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1 Introduction
In the previous RAN1 meetings, UE feedback enhancements for HARQ-ACK were discussed. In this contribution, we will further discuss more aspects about HARQ-ACK enhancements in Rel.17 URLLC.
2 SPS HARQ-ACK deferring in TDD
The following agreements have been reached about SPS HARQ-ACK deferring.
	Agreements:
Further down-select between the following two options for SPS HARQ-ACK deferral: 
· Option 1: Joint RRC configuration of the SPS HARQ-ACK deferral per PUCCH cell group 
· Note: any SPS HARQ-ACK within a PUCCH cell group in principle is subject to deferral
· Option 2: The SPS HARQ-ACK deferral is configured per SPS configuration
Note: part of sps-config, only HARQ-ACK of SPS PDSCH configurations configured for deferral is in principle subject to deferral.
Agreements:
For SPS HARQ-ACK deferral, for the determination of valid symbols in the target slot/sub-slot a collision with semi-static DL symbols, SSB and CORESET#0 is regarded as ‘invalid’ or ‘no symbols for UL transmission’.
Agreements: 
For SPS HARQ-ACK deferral, support a limit on the maximum deferral of SPS HARQ in terms of k1def  or k1+ k1def
· FFS: limitation given by a maximum value of k1def or a maximum of k1eff =k1+ k1def
· FFS how the limitation is determined (e.g. by K1 set(s) or RRC configured limit)
Agreements: 
For SPS HARQ-ACK deferral, there is no lower limit defined for k1def


About how to configure SPS HARQ-ACK deferral, two options are to be down-selected:
· Option 1: Joint RRC configuration of the SPS HARQ-ACK deferral per PUCCH cell group 
· Note: any SPS HARQ-ACK within a PUCCH cell group in principle is subject to deferral
· Option 2: The SPS HARQ-ACK deferral is configured per SPS configuration
To our opinion, option 2 provides more flexibility and option 1 could be implemented by option 2. Considering different SPS configuration could be used for different service type. The latency and reliability requirements of each service type could be different. For some urgent service, deferred HARQ-ACK is meaningless. For some loose latency service, HARQ-ACK dropping due to TDD collision could be acceptable and HARQ-ACK deferring is not needed. SPS HARQ-ACK deferral configured per SPS configuration provides much differentiation handling according to the service type.
Proposal 1: SPS HARQ-ACK deferral is configured per SPS configuration.
About the condition of SPS HARQ-ACK deferral, three alternatives were discussed in the previous meetings. According to the current UCI multiplexing behavior, HARQ-ACK with the same priority index within a slot/subslot is constructed into one HARQ-ACK codebook. UE decides one PUCCH for HARQ-ACK from configured SPS-PUCCH-AN-List-r16, n1PUCCH-AN, or PUCCH-ResourceSet. If the determined PUCCH for HARQ-ACK overlaps with another PUCCH for SR or CSI, final determined PUCCH is based on UCI type, UCI payload size, and PRI for this slot/subslot in DCI if exists. As a result, SPS HARQ-ACK corresponds to “initial PUCCH” in the initial slot/subslot from the configured SPS-PUCCH-AN-List-r16 or n1PUCCH-AN for SPS HARQ-ACK, PUCCH-ResourceSet for dynamic scheduled PDSCH, or multi-CSI-PUCCH-ResourceList for CSI. In the current system, when some of the symbols in the “initial PUCCH” is invalid due to TDD configuration, the SPS HARQ-ACK and other UCI in this PUCCH would be dropped correspondingly. With deferring, dropping SPS HARQ-ACK could be avoided. 
If the “initial PUCCH” is based on semi-static configuration as SPS-PUCCH-AN-List-r16, n1PUCCH-AN, or multi-CSI-PUCCH-ResourceList, gNB and UE could have common understanding about whether “initial PUCCH” is available and whether SPS HARQ-ACK would be deferred or not. If gNB indicates one PUCCH from PUCCH-ResourceSet in the initial slot/subslot through DCI, gNB may assume “initial PUCCH” is decided from the configured PUCCH-ResourceSet. At the UE side, however, it is possible this DCI is missed and assumes “initial PUCCH” is from configured SPS-PUCCH-AN-List-r16, n1PUCCH-AN, or multi-CSI-PUCCH-ResourceList. 
· If the gNB “initial PUCCH” from PUCCH-ResourceSet is valid while UE “initial PUCCH” from SPS-PUCCH-AN-List-r16, n1PUCCH-AN, or multi-CSI-PUCCH-ResourceList is invalid, UE assumes the SPS HARQ is deferred while gNB would assume SPS HARQ-ACK is transmitted in the DCI indicated gNB “initial PUCCH”. Certainly, gNB could not detect the gNB “initial PUCCH” since it is not transmitted at all. gNB could decide SPS HARQ-ACK is deferred conditioned that gNB “initial PUCCH” is not detected. 
