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1 Introduction

At RAN 83, eURLLC WID [1] was approved which included the following objectives for UCI multiplexing:

· Specification of UCI enhancements [RAN1]

· More than one PUCCH for HARQ-ACK transmission within a slot
· At least two HARQ-ACK codebooks simultaneously constructed, intended for supporting different service types for a UE
At RAN 83, Support of NR IoT WID [2] was approved where the following objectives were captured regarding Intra-UE prioritization:

· The detailed objectives for NR intra-UE prioritization/multiplexing are:
· Specify enhancements to address resource conflicts between dynamic grant (DG) and configured grant (CG) PUSCH and conflicts involving multiple CGs [RAN2, RAN1].

· Specify PUSCH grant prioritization based on LCH priorities and LCP restrictions for the cases where MAC prioritizes the grant [RAN2].

· Address UL data/control and control/control resource collision by:

· specifying a method to address resource collision between SR associating to high-priority traffic and uplink data of lower-priority traffic for the cases where MAC determines the prioritization [RAN2].

· specifying prioritization and/or multiplexing behaviour among HARQ-ACK/SR/CSI and PUSCH for traffic with different priorities, including the cases with UCI on PUCCH and UCI on PUSCH [RAN1, RAN2].

During RAN1 #96b, #96, AH1901, and #95 meetings ‎[3,4,5,6], several agreements/conclusions were made on support of multiple PUCCH with HARQ-ACK in a slot, as can be seen in the Annex.
In this contribution, we discuss further details on UCI enhancements in Rel-16 eURLLC following on the agreements so far in RAN1.
2 Support of multiple PUCCHs with HARQ-ACK in a slot
The “sub-slot based” scheme has been agreed in RAN1 #96b [3], to support multiple PUCCHs for HARQ-ACK feedback within a slot.  In the following, we discuss different aspects in this regard, and share our views on various questions identified as part of the conclusions at RAN1 #95, #96, and #96b meetings.
Support of semi-static and dynamic CB for enhanced HARQ-ACK CB  

For semi-static HARQ-ACK codebook construction, Rel-15 specifies that the UE maps the set of candidate PDSCH occasions based on the configured set of K1-values (via higher layer parameter dl-DataToUL-ACK) that map to a particular UL slot with the PUCCH transmission. 

With the sub-slot-level CB construction approach, different PDSCH occasions should be identified at a sub-slot level with mapping via K1-value (with granularity of sub-slots) to particular PUCCH occasions. This approach can potentially be very inefficient in terms of incurring large HARQ-ACK payload (i.e., the CB size, and hence, the UL control OH), especially with smaller sub-slots and more overlapping PDSCH occasions for the case of semi-static HARQ-ACK CB. This is expected assuming that the range of the higher layer parameter dl-DataToUL-ACK is not scaled down significantly with the shift from slot to sub-slot-based timing relationships. The importance of this is discussed later in this contribution in relation to the determination of the K1 value. 
On the other hand, it is also acknowledged that in cases with limited number of sub-slots (e.g., use cases for which the requirements can still be met with half-slot-based transmissions), use of semi-static HARQ-ACK CB can be beneficial in providing a more robust solution that can be attractive for URLLC use cases.
Alternatively, some new UE behavior may be defined to take into account some additional signaling in order to prune the (semi-static) nominal CB size (i.e., based on indications in the DCI). However, such further association, reduces the distinction from Type II HARQ-ACK CB (i.e., the CB size is not fixed anymore). As such, we have the following proposal for consideration of dynamic CB:

Proposal 1 

· For enhanced HARQ-ACK CB support, RAN1 to prioritize design of Type II HARQ-ACK CB.
Sub-slot-based HARQ-ACK CB construction
Regarding the sub-slot duration configuration, the following can be considered:
· for UL, candidate values to be specified as function of PUCCH SCS

