact on Step 1 is to find the DL slot based on the UL sub-slot and the sub-slot level k1 value(s) in K1 set, where the DL slot consists at least one DL sub-slot associated with the UL sub-slot. The impact on Step 2 is, in the DL slot, pruning the SLIVs whose ending symbols overlap with the DL sub-slots that are not associated to the determined UL sub-slot based on K1 set. The impact on Step 3 is to split the SLIVs based on slot level. To this end, per slot based grouping for sub-slot type 1 CB does not change the principle of the legacy Type 1 CB generation procedure, and has limited changes on the specification.
From the perspective of reduced payload by slot based TDRA grouping, it could save up to 3 bits for per slot in contrast with sub-slot based TDRA grouping under the 2OS sub-slot pattern as shown in the following figure where the overlapping of SLIVs occurs in each sub-slot. Therefore, we think per slot based TDRA grouping is beneficial for HARQ-ACK payload reduction which could enhance the UL transmission reliability of the URLLC service.
[image: ]
Figure 2 - First example for per slot grouping /per sub-slot grouping for 2OS sub-slot
Observation 1: For sub-slot based Type 1 codebook, per slot based grouping has limited changes for codebook generation procedure on top of the legacy specification.
Observation 2: For sub-slot based Type 1 codebook, per slot based grouping can reduce non-negligible bit number of HARQ-ACK feedback compared to per sub-slot based grouping.
Proposal 3：Support TDRA grouping performed per slot for sub-slot based Type 1 CB, 
· Step 1: Determine DL slots consisting of DL sub-slots associated to the determined UL sub-slot
· Step 2: In each determined DL slot, prune the PDSCH SLIVs whose ending symbols overlap with DL sub-slots that not associated to the determined UL sub-slot based on K1 set.
· Step 3: Perform per slot SLIV splitting among the remaining SLIVs for each slot to generate the TDRA groups, each group of which is associated with the HARQ-ACK bit field.
Modification on pseudo-code for supporting sub-slot based type 1 codebook with per slot based grouping is shown in the following box, where modification is in green and code annotation is in yellow.
	…
/*----------------Step 1: Determine DL slots consisting of DL sub-slots associated to the determined UL sub-slot--------------*/
If the UE is provided subslotLengthForPUCCH
while [image: ]	
 //  is introduced to contain the original sub-slot based K1 values
Modify  as the smallest integer that satisfies , where [image: ] is the k-th value in set [image: ] representing the slot level timing,  is the relative index of subslot  within the slot, and  is the number of subslots in per slot, calculated by 14 / , where  is configured by subslotLengthForPUCCH. //  is modified as the slot based K1 values, and set [image: ] is accordingly modified as the set of slot based K1 values
[image: ];
end while
end if
Delete duplicated elements in 
/*--------------------------------------------------------------End of Step 1--------------------------------------------------------------------*/
while [image: ] 
if [image: ] 
Set [image: ] – index of a DL slot within an UL slot
while [image: ] 
Set [image: ] to the set of rows
Set [image: ] to the cardinality of [image: ]
Set [image: ] – index of row in set [image: ]
if slot [image: ] starts at a same time as or after a slot for an active DL BWP change on serving cell [image: ] or an active UL BWP change on the PCell and slot [image: ] is before the slot for the active DL BWP change on serving cell [image: ] or the active UL BWP change on the PCell 
; 
else 
/*----------------------------------------------------------Step 2: In each determined DL slot, prune the PDSCH SLIVs whose ending symbols overlap with DL sub-slots that not associated to the determined UL sub-slot based on K1 set. Determine DL slots consisting of DL sub-slots associated to the determined UL sub-slot-------------------------------------------------------------------*/
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 subslotLengthForPUCCH, and the end symbol of the PDSCH time resource derived by row [image: ] overlaps with a DL sub-slot which is not associated with [image: ] according to any timing value of  in timing set ,
[image: ];
else
[image: ]
/*-------------------------------------------------------------End of Step 2-----------------------------------------------------------------*/
end if
end while
…
end if
end while
end if
[image: ];
end while
…


2.3 PUCCH carrier switching for HARQ-ACK feedback
PUCCH carrier switching was discussed in RAN1#106-e meeting and a few agreements were acheived. Details about the dynamic indication and the semi-static configured pattern  are discussed in this section.
2.3.1 Scenarios supported for PUCCH carrier switching 
In the email discussion during last meeting, scenarios supported for PUCCH carrier switching was discussed but no consensus was achieved. The four cases discussed during the email discussion are as below:
· Case 1: PUCCH carrier switching among different cells not being configured with SUL
· Case 2-1: PUCCH carrier switching among different cells where at least one cell is configured with SUL. For the cells having SUL configured, PUCCH is only configured either for NUL or SUL. 
