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Introduction
In the RAN1 #96bis, #97 and #98 meetings, the following agreements were reached to support UCI enhancements for URLLC[1][2][3].
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:
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 sub-slot-based HARQ-ACK feedback procedure, the starting symbol of a PUCCH resource is defined with respect to the first symbol of sub-slot
· For a given sub-slot configuration, a UE can be configured with PUCCH resource set(s)
· FFS same or different PUCCH resource sets can be configured for different sub-slots within a slot.
Agreements:
· When at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE,  all Rel-16 parameters in PUCCH configuration related to HARQ-ACK feedback can be separately configured for different HARQ-ACK codebooks except for following:
· FFS: For PUCCH-SpatialRelationInfo
· Note: SchedulingRequestResourceConfig, multi-CSI-PUCCH-ResourceList are not related to HARQ-ACK feedback.
· FFS: For other UCI types, e.g. SchedulingRequestResourceConfig, multi-CSI-PUCCH-ResourceList.
· FFS: At least one HARQ-ACK codebook follows R15 PUCCH configuration.
Working assumption:
Support that SR priority (e.g. high or low priority) is known at PHY layer. 
· FFS how to use the priority information in handling prioritization/multiplexing of UL transmissions. 
· FFS how the SR priority is known
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,
· 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
In this contribution, we further discuss the remaining issues of UL control related enhancements for NR URLLC including multiple HARQ-ACK transmission in one slot and specifying prioritization behaviour among HARQ-ACK/SR/CSI and PUSCH for traffic with different priorities.
Multiple HARQ-ACK transmissions in one slot
2.1 Applicability for Type I HARQ-ACK codebook for URLLC
[bookmark: OLE_LINK25]In NR Rel-15, Type I and Type II HARQ-ACK codebooks are supported, and HARQ-ACK codebook fallback operation is supported in order to reduce HARQ-ACK codebook overhead in some cases (for example, only one PDSCH is transmitted in a HARQ-ACK codebook window). In the RAN1#96bis meeting, it was agreed that at least Type II HARQ-ACK codebook based on sub-slot construction is supported for Rel-16 URLLC, while it is FFS for Type I HARQ-ACK codebook. In the following, we further investigate the benefits and use cases for Type I HARQ-ACK codebook for Rel-16 URLLC. 
· Reduce DCI overhead
Type I HARQ-ACK codebook does not require DAI field and therefore saves the DCI overhead. If Type II HARQ-ACK codebook is used, 4 bits DAI overhead is required in the DL DCI, and 2 bits DAI overhead is required in the UL grant.
· Avoid padding overhead for periodic and deterministic URLLC traffic
Type I HARQ-ACK codebook is more suitable for periodic and deterministic URLLC traffic types, such as differential protection of power distribution and factory automation. Some reasons are as follows:
gNB can reduce Type I HARQ-ACK codebook overhead to the same as Type II HARQ-ACK codebook by implementation. For example, for periodic and deterministic URLLC traffic, the actual PDSCH transmissions occasions can be predetermined. So the set of k1 values can be configured to match the periodicity of the URLLC traffic. An example is shown in Figure 1. If the periodicity of the URLLC transmission is 2 sub-slots, the set of k1 values is configured as a multiple of the periodicity, e.g., k1 = {2, 4, 6, 8, ...}. Thus, only the sub-slots that actually transmit the URLLC are selected to generate a Type I HARQ-ACK codebook, thereby the padding overhead can be reduced from the sub-slot level. Furthermore, the PDSCH candidate resources can be independently configured for the URLLC traffic in the sub-slot, ensuring one valid URLLC transmission opportunity in one sub-slot, thereby the padding overhead can be avoided from the PDSCH candidate resource level.
In the above use cases, Type I HARQ-ACK codebook is the simplest and most efficient way for HARQ-ACK feedback, and it does not introduce additional padding overhead.

[image: ]
Figure 1. An example of avoiding padding overhead through the implementation of the gNB
· Optimal robustness
The size of Type I HARQ-ACK codebook is determined according to the valid PDSCH candidate resources configured by RRC parameter, and is not determined according to the blind detection of the DCI. So, Type I HARQ-ACK codebook offers more robustness.
[bookmark: OLE_LINK27]Through the above analysis, Type I HARQ-ACK codebook has its own advantages and use cases, so we believe that Type I HARQ-ACK codebook should be also supported for different service types in case of multiple HARQ-ACK codebooks for different service types.
[bookmark: OLE_LINK5]Proposal 1: Type I HARQ-ACK codebook based on sub-slot construction should be supported Rel-16 URLLC.
2.2 Some details for the sub-slot-based HARQ-ACK procedure
In order to support multiple HARQ-ACK PUCCH transmissions in one slot, the UL slot is divided into multiple sub-slots, and there is one HARQ-ACK PUCCH transmission in each sub-slot. Some details that need to be discussed for sub-slot-based HARQ-ACK feedback are provided below.
