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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#107b-e meeting [R1-2200776]. 
Remaining details for PUCCH cell switching
Simultaneous configuration of semi-static PUCCH cell switching and PUCCH repetition
The specification for semi-static PUCCH cell switching with PUCCH repetition has been discussed in a few 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.



The first question is if a repetition mapping to another PUCCH cell than the cell of the first repetition should be possible. In RAN1#107b-e, a vast majority of the companies wanted to keep all repetitions on the carrier of the first repetition. This was opposed because with such a scheme the latency benefit of PUCCH cell switching would be lost. For instance, when the coverage of PUCCH sSCell is smaller than PCell’s, it could typically not be beneficial to start and keep repetitions on sSCell as this could just produce more latency than starting at PCell: waiting for PUCCH slot could be shorter but, as more repetitions might be needed on sSCell than on PCell, the total latency could be longer. On the other hand, some complicating issues on switching repetitions between carriers have been pointed out. In the following we list those issues.
(1) Benefitting from combining of PUCCH repetitions on different cells when UCI is encoded using Polar code would require network ensuring the same number of RE’s in PCell and sSCell. Then configuration of PUCCH resources and formats would be constrained i.e. this would mean more complex gNB implementation with some limitations.
(2) It has been agreed that the number of repetitions is given in PUCCH resource or format configuration for the cell of the first repetition. This would mean neglecting the repetition factor of the resource or format configured for the different target cell of a later repetition. Some new specification would be needed for this.       
(3) It has been asked how the resource selection for a repetition after the cell switching would happen - but this seems not different compared with selecting resource without repetitions, i.e. the selection would be done according to the payload size and the PRI in the DCI applied for PCell and sSCell.
(4) UE would need to redo encoding if the coding rate changes due to different number of PUCCH REs in the cells. Network could be asked to avoid this by constrained PUCCH resource and format configurations. 
(5) Handling repetitions on PUCCH cells with different slot length would mean some new specification at least if repetitions are done on multiple sSCell slots overlapping a PCell slot.      
 
In summary, PUCCH cell switching of repetitions can be made simple for UEs but not without limiting gNB implementation. Therefore, we think all the repetitions should be kept on the cell of the first repetition. In addition, to keep the Rel-16 repetition scheme, the number of transmitted repetitions should not depend on the switching pattern i.e., a repetition that cannot be transmitted on the cell of the first repetition should be considered as postponed. We propose:  
  
 


Proposal 2.1: 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

SPS operation with dynamic PUCCH cell switching
The following agreement and conclusion have been reached: 
RAN1#106-e (Aug. 2021)
	Agreement
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



RAN1#107-e (Nov. 2021)
	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 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.



Since the above RAN1#106-e agreement does not mention what the cell of HARQ-ACK feedback is for PDSCHs following the one scheduled by the activation DCI, there are the alternatives (1) the cell indicated for the first feedback is applied also for later feedbacks and (2) the later feedbacks are transmitted on PCell/PSCell/PUCCH-SCell irrespective of the cell indicated for the first feedback. As an alternative (3), there were discussions in RAN1 #107b-e on specifying (directly or indirectly) that UE would transmit all SPS HARQ-ACK feedback, including the feedback for the first PDSCH scheduled by the activation DCI, on PCell/PSCell/PUCCH-SCell. This would mean changing the (idea) of the RAN1#106-e agreement. 
Alternative (1) is not attractive because the above conclusion of RAN1#107-e would limit UCI transmissions on PCell/PSCell/PUCCH-SCell if all the SPS feedbacks are sent on the sSCell. So, the flexibility provided by alt. (1) would hardly be available in practice but gNB would likely always need to indicate PCell/PScell/PUCCH-SCell for the feedback of the first PDSCH.  
In the end of RAN1 #107b-e, keeping (also the idea of) the RAN1#106-e agreement according to alt. (2) was receiving good support. To fulfill the above conclusion of RAN1#107-e, gNB avoids activation that would lead to the slot of the HARQ feedback on sSCell for the first SPS PDSCH to overlap a PCell/PSCell/PUCCH-SCell slot with UCI. As already discussed in RAN1 #107b-e, when the HARQ feedback of the first SPS PDSCH is sent on the sSCell, the k1 value for the first HARQ-ACK feedback can be obtained from the PUCCH sSCell’s K1 set according to the K1 indicator field in the activation DCI. For SPS feedback sent on Pcell/PSCell/PUCCH-SCell (for the first or later SPS PDSCH) a k1 value is obtained from PCell’s K1 set according to the K1 indicator field in the activation DCI.      
The simplest alternative (3) has been opposed as being (directly or in essence) against the earlier agreement and making DCI activating SPS a special case with different handling compared with other DCIs indicating PUCCH cell dynamically. The assumption has been that the activation DCI schedules also PUCCH for the HARQ-ACK feedback of the first SPS PDSCH after activation. However, as discussed in detail in our TDoc R1-2201027 trying to clarify the Rel-15 behavior, this may not be the correct interpretation on specifications 38.213 and 38.321 but already PUCCH for HARQ-ACK of the first SPS PDSCH is obtained by following SPS-Config i.e., the PUCCH-related fields in the SPS-PDSCH activation DCI are ignored. This means that, for consistency, the PUCCH carrier indication should also be ignored. We therefore propose: 
Proposal 2.2: For dynamic PUCCH cell switching, the HARQ-ACK feedback for all SPS PDSCH(s), including the first SPS PDSCH after activation, are sent on PCell/ PSCell/PUCCH SCell.