· for DL, candidate values to be specified as function of PDSCH SCS
Another aspect that should be discussed with respect to the sub-slot-based schemes, is the mapping of the data and control channels to the DL and UL sub-slots. 
Regarding the PDSCH to DL sub-slot association, it has been agreed that PDSCH transmission is not subject to sub-slot restrictions. As such, we consider that DL sub-slot is identified based on the last symbol of the PDSCH. By only mapping the end of the PDSCH into DL sub-slots, a PDSCH is not necessarily restricted to be contained within a sub-slot. Particularly, a PDSCH can start anywhere within a sub-slot and can span more than one sub-slot. Such design, also allows multiple PDSCHs being mapped into a single sub-slot.
Regarding the PUCCH resources to UL sub-slot association, currently the starting symbol of PUCCH is determined based on the PUCCH resource configuration and the indicated PRI value in the DCI that is used to determine the PUCCH resource. Particularly, in Rel-15, for semi-static and dynamic HARQ-ACK codebook in a single component carrier scenario, PUCCH resource allocation is determined in accordance with the DCI scheduling the physical downlink shared channel. In particular, PUCCH resource indicator in the last DCI and the starting CCE index for the PDCCH carrying the last DCI are jointly employed to determine the PUCCH resource carrying HARQ-ACK feedback.
For Rel-16, while PUCCH resources should be allowed to start anywhere within a sub-slot (similar to Rel-15 design), these resources can be then mapped to UL sub-slot based on the starting symbol of the PUCCH, to compile according to the agreement of “No more than one transmitted PUCCH carrying HARQ-ACKs starts in a sub-slot”. Particularly, the K1 and PRI values are determined based on the sub-slot boundaries, and the exact starting symbol position can still be anywhere within a sub-slot. In this regard, whether or not to allow the PUCCH transmission across sub-slot boundaries is an open issue. 
On the one hand, if PUCCH transmissions are not allowed to cross sub-slot boundaries, then the configuration of the UL sub-slot duration effectively limits the PUCCH formats or PUCCH durations, implying impact on the PUCCH coverage. However, such flexibility would complicate the handling of overlapping PUCCH resources across sub-slots, etc. On the other hand, it can be argued that the construction of UL sub-slots is primarily to accommodate multiple PUCCH transmissions that are TDM-ed within a slot duration. Allowing PUCCH transmissions to cross sub-slot boundaries effectively extends the sub-slot duration. Thus, if PUCCH transmissions are allowed to cross sub-slot boundaries, the PUCCH resources in the subsequent sub-slots are considered as not available and in case of PUCCH resource overlaps, the PUCCH transmissions starting in subsequent sub-slots are dropped. Note that PUCCH resource overriding behavior is already agreed to be applied at a sub-slot-level. Thus, PUCCH resource overriding may only apply amongst PUCCH resources with starting symbols belonging to the same UL sub-slot.
Proposal 2 

· DL and UL sub-slots are defined as function of PDSCH and PUCCH SCS respectively.
· PDSCH-to-DL sub-slot association is based on last symbol of the PDSCH.

· PUCCH-to-UL sub-slot association is based on first symbol of the PUCCH.
Configuration of PUCCH resource sets 

Configuration of PUCCH resource sets can follow Rel-15 mechanism with the adaptation of the PUCCH starting symbol to sub-slot boundaries based on indication of the corresponding K1-value when determining particular PUCCH resources within a slot. 
With the support of multiple HARQ-ACK CBs, it would be natural to support separate configuration of the PUCCH resource sets for each CB considering that one of the PUCCH resource sets should cater to “short and frequent PUCCH occasions” while another can be similar to Rel-15 configurations with a single PUCCH occasion in a slot. 
We note that considerations on PUCCH resource configuration for the enhanced HARQ-ACK CB depend on the exact mapping between PUCCH resources and UL sub-slots (as discussed above), including potential limitations on PUCCH formats/durations/etc., for a given UL sub-slot structure.

Proposal 3 

· Separate configuration of PUCCH resource sets for Rel-15 and enhanced HARQ-ACK CB is supported.

