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[bookmark: _Ref521334010]Introduction
At the RAN1#105-e meeting, PUCCH carrier switching and HARQ-ACK retransmission were discussed and the following agreements were reached [1].
Agreement: Support PUCCH carrier switching based on dynamic indication in DCI scheduling a PUCCH and semi-static configuration 
· Details are FFS (including applicability of dynamic and/or semi-static means)
· Aim for minimum specification impact 
· Dynamic indication and/or semi-static configuration are subject to separate UE capabilities
· The semi-static PUCCH carrier switching configuration operation is based on RRC configured PUCCH cell timing pattern of applicable PUCCH cells and supports PUCCH carrier switching across cells with different numerologies.
· FFS whether additional rules are needed to support PUCCH carrier switching across cells with different numerologies
· FFS the maximum number of PUCCH cells
· FFS whether and how to support joint operation of dynamic and semi-static carrier switching for a UE
· FFS whether and how to support joint operation of PUCCH carrier switching and SPS HARQ-ACK deferral

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

Agreement: For PUCCH carrier switching based on dynamic indication in DCI scheduling a PUCCH (i.e. Alt. 1), the PDSCH to HARQ-ACK offset k1 is interpreted based on the numerology of the dynamically indicated target PUCCH cell.
At the RAN#92-e meeting, guidance for Rel-17 URLLC were reached as below.
· For the Rel-17 work item on “Enhanced Industrial IoT and URLLC support for NR”
· RAN guidance on CSI feedback enhancement [RAN1]: Focus subsequent working group discussions on the schemes proposed in RP-211297.
· Details are up to further working group discussions.
· RAN guidance on HARQ-ACK enhancement [RAN1]: No further discussions on SPS HARQ-ACK skipping and size reduction.
In this contribution, we give our further considerations for UE HARQ-ACK feedback enhancements for URLLC.
Discussion
SPS HARQ-ACK deferral
Deferring SPS HARQ-ACK due to TDD specific collisions until a next available PUCCH in Rel-17 was agreed, but the details should be further discussed.
Conditions for SPS HARQ-ACK deferral
For SPS HARQ-ACK deferral, it was agreed that a collision with semi-static DL symbols, SSB and CORESET#0 is regarded as ‘invalid’ or ‘no symbols for UL transmission’. However, it has not been determined whether multiplexing with dynamic HARQ-ACK should be performed before SPS HARQ-ACK deferral. If PUCCH for SPS HARQ-ACK is not available in a slot/sub-slot and there is a dynamically scheduled PUCCH for HARQ-ACK which is available in the same slot/sub-slot, it needs to be considered whether the SPS HARQ-ACK should be deferred or multiplexed with dynamic HARQ-ACK.


[bookmark: _Ref61620925][bookmark: OLE_LINK1][bookmark: OLE_LINK2]Figure 1: Potential misalignment if SPS HARQ-ACK subject to deferral is multiplexed with dynamic PUCCH
As shown in Figure 1, in slot n+2, the PUCCH resource for SPS HARQ-ACK collides with semi-static DL symbols and there is a dynamically scheduled PUCCH resource in the same slot. If SPS HARQ-ACKs are supposed to be multiplexed with the dynamic HARQ-ACKs, there may be misalignment between gNB and UE on the HARQ-ACK transmission in slot n+2 and subsequent slot(s) if UE missed the DCI scheduling the PUCCH. To be more specific, if the DCI for the dynamic HARQ-ACK is missed by the UE, UE would defer SPS HARQ-ACK to a later slot to multiplex in another HARQ-ACK codebook, while gNB considers the SPS HARQ-ACK(s) are multiplexed with the dynamic HARQ-ACK.
In order to ensure gNB and UE to have the same understanding on the HARQ-ACK codebook in both initial and deferred slots for SPS HARQ-ACK, a unified solution for the cases with and without dynamic HARQ-ACK should be applied. Hence it is proposed that whether SPS HARQ-ACK should be deferred is determined based on the PUCCH resource for SPS HARQ-ACK only regardless of whether there are HARQ-ACK(s) corresponding to a DCI to be transmitted in the same slot/sub-slot.
Proposal 1: Whether SPS HARQ-ACK should be deferred is determined based on the PUCCH resource for SPS HARQ-ACK only regardless of whether there are HARQ-ACK(s) corresponding to dynamic PDSCH and/or SPS PDSCH release to be transmitted in the same slot/sub-slot.
[bookmark: OLE_LINK16][bookmark: OLE_LINK17]Another issue should be considered is that which PUCCH resource for SPS HARQ-ACK only should be used to determine the next available PUCCH resource when there are initial SPS HARQ-ACK(s) or other deferred SPS HARQ-ACK(s) in a slot. The following options can be considered:
· Option 1: If an initial PUCCH resource for SPS HARQ-ACK only in a slot indicated by K1 is not available, the SPS HARQ-ACK should be deferred to a slot in which the initial PUCCH resource is available
· Option 2: If a PUCCH resource for both initial and all deferred SPS HARQ-ACK is not available, the SPS HARQ-ACK should be deferred to a slot in which the PUCCH resource for both initial and all deferred SPS HARQ-ACK in that slot is available


