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1	Introduction
In RAN1#98 the following was agreed regarding multiple HARQ ACK transmission in a slot:
	Agreements:
At least one sub-slot configuration for PUCCH can be UE-specifically configured to a UE.
· At least support following two sub-slot configurations for PUCCH: “2-symbol*7” and “7-symbol*2”.
· FFS other configurable sub-slot configurations, e.g. 4, 14 sub-slots in a slot.
· For the above two sub-slot configurations (“2-symbol*7” and “7-symbol*2”), support a single configuration for PUCCH resource following R15 applicable for all the sub-slots in a slot.
· FFS whether or not to additionally support that PUCCH resource configuration can be different for different sub-slots
· FFS for other sub-slot configurations, if any.
· FFS: If a PUCCH resource across sub-slot boundary is supported.

Agreements:
When at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE, following can be separately configured for different HARQ-ACK codebooks:
· PUCCH-SpatialRelationInfo
· Sub-slot configuration (only applied for the sub-slot-based HARQ-ACK codebook)
· FFS whether or not to support the case when there are at least two HARQ-ACK codebooks configured with sub-slots, with the same or different sub-slot configurations

Agreements:
When at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE, the PHY identification of HARQ-ACK codebook is also used to determine the priority of the HARQ-ACK codebook for collision handling.

Agreements:
When at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE,
· In case of SPS PDSCH, the following options for identifying a HARQ-ACK codebook (to down-select, combinations are not precluded)
· Opt.1: By SPS PDSCH configurations 
· Opt.2: By the DCI activating the SPS PDSCH 
· Opt.3: By the CORESET where the activating DCI is received



Moreover, in RAN1#98 the following was agreed regarding collision between control/control and data/control
	Agreements:
Reuse the R15 mechanism for the following scenarios:
· A URLLC SR collides with a URLLC HARQ-ACK (no other UL signals/channels), except for (to conclude the FFSs by RAN1#98b)
· FFS if the case in which SR with PF0 vs HARQ-ACK with PF1 needs to be considered.
· FFS SR with HARQ-ACK in PF 2, 3, 4
· URLLC HARQ-ACK collides with URLLC PUSCH (no other UL signals/channels) when the corresponding timelines are met
· To conclude by RAN1#98b for the error cases per R15 (especially for the cases when the timeline is not met)



Later in RAN#85 there was a discussion on the scope of IIoT, and the following change was agreed for the objective of the IIoT WI[2]:
	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 (L1 multiplexing of services of different priority is out of scope):
· 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 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].