Identifying the HARQ ACK CB, when multiple CBs are simultaneously configured to the UE
For a scheduled PDSCH, the UE would need to know in which PUCCH the corresponding HARQ-ACK bit(s) are to be transmitted. In Rel-15, all multiplexing windows are defined using slot-level granularity. With multiple PUCCH occasions with HARQ-ACK, such an approach may not be feasible in realizing the benefit of the new feature as the UE needs to be indicated if HARQ-ACK feedback corresponding to a particular PDSCH is to be transmitted in an earlier of multiple PUCCH occasions within a slot.

At previous RAN1 meetings, it has been agreed to support at least two HARQ-ACK CBs simultaneously. This was mainly motivated based on different reliability requirements (e.g., for the PUCCH) that may be targeted, which requires different PUCCH resource configurations. Thus, now, there would be a need to indicate the particular HARQ-ACK CB that the UE should use for a particular PDSCH. 

For dynamic CB, such identification is straightforward and can based on explicit indication to allow the full scheduling flexibility, e.g., indication in the DCI. Similar approach can also be followed for PDCCH indicating SPS release. For SPS PDSCH, the HARQ-ACK CB to use can be indicated as part of the SPS PDSCH configuration.  
It should be noted that implicit (semi-static) identification methods which can avoid additional Layer-1 signaling overhead, e.g., based on the DCI format (Opt.1) which maps certain DCI formats only to certain CBs, will limit the scheduling flexibility. Similarly, while Opt.4 incurs less overhead, it adversely impacts the scheduling ability, not desired for URLLC use cases. Similarly, Opt. 2 is not desirable considering the increased false alarm probability that should definitely be avoided considering the reliability targets for PDCCH reliability.
On the other hand, for semi-static CB (if it is supported), enhancements are necessary to identify between the Rel-15 and enhanced semi-static HARQ-ACK CB (e.g., corresponding to different service types). 

Such enhancements can be considered (e.g., semi-statically) by associating the CBs to the PDCCH search spaces/CORESETs/etc., or to the PDSCH occasions/length/starting symbols (if mapping to PDSCHs is supported, how the PDSCHs are identified and associated with a particular CB, needs to be discussed further). However, these association may negatively impact the scheduling flexibility. Alternatively, some dependency on the indication in the scheduling DCI may be necessary, which implies that HARQ-ACK CB size may no longer be semi-static, as mentioned earlier. 
Proposal 4 

· When at least two HARQ-ACK CBs are simultaneously constructed for a UE, for Type II HARQ-ACK CB, and for dynamically-scheduled PDSCH and PDCCH indicating SPS release, the HARQ-ACK CB to use is indicated by explicit indication in the scheduling DCI.

· For SPS PDSCH, the HARQ-ACK CB to use is configured as part of the SPS PDSCH configuration. 
Handling of multiplexing/prioritization in case resources for two CBs overlap in time

This aspect is closely related to Section 3, discussing UCI multiplexing enhancements, and is discussed therein. In general, the multiplexing rules are subject to certain considerations and configured conditions. Such conditions, could be in addition to what Rel-15 already defines, i.e., include newly defined constraints considering different reliability requirements beyond Rel-15 UCI multiplexing. When such conditions are not satisfied, one of the CBs is dropped, based on relative timing of the PDCCHs scheduling the respective PDSCHs.
Lastly, it is important to note that the HARQ-ACK CB indication/identification should not be coupled with priority determination of the associated PDSCH or HARQ-ACK prioritization. The HARQ-ACK CB indication mechanism serves a specific purpose and should not be overloaded with additional functionality. More importantly, as discussed in the following sections and in our companion contribution on scheduling/HARQ enhancements [8], relative timing based priority determination is the most flexible and appropriate choice for these purposes. 
Details on K1 value definition in unit of sub-slot
Given that it has been already agreed that K1 offset is defined following Rel-15 approach, in unit of sub-slot, the exact reinterpretation, the range, and the indication should be defined. 

