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This contribution provides our views on the remaining issues of HARQ-ACK feedback enhancements in Rel-17, including SPS HARQ-ACK dropping for TDD systems, PUCCH carrier switching and re-transmission of cancelled HARQ-ACK.
Feedback enhancements for HARQ-ACK
2.1 Enhancements for HARQ-ACK dropping for DL SPS 
In the RAN1#106bis-e meeting, the following agreements were achieved for the deferral of dropped SPS HARQ-ACK [1]. 
	Conclusion: For SPS HARQ-ACK deferral, only SPS HARQ-ACK bits subject to deferral from one or more initial slots which have not reached the maximum deferral value are jointly deferred to the next available PUCCH (other SPS HARQ-ACK is dropped). 

Agreement: For SPS HARQ-ACK deferral, the bit ordering of deferred SPS HARQ-ACK information from one or more initial slots in the target PUCCH slot is based on the Rel.16 SPS HARQ-ACK bit order principle as in clause 9.1.2 of TS38.213 is applied, i.e., based on serving cell index, SPS configuration index, SPS PDSCH slot index. 

Conclusion: For SPS HARQ-ACK deferral, the operation in the ‘initial’ slot is further clarified as: 
· The UE performs first the (Rel-16) UCI multiplexing operation. If after the UCI multiplexing operation into a PUCCH or PUSCH if any, and if the UE would be transmitting SPS HARQ-ACK using the PUCCH SPS-PUCCH-AN-List-r16 or n1PUCCH-AN which is not valid, the SPS HARQ-ACK configured for deferral is deferred.

Agreement: The RAN1#106-e agreement on the target slot definition is updated as follows (in RED): 
Agreement (from RAN1#106-e)
For SPS HARQ-ACK deferral, the target PUCCH slot is defined as the next PUCCH slot, where after performing the (Rel-16) UCI multiplexing operation into a PUCCH or PUSCH if any, the UE would be either (i) transmitting HARQ-ACK using a PUCCH/PUSCH other than the PUCCH determined from PUCCH SPS-PUCCH-AN-List-r16 or n1PUCCH-AN or (ii)  would be transmitting HARQ-ACK using a PUCCH resource configured in PUCCH SPS-PUCCH-AN-List-r16 or n1PUCCH-AN being regarded as valid.  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.

Conclusion: If the UE is not configured with Rel-17 Intra-UE multiplexing, SPS HARQ for deferral of different PHY priorities can be separately deferred with the target PUCCHs separately determinated according to their respective PHY priorities.
· FFS on the PHY priority handling for SPS HARQ deferral if the UE configured with Rel-17 Intra-UE multiplexing


Maximum deferral time for SPS HARQ-ACK 
The first remaining issue, which is the maximum SPS HARQ-ACK deferral value in terms of k1+k1def per SPS configuration, was discussed but no agreements was achieved. During email discussion in RAN1#106b-e, the following question was raised as shown in [2].
	Question 2.6.1: The maximum value that can be configured as the maximum SPS HARQ-ACK deferral value in terms of k1+k1def per SPS configuration is 
· Alt. 1: 15 (reuse the maximum value of k1, i.e., RRC value range is {1…15})
· Alt. 2: 16 (use 4bit, i.e., RRC value range is {1…16})
· Alt. 3: 32 (use 5bit, i.e., RRC value range is {1…32})
· Alt. 4: 64 (use 6bit, i.e., RRC value range is {1…64})
· Alt. 5: other


