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[bookmark: _Hlk510705081]In this contribution, we present our view on 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#104bis-e meeting, as summarized in R1-2104039. As per the Chairman guidelines, only the topics of Retransmissions of dropped HARQ-ACK (Section 2) and Dynamic PUCCH carrier switching (Section 3) are discussed.
[bookmark: _Hlk54109260]Retransmissions of dropped HARQ-ACK
RAN1 #102e agreed that transmission of cancelled HARQ-ACK is to be studied as a possible enhancement for Rel-17:  
  
Agreements:
Study further at least the following schemes:
· SPS HARQ skipping for skipped’ SPS PDSCH
· PUCCH repetition enhancements (at least for HARQ-ACK), e.g., sub-slot based, etc.
· Retransmission of cancelled HARQ
· SPS HARQ payload size reduction and / or skipping for ‘non-skipped’ SPS PDSCH
· Type 1 HARQ codebook based on sub-slot PUCCH config 
· PUCCH carrier switching for HARQ feedback
Companies are encouraged to provide detailed analysis and comparison accordingly

Discussions on retransmissions methods were continued in the following meetings. It was noted that the existing specification for Type-3 CB is readily available for IIoT/URLLC HARQ-ACK enhancements as such. However, the presently specified Type 3 CB, including HARQ-ACK of all HARQ processes in all configured cells, has been thought by most of the companies to be too large for URLLC purposes. Many ideas for limiting the codebook size have been presented [R1-2104039], some of them closer to the idea of Type 3 CB while others introducing quite different CB construction. In addition, there were proposals that do not belong in any way under Type 3 CB enhancements. In RAN1 #104b-e, a definition of enhanced Type 3 CB, acceptable to at least a few companies, was put forward with minor changes proposed in the last GTW session (shown as strikeout):
Definition of enhanced Type 3 CB: 
· The codebook size of a single triggered enhanced Type 3 HARQ-ACK codebook is not flexible, but at least determined by RRC configuration
· The codebook construction uses HARQ processes as a basis (i.e. ordered according to HARQ-IDs and serving cells)

In the same meeting One-shot triggering of dropped HARQ-ACK retransmission on PUCCH or PUSCH was discussed as a collection of methods that do not fall under the definition of enhanced Type 3 CB. 
   
Enhanced Type 3 CB
Three coupled questions, discussed in RAN1 #104b-e [R1-2104039], are (1) how the enhanced Rel-16 Type CB is triggered, (2) how many different enhanced Type 3 CBs should be supported concurrently and (2) can the DCI, triggering transmission of enhanced Type 3 CB, also schedule PDSCH. Some alternatives for answering these questions are:
· Alt. 1: RRC configuration may determine one enhanced Type 3 CB that is transmitted instead of the legacy Type 3 CB. No DCI related changes are needed.
· Alt. 2: RRC configuration may determine one enhanced Type 3 CB, and RNTI indicates if the enhanced Type 3 CB is triggered instead of legacy Type 3 CB.
· Alt. 3: RRC configuration may determine multiple enhanced Type 3 CBs (the set may include the legacy Type 3 CB), and one of these is selected for transmission by the triggering DCI.
· Alt 3A: DCI triggering the enhanced Type 3 CB does not schedule PDSCH i.e. there is no change in the DCI size as an existing field may indicate which CB to transmit.
· Alt 3B: DCI triggering the enhanced Type 3 CB may schedule PDSCH i.e. a new DCI field indicates which CB to transmit.

We think Alt. 1 and 2 would be too limiting and Alt. 3B is not preferred due to increased DCI size. We therefore support Alt. 3A. However, excluding completely (enhanced) Type 3 CB triggering with a DCI scheduling also PDSCH may not be necessary as a particular CB could be triggered in that situation according to Alt. 1. So, there could be M>1 CBs configured for selection when DCI does not schedule PDSCH and transmission of one of these or a separately configured CB could be triggered with a DCI scheduling PDSCH. Therefore, another alternative to consider is 
· Alt. 4: Alt. 3A applied when DCI does not schedule PDSCH and Alt. 1 when DCI schedules PDSCH.