· If the gNB “initial PUCCH” from PUCCH-ResourceSet is invalid while UE “initial PUCCH” from SPS-PUCCH-AN-List-r16, n1PUCCH-AN, or multi-CSI-PUCCH-ResourceList is valid, UE transmits SPS HARQ-ACK in this PUCCH while gNB thinks the SPS HARQ-ACK is deferred since the gNB “initial PUCCH” is invalid. For this, gNB could blind detect the UE “initial PUCCH”. As long as the UE “initial PUCCH” is detected, gNB could be aware of SPS HARQ-ACK not deferred. If gNB fails to detect the UE “initial PUCCH”, there would be misalignment between gNB and UE, and the subsequent HARQ-ACK/UCI feedback would be impacted. Anyway, this could be a corner case since it only occurs when DCI is missed by UE and UE “initial PUCCH” is failure to be blind detected by gNB simultaneously.
Therefore, if gNB supports PUCCH blind detection assuming DCI is missed by UE, SPS HARQ-ACK needs not to be deferred if it is transmitted in the initial PUCCH which is decided from PUCCH-ResourceSet.
Proposal 2: SPS HARQ-ACK is deferred if initial PUCCH includes invalid symbol(s) which the initial PUCCH is determined according to the current UCI multiplexing behavior from the configuration of SPS-PUCCH-AN-List-r16 or n1PUCCH-AN, n1PUCCH-AN, multi-CSI-PUCCH-ResourceList.
Proposal 3: If gNB supports PUCCH blind detection assuming DCI is missed by UE, SPS HARQ-ACK needs not to be deferred if it is transmitted in the initial PUCCH which is decided from PUCCH-ResourceSet. Otherwise, SPS HARQ-ACK should be deferred even if it is transmitted in the PUCCH from PUCCH-ResourceSet.
For one SPS PDSCH which HARQ-ACK deferral is enabled, the main procedure is illustrated in the Fig. 1 below. The initial slot/subslot is determined by the indicated K1 value in the SPS activation DCI. A target slot/subslot should be determined to transmit the deferred SPS HARQ-ACK. Intra-slot deferral was considered as one option in the previous meeting before inter-slot deferral. In the Fig.1, the candidate target slot/subslots is with the initial slot/subslot included or not included, and ends up before the deadline of deferring.
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Fig. 1 Procedure of SPS HARQ-ACK deferring
When “initial PUCCH” fails to be transmitted, not only SPS HARQ-ACK in it would be deferred but also other UCIs in the “initial PUCCH” would be dropped. Excluding the deferred SPS HARQ-ACK to other slots, UCI payload size and/or UCI type within the initial slot/subslot would be different from before. It is possible another PUCCH in the initial slot/subslot could carry these UCIs. It is also possible another PUCCH could carry part of the deferred SPS HARQ-ACK. With this procedure, SPS HARQ-ACK deferral impacts on the UCIs in the initial slot/subslot could be decreased. An example is shown in the Fig. 2. PUCCH-A, PUCCH-B, PUCCH-C, and PUCCH-D are configured in SPS-PUCCH-AN-List-r16. PUCCH-E, PUCCH-F, PUCCH-G, and PUCCH-H are configured in multi-CSI-PUCCH-ResourceList. There are  bits of SPS HARQ-ACK and  bits of CSI to be transmitted in the initial slot. The  bits of SPS HARQ-ACK correspond to PUCCH-B and the  bits of CSI correspond to PUCCH-E. Since PUCCH-B and PUCCH-E are overlapped, PUCCH-F which was configured of CSI and fits for the payload size of bits would be determined as the “initial PUCCH”. Due to some symbols in the PUCCH-F is invalid, SPS HARQ-ACK is deferred from this PUCCH-F. Within the  bits of SPS HARQ-ACK, there are  bits of SPS HARQ-ACK is configured deferrable, where . Without considering the deferred HARQ-ACK or part of the deferred HARQ-ACK, it is possible another PUCCH other than PUCCH-B could be used to carry SPS HARQ-ACK. For example, suppose  bits of SPS HARQ-ACK is to be transmitted in the initial slot/subslot, PUCCH-D would be determined according to the payload size. Since both PUCCH-D and PUCCH-E are valid and does not overlap with each other, the  bits of CSI could be transmitted in the PUCCH-E and  bits of SPS HARQ-ACK could be transmitted in the PUCCH-D. With this procedure, the  bits of CSI dropping is avoided which was influenced by deferred SPS HARQ-ACK. Also more opportunities are provided to transmit SPS HARQ-ACK in the initial slot/subslot. 
