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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#105-e meeting R1-2104039, R1-2106249], and taking into account the downscoping recommendation provided by RAN plenary in RAN#92-e:
	1. Revised Recommendation2: Provide the following RAN guidance on HARQ-ACK enhancement [RAN1]
a. No further discussions on SPS HARQ-ACK skipping and size reductionbundling/compression.



[bookmark: _Hlk54109260]Dropping of SPS HARQ-ACK feedback in TDD operation
In RAN1#104-e, it was agreed to support Deferring HARQ-ACK until a next available PUCCH as captured in the following agreement: 
Agreements:
1. [bookmark: _Hlk62406356]Support deferring SPS HARQ-ACK dropped due to TDD specific collisions until a next available PUCCH in Rel-17 based on semi-static configuration of slot format
· FFS: Details (including possible conditions for such a deferring, whether or not to consider semi-statically configured flexible symbols for PUCCH availability, etc.)
· Aim for minimal standardization efforts and UE complexity in implementation

Besides, some other agreements have been reached on the technical details of the deferring operation as captured in the following:  

RAN1#104-e:

Agreements:
Further down-select between the following two options for SPS HARQ-ACK deferral: 
· Option 1: Joint RRC configuration of the SPS HARQ-ACK deferral per PUCCH cell group 
· Note: any SPS HARQ-ACK within a PUCCH cell group in principle is subject to deferral
· Option 2: The SPS HARQ-ACK deferral is configured per SPS configuration
· Note: part of sps-config, only HARQ-ACK of SPS PDSCH configurations configured for deferral is in principle subject to deferral
Agreements: Rel-16 UCI multiplexing  / PUCCH overriding rules are reused for deferred SPS HARQ-ACK in the target slot, if applicable.
Agreements: For SPS HARQ-ACK, the deferral from the initial slot/sub-slot determined by k1 in the activation DCI to the target slot/sub-slot determined by k1+ k1def, the UE will check the validity of a target slot/sub-slot evaluating from one slot/sub-slot to the next sub/sub-slot (i.e. in principle k1def granularity is 1 slot/sub-slot)
· FFS: if there is a limit on the minimum deferral considered the required UE processing (k1def ≥0)  
· FFS: if there is a limit on the maximum deferral 

Agreements: For SPS HARQ-ACK deferral, for the determination of valid symbols in the initial slot/sub-slot a collision with semi-static DL symbols, SSB and CORESET#0 is regarded as ‘invalid’ or ‘no symbols for UL transmission’.
RAN1#104bis-e:
Agreements: For SPS HARQ-ACK deferral, for the determination of valid symbols in the target slot/sub-slot a collision with semi-static DL symbols, SSB and CORESET#0 is regarded as ‘invalid’ or ‘no symbols for UL transmission’.

Agreements: For SPS HARQ-ACK deferral, support a limit on the maximum deferral of SPS HARQ in terms of k1def  or k1+ k1def
a. FFS: limitation given by a maximum value of k1def or a maximum of k1eff =k1+ k1def
b. FFS how the limitation is determined (e.g. by K1 set(s) or RRC configured limit)

Agreements: For SPS HARQ-ACK deferral, there is no lower limit defined for k1def

Agreement: Restrict the further discussions on the initial slot handling for SPS HARQ-ACK deferral to the identified alternatives Alt. 1, Alt. 1A and 2. 

Agreement: For SPS HARQ-ACK deferral, the limit on the maximum deferral of SPS HARQ is defined in terms of k1eff =k1+ k1def.

Working assumption: To handle the collision for the same HARQ process due to deferred SPS HARQ-ACK the following behaviour is to be specified: 
· In case the UE receives PDSCH of a certain HARQ Process ID, the deferred SPS HARQ bit(s) for this HARQ Process ID are dropped.

Agreement: For SPS HARQ-ACK deferral, the initial HARQ-ACK transmission occasion is considered to determine the out-of-order HARQ condition


In this Section, we present our views on some of the remaining open issues listed in the following:
i) The conditions that trigger deferral within the initial slot 
ii) Determination of the target slot, including PUCCH resource determination and HARQ codebook construction
iii) Configuration per SPS configuration or per PUCCH group?
iv) How to define the maximum deferral value?
The conditions that trigger deferral in the initial slot 
Based on the RAN1#104bis-e agreement, three alternatives are still on the table related to the conditions that would trigger deferral in the initial slot (note that, as per RAN1#104-e agreement, the PUCCH in the initial slot is ‘not valid’ if it overlaps with semi-static DL symbols, SSB and/or CORESET#0):
· Alt. 1: Deferral only, if the SPS HARQ-ACK in the initial slot/sub-slot cannot be transmitted as the resulting PUCCH resource for transmission using the PUCCH by SPS-PUCCH-AN-List-r16 or n1PUCCH-AN is not valid
· Alt. 1A: Deferral only, if the PUCCH resource configured by SPS-PUCCH-AN-List-r16 or n1PUCCH-AN for the HARQ-ACK transmission assuming SPS HARQ-ACK only is not valid in the initial slot/sub-slot
· Alt. 2: Deferral only, if the SPS HARQ-ACK in the initial slot/sub-slot cannot be transmitted as the resulting PUCCH resource for transmission using SPS-PUCCH-AN-List-r16, n1PUCCH-AN or other configured PUCCH resource(s) is not valid 

Starting with alternative 1, the deferral operation would be triggered when the resulting PUCCH resource in the initial slot is the one provided by semi-static configuration (in SPS-PUCCH-AN-List-r16, or n1PUCCH-AN) and this PUCCH resource is invalid. In the case a DCI schedules a PUCCH transmission on the same initial slot, Rel. 16 UCI multiplexing behavior is applied meaning that the dynamic PUCCH resource is used to convey the SPS HARQ-ACK feedback (i.e. the deferral operation is not applied in this case). One drawback with this alternative is related to the UE missing the DCI triggering the PUCCH transmission: if this occurs, the UE would defer the SPS HARQ-ACK feedback to a next available slot, whereas the gNB would expect the SPS HARQ-ACK feedback in the initial slot in the PRI-indicated PUCCH resource. PUCCH resource “ambiguity” due to PRI-overriding is also a known problem in Rel15/Rel16 operation; however, here the main difference is that the SPS HARQ-ACK may now be transmitted on a different slot meaning that multiple gNB PUCCH decoding hypothesis across multiple slots may be needed (e.g. hypothesis #1: SPS HARQ-ACK multiplexed with dynamic HARQ-ACK in PRI-indicated PUCCH in the initial slot, hypothesis #2: SPS HARQ-ACK deferred to the k1def slot). We don’t think this is a much more complex issue to handle as compared to existing “intra-slot” PUCCH ambiguity (e.g. when dynamic HARQ-ACK and SPS HARQ-ACK are mapped to the same slot, and the UE may miss the DCI associated to the dynamic HARQ-ACK transmission).
Alternative 1A addresses the DCI misdetection issue by determining to do the deferring based on semi-static configuration: i.e. deferring is done if the PUCCH resource provided by SPS-PUCCH-AN-List-r16 or n1PUCCH-AN in the initial slot is not valid, even if multiplexing & transmission based on PRI in initial slot would be possible. This results in more deferring (larger HARQ delay) than generally needed and removes the possibility for the gNB to ‘retrieve’ the SPS HARQ-ACK as early as possible through PRI-overriding if this is needed (e.g. for critical IIoT/URLLC traffic, which is the focus of this WI). Due to the limited flexibility for the gNB for controlling the timing of the HARQ-ACK feedback and unnecessary increased of the HARQ feedback delay, this alternative is not preferred. 
Finally, alternative 2 is in our view a further enhanced version of alternative 1 where, in case the PUCCH resource provided by SPS-PUCCH-AN-List-r16 or n1PUCCH-AN is not valid (and no other dynamically indicated PUCCH is scheduled in the slot), some new rules are defined (or signaled) to the UE to determine an alternative PUCCH resource from another PUCCH resource set (i.e. intra-slot deferral). Here the main open issue is how to do the PUCCH resource determination, as well as the possible candidate set of PUCCH resources to choose from. Some companies seem to prefer that the alternative PUCCH resource may be selected from PUCCH_ResourceSet, whereas other companies prefer a simpler scheme consisting on providing e.g. a second set of PUCCH resources for SPS HARQ-ACK. Given the limited remaining time of the work item and the fact that some many remaining details would still need to be discussed/agreed for alternative 2, this solution is not preferred.  
Handling of PUCCH resources for CSI
Related to the conditions for deferring SPS HARQ-ACK in the initial slot, it was also discussed how to treat the PUCCH resources configured for periodic or semi-persistent CSI reports, e.g. whether they should also be considered as candidate resources for reporting the HARQ-ACK feedback in the initial slot or not. While we think this issue is not critical and could be handled after deciding among alternatives 1, 1A or 2, we think the simplest option would be to reuse existing UCI multiplexing rules as much as possible; that is, if no dynamic PUCCH is scheduled in the initial slot, first the UE determines a “survivor” PUCCH resource in the initial slot from either SPS-PUCCH-AN-List-r16, n1PUCCH-AN, multi-CSI-PUCCH-ResourceList or pucch-CSI-ResourceList according to existing UCI multiplexing rules (where PUCCH resources in multi-CSI-PUCCH-ResourceList or pucch-CSI-ResourceList are only considered in case there is CSI information to be multiplexed in the initial slot); then, the UE checks if the survivor PUCCH is valid (based on overlap with semi-static DL symbols, SSB and/or CORESET#0), and transmits the PUCCH if the survivor PUCCH is valid, or defers the SPS HARQ-ACK if the survivor PUCCH is not valid.
Given the above discussion, the following is proposed:
Proposal 2.1: For the conditions for deferring SPS HARQ-ACK in the initial slot, in the case no dynamic PUCCH is scheduled on the initial slot, support Alt. 1: Defer if the SPS HARQ-ACK in the initial slot/sub-slot cannot be transmitted as the resulting PUCCH resource for transmission using a PUCCH provided by SPS-PUCCH-AN-List-r16 or n1PUCCH-AN is not valid.
· FFS: whether PUCCH resources in multi-CSI-PUCCH-ResourceList and pucch-CSI-ResourceList should also be considered as candidate resources for reporting the HARQ-ACK feedback in the initial slot or not. 

Target slot determination

The determination of the target slot was discussed in RAN1#104bis-e and at least the following solutions were on the table:
· Option 1: The earlier of a valid PUCCH of sps-PUCCH-AN-List-r16 or n1PUCCH-AN, or a dynamic indicated PUCCH resource (from PUCCH-ResourceSet)
· Option 2: First available slot with a valid PUCCH of sps-PUCCH-AN-List-r16 or n1PUCCH-AN
· Option 3: Reuse the same condition as in the initial slot (for simplicity – depending on the Alt. chosen there)

There were no agreements as majority of companies think that this should be discussed after deciding the behavior in the initial slot, which we find reasonable. Nevertheless, following similar arguments as discussed in Section 2.1 (and also thoroughly discussed in our previous contribution R1-2102819), our current preference for the target slot determination is to adopt Option 1: The earlier of a valid PUCCH of sps-PUCCH-AN-List-r16 or n1PUCCH-AN, or a dynamic indicated PUCCH resource (from PUCCH-ResourceSet). An example is shown in Figure 2.1, where the HARQ-ACK of SPS PDSCH in slot #1 and #2 would be deferred to slot #3, as there is a dynamic PUCCH scheduled in the slot. In case the UE misses the DCI triggering the dynamic PUCCH, the UE would defer the HARQ-ACK to slot#4.