In this contribution we discuss our view on solutions for enabling multiple PUCCHs transmissions with HARQ-ACK feedback in a slot, as well as handling collisions for intra-UE UL transmissions, based on the above agreements. 
[bookmark: _Ref178064866]2	Discussion
2.1	Design principals for multiple HARQ-ACK per slot 
Our view on the feature of multiple HARQ-ACK transmission per slot is to enable the functionality based on a design that reuses Rel-15 features as much as possible with simplified modifications when necessary. Different configuration sets can be used to address different services in an application. In this context, the K1 granularity in PUCCH-Config is the parameter representing the flexibility and agility in providing HARQ-ACK feedback which can be associated to the requirements different services demand. That in turn can be related to a priority of a service as compared to another service. Having different options to configure a UE, services in different scenarios can be addressed. In Rel-16, providing means to support two services would be sufficient with a design that is easily extendable in future releases for use cases that address more services with different delay and reliability requirements.
From our perspective, it is up to the gNB to decide a PUCCH-Config configuration for a DL data transmission. For example, an eMBB traffic can be scheduled using slot-based or sub-slot based configurations. However, the UE should be indicated which configuration is used for data transmission for proper preparation of HARQ on PUCCH transmission with respect to timing and physical resources. This can be achieved with a field in DCI as discussed extensively in our companion contribution[3] where the content of the DCI field points to the relevant PUCCH-Config configuration. The PUCCH-Config index can be later on used as an indicator for priority to resolve resource collisions, if needed. 
Furthermore, separate processing of PDSCHs corresponding to K1 with different granularity, simplifies the procedures where the Rel-15 procedures can be used for each of the tracks, if available. In that regard, we do not see the necessity to assume to enable different HARQ codebook types for PDSCHs corresponding to different granularities. Adopting the same codebook type, i.e. dynamic or semi-static, for all the scheduled PDSCHs, simplifies the design while providing the required quality for these two services. This is motivated by the fact that it is preferred to enable the essential functionalities for different services and consider further optimizations, if needed, in future releases.
The design principals above are summarized in the following proposals:
[bookmark: _Toc21393172][bookmark: _Toc21393190][bookmark: _Toc16888678][bookmark: _Toc16888968][bookmark: _Toc16889107][bookmark: _Toc16901919][bookmark: _Toc16908828][bookmark: _Toc16912449][bookmark: _Toc21387291][bookmark: _Toc21388365]In Rel-16, a UE can be configured with maximum two PUCCH-Config IEs where one IE provides RRC parameters for PUCCH-Config as in Rel-15 and another IE provides additional RRC parameter for PUCCH-Config associated with sub-slot configuration.
[bookmark: _Toc21393173][bookmark: _Toc21393191][bookmark: _Toc21387292][bookmark: _Toc21388366]If the RRC parameter for sub-slot configuration is absent, slot-based K1 granularity is assumed. Otherwise, subslot-based K1 granularity is assumed for PUCCH carrying HARQ-ACK.
[bookmark: _Toc16888680][bookmark: _Toc16888970][bookmark: _Toc16889109][bookmark: _Toc16901921][bookmark: _Toc16908830][bookmark: _Toc16912451][bookmark: _Toc21393174][bookmark: _Toc21393192][bookmark: _Toc21387293][bookmark: _Toc21388367]A field in DL grant DCI indicates the index of the associated PUCCH-Config for a scheduled PDSCH.
[bookmark: _Toc16888682][bookmark: _Toc16888972][bookmark: _Toc16889111][bookmark: _Toc16901923][bookmark: _Toc16908832][bookmark: _Toc16912453][bookmark: _Toc21393175][bookmark: _Toc21393193][bookmark: _Toc21387294][bookmark: _Toc21388368]PDSCHs associated to different PUCCH-Config configurations are processed separately to generate the corresponding HARQ codebook for transmission on the corresponding PUCCH.
[bookmark: _Toc21393176][bookmark: _Toc21393194][bookmark: _Toc21387295][bookmark: _Toc21388369]The same HARQ codebook type is configured for PDSCHs associated with different PUCCH-Config configurations.