· Case 2-2: PUCCH carrier switching among different cells where at least one cell is configured with SUL. For cells having SUL configured, PUCCH may be configured for NUL carrier, SUL carrier or both
· Case 3: PUCCH carrier switching for a single cell configured with SUL and having PUCCH configured for NUL and SUL
[bookmark: OLE_LINK10]PUCCH carrier switching mainly aims to improve the availability for HARQ feedback and thus reduce the latency, however it could also provide other benefits like PUCCH offloading and/or interference mitigation.  For example, as shown in Figure 3, the 1.8 GHz FDD carrier has UL available on each slot, but typically the bandwidth is smaller than that in the 3.5GHz TDD carrier and the neighboring cell interference may be more severe due to smaller pathloss. So the TDD carrier, if UL is available, can be a better choice than the FDD carrier in some cases. Similarly, if 1.8 GHz is SUL carrier, then the PUCCH can switch to the NUL carrier on the TDD UL slot in some cases if needed and switch to the SUL carrier on other slots. In a word, from motivation/benefits perspective, the support of switching between NUL and SUL is exactly the same as that for PUCCH switching between TDD and FDD for the UL CA scenario and even for switching between FDD and FDD for the UL CA scenario. Since both CA and SUL are deployed in the real network, both deserve the enhancements.  
[image: ]
Figure 3 - Example of PUCCH carrier switching between NUL carrier and SUL carrier in one cell
During the last meeting, the main concern to also support cases involving SUL is on potential additional specification impact. However, as the detailed analysis from section 2.3.2 to section 2.3.4, it can be seen that the additional standard effort is very minor, or at most a few additional RRC parameters are needed. Therefore, all the four cases should be supported for PUCCH carrier switching. Based on the previous discussions, for case 2-2, people may want to make the decision after we have agreement on the maximum number of supported PUCCH carriers for the feature of PUCCH carrier switching. If the decision on the supported scenarios for PUCCH carrier switching will be made before we have achieved consensus on the maximum number of supported PUCCH carriers for the feature of PUCCH carrier switching, we are open to leave case 2-2 as FFS.
In addition, as described above, from motivation/benefits perspective, the support of switching between NUL and SUL is exactly the same as that for PUCCH switching between TDD and FDD for the UL CA scenario and even for switching between FDD and FDD for the UL CA scenario. If we cannot agree to support case 2-2 and case 3 also, due to no consensus on the benefits, then alternatively we could restrict the application scenarios for PUCCH carrier switching to only between TDD cells. 
Proposal 4: For PUCCH carrier switching, down-selection one of the following options: 
· Option 1: the following switching scenarios are supported in Rel-17
· Case 1: PUCCH carrier switching among different cells not being configured with SUL
· Case 2-1: PUCCH carrier switching among different cells where at least one cell is configured with SUL. For the cells having SUL configured, PUCCH is only configured either for NUL or SUL. 
· Case 2-2: PUCCH carrier switching among different cells where at least one cell is configured with SUL. For cells having SUL configured, PUCCH may be configured for NUL carrier, SUL carrier or both
· Case 3: PUCCH carrier switching for a single cell configured with SUL and having PUCCH configured for NUL and SUL 
· Option 2: PUCCH carrier switching is only performed among different TDD cells in Rel-17. 
2.3.2 PUCCH carrier switching based on dynamic indication
PUCCH carrier indication
For PUCCH carrier switching based on dynamic indication, the first open issue is how the dynamic indication is designed in the triggering DCI. There are three alternatives summarized in the FL summary which are legacy PRI, extended PRI and adding a new DCI field. For more flexibility, it seems the majority view is to add a new field, which is also the simplest option among the given alternatives. During the email discussion in RAN1#106-e, the following proposal was given by the feature lead as shown in section 6.8 in R1-2108547: 
	Modified Proposal 6.2: For PUCCH carrier switching based on dynamic indication in the DCI,  introduce a new, dedicated DCI  field for the DCI scheduling PDSCH to indicate the target PUCCH cell. 


In order to cover the cases involving SUL also, the above proposal can be modified as below:
	Modified Proposal 6.2: For PUCCH carrier switching based on dynamic indication in the DCI,  introduce a new, dedicated DCI field for the DCI scheduling PDSCH to indicate the target PUCCH cellcarrier. 


[bookmark: OLE_LINK11]To enable indicating the PUCCH carrier by the new added dedicated DCI field, a set of candidate PUCCH carriers can be configured by higher layer and the new added dedicated DCI field can indicate one of the carriers in the configured list. As to the RRC parameter for configuring the set of candidate PUCCH carriers, pucch-CarrierList with the value range of “SEQUENCE (SIZE (1..X)) OF ServCellIndex” can be introduced. Compared to pucch-SCellList in R1-2108680, the difference is to change the parameter name from “pucch-SCellList” to “pucch-CarrierList”, and change “SCellIndex” in the value of range to “ServCellIndex”. When the RRC parameter pucch-CarrierList is used for case 2-2 and case 3 involving SUL, if PUCCH is configured for both NUL and SUL for a certain cell, the cell index of this cell can be included twice, where the first one is to represent NUL of this cell while the second one is to represent SUL of this cell. When PUCCH is configured for either NUL or SUL for a certain cell, then the cell index of this cell is included only once, which is to represent either NUL or SUL depending on the PUCCH configuration. For example, for case 3 where only one single cell with both SUL and NUL is configured, then RRC parameter pucch-CarrierList can configure {0, 0}. Value “0” of the new dedicated field indicate first value in pucch-CarrierList which is the first ServCellIndex “0” corresponding to NUL on the PCell. Value “1” of the new dedicated field indicate second value in pucch-CarrierList which is the second ServCellIndex “0” corresponding to SUL on the PCell. 
Based on the above analysis, it can be seen that uniform design can be applied for all the scenarios for PUCCH carrier switching, and there is no any additional standard effort.  