In our understanding, when combined with the sub-slot length, e.g., a duration of 2OS, the maximum deferral value 15 becomes as short as 2 slots; as a result, the deferral would probably expire before it reaches the next available UL slot. This will normally happen when the DCI is located in an early DL slot of the TDD frame with 4:1/7:3/8:2 configuration. Take the TDD 8:2 configuration for example as shown in Figure 1, where the sub-slot length is 2OS, if the SPS PDSCH occurs in Slot#1, and the maximum deferral value would be 15 sub-slots, its SPS HARQ-ACK deferral will expire at around Slot#3, which means it cannot survive until the first available UL slot (the Slot#9). In this case, all HARQ-ACKs of SPS PDSCHs that are scheduled before Slot#7 cannot reach the first available UL slot, which makes the deferral almost meaningless. Therefore, to overcome this problem related to deferral with subslot length, instead of directly reusing the legacy k1 values which are {0,…, 15}, some large miscellaneous maximum deferral values can be added on top, which are specifically applied for sub-slot lengths. Alternatively, separate value range sets can be configured for different slot/sub-slot lengths.
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Figure 1 - Example of maximum deferral value 15 used for 2OS sub-slot case
Proposal 1: Following alternatives can be considered as the RRC configured set for the maximum SPS HARQ-ACK deferral value in terms of k1+k1def,
· Opt.1: RRC value range is {X…15, m0, …mX-1}, with the description that mi (i=0,…,X) applies only for 2OS sub-slot length.
· Opt.2: Separate RRC value ranges for different slot/sub-slot lengths, e.g., RRC value range is {1…15} for slot based length, {2,4,…,30} for 7OS sub-slot length, and RRC value range is {7,14,…,105} for 2OS sub-slot length.
Joint operation between SPS deferral and PUCCH carrier switching
As another remaining issue from 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.
Moreover, it has been clarified and agreed in the last meeting that the UE would perform the Rel-16 UCI multiplexing operation for SPS HARQ-ACK prior to determining the target slot. Consider a case where a slot/sub-slot is invalid for PCell but valid for another PUCCH with DG HARQ-ACK/CSI/SR on the SCell, if the SPS HARQ-ACK under deferral is not allowed to be transmitted on the SCell by multiplexing with the DG HARQ-ACK/CSI/SR, the UCI multiplexing and deferral procedure will be inconsistent with the above agreement. E.g., if the SPS deferral only operates on the PCell in case PUCCH carrier switching is enabled, the UE has to determine the target slot for SPS HARQ-ACKs only on the PCell while ignoring the multiplexing of SPS HARQ-ACK with other overlapped DG PUCCH/CSI/SR on the SCell, which reverts the Rel-16 multiplexing rule. In addition, it does not make a big difference between multiplexing the deferred SPS HARQ-ACK on the PUSCH of another Cell (which has been agreed) and multiplexing the deferred SPS HARQ-ACK on the PUCCH of another Cell.
Observation: If deferred SPS HARQ-ACK is not allowed to perform PUCCH carrier switching and be multiplexed with DG PUCCH/CSI/SR on a SCell subject to dynamic indication or semi-static PUCCH pattern, it is inconsistent with the agreement of SPS deferral procedure where the Rel-16 multiplexing is performed prior to the target slot determination.
For semi-static PUCCH Cell pattern, as shown in Figure 2 Case 1 below, the target carriers of the RRC configured time domain pattern for Slot#1/#2/#3/#4#5#6 are Cell#1/PCell/Cell#1/PCell/PCell/Cell#1, respectively. As the UE is not able to transmit the SPS HARQ-ACK on PCell 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 Cell#1, then Slot#4 on PCell, then Slot#5 on PCell, then Slot#6 on Cell#1 until an available PUCCH resource is determined which does not overlap with invalid symbols. 
If a long PCell slot is overlapping with multiple short SCell UL slots, the first SCell UL slot should be considered as the target slot for lower feedback latency and simplicity, which is also analyzed in Section 2.2.2. As shown in Figure 2 Case 2, the UE will check the validity for PUCCH transmission on Slot#5 of Cell#1 when both Slot#5 and Slot#6 on Cell#1 overlap with Slot#3 of PCell.
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Figure 2 - Example of joint operation of semi-static PUCCH Cell pattern and SPS HARQ-ACK deferral
Proposal 2: 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 semi-static PUCCH Cell pattern, until an available PUCCH resource is identified to carry the deferred SPS HARQ-ACK.
Considering dynamic carrier switching, dynamically scheduled PUCCH/PUSCH on Cells other than PCell can be also considered for multiplexing deferred SPS HARQ-ACK, similar to the rule of the single Cell case. As shown in Figure 3 Case 1 below, SPS HARQ-ACK cannot be transmitted in Slot#2 on PCell where the PUCCH resource is not valid and it will be deferred. For joint operation of dynamic carrier switching and SPS HARQ-ACK deferral, deferred SPS HARQ can be multiplexed on the dynamically scheduled PUCCH on Slot#3 on Cell#1 when it is deferred to Slot#3 on PCell. If the SPS HARQ-ACK is not allowed to switch to Cell#1 at Slot#3 and ignore the multiplexing with the dynamic PUCCH, the legacy multiplexing rule should be revisited.
If a long PCell slot is overlapping with multiple short SCell UL slots, the situation may occur where the PCell slot is overlapped with more than one slot on the indicated SCell which are all dynamically scheduled with PUCCHs/PUSCHs. Similar to the SPS HARQ deferral rule under the semi-static pattern, the deferred SPS HARQ-ACK should be multiplexed on the first overlapped SCell slot scheduled with PUCCH/PUSCH. As shown in Figure 3 Case 2 below, SCS of Cell#1 is larger than SCS of PCell and Slot#3 on PCell overlaps with Slot#5 and Slot#6 on Cell#1. There are two dynamically scheduled PUCCHs in Slot#5 and Slot#6 respectively on Cell#1, and in this case the SPS HARQ-ACK should be multiplexed on the dynamic PUCCH#1 in Slot#5.
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Figure 3 - Example of joint operation of dynamic carrier switching and SPS HARQ-ACK deferral
Proposal 3: Support joint operation of dynamic PUCCH carrier switching and SPS HARQ-ACK deferral.
· Dynamically scheduled PUCCH on a target SCell other than PCell/PSCell/PUCCH-SCell can be used for multiplexing deferred SPS HARQ-ACK.
· If a large slot on PCell overlaps with more than one short slots on the indicated SCell all scheduled with PUCCH, the first overlapped short slot on the SCell scheduled with PUCCH is used for multiplexing the deferred SPS HARQ-ACK.
2.2 PUCCH carrier switching for HARQ-ACK feedback
Details about the dynamic indication and the semi-static PUCCH Cell pattern are discussed in this section.
2.2.1 PUCCH carrier switching based on dynamic indication
Collision of UCI on PCell/ PSCell/PUCCH-SCell and HARQ-ACK on dynamic SCell
Regarding the handling of PUCCH collisions across different cells, the following agreements were made in the last meeting. 
	Agreement: UE does not expect overlapping PUCCH slots with dynamic PUCCH cell indication on more than one cell, i.e., gNB should only dynamically indicate a single PUCCH cell for a final PUCCH slot. 

Agreement: For PUCCH cell 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. 

Agreement: In addition, the dynamic target PUCCH cell indication also applies to HARQ-ACK corresponding to SCell dormancy indication without scheduling PDSCH.

Agreement: Support PUCCH cell switching based on dynamic indication in the DCI using DCI format 1_2 for a UE supporting DCI format 1_2. 
· The presence of the ‘PUCCH carrier switching’ bitfield in DCI format 1_2 is RRC configured. 