The above proposals result in a simplified design as illustrated in example Figure 1.
[image: ]
[bookmark: _Ref16896343]Figure 1: An illustrative example for separate processing of PDSCHs with mixed priorities. 
2.1.1	On PUCCH-Config configurations
· K1 value range
It is claimed that indication based on sub-slot would mean that for a certain feedback delay in absolute time unit, there is a larger range for K1 is needed since the units are based on sub-slot rather than slots. 
However, when a gNB schedules a transmission based on sub-sot, it intends to shorten the delay between the DL transmission and the feedback to meet a certain delay requirement.  Hence, the required absolute time of delay would be shorter which implies that the value range of K1 would be large enough to meet such delay requirements even with granularity of sub-slots. It is also argued that the K1 range value should be increased for the purpose of TDD configurations. It is important to note that in such cases, the delay between the DL transmission and the feedback does not meet the delay requirements and it would be irrelevant if the K1 value range is increased or not, since it would not be used by the gNB, as explained above. Hence from our perspective, the current value range of K1 is sufficient even for sub-slot based K1 granularity for delay critical services.
[bookmark: _Toc16888683][bookmark: _Toc16888973][bookmark: _Toc16889112][bookmark: _Toc16901924][bookmark: _Toc16908833][bookmark: _Toc16912454][bookmark: _Toc21393177][bookmark: _Toc21393195][bookmark: _Toc21387296][bookmark: _Toc21388370]The value range for K1 indication should not be extended.
· Sub-slot configuration
In the last RAN1 meeting it was agreed that at least support following two sub-slot configurations for PUCCH: “2-symbol*7” and “7-symbol*2”, and it is for further study to support other configurations, e.g. 4, 14 in a sub-slot.
In order to provide enough flexibility to have low latency communication, i.e. feedback with symbol level granularity, it is proposed that configuration of 14 sub-slots in a slot is supported.  Also, it can be useful to have the flexibility to have 4 per slot for the case of mixed numerology.
[bookmark: _Toc21393178][bookmark: _Toc21393196][bookmark: _Toc21387297][bookmark: _Toc21388371]In addition to “2-symbol*7” and “7-symbol*2” for sub-slot configuration in a PUCCH-Config IE, sub-slot configurations “4-3-4-3 symbols” and “1-symbol *14” are supported.
· PUCCH resource set
An issue that was agreed to further study in the last RAN1 meeting was “whether or not to additionally support that PUCCH resource configuration can be different for different sub-slots”. In our view, it is advantageous in terms of resource efficiency if the configurations in different sub-slots are the same. 
One issue that has been brought up is that, if PUCCH resources are the same then a long PUCCH that crosses to the next slot may not be allowed, since such configuration implies that the corresponding PUCCH in the last sub-slot runs into the next slot. However, this can be avoided by gNB scheduling, such that a UE should not expect to receive a PUCCH that crosses over to the next slot. 
[bookmark: _Toc21393179][bookmark: _Toc21393197][bookmark: _Toc21387298][bookmark: _Toc21388372]PUCCH resource configuration should be the same in different sub-slots for a given PUCCH-Config. 
[bookmark: _Toc21393180][bookmark: _Toc21393198][bookmark: _Toc21387299][bookmark: _Toc21388373]A UE is not expected to be indicated to a PUCCH resource in a sub-slot that would cross over to the next slot. 
[bookmark: _Toc21393181][bookmark: _Toc21393199][bookmark: _Toc21387300][bookmark: _Toc21388374]startingSymbolIndex in a PUCCH resource is determined with respect to the sub-slot boundary. 
[bookmark: _Toc16888689][bookmark: _Toc1196865][bookmark: _Toc1196965]
2.2	UL control/control and data/control resource collision
In RAN#85, the objective in IIOT WID with respect to Intra-UE prioritization was updated as the following [2]:
	· Address UL data/control and control/control resource collision by (L1 multiplexing of services of different priority is out of scope):
· 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 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].