Reducing K1 granularity from slot-level to sub-slot, imposes limitation on the maximum value that K1 can reach. This is especially important (and potentially very restrictive) for TDD configurations, due to the unavailability of UL symbols etc. to transmit the HARQ-ACK feedback flexibly. On the other hand, defining different ranges for the multiplier of the sub-slot unit to determine K1 value, is already possible with Rel-15 design. Particularly, in Rel-15, it is specified that RRC configures the UE with a set of candidate K1 values (“dl-DataToUL-ACK SEQUENCE (SIZE (1..8)) OF INTEGER (0..15)”), and the DCI indicates one value from the candidate set. 
We have the following proposal in order to address the limitations imposed by the maximum and the overall range of the K1 sub-slot offset value:
Proposal 5 

· Range of candidate values for the multipliers of the UL sub-slot unit to be extended from max of 15 to larger max value (e.g., 31 or 63), possibly as a function of SCS (PUCCH, PDSCH, or both).
Max number of PUCCH transmission for HARQ-ACK allowed in a slot

The maximum number of PUCCH transmissions with HARQ-ACK feedback that may be allowed in a slot can be specified. Considering the minimum granularity of PDSCH scheduling, a maximum of seven PUCCH transmissions in a slot may be considered for the lowest SCS of 15 kHz. However, it should be noted as described below (in the context of K1-value indication) that increasing numbers of occasions within a slot, while keeping the existing number of code-points for K1-value indication implies shorter overall multiplexing windows as a natural trade-off. 

Further, it would be beneficial to define the number of PUCCH occasions in a slot as a function of the SCS of the UL BWP in which the PUCCH is to be transmitted to realize a meaningful tradeoff between achievable latency and UE and gNB complexity arising from a large number of PUCCH occasions within a short duration of a slot with larger SCS choices. 

Proposal 6 

· Maximum number of PUCCH transmissions with HARQ-ACK feedback in a slot is defined as a function of PUCCH SCS.

· Maximum of 7 PUCCH transmissions in a slot @ 15 kHz.

· The UL sub-slot length and thereby the effective maximum number of PUCCH with HARQ-ACK feedback can be configured via higher layers. 
Number of simultaneous HARQ-ACK CBs

In terms of parallel HARQ-ACK CBs supported simultaneously, in our view, up to two simultaneous CBs is sufficient for most use cases and support of an increased number of CBs in parallel is not necessary, considering potential combination with other use cases, like CBG, as well as at least for UEs with mixed traffic types, and potentially multi-TRP. This is because the two CBs, one similar to Rel-15 with max of one PUCCH w/ HARQ-ACK in a slot, and another offering multiple PUCCH occasions w/ HARQ-ACK within a slot, cover almost all use cases considered so far. Further differences in reliability requirements for multiple traffic type flows can be realized with appropriate configuration of PUCCH resource sets, etc. 
Additionally, it can be beneficial for some use cases to support “Codebook-less HARQ” mechanism that do not employ HARQ CB construction and PUCCH resource overriding. Such mechanisms can be helpful in realizing low latency targets. However, for such CB-less HARQ mechanisms, in consideration of TDD use case cases, the K1 indication (slot) flexibility should still be retained instead of determining the slot based on minimum UE processing times.

Proposal 7 

· Up to maximum of two simultaneous HARQ-ACK CBs may be simultaneously constructed.

· Codebook-less HARQ mechanism can be considered further as a complementary mechanism.
3 Resource conflicts of UL control and UL control
If a UE supports communication of multiple service types, UCI resource of one service type can overlap with UCI resource of the other type. When PUCCHs carrying UCIs with potentially different reliability requirements overlap in a slot, it may not be desirable to multiplex UCIs into one PUCCH. Certain rules and mechanisms need to be defined to allow multiplexing of UCI with potentially different reliability and latency requirements.
Next, we consider different scenario of resource conflicts. 

Resource conflicts of multiple HARQ-ACKs of a UE

NR UE may support different service types and transmission of different services may face   
different latency, rate, and/or reliability requirements. In one scenario, HARQ-ACK resources of multiple separate DL transmissions may overlap in time and/or frequency within a slot. Reliability requirement of one HARQ-ACK transmission may be higher than the other HARQ-ACK(s). Hence, in some cases, UE may be required to transmit one HARQ-ACK transmission only and drop other overlapping HARQ-ACK transmissions without multiplexing. 