The methods listed below are straightforward enhancements to Rel-16 Type 3 codebook because the codebook size does not depend on what HARQ processes have recently been active or does not vary according to cancellations of HARQ-ACK feedbacks.  
· Instead of all configured cells, only activated cells are included in the reporting. This is a straightforward way to remove useless bits from the CB. If no other enhancements will be introduced at least this one should be adopted. On the other hand, other enhancements could make this one obsolete.
· Reporting is only for an RRC configured or DCI controlled group of cells.
· Reporting includes only processes of SPS HARQ-ACK for all or only active SPS configurations and/or SPS configurations of certain priority. 
· Only a fraction of HARQ processes, indicated by DCI, are included in the report. One or more fractions of the HARQ processes may be configured and the triggering DCI indicates which fraction of processes the codebook is generated for. In the simplest example, network could tend to use HARQ processes up to a certain index for low priority traffic and only feedback of those processes would be included in the Type 3 codebook. 
The CB triggering DCI could request CB content according to one or combination of multiple of the above enhancements.  In Rel-16 specification the Type 3 codebook is triggered when One-shot HARQ-ACK request bit in DCI 1_1 is set to 1.  In addition, if the One-shot HARQ-ACK request bit is set to 1 and all the frequency domain resource allocation bits are set to 0 or 1 (depending on resourceAllocation), the DCI does not schedule a PDSCH but triggers only Type 3 CB transmission. In the case the DCI triggering the Type 3 CB does not schedule PDSCH (accordant with Alt. 3A above), some existing bit fields can be reused for determining the CB content without adding new bit fields As an example, requesting enhanced Type 3 CB could happen by setting One-shot HARQ-ACK request bit to 1, all the frequency domain resource allocation bits to 0 or 1 and another field in the DCI indicating the wanted feedback. An example with two CB content bits is shown in Table 2.1 which illustrates that different ‘enhanced Type 3 CB’ configurations could be operated at the same time. One of the code points corresponds requesting a specific Rel-16 enhanced Type 3 CB. There may be many views on what different codebook contents network should be able to request. Some companies seem to regard Type-3 CB enhancements important mainly for re-transmission of SPS HARQ-ACK. For them, a candidate scheme could be that request could be for (1) Rel-16 Type 3 CB, (2) only HARQ processes of all SPS configurations, or alternatively only HARQ processes of high or low priority SPS HARQ-ACK, (3) only for a subset of RRC configured serving cells or only of activated DL serving cells and (4) only a subset of RRC configured HARQ processes. It should be noted, that if the configuration of a subset(s) of RRC configured HARQ processes of (4) is to be supported, the gNB could by configuration of the subset(s) enable (2) by configuring the HARQ processes of all or the LP/HP SPS configurations within a subset as well as (3) by configuring the subset to only contain the HARQ processes of certain serving cells. 
Table 2.1: An example of a DCI field for requesting different HARQ-ACK feedback
	00
	Type 3 CB according to Rel-16 specification

	01
	Only HARQ processes of SPS configurations

	10
	[bookmark: _Hlk66728542]RRC configured group of serving cells

	11
	RRC configured subset of HARQ processes 



Other enhancements that we consider valuable are:
· The PHY priority of the PUCCH carrying the Type 3 codebook should be indicated, as proposed in [R1-2008057]. This indication should be independent of the priority of feedback included in the CB. If the specification will allow requesting separately feedback for SPS HARQ-ACK of certain priority, all combinations of high/low priority PUCCH and high/low (or high/any) priority SPS configurations could be possible. One should note that priority-based selection of the HARQ processes for reporting cannot be applied with the HARQ-ACK feedback for dynamically scheduled PDSCH without CB ambiguity due to lost DCIs.     
· Type 3 codebook triggering is in Rel-16 specified to happen through DCI format 1_1. Adding triggering through DCI format 1_2 would make sense to allow use of the smaller DCI format.

DCI scheduling PUSCH or PUCCH to carry dropped HARQ-ACK feedback
Compared with enhanced Type 3 CB, the benefit of re-transmitting only HARQ-ACK feedback of a single PUCCH occasion is that constructing a new codebook is not needed (the CB in the cancelled PUCCH or PUSCH is taken as it is) and unnecessary HARQ-ACK information is not sent. In addition, in special situations also DL control overhead can be saved when HARQ-ACK feedback is dropped due to dropping a PUSCH on which this HARQ-ACK was supposed to be piggybacked and if anyway an UL grant for the (re)transmission of a TB is needed. Indeed, for such cases, since there will be anyhow either a retransmission grant issued by the gNB or autonomous retransmission for retransmitting the dropped TB on CG PUSCH, then the dropped HARQ-ACK could also be piggybacked on this PUSCH. This operation could be either enabled via DCI scheduling UL grant and/or through RRC configuration e.g. for CG PUSCH.
Observation 2.1: In case that HARQ ACK multiplexed on PUSCH is dropped, triggering retransmission of dropped HARQ-ACK via DCI scheduling UL grant and/or via semi-static configuration at least for CG PUSCH could decrease the downlink control overhead.
For the above operation of retransmitting dropped HARQ-ACK, in addition to having to piggyback dropped HARQ-ACK on PUSCH, there could be another UCI of same or different type and/or priority that needs to be multiplexed on this PUSCH. Such scenarios would need to be handled based on some e.g. prioritization rules.
Retransmitting HARQ-ACK with retransmission of PUSCH (where HARQ ACK was multiplexed to) is simple because it is clear which codebook to retransmit. For retransmitting HARQ-ACK due to dropping of PUCCH, DCI should indicate which codebook is to be retransmitted on PUSCH or PUCCH as there may be multiple droppings in the past (or future). This issue was discussed in RAN1 #104b-e with the alternatives that the retransmitted HARQ-ACK feedback consists of  
· (Alt. 1) the HARQ-ACK in the last dropped PUCCH 
· (Alt. 2) the HARQ-ACK in a dynamically indicated PUCCH  
· (Alt. 3) the HARQ-ACK(s) of dropped/all PUCCH(s) in a timing window
· (Alt. 4) feedback in a number of HARQ processes in use after a starting (sub)slot    

We think Alt. 2 is simplest and sufficient and therefore should be selected. It is more flexible than Alt. 1 as other than the last dropped PUCCH may be indicated or even a retransmission of transmitted PUCCH (which the gNB was not able to correctly decode) can be requested increasing the usability of the feature also for other purposes. For Alt. 2 the CB can be transmitted as it was created in the initial PUCCH slot and construction of a new codebook is not needed which would be required for Alt. 3 and Alt. 4. The best way of dynamic indication for Alt. 2 is to signal the timing of the PUCCH whose HARQ-ACK feedback needs to be retransmitted. If triggering DCI does not schedule PDSCH, specification of the DCI content seems straightforward as there are many bits to reuse in a DL DCI format. 