Interaction of Rel-17 Intra-UE multiplexing and Rel-17 HARQ-ACK enhancements

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


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.




Besides the relevant agreements on SPS HARQ-ACK deferral, there are in addition some Rel-17 Intra-UE multiplexing framework and PUCCH/PUSCH multiplexing of different priorities agreements present which play here a role as well: 
	Agreement
The following working assumption is confirmed.
For handling overlapping PUCCHs/PUSCHs with different priorities in R17 
· Step 1: Resolve overlapping PUCCHs and/or PUSCHs with the same priority
· Step 2: Resolve overlapping PUCCHs and/or PUSCHs with different priorities 
Note: Avoid recursive pseudo-code to implement this procedure
Note: It is expected that Rel-15 intra-UE UCI multiplexing timeline will be applicable

Agreement
For resolving collision of LP PUCCHs and HP PUCCHs in step 2.1, a HP PUCCH with HARQ-ACK is not expected to be overlapped with multiple LP PUCCHs with HARQ-ACK.
· It’s up to the editor whether/how to capture this

Agreement
[bookmark: _Hlk93615372]A UE does not expect to multiplex in a PUSCH transmission HARQ-ACK information that the UE would transmit in different PUCCHs of a same priority.
· The above is considered an error case

Working Assumption
For resolving collision of PUCCHs of different priorities without repetition within a time unit, the time unit of HP HARQ-ACK is used. For a LP PUCCH overlapping with multiple time units, down-select from:
· Alt. 1: the LP PUCCH is associated with the first time unit with overlapping HP PUCCH(s)
· Alt. 2: the LP PUCCH is associated with the first time unit with overlapping HP PUCCH with HARQ-ACK if any. Otherwise, the LP PUCCH is associated with the first time unit with overlapping HP PUCCH(s).
· Alt. 3: the LP PUCCH is associated with the last time unit with overlapping HP PUCCH(s)

Agreement
When a PUCCH carrying HP SR with PF0/1 overlaps with a PUCCH carrying LP HARQ-ACK with PF2/3/4: 
· For positive SR, transmit SR on the SR PUCCH resource and drop HARQ-ACK. 
· For negative SR, transmit HARQ-ACK only on the HARQ-ACK PUCCH resource.
Note: It was agreed to support multiplexing a LP HARQ-ACK and a HP SR into a PUCCH for some HARQ-ACK/SR PF combinations in Rel-17.

Agreement
In R17, if HP HARQ-ACK, LP HARQ-ACK and HP CSI consisting of two parts would be transmitted on HP PUSCH, 
· LP HARQ-ACK is dropped. 
· Reuse R15 HARQ-ACK rate matching/puncturing and RE mapping for HP HARQ-ACK.




