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[bookmark: _Hlk510705081]In this contribution, we present our view on the remaining issues related to HARQ-ACK enhancements for Release 17 Industrial Internet of Things (IIoT) and URLLC building on the discussions and agreements that have taken place up to RAN1#107-e meeting [R1-2112758]. 

[bookmark: _Hlk54109260]Joint operation of SPS HARQ-ACK deferral with other features
The feature of SPS HARQ deferral is generally in very good shape, with only a few minor issues still open, especially related to the interaction of SPS HARQ deferral with other features including the new ones agreed in the Rel-17 IIoT/URLLC WI. Note that the interaction with Rel-17 intra-UE multiplexing is separately discussed in Section 6.
Joint operation of SPS HARQ-ACK deferral and PUCCH repetitions
Starting with the interaction of SPS HARQ deferral with PUCCH repetitions, the following proposal was put for email approval in RAN1#107-e but not eventually agreed:
	Proposal 10.1 (for email approval): Support the simultaneous configuration of SPS HARQ deferral and PUCCH repetition based on Alt. 3:  
· If the SPS HARQ from the initial PUCCH slot is subject to deferral, the UE proceeds to determine a target PUCCH slot as per the specified R17 SPS HARQ deferral procedure without taking a potential PUCCH repetition in the initial slot into account. 
· In case the PUCCH format or PUCCH resource in the target PUCCH slot has a PUCCH repetition factor larger than 1, the >1 repetitions take place starting from the target PUCCH slot using the Rel-16 PUCCH repetition procedure without considering the maximum SPS HARQ deferral limitation any further after the first PUCCH repetition.




The essence of Alt 3 above is to ‘first defer, then apply the repetitions starting from the target slot’. This is indeed more flexible than the other discussed alternatives 1 and 2 as it provides a cleaner operation (compared to the legacy R16 repetition procedure) e.g., for supporting cases as illustrated below in Fig. 2.1 regardless of whether PUCCH formats in slot#1 and slot#2 are configured with repetitions or not. For other alternatives, e.g., Alt 1 discussed in RAN1#107-e, the operation illustrated in Fig. 2.1 would only be possible if the PUCCH resource in the target slot is associated with repetitions but not the ones for the initial slots #1 and #2.
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Figure 2.1: Example of joint operation of SPS HARQ-ACK deferral and PUCCH repetitions
Nevertheless, as also raised by other companies during RAN1#107-e discussions, the operation according to Alt. 3 above is not crystal clear and we think some additional agreements (in addition to the one above) would still be required to address different possible scenarios. One concern is how to handle cases where there is a mix in the initial slot of i) SPS HARQ bits configured with R17 deferral and ii) other HARQ bits NOT subject to deferral (e.g., from SPS PDSCH not configured with deferral, or from dynamic PDSCH) for which the R16 legacy PUCCH repetition operation would need to be applied. In other words, Alt. 3 would result in having two rather different PUCCH repetition procedures that need to be maintained in the specification. Another point to highlight is that it seems the goal that many companies want to achieve here is to allow a repetition factor larger than the actual SPS periodicity (e.g., 2 PUCCH repetitions illustrated in Fig. 2.1, while SPS periodicity is just 1 slot). The motivation for this is rather unclear to us, considering that this is not feasible in FDD operation but only in TDD due to the drop of SPS PDSCH occasions that collide with the UL symbols. 
Observation 2.1: For joint operation of SPS HARQ-ACK deferral and PUCCH repetitions, the PUCCH repetition operation as per Alt 3 (‘first defer, then apply the repetitions starting from the target slot’) is significantly different than the R16 legacy operation. Specification complexity may be high due to the need for handling a mix of SPS HARQ bits configured with R17 deferral and other HARQ bits NOT subject to deferral (e.g., from SPS PDSCH not configured with deferral, or from dynamic PDSCH).
Observation 2.2: The motivation for Alt 3 of joint operation of SPS HARQ-ACK deferral and PUCCH repetitions on allowing a repetition factor larger than the actual SPS periodicity is unclear, as this is not possible in FDD operation but only in TDD due to the drop of SPS PDSCH occasions that collide with the UL symbols.
With this in mind, considering that the chances on agreeing on other alternatives, e.g. Alt. 1, are very small, our preference would be to not support the joint operation of SPS HARQ-ACK deferral and PUCCH repetitions in R17 which would also leave time to focus on other more critical issues.
Proposal 2.1: Simultaneous configuration of SPS HARQ deferral and PUCCH repetition is not supported in Rel-17.