Conclusion on the HARQ-ACK retransmission methods
Enhanced Type 3 CB seems feasible to us because it is a simple extension to the existing Type 3 CB specification. As already indicated during RAN1#104bis-e, we are supportive of Type 3 CB enhancements and support the latest moderator proposal discussed during the last GTW session. It should be discussed which ones of the listed ways of reducing the Type 3 CB size are most beneficial and should be supported. As noted, the operation through indication of which reduced size Type 3 CB is triggered enables to operate several re-transmissions strategies simultaneously.  
One-shot triggering of retransmission of a HARQ-ACK codebook on PUCCH/PUSCH appears also straightforward to specify although being a completely new procedure. 
· For retransmission on PUSCH, we see worth considering a specification for the situation that the HARQ ACK is dropped when it is multiplexed to PUSCH and retransmitted with retransmitted PUSCH. As discussed above, with piggy-backing the initial HARQ on the re-transmitted PUSCH there is no need to signal which HARQ-ACK is to be re-transmitted and the DL control overhead is saved as no additional triggering DCI would be needed.
· For retransmission on PUCCH, we are supportive and prefer the dynamic indication of the timing of the HARQ-ACK codebook (of a specific PUCCH occasion) to be re-transmitted.  

Based on the discussions in this section overall, we propose the following:
Proposal 2.1: Support enhanced Type 3 CB(s) with smaller size (compared to Rel-16) 
· Definition of enhanced Type 3 CB: 
· The codebook size of a single triggered enhanced Type 3 HARQ-ACK codebook is not flexible, but at least determined by RRC configuration
· The codebook construction uses HARQ processes as a basis (i.e. ordered according to HARQ-IDs and serving cells)

Proposal 2.2: For Type 3 codebook enhancements for URLLC, RAN 1 to consider  
· Limiting the enhanced Type 3 CB to RRC configured subsets of HARQ processes / IDs or serving cells
· Support dynamic indication of the RRC configured Type 3 CB subset from multiple enhanced Type 3 CB alternatives only by a triggering DCI that does not schedule PDSCH. For a triggering DCI also scheduling PDSCH, only a fixed single RRC configured enhanced Type 3 CB can be triggered. 
· Including the support for Type 3 CB triggering using DCI format 1_2. 
· Triggering DCI including a PHY priority indication for the PUCCH carrying the Type-3 CB. 

Proposal 2.3: On one-shot HARQ-ACK codebook re-transmission on PUCCH and/or PUSCH: 
· Support one-shot HARQ-ACK codebook re-transmission on PUCCH with a dynamic indication of the timing of the HARQ-ACK CB (of a specific PUCCH occasion) to be re-transmitted. 
· Support dynamic triggering the retransmission of dropped HARQ-ACK on PUSCH via DCI scheduling the PUSCH retransmission. 
· Further study autonomous HARQ-ACK re-transmission on PUSCH with a scheduled PUSCH re-transmission and via semi-static configuration for autonomous CG PUSCH re-transmission.

Dynamic PUCCH carrier switching
In RAN1 #104-e the following agreements were reached on PUCCH carrier switching:
Agreements: For further study on whether and how to support PUCCH carrier switching in a PUCCH group, focus on the following three alternatives:
· Alt. 1: PUCCH carrier switching is based dynamic indication in DCI
· Alt. 2B: PUCCH carrier switching is based on certain (semi-static) rules
· Alt. 2C: PUCCH carrier switching is based on RRC configured PUCCH cell timing pattern of applicable PUCCH cells
· Note: In above alternatives, it is assumed that HARQ-ACK corresponding to PDSCH received on a Pcell/PScell or an Scell in a PUCCH group, can be sent on a PUCCH on an Scell also instead of only on Pcell/PScell/PUCCH-SCell in the same PUCCH group, as opposed to Rel-16 where HARQ-ACK corresponding to PDSCH received on a Pcell/PScell or an Scell in a PUCCH group can only be sent on Pcell/PScell/PUCCH-SCell in the same PUCCH group.
· Note: Realistic deployment scenarios including TDD configurations should be considered for the study