As the situation of the target slot determination for SPS HARQ-ACK deferral is more complicated (i.e. two hypothesis need to be considered in the UCI multiplexing operation – including deferred SPS HARQ-ACK payload of a potential target slot and not including it), we start our considerations from the target slot handling. 
Target slot handling
The first thing to note here, compared to operation with Rel-16 UCI multiplexing is, that for Rel-16 UCI multiplexing the decision on the target slot is done basically after step1 namely the Rel-16 UCI multiplexing within the same PHY priority, and the following ‘Rel-16 step 2’ of PHY prioritization is not changing or affecting the target slot determination anymore.
Clearly, the first thing that comes to mind here would be to just replace the Rel-17 Intra-UE multiplexing operation with the Rel-16 Intra-UE multiplexing operation in the target slot determination (i.e. after step 2), but several issues exist here. But the following things need to be considered when basically making the decision of a PUCCH slot to be the target slot for SPS deferral after step 2 here: 
· Needed recursive operation of step1 and step 2 based on the hypothesis of being a target slot: As there are two hypotheses on the SPS HARQ-ACK deferral (valid target slot or not valid target slot) per PHY priority, this basically means that also several hypotheses will be needed for step 2 and not just for step 1 (in contrast to Rel-16 PHY prioritization, where only hypothesis handling in step 1 is needed). If there is only SPS HARQ-ACK of a single PHY priority subject to deferral, two hypotheses in step 2 will be sufficient, but as soon as there is pending LP SPS HARQ-ACK and HP SPS HARQ-ACK for deferral the number of hypotheses will even increase in case one would does not consider ‘joint slot determination’ for LP & HP SPS HARQ. 
· Joint LP and HP HARQ-ACK deferral seems to be not possible. To keep the number of hypotheses in step 2 limited to 2 for the case of having pending LP & HP SPS HARQ for deferral joint deferral would need to be used. But at the same time, this seems to be not really possible considering the fact that there may be different ‘time units’ involved for HP HARQ-ACK and LP HARQ-ACK (i.e. different PUCCH slot length for the first and second PUCCH configuration). As there may be e.g. more than one PUCCH slot of HP overlapping with a LP PUCCH slot, having ‘joint deferral’ decision for LP and HP target slot determination seems to be not possible. Therefore, clearly more than 2 hypotheses would need to be handled with ‘separate HP & LP HARQ-ACK deferral’ in step 2 – namely at least 4 different hypotheses for only a single HP PUCCH overlapping with a single LP PUCCH and 4 combinations of target / not target slot for HP & LP SPS HARQ-ACK, but for different PUCCH slot lengths / ‘time units’ even more than 4 hypotheses in step 2 may be required. This large number of hypothesis in step 2 will clearly increase the UE (and also gNB complexity) in determining the next second slot / target slot for the combination of pending HP & LP SPS HARQ for deferral.
· Last but not least, the question that would need to be answered if performing the target /earliest second slot determination after step 2 is the order of the LP & HP SPS HARQ target / earliest second slot determination. As the priority also for the SPS deferral procedure should be on HP SPS HARQ-ACK information it would be reasonable to first check for HP SPS HARQ-ACK for deferral if a HP PUCCH slot is a valid target slot / earliest second slot. Moreover, handling the HP SPS-HARQ-ACK deferral first will be needed as in step 2.1 a PUCCH resource from the 2nd PUCCH configuration with the ‘time unit’ of HP HARQ is to be used. Therefore, the final HP HARQ-ACK presence (incl. potentially deferred HP SPS HARQ) would need to be known before checking the LP HARQ-ACK deferral target slot determination. Therefore, after having clarified the HP SPS HARQ-ACK target slot determination (for all HP PUCCH slots / HP HARQ-ACK ‘time units’ overlapping with a single LP PUCCH slot), the UE would then (after having this clarified for pending HP SPS HARQ-ACK for deferral) perform the target slot determination for the LP SPS HARQ-ACK. 

The related discussions above can be summarized in the following observations:
Observation 3.1.1: If joint operation of Rel-17 Intra-UE multiplexing and SPS deferral is supported, performing the decision on the valid target slot / earliest second slot for SPS deferral after the full Rel-17 Intra-UE multiplexing procedure (i.e. after step 2) requires recursive operation of step 1 and step 2 of the Rel-17 Intra-UE multiplexing framework. 
Observation 3.1.2: If joint operation of Rel-17 Intra-UE multiplexing and SPS deferral is supported, performing the decision on the valid target slot / earliest second slot for SPS deferral after the full Rel-17 Intra-UE multiplexing procedure (i.e. after step 2), may require more than 4 hypotheses on deferred SPS HARQ-ACK presence in step 2 which increases UE (& gNB implementation) complexity.
Observation 3.1.3: If joint operation of Rel-17 Intra-UE multiplexing and SPS deferral is supported, performing the decision on the valid target slot / earliest second slot for SPS deferral after the full Rel-17 Intra-UE multiplexing procedure (i.e. after step 2), an order of the LP & HP SPS HARQ-ACK deferral procedure for the earliest second slot determination would need to be defined (e.g. HP SPS HARQ-ACK considered first, followed by LP SPS HARQ-ACK).  

Now, let’s check what would happen if the valid target / earliest second slot determination would be performed after step 1 of the Rel-17 Intra-UE multiplexing framework (as for the operation with Rel-16 PHY prioritization):
· Clearly this would reduce the UE (& gNB) complexity and simplify the implementation, as the complexity for the valid target / earliest second slot determination would be as for the Rel-16 PHY prioritization (i.e. same implementation can be reused) and there would be no need for any hypothesis handling at all in step 2 of the Rel-17 Intra-UE multiplexing framework and no recursive operation between step 1 and step 2 is needed. 
· The valid target / earliest second slot determination for pending LP & HP SPS HARQ-ACK for deferral can be performed independently and in parallel after step 1, in contrast to the needed consecutive looping of several HP HARQ and LP HARQ hypothesis in step 1 and step 2 if performed only after step 2.