[bookmark: _Ref61892680]Figure 2: Which PUCCH resource is used to determine the next available PUCCH resource?
As shown in Figure 2, HARQ-ACK for SPS PDSCH-1 in slot n is indicated to be transmitted in slot n+1 and HARQ-ACKs for SPS PDSCH-2 in slot n and SPS PDSCH-1 and SPS PDSCH-3 in slot n+1 are indicated to be transmitted in slot n+2. Given that slot n+1 is a downlink slot, HARQ-ACK for SPS PDSCH-1 in slot n should be deferred. 
According to option 1, PUCCH resource A which is the same as initial PUCCH resource for HARQ-ACK of SPS PDSCH-1 in slot n is used to determine whether PUCCH resource is available in a slot. PUCCH resource A in slot n+2 collides with semi-static downlink symbols so that it is further deferred to slot n+3 which is an UL slot and the HARQ-ACK for SPS PDSCH-1 in slot n is deferred from slot n+1 to slot n+3.
According to option 2, PUCCH resource B which is determined based on the total number of HARQ-ACKs for the deferred SPS HARQ-ACK (i.e. HARQ-ACK for SPS PDSCH-1 in slot n) and initial SPS HARQ-ACKs (i.e. HARQ-ACKs for SPS PDSCH-2 in slot n and SPS PDSCH-1 and SPS PDSCH-3 in slot n+1) is used to determine whether PUCCH resource is available in a slot. PUCCH resource B is available in slot n+2 so that the HARQ-ACK for SPS PDSCH-1 in slot n is deferred from slot n+1 to slot n+2.
It was agreed that the initial HARQ-ACK transmission occasion is considered to determine the out-of-order HARQ condition. Hence, option 1 is a simple solution without out of order issue.
For option 2, the available PUCCH resource is determined based on the total number of bits of all delayed SPS HARQ-ACK and initial SPS HARQ-ACK in a slot, hence there is a circular issue since the total number of bits of all delayed SPS HARQ-ACK should be determined based on whether there is available PUCCH resource for corresponding SPS HARQ-ACKs. Both UE and gNB need to maintain a record of deferral status from the beginning of SPS activation; otherwise UE cannot determine the available PUCCH resource.
Comparing the two options, option 1 is preferred since it is simple and easier for implementation.
Proposal 2: If an initial PUCCH resource for SPS HARQ-ACK only in a slot indicated by K1 is not available, the SPS HARQ-ACK should be deferred to a slot in which the initial PUCCH resource is available.
Multiplexing for deferred SPS HARQ-ACK
Multiplexing between deferred SPS HARQ-ACK and initial SPS HARQ-ACK (which is not deferred) or dynamic HARQ-ACK can be performed after determining the target slot/sub-slot for SPS HARQ-ACK deferral. Firstly, how to determine the HARQ-ACK codebook for deferred HARQ-ACK in the target slot/sub-slot should be considered. A simple solution is to append the deferred SPS HARQ-ACK to the initial HARQ-ACK codebook for simplicity. For Type-1 HARQ-ACK codebook, some of the deferred SPS HARQ-ACK may be included in the Type-1 HARQ-ACK codebook when the new K1 for the deferred SPS HARQ-ACK is included in the configured K1 set. Some optimizations can be considered for the overhead reduction.
Proposal 3: For multiplexing of deferred HARQ-ACK and initial HARQ-ACK, the HARQ-ACKs for deferred SPS HARQ-ACK are appended to the initial HARQ-ACKs.
· FFS for optimizations for Type-1 HARQ-ACK codebook.
[bookmark: OLE_LINK6][bookmark: OLE_LINK7]Then, how to determine the PUCCH resource used for deferred SPS HARQ-ACK if there are initial SPS HARQ-ACK (which is not deferred) and/or dynamic HARQ-ACK in the target slot/sub-slot should be considered.
· Option 1: PUCCH resource determined by the number of bits of initial SPS HARQ-ACK and/or dynamic HARQ-ACK in the target slot/sub-slot is used for multiplexing deferred SPS HARQ-ACK, initial SPS HARQ-ACK and/or dynamic HARQ-ACK;
· Option 2: PUCCH resource determined by the total number of bits of deferred HARQ-ACK, and initial SPS HARQ-ACK and/or dynamic HARQ-ACK in the target slot/sub-slot is used for multiplexing the deferred SPS HARQ-ACK, initial SPS HARQ-ACK and/or dynamic HARQ-ACK.
For option 1, the PUCCH resource may not be sufficient for the transmission of total number of bits for deferred SPS HARQ bits and initial HARQ-ACKs. If the PUCCH resource with PUCCH format 0/1 is determined for initial SPS HARQ-ACK and/or dynamic HARQ-ACK, it is not impossible to multiplex deferred SPS HARQ-ACKs when the total bits is larger than 2. If the PUCCH resource with PUCCH format 2/3/4 is determined for initial SPS HARQ-ACK and/or dynamic HARQ-ACK, the drawback of option 1 is that coding rate is increased and the transmission performance of initial SPS HARQ-ACK and/or dynamic HARQ-ACK would be impacted. Some additional rules can be defined for this case to reduce the impact to initial SPS HARQ-ACK and/or dynamic HARQ-ACK, such as partial drop deferred SPS HARQ-ACKs or drop all deferred SPS HARQ-ACK bits, but it would complicate the design. In addition, if there is no initial SPS HARQ-ACK or dynamic HARQ-ACK in the target slot/sub-slot, the PUCCH resource for deferred SPS HARQ-ACK should be determined by total number of bits for deferred SPS HARQ-ACK only.
For option 2, the PUCCH resource is determined based on total number of bits of deferred SPS HARQ-ACK, initial SPS HARQ-ACK and/or dynamic HARQ-ACK. Hence, the deferred SPS HARQ-ACK bits would not be dropped due to limited PUCCH capacity. However, the new determined PUCCH resource may not be a valid PUCCH resource. To reduce the complexity, it is considered that the target slot/sub-slot is not changed anymore after determination. If the PUCCH resource determined by multiplexing is not available, the deferred HARQ-ACK should be dropped; otherwise the deferred HARQ-ACK can be multiplexed with the other UCIs. As shown in Figure 3, the initial PUCCH resource for SPS PDSCH-1 in slot n is unavailable in slot n+1, but is available in slot n+2, then it is determined that HARQ-ACK for SPS PDSCH-1 in slot n is deferred to slot n+2. Meanwhile, HARQ-ACKs of SPS PDSCH-1 and SPS PDSCH-2 in slot n+1 are indicated to be transmitted in slot n+2 and the PUCCH resource for multiplexing HARQ-ACKs of SPS PDSCH-1 in slot n and SPS PDSCH-1 and SPS PDSCH-2 in slot n+1 is not available in slot n+2, hence HARQ-ACK for SPS PDSCH-1 in slot n is dropped at last. In this case, HARQ-ACKs of SPS PDSCH-1 and SPS PDSCH-2 in slot n+1 are also dropped following Rel-15 rules that UCIs are dropped in case the PUCCH for multiplexing is not valid. If PUCCH resource for HARQ-ACKs of SPS PDSCH-1 and SPS PDSCH-2 in slot n+1 is available in slot n+2, some enhancement can be considered, e.g. only HARQ-ACK for SPS PDSCH-1 in slot n is dropped and HARQ-ACKs of SPS PDSCH-1 and SPS PDSCH-2 in slot n+1 are transmitted in slot n+2. Alternatively, this case can be avoided by gNB implementation, e.g. the validation of all the configured PUCCH resources for SPS HARQ-ACK in a slot is same.