During the RAN1#104bis-e discussions the handling of SPS HARQ-ACK for Alt. 1 had been further discussed, resulting in an additional alternative to be considered – i.e. original Alt. 1 has been split to Alt. 1 and Alt. 1A, resulting in the following four discussion alternatives there: 
· Alt. 1- PUCCH carrier switching is based dynamic indication in DCI
· Alt. 1A - PUCCH carrier switching is based dynamic indication in DCI for scheduled PUCCH (as for Alt. 1) and based on certain (semi-static) rules for configured PUCCH (as for Alt. 2B)
· Alt. 2B - PUCCH cell switching is based on certain (semi-static) rules 
· Alt. 2C - PUCCH carrier switching is based on RRC configured PUCCH cell timing pattern of applicable PUCCH cells
The main scenario of PUCCH carrier switching is inter-band TDD carrier aggregation where latency gain may be obtained if UL/DL configurations of the carriers are different. We acknowledge that TDD-FDD carrier aggregation, with PUCCH transmission on FDD carrier, could be another scenario with some latency gain potential. Other mentioned benefits, like load balancing or interference avoidance are less clear but possible with Alt. 1 and to some extent with Alt. 2C. Overall, PUCCH carrier switching has a rather limited scope of deployments compared with the other considered UCI enhancements. Furthermore, the inter-band carrier switching may be problematic if schedulers for carriers on different bands are designed to work independently. Therefore, we do not see obvious that carrier switching needs to be specified for Rel. 17, but it could be postponed if specification workload seems too high with all the discussed HARQ enhancement features.   
Handling of different SCS of different PUCCH cells
During the RAN1#104bis-e discussions, several questions had been raised by companies including specifically the assumption on the SCS of the different potential PUCCH carriers within a PUCCH cell group. Therefore, we take a closer look at the complications / issues of different SCS of the related UL serving cells. 
For the discussions of the problems, let’s use two Figures here namely Figure 3.1 and Figure 3.2, which handle the case when moving from lower SCS PUCCH cell (e.g. PCell) to higher SCS PUCCH cell (e.g. SCell) as illustrated in Figure 3.1 and when moving from higher SCS PUCCH cell to lower PUCCH cell as illustrated in Figure 3.2. 

[image: ]
Figure 3.1: Problem setting for different SCS of PUCCH cells – lower SCS PCell / initial PUCCH cell 
switched to higher SCS SCell / target PUCCH cell
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Figure 3.2: Problem setting for different SCS of PUCCH cells – higher SCS PCell / initial PUCCH cell 
switched to lower SCS SCell / target PUCCH cell