Observation 3.1.4: If joint operation of Rel-17 Intra-UE multiplexing and SPS deferral is supported, performing the decision on the valid target slot / earliest second slot for SPS deferral already after step 1 of the Rel-17 Intra-UE multiplexing procedure would simplify UE & gNB implementation, avoids recursive processing of step 1 and step 2 hypothesis and allows to reuse the same implementation for the earliest second slot determination for Rel-16 PHY prioritization and Rel-17 Intra-UE multiplexing. 

Based on the discussions above, we think that if the joint operation is to be supported, then the target slot determination should be clearly performed after step 1.  
Proposal 3.1.1: If joint operation of Rel-17 Intra-UE multiplexing and SPS deferral is supported in Rel-17, the determination of the valid target slot / earliest second slot for SPS deferral should be performed already after step 1 of the Rel-17 Intra-UE multiplexing procedure. 

Initial slot handling
For the initial slot handling, the operation is much simpler as there are not multiple hypotheses in step 1 and/or step 2 to be considered. The SPS HARQ-ACK is mapped to a certain HP/LP PUCCH slot and the multiplexing procedure is just executed. 
One could think of using the same handling as for the target slot determination and the initial slot handling for Rel-16 PHY prioritization, i.e. making the decision if SPS HARQ-ACK is to be deferred from a PUCCH slot also immediately after step 1 (and before step 2). But it should be noted here, that making the decision on the deferral after step 1 already could lead to cases that the SPS HARQ after step 1 would be marked as ‘for deferral’ but after step 2 the SPS HARQ-ACK would still be transmitted. Just as an example here: let’s assume the case that after step 1 the LP HARQ-ACK is mapped on the LP SPS PUCCH resource (having an overlap with SSB / Coreset #0) but in step 2.1 or step 2.2 would still be multiplexed on a HP PUCCH or HP PUSCH that can be transmitted, the related SPS HARQ-ACK bits would still be transmitted in the initial slot and in addition deferred, which is clearly not the intention of the SPS HARQ-ACK deferral procedure. 
Observation 3.1.5: If joint operation of Rel-17 Intra-UE multiplexing and SPS deferral is supported, performing the decision on the SPS deferral in the initial slot already after step 1 of the Rel-17 Intra-UE multiplexing procedure could lead to SPS HARQ-ACK deferral even though the SPS HARQ is transmitted in the initial slot (after step 2 multiplexing). 
So from this perspective, if supported, performing the SPS HARQ-ACK deferral decision after step 2 seems to be more logical. But also here further issues need to be considered: 
· Clearly, the initial slot condition of the deferral needs to be clarified in terms of PUCCH resource usage and needs to be extended compared to Rel-16 PHY prioritization to consider both PUCCH configurations, i.e. 
· The UE performs first the (Rel-16) Rel-17 UCI multiplexing operation including step 1 and step 2. If after the Rel-17 UCI multiplexing operation into a PUCCH or PUSCH if any, and if the UE would be transmitting SPS HARQ-ACK using the PUCCH SPS-PUCCH-AN-List-r16 or n1PUCCH-AN from the first or second PUCCH configuration which is not valid, the SPS HARQ-ACK configured for deferral is deferred.
· Some clarification could still be useful, that dropping the LP HARQ-ACK as defined in the Rel-17 Intra-UE multiplexing framework e.g. for the case of overlap with HP PUSCH including HP CSI consisting of two parts, the SPS HARQ-ACK is not deferred. Meaning, any LP HARQ-ACK dropping as the LP HARQ-ACK cannot be mapped to a HP PUCCH or HP PUSCH in step 2 would not lead to SPS deferral. 