[image: ]
Figure 2.1: Example of multiplexing of deferred SPS HARQ-ACK with dynamic PDSCH HARQ-ACK. 
k1 = 1 slot is assumed for both SPS PDSCH and dynamic PDSCH.

Proposal 2.2: For SPS HARQ-ACK deferral, the target slot is determined as the earlier of a valid PUCCH of sps-PUCCH-AN-List-r16 / n1PUCCH-AN, or a dynamically indicated PUCCH resource (from PUCCH-ResourceSet).

HARQ-ACK Codebook construction in the target slot 
Overall, we see two main alternatives on how to construct the HARQ-ACK codebook in the target slot: 
creating a ‘sub-codebook’ containing the HARQ-ACK information of all the deferred SPS PDSCHs and appending this sub-codebook to the existing HARQ-ACK codebook in the target slot (if any).
· For constructing the ‘sub-HARQ-ACK codebook’, the existing SPS-only Rel-16 codebook construction procedure/pseudocode in TS 38.213 Clause 9.1.2 can be used, where HARQ-ACK bits are ordered by, first, serving cells, second, SPS configuration index, and third, by slot index.
Jointly constructing a HARQ-ACK codebook containing both deferred and non-deferred/dynamic-triggered HARQ-ACK information.
· For Type-1 codebook, some new operation may be needed in case the deferred SPS HARQ-ACK is not covered within the set of M A,C occasions for PDSCH reception. 
For Type-2 codebook, the two alternatives above result in the same HARQ-ACK payload size but the sorting of the bits could be slightly different (which is not an issue). 
For Type-1 codebook, there could be some differences in the payload size between alternatives i) and ii) in the case the deferred SPS HARQ-ACK is to be multiplexed with a ‘full’ Type 1 CB (that includes dynamic PDSCH HARQ-ACK) in the target slot. Taking alternative ii) here, there is room for some codebook payload size reduction such as including the deferred SPS HARQ-ACK as much as possible together in the Type 1 CB and only amend the deferred HARQ-ACK bits which cannot be mapped there. The maximum difference in the payload size there between optimization and simple amendment is the number of deferred HARQ-ACK bits. Looking at the overall size of the Type 1 CB, it seems that simple amendment would increase the payload size but maybe not by that much and may also be easier to specify since a common general procedure could be applied both Type-1 and Type-2 codebook, including cases with and without dynamic PDSCH HARQ-ACK. Nevertheless, we would not oppose if companies still prefer to apply simple payload optimizations (e.g. append one bit per postponed SPS PDSCH HARQ-ACK only if the PDSCH to HARQ-ACK timing is not covered by the configured K1 set). Therefore, the following is proposed: 
Proposal 2.3: For constructing the HARQ-ACK codebook in the target slot, the deferred SPS HARQ-ACK bits are simply amended to the initial HARQ-ACK bits in the target slot.

Other issues on SPS HARQ-ACK deferral
In this section we discuss some other issues, including some ‘FFS’ in the agreements from RAN1#104-e and RAN1#104bis-e.
Configuration per SPS configuration or per PUCCH group?
From specification effort point of view, we do not see much differences between configuring the SPS HARQ-ACK deferral per PUCCH group or per SPS configuration. Therefore, to distinguish the SPS usage for different traffic types, it is preferred that the SPS HARQ-ACK deferral can be configured per SPS configuration.
Proposal 2.4: SPS HARQ-ACK deferral is configured separately per SPS configuration.

How to define the maximum deferral value?
It has been agreed in RAN1#104bis-e that the limit on the maximum deferral of SPS HARQ is defined in terms of k1eff =k1+ k1def. The main question here is whether the maximum allowed k1eff (which we denote k1eff_max in the following) shall be derived from existing parameters/configuration, e.g. maximum value in configured dl-DataToUL-ACK set, or explicitly configured (either for all the SPS PDSCH configurations in a bandwidth part, or per individual SPS configuration). For largest flexibility, we prefer explicit configuration of k1eff_max per individual SPS configuration considering that SPS may be used to carry different traffic flows with potentially different latency requirements. Considering the potential value range for k1eff_max, we think the current value range for k1 of up to 15 should be sufficient as also for DG PDSCH a larger k1 value is not supported.  
Proposal 2.5: The maximum allowed deferral value k1eff_max having value range up to 15 is configured per individual SPS configuration, i.e. as part of SPS-Config. 


PUCCH repetition enhancements for URLLC/IIoT
At RAN1#104-e, good progress on this topic has been made and the following decisions with respect to PUCCH repetition enhancements can be noted:
	Agreements: Support sub-slot based PUCCH repetition for HARQ-ACK based on the Rel-16 PUCCH procedure for slot-based PUCCH applied to sub-slot based PUCCH
· Note: the intention is to take the Rel-16 slot-based PUCCH by replacing with “sub-slot” appropriately, without further optimization unless necessary
· FFS whether or not there is any restriction for the applicability of sub-slot based PUCCH repetition for HARQ-ACK
· Dynamic repetition indication is supported also for sub-slot based PUCCH in Rel-17
· FFS: if the method to be specified in Cov. Enh WI for slot-based PUCCH repetition can be directly applied to sub-slot PUCCH or if changes are needed

Agreements: Support PUCCH repetition for PUCCH formats 0 and 2 at least for sub-slot based PUCCH repetition. 
· FFS: Support for slot-based PUCCH repetition



During RAN1#104bis-e, no progress on the PUCCH repetition could be made partially due to the fact that there had been no progress on the dynamic signaling details in the Cov. Enh. WI. 
During RAN1#105-e, PUCCH repetition had not been on the agenda as part of the URLLC WI. But there had been some progress in the Cov. Enh. WI with the following working assumption to be noted: 
	Working assumption: In Rel-17, for a PUCCH with associated scheduling DCI, support the following for dynamic PUCCH repetition factor indication. 
· Enhance RRC signaling to allow configuration of PUCCH repetition factor per PUCCH resource. Reuse Rel-16 PUCCH resource indication mechanism based on “PUCCH resource indicator” (PRI) field and starting CCE index (when applicable based on Rel-16 spec) of DCI to indicate a PUCCH resource and its associated repetition factor.
· FFS: RRC signaling enhancement details



First of all, we think that the method agreed (as a working assumption in coverage enhancements WI) can be directly used also for the ‘URLLC purpose’. Moreover, as the details of the dynamic repetition indication are to be discussed as part of the Cov. Enh. WI, we believe that also the interaction of dynamic repetition indication and the Rel-15 RRC configured repetition numbers in ‘nrofSlots’ in PUCCH-config should be discussed and decided in the AI 8.8.2. 
Observation 3.1: The working assumption on a configurable PUCCH repetition factor per PUCCH resource from the Coverage Enhancements WI seems to be directly applicable also for URLLC operation and no changes seem to be required. The interaction of the dynamic repetition indication and the Rel-15 RRC configured repetition numbers in ‘nrofSlots’ is better to be discussed as part of the Coverage Enhancements WI (in AI 8.8.2). 
When looking now at the overall PUCCH repetition framework (incl. the agreed dynamic repetition), the following can be noted: 
· Even though we agreed the dynamic repetition indication, there is still the RRC configured repetition numbers in ‘nrofSlots’ in PUCCH-config as well in case the dynamic repetition factors are not configured (and/or not supported by the UE). In Rel-16, the UE is not expected to be configured with ‘nrofSlots’ for a sub-slot based PUCCH configuration which in Rel-17 now is to be changed. 
· As the ‘nrofSlots’ is configured per PUCCH format (independently which UCI is to be carried), at least for RRC configured PUCCH repetition factor the sub-slot PUCCH repetition should also be applicable to the same UCI types as for slot-based PUCCH repetition. For the PUCCH repetition operation using dynamic indication based on the working assumption, as the configuration of the repetition factor is per PUCCH resource, also there if a certain PUCCH resource with a configured repetition factor is selected this should apply independently of the UCI type. Clearly, from URLLC/IIoT WI the focus is on HARQ-ACK and it should be noted that neither SR nor CSI on PUCCH are dynamically indicated. 
· Similarly on the support of repetition of PUCCH formats 0 and 2, considering the RRC configured repetition factor ‘nrofSlots’ that would need to be supported also for PUCCH formats 0 & 2 in Rel-17, as this is part of the PUCCH configuration we don’t see a real reason to not support it. Clearly, there would be no additional specification effort when enabling this also for slot-based PUCCH configuration in addition to sub-slot based PUCCH configurations. 

Based on these discussions, the following observations and proposals are noted: 
Proposal 3.1: For the Rel-15 RRC configured PUCCH repetition factor using ‘nrofSlots’ in PUCCH-config, the configured repetition factor is applicable for the same UCI types for sub-slot based PUCCH repetition as for slot-based PUCCH repetition, including HARQ-ACK, SR and CSI. 
Proposal 3.2: The RRC configured PUCCH repetition factor using ‘nrofSlots’ in PUCCH-config for PUCCH formats 0 and 2 should be applicable for sub-slot and slot-based PUCCH configurations. 
There had been also some discussions if the overall framework of PUCCH repetition operation should be maybe adopted to the URLLC/IIoT specific requirements:  
· According to Rel-16 specification, overlap between a PUCCH with repetitions and PUSCH of the same priority is avoided by dropping PUSCH. A question is if this rule should be maintained in Rel-17 and applied also with sub-slot PUCCH repetition and should overlap handling be different with CG and DG PUSCH. Dropping of a PUCCH repetition that overlaps with a DG PUSCH would relax PUSCH scheduling restrictions and should therefore be considered for URLLC operation. Such change of dropping behavior could e.g. be specifically limited to PHY high-priority operation.  
· In Rel-16, multiple UCI types are not multiplexed in PUCCH with repetitions but UCI that is sent is selected according to priority order HARQ ACK - SR - CSI. A straightforward enhancement could be to multiplex e.g. HARQ-ACK and SR that are to be transmitted over the same (sub-)slots to reduce the SR latency but at the same time provide higher PUCCH (HARQ-ACK) reliability.  

Proposal 3.3: RAN1 to discuss changes to the PUCCH repetition framework for URLLC/IIoT including: 
· Change of dropping behavior for PUCCH repetition: Drop a PUCCH repetition overlapping with a high-priority DG PUSCH to prevent high-priority UL-SCH data dropping. 
· Enable multiplexing of HARQ-ACK & SR (at least for PUCCH of priority index 1) to reduce SR latency. 