Proposal 5: For PUCCH carrier switching based on dynamic indication in the DCI, introduce a new, dedicated DCI field for the DCI scheduling PDSCH to indicate the target PUCCH carrier. 
Proposal 6: An RRC parameter pucch-CarrierList with the range of “SEQUENCE (SIZE (1..X)) OF ServCellIndex” is introduced to configure a set of candidate PUCCH carriers for PUCCH carrier switching.   
· If one certain ServCellIndex is configured twice by pucch-CarrierList, the first value and the second value correspond to NUL and SUL of the cell with ServCellIndex, respectively. Otherwise, it corresponds to either SUL or NUL depending on which is configured with PUCCH transmission.
Of course if people want hierarchical design for cell and carrier, we are open also. In which case, modified proposal 6.2 in feature lead summary R1-2108547 and RRC parameter pucch-SCellList in R1-2108680 can be taken, and meanwhile an additional field UL/SUL indicator similar as that in DCI format 0_x is introduced to DCI format 1_x to support PUCCH carrier switching between NUL and SUL from the same serving cell. 
2.3.3 PUCCH carrier switching based on semi-static PUCCH timing pattern
For PUCCH carrier switching based on semi-static PUCCH timing pattern, the first open issue is how the granularity of pattern is designed. There are three alternatives summarized in the FL summary before which are based on a reference numerology, based on a configured numerology and based on numerology of a reference cell. It seems the majority view is based on numerology of reference cell, which is also the simplest option among the given alternatives. The second open issue is how to interpret the PDSCH to HARQ-ACK offset k1 and the PUCCH resource indicator (PRI) in DCI. Majority view of companies is offset k1 should be interpreted based on the numerology and PUCCH configuration of the reference cell, and PRI should be interpreted based on PUCCH configuration of the target PUCCH cell. During the email discussion in RAN1#106-e, the following proposals were given by the feature lead as shown in section 6.8 in R1-2108547, on top which our proposed modification to cover cases involving SUL is marked similar to 2.3.2: 
	Mod3 Proposal 6.4: For semi-static PUCCH carrier switching, the time-domain pattern configuration is based on the following properties:
· A single time-domain pattern is configured per PUCCH cell group
· The granularity of the time-domain pattern is one slot of the reference cellcarrier
· FFS: how to determine the reference cellcarrier
· Note: the notation of a reference cellcarrier may not need to be introduced in the RAN1 specification depending on how the reference cellcarrier is to be determined. 
· The time-domain pattern is applied periodically
· FFS on period / pattern length (e.g. 10ms, RRC configured,…).
· The pattern defines for each slot of the reference cellcarrier at least the applicable PUCCH cellcarrier
Mod. Proposal 6.5: For semi-static PUCCH carrier switching, the PDSCH to HARQ-ACK offset k1 is interpreted based on the numerology and PUCCH configuration of a reference cellcarrier to be able to apply the time-domain PUCCH carrier switching pattern. 
· FFS: how to determine the reference cellcarrier
· Note: the notation of a reference cellcarrier may not need to be introduced in the RAN1 specification depending on how the reference cellcarrier is to be determined. 
Proposal 6.6: For semi-static PUCCH carrier switching, the PUCCH resource indicator (PRI) is interpreted based on the PUCCH configuration of determined target PUCCH cellcarrier. 


For standard effort of semi-static timing pattern perspective, a reference carrier needs to be defined/configured on top of the reference Cell. For simplicity the NUL carrier of reference cell (e.g. PCell) can be defined as the reference carrier, and the granularity of the timing pattern for indicating the available carrier index for UL should be based on the numerology of the NUL carrier of reference cell (e.g. PCell). In addition, the PDSCH to HARQ-ACK offset k1 indicated in the DCI should be interpreted also based on the K1 set configured for the NUL carrier of the reference cell (e.g. PCell). The reference cell can be configured by higher layer, or can be fixed to PCell. For simplicity, it is slightly preferred to take PCell as the reference cell, and accordingly NUL of the PCell can be taken as the reference carrier. Based on the above analysis, it can be seen that the additional standard effort to also support cases involving SUL can be very minor.
Proposal 7: The NUL carrier of PCell is the reference carrier for time-domain pattern configuration for semi-static PUCCH carrier switching.
Proposal 8: For configuration of the RRC configured PUCCH carrier timing pattern,
· The granularity of the timing-domain pattern is based on the SCS of NUL carrier of PCell.
· K1 interpretation is based on the numerology and K1 set which are configured for the NUL carrier of PCell.
· PRI interpretation is based on the PUCCH configuration for the target PUCCH carrier.
To enable semi-static PUCCH carrier switching, a time domain pattern of applicable PUCCH carriers semi-statically indicating target carrier for each given slot/sub-slot can be configured by higher layer. As to the RRC parameter for configuring the time domain pattern, pucch-CarrierPattern with the value range of “SEQUENCE (SIZE (1..maxNrofSlots)) of INTEGER(1..X)” can be introduced. One value of “1..maxNrofSlots” represent a given slot/subslot and value x of the “INTEGER(1..X)” represents x-th carrier of “PUCCH-CarrierList” proposed in section 2.3.2. That is one slot/subslot is associated with one target carrier of “PUCCH-CarrierList”. Compared to pucchCellPattern in R1-2108680, the difference is to change the parameter name from “pucchCellPattern” to “pucch-CarrierPattern”, and change the parameter name from “pucchCellPatternPeriodicity” to “pucchCarrierPatternPeriodicity”. 