Proposal 3.1.2: If joint operation of Rel-17 Intra-UE multiplexing and SPS deferral is supported in Rel-17, the decision on SPS HARQ-ACK deferral in the initial SPS HARQ-ACK slot should be performed after step 2 of the Rel-17 Intra-UE multiplexing procedure (i.e. after the full Rel-17 Intra-UE multiplexing procedure).
· If after the Rel-17 UCI multiplexing operation (including step 1 and step 2) into a PUCCH or PUSCH if any, and if the UE would be transmitting LP SPS HARQ-ACK using the PUCCH SPS-PUCCH-AN-List-r16 or n1PUCCH-AN from the first or second PUCCH configuration which is not valid, the LP SPS HARQ-ACK configured for deferral is deferred.
· If after the Rel-17 UCI multiplexing operation (including step 1 and step 2) into a PUCCH or PUSCH if any, and if the UE would be transmitting HP SPS HARQ-ACK using the PUCCH SPS-PUCCH-AN-List-r16 or n1PUCCH-AN from the second PUCCH configuration which is not valid, the HP SPS HARQ-ACK configured for deferral is deferred.
· LP SPS HARQ-ACK in step 2 that cannot be mapped to a HP PUCCH or HP PUSCH based on the Rel-17 Intra-UE multiplexing framework and is therefore dropped in step 2.1 or step 2.2, is not subject to deferral. 

Now looking at the overall support of the joint operation, we think that RAN1 would need to carefully consider the intended operation & handling for the initial and target slot before being able to agree the support of the joint operation at this very late stage of Rel-17. Only after having clarified the intended operation and finding some simple overall operation, the joint operation should be supported. 

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 3.2: 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. 
Therefore, we think the combination of R17 Intra-UE multiplexing could be supported, based on the following proposal with the changes or amendments compared to earlier agreements on One-shot HARQ retransmission in red: 
Proposal 3.2: Support joint operation of R17 Intra-UE multiplexing and One-shot HARQ re-transmission based on the following operation: 
· 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 of a single PHY priority. 
· The UE does not expect more than one triggering DCI for Rel-17 one-shot feedback indicating the same PUCCH slot of a certain PHY priority in step 1 for the re-transmission of HARQ-ACK CBs of different PUCCH slots to be re-transmitted. 
· Note: In step 2, there could be still multiplexing of LP and HP HARQ-ACK CBs to be retransmitted on PUCCH or PUSCH. 
· The ‘backward HARQ-ACK slot-offset’ is interpreted with the granularity of a PUCCH slot of the respective PHY priority of step 1 of PCell /PSCell / PUCCH SCell

Joint Operation of R17 Intra-UE multiplexing and Type 3 / Enh. Type 3 CB 

The following relevant agreements in terms of PHY priority handling and the potential support for R17 intra-UE mux for Type 3 / Enh. Type 3 HARQ-ACK codebook are available: 
	Agreement 
Support PHY priority handling for a PUCCH carrying the Rel-17 enhanced Type 3 HARQ-ACK CB of smaller size. 
· The indicated PHY priority in the triggering DCI defines the PHY priority of the PUCCH carrying the Rel-17 enhanced Type 3 HARQ-ACK CB of smaller size.
· The A/N of HARQ processes is mapped to the Rel-17 enhanced Type 3 HARQ-ACK CB of smaller size irrespective of the PHY priority of the ‘A/N’ of the HARQ processes. 

Agreement 
For the PHY priority handling of the enhanced Type 3 CB(s) of smaller size, the enhanced Type 3 HARQ-ACK has the same structure, size and content (in terms of HARQ-IDs, CCs) irrespective of the PHY priority. 

Agreement 
For the enhanced Type 3 HARQ-ACK CB of smaller size triggered in a PUCCH slot, the UE is not expecting HARQ-ACK information in a Type 1 or Type 2 HARQ-ACK CB to be transmitted that cannot be mapped to the enhanced Type 3 HARQ-ACK CB of smaller size as the HARQ process is not part of the codebook. 




Looking at these agreements, the operation based on the current agreements could be left unchanged even when operating with two PHY priorities and Rel-17 intra-UE multiplexing. Specifically, as the HARQ mapping is independent of the PHY priority, there should be again no Type 1 or Type 2 CB of either priority having any HARQ information that cannot be mapped to the triggered enhanced Type 3 CB (i.e. only the Type 3 CB of any priority is transmitted in a slot, no overlapping PUCCH with any other HARQ information is expected). 
So from this perspective, the combination should be supported and could--- be clarified as (additional clarifications on top of existing enh. Type 3 CB are shown in red): 
Proposal 3.3: Support simultaneous configuration of enhanced Type 3 CB triggering and Rel-17 Intra-UE multiplexing (i.e. UCI-MuxWithDifferentPriority)
· The indicated PHY priority in the triggering DCI defines the PHY priority of the PUCCH carrying the Rel-17 enhanced Type 3 HARQ-ACK CB of smaller size.
· The A/N of HARQ processes is mapped to the Rel-17 enhanced Type 3 HARQ-ACK CB of smaller size irrespective of the PHY priority of the ‘A/N’ of the HARQ processes.
· The enhanced Type 3 HARQ-ACK has the same structure, size and content (in terms of HARQ-IDs, CCs) irrespective of the PHY priority.  
· The UE is not expecting HARQ-ACK information in a Type 1 or Type 2 HARQ-ACK CB to be transmitted that cannot be mapped to the enhanced Type 3 HARQ-ACK CB of smaller size as the HARQ process is not part of the codebook in neither step 1 nor step 2 of the Rel-17 Intra-UE multiplexing framework. 