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[bookmark: _Ref65700481]Fig. 2 Example of target slot determination
Proposal 4: SPS HARQ-ACK is possible to be deferred to one PUCCH other than the initial PUCCH in the initial slot/subslot.
Proposal 5: To decrease the deferred SPS HARQ-ACK impacts on the UCI in the initial PUCCH, if the initial PUCCH is invalid, UCI multiplexing procedure in the initial slot/subslot assumes  bits of SPS HARQ-ACK is to be transmitted while  bits of SPS HARQ-ACK is configured deferrable to the following slots/subslots.
According to the above discussion, a target PUCCH is needed for the  bits of deferred HARQ-ACK in the slots/subslots following the initial slot/subslot. It is preferred the deferred HARQ-ACK could be transmitted as early as possible. Then, the first available PUCCH is preferred.
To get available PUCCH, valid UL symbols are needed. It is no doubt that semi-static UL symbols is valid UL symbols. The semi-static flexible symbol(s) is possible to be dynamically transferred to DL or UL symbols by dynamic SFI. If the SFI is missed at the UE side while the gNB thinks the indication of SFI has been valid, there would be misalignments about the available UL symbols between gNB and UE. Then the reliability of deferred SPS HARQ would be impacted if the semi-static flexible symbol(s) is deemed as available symbols. This will harm the performance of URLLC. To satisfy high reliability of SPS HARQ, semi-static flexible symbols could be exempted from being valid symbols for available PUCCH. However, for most cases, SFI could be correctly detected and this restriction would delay the deferred HARQ-ACK to further later symbols. This is also detrimental to URLLC from the latency performance point of view. The performance of SFI could be controllable at gNB side to some extent. In addition, gNB is also aware of the reliability requirement of SPS. Then, it could be efficient gNB configures semi-static F symbols are valid symbols for “available” PUCCH when the probability of SFI misdetection is really low while invalid if the probability is unacceptable comparing with the reliability of SPS.
Proposal 6: gNB configures whether UL symbols indicated by SFI could be valid symbols or not when deciding available PUCCH.
With valid UL symbols, there are two cases to decide the target PUCCH:
· Case A: Without the deferred SPS HARQ-ACK, the target PUCCH does not exist. 
· Case B: The target PUCCH was to be transmitted even if there is no deferred SPS HARQ-ACK. 
To our understanding, the deferred HARQ-ACK is expected to be transmitted as early as possible. It is proposed the next available PUCCH is the earliest one within Case A and Case B.
Proposal 7: The next available PUCCH is the earliest one within the PUCCHs decided within available symbols and the PUCCHs which was to be transmitted according to Rel.16 procedure.
For case A, a number of contiguous valid UL symbols could be used as the target PUCCH. The number of contiguous valid UL symbols for target PUCCH could be decided according to the configuration of n1PUCCH-AN/SPS-PUCCH-AN-List-r16 for SPS HARQ-ACK. Alternatively, special PUCCH configuration for deferred HARQ-ACK could be considered to decide the number of contiguous symbols. The target PUCCH includes the number of contiguous symbols where the location of these symbols could be accordance or not accordance with the corresponding PUCCH configuration.
Proposal 8: To decide the number of contiguous UL symbols for available PUCCH transmission, PUCCH parameters configured by n1PUCCH-AN/SPS-PUCCH-AN-List-r16 could be reused, or special PUCCH configuration for deferred HARQ-ACK could be considered.
For case B, the PUCCH could be one from configured SPS-PUCCH-AN-List-r16, multi-CSI-PUCCH-ResourceList, or PUCCH-ResourceSet in PUCCH-Config. According to Rel.16 procedure, PUCCH transmission according to SPS-PUCCH-AN-List-r16 or multi-CSI-PUCCH-ResourceList is based on semi-static configuration and could have consistent understanding between gNB and UE. For PUCCH configured by PUCCH-ResourceSet, the transmission depends on dynamic scheduling. Whether consistent PUCCH could be achieved by gNB and UE depends on the probability of DCI misdetection. Similar as the above discussion, it is proposed gNB configures whether PUCCH transmission scheduled for dynamic HARQ-ACK could be used as available PUCCH or not.
Proposal 9: Semi-static configured PUCCH transmission according to SPS-PUCCH-AN-List-r16 or multi-CSI-PUCCH-ResourceList could be used as available PUCCH.