In our view, if multiple HARQ-ACK resources overlap, multiplexing according to Rel-15 rules should be applied if timeline requirements can be met and if the two HARQ-ACKs belong same codebook. However, some concerns on reliability aspects may exist which limit the applicability of Rel-15 rules especially if the HARQ-ACKs correspond to different HARQ-ACK codebooks. For example, multiplexing of a small-payload URLLC HARQ-ACK with a large-payload eMBB HARQ-ACK may degrade the reliability. As such, some dropping rules are necessary in certain cases. 

In Fig. 2, resources of two HARQ-ACKs mapped to two HARQ codebooks corresponding to two separate DL transmissions are shown to overlap in an UL slot. In such cases, UE may prioritize and transmit one of the HARQ-ACKs. 
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Figure 1. Multiple HARQ-ACK resource conflicts in UL 

In our view, UE may prioritize and transmit the HARQ-ACK corresponding to the most recent DL transmission among the DL transmissions for which the resources of HARQ-ACKs are in collision in a slot, that is, HARQ-ACK transmission for the PDSCH scheduled by the latest PDCCH is prioritized, when the two HARQ-ACKs belong to different codebooks. 

Proposal 8 

· If resources of two HARQ-ACKs overlap and the HARQ-ACKs belong to same HARQ codebook, UE multiplexes the HARQ-ACKs according to Rel-15 rules.
· If resources of two HARQ-ACKs overlap and the HARQ-ACKs belong to different HARQ codebooks, UE prioritizes and transmits the HARQ-ACK corresponding to the later DL transmission, and drops the other HARQ-ACK.
Resource conflicts of one or more HARQ-ACKs with SR and CSI

If resource of a HARQ-ACK overlaps with resources of SR and/or CSI, UE multiplexes them into one resulting PUCCH resource if the timeline and/or payload requirement is satisfied, e.g., following Rel-15 behavior.

NR supports configuration of multiple SRs from a single device. A logical channel can be mapped to zero or more SR configurations. One SR configuration may have higher priority than another SR configuration. If SR configuration identifies a given SR transmit occasion is prioritized, UE may prioritize and transmit SR and may drop other overlapping UCI in some conditions, such as if the last symbol of PUCCH resource containing multiplexed UCI is much later than the SR transmit occasion.

If resources of multiple HARQ-ACKs overlap with SR and/or CSI, UE multiplexes them into one resulting PUCCH resource if the timeline and/or payload requirement is satisfied, e.g., following Rel-15 behavior, if the HARQ-ACKs correspond to same codebook.

If resources of multiple HARQ-ACKs overlap with SR and/or CSI and if the HARQ-ACKs correspond to different codebooks, UE prioritizes and transmit the HARQ-ACK corresponding to later DL transmission, with or without multiplexing SR, and drops other HARQ-ACK and CSI.

Proposal 9
· If resources of multiple HARQ-ACKs overlap with SR and/or CSI, UE multiplexes them into one resulting PUCCH resource if the timeline and/or payload requirement is satisfied, e.g., following Rel-15 behavior, if the HARQ-ACKs correspond to same codebook.

· If resources of multiple HARQ-ACKs overlap with SR and/or CSI and if the HARQ-ACKs correspond to different codebooks, UE prioritizes and transmit the HARQ-ACK corresponding to later DL transmission, with or without multiplexing SR, and drops other HARQ-ACK and CSI.

· SR configuration can be exploited to identify when to prioritize SR if its resource overlaps with HARQ-ACK and/or CSI.

4 Resource conflicts of UL data and UL control
Similarly as above, if a UE supports multiple service types, resource of UCI of one type may overlap with PUSCH resource with a different type. Below, we discuss few cases in this context:

· If HARQ-ACK resources overlap with PUSCH 

· HARQ-ACK can be multiplexed in the PUSCH according to beta offset values, e.g., can be mapped at the beginning of the PUSCH after DMRS so that latency does not increase much, even if HARQ-ACK is for a URLLC transmission

· If the PUSCH is CG, higher layer configuration can be exploited to prioritize PUSCH and drop HARQ-ACK
· If SR resource overlaps with PUSCH 

· PUSCH can be dropped, if SR configuration is prioritized (i.e., exploiting LCP information), otherwise SR is delayed or BSR can be appended to PUSCH
· If CSI feedback resource overlaps with PUSCH

·  CSI report can be multiplexed onto PUSCH according to beta offset values

·  If PUSCH is based on CG, higher layer configuration can be used to prioritize PUSCH and drop CSI reporting.