Type-1 HARQ-ACK Codebook enhancements 
During RAN1#104bis-e, the following agreement could be reached:
	Agreement: Support Type-1 HARQ-ACK codebook for sub-slot based PUCCH configuration in Rel-17.
· The properties of the Type-1 HARQ-ACK codebook for sub-slot PUCCH at least includes that a PDSCH TDRA is associated with a UL /PUCCH sub-slot if the end of the PDSCH overlaps with the associated sub-slot determined by a k1 in the set of sub-slot timing values K1. 
· FFS: whether the PDSCH TDRA grouping is performed per DL slot or sub-slot
· Decide between PDSCH TDRA grouping per DL slot and sub-slot during RAN1#105-e 



As part of this agreement, it was made clear that the effort spent on the Type-1 HARQ-ACK codebook should be minimized to not impact the work on the other URLLC HARQ-ACK related enhancements. Clearly, further enhancements and optimizations are out of Rel-17 considering that RAN1 on purpose removed the related FFS from the final RAN1#104bis-e agreement. Therefore, RAN1 should focus on the absolutely needed decisions to complete the support of the sub-slot based Type-1 HARQ-ACK codebook here. 
On the FFS from the agreement above, there had been already some very good discussions on the PDSCH TDRA grouping to be performed per DL slot or sub-slot during RAN1#104bis-e, as reported in Sec. 6.2.2 of the moderator summary in R1-2104039 and visible by some emails on the reflector. Specifically, towards the end of the meeting the discussions between Qualcomm and ZTE lead to a better description of what the differences between slot and sub-slot based TDRA grouping is to be understood, namely in the second step of a two-step procedure as described by Qualcomm:
· 1st step: a subset of TDRAs are selected for each UL subslot indexed by k1 based on the sub-slot in which the TDRA ends 
· 2nd step: the TDRAs’ obtained in the first step are pruned per DL slot (Option 1) or DL sub-slot (Option 2) 

 Or alternatively, this could be formulated as (based on the suggestion by QC):
· Option 1: TDRA pruning/grouping per DL slot after TDRA determination per UL sub-slot.
· Option 2: TDRA pruning/grouping per DL sub-slot after TDRA determination per UL sub-slot.

The discussions and the examples laid out by ZTE and Huawei in their discussions clearly demonstrate, that selecting per slot grouping (Option 1), some redundant bits in the Type-1 HARQ-ACK codebook can be removed leading to the same or smaller Type-1 HARQ-ACK CB size compared to per sub-slot grouping. The size difference will be the larger the shorter the sub-slot length (i.e. especially for 2OS sub-slot length). As the benefits here clearly outweigh the minor implementation complexity, we suggest supporting per DL slot TDRA pruning / grouping. 
[bookmark: _Hlk75773497]Proposal 4.1: For Type-1 HARQ-ACK codebook for sub-slot based PUCCH configuration, support TDRA pruning/grouping per DL slot after TDRA determination per UL sub-slot.
From our perspective, no further decisions would be needed at this point of time for the support of Type-1 HARQ-ACK codebook for sub-slot based PUCCH configuration. The detailed implementation can be left to the editor / CR phase in Nov/Dec. 2021. 

Retransmissions of dropped HARQ-ACK
In RAN1 #105-e, the following working assumption was reached:
	Working Assumption: For at least HARQ-ACK re-transmission:
· Support at least one enhanced Type 3 HARQ-ACK CB with smaller size (compared to Rel-16) in Rel-17
· Definition of enhanced Type 3 CB: 
· The codebook size of a single triggered enhanced Type 3 HARQ-ACK codebook at least determined by RRC configuration 
· The codebook construction uses HARQ processes as a bases (i.e. ordered according to HARQ-IDs and serving cells)
· Support 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 (i.e. Alt. 3) in Rel-17
· Details are FFS
· Enhanced Type 3 HARQ-ACK CB and/or 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 are subject to separate UE capabilities



In the following we discuss separately the two re-transmission methods of the working assumption.
Enhanced Type 3 CB
Important questions for enhanced Type-3 CB specification 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:
1. 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.
2. 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.
3. 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 5.1: 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.

In summary, our proposals for enhanced Type-3 codebook specification are:
Proposal 5.1: 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. 

One-shot triggering (by a DL assignment) of HARQ-ACK re-transmission on a PUCCH resource
In this method, the triggering DCI should indicate which codebook is to be retransmitted as there may be multiple droppings in the past (or future). Alternatives proposed in RAN1 discussions are that 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. 
A possible way to indicate the timing of the codebook to be re-transmitted is shown in Figure 5.1. HARQ-ACK codebook in PUCCH 2 is to be re-transmitted and re-transmission is triggered by a triggering DCI that allocates PUCCH 3 for the re-transmission. The triggering DCI carries a variable slot_offset that points to the slot of PUCCH 2 using the slot of PUCCH 3 as a timing reference. Namely, in the example of Fig. 5.1, the PUCCH re-transmission is triggering for transmission in slot N and based on the slot_offset indicator set to X, the HARQ-ACK CB of the PUCCH of slot N-X (i.e. PUCCH 2) is mapped for re-transmission to PUCCH 3 in slot N. 
If UE is configured for two priorities, there may have been two PUCCHs in the indicated slot. In this case, in addition to the timing indicating the slot, a priority indicating bit is needed in triggering DCI to tell which of the two codebooks needs to be re-transmitted. One issue to decide is if the re-transmission triggering DCI may simultaneously assign PDSCH. If such a possibility is not specified, maintaining DCI size is possible as some bit fields may be reused for indicating re-transmission triggering and carrying the slot_offset indicator. Like with enhanced Type-3 codebook, we think maintaining the DCI size is important also with this method. 
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Figure 5.1. Indication of the HARQ-ACK codebook to be retransmitted using the slot 
for the PUCCH re-transmission as timing reference. 
Another way, using the timing of triggering DCI as a reference, as proposed by CATT in [R1-2104512], can also be considered. However, using the PUCCH as a timing reference of Fig. 5.1 is simpler because the range of slot_offset is easier to determine as it counts directly the sub-slot/slot difference between the PUCCH transmissions without any need to consider timing of the triggering DCI. With PUCCH as the reference, the slot_offset indicator is always positive, and the maximum value corresponds to the width of the time window for retransmission.
For one-shot HARQ-ACK codebook re-transmission on PUCCH resource we propose
Proposal 5.2: 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. The re-transmission triggering DCI does not schedule PDSCH (allowing maintaining DCI size) and e.g. the HARQ ID field can be used to indicate the offset between the target PUCCH occasion and the PUCCH occasion of the HARQ-ACK CB to be re-transmitted. 

Multiplexing of re-tx HARQ and new, initial HARQ-ACK
The two HARQ-ACK re-transmission enhancements discussed in the previous two sub-sections have one significant difference compared to Rel-16 Type 3 HARQ-ACK CB and Enhanced Type 2 CB, namely that in case for the indicated PUCCH for re-transmission also ‘new, initial’ HARQ-ACK is to be multiplexed this may require some special attention. 
For the Rel-16 Type 3 CB, as all the HARQ-IDs of all configured serving cells are included in the CB, the transmitted Type 3 CB will therefore anyhow contain all the HARQ-ACK information independently of its earlier transmission timing. This is now different with the enhanced Type 3 CB discussed in Sec. 5.1, as potentially ‘new, initial’ HARQ-ACK may not be mapped to the enhanced Type 3 CB as the respective HARQ processes may not be part of that codebook. Similarly, for the one-shot triggering of HARQ-ACK re-transmission on PUCCH in Sec. 5.2, the codebook for re-transmission may be a Type 1 or Type 2 CB and the ‘new, initial’ HARQ-ACK to be transmitted would be also from the same CB type. Therefore, RAN1 would need to discuss first, if multiplexing is supported or if the UE would only re-transmit the HARQ-ACK on the indicated PUCCH. And in case multiplexing is supported, how the HARQ-ACK for re-transmission and the new, initial HARQ-ACK is to be multiplexed.
For the enhanced Type 3 CB, we see less need for multiplexing of the Type 3 CB with additional HARQ-ACK information, as possibly some of the ‘new, initial’ HARQ-ACK could anyhow be mapped to the enhanced Type 3 CB of reduced size. Therefore, the gNB could schedule the PDSCH utilizing the HARQ processes contained in the enhanced Type 3 CB and would still be receiving the new HARQ-ACK information of these HARQ processes. This clearly would reduce the specification impact as well as the amount of work (and decisions) RAN1 would need to do to complete this feature. Therefore, we propose for simplicity to not multiplex any HARQ-ACK information of HARQ processes not included in the enhanced Type 3 HARQ-ACK codebook in an enhanced Type 3 HARQ-ACK codebook transmission. 
Proposal 5.3: For PUCCH carrying a triggered enhanced Type 3 HARQ-ACK codebook (of smaller size), only HARQ-ACK information of HARQ processes included in the enhanced Type 3 HARQ-ACK codebook are transmitted. Any ‘new, initial’ HARQ-ACK information for transmission in the same PUCCH slot that is not mapped to the enhanced Type 3 CB is not transmitted.   
For the one-shot triggering of HARQ-ACK re-transmission on PUCCH and the issue of re-transmitted and new HARQ-ACK, there are some similarities with the SPS HARQ-ACK deferral discussed in Sec. 2.3 but the main difference is, that for the SPS HARQ-ACK deferral there is not any issue of a missed DCI (as only HARQ-ACK of SPS is to be re-transmitted), specifically with respect to the Type 1 CB usage. Moreover, in the discussions here we assume the dynamic indication of the HARQ-ACK codebook to be re-transmitted and therefore there is no need for aggregating more than one re-transmitted HARQ-ACK codebook and the new, initial HARQ-ACK information. Having some aggregation of HARQ-ACK information to be re-transmitted (such as using some time window proposed by some companies) would clearly complicate the situation even further.
 
In case the dynamic, Type 2 HARQ-ACK CB is configured, the same approach as discussed in Sec. 2.3 can be used -  namely: For constructing the HARQ-ACK codebook, the HARQ-ACK bits to be re-transmitted are simply amended to the initial HARQ-ACK bits in the target PUCCH slot.

In case the semi-static, Type 1 HARQ-ACK CB is configured the situation is slightly different to the SPS HARQ-ACK deferral, as the SPS HARQ-ACK bits can be amended without any ambiguity on the HARQ-ACK codebook size (as there is no HARQ-ACK information of dynamically scheduled PDSCH to be re-transmitted) but here any missed DCI may jeopardize the total HARQ-ACK CB size. Therefore, for the Type 1 CB we see three different options here: 
· Option 1: Only the Type 1 HARQ-ACK CB to be re-transmitted is mapped. Multiplexing of new, initial HARQ-ACK information is not supported, resulting in some gNB scheduling constraints. 
· Option 2: HARQ-ACK information of the Type 1 CB to be re-transmitted is to be mapped on the Type 1 HARQ-ACK codebook for the target slot if possible. Any HARQ-ACK information for re-transmission which cannot be mapped to the Type 1 HARQ-ACK codebook of the target PUCCH slot (e.g. as the effective k1 value for the re-transmission would not be part of the configured k1 set) is not part of the transmitted Type 1 CB in the new PUCCH slot. Clearly, this is more flexible compared to Option 1 but also has a higher specification and implementation impact. On the other hand, if no new HARQ-ACK information is to be mapped to the new PUCCH, this is clearly inefficient. 
· Option 3: The Type 1 HARQ-ACK CB to be re-transmitted is amended to the Type 1 HARQ-ACK codebook for the new PUCCH slot (as suggested for Type 2 CB operation). This will enable to receive all the required HARQ-ACK information but will lead to double the HARQ-ACK payload size of Option 1 and Option 2. The specification and implementation effort is clearly lower compared to Option 2. 
Looking at the options sketched here, we think that the simple Option1 should be chosen which enforces some scheduling restrictions for the gNB but still not resulting in double the HARQ-ACK payload size. 
Proposal 5.4: 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 on the indicated PUCCH is constructed by amending 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). 
Proposal 5.5: For one-shot triggering of HARQ-ACK re-transmission on PUCCH, in case the semi-static Type 1 HARQ-ACK CB is configured, the HARQ-ACK codebook contains the Type 1 HARQ-ACK codebook to be re-transmitted. The UE does not expect to be triggered for new, initial HARQ-ACK transmission in the same PUCCH slot/sub-slot. 
      