First, one thing that comes to mind is how to handle PUCCH repetition operation if the PUCCH cell and the associated SCS changes within the PUCCH repetition bundle. Clearly, solving this issue is non-trivial as when going from lower to higher SCS (as for Fig. 3.1) there are several PUCCH slot/sub-slots for only a single PUCCH repetition applicable and when going from higher to lower SCS within the bundle (as for Fig. 3.2), a single PUCCH slot/sub-slot of lower SCS should actually accommodate more than one PUCCH repetition instance. This issue obviously is applicable for Alt. 1A, 2B and 2C – but even for Alt. 1, different SCS of the PUCCH cells may create some complications in terms of SPS and DG PDSCH HARQ-ACK multiplexing discussed below. 
Observation 3.1: Changes of the PUCCH cell within a PUCCH repetition bundle with different associated SCS would require specific handling for all PUCCH switching alternatives.  
Looking at Alt. 1, on a first look different SCSs seem to create no issues as the PUCCH cell is dynamically indicated. But when considering the interaction of e.g. SPS HARQ-ACK and DG PDSCH HARQ-ACK this is not that clear anymore – specifically considering which SCS is applied in terms of k1. Logically, one could assume the k1 is defined in terms of the SCS of the dynamically indicated PUCCH carrier for DG PDSCH to solve the issue of the SCS and being able to directly indicate the related PUCCH slot/sub-slot. But then the k1 of the SPS HARQ-ACK would still be given in terms of the PCell SCS resulting in problems in terms of Type 1 CB generation (i.e. mix of different SCSs in terms of k1 not supported there) as well as in defining the target PUCCH slot for the multiplexing of the SPS HARQ-ACK. As the SPS HARQ-ACK PUCCH resource (determined by SPS-PUCCH-AN-List-r16 or n1PUCCH-AN) may be overlapping with more than one PUCCH slot/sub-slot of higher SCS of the dynamically indicated PUCCH cell (in Fig. 3.1) – some specific handling would be needed there. But also the inverse case, namely the dynamically indicated PUCCH having a smaller SCS (of Fig. 3.2) will create some problems there – as if e.g. the SPS HARQ-ACK of more than one PUCCH slot is to be multiplexed on a single lower SCS PUCCH slot/sub-slot may lead to some inefficiencies. Clearly there could be one simple solution for Alt. 1 to solve the varying SCS problems, namely the HARQ-ACK switching to the dynamically indicated PUCCH cells would be limited to DG PDSCH HARQ-ACK only. But also with this restriction, there are some cases which would need specific handling, as e.g. a DG HARQ-ACK from slot m transferred to a lower SCS cell (as for case of Fig. 3.2) could lead to the case that the PUCCH resource on the lower SCell for DG HARQ-ACK would be overlapping with a valid SPS HARQ-ACK resource on PCell in slot m+1 or m+2. Therefore, it seems that supporting different SCSs also for Alt. 1 will create the need to have special handling for a couple of cases also complicating the specification for Alt. 1. 
Looking at Alt. 2B, some companies in the discussions proposed some reference numerology (e.g. the PCell) to define the target PUCCH slot which is then used to apply the semi-static rules for the PUCCH carrier selection. When moving from lower to higher SCS (as in case of Fig. 3.1), the question there is how to define the PUCCH slot on the target PUCCH carrier. Some specific rules could be defined to e.g. apply the first PUCCH slot/sub-slot overlapping with the end of the PUCCH of the initial PUCCH carrier. For the case of higher SCS PCell, there is the question how to multiplex (or if to multiplex) more than one HARQ-ACK codebook from more than one PUCCH slot/sub-slot on the PCell to single PUCCH slot/sub-slot on the target cell (as shown in Fig. 3.2). As for Alt. 1 described above, there could be multiple overlapping PUCCHs of different SCS PUCCH cells originating from different PUCCH slots/sub-slots of the target cell which would need to be handled. Moreover, one would need to consider if the SCS of the target PUCCH carrier would or should be included in the semi-static selection rules for the PUCCH carrier selection, complicating the semi-static rule definition even more. So overall, the support of different SCS of the PUCCH cells will increase the required specification effort and the complexity of Alt. 2B even more.
For Alt. 1A, as this is a hybrid of Alt. 1 and Alt. 2B, the combined issues / problems of Alt. 1 and Alt. 2B apply here. But it is not clear yet if the UE would apply the semi-static rules only if there had not been any dynamic PUCCH scheduled in a slot (i.e. Alt. 2B only if SPS HARQ-ACK only, otherwise Alt. 1) or if the UE would apply the semi-static rules for the SPS HARQ-ACK before considering the HARQ-ACK multiplexing with DG PDSCH HARQ-ACK (i.e. apply Alt. 2B always for SPS HARQ-ACK, dynamic overriding based on Alt. 1 afterwards). Looking as an example on Fig. 3.2, if there is SPS HARQ-ACK in slot m+1 and DG PDSCH HARQ-ACK in slot m+2, this could potentially lead to some different selected PUCCH cells with the related PUCCHs overlapping due to different SCSs – which would require specific handling. For the second option, the issues and problems that need consideration may be even larger – specifically considering the target cells selection there (as this would then be independently done for SPS and DG PDSCH).
For Alt. 2C, as pointed out by LGE, there is an issue with mixed numerology as well as in case the ‘reference numerology’ of the time domain pattern is having a higher SCS than some of the target SCS cells (as for Fig. 3.2). Clearly, one option to solve this problem could be to set the ‘reference numerology’ to the lowest SCS of the involved PUCCH cells in terms of time domain PUCCH cell pattern determination as well as the k1 interpretation. This would solve the problem raised here but would limit the granularity of the PUCCH carrier switching to slot/sub-slot. But then there would still be a need for some rules to select the applicable PUCCH slot/sub-slot for higher SCS carriers as described for Alt. 2B for Fig. 3.1 - which complicates the otherwise simple Alt. 2C. 
To summarize the discussions here, the following can be noted: 
Observation 3.2: Mixed numerology of PUCCH carriers for PUCCH carrier switching creates at least the following complications: 
· For Alt. 1, the multiplexing of SPS HARQ-ACK and DG PDSCH HARQ-ACK in terms of k1 definition (i.e. Type 1 CB) and related multiplexing. Overlapping PUCCHs for DG HARQ-ACK on lower SCS Scell with SPS HARQ-ACK on higher SCS PCell would require special handling. 
· For. Alt. 2B, the PUCCH slot/sub-slot selection for higher SCS cells, multiplexing handling for lower SCS cells as well as overall PUCCH carrier selection depending on the SCS of different PUCCH carriers. Multiple overlapping PUCCHs of different SCS PUCCH cells originating from different PUCCH slots/sub-slots of the target cell would need to be specifically handled.
· For. Alt. 1A, the complications of both Alt. 1 and Alt. 2B apply. 
· For Alt. 2C, at least some rules for the PUCCH slot/sub-slot selection for higher SCS cells (as for Alt. 2B) would be needed. 

Clearly, the mixed numerology case will create complications for all the considered alternatives (based on observation 3.2) and specific problems for PUCCH repetition operation has been identified (based on observation 3.1) and will dramatically increase the specification effort of the potential support of PUCCH carrier switching. As there is limited time available still within Rel-17 (with less GTW time available for URLLC) and the use case of the PUCCH carrier switching being limited to some narrow case overall (not generically applicable), we therefore propose to limit the further discussions to the case of same numerology only. 
Proposal 3.1: Limit the further discussions on the potential support of PUCCH carrier switching in Rel-17 to the case of same numerology (i.e. SCS) of the involved PUCCH candidate cells. 