Proposal 9: An RRC parameter pucchCarrierPattern with the range of “SEQUENCE (SIZE (1..maxNrofSlots)) of INTEGER(1..X)” is introduced
· Value x of the “INTEGER(1..X)” represents the x-th carrier of “PUCCH-CarrierList” 

Rule for different numerologies among carriers
As shown in the agreement, another open issue for the configured timing pattern is whether to support additional rules for PUCCH carrier switching, especially for the case of switching across carriers with different numerologies. From the perspective of flexibility, the SCS of the candidate carriers for PUCCH carrier switching should not be restricted. The SCS of the target carrier can be different from the reference numerology, i.e., the SCS of NUL carrier of PCell, in which case some additional rules are needed for determining the PUCCH resource on the target carrier. 
For example, as shown in the following figure, assume the PUCCH carrier timing pattern takes the numerology of Carrier#1 as the reference granularity. For PDSCH#1 in Slot#1 on Carrier#1, the PUCCH carrier timing pattern indicates the available target carrier index for Slot#2 (of Carrier#1 numerology) is Carrier#2. The SCS of Carrier#2 is 15 kHz which is smaller than the SCS of Carrier#1 with 30 kHz. In this case, the target slot for transmitting PUCCH#1 on Carrier#2 is Slot#1 which overlaps with the Slot#2 of Carrier#1. 
As another example, for PDSCH#2 in Slot#3 on Carrier#1, the PUCCH carrier timing pattern indicates the available target carrier index for Slot#4 (of Carrier#1 numerology) is Carrier#3. The SCS of Carrier#3 is 60 kHz which is larger than the SCS of Carrier#1 with 30 kHz. In this case, the target slot for transmitting PUCCH#2 on Carrier#3 is the Slot#7 which is the first available slot among the slots overlapping with the Slot#4 of Carrier#1.
[image: ]
Figure 4 - Example for PUCCH carrier switching across different SCS
Proposal 10: For PUCCH carrier switching across different numerologies based on RRC configured timing pattern, the target slot on the target carrier for PUCCH transmission is the first available slot overlapping with the reference slot of the PUCCH carrier timing pattern.
Rule for PUCCH repetition
In the current spec only the carrier of PCell/PSCell/PUCCH-SCell can be used for PUCCH transmission, i.e. all PUCCH repetition transmissions are in the same carrier. In Rel-17 for PUCCH carrier switching, the PUCCH can be transmitted in different carriers. Therefore, for PUCCH repetition transmissions, the target carriers of different PUCCH repetitions can be different based on the availability of the carrier. For PUCCH resource determination for each repetition, PRI will be interpreted based on PUCCH-config of the target carrier. An example is shown in the figure below assuming PUCCH repetition number is 4, where the first PUCCH repetition is in Slot#1 of Carrier#3, the second PUCCH repetition is in Slot#2 of Carrier#2, the third PUCCH repetition is in Slot#3 of Carrier#1 and the fourth PUCCH repetition is in Slot#4 of Carrier#3.
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Figure 5 - Example of PUCCH repetitions transmission for PUCCH carrier switching
Proposal 11: For PUCCH repetition with PUCCH carrier switching, consider to determine the target carrier for each PUCCH repetition individually based on the available carrier of the slot.
[bookmark: _Ref82422720]2.3.4 Power control in case of PUCCH carrier switching 
For power control in case of PUCCH carrier switching, majority view of companies is independent TPCs are applied. During the email discussion in RAN1#106-e, the following proposal was given by the feature lead as shown in section 6.8 in R1-2108547, on top which our proposed modification to cover cases involving SUL is marked similar to 2.3.2: 
	Mod. Proposal 6.1: For PUCCH carrier switching, support independent TPC per PUCCH cellcarrier including
· Separate P0 / TPC configuration per PUCCH cellcarrier
· Note: This flexibility is already provided as PUCCH-config is per UL BWP of a PUCCH cellcarrier 
· Accumulating closed loop power control commands only within the same target cellcarrier by reusing Rel-15 procedure, i.e. 
· For dynamic PUCCH cellcarrier indication, the TPC command in the DCI scheduling the PUCCH only applies for the dynamically indicated PUCCH target cellcarrier
· For semi-static / time-domain pattern, the TPC command in the DCI scheduling the PUCCH only applies for the determined PUCCH target (using the time-domain pattern)
· FFS: Separate TPC command indication using DCI format 2_2 for the individual PUCCH cellscarriers
· Note: this requires configuration of individual TPC command starting points for each PUCCH cellcarrier within DCI format 2_2


To enable independent TPC for PUCH carriers, a set of candidate TPC indices can be configured by higher layer and starting position of each TPC command in DCI format 2_2 is associated with one of the TPC indices in the configured list. As to the RRC parameter for configuring the set of candidate TPC indices, compared to tpc-IndexPUCCH-Scell-list and “tpc_IndexPUCCH-ScellSwitch” in R1-2108680, we only need to change the parameter name to “tpc-IndexPUCCH-Carrier-list” and “tpc_IndexPUCCH-CarrierSwitch”, and change the value range of tpc-IndexPUCCH-Scell-list to “SEQUENCE (SIZE (1..X)) of tpc_IndexPUCCH-CarrierSwitch”. Of course, if people want hierarchical design for cell and carrier, we are fine to introduce additional RRC parameters to indicate the TPC for SUL carriers, with the structure similar as tpc-IndexPUCCH-Scell-list and tpc_IndexPUCCH-ScellSwitch. Based on the above analysis, it can be seen that the additional standard effort to support cases involving SUL is very minor.     