Dynamic PUCCH carrier switching
During RAN1 #105-e, good progress has been made with the overall decision to support PUCCH carrier switching based on the following agreements:

	Agreement: Support PUCCH carrier switching based on dynamic indication in DCI scheduling a PUCCH and semi-static configuration 
· Details are FFS (including applicability of dynamic and/or semi-static means)
· Aim for minimum specification impact 
· Dynamic indication and/or semi-static configuration are subject to separate UE capabilities
· The semi-static PUCCH carrier switching configuration operation is based on RRC configured PUCCH cell timing pattern of applicable PUCCH cells and supports PUCCH carrier switching across cells with different numerologies.
· FFS whether additional rules are needed to support PUCCH carrier switching across cells with different numerologies
· FFS the maximum number of PUCCH cells
· FFS whether and how to support joint operation of dynamic and semi-static carrier switching for a UE
· FFS whether and how to support joint operation of PUCCH carrier switching and SPS HARQ-ACK deferral

Agreement: For PUCCH carrier switching, the PUCCH resource configuration is per UL BWP (i.e. per candidate cell and UL BWP of that specific candidate cell). 

Agreement: For PUCCH carrier switching based on dynamic indication in DCI scheduling a PUCCH (i.e. Alt. 1), the PDSCH to HARQ-ACK offset k1 is interpreted based on the numerology of the dynamically indicated target PUCCH cell.




First of all, there is the question on the maximum number of PUCCH cells (in addition to the Rel-16 definition of the cell carrying the PUCCH). Several companies during the RAN1#105e discussions noted that maybe one additional PUCCH cell (i.e. switching between two cells) could be sufficient. At the same time, we don’t really see that supporting a larger number of cells for the selected PUCCH carrier switching methods of dynamic indication and the configured time-domain pattern the number of cells would actually increase the specification complexity. Therefore, limiting this to only a single (additional) PUCCH cell (i.e. two in total) seems to be rather restrictive. At the same time, to keep the signaling overhead in terms of RRC overhead and DCI overhead reasonable, RAN1 could restrict the PUCCH carrier switching operation to e.g. 4 PUCCH cells in total (i.e. 3 additional PUCCH cells possible) as increasing the maximum number of cells even more will not really bring additional benefits. Therefore, we suggest limiting the Rel-17 specification to 3 additional PUCCH cells (i.e. 4 PUCCH cells in total). 
Proposal 6.1: The PUCCH carrier switching is limited to a maximum of three additional PUCCH cells (i.e. 4 PUCCH cells in total) for Rel-17. 
In the following we give our view on the further FFS issues as well as discuss some further needed details for the two PUCCH carrier switching methods.

Switching based on dynamic indication in DCI 
Configuration of the PUCCH carrier switching based on dynamic indication
We have the RAN1#105-e agreement in place that the PUCCH configuration is per UL BWP of a serving cell but additional decisions on the required configuration of the feature overall will be needed. 
Looking at the dynamic indication of the target PUCCH cell, answers to at least the following questions would be needed:
· How is the mapping of the DCI field value to the target PUCCH cells?
· Which DCI formats in principle support the dynamic indication of the target PUCCH cell?
· What is the bit-width of the DCI field to indicate the target PUCCH cell?

Clearly, the PUCCH carrier switching based on dynamic indication can be supported with the non-fallback DCI formats 1_1 and 1_2. We don’t think the dynamic indication based on the fallback DCI format 1_0 should be supported, as this would require changes to the fallback DCI structure which is clearly not preferable. 
Proposal 6.2: PUCCH carrier switching based on dynamic indication is in principle supported for PUCCH scheduled by DCI format 1_1 or 1_2 but not for PUCCH scheduled by the fallback DCI format 1_0. 
There is a need to define a mapping of the values of the new DCI field in the DCI scheduled PUCCH to the target PUCCH cell, i.e. some order of the target PUCCH cells would be needed – especially if the bit width of the DCI field indicating the target PUCCH cell may be smaller than needed for indicating every cell having a PUCCH config available. E.g. to keep the DCI size limited, the compact DCI format 1_2 might have only one bit for indicating the PUCCH cell while there could be four cells with PUCCH configuration. Therefore, some sorted list of PUCCH target cells would be needed which could be e.g. configured as part of the CellGroupConfig as the PUCCH carrier switching is anyhow limited within a single PUCCH cell group. This list could be e.g. in terms of serving cell indexes of the target PUCCH cell. In such a list either all cells for PUCCH could be included (including the PCell/PSCell as first entry in the list) or alternatively, only the additional configured PUCCH cells could be listed. Moreover, such list would also be needed for the switching based on semi-static configuration of the time-domain pattern as discussed in Sec. 6.2.1. Having such a list configured, the UE would basically look at the indicated value of the new DCI field and based on the list determine the serving cell index of the target PUCCH cell. 
Proposal 6.3: Support an RRC configured list of target PUCCH cells in terms of serving cell indexes within CellGroupConfig, which is used for indexing of the target PUCCH cell for PUCCH carrier switching based on dynamic indication and/or semi-static time-domain pattern configuration. 
· FFS: If the PCell/PSCell cell is included in the list (e.g. as the first entry) or if only the additional PUCCH cells are configured.

Having such list configured, there are basically several options on how the bit width/size of the new DCI field in DCI format 1_1 and/or 1_2 is determined: 
· Alt. 1: The bit width is defined by the length of the configured PUCCH Cell list of the cell group (e.g. using élog2ù)
· Alt. 2: The bit width is configured for a DCI format (1_1 and/or 1_2) 

For Alt. 1, the number of bits for the indication in the DCI format 1_1 and 1_2 would be the same, and only the applicability of the dynamic indication for DCI format 1_1 and 1_2 would need to be configured (i.e. separately ‘enabled’ for DCI formats 1_1 and 1_2). For Alt. 2, there is an option to configure a smaller bit width e.g. in the spirit of the configured field sizes for the compact DCI format 1_2. To keep the specification simple (and having an aligned handling between DCI format 1_1 and 1_2 specification wise), we suggest to also make the bit width for DCI format 1_1 configurable as part of PhysicalCellGroupConfig. 
Proposal 6.4: Support the following flexible configurations for the DCI format usage and DCI bit field size:
· The dynamic indication of the target PUCCH cell using DCI format 1_1 is RRC configured through the explicit new DCI field size configuration {i.e. 1 or 2 bit} for DCI format 1_1 in PhysicalCellGroupConfig. 
· The dynamic indication of the target PUCCH cell using DCI format 1_2 is RRC configured through the explicit new DCI field size configuration {i.e. 1 or 2 bit} for DCI format 1_2 in PhysicalCellGroupConfig.

Handling of different SCS of PUCCH cells
It was agreed that for PUCCH carrier switching based on dynamic indication in DCI the PDSCH to HARQ-ACK offset k1 is interpreted based on the numerology of the dynamically indicated target PUCCH cell. Although the direct indication of the slot/sub-slot on the target PUCCH cell avoids main questions arising with different SCS, there are remaining issues with SPS HARQ-ACK multiplexing both in switching from higher to lower and from lower to higher SCS, or more generally, when switching happens when the PCell and PUCCH Scell slot/sub-slot lengths are different. 
In Figure 6.1, DCI has indicated PUCCH resource on Scell with smaller SCS (or longer slot/sub-slot length) than Pcell and there are also PCell PUCCH resources for HARQ-ACK transmission for either SPS PDSCH or PDSCH assigned with the fallback DCI 1_0 (that cannot indicate cell switching). 
· In (a), the Pcell PUCCH resource is overlapping with the PUCCH on SCell. In this situation, HARQ-ACK in Pcell PUCCH should be multiplexed on Scell PUCCH if processing timeline allows, which gNB implementation could be asked to take care of. 
· In (b), there is no PUCCH overlap of the PUCCH on Pcell and PUCCH on Scell and therefore the HARQ-ACK from the Pcell PUCCH is not to be multiplexed on the indicated Scell PUCCH. Therefore, the UE would transmit both, the Scell PUCCH and the Pcell PUCCH . 
· In (c), Scell PUCCH overlaps with multiple Pcell PUCCHs. It may be too complex to specify multiplexing of HARQ-ACKs from both Pcell slots and the alternatives to consider are multiplexing only HARQ-ACK from the first Pcell slot or consider the situation as an error case. Our preference is treating this situation as an error case.