[bookmark: _Ref68278862]Figure 3: Example of PUCCH resource in target slot is not available
Compare the two options, option 1 may not support deferred SPS HARQ-ACK or impact the performance of initial SPS HARQ-ACK and/or dynamic HARQ-ACK. Hence, option 2 is more preferred for determine the PUCCH resource used for deferred SPS HARQ-ACK.
Proposal 4: PUCCH resource for multiplexing the deferred SPS HARQ-ACK and initial SPS HARQ-ACK (which is not deferred) or dynamic HARQ-ACK is determined based on the total number of HARQ-ACK bits following Rel-16 rules.
Proposal 5: The target slot/sub-slot for SPS HARQ-ACK deferral is not changed after determination.
HARQ-ACK retransmission
For retransmission of cancelled HARQ, enhanced Type-3 codebook and one-shot triggering of dropped HARQ-ACK were extensively discussed in last meeting and a working assumption was approved for HARQ-ACK retransmission.
Type-3 codebook was introduced in NR-U to support HARQ-ACK retransmission. It can be reused for retransmission of HARQ-ACK feedback of SPS PDSCH in case the TDD collision happens. Furthermore, to reduce the codebook size, it can be considered that only HARQ-ACKs for the HARQ processes of SPS PDSCHs are included in the codebook. Further enhancements by dynamically changing the enhanced Type-3 codebook size are not preferred considering the unclear benefit and the specification efforts.
It is sufficient to distinguish Type-3 codebook and enhanced Type-3 codebook through RRC only. To be more specific, a RRC parameter can be introduced to configure whether HARQ-ACK for all HARQ processes or for only HARQ processes of SPS PDSCHs are included in the Type-3 codebook. 
For the construction of enhanced Type-3 codebook, considering that the HARQ processes are shared between different priorities, the codebook construction should be independent of the indicated PHY priority. The PHY priority indicated in triggering DCI is used to determine the priority of the PUCCH resource used for the enhance Type-3 codebook.
In addition, the current Type-3 codebook can only be triggered by DCI format 1_1. We support the enhancement to enable triggering Type-3 codebook by DCI format 1_2, that is, an additional DCI field can be added in DCI format 1_2 to trigger Type-3 codebook.
Proposal 6: Confirm the working assumption that at least one enhanced Type 3 HARQ-ACK CB with smaller size (compared to Rel-16) in Rel-17 is supported.
Proposal 7: Enhanced Type-3 codebook which includes HARQ-ACKs for HARQ processes of SPS PDSCHs only is supported.
Proposal 8: Type-3 codebook and enhanced Type-3 codebook are distinguished by RRC configuration only.
Proposal 9: The PHY priority indicated in triggering DCI is used to determine the priority of the PUCCH resource used for the enhance Type-3 codebook and the enhanced Type-3 codebook is constructed independently from the PHY priority indication.
Proposal 10: An additional DCI field can be added in DCI format 1_2 to trigger (enhanced) Type-3 codebook.
For one-shot triggering of dropped HARQ-ACK, the benefit compared with enhanced Type-3 codebook is that only dropped HARQ-ACK can be transmitted, which minimize the HARQ-ACK codebook overhead. Hence, the working assumption that one-shot triggering of HARQ-ACK re-transmission on a PUCCH resource in Rel-17 is supported can be confirmed. With this option, UE needs to identify which ‘dropped HARQ-ACK’ should be re-transmitted. To ensure the same understanding on the retransmitted HARQ-ACK between gNB and UE, the offset between the slot for triggering DCI and slot with dropped HARQ-ACK can be indicated by the triggering DCI, then UE knows which dropped HARQ-ACK should be retransmitted. As an example shown in Figure 4, LP HARQ-ACK in slot n was dropped due to overlapping with a high priority channel, then a DCI in slot n+1 indicating the dropped HARQ-ACK in slot n is retransmitted in slot n+3 by indicating that the offset between the slot for triggering DCI and slot for dropped HARQ-ACK is -1. The retransmitted HARQ-ACK bits can be appended to the initial HARQ-ACK codebook for simplicity.