This means that a resource collision at physical layer between control/control and control/data resources from different priorities should be resolved by prioritization. It is therefore proposed that in case of resource collision, the channel with lower priority is dropped. This operation requires knowledge of the priority information for the all the PUCCH or PUSCH resources at physical layer. In the following, we consider all the possible PUCCH and PUSCH resources at physical layer and discuss how the corresponding priority information can be provided.
[bookmark: _Toc21387279]HARQ-ACK on PUCCH: the priority of the corresponding PDSCH, determines the priority of the HARQ-ACK. For scheduled or DL SPS PDSHs, the priority is provided by a field in DL grant or activation DCI.
[bookmark: _Toc21387280]Scheduled or type 2 configured grant on PUSCH: the priority is provided by a field in DL grant or activation DCI.
[bookmark: _Toc21387281]Type1 configured grant on PUSCH and SR: the corresponding priority is provided in the corresponding physical resource configuration.
[bookmark: _Toc21387282]Periodic or semi-persistent CSI reporting on PUCCH: the corresponding priority can be assumed low from resource collision perspective. Note that for delay critical applications like URLLC, trigger based CSI reporting (i.e. A-CSI reporting) is the proper operation mode where CSI report can be provided on demand.
From the above, we can conclude that the high priority UCI is limited to HARQ-ACK and SR on PUCCH resource. 
[bookmark: _Toc21393182][bookmark: _Toc21393200][bookmark: _Toc21387301][bookmark: _Toc21388375]In Rel-16, periodic and semi-persistent CSI reports on PUCCH are considered as low priority for the purpose of resource collision resolution.
Based on the above, we propose the following principles to resolve overlapping between PUCCH/PUCCH and PUCCH/PUSCH 
[bookmark: _Toc16908841][bookmark: _Toc16912462][bookmark: _Toc21393183][bookmark: _Toc21393201][bookmark: _Toc21387302][bookmark: _Toc21388376]To resolve collision between PUCCH and/or PUSCH resources a UE performs the following steps: 
[bookmark: _Toc16908842][bookmark: _Toc16912463][bookmark: _Toc21393184][bookmark: _Toc21393202][bookmark: _Toc21387303][bookmark: _Toc21388377]In the first step, follow Rel-15 procedures to resolve overlapping between PUCCH and/or PUSCH resources corresponding to the same priority, if any.
[bookmark: _Toc16908843][bookmark: _Toc16912464][bookmark: _Toc21393185][bookmark: _Toc21393203][bookmark: _Toc21387304][bookmark: _Toc21388378]In the second step, if a lower priority resource (PUCCH or PUSCH) overlaps with a higher priority PUCCH or PUSCH resource, the lower priority resource is dropped with the corresponding UCI/data.
It is important to note that after step one, none of the high priority PUCCH/PUSCH resource overlaps with another PUCCH/PUSCH high priority resource in a slot. The same applies to low priority PUCCH/PUSCH resource. After step two of the procedure is executed, there is no more overlapping resources. An example is illustrated in Figure 2 to demonstrate the procedure.

[bookmark: _Toc21387305][bookmark: _Toc21388379][image: ]
[bookmark: _Ref21389752]Figure 2: Illustrations of Step1 and Step 2 collision handling procedures for mixed of traffic
Finally, we discuss how to address the open issues based on the following agreements made in the last RAN1 meeting, following the procedure we proposed above for collision resolution. The agreement reads:
Agreement:
Reuse the R15 mechanism for the following scenarios:
· A URLLC SR collides with a URLLC HARQ-ACK (no other UL signals/channels), except for (to conclude the FFSs by RAN1#98b)
· FFS if the case in which SR with PF0 vs HARQ-ACK with PF1 needs to be considered.
· FFS SR with HARQ-ACK in PF 2, 3, 4
· URLLC HARQ-ACK collides with URLLC PUSCH (no other UL signals/channels) when the corresponding timelines are met
From our perspective, the collisions listed above, can be resolved following the Rel-15 procedures. This implies that an SR with high priority is multiplexed with high priority HARQ-ACK on the HARQ-ACK PUCCH resource with format 2, 3 or 4. With respect to the case when SR with PUCCH format 0 overlaps HARQ-ACK with PUCCH format 1, as oppose to Rel-15 that is considered an error case,  we would prefer to transmit one of the resources and drop the other one. Since in this case, the gNB intentionally has scheduled or configured (in case of DL SPS) HARQ-ACK such that it overlaps with SR, we prefer to prioritize HARQ-ACK and drop SR. 
Following on this note, we propose our view with respect to the error cases when the timeline multiplexing is not met for collision resolution:
[bookmark: _Toc21393186][bookmark: _Toc21393204][bookmark: _Toc21387306][bookmark: _Toc21388380]To resolve collision among the low priority overlapping PUCCH/PUSCH resources in Step 1, if timeline for UCI multiplexing is not met, Rel-15 rule is applied i.e. overlapping is considered as error case.
[bookmark: _Toc21393187][bookmark: _Toc21393205][bookmark: _Toc21387307][bookmark: _Toc21388381]To resolve collision among the high priority overlapping PUCCH/PUSCH resources in Step 1, if timeline for UCI multiplexing is not met,
[bookmark: _Toc21393188][bookmark: _Toc21393206][bookmark: _Toc21387308][bookmark: _Toc21388382]Scheduled transmissions are prioritized, and configured transmissions are dropped.
[bookmark: _Toc21393189][bookmark: _Toc21393207][bookmark: _Toc21387309][bookmark: _Toc21388383]Among the overlapping scheduled transmissions, the latest one is kept, and the earliest ones are dropped.