Joint operation of SPS HARQ-ACK deferral with dynamic PUCCH carrier switching
On PUCCH carrier switching based on dynamic indication in DCI, it has been agreed that the dynamically indicated PUCCH cell applies for the HARQ-ACK of the first SPS PDSCH activated by DCI as well as for the HARQ-ACK for the SPS Release, but not for the SPS PDSCH without associated DCI, as captured in the following agreements and conclusion:
	Agreement (RAN1#106-e)
In addition to HARQ-Ack of PDSCH dynamically scheduled by a DCI indicating a PUCCH carrier, the dynamic target carrier indication also applies to:
· HARQ-ACK corresponding to the first SPS PDSCH activated by Activation DCI based on the indication in the activation DCI
· HARQ-ACK corresponding to the SPS Release DCI based on the indication in the release DCI
· triggered PUCCH for Rel-16 Type 3 CB, Rel-17 enh. Type 3 CB of smaller size and Rel-17 one-shot triggering for HARQ-Ack retransmission based on the indication in the triggering DCI
· FFS: Additional cases

Agreement (RAN1#106bis-e)
In addition, the dynamic target PUCCH cell indication also applies to HARQ-ACK corresponding to SCell dormancy indication without scheduling PDSCH.

Conclusion (RAN1#106bis-e)
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 (RAN1#107-e)
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 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.






The agreements and conclusions above (especially the conclusion on not supporting multiplexing SPS HARQ without associated DCI on the dynamically indicated PUCCH cell) makes it clear that if dynamic carrier switching is configured (which excludes configuring semi-static PUCCH carrier switching) only the HARQ-ACK corresponding to the first SPS PDSCH after activation may be transmitted on the dynamically indicated alternative PUCCH cell. HARQ-ACKs for other SPS PDSCHs are always transmitted on PCell. Based on this, we think SPS HARQ deferral and dynamic carrier switching can be simultaneously configured by ensuring, via gNB scheduling, that a dynamic PUCCH on SCell is not triggered in slots where there is SPS HARQ-ACK feedback to be transmitted in the PCell (i.e., a valid target slot for the deferred SPS HARQ). For instance, if PCell has TDD pattern D1D2D3D4U5 and SCell has TDD pattern D1D2D3U4U5, a dynamic PUCCH may be triggered in the 4th slot but not in the 5th slot if there is SPS HARQ mapped there. 
Proposal 2.2: Simultaneous configuration of SPS HARQ-ACK deferral with dynamic PUCCH carrier switching is supported by ensuring (via gNB scheduling) that a dynamic PUCCH on SCell is not triggered in slots where there is SPS HARQ-ACK feedback to be transmitted in the PCell (i.e., the valid target slot for the deferred SPS HARQ). 

Joint operation of SPS HARQ-ACK deferral with Type-3 codebook triggering 
The following agreement was reached in RAN1 #107-e regarding the joint operation of SPS HARQ-ACK deferral with Type-3 codebook triggering:

	Agreement
Support simultaneous configuration of Rel-16 Type 3 HARQ-ACK codebook or enhanced Type 3 HARQ-ACK codebook triggering and SPS HARQ-ACK deferral.
· In case a R16 Type 3 HARQ-ACK CB or an enhanced Type 3 HARQ-ACK codebook is triggered for transmission in a PUCCH slot, the UE stops the deferral procedure of pending SPS HARQ-ACK in that PUCCH slot and that PUCCH slot is not considered as a potential target slot for SPS HARQ-ACK deferral anymore.



After some post-RAN1#107-e discussions, the agreement was eventually captured as follows in the TS 38.213 specifications, but there was some discussion in CR review phase on the exact meaning of the agreement regarding the stopping of the deferral procedure. The following can be found from v17.0.0 of TS 38.213:
	[bookmark: _Toc92093854]9.2.5.4	UE procedure for deferring HARQ-ACK for SPS PDSCH 
If a UE is provided spsHARQdeferral and, after performing the procedures in clauses 9 and 9.2.5 to resolve overlapping among PUCCHs and PUSCHs in a first slot, the UE determines a PUCCH resource for a PUCCH transmission with first HARQ-ACK information bits for SPS PDSCH receptions that the UE would report for a first time, and the PUCCH resource
-	is provided by SPS-PUCCH-AN-List as described in clause 9.2.1, or by n1PUCCH-AN if SPS-PUCCH-AN-List is not provided
-	overlaps with a symbol indicated as downlink by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigDedicated, or indicated for a SS/PBCH block by ssb-PositionsInBurst, or belonging to a CORESET associated with a Type0-PDCCH CSS set 
the UE 
-	determines an earliest second slot and, after performing the procedures in clauses 9 and 9.2.5 to resolve overlapping among PUCCHs and PUSCHs, a PUSCH or a PUCCH in the earliest second slot to multiplex HARQ-ACK information bits that include second HARQ-ACK information bits from the first HARQ-ACK information bits
-	if the UE detects a DCI format in a PDCCH reception that triggers a PUCCH transmission with a Type-3 HARQ-ACK codebook in a slot as described in clause 9.1.4, the UE stops the procedure to determine the earliest second slot
-	if the UE is provided a periodic cell switching pattern for PUCCH transmissions by pucch-sSCellPattern, the UE determines the earliest second slot and a corresponding cell based on the periodic cell switching pattern as described in clause 9.A