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

Joint operation of semi-static PUCCH cell switching and Rel-17 Intra-UE multiplexing seems simple as the same PUCCH switching pattern is applied to both LP and HP PUCCH configurations (and HARQ-ACK). Thus, the R16 prioritization or R17 Intra-UE multiplexing can be simply applied on the target PUCCH cell. Therefore, we propose
Proposal 3.4.1: Support joint operation of semi-static PUCCH cell switching and Rel-17 Intra-UE prioritization.
· The Rel-17 Intra-UE multiplexing operation including step 1 and step 2 are performed on the applicable target PUCCH cell. 

Specifying joint operation with dynamic PUCCH carrier switching would mean considering a few issues. For dynamic switching, we have the below simplifying conclusion on overlapping of PUCCH slots with UCI on PUCCH cells, and an important question is if this conclusion is kept even when Intra-UE multiplexing is configured.       

	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 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.




For the overlapping case of LP HARQ on PCell and HP HARQ on the dynamically indicated PUCCH sSCell our questions are:
· Is the conclusion above in addition to step 1 equally applicable for step 2.1 of the R17 Intra-UE mux operation? 
· Please note, that it is our understanding that the collision with SSB & SS-DL symbols for the Rel-17 Intra-UE multiplexing operation would only be applicable after step 2. 
· Is the conclusion above in addition to step 1 equally applicable for step 2.2 of the R17 Intra-UE mux operation? 
· Is the multiplexing of LP & HP HARQ-ACK from different PUCCH cells after step 2.2 in the same LP or HP PUSCH supported or not? Supporting such operation as such seems to be not against the conclusion above, as the multiplexing in step 2.2 is not between PUCCHs but between PUCCH & PUSCH of different priorities. But it seems to be against the initial idea of not mixing UCI of different PUCCH cells in a single UCI transmission. 
· Are there any further exceptions applicable, e.g. in case the LP HARQ is dropped as it cannot be multiplexed in HP PUSCH (e.g. with CSI of two parts) or HP PUCCH (in case of PF0/1 with SR)?

Because the specification effort would not be negligible and considering that the dynamic carrier switching is overall a restricted feature, we think its joint operation with Rel-17 Intra-UE multiplexing is not necessary to specify.
Proposal 3.4.2: Joint operation of dynamic PUCCH carrier switching and Intra-UE Multiplexing is not supported in Rel-17.   
  
Minor corrections to 38.213 (on top of editor CR) on the joint operation of SPS deferral and HARQ-ACK re-tx
The editor provided a draft CR update in R1-2200813, where the joint operation of SPS deferral and HARQ-ACK re-tx has been included. We think that it would still be good for the combination of deferred SPS HARQ information (i.e. first HARQ-ACK information), ‘HARQ-ACK re-tx’ (i.e. second HARQ-ACK information) and ‘new, initial HARQ-ACK’ (i.e. third HARQ-ACK information) and to clarify the appending procedures of HARQ-ACK re-tx (appended to the initial HARQ-ACK CB) and SPS deferral (appending the deferred SPS HARQ last, i.e. to the combined HARQ information from HARQ re-tx and initial HARQ-ACK). 
The current description is not clear on which one (in case of first to third HARQ information) is to be appended first – the re-tx HARQ CB or the deferred SPS HARQ-ACK CB. 
Therefore, the following TP clarifying the appending procedure on top of the editor CR is suggested:  
	9.1.5	HARQ-ACK codebook retransmission 
….
If in slot  the UE performs a procedure for deferring first HARQ-ACK information for SPS PDSCH receptions, as described in clause 9.2.5.4, and the first HARQ-ACK information has same priority value as a priority value indicated by the DCI format triggering the PUCCH transmission in slot , the UE multiplexes in the PUCCH transmission in slot  second HARQ-ACK information with the priority value that results in slot  according to the procedure in this clause. If the UE would also multiplex in the PUCCH transmission in slot  third HARQ-ACK information with the priority value, the UE appends the second HARQ-ACK information to the third HARQ-ACK information before multiplexing the first HARQ-ACK information into the PUCCH transmission as described in clause 9.2.5.4. The UE determines to multiplex the third HARQ-ACK information in the PUCCH transmission in slot  as described in clause 9.2.3.