Conclusion: There is no consensus to support multiplexing of HARQ-ACK (without dynamic PUCCH cell indication), SR and P/SP-CSI on the dynamically indicated PUCCH cell (other than PCell / PSCell / PUCCH-SCell) in Rel-17.
· FFS: further handling, incl. e.g., UE does not expect overlapping HARQ-ACK (without dynamic PUCCH cell indication), SR and P/SP-CSI or overlapping HARQ-ACK (without dynamic PUCCH cell indication), SR and P/SP-CSI is to be dropped
· FFS: overlapping definition for SR and P/SP-CSI in terms of PUCCH slot or PUCCH resource


For the above conclusion, generally PUCCH multiplexing across cells is not expected from perspective of less spec effort. For the first FFS, it is not expected that HARQ-ACK (without dynamic PUCCH cell indication), SR and P/SP-CSI on PCell/ PSCell/PUCCH-SCell overlaps with dynamic scheduled PUCCH on indicated PUCCH cell other than PCell/PSCell/PUCCH-SCell. For the second FFS, regarding the carrier switching within per slot is not desired from the perspective of UE implementation, overlapping definition for SR and P/SP-CSI across different carriers with potentially different SCS should be in terms of the PUCCH slot. If PCell and the target PUCCH cell are configured with different SCSs or different subslotLengthForPUCCH, the granularity of the PUCCH slot should be based on the smallest SCS or the longest slot length.
Moreover, the conclusion does not consider the case where semi-static pattern and dynamic cell indication are both enabled. It can be easily extended to such joint operation case, i.e., the UE does not expect the overlapping of HARQ-ACK without dynamic PUCCH cell indication, SR, and/or CSI on Cell#1 subject to the semi-static pattern with dynamically indicated HARQ-ACK on Cell#2.
Proposal 4: For the case where dynamic PUCCH cell indication is enabled and semi-static PUCCH Cell pattern is disabled, the UE does not expect the overlapping of HARQ-ACK without dynamic PUCCH cell indication, SR, and/or CSI on PCell/PSCell/PUCCH-SCell with dynamically indicated HARQ-ACK on the SCell.
· Definition of overlapping across different cells is in terms of PUCCH slot/sub-slot.
· If PCell and target PUCCH cell are configured with different SCSs or different slot lengths, the granularity of the PUCCH slot/sub-slot should be based on the smallest SCS or largest slot length.
Proposal 5: For the case where both dynamic PUCCH cell indication and semi-static PUCCH Cell pattern are enabled, the UE does not expect the overlapping of HARQ-ACK without dynamic PUCCH cell indication, SR, and/or CSI on Cell#1 subject to the semi-static PUCCH Cell pattern with dynamically indicated HARQ-ACK on Cell#2.
Carrier indication for SPS HARQ-ACK in the activation DCI 
Another remaining issue is how to apply the carrier indication in the activation DCI to the SPS HARQ-ACKs. As agreed previously, the dynamic indication in the activation DCI can be applied to the HARQ-ACK of the first scheduled SPS PDSCH which is the same as applying dynamic indication in DCI to the dynamic scheduled PDSCH. However, if the carrier indicator in the activation DCI permanently applies to the carrier index for SPS PUCCH, the UE will fixedly transmit later SPS HARQ-ACKs on this carrier regardless of the PCell/Semi-static pattern. That will harm the flexibility of choosing the carrier in case the semi-static pattern is enabled. Moreover, considering the case where the carrier indicated by the activation DCI is deactivated by MAC CE, a new UE behavior has to be specified, such as the UE stops the SPS reception or falls back to the PCell/Semi-static pattern; alternatively, the gNB has to send an SPS re-activation DCI to correct the carrier. To avoid causing additional efforts on the specification or gNB complexity, for the HARQ-ACKs of SPS PDSCHs other than the first activated SPS, they can follow the semi-static pattern if configured. Otherwise it can only be transmitted on PCell/PSCell/PUCCH-SCell.
Proposal 6: For SPS HARQ-ACKs activated by activation DCI with PUCCH carrier indicator: 
· Carrier indication in the activation DCI is only applied for the first SPS HARQ-ACK occasion.
· The rest SPS HARQ-ACKs of semi-static allocated PDSCHs follow the semi-static PUCCH Cell pattern if configured. Otherwise, they will be transmitted on PCell/PSCell/PUCCH SCell by default.
PDSCH-to-HARQ_feedback timing indicator in DCI for dynamic carrier switching 
It has been agreed that separate PUCCH-config can be configured for each candidate cell for switching. For different PUCCH-configs, separate K1 sets may possibly be configured with different sizes, thus it needs to be discussed how to determine the bit width of PDSCH-to-HARQ_feedback timing indicator field in the DCI for dynamic carrier switching in case of multiple K1 sets with different sizes. 
In the Rel-16 specification, two HARQ codebooks can be configured for different priorities and with separate K1 sets, DAI configurations, and CBG configurations. For example, if K1 sets with different sizes are configured for the two codebooks, the K1 timing indicator field is determined based on the largest K1 set, while a number of MSB with value '0' are inserted to smaller K1 timing indicator until the bit width of the K1 timing indicator in DCI format 1_1 for the two HARQ-ACK codebooks are the same.
For separate K1 sets configured for different PUCCH cells under dynamic carrier switching, it can be considered to adopt the similar principle, where the size of K1 indicator field in DCI can be determined by the largest K1 set among K1 sets configured for different candidate cells. 
Proposal 7: For PDSCH-to-HARQ_feedback timing indicator in DCI under dynamic carrier switching, the bit width of the field should be determined by the largest K1 set among the K1 sets of all candidate PUCCH cells for switching.
2.2.2 PUCCH carrier switching based on semi-static PUCCH timing pattern
Regarding the PUCCH carrier switching based on semi-static PUCCH timing pattern, the following agreements about configuration of time domain pattern were made in the last meeting.
	Agreement: For semi-static PUCCH cell switching, PCell / PSCell / PUCCH-SCell is reference cell:
· The time domain pattern configurations are based on the numerology of the reference cell. 
· The PDSCH to HARQ-ACK offset k1 is interpreted based on the numerology and PUCCH configuration of a reference cell to be able to apply the time-domain PUCCH cell switching pattern. 
· Note: There may not be a need to define a ‘reference cell’ in the specification. This terminology is used for further clarifications of the procedure.