[bookmark: _Ref71362346]Figure 4: Offset between the slot for triggering DCI and slot for dropped HARQ-ACK is indicated by triggering DCI
Proposal 11: Confirm the working assumption that 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  in Rel-17 is supported.
Proposal 12: For one-shot triggering of dropped HARQ-ACK, the offset between the slot for triggering DCI and slot with dropped HARQ-ACK can be indicated by the triggering DCI to identify which ‘dropped HARQ-ACK’ should be re-transmitted.
Proposal 13: For one-shot triggering of dropped HARQ-ACK, the retransmitted HARQ-ACK bits can be appended to the initial HARQ-ACK codebook.
PUCCH carrier switching
PUCCH carrier switching based on dynamic indication in DCI scheduling a PUCCH and semi-static configuration was agreed in last meeting.
For PUCCH carrier switching based on dynamic indication in DCI, semi-static PUCCH resources cannot be switched to another cell. Then there may be overlapping between the PUCCH on switched cell and PUCCH on original cell. As shown in Figure 5, assuming CC1 is PCell and CC2 is Scell, if PUCCH-1 with dynamic HARQ-ACK is switched to CC2, and then it overlaps with a PUCCH-2 on CC1 with semi-static UCI, how to deal with this overlapping should be considered. 


[bookmark: _Ref71365670]Figure 5: Overlapping between the PUCCH on switched cell and PUCCH on original cell
To resolve the issue, the SPS HARQ-ACK can be multiplexed with dynamic HARQ-ACK in the same slot if dynamic HARQ-ACK is indicated to be transmitted on the switched cell and the other configured PUCCH resources can be dropped if it is in the same slot with the switched dynamic HARQ-ACK. For the case of different numerologies, the slot of the smallest SCS can be used as the reference. As shown in Figure 6, the SPS HARQ-ACK in slot n of CC1 can be multiplexed with dynamic HARQ-ACK in slot 2n of CC2 since they are considered to be in the same slot based on the SCS of CC1.


[bookmark: _Ref71374237]Figure 6: SPS HARQ-ACK in CC1 is multiplexed with dynamic HARQ-ACK in CC2
Proposal 14: For PUCCH carrier switching based on dynamic indication in DCI, SPS HARQ-ACK can be multiplexed with dynamic HARQ-ACK in the same slot if dynamic HARQ-ACK is indicated to be transmitted on the switched cell and the other configured PUCCH resources can be dropped if they are in the same slot with the switched dynamic HARQ-ACK; 
· For the case of different numerologies, the slot based the smallest SCS can be used as the reference slot.
For PUCCH carrier switching based on semi-static RRC configuration, the granularity of switching pattern should be designed based on the slot boundary which is aligned between carriers which could transmit PUCCH, then all the PUCCH resources in a slot can be switched together to reduce the complexity. Hence, the granularity of switching pattern should be determined based on the slot of the PUCCH cell with smallest SCS configuration.
Proposal 15: For PUCCH carrier switching based on semi-static RRC configuration, the granularity of switching pattern should be determined based on the slot of the PUCCH cell with smallest SCS configuration.
For PUCCH carrier switching based on semi-static RRC configuration, UE first determines in which slot/sub-slot on PCell the PUCCH is transmitted, then determines whether PUCCH should be switched to a SCell based on the switching pattern. The detailed rules to determine the PUCCH resource on target SCell should be discussed:
· [bookmark: OLE_LINK12][bookmark: OLE_LINK13]Option 1: The PUCCH resource is directly mapped to SCell, the starting symbol, PUCCH length and all the other parameters for PUCCH resource are reused except for the carrier and slot/sub-slot;
· Option 2: The PUCCH resource is mapped to SCell based on PRI indication and PUCCH resource configuration on SCell;
For option 1, PUCCH resource on PCell is directly mapped to SCell with same starting symbol, PUCCH length and other parameters, but the PUCCH resource configuration on PCell and target SCell may be different, this option may cause PUCCH resource conflict between UE with PUCCH switched to SCell and UE with initial PUCCH on SCell if gNB does not consider PUCCH resource coordination between different PUCCH carriers.
For option 2, UE determines in which slot of PCell the PUCCH should be transmitted, then if the PUCCH should be switched to target SCell, UE determines the PUCCH resource based on the PUCCH configuration on SCell. For dynamic HARQ-ACK, the corresponding PUCCH resource on the target SCell is determined by the PRI and the PUCCH resource set configured for the target SCell. For semi-static PUCCH, there can be dedicated PUCCH resource configured for the target SCell.
Compare the two options, option 2 is more flexible and could reduce probability of the PUCCH resource conflict between different UEs on SCell, hence it is proposed to support option 2.
Proposal 16: For PUCCH carrier switching based on semi-static RRC configuration, 
· the PUCCH resource for dynamic HARQ-ACK on target SCell is determined by PRI indication and PUCCH resource configuration on SCell;
· semi-static PUCCH resource on target SCell is determined by dedicated PUCCH resource configured for the target SCell.
For the case of different SCS configurations between PUCCH carriers, the mapping of PUCCH resource from PCell to a target slot on SCell for PUCCH transmission is needed. In case the PCell has a larger SCS, PUCCH resource of multiple slots would mapped to one slot on the target SCell for PUCCH transmission. As shown in Figure 7, assuming CC1 is PCell and CC2 is SCell, if the switching pattern indicate that PUCCH in slot 2n and slot 2n+1 on PCell should switch to CC2, both PUCCH-1 and PUCCH-2 on CC1 should be switched to slot n on CC2. Multiplexing HARQ-ACKs in different slots on PCell to a PUCCH on SCell would introduce more complexity, hence this should be avoided by gNB.