3	Conclusion
In the previous sections we made the following observations: 
Observation 1	HARQ-ACK on PUCCH: the priority of the corresponding PDSCH, determines the priority of the HARQ-ACK. For scheduled or DL SPS PDSHs, the priority is provided by a field in DL grant or activation DCI.
Observation 2	Scheduled or type 2 configured grant on PUSCH: the priority is provided by a field in DL grant or activation DCI.
Observation 3	Type1 configured grant on PUSCH and SR: the corresponding priority is provided in the corresponding physical resource configuration.
Observation 4	Periodic or semi-persistent CSI reporting on PUCCH: the corresponding priority can be assumed low from resource collision perspective. Note that for delay critical applications like URLLC, trigger based CSI reporting (i.e. A-CSI reporting) is the proper operation mode where CSI report can be provided on demand.

Based on the discussion in the previous sections we propose the following:
Proposal 1	In Rel-16, a UE can be configured with maximum two PUCCH-Config IEs where one IE provides RRC parameters for PUCCH-Config as in Rel-15 and another IE provides additional RRC parameter for PUCCH-Config associated with sub-slot configuration.
If the RRC parameter for sub-slot configuration is absent, slot-based K1 granularity is assumed. Otherwise, subslot-based K1 granularity is assumed for PUCCH carrying HARQ-ACK.
Proposal 2	A field in DL grant DCI indicates the index of the associated PUCCH-Config for a scheduled PDSCH.
Proposal 3	PDSCHs associated to different PUCCH-Config configurations are processed separately to generate the corresponding HARQ codebook for transmission on the corresponding PUCCH.
Proposal 4	The same HARQ codebook type is configured for PDSCHs associated with different PUCCH-Config configurations.
Proposal 5	The value range for K1 indication should not be extended.
Proposal 6	In addition to “2-symbol*7” and “7-symbol*2” for sub-slot configuration in a PUCCH-Config IE, sub-slot configurations “4-3-4-3 symbols” and “1-symbol *14” are supported.
Proposal 7	PUCCH resource configuration should be the same in different sub-slots for a given PUCCH-Config.
A UE is not expected to be indicated to a PUCCH resource in a sub-slot that would cross over to the next slot.
startingSymbolIndex in a PUCCH resource is determined with respect to the sub-slot boundary.
Proposal 8	In Rel-16, periodic and semi-persistent CSI reports on PUCCH are considered as low priority for the purpose of resource collision resolution.
Proposal 9	To resolve collision between PUCCH and/or PUSCH resources a UE performs the following steps:
In the first step, follow Rel-15 procedures to resolve overlapping between PUCCH and/or PUSCH resources corresponding to the same priority, if any.
In the second step, if a lower priority resource (PUCCH or PUSCH) overlaps with a higher priority PUCCH or PUSCH resource, the lower priority resource is dropped with the corresponding UCI/data.
Proposal 10	To resolve collision among the low priority overlapping PUCCH/PUSCH resources in Step 1, if timeline for UCI multiplexing is not met, Rel-15 rule is applied i.e. overlapping is considered as error case.
Proposal 11	To resolve collision among the high priority overlapping PUCCH/PUSCH resources in Step 1, if timeline for UCI multiplexing is not met,
Scheduled transmissions are prioritized, and configured transmissions are dropped.
Among the overlapping scheduled transmissions, the latest one is kept, and the earliest ones are dropped.
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