Agreement: For semi-static PUCCH cell 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 PCell / PSCell / PUCCH-SCell reference cell 
· 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 PCell / PSCell / PUCCH-SCell reference cell at least the applicable target PUCCH cell

Agreement: For semi-static PUCCH cell switching, the PUCCH resource indicator (PRI) is interpreted based on the PUCCH configuration of determined target PUCCH cell. 

Agreement: The periodicity / length of the time-domain pattern for semi-static PUCCH cell switching is directly determined by the RRC configuraton of the time domain pattern pucchCellPattern 
· Note: pucchCellPattern has a variable length of (1… maxNrofSlots) 



Different PUCCH slot length handling for semi-static PUCCH carrier switching
The first remaining issue is that if SCS of the target cell can be larger or smaller than the reference SCS of time domain pattern, how to determine the target slot in the target cell. Two agreements with summarized options were made as following.
	Agreement: Down-select in RAN1#107-e from Alt. 1 & Alt. 3 below:
For PUCCH carrier switching based on semi-static operation, for the case the PCell slot to be longer than the target PUCCH cell slot or sub-slot (i.e. multiple target PUCCH cell slots overlapping with a single PCell slot),  the following PUCCH cell slot is used for UCI transmission:
· Alt. 1: the first target PUCCH slot overlapping with the PCell slot
· Alt. 3: using a relative slot-offset within the reference cell slot, the relative slot offset is configured in the time domain pattern (i.e. time domain pattern contains ‘cell index’ & ‘slot_offset’ for each reference cell slot)
· Note: different relative slot offset can be configured for each reference cell slot in the time domain pattern, details see R1-2108829

Agreement: Down-select in RAN1#107-e from Alt. 2 & Alt. 4 below:
For PUCCH carrier switching based on semi-static operation, for the case the PCell slot to be shorter than the target PUCCH cell slot,  
· Alt. 2: the UE does not expect the same UCI type (i.e. HARQ-ACK, SR or CSI) from more than one PCell PUCCH slot to be overlapping with a single dynamically indicated PUCCH cell slot
· Note: there can be e.g. HARQ-ACK only be present in either of the overlapping slots, but not in more than one overlapping slot. 
· Alt. 4: the UE does not expect a semi-static PUCC cell configuration, where a single target PUCCH slot / sub-slot would be overlapping with more than one PCell slot/sub-slot. 


Take Figure 4 as an example, the SCS of PCell, also the reference SCS of the semi-static pattern, is 30 kHz which is different from SCS of Cell#1 in Case 1 (60kHz) and Case 2 (15kHz). 
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Figure 4 - Example of handling on determining target slot across different SCSs.
[bookmark: _GoBack]For the first agreement, if the PCell slot is longer than the target PUCCH cell slot, the first target PUCCH slot overlapping with the PCell slot is preferred from perspective of simplicity and lower feedback latency. There is no clear motivation to perform a load balancing for the PUCCH channels by introducing the relative slot offset. As shown in Figure 4 Case 1, Slot#3 on Cell#1 is the target slot for UCI in Slot#2 of PCell.
Proposal 8: For PUCCH carrier switching based on semi-static operation, for the case the PCell slot to be longer than the target PUCCH cell slot or sub-slot (i.e. multiple target PUCCH cell slots overlapping with a single PCell slot), Alt. 1 should be adopted, i.e., the PUCCH slot for UCI transmission is the first target PUCCH slot overlapping with the PCell slot.
For the second agreement, if the PCell slot is shorter than the target PUCCH cell slot or sub-slot (i.e.one target PUCCH cell slots overlapping with a multiple PCell slots), we prefer that UCIs from multiple PCell slots overlapping with a single indicated PUCCH cell slot are subject to different types. As shown in Figure 4 Case 2, it is not expected that Slot#1 and Slot#2 on the PCell have the same target slot (Slot#1 of Cell#2) if the UCI#1 and UCI#2 have the same type. If types of UCI#1 and UCI#2 are different, e.g., one is SR, and the other is HARQ, the current multiplexing rules of HARQ and SR on PCell can be reused on Slot#1 of Cell#1. In this way, it can be more flexible and forward compatible compared with Alt. 4 which restricts the slot length of the SCell in the semi-static pattern is always equal to or shorter than the PCell.
Proposal 9: For PUCCH carrier switching based on semi-static operation, for the case the PCell slot to be shorter than the target PUCCH cell slot, Alt. 2 should be adopted, i.e., the UE does not expect the same UCI type (i.e. HARQ-ACK, SR or CSI) from more than one PCell PUCCH slot to be overlapping with a single dynamically indicated PUCCH cell slot.
Handling of the case where the SCell is deactivated
In NR, a SCell can be activated/deactivated by MAC-CE based on the network strategies such as traffic offloading, gNB power saving, etc. Considering MAC-CE signaling is more dynamic than RRC reconfiguration, if the SCell in the semi-static PUCCH Cell pattern configured by the RRC signaling is deactivated by MAC CE, the SCell would be not available for PUCCH transmission. It needs to discuss how to handle this issue. 
For the case where the slot configured with a target SCell has no overlapped PCell UL slot, if the SCell is deactivated, the slot of the SCell should be regarded as invalid, and it would fall back to the situation where semi-static pattern is disabled, i.e., the UCIs should not be transmitted on this SCell.
For the case where the slot configured with a target SCell may be overlapped with PCell UL slot, it should be up to gNB implementation to avoid the error case. E.g., as the PCell will never be deactivated, the gNB can carefully configure the semi-static pattern by setting the target Cell always to be the PCell as long as there is overlap between SCell slot and the PCell UL slot, thus the SCell can be deactivated with no impact to the UCI transmission which would operate on the PCell. On the other hand, if the SCell is configured as the target Cell for a slot overlaps with PCell UL slot, the gNB should avoid deactivating this SCell.
Proposal 10: Consider the case where the SCell configured in the semi-static PUCCH Cell pattern is deactivated,  
· if a UL slot on the SCell doesn’t overlap with a PCell UL slot, UE would consider the target PUCCH cell is invalid and falls back to the single Cell case;
· if a UL slot on the SCell overlaps with a PCell UL slot, PCell should be configured as the target PUCCH Cell for the overlapped UL slot based on gNB implementation to avoid the impact of SCell deactivation. 
2.2.3 HARQ-ACK scheduled by DCI format 1_0
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 PUCCH Cell pattern. 
For dynamic carrier switching, it was agreed to introduce a new field in DCI to indicate the target carrier. 
	Agreement: For PUCCH cell 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.