First of all, our understanding on the agreement is that when SPS HARQ-ACK is deferred from slot X and (enhanced) Type 3 CB is triggered to be transmitted in a later slot Y, only slots from X+1 to slot Y-1 are considered for transmission of the deferred HARQ-ACK irrespective of when the UE detects the DCI format triggering the Type-3 codebook. For instance, if the UE detects a DCI on slot X+1 triggering a Type-3 codebook transmission on slot Y, and the UE may still defer the SPS HARQ-ACK to any slot in the range [X+1, Y-1]. This seems not aligned with the current specifications, which tell that the UE should stop the deferral procedure as soon as the triggering DCI is received irrespective on when the Type-3 codebook is to be transmitted. 
Observation 2.3: The current specification on the Type 3 HARQ-ACK CB and SPS HARQ-ACK deferral is unclear when the UE is to stop the SPS HARQ-ACK deferral. It needs to be clarified, that the slot in which the UE stops the procedure is to be the slot where the Type 3 HARQ-ACK CB is to be transmitted (independently of the timing of the reception of the triggering DCI). 
Therefore, the following is proposed: 
Proposal 2.3: Adopt the following text proposal to TS 38.213 to clarify that: if the UE detects a DCI format in a PDCCH reception that triggers a PUCCH transmission with a Type-3 HARQ-ACK codebook in a slot, the UE stops the procedure to determine the earliest second slot in that slot.
	9.2.5.4	UE procedure for deferring HARQ-ACK for SPS PDSCH 
If a UE is provided spsHARQdeferral and, after performing the procedures in clauses 9 and 9.2.5 to resolve overlapping among PUCCHs and PUSCHs in a first slot, the UE determines a PUCCH resource for a PUCCH transmission with first HARQ-ACK information bits for SPS PDSCH receptions that the UE would report for a first time, and the PUCCH resource
-	is provided by SPS-PUCCH-AN-List as described in clause 9.2.1, or by n1PUCCH-AN if SPS-PUCCH-AN-List is not provided
-	overlaps with a symbol indicated as downlink by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigDedicated, or indicated for a SS/PBCH block by ssb-PositionsInBurst, or belonging to a CORESET associated with a Type0-PDCCH CSS set 
the UE 
-	determines an earliest second slot and, after performing the procedures in clauses 9 and 9.2.5 to resolve overlapping among PUCCHs and PUSCHs, a PUSCH or a PUCCH in the earliest second slot to multiplex HARQ-ACK information bits that include second HARQ-ACK information bits from the first HARQ-ACK information bits
-	if the UE detects a DCI format in a PDCCH reception that triggers a PUCCH transmission with a Type-3 HARQ-ACK codebook in a slot as described in clause 9.1.4, the UE stops the procedure to determine the earliest second slot in that slot
-	if the UE is provided a periodic cell switching pattern for PUCCH transmissions by pucch-sSCellPattern, the UE determines the earliest second slot and a corresponding cell based on the periodic cell switching pattern as described in clause 9.A



One-shot triggering (by a DL assignment) of HARQ-ACK re-transmission
It was agreed in RAN1 #107-e that the slot m of the HARQ codebook to be retransmitted is indicated using the slot n of the triggering DCI as a reference: m = n - HARQ_retx_offset. The remaining questions are the value range of HARQ_retx_offset and the DCI field(s) for carrying it. 

As the triggering DCI does not schedule PDSCH, signalling for the offset does not, in practice, set any limits for the value range: If a single existing field (e.g. MCS of 5 bits) is not enough, bits from another field can be added. In the RAN1 #107-e discussions the largest maximum offset, receiving some support, was 32 and the smallest minimum offset -16 was seen sufficient by all companies. It was noted that the maximum offset 32 would be consistent with the agreed maximum SPS feedback deferral of 32 slots/sub-slots. The range [-16, 32] seems fine considering also sub-slot PUCCH configurations. If there is a concern that the maximum value 32 means too large reservation of UE memory for storing the codebooks, UE capability indication for a maximum offset or maximum number of stored codebooks can be introduced. For the DCI fields there are multiple choices, and we propose combining the MCS and NDI fields for transport block 1 for the 6-bit indication, which is aligned with the DCI field order for SCell dormancy indication (see Sec. 10.3 of 38.213).           