Proposal 6.5: When DCI indicates PUCCH transmission in an Scell slot that is longer than Pcell slot, the following applies for HARQ-ACK multiplexing from Pcell: 
· HARQ-ACK from a Pcell PUCCH overlapping with the indicated PUCCH on Scell is multiplexed on the SCell 
· HARQ-ACK transmission configured or scheduled for more than one Pcell PUCCH slot overlapping with the indicated PUCCH on Scell is considered as an error case.   
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Figure 6.1: HARQ-ACK multiplexing from Pcell to PUCCH on SCell of smaller SCS 
(or longer PUCCH slot/sub-slot length).
In Figure 6.2, DCI has indicated PUCCH on Scell with larger SCS (or short slot/sub-slot length) than Pcell and there is also a Pcell PUCCH resource for HARQ-ACK transmission for either SPS PDSCH or PDSCH assigned with the fallback DCI 1_0 (that cannot indicate cell switching). HARQ-ACK on Pcell PUCCH overlapping with the Scell PUCCH is multiplexed on SCell PUCCH, as depicted in (a), while without overlap both the Pcell PUCCH and the Scell PUCCH can be transmitted, as depicted in (b). In (c), Pcell PUCCH overlaps with Scell PUCCHs in multiple slots. A rule for multiplexing of HARQ-ACK from Pcell PUCCH on one of the Scell PUCCHs could be specified, but for simplicity we propose that this situation is considered as an error case. This will specifically also simplify the Type 1 and Type 2 CB construction as discussed in the following sub-section.
Proposal 6.6: When DCI indicates PUCCH transmission in an Scell slot that is shorter than the Pcell slot, the following applies for HARQ-ACK multiplexing: 
· HARQ-ACK from overlapping Pcell PUCCH is multiplexed on Scell PUCCH
· Pcell PUCCH with HARQ-ACK overlapping with Scell PUCCHs in multiple Scell slots is considered as an error case.  
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Figure 6.2: HARQ-ACK multiplexing from lower SCS Pcell to PUCCH on SCell.
Type 1 and Type 2 HARQ-ACK CB construction
As having independent PUCCH configuration (incl. different k1 set configurations) and potentially different SCS on the different PUCCH cells, one need to take a closer look at the HARQ-ACK codebook construction taking these differences to the Rel-15/16 HARQ-ACK codebook construction into account. 
Type 1 HARQ-ACK codebook construction: 
Let’s first consider the semi-static Type 1 HARQ-ACK codebook for the same SCS PUCCH cells and slot- or sub-slot based configuration. At first look there does not seem to be an issue, but we agreed to have separate PUCCH configuration (incl. k1 set configuration) for the individual PUCCH target cells. This means, that there could be (in principle) different k1 sets configured for the different PUCCH target cells even though they are having the same SCS.
There could be in principle two different ways to solve this issue: 
· Alt. 1: The Type 1 HARQ-ACK codebook is extended (and modified), by including the union of the k1 sets of all PUCCH cells. 
· Alt. 2: The UE is not expected to be configured with different k1 sets on PUCCH cells with the same SCS if the Type 1 HARQ-ACK codebook is configured. 
Specifically for the same SCS target PUCCH cells and the same slot/sub-slot length, there seems to be little motivation to configure different k1 sets for different PUCCH cells. Therefore, considering the specification impact, the unclear benefits and the increased Type 1 HARQ-ACK codebook size when supporting different k1 sets, it is suggested to not allow different k1 set configurations for different PUCCH cells of the same SCS. 
Next, let’s consider the case of the semi-static Type 1 HARQ-ACK codebook with a different SCS of the PCell and the dynamically indicated PUCCH target cell. First of all, the HARQ-ACK for the mixed SCS is to be multiplexed only in case the HARQ-ACK PUCCHs are overlapping as discussed in the previous clause and shown in Figure 6.1(a) and Figure 6.2(a).
In contrast to the same SCS case discussed above, clearly there is a need to specify different k1 sets for the different PUCCH target cells as also the SCS is different. Since the k1 values are limited to a maximum value of 15, for 60kHz SCS this results in a maximum HARQ-ACK delay of 4 slots for a 15kHz cell, but we don’t see this as a reason to not allow values larger than k1=3 for the another PUCCH cell with 15kHz as this would be very much restricting. Also here, the option would be to include an additional loop across the PUCCH target cells for the Type 1 HARQ-ACK codebook pseudo-code. Compared to the same SCS case, the effect on the Type 1 HARQ-ACK CB size increase may be less (as the different k1 values of the different SCS may still be based on the same TDRA of a certain DL slot of DL serving cell) but the specification effort and implementation effort would still be very large. 
But not just different SCS, but also having different slot/sub-slot configuration on the PCell and a PUCCH target cell is having a similar effect as the different SCS case. Even if both cells have the same SCS, for a certain PUCCH configuration (first or second) on a cell could be in principle based on a 2OS subslot, 7OS sub-slot or slot-based PUCCH configuration. This basically leads to the same problems as for varying SCS discussed in the previous paragraph.

So also here, the same two approaches would be possible: 
· Alt. 1: The Type 1 HARQ-ACK codebook is extended (and modified), by including an additional loop across the PUCCH cells considering their PUCCH cell specific slot/sub-slot length, SCS and k1 sets. 
· Alt. 2: The Type 1 HARQ-ACK codebook is not supported for cases, where the PUCCH slots or sub-slots boundaries of the first (or second) PUCCH configuration are not fully aligned across all PUCCH cells. The UE is not expected to be configured with different k1 sets on PUCCH cells for a first or second PUCCH config if the Type 1 HARQ-ACK codebook is configured. 

Considering the overall work-load and the larger number of features that need completion in AI 8.3.1.1, and the rather large needed specification and implementation effort we suggest to limit the Type 1 HARQ-ACK codebook support to cases where no (major) changes to the Type 1 HARQ-ACK codebook constructions are needed. Therefore, the following is suggested: 
[bookmark: _Hlk76588887]Proposal 6.7: For PUCCH carrier switching based on dynamic indication, if the UE is configured with Type 1 HARQ-ACK codebook: 
· The UE is not expected to be configured for a first (or second) PUCCH configuration with non-aligned PUCCH slots or sub-slots boundaries (i.e. start/end) across all configured PUCCH target cells. 
· The UE is not expected to be configured with different k1 sets for a first (or second) PUCCH configuration across all configured PUCCH target cells. 
· Note: This is to limit the specification and implementation impact on the Type 1 HARQ-ACK codebook construction /pseudo code due to different k1 sets, SCS and slot/sub-slot configurations. 


Type 2 HARQ-ACK codebook construction:
Again, we consider here the different cases, including (i) same SCS and slot/sub-slot configuration, (ii) different SCS and same slot/subslot configuration (as shown in Fig. 6.1 and 6.2) and (iii) different sub-slot configurations. 
For the first case of the same SCS and slot-subslot configuration, the PUCCH slot/sub-slot boundaries are aligned and the HARQ-ACK of PCell and SCell is to be multiplexed. This is not different to the Rel-16 case (i.e. without the support of PUCCH carrier switching), and therefore the Type 2 CB construction is the same. 
Observation 6.1: For PUCCH carrier switching based on dynamic indication, if the UE is configured with Type 2 HARQ-ACK codebook and the PCell and target PUCCH cell have the same SCS and slot- or same sub-slot based PUCCH configuration, the Rel-15/16 Type 2 HARQ-ACK codebook construction can be directly reused as the PUCCH slots or sub-slots are aligned across PCell and the target PUCCH cell. 

Looking at the mixed SCS case, if the PUCCH on the PCell and the PUCCH on the dynamically indicated SCell are overlapping, the HARQ-ACK is to be multiplexed in the same codebook, as shown in the examples of Fig. 6.1a and 6.2a in Sec. 6.1.2. Having the restrictions discussed in Sec. 6.1.2 in place, the Type 2 CB construction is pretty simple also for this case as it can be assumed that the indicated DAI for PUCCH scheduled on the PCell (e.g. with the fallback DCI format 1_0) and the indicated DAI for the PUCCH scheduled on the target PUCCH cell (by dynamic indication in DCI formats 1_1 and/or 1_2) are correctly capturing the total HARQ-ACK CB for scheduled PDSCHs to be mapped to the Type 2 HARQ-ACK codebook and the SPS HARQ-ACK bits from the PCell PUCCH are simply amended. Therefore, the Type 2 HARQ-ACK CB can be operated as in previous releases for the final PUCCH transmission on the SCell. 
The same equally applies for cases of mixed sub-slot and slot configuration of a certain PUCCH configuration on the PUCCH cells. Therefore, the following proposal can be made: 
Proposal 6.8: For PUCCH carrier switching based on dynamic indication, if the UE is configured with Type 2 HARQ-ACK codebook and PUCCH slots- or sub-slots of a PUCCH configuration are not aligned at the PCell and the target PUCCH cell, the following Type 2 HARQ-ACK construction is applied: 
· The HARQ-ACK on PUCCH on PCell is only multiplexed on the target PUCCH cell, if the PUCCHs of PCell and target Scell are overlapping. In this case, the Type 2 CB DAI mechanism applies to the overall Type 2 CB to be transmitted on the target PUCCH cell. 
· If the PUCCHs carrying HARQ-ACK on PCell and the target PUCCH cell are not overlapping, the HARQ-ACK is to be independently transmitted on PCell and the target PUCCH cell. The Type 2 CB DAI mechanism is independently applied for the Type 2 HARQ-ACK codebooks transmitted on PCell and the target PUCCH cell. 


PUCCH carrier switching for other UCI types than HARQ-ACK
The main motivation to support PUCCH carrier switching has been to reduce the HARQ-ACK delay. But 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 also SR should be in focus here. The SR config is part of PUCCH-config (given separately for each PUCCH cell) and multiplexing of SR can then be controlled separately for each cell. 
Looking at P-CSI or SP-CSI on PUCCH, the motivation on the need to support these 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 although multi-CSI config is part of PUCCH config. 
Proposal 6.9: PUCCH carrier switching, based on dynamic indication on DCI, should be limited to HARQ-ACK and SR only (i.e. PUCCH carrier switching for CSI is not to be supported).

PUCCH TPC operation for PUCCH carrier switching based on dynamic indication
When having multiple serving cells being able to carry the PUCCH, there is a need for separate TPC for the individual PUCCH on the different serving cells. So we think, that independent TPC loops will be needed for each PUCCH SCell as also the PUCCH configuration (and the related TPC parameters) are configured per UL BWP of a serving cell. 
Proposal 6.10: Support independent PUCCH TPC loops for the individual PUCCH cells within a cell group both for PUCCH carrier switching based on dynamic indication and semi-static configuration.
Two things would need to be considered here: 
· Usage of DCI format 2_2 for PUCCH TPC
· PUCCH TPC indication in the scheduling DCI for dynamically scheduled PUCCH

First, on the usage of DCI format 2_2, clearly there is a need to define PUCCH specific starting points for each of the PUCCH candidate cells TPC similarly as has been done for the PUCCH-SCell using RRC parameter tpc-IndexPUCCH-SCell in PUCCH-TPC-CommandConfig. The need for SCell specific PUCCH TPC is common to carrier switching based on dynamic indication and semi-static configuration discussed in Sec. 6.2. 
Proposal 6.11: For PUCCH TPC operation of PUCCH carrier switching based on dynamic indication and semi-static configuration, support the configuration of individual TPC command starting points within DCI format 2_2 for each PUCCH candidate SCell in PUCCH-TPC-CommandConfig. 
As for the dynamic indication based PUCCH carrier switching the target PUCCH cell is dynamically indicated, the TPC command for PUCCH TPC provided through the TPC command for scheduled PUCCH field in the scheduling DCI could be applied for the indicated PUCCH cell directly. This seems to be a rather logical assumption, as the PUCCH is dynamically scheduled. For scheduled PUCCH not having the dynamic indication of the target PUCCH cell (e.g. for the fallback DCI format 1_0), the TPC command of course would apply for the PUCCH on Pcell/PScell. 
Proposal 6.12: For PUCCH carrier switching based on dynamic indication, the PUCCH TPC command in the DCI scheduling the PUCCH at the target PUCCH cell is applicable only for the (dynamically indicated) target PUCCH cell. 

Switching based on semi-static configuration 
In the following sub-sections, we discuss further details on PUCCH carrier switching based on semi-static configuration / configured PUCCH cell time-domain pattern. 

Configuration of time-domain pattern of applicable PUCCH cells
When looking at the PUCCH carrier switching based on semi-static configuration, i.e. by using configured time-domain pattern, the following questions need to be answered: 
· What is the reference numerology of the configured time-domain pattern of applicable PUCCH cells? (see also Question 3.4.1 of RAN1#105bis-e discussions in moderator summary in R12106249)
· How is the time-domain pattern configured for the UE? This includes issues such as:
· What is the time domain granularity of the configured time domain pattern? (see also Question 3.4.2 of RAN1#105bis-e discussions in moderator summary in R1-2106249)
· Are there any configuration restrictions applicable for the time domain pattern (e.g. slot/sub-slot length of the first and second PUCCH config)?
· How is the structure of the time domain pattern (i.e. pattern length / periodicity, mapping of pattern values to PUCCH cells)?