However, as the field in fallback DCI with DCI format 1_0 can’t be extended, dynamic carrier switching indicated by the new indicator field cannot be applied for a HARQ-ACK scheduled by fallback DCI. In this case, for HARQ-ACK scheduled by the fallback DCI, the semi-static carrier switching should be applied, or PUCCH cell is always assumed as the PCell for DCI format 1_0 scheduling. 
Proposal 11: For dynamic HARQ-ACK scheduled by fallback DCI with DCI format 1_0, 
· If semi-static carrier switching is configured, it will be transmitted at a carrier based on semi-static PUCCH Cell pattern, 
· Otherwise, it should be transmitted on the PCell.
2.3 Re-transmission of cancelled HARQ
In the RAN1 #106bis-e meeting, the agreements copied below have been achieved. In the following, we discuss the remaining issues on the re-transmission of cancelled HARQ.
	Conclusion: No additional enhanced Type 3 CB ‘types’ (such as activated CCs, of specific SPS configurations, etc.) in terms of RRC configuration are supported. 

[bookmark: _Hlk85725663]Agreement: For one enhanced Type 3 HARQ-ACK CB, the same CBG and NDI configuration applies to both PHY priorities following the RAN1#106-e agreement. 

Agreement: The same set of enhanced Type 3 CBs (incl. CBG and NDI configuration) is applied for triggering using DCI format 1_1 and 1_2. 

[bookmark: _Hlk85725691]Agreement: The CBG and NDI usage can be independently configured for different enhanced Type 3 HARQ-ACK CBs. 

[bookmark: _Hlk85725706]Agreement: The maximum number of simultaneously configurable enhanced Type 3 CB is indicated by the UE through UE capability signaling from the set of {1, 2, 4, 8}.

Agreement: Reuse the legacy 1-bit ‘one-shot HARQ-ACK request’ for triggering indication of the enhanced Type 3 HARQ-ACK CB of smaller size. 
· At least if only a single enhanced Type 3 HARQ-ACK CB is configured, the triggering DCI with the triggering bit set to ‘1’ is also able to schedule PDSCH. 

Agreement: Support triggering of one-shot HARQ re-transmission on PUCCH using DCI format 1_2. 

[bookmark: _Hlk85725728]Agreement: For one-shot HARQ re-transmission on PUCCH, the triggering DCI dynamically indicates a ‘HARQ re-tx offset’ which is used to define the offset in number of PUCCH slots/sub-slots between the triggering DCI and the PUCCH slot/sub-slot of the HARQ-ACK codebook to be re-transmitted. For the triggering DCI received in slot/sub-slot m, indicating the HARQ-ACK re-tx in slot/sub-slot m+k and indicating HARQ_retx_offset, the PUCCH slot/sub-slot n of the HARQ-ACK codebook to be re-transmitted is determined as either: 
· Alt. 1: n = m - HARQ_retx_offset
· Alt. 2: n = m + k - HARQ_retx_offset
· FFS: value range of the HARQ-retx_offset

Agreement: For one-shot triggering of HARQ-ACK re-transmission on PUCCH, 
· in case the dynamic Type 2 HARQ-ACK codebook is configured, the HARQ-ACK codebook per PHY priority on the indicated PUCCH is constructed by appending the Type 2 HARQ-ACK codebook to be re-transmitted to the Type 2 HARQ-ACK codebook of the indicated PUCCH (carrying new, initial HARQ-ACK information) per PHY priority.
· in case the semi-static Type 1 HARQ-ACK codebook is configured, the HARQ-ACK codebook per PHY priority on the indicated PUCCH is constructed by appending the Type 1 HARQ-ACK codebook to be re-transmitted to the Type 1 HARQ-ACK codebook of the indicated PUCCH (carrying new, initial HARQ-ACK information) per PHY priority.



