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[bookmark: _Toc54340757]Introduction
In this contribution, we address the remaining issues of HARQ-ACK. Feedback enhancements for Rel-17 URLLC.
[bookmark: _Toc54340760]Discussion
In Rel-17 URLLC, multiple features to handle HARQ-ACK feedback enhancements are specified. Mainly 4 scenarios are identified as use cases: 

HARQ-ACK feedback can be dropped in a number of cases:
· Scenario 1:    on a TDD carrier, SPS HARQ feedback can be dropped due to PUCCH’s collision with DL symbols
· Scenario 2a:  with Rel-16 intra-UE prioritization, LP HARQ-ACK can be dropped if the LP PUCCH collides with a HP channel
· Scenario 2b:  with Rel-16 intra-UE prioritization, LP PUSCH can be dropped if the  LP PUSCH collides with a HP channel
· Scenario 3:    with Rel-16 inter-UE preemption, HARQ-ACK carried over LP PUSCH and even HP HARQ-ACK carried over PUSCH can be dropped. 
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In a fourth scenario, HARQ feedback’s latency can be un-necessarily long for inter-band TDD   
· Scenario 4:
· In the example below, CC1(in Band Y) is the PCell, where PUCCH is carried, and the HARQ feedback latency can be long.
· If PUCCH can be carried over CC2 (in Band Z) for some HARQ feedback, then feedback latency can be reduced.  
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	Key benefits
	Limitations

	SPS HARQ deferral
	Avoid dropping SPS HARQ-ACK on a TDD carrier to better system capacity & UE power consumption
	Applicable to TDD only

	HARQ retransmission with enhanced Type 3 HARQ codebook(s)
	Handling SPS HARQ-ACK dropping due to collision with DL symbols on a TDD carrier, LP channel’s dropping, inter-UE prioritization
	It does help alleviate dropping of LP PUSCH

	HARQ retransmission with Type 1/Type 2 codebook
	
	

	PUCCH carrier switching
	Reduce HARQ feedback latency
	Applicable to inter-band TDD only

	Simultaneous PUCCH/PUSCH transmission
	Avoid un-necessary dropping
	Applicable to inter-band CA only

	Enhanced Type 1 HARQ codebook 

	Reduce feedback overhead
	

	Intra-priority UCI multiplexing
	Avoid dropping LP HARQ-ACK and LP PUSCH and protect unequal protection for HP HARQ-ACK and LP HARQ-ACK
	



In the table below, the status for joint operation of two features is enumerated.
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Figure 1 Joint operation of features

The following agreements were reached concerning joint operation of SPS HARQ-ACK deferral and PUCCH cell switching based on the semi-static time domain pattern:

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
Support simultaneous configuration of SPS HARQ-ACK deferral and PUCCH cell switching based on the semi-static time domain pattern:
For the target slot determination of SPS HARQ-ACK deferral,
· Step 1: the UE first determines a next PUCCH slot on the cell for PUCCH transmission using the semi-static time-domain PUCCH cell pattern and the related rules for semi-static PUCCH cell switching, followed by
· Step 2: the UE determines based on the SPS HARQ-ACK deferral rules if this PUCCH slot on the PUCCH cell for transmission is the target PUCCH slot or not.
· Note: In step 1, k is increased on PCell/PScell/PUCCH-Scell. “The next PUCCH slot” represents the slot on the PUCCH cell based on PUCCH cell pattern, which is mapped from the PCell/PScell/PUCCH-Scell slot with increased K1.
· Note: The maximum deferral limitation checking is based on the effective k + kdef value based on the granularity of PCell / PScell/PUSCCH-Scell

Agreement
Support simultaneous configuration of one-shot HARQ-ACK re-transmission and semi-static PUCCH cell switching:
· the ‘backward HARQ-ACK slot-offset’ is interpreted with the granularity of a PUCCH slot of the respective PHY priority of PCell /PSCell / PUCCH SCell

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


For handling different numerologies, 

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. 

Agreement
For PUCCH cell 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),  adopt Alt 1, i.e., the first target PUCCH slot overlapping with the PCell slot is used for UCI transmission.

Agreement
For PUCCH cell switching based on semi-static operation, adopt Alt. 4, i.e., the UE does not expect a semi-static PUCCH cell configuration, where a single target PUCCH slot / sub-slot would be overlapping with more than one PCell slot/sub-slot.

Essentially as a first step, the PUCCH slot is determined according to the semi-static PUCCH time domain pattern. 

There are also conclusions on dynamic PUCCH carrier switching which is potentially pertinent to the support of joint operation of SPS HARQ deferral and dynamic PUCCH carrier switching:
Essentially as a first step, the PUCCH slot is determined according to the semi-static PUCCH time domain pattern. 

[bookmark: _Toc54340761]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

Conclusion
For dynamic PUCCH cell switching, the UE does not expect a PUCCH slot with UCI on PCell /SPCell / PUCCH SCell to overlap with a PUCCH slot with HARQ-ACK on the dynamically indicated alternative PUCCH PUCCH cell.
· The UCI on PCell /SPCell / PUCCH SCell dropped due to collision with semi-static DL symbols, SSB, and symbols indicated by pdcch-ConfigSIB1 in MIB for a CORESET for Type0-PDCCH CSS set is exempted and is not multiplexed on the PUCCH on the alternative PUCCH cell.