[bookmark: _Ref78559758]Figure 7: PUCCH in CC1 with larger SCS is switched to CC2
In case the PCell has smaller SCS, a mapping rule is needed to map the PUCCH from PCell to one of the multiple overlapping slots on SCell. The following options can be considered:
· Option 1: PUCCH resource is mapped to the first slot/sub-slot on the target SCell overlapping with the slot on PCell for PUCCH transmission.
· Option 2: PUCCH resource is mapped to the last slot/sub-slot on the target SCell overlapping with the slot on PCell for PUCCH transmission.
· Option 3: PUCCH resource is mapped to the first slot/sub-slot on the target SCell overlapping with the PUCCH transmission on PCell.
· Option 4: PUCCH resource is mapped to the last slot/sub-slot on the target SCell overlapping with the PUCCH transmission on PCell.
As shown in Figure 8, assuming CC1 is PCell and CC2 is SCell, if the switching pattern indicates that PUCCH-1 and PUCCH-2 in slot n on CC1 should switch to slot 2n and slot 2n+1 on CC2, then 
· By option 1, both PUCCH-1 and PUCCH-2 in slot n on CC1 should be switched to slot 2n on CC2;
· By option 2 and option 4, both PUCCH-1 and PUCCH-2 in slot n on CC1 should be switched to slot 2n+1 on CC2;
· By option 3, PUCCH-1 in slot n on CC1 should be switched to slot 2n on CC2, PUCCH-2 in slot n on CC1 should be switched to slot 2n+1 on CC2;


[bookmark: _Ref78560446]Figure 8: PUCCH in CC1 with smaller SCS is switched to CC2
Compare the four options, option 1 and option 2 do not consider the PUCCH resource position on PCell, while option 1 has less latency, hence option 1 is a little preferred.
Proposal 17: For the case of different SCS configurations between PUCCH carriers, 
· In case the PCell has larger SCS, multiplexing HARQ-ACKs in different slots on PCell to a PUCCH on SCell should be avoided by gNB;
· In case the PCell has smaller SCS, PUCCH resource should be mapped to the first slot/sub-slot on the target SCell overlapping with the slot on PCell for PUCCH transmission.
For joint operation of dynamic and semi-static PUCCH carrier switching, the benefit is that in case the PCell has smaller SCS, DCI could indicate any overlapping slot/sub-slot on target PUCCH SCell, the PUCCH resource load is more balanced in different slots/sub-slots on target PUCCH SCell. Hence joint operation of dynamic and semi-static PUCCH carrier switching should be supported, but it should be avoided that the PUCCH cell determined by switching pattern configured for semi-static PUCCH carrier switching is different from the PUCCH cell indicated by DCI.
Proposal 18: For joint operation of dynamic and semi-static PUCCH carrier switching, it is not expected that the target PUCCH cell determined based on dynamic indication in DCI is different from the PUCCH cell determined by switching pattern configured for semi-static PUCCH carrier switching scheme.
For joint operation of PUCCH carrier switching and SPS HARQ-ACK deferral, it may reduce the probability of SPS HARQ-ACK dropping and reduce the latency of SPS HARQ-ACK transmission. But whether to perform SPS HARQ-ACK defer first or perform PUCCH carrier switching first should be considered. 
For dynamic PUCCH carrier switching, SPS HARQ-ACK cannot be switched if there is no dynamic HARQ-ACK in the same slot/sub-slot with the SPS HARQ-ACK, and whether to perform SPS HARQ-ACK deferral should not be impacted by DCI, hence SPS HARQ-ACK deferral should be performed before dynamic PUCCH carrier switching.
For semi-static PUCCH carrier switching, perform PUCCH carrier switching first could reduce the latency of SPS HARQ-ACK transmission. However, if the determined PUCCH resource on target SCell is not valid, then how to perform the SPS HARQ-ACK deferral can be further considered. To avoid the complicated SPS HARQ-ACK deferral on different carriers and align with the case of dynamic PUCCH carrier switching, performing PUCCH carrier switching first is slightly preferred.
Proposal 19: If joint operation of PUCCH carrier switching and SPS HARQ-ACK deferral is supported, it is preferred to perform PUCCH carrier switching first.
For PUCCH carrier switching, the number of PUCCH cells which supports PUCCH transmission should be discussed. For dynamic PUCCH carrier switching, the number of PUCCH cells would impact the number of bits in DCI for PUCCH cell indication. For semi-static PUCCH carrier switching, the number of PUCCH cells would impact the structure of RRC parameter for configuration. In addition, the number of PUCCH cells supporting PUCCH carrier switching should not be larger than the number of cells supporting UL CA. To reduce the DCI overhead and complexity in UE implementation, the maximum number of PUCCH cells can be two in Rel-17.
Proposal 20: The maximum number of cells for PUCCH carrier switching is two.
PUCCH repetition enhancements
In the Cov. Enh. WI, the following WA was agreed in last meeting,
	Working assumption: In Rel-17, for a PUCCH with associated scheduling DCI, support the following for dynamic PUCCH repetition factor indication. 
· Enhance RRC signaling to allow configuration of PUCCH repetition factor per PUCCH resource. Reuse Rel-16 PUCCH resource indication mechanism based on “PUCCH resource indicator” (PRI) field and starting CCE index (when applicable based on Rel-16 spec) of DCI to indicate a PUCCH resource and its associated repetition factor.
FFS: RRC signaling enhancement details