2.3.1 Enhanced Type 3 HARQ-ACK codebook
DCI design for triggering enh. Type 3 CB
It has been agreed in the last meeting 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 for selecting a specific configured enh. Type 3 CB subset may also be 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 up to 4 bits in DCI to indicate the ‘not triggering’, ‘CB#1’, ‘CB#2’, ... , ‘CB#8’, which could be a huge burden of DCI overhead if it is still used for PDSCH scheduling. To avoid further increasing the DCI size, this triggering DCI should not be used to schedule PDSCH, and some of unused field can be reused to indicate a specific subset of the enh. Type 3 CBs. 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 field can be re-interpreted to indicate a specific subset of enh. Type 3 CB, which is similar to the use of SCell dormancy indication.
Proposal 12: For triggering Rel-17 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.
2.3.2 One-shot triggering for HARQ-ACK re-transmission
DCI design for triggering one-shot HARQ-ACK re-transmission
As analyzed for enh. Type 3 CB above, the overhead increasing for the HARQ-ACK re-transmission triggering mechanism should be avoided. Therefore, the ‘one-shot HARQ-ACK request’ field can also be reused to enable/disable the one-shot HARQ-ACK re-transmission. Considering the one-shot HARQ-ACK re-transmission mechanism at least needs 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 or HPN can be re-interpreted to trigger the one-shot HARQ-ACK re-transmission as well as indicate the backward slot-offset. 
In addition, to distinguish the one-shot re-transmission triggering from the enh. Type 3 CB triggering in case the ‘one-shot HARQ-ACK request’ is set to ‘1’, and the FDRA field is set to all ‘0’s or all ‘1’s, i.e., no PDSCH is scheduled, an additional differentiation flag can be introduced by reusing the unused field. E.g., the legacy NDI bit can be reused as the differentiation flag, while the MCS field can be used for either indicating a specific enh. Type 3 CB or indicating the backward slot-offset for one-shot re-transmission.
Proposal 13: 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 14: The ‘one-shot HARQ-ACK request’ can be applied to enable both enh. Type 3 CB and one shot HARQ-ACK re-transmission in case no PDSCH is scheduled, and a differentiation flag can be introduced by reusing the unused bit field.
Design of backward slot-offset indication
In the last meeting, two alternatives of a backward slot-offset were discussed. Alt. 1 is that the slot-offset indicates the gap between the triggering DCI and the dropped HARQ-ACK, while Alt. 2 indicates the gap between the new PUCCH slot and the original PUCCH slot for dropped HARQ-ACK. The benefit of Alt. 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 slots 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 Alt. 2. For Alt. 1, however, the potential gap between the DCI and PUCCH is more flexible, which means the set of backward slot-offsets for Alt. 1 may be larger, and thereby leads to more DCI overhead. Therefore, we prefer Alt. 2 as the backward slot-offset indication scheme.
Proposal 15: For Rel-17 one-shot triggering for HARQ-ACK re-transmission, consider Alt.2, i.e., the backward slot-offset is the gap between the original PUCCH and the new PUCCH for HARQ-ACK re-transmission. 
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 PUCCH due to lack of its CB size. This ambiguity issue may lead to mismatched understanding of the UCI payload size on the new PUCCH, and harm the reception of the initial HARQ-ACK or other UCIs on the new PUCCH to be multiplexed with the retransmitted HARQ-ACK CB. 
To help the UE to identify the precise CB size of the retransmitted HARQ-ACK, a DAI indicator can be introduced at the re-transmission triggering DCI. Considering the one-shot HARQ-ACK re-transmission would use the DCI without scheduling PDSCH, there would be sufficient spare bits in the DCI for introducing the T-DAI field. 
For Type 2 HARQ-ACK CB that needs to be retransmitted, a 2 bits T-DAI can be applied. For Type 1 HARQ-ACK CB, according to the Rel-15 mechanism, the Type 1 CB on the original PUCCH can be either with:
· 1 bit, if only one DCI format 1_0 with counter DAI field of 1 is received for scheduling the PDSCH on PCell with the HARQ-ACK on the original PUCCH, or
· full Type 1 CB size otherwise.
Therefore, 1 bit T-DAI should be applied to differentiate the above two cases for the retransmitted Type 1 HARQ-ACK CB.
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Figure 5 -Ambiguity of retransmitted CB size in case of DCI missing
It should be noted that tackling of the above issue is not an optimization. Though missing the DCI would not typically happen, it has to be specified how the UE should do if it has no HARQ-ACK in buffer for the original PUCCH as shown in Figure 5; otherwise it would be an error case. If the DAI is not introduced, an alternative method is that the UE can ignore the re-transmission DCI and transmit nothing on the new PUCCH. If the UE would transmit initial HARQ-ACK or other UCIs on the new PUCCH, the UE can transmit the PUCCH with the resources indicated for the initial HARQ-ACK or other UCIs; otherwise the UE transmits the PUCCH with the resources indicated by the one-shot triggering DCI. Thus the gNB can identify whether the UE has the retransmitted HARQ-ACK by blind detection on different PUCCH resources.
Proposal 16: 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.
Identification of the HARQ-ACK that can be triggered for re-transmission
The discussions of the previous meetings focus mainly on the mechanism of the indication for the original PUCCH, but what types of the HARQ-ACK on the original PUCCH can be triggered for re-transmission has not deeply analyzed. 