· The number and length of sub-slots in a slot
In the RAN1 #98 meeting, it was agreed to support two sub-slot configurations for PUCCH: "2-symbol*7" and "7-symbol*2", but FFS other sub-slot configurations, e.g. 4, 14 sub -slots in a slot. For a better flexibility of PUCCH allocation and low latency of URLLC, 4 and 14 sub-slots in a UL slot should also be supported. For the case of 4 sub-slots, the sub-slot pattern of {4,3,4,3} symbols can be supported.
Proposal 2: Support 4 and 14 sub-slots in a UL slot, and sub-slot pattern for 4 sub-slots in a slot is {4,3,4,3} symbols.
· PUCCH resource configuration in UL sub-slot 
In the RAN1 #98 meeting, it was agreed to support a single configuration for PUCCH resource following R15 applicable for all the sub-slots in a slot, and FFS whether or not to additionally support that PUCCH resource configuration can be different for different sub-slots. 
From our perspective, it is necessary to configure additional PUCCH resource configuration for a subset of the sub-slots in a slot. Some potential use cases are given as follows.
· For sub-slots at the beginning of the slot, they should support PUCCH resources across the sub-slot boundary in order to provide PUCCH coverage.
· For TDD, the length of some UL sub-slots is reduced due to DL symbols, and these UL sub-slots should support additional PUCCH resource configuration to accommodate the reduced length.
· If 4 sub-slots are supported in one slot, they should support different PUCCH resource configurations for sub-slots with different length.
Note, the additional PUCCH resource configuration is used to add/update/override the PUCCH resource configured by the single common configuration for all sub-slots, and the total number of resources in PUCCH resource set doesn’t exceed the maximum number of this set as in Rel-15.
In order to guarantee the coverage of PUCCH, the PUCCH is better to be allowed across sub-slot boundary, especially if the sub-slot duration is small. But the PUCCH is not allowed to cross the slot boundary as Rel-15.
Proposal 3: For PUCCH resource configuration for sub-slot,
· additionally support that PUCCH resource configuration can be different for different sub-slots.
· gNB can configure an additional PUCCH resource configuration for a subset of sub-slots in a slot by adding/updating/overriding the PUCCH resource configured by the common configuration for all sub-slots.
· the PUCCH resource can be allowed to go across sub-slot boundary, but is not allowed to cross the slot boundary.
· [bookmark: OLE_LINK7]Simultaneous construction of multiple HARQ-ACK codebooks
There is an FFS on 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.
For URLLC, if multiple HARQ-ACK codebooks with sub-slots are constructed simultaneously, then some additional mechanisms are needed to distinguish different HARQ-ACK codebooks, e.g., using more bits in DCI to choose one from a set of codebooks with subslots. Obviously, it will introduce more complexity and should not be supported unless there is significant benefit. It means, for URLLC, only one HARQ-ACK codebook is constructed at the same time, and multiple HARQ-ACK codebooks can be constructed by TDM. In this sense, it seems no need to support different sub-slots configurations for URLLC.
Proposal 4: For URLLC, no need to support that different sub-slots configurations are configured for URLLC.
· Only one HARQ-ACK codebook is constructed at the same time, and multiple HARQ-ACK codebooks can be constructed by TDM.
· PDSCH groupings and PHY identification for separate HARQ-ACK constructions.
For Type II HARQ-ACK codebook, some brief analysis for the agreed four options for PHY identification for separate HARQ-ACK constructions are listed as follows:
· Identifying by the DCI format - It limits the use of the DCI format to different services. In our view, even we introduce a new DCI format, it could be used for scheduling both URLLC and eMBB services.
· Identifying by CORESET/search space - It complicates and limits the configuration of the CORESET/search space.
· Identifying by RNTI - It is a simple way and does not increase DCI overhead.
· Identifying by explicit indication in DCI - A new field to identify the HARQ-ACK codebook is a simple way. Although it may increase the overhead of DCI, it will be convenient for implementation. 
From our understanding, a new field in DCI or a predefined RNTI can be supported to identify a HARQ-ACK codebook for dynamically scheduled PDSCHs.
For Type I HARQ-ACK codebook, since its determination of HARQ-ACK is based on the PDSCH candidate resources, the duration of the PDSCH can be considered for identifying a HARQ-ACK codebook. For example, a PDSCH candidate resource with a duration of 4 symbols or less is counted in one HARQ-ACK codebook; A PDSCH candidate resource with a duration greater than 4 symbols is counted in another HARQ-ACK codebook. From our understanding, the above way is a simple and easy way to identify a HARQ-ACK codebook for Type I HARQ-ACK codebook.
Proposal 5: For HARQ-ACK codebook determination,
· for Type II HARQ-ACK codebook, a new field in DCI or a predefined RNTI should be supported to identify a HARQ-ACK codebook for dynamically-scheduled PDSCHs.
· for Type I HARQ-ACK codebook, the duration of the PDSCH can be used to identify a HARQ-ACK codebook.
· A PDSCH candidate resource with a duration of N symbols or less is regarded as one HARQ-ACK codebook. A PDSCH candidate resource with a duration greater than N symbols is regarded as another HARQ-ACK codebook. E.g., N=4.