As SPS HARQ deferral targets enhancement for SPS PDSCH, and dynamic PUCCH carrier switching targets HARQ enhancement for DG PDSCH, those two features are complementary to each other. Given the fact the joint operation of SPS HARQ deferral and semi-static PUCCH carrier switching is supported, it can be explored whether the joint operation of SPS HARQ deferral and dynamic PUCCH carrier switching can be supported with minimal effort. 
For the case the primary PUCCH cell and alternative PUCCH cell are at the same numerology, the design from SPS HARQ deferral and semi-static PUCCH carrier switching can be leveraged directly by replacing the PUCCH slot determination by a bitmap pattern with the PUCCH slot determination by dynamic signaling. 

The situation is different when the primary PUCCH cell and alternative PUCCH cell are at different numerologies:

· case 1: the primary PUCCH cell’ SCS is larger than the alternative PUCCH’s SCS
· case 2: the primary PUCCH cell’ SCS is larger than the alternative PUCCH’s SCS
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Figure 2 Example with Case 1
With Case 1, as illustrated in Figure 2, if there could be deferred SPS HARQ-ACK on both slot n and slot n+1, then there can be a problem whether two deferred SPS HARQ-ACK codebooks are appended to the dynamic HARQ-ACK codebook as dynamically indicated. To keep the processing flow as similar as possible to that with SPS HARQ deferral and semi-static PUCCH carrier switching, the testing of SPS HARQ deferral should come after the determination of the PUCCH slot. Then a simple design is to generate deferred SPS HARQ codebook for each primary cell slot, then appending them in chronological order to the Type 1/Type 2 HARQ codebook as dynamically indicated. 

[image: ] 
Figure 3 Example with Case 2

For case 2, as illustrated in Figure 3, PCell is at 15 KHz, the alternative CC is at 30 KHz, and slot m on PCell is identified by either of PUCCH-1, PUCCH-2 or both of them. If only a single PUCCH on the alternative CC is dynamically indicated which overlaps with slot n on PCell/PScell/PUCCH-Scell, then the situation is similar to the case with semi-static PUCCH carrier switching. If there are two or more dynamically indicated  PUCCHs on the alternative CC which overlap with slot n on PCell/PScell/PUCCH-Scell, we can consider several alternatives:
· in Alternative 1, from UE’s point of view, the very first one indicated PUCCH can carry SPS HARQ deferral.
· In Alternative 2, one bit or one code state in the DCI can be introduced to explicitly trigger SPS HARQ deferral.
· In Alternative 3, the UE use indicated PUCCH in the first alternative Cell overlapping with a primary cell’s slot for SPS HARQ deferral test. 

In summary, we have 
Observation: SPS HARQ deferral and dynamic PUCCH carrier switching are complementary UE features.

Proposal 1: joint operation of SPS HARQ deferral and dynamic PUCCH carrier switching with the same numerology for PCell/PScell/PUCCH-Scell and alternative PUCCH cell is supported.

Proposal 2: joint operation of SPS HARQ deferral and dynamic PUCCH carrier switching is supported if the dynamically indicated PUCCH is on PCell/PScell/PUCCH-Scell.

Proposal 3: if PCell/PScell/PUCCH-Scell’s SCS is larger than that of alternative PUCCH cell’s, considering concatenating multiple deferred SPS HARQ codebooks and append them to the dynamically indicated HARQ codebook.

Proposal 4: if PCell/PScell/PUCCH-Scell’s SCS is smaller than that of alternative PUCCH cell’s, consider the following alternatives:
· in Alternative 1, from UE’s point of view, the very first one indicated PUCCH can carry SPS HARQ deferral.
· In Alternative 2, one bit or one code state in the DCI can be introduced to explicitly trigger SPS HARQ deferral.
· In Alternative 3, the UE use indicated PUCCH in the first alternative Cell overlapping with a primary cell’s slot for SPS HARQ deferral test. 


Conclusion
In this contribution, we discuss the joint operation of SPS HARQ deferral and dynamic PUCCH carrier switching. We have 

Observation: SPS HARQ deferral and dynamic PUCCH carrier switching are complementary UE features.

Proposal 1: joint operation of SPS HARQ deferral and dynamic PUCCH carrier switching with the same numerology for PCell/PScell/PUCCH-Scell and alternative PUCCH cell is supported.

Proposal 2: joint operation of SPS HARQ deferral and dynamic PUCCH carrier switching is supported if the dynamically indicated PUCCH is on PCell/PScell/PUCCH-Scell.

Proposal 3: if PCell/PScell/PUCCH-Scell’s SCS is larger than that of alternative PUCCH cell’s, considering concatenating multiple deferred SPS HARQ codebooks and append them to the dynamically indicated HARQ codebook.

Proposal 4: if PCell/PScell/PUCCH-Scell’s SCS is smaller than that of alternative PUCCH cell’s, consider the following alternatives:
· in Alternative 1, from UE’s point of view, the very first one indicated PUCCH can carry SPS HARQ deferral.
· In Alternative 2, one bit or one code state in the DCI can be introduced to explicitly trigger SPS HARQ deferral.
· In Alternative 3, the UE use indicated PUCCH in the first alternative Cell overlapping with a primary cell’s slot for SPS HARQ deferral test. 
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