Proposal 12: RRC parameter tpc-IndexPUCCH-Carrier-list with the range of “SEQUENCE SIZE ((1…X)) of tpc_IndexPUCCH-CarrierSwitch” and RRC parameter tpc_IndexPUCCH-CarrierSwitch are introduced to configure a set of candidate PUCCH carriers for TPC. 
2.3.5 Clarification about the rule for out of order scheduling
In Rel-15 out-of-order scheduling (OoO) is not allowed, which limits the timing order of the PDSCHs and their corresponding HARQ-ACKs. If the HARQ-ACK of an earlier PDSCH and the HARQ-ACK of a later PDSCH are scheduled to be transmitted on the same slot/sub-slot, they will be constructed into one codebook, and such case will not be regarded as OoO. On the other hand, if they are in different slots and the PUCCH carrying the HARQ-ACK of the later PDSCH is earlier than the PUCCH corresponding to the earlier PDSCH, then it is regarded as OoO and is not allowed in Rel-15/Rel-16 except for the case when a UE is configured by higher layer parameter PDCCH-Config that contains two different values of coresetPoolIndex in ControlResourceSet and PDCCHs that schedule two PDSCHs are associated to different ControlResourceSets having different values of coresetPoolIndex. 
For PUCCH carrier switching in Rel-17, the PUCCH can be transmitted on carriers of different cells with different SCS. Therefore, a new case may occur where two PUCCHs belong to the same slot/sub-slot on a carrier but would belong to different slots/sub-slots on another carrier or vice versa. Take Figure 6 as an example, PUCCH 1 and PUCCH 2 are in the same Slot#2 of Carrier#1 with 15 kHz SCS but in different slots (Slot#4 and Slot#5, respectively) of Carrier#2 with 30 kHz SCS. Therefore, the reference numerology/carrier need to be identified for assessing OoO in Rel-17, e.g., if the OoO assessment is based on 15 kHz SCS, the PUCCHs are in the same slot and will not be considered as OoO; if, on the other hand, OoO rule is based on 30 kHz SCS, then the PUCCHs are in different slots and will be considered as OoO. In our understanding, the OoO assessment should be applied based on the larger SCS, so that Figure 6 should be viewed as an OoO scheduling which needs to be avoided.
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Figure 6 - Example of OoO scheduling for different SCS
Proposal 13: For PUCCH carrier switching across different numerologies, the OoO rule between the carriers with PDSCH transmission and the carrier with PUCCH transmission should be applied based on the largest SCS.
2.3.6 Interaction of PUCCH carrier switching and SPS HARQ-ACK deferral
As another remaining issue of the last meeting, it should be discussed whether and how to support joint operation of PUCCH carrier switching and SPS HARQ-ACK deferral. E.g., when both features are enabled, the UE will defer the SPS HARQ-ACK to an available carrier in case the reference carrier of PCell is not available for SPS HARQ-ACK transmission. In our understanding, it is beneficial to support PUCCH carrier switching for SPS HARQ-ACK transmission to reduce the latency.
For semi-static carrier switching, as shown in Figure 7, the target carriers of the PUCCH carrier timing pattern for Slot#1/#2/#3/#4#5 are Carrier#2/Carrier#1/Carrier#2/Carrier#1/Carrier#0, respectively. As the UE is not able to transmit the SPS HARQ-ACK on Carrier#1 at Slot#2 due to the conflict with DL symbols, it will then perform the SPS HARQ-ACK deferral and check the validity of the next slot. In particular, it will check the validity in each slot on the associated target carrier, e.g., Slot#3 on Carrier#2, then Slot#4 on Carrier#1, then Slot#5 on Carrier#0 until an available PUCCH resource is determined which does not overlap with invalid symbols. If PUCCH carrying SPS HARQ-ACK overlaps with some invalid symbols in the determined target slot and both deferral and carrier switch are configured, SPS HARQ-ACK can be deferred according to the RRC timing pattern. 
[image: ]
Figure 7 - Example of joint operation of semi-static carrier switching and SPS HARQ-ACK deferral
Proposal 14: Support joint operation of semi-static PUCCH carrier switching and SPS HARQ-ACK deferral.
· For each candidate target slot/sub-slot, the UE will check its validity on its associated target carrier based on the PUCCH carrier switching pattern, until an available PUCCH resource is identified to carry the deferred SPS HARQ-ACK.
2.3.7 Case when dynamic PUCCH carrier indication cannot be used
As shown in the agreements, it was agreed that dynamic indication and semi-static configuration are subjected to separate UE capabilities. It is straightforward that the dynamically scheduled HARQ-ACK should follow the dynamic indication in the DCI, while the semi-static CSI/SR/SPS HARQ-ACK will follow the semi-static carrier switching pattern. 
For dynamic carrier switching, a straightforward way is to introduce a new field in DCI to indicate the target carrier. However, as the field in fallback DCI with DCI format 1_0 can’t be extended, dynamic carrier switching based on new indicator field doesn’t work for a HARQ-ACK scheduled by fallback DCI. In this case, if there is no HARQ-ACK scheduled by non-fallback DCI with dynamic carrier indication for HARQ-ACK scheduled by fallback DCI to multiplex with it, the semi-static carrier switching should be applied, or PUCCH carrier is always assumed as the PCell for DCI format 1_0 scheduling. 