Support of PUCCH carrier switching for other UCI types
The discussion so far focused on HARQ-ACK operation, as the main motivation to support PUCCH carrier switching has been to reduce the HARQ-ACK delay for inter-band TDD operation with different TDD UL/DL configurations that enable the transmission of HARQ-ACK earlier. 
But similarly, regarding URLLC, also the SR latency is impacted by the TDD UL/DL configuration and UL latency for URLLC latency will be also impacted by the SR latency especially if the UE is configured for short SR periodicities. Therefore, for URLLC operation, in case PUCCH carrier switching would be supported in Rel-17, then also SR should be in focus here. 
Looking at P-CSI or SP-CSI on PUCCH, the motivation on the need to support this also for PUCCH carrier switching is less obvious. First of all, the periodicity of the P-CSI/SP-CSI reporting will be higher and does not directly impact the URLLC data channel latency. Moreover, the CSI payload size compared to SR & HARQ-ACK is much higher and would thereby also result in more resource usage on the alternative PUCCH cell. From this perspective, we do not really see a need to support this unconditionally. 
Proposal 3.2: If PUCCH carrier switching is to be supported, the PUCCH carrier switching should be limited to HARQ-ACK and SR only (i.e. PUCCH carrier switching for CSI is not to be supported). 
Next, we look a bit how the different carrier switching alternatives compare when considering also support for switching of SR and/or CSI. As a baseline assumption here, we assume the support for same numerology PUCCH carriers only based on Proposal 3.1 (as for different PUCCH carrier numerologies, additional handling would be needed): 
· For Alt. 1, as the switching is dynamically indicated, SR could be multiplexed on the scheduled PUCCH but in case there is no dynamically scheduled PUCCH available, the SR latency cannot be reduced by PUCCH carrier switching.  The same would apply to CSI on PUCCH. 
· For. Alt. 1A and 2B, a common PUCCH configuration for the different serving cells could be especially important simplification, as the PUCCH carrier selection would need to take not just the HARQ-ACK but also the SR configuration into account (which is simpler with the same PUCCH configuration). In contrast to Alt. 1, these options could enable the PUCCH carrier switching also in case of no dynamic PDSCH HARQ-ACK to be reported. The same would apply to CSI on PUCCH as well (in case there is interest to support this). 
· For. Alt. 2C, as the PUCCH carrier is predetermined by the PUCCH cell time domain pattern, the operation for SR (and CSI – if intend to support) is straightforward - especially if considering a single SCS numerology PUCCH cells only. 

Observation 3.3: PUCCH carrier switching for SR would be simple with Alt. 2C, could require common PUCCH configurations for PUCCH cells with Alt. 1A and 2B, and is possible only in presence of dynamically scheduled PUCCH with Alt. 1.   

Configuration of PUCCH carrier switching 
Some configurations for PUCCH cell switching may be similar with all the four alternatives:
· Network configures UE with more than one PUCCH cell in a PUCCH cell group.
· PUCCH-config is needed for every PUCCH cell. A full configuration may be given separately for each PUCCH cell (like it is presently given for the two PUCCH cells for the two cell groups) but the configuration could also be divided into a common and a PUCCH cell specific parts, as discussed in [MediaTek R1-210057]. HARQ-ACK feedback timing parameters could be common with all the alternatives while PUCCH resource configurations could be cell specific at least for Alt. 1. Separate PUCCH resource configurations could be useful with Alt. 1 as there would always be a DCI for indicating a resource that is optimal for the TDD slot format of the selected PUCCH carrier. For Alt. 1A and 2B, having a common PUCCH config for all PUCCH carriers with the same SCS could clearly simplify the potential specification of the carrier selection rules as the multiplexing of UCIs can be independent from carrier selection. This avoids potentially complex interdependency between UCI multiplexing, PUCCH resource selection and carrier selection. For Alt. 2C, the same or different PUCCH configurations could be used (not increasing the specification / operation complexity) otherwise. 
· Power control with separate parameters and control loops per PUCCH carrier seems necessary.