Proposal 10: gNB configures whether PUCCH transmission scheduled for dynamic HARQ-ACK could be used as available PUCCH or not.
1 
2 
3 PUCCH carrier switching for HARQ feedback
The following agreements have been reached about PUCCH carrier switching for HARQ-ACK feedback. 
	Agreements:
Support PUCCH carrier switching based on dynamic indication in DCI scheduling a PUCCH and semi-static configuration 
· Details are FFS (including applicability of dynamic and/or semi-static means)
· Aim for minimum specification impact 
· Dynamic indication and/or semi-static configuration are subject to separate UE capabilities
· The semi-static PUCCH carrier switching configuration operation is based on RRC configured PUCCH cell timing pattern of applicable PUCCH cells and supports PUCCH carrier switching across cells with different numerologies.
· FFS whether additional rules are needed to support PUCCH carrier switching across cells with different numerologies
· FFS the maximum number of PUCCH cells
· FFS whether and how to support joint operation of dynamic and semi-static carrier switching for a UE
· FFS whether and how to support joint operation of PUCCH carrier switching and SPS HARQ-ACK deferral
Agreement: 
For PUCCH carrier switching, the PUCCH resource configuration is per UL BWP (i.e. per candidate cell and UL BWP of that specific candidate cell). 
Agreement: 
For PUCCH carrier switching based on dynamic indication in DCI scheduling a PUCCH (i.e. Alt. 1), the PDSCH to HARQ-ACK offset k1 is interpreted based on the numerology of the dynamically indicated target PUCCH cell.


In the following, we will discuss more details about the Alt. 1 and Alt. 2C for PUCCH carrier switching.
Alt.1: PUCCH carrier switching based on dynamic indication in DCI
There are two options to support PUCCH carrier switching with dynamic indication in DCI. One is there are a new bit filed in the DCI to indicate the target cell for PUCCH, the other is the target carrier switching is implicitly indicated through PRI which the PUCCH configuration parameters includes the cell index and one PUCCH resource set could include PUCCH resources from different cells.
· Option 1: new bit field in DCI to indicate the target cell
· Option 2: target cell indication through PRI
Option 1 could provide fully flexible PUCCH configuration for each cell. However, more physical layer specification impacts would be expected with option 1 than option 2. We slightly prefer option 2 considering the limited Rel.17 timeline. However, if majority companies think option 1 could be supported in Rel.17, it is acceptable from our perspective.
Proposal 11: New bit field in DCI to indicate the target cell is acceptable if majority companies think it is feasible in Rel.17. 
For Alt 1, it is possible that PUCCH carrier is indicated to an UL BWP which the corresponding configured K1 values or the numerology of UL BWP is different from that of the UL BWP for SPS HARQ-ACK. This is illustrated as the Fig 3 below. The configured K1 for BWP1 and BWP2 is {2 3 4 5} and {4 5} respectively. The SCS of BWP 1 is 30KHz and the SCS of BWP2 is 15KHz. PUCCH is switched to BWP 2 in slot n. SPS PDSCH in BWP 1 is activated and the corresponding HARQ-ACK timing is indicated according to the granularity of BWP1 within {2 3 4 5}. SPS HARQ-ACK in the Fig 1 is 4 slots away from SPS PDSCH in BWP1. According to the current HARQ-ACK construction mechanism, the candidate PDSCHs in the HARQ-ACK in slot n is determined by the granularity of BWP2 and the configured {4 5} for BWP2, which is within Slot A~F. It is noticed that the HARQ-ACK for the SPS PDSCH could not be included in the HARQ-ACK codebook in slot n with the current HARQ-ACK codebook construction procedure. Therefore, it is proposed to consider overlapped slots in other BWPs which includes SPS HARQ-ACK when constructs HARQ-ACK codebook in the target BWP.


Fig. 3	HARQ-ACK codebook construction with dynamic indication
Moreover, if there is only SPS HARQ-ACK in one slot, dynamic PUCCH carrier switching could not be achieved since there is no instant DCI. If PUCCH switching is expected for this situation, dynamically triggering a PUSCH in anther cell could be considered.
Proposal 12: Consider overlapped slots in other BWPs which includes SPS HARQ-ACK when constructs HARQ-ACK codebook in the target BWP.
Proposal 13: For Alt.1, PUCCH switching for SPS HARQ-ACK is achieved by dynamic /PUSCH scheduling in another cell.
Alt. 2C: PUCCH carrier switching based on RRC configured PUCCH cell timing pattern of applicable PUCCH cells
For Alt 2C, it is necessary to design the configuration of PUCCH timing pattern. When the numerology of each BWP is different, one reference numerology is needed to decide the configuration. To our understanding, the concept of PCell is no longer meaningful at the aspect of PUCCH transmission. We think the time domain pattern is based on one reference slot and the reference slot corresponds to the lowest SCS of candidate BWPs. 