Proposal 10
· Overlapping HARQ-ACK(s) and CSI report can be multiplexed onto PUSCH if timeline and payload requirements are met, i.e., following Rel-15 rules.
· If CG PUSCH, higher layer configuration can be used to prioritize PUSCH and drop UCI.
· If SR configuration is prioritized, SR can be transmitted dropping PUSCH.

5 Conclusions

In this contribution, we discussed details to realize UCI enhancements for Rel-16 eURLLC. 
In Section 2, we presented our views on various details to enable support of multiple PUCCH occasions in a slot, and have the following proposals:
Proposal 1 

· For enhanced HARQ-ACK CB support, RAN1 to prioritize design of Type II HARQ-ACK CB.
Proposal 2 

· DL and UL sub-slots are defined as function of PDSCH and PUCCH SCS respectively.

· PDSCH-to-DL sub-slot association is based on last symbol of the PDSCH.

· PUCCH-to-UL sub-slot association is based on first symbol of the PUCCH.
Proposal 3 

· Separate configuration of PUCCH resource sets for Rel-15 and enhanced HARQ-ACK CB is supported.

Proposal 4 

· When at least two HARQ-ACK CBs are simultaneously constructed for a UE, for Type II HARQ-ACK CB, and for dynamically-scheduled PDSCH and PDCCH indicating SPS release, the HARQ-ACK CB to use is indicated by explicit indication in the scheduling DCI.

· For SPS PDSCH, the HARQ-ACK CB to use is configured as part of the SPS PDSCH configuration. 
Proposal 5 

· Range of candidate values for the multipliers of the UL sub-slot unit to be extended from max of 15 to larger max value (e.g., 31 or 63), possibly as a function of SCS (PUCCH, PDSCH, or both).
Proposal 6 

· Maximum number of PUCCH transmissions with HARQ-ACK feedback in a slot is defined as a function of PUCCH SCS.

· Maximum of 7 PUCCH transmissions in a slot @ 15 kHz.

· The UL sub-slot length and thereby the effective maximum number of PUCCH with HARQ-ACK feedback can be configured via higher layers. 
Proposal 7 

· Up to maximum of two simultaneous HARQ-ACK CBs may be simultaneously constructed.

· Codebook-less HARQ mechanism can be considered further as a complementary mechanism.
In Sections 3 and 4, we presented our views on intra-UE control/control and data/control multiplexing/prioritization for UL. These are summarized in the following proposals.
Proposal 8 

· If resources of two HARQ-ACKs overlap and the HARQ-ACKs belong to same HARQ codebook, UE multiplexes the HARQ-ACKs according to Rel-15 rules.
· If resources of two HARQ-ACKs overlap and the HARQ-ACKs belong to different HARQ codebooks, UE prioritizes and transmits the HARQ-ACK corresponding to the later DL transmission, and drops the other HARQ-ACK.
Proposal 9
· If resources of multiple HARQ-ACKs overlap with SR and/or CSI, UE multiplexes them into one resulting PUCCH resource if the timeline and/or payload requirement is satisfied, e.g., following Rel-15 behavior, if the HARQ-ACKs correspond to same codebook.

· If resources of multiple HARQ-ACKs overlap with SR and/or CSI and if the HARQ-ACKs correspond to different codebooks, UE prioritizes and transmit the HARQ-ACK corresponding to later DL transmission, with or without multiplexing SR, and drops other HARQ-ACK and CSI.

· SR configuration can be exploited to identify when to prioritize SR if its resource overlaps with HARQ-ACK and/or CSI.