Comparison of different PUCCH carrier switching alternatives 
In Alt. 1, gNB selects the carrier, sub-slot, and PUCCH resource considering SCS dependent processing times and the anticipated use of flexible symbols. The selection would be simplest to indicate through a new field in the DCI scheduling PDSCH. It has been mentioned that lost carrier indicating DCIs would be a problem with Alt. 1. But in case there would be multiple DCIs scheduling HARQ-ACK feedback to be sent in a (sub-)slot, the gNB could indicate the same carrier switching command in all the DL assignments (i.e. do not perform carrier switching overriding) and thereby reduce the possibility of a missed PUCCH carrier switching command. A shortcoming of Alt.1 is that it does not support carrier switching for SPS HARQ-ACK feedback without additional DL signaling (e.g. using DCI). If only HARQ-ACK feedback for SPS PDSCH is needed in a same (sub-)slot, additional DL signaling such as a DCI without PDSCH scheduling needs to be sent to trigger the PUCCH carrier switching.      
In Alt 2C, an RRC configured periodical time-domain pattern indicates the PUCCH cell to be used in each instant of the pattern. The periodicity could be e.g. up to 10ms and the pattern granularity could be a sub-slot or a slot of a reference cell. Figure 3.3 shows an example of a switching pattern with five slot periodicity and when there are three cells configured for PUCCH. The shading depicts the cell where PUCCH is transmitted. The slot/sub-slot configuration of the reference cell could be used for determining the timing from PDSCH transmission to HARQ-ACK transmission according to the timing parameter in DCI that schedules PDSCH (K1) or activates SPS PDSCH transmission. After the UE has determined the PUCCH cell, the existing procedures for UCI multiplexing, PUCCH resource selection, and PUCCH resource validity checking are done based on the PUCCH-config of the determined PUCCH cell and following the existing specification. Also, the overlap of PUCCH with PUSCH may be handled with existing specification. Handling of different sub-carrier spacings in the reference cell and PUCCH cell would need to be specified as discussed in Sec. 3.1. 
 [image: ]
Figure 3.3: PUCCH cell determined by a time-domain switching pattern (Alt. 2C).
In Alt. 2B the rules for selecting the PUCCH cell may need fairly large specification effort. The idea is that PUCCH carriers are ordered and PUCCH is transmitted on the first carrier that has enough valid symbols for accommodating PUCCH [Qualcomm R1-2101459]. The question on resource validity is similar as with SPS HARQ-ACK deferral and it may be possible to unify the procedures to some extent if the carrier switching is limited to a single SCS and same PUCCH resource configuration on the different UL serving cells. For instance, there is a correspondence between the conditions that trigger deferral and the conditions that trigger carrier switching as well as between the target slot determination and PUCCH carrier selection. However, if carrier switching should operate between carriers with different subcarrier spacings (which is against our proposal 3.1), possibilities for unification of the switching and deferral procedures are smaller as the handling of different SCS may essentially complicate the PUCCH carrier selection and PUCCH resource selection compared with the slot and resource selection in deferral. Moreover, for Alt. 2B the detailed operation considering certain TDD UL/DL configurations of different serving cells are pre-determined by the specifications, leaving little room for the gNB to operate differently or keep the exact control at gNB side. For Alt. 1, as dynamically indicated, the gNB keeps control of each of the PUCCH occasions in its selection of which cell the PUCCH should be transmitted. For Alt. 2C, this is (semi-statically) RRC configured including the option to not move the PUCCH to an alternative cell or configuring a specific cell to carry the PUCCH at certain times. For Alt. 2B, this would be just determined by the TDD UL/DL configurations of different serving cells and e.g. some cell priority order (as discussed by some companies) keeping little control of the PUCCH cell (and the related UL resource utilization) at the gNB side. This specifically becomes an issue when considering different UEs with different CA capabilities (and CA operation) – as depending on the potentially varying number of PUCCH cells for different UEs different cells would be selected resulting in overall higher UL control load and related PUCCH fragmentation across different serving cells. Planning of resource use is complex in Alt. 2B because of the coupling to carrier selection: different RRC configured or DCI indicated PUCCH resources may lead to different carrier selections. 
As already pointed out in our input to the discussions on Alt. 1A during RAN1#104bis-e, the specification effort of Alt. 1A basically requires the definition of the dynamic signaling for scheduled PUCCH (as for Alt. 1) as well as the detailed specification of the semi-static rules used for configured PUCCH (as for Alt. 2B). So clearly Alt. 1A is the most complex to specify. In terms of gNB control, as the configured PUCCH (at least for SPS HARQ-ACK) applies the semi-static rules, also there gNB control is limited as for Alt. 2B – and Alt. 1A cannot be used to control or balance the UL load on the different carriers. 
Observation 3.4: Alt. 1A and 2B are complex to specify and implement as well as complex to operate from gNB perspective as there is little to no control over the PUCCH carrier selection.
In Section 3.2 we discussed carrier switching for SR or CSI. Alt. 2C can support switching for all UCI without any complications. With Alt. 1, the DCI indication could apply for all UCI: once DCI is received, all UCI can be multiplexed for PUCCH switching. With Alt. 1A / 2B it is not obvious how multiplexing would work. At least it would be one more complicating factor to be taken into account in the PUCCH cell selection rules.              
In Table 3.1 we compare the different alternatives. The most important difference to us is that, while Alt. 1 and 2C allow gNB to control the carrier selection and PUCCH resource use, there are limited possibilities for those with Alt. 1A and 2B, as discussed above. 
Table 3.1: comparison of the PUCCH carrier switching alternatives
	property
	Alt. 1
	ALT. 1A
	Alt. 2B
	Alt. 2C

	specification effort
	Small
	very high
	high
	small

	PUCCH carrier selection flexibility
	gNB controls dynamically
	gNB has no control over configured PUCCH (only for scheduled PUCCH)
	gNB has little control as selection depends on slot formats. 
	semi-statically variable in time 

	PUCCH resource handling on a PUCCH carrier
	fully on gNB control
	limited gNB control because PUCCH resource selection for configured PUCCH coupled with carrier selection
	limited gNB control because PUCCH resource selection coupled with carrier selection 
	fully on gNB control

	SPS HARQ-ACK support
	with additional DCIs
	without control overhead
	without control overhead
	without control overhead

	SR/CSI switching
	limited due to the need of DCI
	possible without DCI but may complicate cell selection
	possible without DCI but may complicate cell selection
	straightforward support



Based on the expected specification effort and the wish to keep the full control on PUCCH carrier and resource selection on gNB we propose that 
Proposal 3.3: Exclude Alt. 1A and 2B from the studies on PUCCH carrier switching for HARQ-ACK feedback and focus the further discussions on the remaining Alt. 1 (dynamic indication in DCI) and Alt. 2C (RRC configured PUCCH cell timing pattern).
· Nokia has a slight preference towards Alt. 2C due to the lower DL control signaling overhead and better handling for configured PUCCH (for SPS HARQ-ACK and/or SR). 
  