Proposal 3: HARQ_retx_offset can have values in the range [-16, 32] and is indicated by a combination of MCS and NDI bits for transport block 1.    

Remaining details for PUCCH cell switching
Type 1 HARQ-ACK codebook generation for PUCCH cell switching

In RAN1 #107-e, the following conclusion, proposed by the moderator, 

	Mod Proposed Conclusion 6.2.5: The Type 1 HARQ-ACK codebook construction is based on the k1 set(s) 
· of the PCell / SPCell / PUCCH Scell for semi-static PUCCH cell switching; and
· of the dynamically indicated PUCCH cell for dynamic PUCCH cell switching 
· FFS: when both dynamic and semi-static switching are enabled




was discussed and there was just a concern how the specification should be modified taking the conclusion into account together with modifications on Type 1 CB generation for some other features. The FFS from the proposed conclusion above is not applicable anymore, as the simultaneous configuration of dynamic & semi-static PUCCH cell switching is not supported in Rel-17. Therefore, we propose that
Proposal 4.1: Type 1 HARQ-ACK codebook construction is based on the k1 set(s) 
· of the PCell / SPCell / PUCCH SCell for semi-static PUCCH cell switching; and
· of the dynamically indicated PUCCH cell for dynamic PUCCH cell switching 
 
Simultaneous configuration of semi-static PUCCH cell switching and PUCCH repetition
PUCCH repetition with semi-static PUCCH cell switching has been discussed in the past two RAN1 meetings. So far the only agreement is from RAN1 #106bis-e:
	Agreement
For semi-static and dynamic indication of PUCCH cell switching, the PUCCH repetition factor is determined based on the PUCCH format or PUCCH resource on the target PUCCH cell for the first repetition.



While for PUCCH cell switching based on dynamic indication the operation is rather clear as the DCI indicates the applicable PUCCH cell, the situation for semi-static PUCCH cell switching is less clear. There had been discussions in the previous meetings already if a repetition mapping to another PUCCH cell than the cell of the first repetition should be possible. The latest moderator proposal from RAN1#107-e can be found below, which was supported by 17 companies and objected by a single company (see 4th round of email discussions / Sec. 9 of RAN1#107-e moderator summary in R1-2112758): 
	Mod2 Proposal 6.2.12: For semi-static PUCCH cell switching, a PUCCH repetition transmission on a different target PUCCH cell from the PUCCH cell of the first PUCCH repetition is not supported 
· A PUCCH slot mapped to different PUCCH cell is considered as invalid for PUCCH repetition and the PUCCH repetition is dropped



We are fine with the proposal, but think some further clarification would be needed what it means ‘that the PUCCH repetition is dropped’ in the proposal above. To illustrate the issue, in Figure 4.1 we show the situation that there are four repetitions and the PUCCH switching pattern is PCell-SCell-PCell-PCell-PCell:
· In (A) of the figure, the 2nd repetition is per the PUCCH cell switching pattern mapped to the PUCCH sSCell and is not considered valid. If the repetition is ‘dropped’ this may mean, as shown in Figure 4.1A, that the repetition may be counted in the number of repetitions and only 3 repetitions in total would be transmitted on the PCell (in the 1st, 3rd and 4th slot). 
· In contrast in (B) of the figure, the repetition is also considered as invalid but the PUCCH repetition is not regarded to be dropped (i.e., it is not counted towards the total number of repetitions) but the 2nd repetition is postponed to the next available PUCCH slot on PCell and in total 4 repetitions are transmitted (in the 1st, 3rd, 4th and 5th slot). 
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Figure 4.1: Different interpretations of an invalid PUCCH repetition for semi-static PUCCH cell switching
When comparing these two options in (A) and (B) of Figure 4.1, clearly the operation of (B) of having the PUCCH repetition postponed (if not valid) seems to be more aligned with the Rel-16 PUCCH repetition framework that in general guarantees the number of PUCCH repetitions independently of some ‘invalid PUCCH slots’. Therefore, we think (B) should be the correct understanding of the operation here. Therefore, we propose to adopt the RAN#107-e proposal accordingly with the related changes marked in red: 
Proposal 4.2: For semi-static PUCCH cell switching, a PUCCH repetition transmission on a different target PUCCH cell from the PUCCH cell of the first PUCCH repetition is not supported 
· A PUCCH slot mapped to different PUCCH cell is considered as invalid for PUCCH repetition and is not counted towards the total number of PUCCH repetitions the PUCCH repetition is dropped