In RAN1#104-e meeting, the following was agreed for PUCCH repetition enhancement.
	Agreements: Support sub-slot based PUCCH repetition for HARQ-ACK based on the Rel-16 PUCCH procedure for slot-based PUCCH applied to sub-slot based PUCCH
· Note: the intention is to take the Rel-16 slot-based PUCCH by replacing with “sub-slot” appropriately, without further optimization unless necessary
· FFS whether or not there is any restriction for the applicability of sub-slot based PUCCH repetition for HARQ-ACK
· Dynamic repetition indication is supported also for sub-slot based PUCCH in Rel-17
· FFS: if the method to be specified in Cov. Enh WI for slot-based PUCCH repetition can be directly applied to sub-slot PUCCH or if changes are needed



Configuring the PUCCH repetition factor per PUCCH resource was agreed as a working assumption. Then, if different numbers of repetitions are required, PRI can be used to indicate different PUCCH resources with different numbers of repetitions. If a PUCCH resource is sub-slot based, sub-slot based repetition can be applied, if a PUCCH resource is slot based, slot based PUCCH repetition can be applied. Hence, configuring the PUCCH repetition factor per PUCCH resource can be applied for both slot and sub-slot based PUCCH.
Supporting PUCCH repetition is to satisfy the coverage requirement, different UCI types can use different PUCCH resources with different performances, and then different numbers of repetitions may be required for different UCI types. Configuring the PUCCH repetition factor per PUCCH resource does not limit to HARQ-ACK only, all UCI types with different PUCCH resources can support a dedicated configuration of number of PUCCH repetition per PUCCH resource.
Proposal 21: Configuring the PUCCH repetition factor per PUCCH resource can be applied for both slot and sub-slot based PUCCH.
Proposal 22: Configuring the PUCCH repetition factor per PUCCH resource can be applied for all UCI types.
Enhancement for sub-slot based Type-1 HARQ-ACK CB
Sub-slot based Type-1 HARQ-ACK codebook was agreed to be supported in RAN1#104bis-e meeting as below. 
	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 


For sub-slot based Type-1 codebook construction, only the PDSCH SLIV which falls into the HARQ-ACK multiplexing window are considered to determine the HARQ-ACK codebook. A PDSCH SLIV is associated with a UL sub-slot if the end of the PDSCH overlaps with the UL sub-slot. The HARQ-ACK multiplexing window is determined based on the HARQ-ACK timing set and sub-slot length. In other words, all the PDSCH SLIVs which does not ends in a sub-slot associated with the PUCCH sub-slot should be excluded first, then whether PDSCH TDRA grouping performed per DL slot or per sub-slot is considered. As shown in Figure 9, assuming there are three SLIVs configured in PDSCH TDRA table, both sub-slot 2n and sub-slot 2n+1 are associated with PUCCH sub-slot for HARQ-ACK feedback, in case single TB is used and CBG based HARQ-ACK is not configured. 
· Option 1: For PDSCH TDRA grouping performed per DL slot, for slot n, SLIV A and SLIV B belongs to the same SLIV group, SLIV C belongs to another SLIV group, 2 HARQ-ACK bits would be determined for slot n.
· Option 2: For PDSCH TDRA grouping performed per sub-slot, for sub-slot 2n, only SLIV A is considered since the ending position of SLIV B is not in sub-slot 2n, hence 1 HARQ-ACK bits would be determined for sub-slot 2n; for sub-slot 2n+1, SLIV B and SLIV C belongs to different SLIV groups, hence 2 HARQ-ACK bits would be determined for sub-slot 2n+1. Then total 3 bits are produced for slot n.