First on the reference numerology (SCS) of the time domain pattern of applicable PUCCH cells, the following options had been discussed during RAN1#105e in Question 3.4.1 (see R1-2106249): 
· Alt. 1: the SCS of the PCell 
· Alt. 2: by a configured reference numerology / SCS (similar as for the TDD UL/DL configuration) 
· Alt. 3: the largest SCS of the involved candidate cells
· Alt. 4: the smallest SCS of the involved candidate cells 
Clearly, Alt. 1 seems to be from operation point of view most intuitive, as the UE would first operate in Rel-15/16 mode to determine the PUCCH slot on the Pcell before checking the time-domain pattern for the final PUCCH cells to be applied here. In this respect, the other alternatives seem to be slightly unclear in this respect as if a certain SCS is (either configured, or smallest / largest) is the reference numerology the question then is which k1 value of which cell is used when looking at the time domain pattern as the k1 values can be configured per PUCCH cell (as this is part of the PUCCH config) and there could be more than one PUCCH cell with the same SCS of the smallest / largest / reference numerology. Therefore, Alt. 2, 3 and 4 without additional configuration of a reference cell will not be operational on its own. Thus, for simplicity and also considering that Alt. 1 during RAN1#105bis-e received most support, we could be fine with Alt. 1 of using the Pcell as the reference cell. 
Proposal 6.13: For PUCCH carrier switching based on semi-static configuration, the PCell/PSCell SCS defines the reference numerology of the time domain pattern of applicable PUCCH cells. The PCell/PSCell is the reference cell for determining the PUCCH (sub-) slot to determine the PUCCH cell based on the configured time domain pattern of applicable PUCCH cells.
On the granularity of the time domain pattern, there had been already discussions during RAN1#105e in question 3.4.2 as reported in the moderator summary (see R1-2106249) where a large majority of companies supported a granularity of an UL sub-slot of the reference numerology. As pointed out by several companies, having a different time-domain pattern configured for slot and sub-slot PUCCH config will complicate the specifications unnecessarily as well as going down to a granularity on symbol level the same applies here. The baseline issue comes from the fact if the time domain pattern would lead to more than one applicable cell at a time – which would require specific additional handling and complicating the specification and implementation effort. Some problematic cases are shown in Figure 6.3 below. 
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Figure 6.3: Issue of UL symbol granularity for time-domain pattern.
In principle, a symbol per symbol pattern could be working but it complicates the situation dramatically. The UE would first need to determine the final PUCCH resource on the PCell, and then based on some rules (e.g. first or last symbol of the PUCCH resource) determine with the pattern the applicable PUCCH cell. First of all, this will require that the UE to determine two PUCCH resources – first on the PCell and then again on the applicable PUCCH cell. In case the time-domain switching pattern would be aligned with the PUCCH slot boundaries, there will be no need for the UE to determine the PUCCH resource on the PCell at all and only using the k1 value would be sufficient to determine the final PUCCH cell. To fully benefit from the simplicity of the semi-static time domain pattern, it is suggested to keep the operation simple and guarantee that the time-domain pattern switch is aligned with the PUCCH slot boundaries, i.e. that for a single PUCCH slot (or sub-slot) on the reference cell (i.e. PCell) a single PUCCH target cell is unambiguously defined directly by k1 value applied at PCell. Also, having separate patterns define for slot and sub-slot PUCCH will further complicate the situation, as at a time of the PHY prioritization the PUCCH may be on more than one serving cell. Therefore, having the principle of granularity in multiples of the UL slot (of the reference cell) seems to be a rather reasonable approach. CMCC had mentioned that potentially also a larger granularity could be selected (e.g. multiple of UL slots) but we see this as minor RRC configuration optimization which cannot be fully realized, as in case the granularity is flexible in the end there needs to be anyhow the reservation for the maximum size of the pattern in the RRC message. 
Proposal 6.14: The granularity of the time-domain pattern for PUCCH carrier switching is defined as an UL slot of the reference cell (i.e. PCell/PSCell). 
In addition, when considering sub-slot operation where a different sub-slot length in principle could be configured per UL BWP (in the respective PUCCH config), there is a need for special attention as for different SCS cells combined with 2OS sub-slot operation on some cell and using 7OS or slot-based PUCCH for the first (or 2nd) PUCCH config will create unnecessary complications similarly as above, as there may be more than one PUCCH slot / sub-slot on PCell be overlapping with a single PUCCH slot on the target SCell. Therefore, we suggest for simplicity of the operation to guarantee by configuration of the time-domain pattern, that only entire PUCCH slots (or sub-slots) of a PUCCH Cell should be covered by the time-domain pattern. The gNB by configuration would need to guarantee that for an indicated PUCCH the full (entire) PUCCH slot (or sub-slot) is indicated – this is shown in Figure 6.4, where in (a) the problem is shown that only part of a PUCCH slot (or sub-slot) is indicated and the gNB by the pattern configuration needs to ensure that the switching boundary is aligned with the PUCCH slot/sub-slot boundary on the individual PUCCH target cell as shown in (b), where for the smaller SCS SCell the gNB would need to indicate both overlapping higher SCS PCell slots in the pattern as applicable for the SCell. 
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(a)
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(b)
Figure 6.4: Semi-static PUCCH switching pattern to be aligned with the slot boundaries

Proposal 6.15: The gNB will need to guarantee by configuration of the time-domain pattern for PUCCH carrier switching, that the PUCCH carrier switching points are to be aligned with PUCCH slot/sub-slot boundaries of a PUCCH cell.

And finally, now looking at the structure of the RRC signaling, there is a need to align the pattern values (0..X) with the applicable PUCCH cell. As already discussed in Sec. 6.1.1 for the dynamic carrier switching, some sorted PUCCH cell list is needed as proposed there to be supported, which is applicable for both PUCCH carrier switching schemes. 
Now looking at other patterns we have defined for NR, the following can be noted on the supported periodicities there: TDD-UL-DL config can be configured with a periodicity of 0.5, 1, 2, 5 and 10ms for normal CP and 0.625, 1.25. 2.5, 5 and 10ms for extended CP. So clearly a range of up to 10ms should be supported considering as one of the reasons has been the reduced latency for inter-band TDD with different UL/DL configurations. In addition, larger periodicities in multiples of 10ms (such as 20, 40, 80 an 160ms) are supported for BCH, SSB, MSBSFN etc. We don’t think a periodicity longer than 10ms actually will be needed – as the additional flexibility (and the need) seems to be not justified. 
The length of the pattern will be depending based on three different parameters: (i) the SCS of the reference cell (e.g. PCell), (ii) the pattern granularity (e.g. fixed granularity of one UL slot, as discussed above) and (iii) the intended pattern periodicity (e.g. limited to 10ms as discussed above). One option could be to define the periodicity in number of slots of the reference cell which is configured for the UE and the pattern length is then defined accordingly. This means we do need to calculate for the cell group the pattern length with referring to several different parameters of different RRC parameters accordingly. A simpler approach would be to allow the same configuration flexibility as for TDD-UL-DL-ConfigDedicated which allows for the gNB to define the pattern length up to a maximum of slots given by maxNrofSlots. Something like this could be the supported as part of the cell group configuration in CellGroupConfig, where the gNB configures the length of the pattern and for each slot a value of {0,..,3} to support up to 4 cells for PUCCH carrier switching: 
	
PUCCH-cell-pattern   SEQUENCE (SIZE (1..maxNrofSlots)) OF INTEGER (0..3)             



Proposal 6.16: The time-domain pattern is RRC configured per PUCCH cell group (i.e. within CellGroupConfig) for the UE and a pattern length of up to 10ms should be supported, i.e. a pattern length of up to maxNrofSlots. 
 
Handling of different SCS of different PUCCH cells
In RAN1 #105-e, it was discussed how switching based on semi-static configuration will operate between PUCCH cells with different numerologies and it was left for further studies if special rules are needed. In Section 6.2.1 we discussed how switching patterns should be configured for simple handling of switching between PUCCH cells of different SCS or, more generically, for the case that more than one PCell PUCCH slot/sub-slot is overlapping with a single PUCCH slot/subslot on the target Scell or more than one target PUCCH Scell slot/subslot is overlapping with a single PCell slot/subslot. 
With semi-static switching, UE first finds the Pcell slot corresponding to the PDSCH-to-HARQ-ACK feedback timing k1 and checks from the PUCCH carrier switching configuration the cell for PUCCH transmission. As we proposed in Section 6.2.1, in the situation of Figure 6.4, where Pcell SCS is larger than Scell SCS, switching patterns should not change between the Pcell slots overlapping the same Scell slots. This simplifies the situation but still some questions remain. 
[image: ]
Figure 6.5: More than one PCell slot/subslot overlapping with a single Scell PUCCH slot
A question in the situation of Fig. 6.5 is what should be assumed for HARQ-ACK feedback transmission timeline when semi-static switching pattern indicates a PUCCH transmission to be switched from the latter Pcell slot k+1. We propose that gNB implementation should take care of that the timeline is always met. 
Proposal 6.17: With semi-static PUCCH cell switching to longer Scell slot, gNB implementation takes care of that timelines are met for PUCCH transmission switching to Scell.

Another question is if PUCCH cell switching in the configuration of Fig. 6.5 should support multiplexing of HARQ-ACKs from both Pcell slots. Excluding such a possibility would simplify specification and implementation. We therefore propose that in the configuration of Fig. 6.5 UE does not expect indication for HARQ-ACK transmission with both k1= n and k1=n+1.
Proposal 6.18: With semi-static PUCCH cell switching to longer Scell slot, the UE does not expect to be indicated for HARQ-ACK codebooks in more than one of the PCell slots overlapping with a single Scell slot configured for PUCCH transmission. 

If the SCS of PUCCH Scell is larger than Pcell SCS (or in general, the Scell slot/subslot is shorter than on PCell) there is a question as shown in Figure 6.6.
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Figure 6.6: PUCCH carrier switching to Scell with shorter slots.