Some remaining issues from RRC parameter discussions
The discussions in this section are based ‘IIoT&URLLC’ sheet of the latest approved RRC parameter sheet in R1-2112976 (end of RAN1#107-e) as well as the RRC parameter sheet in R1-2112979 that still show some of the discussion status (with yellow marking).  
In Row 18, the additional DCI field for the enh. Type 3 CB indication for the secondary PUCCH group had been agreed, but the configuration of the DCI field presence for the primary PUCCH cell group seems to be missing which had been row 17 in v006 but was now missing from v007 onwards till the final approved RRC parameter sheet (which was lost when moving from v006 to v007). 
Proposal 5.1: Re-add the RRC parameter for the DCI field configuration in row 17 of the Enh. Type-3 HARQ-ACK codebook for the primary PUCCH cell group (that was lost when moving from v006 to v007 in the final RRC parameter discussions in RAN1#107-e). 
	pdsch-HARQ-ACK-enhType3DCIfield
	Enables the enhanced Type 3 CB through a new DCI field to indicate the enhanced Type 3 HARQ-ACK codebook in the primary cell group if the more than one enhanced Type 3 HARQ-ACK codebook is configured for the primary PUCCH cell group. 
	Enabled 



Huawei had proposed to add another RRC parameter for the DCI field presence of enhanced Type 3 CB separately for DCI format 1_2, as the ‘compact DCI’ may be liked to be kept ‘compact’. So, we would be fine to add a related RRC parameter there, but don’t think this RRC parameter would need to be separately configurable for the two PUCCH cell groups, but if the DCI field is configured for either of the groups, the same would apply for DCI format 1_2 if configured having the presence. This RRC parameter had been row 19 in the IIoT&URLLC parameter sheet of R1-2112979. 
Proposal 5.2: For Enh. Type-3 HARQ-ACK codebook, support separate configuration of the DCI field presence for DCI format 1_2. 
	pdsch-HARQ-ACK-enhType3DCIfieldDCI-1-2
	Enables the enhanced Type 3 CB through a new DCI field to indicate the enhanced Type 3 HARQ-ACK codebook in DCI format 1_2 for a PUCCH cell group, if the DCI field presence is enabled for the respective PUCCH cell group through pdsch-HARQ-ACK-enhType3DCIfield or pdsch-HARQ-ACK-enhType3DCIfield-secondaryPUCCHgroup, respectively 
	Enabled 




Interaction of Rel-17 Intra-UE multiplexing and Rel-17 HARQ-ACK enhancements
In general, we think that the Rel-17 Intra-UE multiplexing would need first further clarifications on the UE capability #1 operation as well as the multiplexing operation of some crucial pending issues there, such as the support for PUCCH Format 2 as well as the handling of LP HARQ and HP PUSCH with CSI beside others.
Therefore, the decision to support the joint operation (and how to do this) should only be done when having more clarity on the Rel-17 Intra-UE multiplexing operation itself. Therefore, the following is proposed: 
Proposal 6: Postpone the discussions on interaction of Rel-17 Intra-UE multiplexing and Rel-17 HARQ-ACK enhancement features to RAN1#108-e, when having more clarity on the overall Rel-17 Intra-UE multiplexing operation available.   
Nevertheless, we discuss some of the issues that may need to be considered there in the following sub-sections. 

Joint Operation of R17 Intra-UE multiplexing and SPS HARQ deferral 

The following was agreed in RAN1#106bis-e:
	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



The FFS on joint Operation of SPS HARQ deferral and R17 Intra-UE multiplexing was briefly touched in RAN1#107-e, but the detailed discussions were postponed motivated by the limited progress of the Rel-17 Intra-UE multiplexing feature. 
Moreover, for the target slot the following two decisions in RAN1#106bis-e and RAN1#107-e can be noted: 
	Updated Agreement in 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
For SPS HARQ-ACK deferral, if a UE is not configured with Rel-17 intra-UE multiplexing but configured with Rel-16 PHY prioritization, the UE first performs Rel-16 UCI multiplexing and PHY prioritization in both initial slot and target slot and if a LP SPS HARQ-ACK PUCCH is deprioritized, the LP SPS HARQ-ACK is not deferred.
· Note: If the SPS HARQ-ACK is deprioritized in any slot, no further deferral.