Figure 9: Comparison of PDSCH TDRA grouping performed per DL slot or sub-slot
In summary, PDSCH TDRA grouping performed per DL slot could reduce the HARQ-ACK codebook size. Hence, it is proposed that for sub-slot based Type-1 HARQ-ACK codebook, the PDSCH TDRA grouping should be performed per DL slot.
Proposal 23: For sub-slot based Type-1 HARQ-ACK codebook, the PDSCH TDRA grouping should be performed per DL slot.
Conclusion
In this contribution, we discuss some considerations for HARQ-ACK feedback enhancements and give the following proposals.
Proposal 1: Whether SPS HARQ-ACK should be deferred is determined based on the PUCCH resource for SPS HARQ-ACK only regardless of whether there are HARQ-ACK(s) corresponding to dynamic PDSCH and/or SPS PDSCH release to be transmitted in the same slot/sub-slot.
Proposal 2: If an initial PUCCH resource for SPS HARQ-ACK only in a slot indicated by K1 is not available, the SPS HARQ-ACK should be deferred to a slot in which the initial PUCCH resource is available.
Proposal 3: For multiplexing of deferred HARQ-ACK and initial HARQ-ACK, the HARQ-ACKs for deferred SPS HARQ-ACK are appended to the initial HARQ-ACKs.
· FFS for optimizations for Type-1 HARQ-ACK codebook.
Proposal 4: PUCCH resource for multiplexing the deferred SPS HARQ-ACK and initial SPS HARQ-ACK (which is not deferred) or dynamic HARQ-ACK is determined based on the total number of HARQ-ACK bits following Rel-16 rules.
Proposal 5: The target slot/sub-slot for SPS HARQ-ACK deferral is not changed after determination.
Proposal 6: Confirm the working assumption that at least one enhanced Type 3 HARQ-ACK CB with smaller size (compared to Rel-16) in Rel-17 is supported.
Proposal 7: Enhanced Type-3 codebook which includes HARQ-ACKs for HARQ processes of SPS PDSCHs only is supported.
Proposal 8: Type-3 codebook and enhanced Type-3 codebook are distinguished by RRC configuration only.
Proposal 9: The PHY priority indicated in triggering DCI is used to determine the priority of the PUCCH resource used for the enhance Type-3 codebook and the enhanced Type-3 codebook is constructed independently from the PHY priority indication.
Proposal 10: An additional DCI field can be added in DCI format 1_2 to trigger (enhanced) Type-3 codebook.
Proposal 11: Confirm the working assumption that 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  in Rel-17 is supported.
Proposal 12: For one-shot triggering of dropped HARQ-ACK, the offset between the slot for triggering DCI and slot with dropped HARQ-ACK can be indicated by the triggering DCI to identify which ‘dropped HARQ-ACK’ should be re-transmitted.
Proposal 13: For one-shot triggering of dropped HARQ-ACK, the retransmitted HARQ-ACK bits can be appended to the initial HARQ-ACK codebook.
Proposal 14: For PUCCH carrier switching based on dynamic indication in DCI, SPS HARQ-ACK can be multiplexed with dynamic HARQ-ACK in the same slot if dynamic HARQ-ACK is indicated to be transmitted on the switched cell and the other configured PUCCH resources can be dropped if they are in the same slot with the switched dynamic HARQ-ACK; 
· For the case of different numerologies, the slot based the smallest SCS can be used as the reference slot.
[bookmark: _GoBack]Proposal 15: For PUCCH carrier switching based on semi-static RRC configuration, the granularity of switching pattern should be determined based on the slot of the PUCCH cell with smallest SCS configuration.
Proposal 16: For PUCCH carrier switching based on semi-static RRC configuration, 
· the PUCCH resource for dynamic HARQ-ACK on target SCell is determined by PRI indication and PUCCH resource configuration on SCell;
· semi-static PUCCH resource on target SCell is determined by dedicated PUCCH resource configured for the target SCell.
Proposal 17: For the case of different SCS configurations between PUCCH carriers, 
· In case the PCell has larger SCS, multiplexing HARQ-ACKs in different slots on PCell to a PUCCH on SCell should be avoided by gNB;
· In case the PCell has smaller SCS, PUCCH resource should be mapped to the first slot/sub-slot on the target SCell overlapping with the slot on PCell for PUCCH transmission.
Proposal 18: For joint operation of dynamic and semi-static PUCCH carrier switching, it is not expected that the target PUCCH cell determined based on dynamic indication in DCI is different from the PUCCH cell determined by switching pattern configured for semi-static PUCCH carrier switching scheme.
Proposal 19: If joint operation of PUCCH carrier switching and SPS HARQ-ACK deferral is supported, it is preferred to perform PUCCH carrier switching first.
Proposal 20: The maximum number of cells for PUCCH carrier switching is two.
Proposal 21: Configuring the PUCCH repetition factor per PUCCH resource can be applied for both slot and sub-slot based PUCCH.
Proposal 22: Configuring the PUCCH repetition factor per PUCCH resource can be applied for all UCI types.
Proposal 23: For sub-slot based Type-1 HARQ-ACK codebook, the PDSCH TDRA grouping should be performed per DL slot.
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[1] [bookmark: _Ref64636111][bookmark: _Ref68102232][bookmark: _Ref61269032][bookmark: _Ref53577915]Chairman's Notes RAN1#105-e, 3GPP TSG RAN WG1 Meeting #105-e, e-Meeting, May 10th – 27th, 2021.