Conclusion
In this contribution we discuss the identified issues for support or at least study based on the RAN1#102-e agreements. 
The discussions in Sec. 2 on retransmissions of dropped HARQ-ACK can be summarized in the following related observations and proposals: 
Observation 2.1: In case that HARQ ACK multiplexed on PUSCH is dropped, triggering retransmission of dropped HARQ-ACK via DCI scheduling UL grant and/or via semi-static configuration at least for CG PUSCH could decrease the downlink control overhead.
Proposal 2.1: Support enhanced Type 3 CB(s) with smaller size (compared to Rel-16) 
· Definition of enhanced Type 3 CB: 
· The codebook size of a single triggered enhanced Type 3 HARQ-ACK codebook is not flexible, but at least determined by RRC configuration
· The codebook construction uses HARQ processes as a basis (i.e. ordered according to HARQ-IDs and serving cells)

Proposal 2.2: For Type 3 codebook enhancements for URLLC, RAN 1 to consider  
· Limiting the enhanced Type 3 CB to RRC configured subsets of HARQ processes / IDs or serving cells
· Support dynamic indication of the RRC configured Type 3 CB subset from multiple enhanced Type 3 CB alternatives only by a triggering DCI that does not schedule PDSCH. For a triggering DCI also scheduling PDSCH, only a fixed single RRC configured enhanced Type 3 CB can be triggered. 
· Including the support for Type 3 CB triggering using DCI format 1_2. 
· Triggering DCI including a PHY priority indication for the PUCCH carrying the Type-3 CB. 

Proposal 2.3: On one-shot HARQ-ACK codebook re-transmission on PUCCH and/or PUSCH: 
· Support one-shot HARQ-ACK codebook re-transmission on PUCCH with a dynamic indication of the timing of the HARQ-ACK CB (of a specific PUCCH occasion) to be re-transmitted. 
· Support dynamic triggering the retransmission of dropped HARQ-ACK on PUSCH via DCI scheduling the PUSCH retransmission. 
· Further study autonomous HARQ-ACK re-transmission on PUSCH with a scheduled PUSCH re-transmission and via semi-static configuration for autonomous CG PUSCH re-transmission.


The discussions in Sec. 3 on dynamic PUCCH carrier switching can be summarized in the following related observations and proposals: 
Observation 3.1: Changes of the PUCCH cell within a PUCCH repetition bundle with different associated SCS would require specific handling for all PUCCH switching alternatives.  
Observation 3.2: Mixed numerology of PUCCH carriers for PUCCH carrier switching creates at least the following complications: 
· For Alt. 1, the multiplexing of SPS HARQ-ACK and DG PDSCH HARQ-ACK in terms of k1 definition (i.e. Type 1 CB) and related multiplexing. Overlapping PUCCHs for DG HARQ-ACK on lower SCS Scell with SPS HARQ-ACK on higher SCS PCell would require special handling. 
· For. Alt. 2B, the PUCCH slot/sub-slot selection for higher SCS cells, multiplexing handling for lower SCS cells as well as overall PUCCH carrier selection depending on the SCS of different PUCCH carriers. Multiple overlapping PUCCHs of different SCS PUCCH cells originating from different PUCCH slots/sub-slots of the target cell would need to be specifically handled.
· For. Alt. 1A, the complications of both Alt. 1 and Alt. 2B apply. 
· For Alt. 2C, at least some rules for the PUCCH slot/sub-slot selection for higher SCS cells (as for Alt. 2B) would be needed. 

Proposal 3.1: Limit the further discussions on the potential support of PUCCH carrier switching in Rel-17 to the case of same numerology (i.e. SCS) of the involved PUCCH candidate cells. 

Proposal 3.2: If PUCCH carrier switching is to be supported, the PUCCH carrier switching should be limited to HARQ-ACK and SR only (i.e. PUCCH carrier switching for CSI is not to be supported). 

Observation 3.3: PUCCH carrier switching for SR would be simple with Alt. 2C, could require common PUCCH configurations for PUCCH cells with Alt. 1A and 2B, and is possible only in presence of dynamically scheduled PUCCH with Alt. 1. 
  
Observation 3.4: Alt. 1A and 2B are complex to specify and implement as well as complex to operate from gNB perspective as there is little to no control over the PUCCH carrier selection.

Proposal 3.3: Exclude Alt. 1A and 2B from the studies on PUCCH carrier switching for HARQ-ACK feedback and focus the further discussions on the remaining Alt. 1 (dynamic indication in DCI) and Alt. 2C (RRC configured PUCCH cell timing pattern).
· Nokia has a slight preference towards Alt. 2C due to the lower DL control signaling overhead and better handling for configured PUCCH (for SPS HARQ-ACK and/or SR). 
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