Proposal 15: For dynamic HARQ-ACK scheduled by fallback DCI with DCI format 1_0, 
· If there is no HARQ-ACK scheduled by non-fallback DCI with dynamic carrier indication that it can multiplex with in a slot/sub-slot
· If semi-static carrier switching is configured, it will be transmitted at a carrier based on semi-static carrier pattern, 
· Otherwise, it should be transmitted on the PCell.
· If there is HARQ-ACK scheduled by non-fallback DCI with dynamic carrier indication that it can multiplex with in a slot/sub-slot, it can be multiplexed with the HARQ-ACK scheduled by non-fallback DCI and transmitted on the carrier indicated by non-fallback DCI
2.4 Retransmission of cancelled HARQ
In the RAN1 #106-e meeting [1], the following agreements have been achieved.
	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: 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: 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 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



In the RAN1 #106-e meeting, the working assumption has been agreed that both enhanced type 3 codebook method and one-shot triggering method would be applied for retransmission of cancelled HARQ. In the following we will discuss the remaining FFS issue and problems.
2.4.1 Enhanced type 3 HARQ-ACK codebook
DCI design for triggering enh. Type 3 CB
It is agreed in last meeting that to support dynamic selection based on indication in the triggering DCI of one of at least one enh. Type 3 CB(s). That is, apart from 1 bit enable/disable information, the indication of which configured enh. Type 3 CB subset to be selected may be also needed in the triggering DCI. 
For the case where the number of configured enh. Type 3 CB is 1, the legacy 1 bit ‘one-shot HARQ-ACK request’ is reused in DCI for triggering this configured enh. Type 3 CB, which does not increase the DCI overhead on top of Rel-16. In this case, the triggering DCI can also be used for scheduling PDSCH.
For the case where number of configured enh. Type 3 CB is more than 1, it needs more than 1 bits in DCI to indicate the ‘not triggering’, ‘CB#1’, ‘CB#2’, ... To avoid further increasing the DCI size, this triggering DCI should not be used to schedule PDSCH, and some of unused filed can be reused to indicate the triggered subset of the enh. Type 3 CB. In particular, the legacy mechanism of triggering Rel-16 Type 3 CB without PDSCH can be reused, where the ‘one-shot HARQ-ACK request’ set to ‘1’ and the FDRA field to all ‘0’s or all ‘1’s can be interpreted as triggering the enh. Type 3 without PDSCH, while at least one of the unused DCI field such as MCS, NDI, RV, HPN, etc., can be re-interpreted to indicate a specific subset of enh. Type 3 CB, which is similar to the use of dormancy DCI.
Proposal 16: For triggering Rel-17 enh. Type 3 CB,
· If one enh. Type 3 CB is configured, the DCI can also be used to schedule PDSCH, and the legacy ‘one-shot HARQ-ACK request’ field can be used to trigger this configured enh. Type 3 CB.
· If more than one enh. Type 3 CB are configured, the DCI should not be used to schedule PDSCH, and some unused fields can be re-interpreted to indicate the specific enh. Type 3 CB.
2.4.2 One-shot triggering for HARQ-ACK re-transmission
DCI design for triggering one-shot HARQ-ACK retransmission
As analyzed for enh. Type 3 CB above, the overhead increasing for the HARQ-ACK retransmission triggering mechanism should be avoided. Considering the one-shot HARQ-ACK retransmission mechanism at least needs an additional code point for enable/disable, and a couple of additional code points which indicate the backward slot-offset for identifying the time position of the previously dropped PUCCH, the DCI should not be used for scheduling the PDSCH, and at least one unused field such as MCS, NDI, RV, HPN, etc., can be re-interpreted to trigger the one-shot HARQ-ACK retransmission as well as indicate the backward slot-offset. In addition, individual UE capabilities for enh. Type 3 CB and one-shot HARQ-ACK retransmission would be preferred. To this end, the bit fields for enh. Type 3 CB and those for the one-shot HARQ-ACK retransmission should be separated. E.g., the MCS field can be re-interpreted for triggering one shot HARQ-ACK retransmission, while the HPN field can be re-interpreted for triggering enh. Type 3 CB.
Proposal 17: Rel-17 one-shot triggering for HARQ-ACK re-transmission should be triggered by DCI without scheduling PDSCH, and some unused fields can be re-interpreted to enable the HARQ-ACK re-transmission and indicate the backward slot-offset.
Design of slot-offset indication
In the last meeting, two candidate options of backward slot-offset were discussed. Option 1 is that the slot-offset indicates the gap between the triggering DCI and the dropped HARQ-ACK, while Option 2 indicates the gap between the new target PUCCH slot and the PUCCH slot for dropped HARQ-ACK. The benefit of Option 2 is that it does not need to additionally identify the slot/sub-slot index of the DCI, as indicating the gap between two PUCCH seems more intuitive. In addition, considering the positions of UL slots are mostly periodic for the mainstream TDD patterns such as 4:1/8:2/7:3, the set of the candidate backward slot-offsets could be smaller. Take 4:1 for example, the set of the candidate backward slot-offset values could be {5, 10, 15,…} for Option 2. For Option 1, however, the potential gap between the DCI and PUCCH is more flexible, which means the set of backward slot-offsets for Option 1 may be larger, and thereby leading to more DCI overhead. Therefore, we slightly prefer Option 2 as the backward slot-offset indication scheme.