One related issue on this point is which types of HARQ-ACK CB on the original PUCCH can be triggered for re-transmission.
· For HARQ-ACK of Type 1 or Type 2 CB, it is straightforward to allow triggering their retransmission by a one-shot triggering DCI as already agreed. 
· For SPS HARQ-ACK standalone or combined with Type 1/2, it should also be allowed for triggering a re-transmission.
· For Type 3 or enh. Type 3 CB, there is no strong motivation to trigger its re-transmission by a one-shot indication, since they can be triggered by another Type 3/enh. Type 3 trigger also in a one shot manner.
· For the HARQ-ACK already triggered by a one-shot re-transmission DCI on the new PUCCH#1, it is not desired to trigger its re-transmission by a new one-shot indication taking PUCCH#1 as the original PUCCH, i.e., the UE expects the HARQ-ACK CB to be triggered for one-shot re-transmission at most once. Regarding the retransmitted HARQ-ACK CB can be multiplexed with a new Type 1/2 CB, allowing multiple rounds of re-transmission may lead to a long concatenation of more than one HARQ-ACK CBs, which makes the resulting HARQ-ACK vulnerable as the payload size ambiguity for any of these HARQ-ACK CBs will lead to a discrepancy.
Proposal 17: UE does not expect the Type 3 or enh. Type 3 CB on an original PUCCH to be triggered for one-shot re-transmission.
Proposal 18: UE expects a HARQ-ACK CB to be scheduled as the one-shot re-transmission at most once.
Another issue is what kinds of dropping/cancellation situations should be regarded as valid for re-transmission. The reasons for HARQ-ACK dropping may be classified by the following cases:
· HARQ-ACK (on PUSCH) dropped due to CI
· LP HARQ-ACK dropped due to Rel-16 prioritization
· LP HARQ-ACK dropping under Rel-17 multiplexing procedure (e.g., due to insufficient PRB number, or insufficient encoding chain number)
· SPS HARQ-ACK (enabled or not enabled with deferral) dropped due to the collision with DL/SSB
· HARQ-ACK dropped due to staggered overlapping of Rel-16 PUCCH repetition
· SPS HARQ-ACK dropping due to expiration of maximum deferral time
Among all cases mentioned above, we think the first four cases should be able to be retransmitted through the one-shot re-transmission method. For PUCCH repetition case, since dropping one of the PUCCH repetition does not have huge impact, so it is no need to retransmit PUCCH repetition. For the SPS HARQ-ACK dropping due to expiration of the maximum deferral time, the HARQ-ACK buffer is cleared, so there is no need to trigger a re-transmission.
Proposal 19: HARQ-ACK dropped due to staggered overlapping of Rel-16 PUCCH repetition and SPS HARQ-ACK dropped due to expiration of the maximum deferral time should not be triggered for one-shot re-transmission.
Joint operation with PUCCH carrier switching
If both one-shot re-transmission and PUCCH carrier switching are enabled, and the Cells for switching are with different SCS and/or slot lengths, a straightforward way is to adopt the slot length and numerology of the new PUCCH cell as the indication granularity reference for backward slot-offset indication.
In addition, the backward slot-offset indication granularity may not match the length of the original PUCCH slot/subslot in case of different configurations of SCS and/or slot lengths between the new PUCCH Cell and the original PUCCH Cell. As shown in Figure 6 below, there are 2 typical cases that should be considered.
· Case1: Cell of the target PUCCH is with longer slot (smaller SCS and/or slot length) than Cell of original PUCCH (larger SCS and/or subslot length).
· Case2: Cell of target PUCCH is with shorter slot (larger SCS and/or subslot length) than Cell of original PUCCH (smaller SCS and/or slot length).
[image: ]
Figure 6 – Different time unit lengths between the original PUCCH and the new PUCCH
In Case 1, the slot indicated by the backward slot-offset may overlap with multiple slot/subslots of the original PUCCH Cell, which is not precise enough to provide the position of the original PUCCH. To indicate the relative slot index in case multiple slots of the original PUCCHs are overlapped with the granularity of the backward slot-offset, an additional field can be introduced in the triggering DCI on top of the backward slot-offset.
In Case 2, the slot in the original PUCCH Cell overlaps with multiple slots with the granularity of the backward slot-offset, thus the backward slot-offset can indicate any of these overlapped slots to identify the slot of the original PUCCH Cell.
Proposal 20: If one-shot HARQ-ACK re-transmission and PUCCH carrier switching feature are both enabled, the backward slot-offset is interpreted with the granularity of the target Cell for dynamic Cell indication and with the granularity of PCell for semi-static PUCCH Cell pattern.
Proposal 21: If one-shot HARQ-ACK re-transmission and PUCCH carrier switching feature are both enabled, a relative slot index indication should be introduced on top of the backward slot-offset for the case where the granularity of the backward slot-offset is longer than the slot length of the original PUCCH.
Conclusions
According to the discussion, following proposals and observations are provided:
Proposal 1: Following alternatives can be considered as the RRC configured set for the maximum SPS HARQ-ACK deferral value in terms of k1+k1def,
· Opt.1: RRC value range is {X…15, m0, …mX-1}, with the description that mi (i=0,…,X) applies only for 2OS sub-slot length.
· Opt.2: Separate RRC value ranges for different slot/sub-slot lengths, e.g., RRC value range is {1…15} for slot based length, {2,4,…,30} for 7OS sub-slot length, and RRC value range is {7,14,…,105} for 2OS sub-slot length.