Proposal 10
· Overlapping HARQ-ACK(s) and CSI report can be multiplexed onto PUSCH if timeline and payload requirements are met, i.e., following Rel-15 rules.
· If CG PUSCH, higher layer configuration can be used to prioritize PUSCH and drop UCI.
· If SR configuration is prioritized, SR can be transmitted dropping PUSCH.
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Annex
Agreements:

· Rules for the two HARQ-ACK codebooks for supporting different service types should be specified in R16 if the two HARQ-ACK codebooks are due to transmit in resources overlapping in time

· FFS details, e.g., multiplexing and/or prioritizing or parallel tx – revisit later this week
Agreements:

When at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE, a HARQ-ACK codebook can be identified based on some PHY indications/properties. 
· FFS in potential WI the details of the PHY identification
Agreements:

· Multiple PUCCHs for HARQ-ACK within a slot should be supported in R16.
Conclusion:

For supporting multiple PUCCHs for HARQ-ACK within a slot, companies are encouraged to provide following details when proposing a solution:
· How to separate HARQ-ACK multiplexing windows for different PUCCHs?
· How to indicate the starting symbol of different PUCCHs?
· How to indicate K1, e.g. in unit of slot, half-slot, a number of symbols or symbol?
· How to determine dynamic HARQ codebook?
· How to determine semi-static HARQ-ACK codebook?
· How to configure PUCCH resource sets, e.g. reuse R15 PUCCH resource set configurations or not?
· How to determine PUCCH resource for each PUCCH?
· How to do PUCCH resource overriding for HARQ-ACK multiplexing?
· Maximum number of PUCCH transmissions for HARQ-ACK allowed in a slot?
Agreements:

For supporting multiple PUCCHs for HARQ-ACK within a slot for constructing HARQ-ACK codebook, support sub-slot-based HARQ-ACK feedback procedure.
· A UL slot consists of a number of sub-slots. No more than one transmitted PUCCH carrying HARQ-ACKs starts in a sub-slot.
· PDSCH transmission is not subject to sub-slot restrictions (if any)
· FFS: PDSCH-to-sub-slot association. 
· FFS: Allowing PUCCH across sub-slot boundary or not.
· R15 HARQ-codebook construction is applied in unit of sub-slot at least for Type II HARQ-ACK codebook. 
· FFS for Type I HARQ-ACK codebook.
· R15 PUCCH resource overriding procedures is applied in unit of sub-slot.
· Number or length of UL sub-slots in a slot is UE-specifically semi-statically configured.
· FFS: Limit of number of PUCCH transmissions carrying HARQ-ACKs in a slot.
· FFS: K1 definition.
· FFS: Details of PUCCH resource configuration and determination.
FFS: Use “Codebook-less HARQ” as a complementary or not.
FFS: If HARQ-ACK can be omitted in case latency requirement cannot be met. 
FFS: PDSCH groupings and PHY identification for separate HARQ-ACK constructions for different service types.
Agreements:

For supporting multiple PUCCHs for HARQ-ACK within a slot for constructing HARQ-ACK codebook, K1 is defined following R15 approach but in unit of sub-slot.
Agreements:

When at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE, for both Type I (if supported) and Type II HARQ-ACK codebooks (if supported), and for dynamically-scheduled PDSCH, down-select from below for the PHY identification for identifying a HARQ-ACK codebook:
· Opt.1: By DCI format
· Opt.2: By RNTI
· Opt.3: By explicit indication in DCI (FFS: new field or reuse existing field)
· Opt.4: By CORESET/search space 
· FFS additional option(s) for Type I HARQ-ACK codebook

FFS: For SPS PDSCH (including SPS release PDCCH)
Agreements:

· For a R16 UE, at least two HARQ-ACK codebooks can be simultaneously constructed, intended for supporting different service types for a UE

· FFS more details (including procedures when applicable)

· FFS: How to identify a HARQ-ACK codebook 
· FFS applicability to semi-static HARQ-ACK codebook, or dynamic HARQ-ACK codebook, or both

· FFS more than 2

· FFS whether or not CBG configuration is supported for Rel-16 URLLC
10