Besides, we also suggest the following addition to 9.2.5.4 to clarify that the deferred SPS HARQ-ACK may be transmitted on a PUCCH triggered by a one-shot HARQ-ACK retransmission. In this case, the deferred SPS HARQ-ACK bits should be appended to the HARQ-ACK information generated from the procedure in 9.1.5 containing the re-transmitted HARQ-ACK CB and potentially initial, new HARQ-ACK: 
	[bookmark: _Toc92093854]9.2.5.4	UE procedure for deferring HARQ-ACK for SPS PDSCH 
…
-	the second HARQ-ACK information bits, generated as described in clause 9.1.2, are appended in a HARQ-ACK codebook the UE generates as described in clauses 9.1.2, 9.1.2.1, or 9.1.3.1 or 9.1.5
-	if the UE would receive a PDSCH providing a TB for a same HARQ process as a HARQ-ACK information bit from the second HARQ-ACK information bits prior to transmitting the PUCCH or the PUSCH, the UE does not include the HARQ-ACK information bit in the HARQ-ACK information bits.






Conclusion

On the remaining issues of PUCCH cell switching in Sec. 2, we have the following proposals:
· Proposal 2.1: 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

· Proposal 2.2: For dynamic PUCCH cell switching, the HARQ-ACK feedback for all SPS PDSCH(s), including the first SPS PDSCH after activation, are sent on PCell/ PSCell/PUCCH SCell.

On the interaction of Rel-17 Intra-UE multiplexing and Rel-17 HARQ-ACK enhancements in Sec. 3, we have the following observations and proposals:
On SPS deferral
· Observation 3.1.1: If joint operation of Rel-17 Intra-UE multiplexing and SPS deferral is supported, performing the decision on the valid target slot / earliest second slot for SPS deferral after the full Rel-17 Intra-UE multiplexing procedure (i.e. after step 2) requires recursive operation of step 1 and step 2 of the Rel-17 Intra-UE multiplexing framework. 

· Observation 3.1.2: If joint operation of Rel-17 Intra-UE multiplexing and SPS deferral is supported, performing the decision on the valid target slot / earliest second slot for SPS deferral after the full Rel-17 Intra-UE multiplexing procedure (i.e. after step 2), may require more than 4 hypotheses on deferred SPS HARQ-ACK presence in step 2 which increases UE (& gNB implementation) complexity.

· Observation 3.1.3: If joint operation of Rel-17 Intra-UE multiplexing and SPS deferral is supported, performing the decision on the valid target slot / earliest second slot for SPS deferral after the full Rel-17 Intra-UE multiplexing procedure (i.e. after step 2), an order of the LP & HP SPS HARQ-ACK deferral procedure for the earliest second slot determination would need to be defined (e.g. HP SPS HARQ-ACK considered first, followed by LP SPS HARQ-ACK).  

· Observation 3.1.4: If joint operation of Rel-17 Intra-UE multiplexing and SPS deferral is supported, performing the decision on the valid target slot / earliest second slot for SPS deferral already after step 1 of the Rel-17 Intra-UE multiplexing procedure would simplify UE & gNB implementation, avoids recursive processing of step 1 and step 2 hypothesis and allows to reuse the same implementation for the earliest second slot determination for Rel-16 PHY prioritization and Rel-17 Intra-UE multiplexing. 

· Proposal 3.1.1: If joint operation of Rel-17 Intra-UE multiplexing and SPS deferral is supported in Rel-17, the determination of the valid target slot / earliest second slot for SPS deferral should be performed already after step 1 of the Rel-17 Intra-UE multiplexing procedure. 

· Observation 3.1.5: If joint operation of Rel-17 Intra-UE multiplexing and SPS deferral is supported, performing the decision on the SPS deferral in the initial slot already after step 1 of the Rel-17 Intra-UE multiplexing procedure could lead to SPS HARQ-ACK deferral even though the SPS HARQ is transmitted in the initial slot (after step 2 multiplexing). 

· Proposal 3.1.2: If joint operation of Rel-17 Intra-UE multiplexing and SPS deferral is supported in Rel-17, the decision on SPS HARQ-ACK deferral in the initial SPS HARQ-ACK slot should be performed after step 2 of the Rel-17 Intra-UE multiplexing procedure (i.e. after the full Rel-17 Intra-UE multiplexing procedure).
· If after the Rel-17 UCI multiplexing operation (including step 1 and step 2) into a PUCCH or PUSCH if any, and if the UE would be transmitting LP SPS HARQ-ACK using the PUCCH SPS-PUCCH-AN-List-r16 or n1PUCCH-AN from the first or second PUCCH configuration which is not valid, the LP SPS HARQ-ACK configured for deferral is deferred.
· If after the Rel-17 UCI multiplexing operation (including step 1 and step 2) into a PUCCH or PUSCH if any, and if the UE would be transmitting HP SPS HARQ-ACK using the PUCCH SPS-PUCCH-AN-List-r16 or n1PUCCH-AN from the second PUCCH configuration which is not valid, the HP SPS HARQ-ACK configured for deferral is deferred.
· LP SPS HARQ-ACK in step 2 that cannot be mapped to a HP PUCCH or HP PUSCH based on the Rel-17 Intra-UE multiplexing framework and is therefore dropped in step 2.1 or step 2.2, is not subject to deferral. 