In the situation of Figure 6.6, the Pcell slot overlaps with two PUCCH Scell slots, and we need a way for the UE to decide in which of the slots PUCCH is transmitted. One way would be to use the earliest available SCell slot m, but this would not allow the gNB to distribute PUCCH load between the Scell slots and results in an effective HARQ-ACK delay granularity of the longer PCell slot length. Another way would be to use the k1 index signalled for the PDSCH also for selecting the Scell slot which, besides PUCCH load balancing, would also allow the gNB to keep better control of the multiplexing timeline based on a HARQ-ACK delay granularity of the shorter Scell slot length. So, UE would use k1 index to determine first the PCell slot to select the target Scell based on the time-domain pattern, and then use k1 index again according to the Scell PUCCH configuration to determine the Scell slot.  
In present specification, the end of the PDSCH is the time reference for k1. However, if we interpret k1 for the Scell SCS (in configuration of Fig. 6.6) according to the present specification, the problem is that a single Scell k1 set would not in all cases allow scheduling of PUCCH for every Scell slot because Scell slot k=0 would vary depending on the PDSCH ending time. If, in configuration of Fig. 6.6, PCell and Scell k1 sets are configured for PDSCH ending during odd Scell slot (n+1), then half of values in k1 sets would be invalid when PDSCH ends during even Scell slot (n). In that situation, the indicated k1 value from PCell k1 set would point a first Pcell slot, while the indicated k1 value from Scell k1 set would point a Scell slot not overlapping with the first Pcell slot. Therefore, we propose a modification, as shown in Fig. 6.7, that k1 is interpreted differently for Pcell and Scell: for Pcell the k1 index gives k1 value pointing the Pcell slot for checking the PUCCH cell and for Scell the k1 index gives k1_relative that determines selection of the Scell slot from the slots overlapping with the pointed Pcell slot. In other words, k1_relative gives the time offset from the start of indicated Pcell slot. Such an operation is possible because it has been agreed that PUCCH configuration, including k1 set, is per UL BWP of a candidate PUCCH cell. Therefore, suitable k1 set for Pcell or k1_relative set for Scell can be configured for a PUCCH cell.
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Figure 6.7: Indication of the Scell slot in case of PUCCH carrier switching to an Scell with shorter slots.


The UE procedure would be:
· UE determines, as presently specified, a PCell slot based on the k1 value of PCell corresponding to the k1 index indicated for the PDSCH
· UE determines the PUCCH cell based on the Pcell slot and the semi-static PUCCH cell time-domain pattern configuration.
· If PUCCH needs to be switched to an Scell having a shorter slot length, the UE determines the Scell PUCCH slot within the Pcell slot using k1_relative pointed from a set of values by the k1 index indicated for the PDSCH.       

Table 6.2 shows an example of possible Pcell k1 and Scell k1_relative sets when the length of Scell slot is half of the Pcell slot. It is not necessary that k1 values in the Pcell k1 set repeat as in the example of Table 6.2. Table 6.3 shows another example where number of selectable Scell slots per indicated Pcell slot is varying: besides both Scell slots within Pcell slots 1 and 2, only the second Scell slot within the Pcell slot 0 and only the first Scell slots within Pcell slots 3, 4, and 5 can be indicated in this example.         

Table 6.2: Exemplary k1 and k1_relative sets and mapping to the slots when the reference for Scell k1 counting is the beginning of the Pcell slot.
	k1 index
	0
	1
	2
	3
	4
	5
	6
	7

	Pcell k1 set
	0
	0
	1
	1
	2
	2
	3
	3

	Scell k1_relative set
	0
	1
	0
	1
	0
	1
	0
	1

	Pcell slot
	0
	0
	1
	1
	2
	2
	3
	3

	Scell slot
	0
	1
	2
	3
	4
	5
	6
	7



 Table 6.3: Another exemplary k1 and k1_relative sets and mapping to the slots when the reference for Scell k1 counting is the beginning of the Pcell slot.
	k1 index
	0
	1
	2
	3
	4
	5
	6
	7

	Pcell k1 set
	0
	1
	1
	2
	2
	3
	4
	5

	Scell k1_relative set
	1
	0
	1
	0
	1
	0
	0
	0

	Pcell slot
	0
	1
	1
	2
	2
	3
	4
	5

	Scell slot
	1
	2
	3
	4
	5
	6
	8
	10



If UE is configured only for switching based on semi-static configuration, the existing RRC parameter dl-DataToUL-ACK may carry the k1_relative values. If also switching based on dynamic indication by DCI is in use, a new independent RRC parameter dl-DataToUL-ACK_relative or similar is needed. 

Proposal 6.19: For PUCCH carrier switching based on semi-static configuration to an Scell with shorter slots, the PUCCH slot on the Scell is determined by combining PDSCH timing, indicated PCell k1 value, and indicated Scell k1_relative value, where the k1_relative value of the Scell indicates the Scell slot within the PCell slot.  

Type 1 and Type 2 HARQ-ACK CB construction
As having independent PUCCH configuration (incl. different k1 set configurations) and potentially different SCS on the different PUCCH cells, one need to take a closer look at the HARQ-ACK codebook construction taking these differences to the Rel-15/16 HARQ-ACK codebook construction into account. 
Type 1 HARQ-ACK codebook construction:
Let’s first consider the semi-static Type 1 HARQ-ACK codebook for the same SCS PUCCH cells and same slot or sub-slot based configuration. For this case we can simply utilize the k1 values on the PCell for defining Type 1 HARQ-ACK codebook, as the PCell UL slot is determined by the indicated k1 and the time domain pattern would only select potentially a different PUCCH cell for the PUCCH transmission. Therefore, for this case the k1 set of the PCell should be utilized for the Type 1 HARQ-ACK codebook construction. 

Next, let’s consider the case of the semi-static Type 1 HARQ-ACK codebook with a different SCS of the PCell and the PUCCH target cell. For the case of smaller SCS target PUCCH cell or more generically for the case that more than one PCell PUCCH slot/sub-slot is overlapping with a single PUCCH slot/subslot on the target PUCCH cell, as discussed in the previous section 6.2.2, the UE should only expect a single PUCCH PCell slot to have HARQ-ACK information available. Therefore, also for this case, there is only a single Type 1 HARQ-ACK codebook expected for the PUCCH target cell slot/subslot and therefore the k1 set of the PCell should be utilized for the Type 1 HARQ-ACK codebook construction.  

The situation is slightly different, when considering the case of larger SCS target PUCCH cell or more generically for the case that a single PCell PUCCH slot/sub-slot is overlapping with more than one PUCCH slot/subslot on the target PUCCH cell. Although, as discussed in the previous section, one of the overlapping slots or sub-slots on the PUCCH target cell could be dynamically indicated to be used for the Type 1 HARQ-ACK CB transmission, we assumed in here that the HARQ-ACK codebook is not split and transmitted in more than one of the overlapping PUCCH slots/subslots on the target PUCCH cell. For this (as for the PRI overriding), the last indicated PUCCH sub-slot should be used. With this assumption, also for this case there seems to be no real issue with the Type 1 HARQ-ACK codebook construction, and as for the other cases, the Type 1 HARQ-ACK codebook utilizes the k1 set configured for the PCell. 

Proposal 6.20: For PUCCH carrier switching based on semi-static configuration, the Type 1 HARQ-ACK codebook uses the k1 set(s) configured for the PCell / reference cell for the HARQ-ACK codebook construction. 

Type 2 HARQ-ACK codebook construction:
As discussed above for the Type 1 CB, based on the configuration restrictions in terms of aligned PUCCH slot/sub-slot boundaries at the switching borders in Sec. 6.2.1 and the discussed restrictions or handling for mixed SCS in Sec. 6.2.2, there will be basically always the mapping of a single PUCCH slot/sub-slot on PCell with single PUCCH slot/sub-slot on the target PUCCH cell and vice versa. 
Therefore, the Type 2 HARQ-ACK codebook would be constructed as in Rel-15/16 for the PCell but the HARQ-ACK codebook is just to be transmitted on another target PUCCH cell based on the indicated k1_relative. 

Proposal 6.21: For PUCCH carrier switching based on semi-static configuration, the Rel-15/16 Type 2 HARQ-ACK codebook construction (based on the k1 interpretation on the PCell) can be directly reused.  
     
PUCCH carrier switching for other UCI types than HARQ-ACK
As discussed for switching based on DCI indication, SR should be switched to the PUCCH cell if the PUCCH configuration of the target cell allows that while CSI switching is not seen as important.   
Proposal 6.22: PUCCH carrier switching, based on semi-static configuration, should be limited to HARQ-ACK and SR only (i.e. PUCCH carrier switching for CSI is not to be supported).

PUCCH TPC operation for PUCCH carrier switching based on semi-static configuration
As discussed already in Sec. 6.1.5, we see a need for independent TPC loops for the PUCCHs on different target PUCCH cells as well as independent TPC positions within DCI format 2_2 for these. 
What is different for the semi-static configuration case compared to the dynamic indication of the target PUCCH cell is the usage of the PUCCH TPC command in the DCI scheduling the PUCCH. For the PUCCH carrier switching based on the semi-static configuration, the target PUCCH cell is derived based on indicated k1 (of the reference cell such as Pcell)  in conjunction with the configured time-domain pattern of the applicable PUCCH cell. Therefore, the TPC command in the scheduling DCI should apply for the PUCCH target cell determined accordingly. 
Proposal 6.23: For PUCCH carrier switching based on semi-static configuration, the PUCCH TPC command in the DCI scheduling the PUCCH is applied for the determined PUCCH cell using the defined semi-static (i.e. time-domain pattern) PUCCH cell selection procedure.

Joint operation of dynamic and semi-static operation
It may be a bit pre-mature to decide on the joint operation of dynamic and semi-static PUCCH carrier switching before having more clarity on the related details of the stand-alone operation of dynamic and semi-static operation of PUCCH carrier switching. 
But clearly (as for several other features having interaction of semi-static configuration and dynamic indication), the dynamic indication should be able to ‘over-ride’ the PUCCH cell determination based on semi-static configuration. Otherwise, it seems the same procedures for the joint operation would apply, except that the ‘configured PUCCH’ based on semi-static configuration (or PUCCH scheduled e.g. by fallback DCI) may not be on the Pcell but on the a different PUCCH SCell based on the semi-static determination procedures. 
Observation 6.2: Discussions on joint operation of dynamic and semi-static operation should be postponed after having more clarity on the operation of stand-alone PUCCH carrier switching based on (i) dynamic indication and (ii) semi-static configuration. A guiding principle for the potential joint operation of the two schemes could be that the dynamically indicated PUCCH Cell ‘overrides’ the determined PUCCH cell based on the time-domain PUCCH cell pattern. 

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 dropping of SPS HARQ-ACK feedback in TDD operation can be summarized in the following related observations and proposals: 
Proposal 2.1: For the conditions for deferring SPS HARQ-ACK in the initial slot, in the case no dynamic PUCCH is scheduled on the initial slot, support Alt. 1: Defer if the SPS HARQ-ACK in the initial slot/sub-slot cannot be transmitted as the resulting PUCCH resource for transmission using a PUCCH provided by SPS-PUCCH-AN-List-r16 or n1PUCCH-AN is not valid.
· FFS: whether PUCCH resources in multi-CSI-PUCCH-ResourceList and pucch-CSI-ResourceList should also be considered as candidate resources for reporting the HARQ-ACK feedback in the initial slot or not. 

Proposal 2.2: For SPS HARQ-ACK deferral, the target slot is determined as the earlier of a valid PUCCH of sps-PUCCH-AN-List-r16 / n1PUCCH-AN, or a dynamically indicated PUCCH resource (from PUCCH-ResourceSet).

Proposal 2.3: For constructing the HARQ-ACK codebook in the target slot, the deferred SPS HARQ-ACK bits are simply amended to the initial HARQ-ACK bits in the target slot.