Proposal 14: For Alt 2C, the time domain pattern is based on one reference slot and the reference slot corresponds to the lowest SCS of candidate BWPs.
If the PDSCH to HARQ-ACK offset k1 is interpreted based on the numerology of the reference PUCCH cell, the HARQ-ACK codebook construction also should be reconsidered. In the Fig 4 below, it is assumed the slot in BWP 2 is used as the reference slot. According to the predefined time pattern, PUCCH is in the slot m in BWP1 at the time of reference slot n. With the current HARQ-ACK codebook construction, HARQ-ACK codebook in the slot m is determined by the granularity of slot m and configured K1={2 3 4 5} for BWP1 which is within slot F, G, H, I, L, M. However, the PDSCH in A~H, J~M could be indicated to the reference slot n. The HARQ-ACK in slot m does not match it. Therefore, it is proposed to construct HARQ-ACK codebook based on the reference slot and the numerology of reference BWP while not based on the actual slot which the PUCCH is transmitted.


Fig. 4	HARQ-ACK codebook construction with semi-static indication
Proposal 15: Construct HARQ-ACK codebook based on the reference slot and the numerology of reference BWP rather than based on the actual slot which the PUCCH is transmitted.
4 Conclusion
In this contribution, we discussed more aspects about PUCCH carrier switching for HARQ feedback in Rel.17 URLLC. The following proposals are reached:
Proposal 1: SPS HARQ-ACK deferral is configured per SPS configuration.
Proposal 2: SPS HARQ-ACK is deferred if initial PUCCH includes invalid symbol(s) which the initial PUCCH is determined according to the current UCI multiplexing behavior from the configuration of SPS-PUCCH-AN-List-r16 or n1PUCCH-AN, n1PUCCH-AN, multi-CSI-PUCCH-ResourceList.
Proposal 3: If gNB supports PUCCH blind detection assuming DCI is missed by UE, SPS HARQ-ACK needs not to be deferred if it is transmitted in the initial PUCCH which is decided from PUCCH-ResourceSet. Otherwise, SPS HARQ-ACK should be deferred even if it is transmitted in the PUCCH from PUCCH-ResourceSet.
Proposal 4: SPS HARQ-ACK is possible to be deferred to one PUCCH other than the initial PUCCH in the initial slot/subslot.
Proposal 5: To decrease the deferred SPS HARQ-ACK impacts on the UCI in the initial PUCCH, if the initial PUCCH is invalid, UCI multiplexing procedure in the initial slot/subslot assumes  bits of SPS HARQ-ACK is to be transmitted while  bits of SPS HARQ-ACK is deferred to the following slots/subslots,
· wherein,  is the bit width of SPS HARQ-ACK in the initial PUCCH.  bits of SPS HARQ-ACK within the  bits is configured deferrable, . The value of  is the minimum value that results in at least one valid PUCCH or PUSCH for the UCIs in the “initial PUCCH” according to the existing UCI multiplexing rules, .
Proposal 6: gNB configures whether UL symbols indicated by SFI could be valid symbols or not when deciding available PUCCH.
Proposal 7: The next available PUCCH is the earliest one within the PUCCHs decided within available symbols and the PUCCHs which was to be transmitted according to Rel.16 procedure.
Proposal 8: To decide the number of contiguous UL symbols for available PUCCH transmission, PUCCH parameters configured by n1PUCCH-AN/SPS-PUCCH-AN-List-r16 could be reused, or special PUCCH configuration for deferred HARQ-ACK could be considered.
Proposal 9: Semi-static configured PUCCH transmission according to SPS-PUCCH-AN-List-r16 or multi-CSI-PUCCH-ResourceList could be used as available PUCCH.
Proposal 10: gNB configures whether PUCCH transmission scheduled for dynamic HARQ-ACK could be used as available PUCCH or not.
Proposal 11: New bit field in DCI to indicate the target cell is acceptable if majority companies think it is feasible in Rel.17. 
Proposal 12: Consider overlapped slots in other BWPs which includes SPS HARQ-ACK when constructs HARQ-ACK codebook in the target BWP.
Proposal 13: For Alt.1, PUCCH switching for SPS HARQ-ACK is achieved by dynamic /PUSCH scheduling in another cell.
Proposal 14: For Alt 2C, the time domain pattern is based on one reference slot and the reference slot corresponds to the lowest SCS of candidate BWPs.
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