oleObject1.bin
Slot n


Slot n+1


Slot n+2


Slot n+3


SPS PDSCH


HARQ-ACK


PDSCH


DCI


HARQ-ACK


HARQ-ACK


SPS HARQ-ACK deferral
 in case DCI is missed


UL


DL


Flexible



image2.emf
Slot n Slot n+1 Slot n+2

PUCCH

PUCCH

A

A

defer

Slot n+3

PUCCH

Slot n Slot n+1 Slot n+2

SPS PDSCH-1

PUCCH

SPS PDSCH-3

SPS PDSCH-1

Slot n+3

SPS 

PDSCH-2

PUCCH

Initial PUCCH resources

Slot n Slot n+1 Slot n+2

PUCCH

PUCCH

defer

Slot n+3

defer

Option 1

Option 2

SPS PDSCH-1

SPS 

PDSCH-2

SPS PDSCH-1

SPS 

PDSCH-2

SPS PDSCH-3

SPS PDSCH-1

SPS PDSCH-3

SPS PDSCH-1

PUCCH

B

UL DL Flexible


oleObject2.bin
Slot n


Slot n+1


Slot n+2


SPS PDSCH-1


PUCCH


SPS PDSCH-3


SPS PDSCH-1


A


defer


Slot n


Slot n+1


Slot n+2


Slot n+3


PUCCH


SPS PDSCH-2


defer


Option 1


Option 2


PUCCH


SPS PDSCH-1


SPS PDSCH-2


SPS PDSCH-3


SPS PDSCH-1


SPS PDSCH-1


PUCCH


SPS PDSCH-3


SPS PDSCH-1


Slot n+3


SPS PDSCH-2


Initial PUCCH resources


Slot n


Slot n+1


PUCCH


Slot n+2


PUCCH


defer


Slot n+3


B


UL


DL


Flexible



image3.emf
Slot n Slot n+1 Slot n+2

SPS PDSCH-1

PUCCH

SPS PDSCH-2

SPS PDSCH-1

PUCCH

defer

PUCCH

UL DL Flexible


oleObject3.bin
Slot n


Slot n+1


Slot n+2


SPS PDSCH-1


PUCCH


SPS PDSCH-2


PUCCH


SPS PDSCH-1


PUCCH


defer


UL


DL


Flexible



image4.emf
slot

LP HARQ-ACK

HP PUCCH

n n+1

n+2 n+3

DCI

PUCCH

Offset =-1

K1=2

Retransmission

PDSCH


oleObject4.bin
�

n


n+1


n+2


n+3


DCI


PUCCH


Offset =-1
K1=2


slot


HP PUCCH


LP HARQ-ACK


Retransmission


PDSCH



image5.emf
Slot n

CC1

CC2

PUCCH-1

PUCCH-2

PUCCH-2

DL

UL

UL


oleObject5.bin
文本�

Slot n


CC1


CC2


PUCCH-2


PUCCH-2


DL


UL


UL


PUCCH-1



image6.emf
Slot n

CC1: 15kHz

CC2: 30kHz

SPS HARQ-ACK

Dynamic HARQ-ACK

multiplex

Slot 2n Slot 2n+1


oleObject6.bin
�

文本�

Slot n


CC1: 15kHz


CC2: 30kHz


multiplex


Slot 2n


Slot 2n+1


SPS HARQ-ACK


Dynamic HARQ-ACK



image7.emf
Slot n

CC1: 30kHz

CC2: 15kHz

Slot 2n+1 Slot 2n

PUCCH-1 PUCCH-2


oleObject7.bin
�

文本�

Slot n


CC1: 30kHz


CC2: 15kHz


PUCCH-2


Slot 2n+1


Slot 2n


PUCCH-1



image8.emf
Slot n

CC1: 15kHz

CC2: 30kHz

Slot 2n Slot 2n+1

PUCCH-1

PUCCH-2


oleObject8.bin
�

文本�

Slot n


CC1: 15kHz


CC2: 30kHz


PUCCH-1


Slot 2n


Slot 2n+1


PUCCH-2



image9.emf
0

0

1

1

2

2

3

3

4

4

5

5

6

6

7

7

8

8

9

9

10

10

11

11

12

12

13

13

SLIV A

SLIV B

SLIV C

Symbol 

index

Symbol 

index

Slot n

sub-slot  2n sub-slot  2n+1

Option 1: 2 SLIV groups

Option 1: 2 SLIV groups

A/B C

Option 2: 3 SLIV groups

Option 2: 3 SLIV groups

A C B


oleObject9.bin
�

0


1


2


3


4


5


6


7


8


9


10


11


12


13


Slot n


sub-slot 2n


sub-slot 2n+1


SLIV A


SLIV B


SLIV C


Symbol index


Option 1: 2 SLIV groups


A/B


C


Option 2: 3 SLIV groups


A


C


B



image1.emf
Slot n Slot n+1 Slot n+2 Slot n+3

SPS PDSCH

HARQ-ACK

PDSCH DCI

HARQ-

ACK

HARQ-ACK

SPS HARQ-ACK deferral

 in case DCI is missed

UL DL Flexible