  
The following can be noted here: 
· For the target slot determination, instead of the R16 (UCI multiplexing) procedures, the Rel-17 multiplexing procedures could be clearly applied but there are some things that would first need clarification: 
· In case LP HARQ-ACK cannot be multiplexed in a slot (e.g., due to unclear PF2 support, potential dropping of LP HARQ in case of overlapping HP PUSCH with HP CSI – both still FFS in RAN1), is this still regarded as a valid target slot and not deferred (as for the case of Rel-16 prioritization) or is there a different handling needed?
· The separate deferral procedure agreed per PHY priority seems still to be applicable also for Rel-17 intra-UE multiplexing (independent of the PF2 support and LP HARQ-ACK multiplexing support on PUSCH with HP HARQ & HP CSI). 

Observation 6.1: For the decisions to support joint operation of R17 Intra-UE multiplexing and SPS HARQ deferral, further clarifications on the LP HARQ-ACK multiplexing of R17 Intra-UE mux will be needed (e.g., PF2 support /handling and LP HARQ multiplexing on HP PUSCH with HP HARQ & HP CSI). In addition, the following is noted:
· The separate deferral procedure per PHY priority seems to be still applicable
· The initial slot and target slot definition seems to be applicable by replacing the Rel-16 multiplexing / prioritization procedures with the Rel-17 Intra-UE multiplexing procedures

Joint Operation of R17 Intra-UE multiplexing and One-shot HARQ re-transmission 

The following agreements in terms of PHY priority handling and the potential support for R17 intra-UE mux for one-shot HARQ-ACK re-transmissions are available: 
	1. Agreement (RAN1#106-e)
A single DCI triggering the Rel-17 one-shot triggering (by a DL assignment) of HARQ-ACK re-transmission on a PUCCH resource other than enhanced Type 2 or (enhanced) Type 3 HARQ-ACK CB can trigger the re-transmission of HARQ-ACK information of only a single HARQ-ACK CB. 

2. Agreement (RAN1#106-e)
Support PHY priority handling for the Rel-17 one-shot triggering (by a DL assignment) of HARQ-ACK re-transmission on a PUCCH resource other than enhanced Type 2 or (enhanced) Type 3 HARQ-ACK CB. 
· The indicated PHY priority in the triggering DCI defines the PHY priority of the PUCCH carrying the re-transmitted HARQ-ACK information.
· The indicated PHY priority in the triggering DCI is used to determine the HARQ-ACK information to be re-transmitted corresponding to the indicated PHY priority. 

3. Agreement (RAN1#106-e)
For Rel-17 one-shot triggering for HARQ-ACK re-transmission, the UE does not expect more than one triggering DCI for Rel-17 one-shot feedback indicating the same PUCCH slot for the re-transmission of HARQ-ACK CBs of different PUCCH slots to be re-transmitted
Note: i.e. only a single HARQ-ACK codebook / PUCCH occasion can be re-transmitted in a PUCCH slot

4. Agreement (RAN1#106bis-e)    
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.

5. Agreement (RAN1#107-e)
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



Clearly, to support the joint operation, some further clarifications would be needed – specifically for the Agreement 3 there, assuming we don’t do a full re-design of the overall procedure just for the joint operation with R17 Intra-UE mux: 
· The agreed PHY priority handling could be re-used, namely
· A single triggering DCI triggering the re-Tx of a single HARQ-ACK CB of the indicated priority and indicating the PUCCH slot for re-transmission with the respective PHY priority.
· If the gNB wants to trigger the HARQ-ACK codebooks for LP and HP HARQ-ACK that had been multiplexed together based on Rel-17 intra-UE mux operation, the gNB would simply send two independent triggering DCIs – one for the LP HARQ CB and one for the HP HARQ-ACK CB
· This would allow without any further changes the ability for the gNB to decide which CB needs to be re-transmitted. 
· Related to the 3rd agreement above, if one assumes the agreement is applicable basically per PHY priority (i.e., the ‘PUCCH slot’ of LP and HP PUCCH config can be different in the first place – e.g. slot & sub-slot based) then also for Rel-17 Intra-UE multiplexing the current agreements could be applied there directly.      

Observation 6.2: Joint operation of R17 Intra-UE multiplexing and One-shot HARQ re-transmission could be operated using the One-shot HARQ re-transmission framework by enabling independent triggering of LP HARQ CB re-transmission and HP HARQ CB re-transmission without any large changes by assuming the agreed restrictions are applicable per PHY priority. 

Joint Operation of R17 Intra-UE multiplexing and PUCCH cell switching 

Looking at the Rel-17 Intra-UE multiplexing of having both LP and HP HARQ-ACK multiplexed, the following would need to be clarified when trying to support the joint operation of R17 Intra-UE multiplexing and dynamic PUCCH cell switching: 
· How would the UE handle the overlapping case of LP HARQ on PCell and HP HARQ on the dynamically indicated PUCCH sSCell?
· Is dropping the LP HARQ supported with UE capability #1 or not? (as UE capability #1 does not support PHY prioritization / LP PUCCH dropping). Therefore, UE capability #1 would need further clarifications there still à AI 8.3.3 issue
· Or is such overlapping case not expected (as for the Rel-16 PHY prioritization operation, based on the current agreements for dynamic PUCCH cell switching)?
· Or would there still be multiplexing possible of LP HARQ on PCell with HP HARQ on the SCell – against the current understanding /agreements of dynamic PUCCH cell switching?