Proposal 2.4: SPS HARQ-ACK deferral is configured separately per SPS configuration.

Proposal 2.5: The maximum allowed deferral value k1eff_max having value range up to 15 is configured per individual SPS configuration, i.e. as part of SPS-Config. 

The discussions in Sec. 3 on PUCCH repetition enhancements can be summarized in the following related observations and proposals: 
Observation 3.1: The working assumption on a configurable PUCCH repetition factor per PUCCH resource from the Coverage Enhancements WI seems to be directly applicable also for URLLC operation and no changes seem to be required. The interaction of the dynamic repetition indication and the Rel-15 RRC configured repetition numbers in ‘nrofSlots’ is better to be discussed as part of the Coverage Enhancements WI (in AI 8.8.2). 
Proposal 3.1: For the Rel-15 RRC configured PUCCH repetition factor using ‘nrofSlots’ in PUCCH-config, the configured repetition factor is applicable for the same UCI types for sub-slot based PUCCH repetition as for slot-based PUCCH repetition, including HARQ-ACK, SR and CSI. 
Proposal 3.2: The RRC configured PUCCH repetition factor using ‘nrofSlots’ in PUCCH-config for PUCCH formats 0 and 2 should be applicable for sub-slot and slot-based PUCCH configurations. 
Proposal 3.3: RAN1 to discuss changes to the PUCCH repetition framework for URLLC/IIoT including: 
· Change of dropping behavior for PUCCH repetition: Drop a PUCCH repetition overlapping with a high-priority DG PUSCH to prevent high-priority UL-SCH data dropping. 
· Enable multiplexing of HARQ-ACK & SR (at least for PUCCH of priority index 1) to reduce SR latency.

 
The discussions in Sec. 4 on Type 1 HARQ ACK Codebook for sub-slot PUCCH and related enhancements can be summarized in the following related observations and proposals: 
Proposal 4.1: For Type-1 HARQ-ACK codebook for sub-slot based PUCCH configuration, support TDRA pruning/grouping per DL slot after TDRA determination per UL sub-slot.

The discussions in Sec. 5 on retransmissions of dropped HARQ-ACK can be summarized in the following related observations and proposals: 
Proposal 5.1: 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 5.2: 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. The re-transmission triggering DCI does not schedule PDSCH (allowing maintaining DCI size) and e.g. the HARQ ID field can be used to indicate the offset between the target PUCCH occasion and the PUCCH occasion of the HARQ-ACK CB to be re-transmitted. 

Proposal 5.3: For PUCCH carrying a triggered enhanced Type 3 HARQ-ACK codebook (of smaller size), only HARQ-ACK information of HARQ processes included in the enhanced Type 3 HARQ-ACK codebook are transmitted. Any ‘new, initial’ HARQ-ACK information for transmission in the same PUCCH slot that is not mapped to the enhanced Type 3 CB is not transmitted.   
Proposal 5.4: 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 on the indicated PUCCH is constructed by amending 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). 
Proposal 5.5: For one-shot triggering of HARQ-ACK re-transmission on PUCCH, in case the semi-static Type 1 HARQ-ACK CB is configured, the HARQ-ACK codebook contains the Type 1 HARQ-ACK codebook to be re-transmitted. The UE does not expect to be triggered for new, initial HARQ-ACK transmission in the same PUCCH slot/sub-slot. 

The discussions in Sec. 6 on dynamic PUCCH carrier switching can be summarized in the following related observations and proposals: 
Proposal 6.1: The PUCCH carrier switching is limited to a maximum of three additional PUCCH cells (i.e. 4 PUCCH cells in total) for Rel-17.
Proposal 6.2: PUCCH carrier switching based on dynamic indication is in principle supported for PUCCH scheduled by DCI format 1_1 or 1_2 but not for PUCCH scheduled by the fallback DCI format 1_0.
Proposal 6.3: Support an RRC configured list of target PUCCH cells in terms of serving cell indexes within CellGroupConfig, which is used for indexing of the target PUCCH cell for PUCCH carrier switching based on dynamic indication and/or semi-static time-domain pattern configuration. 
· FFS: If the PCell/PSCell cell is included in the list (e.g. as the first entry) or if only the additional PUCCH cells are configured.

Proposal 6.4: Support the following flexible configurations for the DCI format usage and DCI bit field size:
· The dynamic indication of the target PUCCH cell using DCI format 1_1 is RRC configured through the explicit new DCI field size configuration {i.e. 1 or 2 bit} for DCI format 1_1 in PhysicalCellGroupConfig. 
· The dynamic indication of the target PUCCH cell using DCI format 1_2 is RRC configured through the explicit new DCI field size configuration {i.e. 1 or 2 bit} for DCI format 1_2 in PhysicalCellGroupConfig.

Proposal 6.5: When DCI indicates PUCCH transmission in an Scell slot that is longer than Pcell slot, the following applies for HARQ-ACK multiplexing from Pcell: 
· HARQ-ACK from a Pcell PUCCH overlapping with the indicated PUCCH on Scell is multiplexed on the SCell 
· HARQ-ACK transmission configured or scheduled for more than one Pcell PUCCH slot overlapping with the indicated PUCCH on Scell is considered as an error case.

Proposal 6.6: When DCI indicates PUCCH transmission in an Scell slot that is shorter than the Pcell slot, the following applies for HARQ-ACK multiplexing: 
· HARQ-ACK from overlapping Pcell PUCCH is multiplexed on Scell PUCCH
· Pcell PUCCH with HARQ-ACK overlapping with Scell PUCCHs in multiple Scell slots is considered as an error case.  

Proposal 6.7: For PUCCH carrier switching based on dynamic indication, if the UE is configured with Type 1 HARQ-ACK codebook: 
· The UE is not expected to be configured for a first (or second) PUCCH configuration with non-aligned PUCCH slots or sub-slots boundaries (i.e. start/end) across all configured PUCCH target cells. 
· The UE is not expected to be configured with different k1 sets for a first (or second) PUCCH configuration across all configured PUCCH target cells. 
Note: This is to limit the specification and implementation impact on the Type 1 HARQ-ACK codebook construction /pseudo code due to different k1 sets, SCS and slot/sub-slot configurations.

Observation 6.1: For PUCCH carrier switching based on dynamic indication, if the UE is configured with Type 2 HARQ-ACK codebook and the PCell and target PUCCH cell have the same SCS and slot- or same sub-slot based PUCCH configuration, the Rel-15/16 Type 2 HARQ-ACK codebook construction can be directly reused as the PUCCH slots or sub-slots are aligned across PCell and the target PUCCH cell. 
Proposal 6.8: For PUCCH carrier switching based on dynamic indication, if the UE is configured with Type 2 HARQ-ACK codebook and PUCCH slots- or sub-slots of a PUCCH configuration are not aligned at the PCell and the target PUCCH cell, the following Type 2 HARQ-ACK construction is applied: 
· The HARQ-ACK on PUCCH on PCell is only multiplexed on the target PUCCH cell, if the PUCCHs of PCell and target Scell are overlapping. In this case, the Type 2 CB DAI mechanism applies to the overall Type 2 CB to be transmitted on the target PUCCH cell. 
· If the PUCCHs carrying HARQ-ACK on PCell and the target PUCCH cell are not overlapping, the HARQ-ACK is to be independently transmitted on PCell and the target PUCCH cell. The Type 2 CB DAI mechanism is independently applied for the Type 2 HARQ-ACK codebooks transmitted on PCell and the target PUCCH cell. 

Proposal 6.9: PUCCH carrier switching, based on dynamic indication on DCI, should be limited to HARQ-ACK and SR only (i.e. PUCCH carrier switching for CSI is not to be supported).
Proposal 6.10: Support independent PUCCH TPC loops for the individual PUCCH cells within a cell group both for PUCCH carrier switching based on dynamic indication and semi-static configuration.
Proposal 6.11: For PUCCH TPC operation of PUCCH carrier switching based on dynamic indication and semi-static configuration, support the configuration of individual TPC command starting points within DCI format 2_2 for each PUCCH candidate SCell in PUCCH-TPC-CommandConfig. 
Proposal 6.12: For PUCCH carrier switching based on dynamic indication, the PUCCH TPC command in the DCI scheduling the PUCCH at the target PUCCH cell is applicable only for the (dynamically indicated) target PUCCH cell.
Proposal 6.13: For PUCCH carrier switching based on semi-static configuration, the PCell/PSCell SCS defines the reference numerology of the time domain pattern of applicable PUCCH cells. The PCell/PSCell is the reference cell for determining the PUCCH (sub-) slot to determine the PUCCH cell based on the configured time domain pattern of applicable PUCCH cells.
Proposal 6.14: The granularity of the time-domain pattern for PUCCH carrier switching is defined as an UL slot of the reference cell (i.e. PCell/PSCell). 
Proposal 6.15: The gNB will need to guarantee by configuration of the time-domain pattern for PUCCH carrier switching, that the PUCCH carrier switching points are to be aligned with PUCCH slot/sub-slot boundaries of a PUCCH cell.
Proposal 6.16: The time-domain pattern is RRC configured per PUCCH cell group (i.e. within CellGroupConfig) for the UE and a pattern length of up to 10ms should be supported, i.e. a pattern length of up to maxNrofSlots.
Proposal 6.17: With semi-static PUCCH cell switching to longer Scell slot, gNB implementation takes care of that timelines are met for PUCCH transmission switching to Scell.
Proposal 6.18: With semi-static PUCCH cell switching to longer Scell slot, the UE does not expect to be indicated for HARQ-ACK codebooks in more than one of the PCell slots overlapping with a single Scell slot configured for PUCCH transmission. 
Proposal 6.19: For PUCCH carrier switching based on semi-static configuration to an Scell with shorter slots, the PUCCH slot on the Scell is determined by combining PDSCH timing, indicated PCell k1 value, and indicated Scell k1_relative value, where the k1_relative value of the Scell indicates the Scell slot within the PCell slot.
Proposal 6.20: For PUCCH carrier switching based on semi-static configuration, the Type 1 HARQ-ACK codebook uses the k1 set(s) configured for the PCell / reference cell for the HARQ-ACK codebook construction. 
Proposal 6.21: For PUCCH carrier switching based on semi-static configuration, the Rel-15/16 Type 2 HARQ-ACK codebook construction (based on the k1 interpretation on the PCell) can be directly reused.
Proposal 6.22: PUCCH carrier switching, based on semi-static configuration, should be limited to HARQ-ACK and SR only (i.e. PUCCH carrier switching for CSI is not to be supported).
Proposal 6.23: For PUCCH carrier switching based on semi-static configuration, the PUCCH TPC command in the DCI scheduling the PUCCH is applied for the determined PUCCH cell using the defined semi-static (i.e. time-domain pattern) PUCCH cell selection procedure.
Observation 6.2: Discussions on joint operation of dynamic and semi-static operation should be postponed after having more clarity on the operation of stand-alone PUCCH carrier switching based on (i) dynamic indication and (ii) semi-static configuration. A guiding principle for the potential joint operation of the two schemes could be that the dynamically indicated PUCCH Cell ‘overrides’ the determined PUCCH cell based on the time-domain PUCCH cell pattern.
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