Observation: If deferred SPS HARQ-ACK is not allowed to perform PUCCH carrier switching and be multiplexed with DG PUCCH/CSI/SR on a SCell subject to dynamic indication or semi-static PUCCH pattern, it is inconsistent with the agreement of SPS deferral procedure where the Rel-16 multiplexing is performed prior to the target slot determination.
Proposal 2: 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 semi-static PUCCH Cell pattern, until an available PUCCH resource is identified to carry the deferred SPS HARQ-ACK.
Proposal 3: Support joint operation of dynamic PUCCH carrier switching and SPS HARQ-ACK deferral.
· Dynamically scheduled PUCCH on a target SCell other than PCell/PSCell/PUCCH-SCell can be used for multiplexing deferred SPS HARQ-ACK.
· If a large slot on PCell overlaps with more than one short slots on the indicated SCell all scheduled with PUCCH, the first overlapped short slot on the SCell scheduled with PUCCH is used for multiplexing the deferred SPS HARQ-ACK.
Proposal 4: For the case where dynamic PUCCH cell indication is enabled and semi-static PUCCH Cell pattern is disabled, the UE does not expect the overlapping of HARQ-ACK without dynamic PUCCH cell indication, SR, and/or CSI on PCell/PSCell/PUCCH-SCell with dynamically indicated HARQ-ACK on the SCell.
· Definition of overlapping across different cells is in terms of PUCCH slot/sub-slot.
· If PCell and target PUCCH cell are configured with different SCSs or different slot length, the granularity of the PUCCH slot/sub-slot should be based on the smallest SCS or largest slot length.
Proposal 5: For the case where both dynamic PUCCH cell indication and semi-static PUCCH Cell pattern are enabled, the UE does not expect the overlapping of HARQ-ACK without dynamic PUCCH cell indication, SR, and/or CSI on Cell#1 subject to the semi-static PUCCH Cell pattern with dynamically indicated HARQ-ACK on Cell#2.
Proposal 6: For SPS HARQ-ACKs activated by activation DCI with PUCCH carrier indicator: 
· Carrier indication in the activation DCI is only applied for the first SPS HARQ-ACK occasion.
· The rest SPS HARQ-ACKs of semi-static allocated PDSCHs follow the semi-static PUCCH Cell pattern if configured. Otherwise, they will be transmitted on PCell/PSCell/PUCCH SCell by default.
Proposal 7: For PDSCH-to-HARQ_feedback timing indicator in DCI under dynamic carrier switching, the bit width of the field should be determined by the largest K1 set among the K1 sets of all candidate PUCCH cells for switching.
Proposal 8: For PUCCH carrier switching based on semi-static operation, for the case the PCell slot to be longer than the target PUCCH cell slot or sub-slot (i.e. multiple target PUCCH cell slots overlapping with a single PCell slot), Alt. 1 should be adopted, i.e., the PUCCH slot for UCI transmission is the first target PUCCH slot overlapping with the PCell slot.
Proposal 9: For PUCCH carrier switching based on semi-static operation, for the case the PCell slot to be shorter than the target PUCCH cell slot, Alt. 2 should be adopted, i.e., the UE does not expect the same UCI type (i.e. HARQ-ACK, SR or CSI) from more than one PCell PUCCH slot to be overlapping with a single dynamically indicated PUCCH cell slot.
Proposal 10: Consider the case where the SCell configured in the semi-static PUCCH Cell pattern is deactivated,  
· if a UL slot on the SCell doesn’t overlap with a PCell UL slot, UE would consider the target PUCCH cell is invalid and falls back to the single Cell case;
· if a UL slot on the SCell overlaps with a PCell UL slot, PCell should be configured as the target PUCCH Cell for the overlapped UL slot based on gNB implementation to avoid the impact of SCell deactivation. 
Proposal 11: For dynamic HARQ-ACK scheduled by fallback DCI with DCI format 1_0, 
· If semi-static carrier switching is configured, it will be transmitted at a carrier based on semi-static PUCCH Cell pattern, 
· Otherwise, it should be transmitted on the PCell.
Proposal 12: For triggering Rel-17 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 13: 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 14: The ‘one-shot HARQ-ACK request’ can be applied to enable both enh. Type 3 CB and one shot HARQ-ACK re-transmission in case no PDSCH is scheduled, and a differentiation flag can be introduced by reusing the unused bit field.
Proposal 15: For Rel-17 one-shot triggering for HARQ-ACK re-transmission, consider Alt.2, i.e., the backward slot-offset is the gap between the original PUCCH and the new PUCCH for HARQ-ACK re-transmission. 
Proposal 16: 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.
Proposal 17: UE does not expect the Type 3 or enh. Type 3 CB on an original PUCCH to be triggered for one-shot re-transmission.
Proposal 18: UE expects a HARQ-ACK CB to be scheduled as the one-shot re-transmission at most once.
Proposal 19: HARQ-ACK dropped due to staggered overlapping of Rel-16 PUCCH repetition and SPS HARQ-ACK dropped due to expiration of the maximum deferral time should not be triggered for one-shot re-transmission.
Proposal 20: If one-shot HARQ-ACK re-transmission and PUCCH carrier switching feature are both enabled, the backward slot-offset is interpreted with the granularity of the target Cell for dynamic Cell indication and with the granularity of PCell for semi-static PUCCH Cell pattern.
Proposal 21: If one-shot HARQ-ACK re-transmission and PUCCH carrier switching feature are both enabled, a relative slot index indication should be introduced on top of the backward slot-offset for the case where the granularity of the backward slot-offset is longer than the slot length of the original PUCCH.
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