For semi-static PUCCH cell switching, there seem to be less issues, as based on the framework agreed there we have the same pattern applicable to both LP and HP PUCCH configurations (and HARQ-ACK), and the R16 prioritization or R17 Intra-UE multiplexing could be simply applied on the target PUCCH cell. 
So clearly, there would be much more work and clarifications needed, and the operation will be more restrictive for the case of dynamic PUCCH cell switching compared to the semi-static operation when considering the joint operation with R17 intra-UE multiplexing. 
Observation 6.3: Joint operation of R17 Intra-UE multiplexing and dynamic PUCCH cell switching would require further detailed clarifications on the overlapping of LP HARQ-ACK and HP HARQ-ACK on different PUCCH cells also related to the final understanding of R17 Intra-UE multiplexing UE capability #1 in terms of PHY prioritization operation (e.g., LP HARQ-ACK dropping). In contrast, there seems to be less needed clarifications and a less restrictive operation for semi-static PUCCH cell switching. 

Conclusion
In this contribution, firstly we discussed the joint operation of HARQ-ACK deferral and other HARQ-ACK feedback enhancements in Sec. 2, we have the following observations and proposals:  
Observation 2.1: For joint operation of SPS HARQ-ACK deferral and PUCCH repetitions, the PUCCH repetition operation as per Alt 3 (‘first defer, then apply the repetitions starting from the target slot’) is significantly different than the R16 legacy operation. Specification complexity may be high due to the need for handling a mix of SPS HARQ bits configured with R17 deferral and other HARQ bits NOT subject to deferral (e.g., from SPS PDSCH not configured with deferral, or from dynamic PDSCH).
Observation 2.2: The motivation for Alt 3 of joint operation of SPS HARQ-ACK deferral and PUCCH repetitions on allowing a repetition factor larger than the actual SPS periodicity is unclear, as this is not possible in FDD operation but only in TDD due to the drop of SPS PDSCH occasions that collide with the UL symbols.
Proposal 2.1: Simultaneous configuration of SPS HARQ deferral and PUCCH repetition is not supported in Rel-17.
Proposal 2.2: Simultaneous configuration of SPS HARQ-ACK deferral with dynamic PUCCH carrier switching is supported by ensuring (via gNB scheduling) that a dynamic PUCCH on SCell is not triggered in slots where there is SPS HARQ-ACK feedback to be transmitted in the PCell (i.e., the valid target slot for the deferred SPS HARQ). 
Observation 2.3: The current specification on the Type 3 HARQ-ACK CB and SPS HARQ-ACK deferral is unclear when the UE is to stop the SPS HARQ-ACK deferral. It needs to be clarified, that the slot in which the UE stops the procedure is to be the slot where the Type 3 HARQ-ACK CB is to be transmitted (independently of the timing of the reception of the triggering DCI). 
Proposal 2.3: Adopt the following text proposal to TS 38.213 of Sec. 2.3 to clarify that: if the UE detects a DCI format in a PDCCH reception that triggers a PUCCH transmission with a Type-3 HARQ-ACK codebook in a slot, the UE stops the procedure to determine the earliest second slot in that slot.
	9.2.5.4	UE procedure for deferring HARQ-ACK for SPS PDSCH 
If a UE is provided spsHARQdeferral and, after performing the procedures in clauses 9 and 9.2.5 to resolve overlapping among PUCCHs and PUSCHs in a first slot, the UE determines a PUCCH resource for a PUCCH transmission with first HARQ-ACK information bits for SPS PDSCH receptions that the UE would report for a first time, and the PUCCH resource
-	is provided by SPS-PUCCH-AN-List as described in clause 9.2.1, or by n1PUCCH-AN if SPS-PUCCH-AN-List is not provided
-	overlaps with a symbol indicated as downlink by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigDedicated, or indicated for a SS/PBCH block by ssb-PositionsInBurst, or belonging to a CORESET associated with a Type0-PDCCH CSS set 
the UE 
-	determines an earliest second slot and, after performing the procedures in clauses 9 and 9.2.5 to resolve overlapping among PUCCHs and PUSCHs, a PUSCH or a PUCCH in the earliest second slot to multiplex HARQ-ACK information bits that include second HARQ-ACK information bits from the first HARQ-ACK information bits
-	if the UE detects a DCI format in a PDCCH reception that triggers a PUCCH transmission with a Type-3 HARQ-ACK codebook in a slot as described in clause 9.1.4, the UE stops the procedure to determine the earliest second slot in that slot
-	if the UE is provided a periodic cell switching pattern for PUCCH transmissions by pucch-sSCellPattern, the UE determines the earliest second slot and a corresponding cell based on the periodic cell switching pattern as described in clause 9.A