Proposal 18: For Rel-17 one-shot triggering for HARQ-ACK re-transmission, consider the backward slot-offset to be the gap between the dropped PUCCH and the new target PUCCH for HARQ-ACK re-transmission. 
Multiplexing of re-transmitted HARQ-ACK and initial HARQ-ACK
For the new target PUCCH for re-transmitting the dropped HARQ-ACKs, there could be two cases with respect to whether there is collision with other Type 1/Type 2 HARQ-ACK CB. If the re-transmitted HARQ-ACK CB does not collide with another initial HARQ-ACK CB on the new target PUCCH, it can be transmitted in a standalone manner. On the other hand, if the re-transmitted HARQ-ACK CB collides with another initial HARQ-ACK CB, they may need to be multiplexed and transmitted on the new target PUCCH. One simple way is to avoid the collision between the re-transmitted HARQ-ACK CB and the initial HARQ-ACK CB to minimize the spec impact. However, as discussed before, the mainstream TDD patterns are mostly DL dominant and there are limited UL slots for transmitting PUCCH especially if the HARQ-ACK is configured as slot based. Thus the collision of the re-transmitted HARQ-ACKs and the initial HARQ-ACKs may be inevitable in case of heavy traffic. Therefore, the multiplexing of re-transmitted HARQ-ACKs and the initial HARQ-ACKs should be supported. The re-transmitted HARQ-ACKs could be pended after the initial HARQ-ACK CB in case of collision, similar to the pending of SPS HARQ-ACKs. The SPS HARQ-ACKs can be pended after the re-transmitted HARQ-ACKs if any.
Proposal 19: For Rel-17 one-shot triggering for HARQ-ACK re-transmission, support the re-transmitted HARQ-ACK CB to be multiplexed with another initial Type 1/Type 2 HARQ-ACK CB in case of collision.
Ambiguity of cancelled CB
Another issue should be considered is that the DCI scheduling the initial HARQ-ACK may be miss detected by the UE, and the UE receives a later DCI triggering the one-shot HARQ-ACK re-transmission for the HARQ-ACK associated with the miss detected DCI. For example, as the figure shown below, gNB schedules a DCI#0 for a PDSCH transmission which indicates the UE to feedback HARQ-ACK#0, but UE miss detects this DCI#0, due to which UE would not transmit HARQ-ACK at PUCCH#0, and has no idea of its CB size. If this PUCCH#0 is then cancelled, and triggered by a later DCI for one-shot re-transmission, UE would not know whether and how to transmit the HARQ-ACK at the new target PUCCH due to lack of its CB size. One possible solution is to indicate the cancelled HARQ-ACK CB size in the triggering DCI. E.g., a T-DAI field can be introduced to help the UE to identify the bit number of the re-transmitted HARQ-ACK. Considering the one-shot HARQ-ACK retransmission would use the DCI without scheduling PDSCH, there would be sufficient spare bits in the DCI for introducing the T-DAI field.
[image: ]
Figure 8 - Example of ambiguity of cancelled CB
Proposal 20: For Rel-17 one-shot triggering for HARQ-ACK re-transmission, the DCI missing issue should be resolved by introducing a DAI field to help identifying the CB size of the dropped HARQ-ACKs.
Conclusions
According to the discussion, following proposals and observations are provided:
Proposal 1: During the target PUCCH slot determination for a candidate slot/sub-slot, if the PUCCH resource determined by the total payload size of deferred SPS HARQ-ACKs and/or non-deferred SPS HARQ-ACKs is invalid,
· The deferred SPS HARQ-ACKs and/or non-deferred SPS HARQ-ACKs that have reached the maximum deferral value and that are configured without deferral are dropped, and the rest SPS HARQ-ACKs are deferred to the next candidate slot/sub-slot.
· Dropping partial SPS HARQ-ACKs for the purpose of re-determining a valid PUCCH resource should not be considered.
Proposal 2: For deferred SPS HARQ-ACKs, it should be further discussed whether CG/DG-PUSCH and PUCCH resource for CSI report(s) provided by PUCCH-CSI-ResourceList or multi-CSI-PUCCH-ResourceList should be regarded as available resource in the target PUCCH slot/sub-slot.
Observation 1: For sub-slot based Type 1 codebook, per slot based grouping has limited changes for codebook generation procedure on top of the legacy specification.
Observation 2: For sub-slot based Type 1 codebook, per slot based grouping can reduce non-negligible bit number of HARQ-ACK feedback compared to per sub-slot based grouping.
Proposal 3：Support TDRA grouping performed per slot for sub-slot based Type 1 CB, 
· Step 1: Determine DL slots consisting of DL sub-slots associated to the determined UL sub-slot
· Step 2: In each determined DL slot, prune the PDSCH SLIVs whose ending symbols overlap with DL sub-slots that not associated to the determined UL sub-slot based on K1 set.
· Step 3: Perform per slot SLIV splitting among the remaining SLIVs for each slot to generate the TDRA groups, each group of which is associated with the HARQ-ACK bit field.