On One-shot HARQ-ACK re-tx

· Observation 3.2: 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. 

· Proposal 3.2: Support joint operation of R17 Intra-UE multiplexing and One-shot HARQ re-transmission based on the following operation: 
· 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 of a single PHY priority. 
· The UE does not expect more than one triggering DCI for Rel-17 one-shot feedback indicating the same PUCCH slot of a certain PHY priority in step 1 for the re-transmission of HARQ-ACK CBs of different PUCCH slots to be re-transmitted. 
· Note: In step 2, there could be still multiplexing of LP and HP HARQ-ACK CBs to be retransmitted on PUCCH or PUSCH. 
· The ‘backward HARQ-ACK slot-offset’ is interpreted with the granularity of a PUCCH slot of the respective PHY priority of step 1 of PCell /PSCell / PUCCH SCell

On enhanced Type 3 CB:
· Proposal 3.3: Support simultaneous configuration of enhanced Type 3 CB triggering and Rel-17 Intra-UE multiplexing (i.e. UCI-MuxWithDifferentPriority)
· The indicated PHY priority in the triggering DCI defines the PHY priority of the PUCCH carrying the Rel-17 enhanced Type 3 HARQ-ACK CB of smaller size.
· The A/N of HARQ processes is mapped to the Rel-17 enhanced Type 3 HARQ-ACK CB of smaller size irrespective of the PHY priority of the ‘A/N’ of the HARQ processes.
· The enhanced Type 3 HARQ-ACK has the same structure, size and content (in terms of HARQ-IDs, CCs) irrespective of the PHY priority.  
· The UE is not expecting HARQ-ACK information in a Type 1 or Type 2 HARQ-ACK CB to be transmitted that cannot be mapped to the enhanced Type 3 HARQ-ACK CB of smaller size as the HARQ process is not part of the codebook in neither step 1 nor step 2 of the Rel-17 Intra-UE multiplexing framework. 

On PUCCH cell switching:
· Proposal 3.4.1: Support joint operation of semi-static PUCCH cell switching and Rel-17 Intra-UE prioritization.
· The Rel-17 Intra-UE multiplexing operation including step 1 and step 2 are performed on the applicable target PUCCH cell. 

· Proposal 3.4.2: Joint operation of dynamic PUCCH carrier switching and Intra-UE Multiplexing is not supported in Rel-17.   


In Sec. 4 presents the following two TPS on joint operation of SPS deferral and one-shot HARQ-ACK re-transmission on top of the draft 38.213 editor CR: 
	9.1.5	HARQ-ACK codebook retransmission 
….
If in slot  the UE performs a procedure for deferring first HARQ-ACK information for SPS PDSCH receptions, as described in clause 9.2.5.4, and the first HARQ-ACK information has same priority value as a priority value indicated by the DCI format triggering the PUCCH transmission in slot , the UE multiplexes in the PUCCH transmission in slot  second HARQ-ACK information with the priority value that results in slot  according to the procedure in this clause. If the UE would also multiplex in the PUCCH transmission in slot  third HARQ-ACK information with the priority value, the UE appends the second HARQ-ACK information to the third HARQ-ACK information before multiplexing the first HARQ-ACK information into the PUCCH transmission as described in clause 9.2.5.4. The UE determines to multiplex the third HARQ-ACK information in the PUCCH transmission in slot  as described in clause 9.2.3.




	9.2.5.4	UE procedure for deferring HARQ-ACK for SPS PDSCH 
…
-	the second HARQ-ACK information bits, generated as described in clause 9.1.2, are appended in a HARQ-ACK codebook the UE generates as described in clauses 9.1.2, 9.1.2.1, or 9.1.3.1 or 9.1.5
-	if the UE would receive a PDSCH providing a TB for a same HARQ process as a HARQ-ACK information bit from the second HARQ-ACK information bits prior to transmitting the PUCCH or the PUSCH, the UE does not include the HARQ-ACK information bit in the HARQ-ACK information bits.






 