On the remaining issues of one-shot triggering for HARQ-ACK re-transmission in Sec. 3, we have the following proposal:
Proposal 3: HARQ_retx_offset can have values in the range [-16, 32] and is indicated by a combination of MCS and NDI bits for transport block 1.    

On the remaining issues of PUCCH cell switching in Sec. 4, we have the following proposals:
Proposal 4.1: Type 1 HARQ-ACK codebook construction is based on the k1 set(s) 
· of the PCell / SPCell / PUCCH SCell for semi-static PUCCH cell switching; and
· of the dynamically indicated PUCCH cell for dynamic PUCCH cell switching 

Proposal 4.2: For semi-static PUCCH cell switching, a PUCCH repetition transmission on a different target PUCCH cell from the PUCCH cell of the first PUCCH repetition is not supported 
· A PUCCH slot mapped to different PUCCH cell is considered as invalid for PUCCH repetition and is not counted towards the total number of PUCCH repetitions the PUCCH repetition is dropped

On the required RRC parameters for HARQ-ACK feedback enhancements in Sec. 5, we have the following proposals:
Proposal 5.1: Re-add the RRC parameter for the DCI field configuration in row 17 of the Enh. Type-3 HARQ-ACK codebook for the primary PUCCH cell group (that was lost when moving from v006 to v007 in the final RRC parameter discussions in RAN1#107-e). 
	pdsch-HARQ-ACK-enhType3DCIfield
	Enables the enhanced Type 3 CB through a new DCI field to indicate the enhanced Type 3 HARQ-ACK codebook in the primary cell group if the more than one enhanced Type 3 HARQ-ACK codebook is configured for the primary PUCCH cell group. 
	Enabled 



Proposal 5.2: For Enh. Type-3 HARQ-ACK codebook, support separate configuration of the DCI field presence for DCI format 1_2. 
	pdsch-HARQ-ACK-enhType3DCIfieldDCI-1-2
	Enables the enhanced Type 3 CB through a new DCI field to indicate the enhanced Type 3 HARQ-ACK codebook in DCI format 1_2 for a PUCCH cell group, if the DCI field presence is enabled for the respective PUCCH cell group through pdsch-HARQ-ACK-enhType3DCIfield or pdsch-HARQ-ACK-enhType3DCIfield-secondaryPUCCHgroup, respectively 
	Enabled 




On the interaction of Rel-17 Intra-UE multiplexing and Rel-17 HARQ-ACK enhancements in Sec. 6, we have the following observations and proposals:
Proposal 6: Postpone the discussions on interaction of Rel-17 Intra-UE multiplexing and Rel-17 HARQ-ACK enhancement features to RAN1#108-e, when having more clarity on the overall Rel-17 Intra-UE multiplexing operation available.   
Observation 6.1: For the decisions to support joint operation of R17 Intra-UE multiplexing and SPS HARQ deferral, further clarifications on the LP HARQ-ACK multiplexing of R17 Intra-UE mux will be needed (e.g., PF2 support /handling and LP HARQ multiplexing on HP PUSCH with HP HARQ & HP CSI). In addition, the following is noted:
· The separate deferral procedure per PHY priority seems to be still applicable
· The initial slot and target slot definition seems to be applicable by replacing the Rel-16 multiplexing / prioritization procedures with the Rel-17 Intra-UE multiplexing procedures

Observation 6.2: Joint operation of R17 Intra-UE multiplexing and One-shot HARQ re-transmission could be operated using the One-shot HARQ re-transmission framework by enabling independent triggering of LP HARQ CB re-transmission and HP HARQ CB re-transmission without any large changes by assuming the agreed restrictions are applicable per PHY priority. 
Observation 6.3: Joint operation of R17 Intra-UE multiplexing and dynamic PUCCH cell switching would require further detailed clarifications on the overlapping of LP HARQ-ACK and HP HARQ-ACK on different PUCCH cells also related to the final understanding of R17 Intra-UE multiplexing UE capability #1 in terms of PHY prioritization operation (e.g., LP HARQ-ACK dropping). In contrast, there seems to be less needed clarifications and a less restrictive operation for semi-static PUCCH cell switching. 
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