Proposal 4: For PUCCH carrier switching, down-selection one of the following options: 
· Option 1: the following switching scenarios are supported in Rel-17
· Case 1: PUCCH carrier switching among different cells not being configured with SUL
· Case 2-1: PUCCH carrier switching among different cells where at least one cell is configured with SUL. For the cells having SUL configured, PUCCH is only configured either for NUL or SUL. 
· Case 2-2: PUCCH carrier switching among different cells where at least one cell is configured with SUL. For cells having SUL configured, PUCCH may be configured for NUL carrier, SUL carrier or both
· Case 3: PUCCH carrier switching for a single cell configured with SUL and having PUCCH configured for NUL and SUL 
· Option 2: PUCCH carrier switching is only performed among different TDD cells in Rel-17. 
Proposal 5: For PUCCH carrier switching based on dynamic indication in the DCI, introduce a new, dedicated DCI field for the DCI scheduling PDSCH to indicate the target PUCCH carrier. 
Proposal 6: An RRC parameter pucch-CarrierList with the range of “SEQUENCE (SIZE (1..X)) OF ServCellIndex” is introduced to configure a set of candidate PUCCH carriers for PUCCH carrier switching.   
· If one certain ServCellIndex is configured twice by pucch-CarrierList, the first value and the second value correspond to NUL and SUL of the cell with ServCellIndex, respectively. Otherwise, it corresponds to either SUL or NUL depending on which is configured with PUCCH transmission.
Proposal 7: The NUL carrier of PCell is the reference carrier for time-domain pattern configuration for semi-static PUCCH carrier switching.
Proposal 8: For configuration of the RRC configured PUCCH carrier timing pattern,
· The granularity of the timing-domain pattern is based on the SCS of NUL carrier of PCell.
· K1 interpretation is based on the numerology and K1 set which are configured for the NUL carrier of PCell.
· PRI interpretation is based on the PUCCH configuration for the target PUCCH carrier.
Proposal 9: An RRC parameter pucchCarrierPattern with the range of “SEQUENCE (SIZE (1..maxNrofSlots)) of INTEGER(1..X)” is introduced
· Value x of the “INTEGER(1..X)” represents the x-th carrier of “PUCCH-CarrierList”      
Proposal 10: For PUCCH carrier switching across different numerologies based on RRC configured timing pattern, the target slot on the target carrier for PUCCH transmission is the first available slot overlapping with the reference slot of the PUCCH carrier timing pattern.
Proposal 11: For PUCCH repetition with PUCCH carrier switching, consider to determine the target carrier for each PUCCH repetition individually based on the available carrier of the slot.
Proposal 12: RRC parameter tpc-IndexPUCCH-Carrier-list with the range of “SEQUENCE SIZE ((1…X)) of tpc_IndexPUCCH-CarrierSwitch” and RRC parameter tpc_IndexPUCCH-CarrierSwitch are introduced to configure a set of candidate PUCCH carriers for TPC.    
Proposal 13: For PUCCH carrier switching across different numerologies, the OoO rule between the carriers with PDSCH transmission and the carrier with PUCCH transmission should be applied based on the largest SCS.
Proposal 14: Support joint operation of semi-static PUCCH carrier switching and SPS HARQ-ACK deferral.
· For each candidate target slot/sub-slot, the UE will check its validity on its associated target carrier based on the PUCCH carrier switching pattern, until an available PUCCH resource is identified to carry the deferred SPS HARQ-ACK.

Proposal 15: For dynamic HARQ-ACK scheduled by fallback DCI with DCI format 1_0, 
· If there is no HARQ-ACK scheduled by non-fallback DCI with dynamic carrier indication that it can multiplex with in a slot/sub-slot
· If semi-static carrier switching is configured, it will be transmitted at a carrier based on semi-static carrier pattern, 
· Otherwise, it should be transmitted on the PCell.
· If there is HARQ-ACK scheduled by non-fallback DCI with dynamic carrier indication that it can multiplex with in a slot/sub-slot, it can be multiplexed with the HARQ-ACK scheduled by non-fallback DCI and transmitted on the carrier indicated by non-fallback DCI
Proposal 16: For triggering Rel-17 enh. Type 3 CB,
· If one enh. Type 3 CB is configured, the DCI can also be used to schedule PDSCH, and the legacy ‘one-shot HARQ-ACK request’ field can be used to trigger this configured enh. Type 3 CB.
· If more than one enh. Type 3 CB are configured, the DCI should not be used to schedule PDSCH, and some unused fields can be re-interpreted to indicate the specific enh. Type 3 CB.
Proposal 17: Rel-17 one-shot triggering for HARQ-ACK re-transmission should be triggered by DCI without scheduling PDSCH, and some unused fields can be re-interpreted to enable the HARQ-ACK re-transmission and indicate the backward slot-offset.
Proposal 18: For Rel-17 one-shot triggering for HARQ-ACK re-transmission, consider the backward slot-offset to be the gap between the dropped PUCCH and the new target PUCCH for HARQ-ACK re-transmission. 
Proposal 19: For Rel-17 one-shot triggering for HARQ-ACK re-transmission, support the re-transmitted HARQ-ACK CB to be multiplexed with another initial Type 1/Type 2 HARQ-ACK CB in case of collision.
Proposal 20: For Rel-17 one-shot triggering for HARQ-ACK re-transmission, the DCI missing issue should be resolved by introducing a DAI field to help identifying the CB size of the dropped HARQ-ACKs.
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