· For SPS PDSCH and SPS release PDCCH
In the RAN1 #98 meeting, it was agreed that the following options for identifying a HARQ-ACK codebook (to down-select, combinations are not precluded) for the case of SPS PDSCH.
· 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
For Opt.1, the HARQ-ACK priority of the SPS PDSCH can be determined by following manners: RRC configuration for SPS PDSCH priority, SPS PDSCH periodicity, and SPS PDSCH duration. There is no much difference between these three manners for Type II HARQ-ACK codebooks or only SPS PDSCH transmissions. However, considering Type I HARQ-ACK codebook, we prefer to use a unified method between DG PDSCH and SPS PDSCH for Type I HARQ-ACK codebook, i.e., by the PDSCH duration. Similarly, Opt.2 and Opt.3 are not preferred. 
[bookmark: OLE_LINK32][bookmark: OLE_LINK2]Proposal 6: SPS PDSCH duration should be supported to determine the priority of the HARQ-ACK corresponding to the SPS PDSCH and SPS release PDCCH.
[bookmark: OLE_LINK3]2.3 Construction of two HARQ-ACK codebooks
Regarding the construction of two HARQ-ACK codebooks, we believe that it is necessary to identify two HARQ-ACK codebooks at the physical layer, but it is not necessary to limit each HARQ-ACK codebook to only one service type. It can be left to the gNB to implement. 
[bookmark: OLE_LINK6]For example, the HARQ-ACK codebook#1 is supposed to be for a URLLC service, and the HARQ-ACK codebook #2 is for an eMBB service. But before the HARQ-ACK codebook is to be transmitted, the gNB finds that only one eMBB PDSCH is transmitted. In this case, gNB can be allowed to indicate that the HARQ-ACK for eMBB PDSCH is multiplexed in the HARQ-ACK codebook #1. In such case, the HARQ-ACK codebook #2 will be empty. The UE only feeds back the HARQ-ACK codebook #1. In this way, one PUCCH resource is saved. Another example is that gNB can indicate some time-out URLLC HARQ-ACKs into the HARQ-ACK codebook #2 which is beneficial for saving PUCCH resources. 
[bookmark: OLE_LINK12]In short, some eMBB traffics can also be associated with a HARQ-ACK codebook containing URLLC HARQ-ACKs, and some URLLC traffics can also be associated with a HARQ-ACK codebook containing eMBB HARQ-ACKs. The priority of a HARQ-ACK of a PDSCH can be determined based on scheduling requirements. That is to say, one HARQ-ACK information belongs to which HARQ-ACK codebook is determined by the gNB according to scheduling requirements. In this design, the gNB has higher flexibility, with respect to strictly binding one HARQ-ACK codebook for one service type.
In the RAN #85 meeting, intra UE multiplexing is removed from the URLLC[4], such that if the low priority HARQ-ACK codebook and the high priority HARQ-ACK codebook collide, the low priority HARQ-ACK codebook will be dropped. Finally, the PDSCHs corresponding to the low priority HARQ-ACK codebook are retransmitted. However, from the perspective of the eNB, it can adjust the indication of the HARQ-ACK of the eMBB PDSCH to a high priority if not impacting the URLLC too much, so that the eMBB HARQ-ACK is transmitted as part of the high priority HARQ-ACK codebook. In this way, it can avoid the actual low priority HARQ-ACK being dropped if needed.
Proposal 7: For the construction of multiple HARQ-ACK codebooks, each HARQ-ACK codebook should not be limited to contain HARQ-ACKs for only one type of service.
· It is up to gNB implementation to determine the HARQ-ACK information belongs to which HARQ-ACK codebook.
[bookmark: OLE_LINK16][bookmark: OLE_LINK17]On handling of intra-UE collisions
3.1 Intra-UE prioritization rules
In the RAN1#97 meeting, there are 18 collision scenarios are listed in a table and need to fill in the solutions. But in the RAN #85 meeting, L1 multiplexing of services of different priority is out of scope, and only intra-UE prioritization is allowed[4]. It means only dropping low priority channels/signals can be considered, while multiplexing of channels/signals with different priorities is prohibited in Rel-16.
Based on the above understanding, there may be three issues related to the conflicts.
1) In which conflicting scenarios, low priority channels/signals should be dropped.
2) In which conflicting scenarios, Rel-15 rules are reused.
3) Whether additional standardization is required for dropping of low priority channels/signals. For example, when the collision happens and the low priority channel/signal has started for transmission, the ending transmission of the low priority channel/signal may need to be determined. Because, it could facilitate HARQ combining, especially for PUSCH channel.
· On handling of intra-UE collisions between channels/signals with the same priority
In Rel-16, for the collision between channels/signals of the same priority, the simplest way is to reuse Rel-15 rules. Collisions between channels/signals of the same priority include:
· Scenario-01: URLLC HARQ-ACK vs. URLLC SR
· Scenario-04: URLLC PUSCH vs. URLLC SR
· Scenario-05: URLLC PUSCH vs. URLLC HARQ-ACK
· Scenario-09: eMBB SR vs. CSI
· Scenario-10: eMBB SR vs. URLLC PUSCH
· Scenario-13: eMBB HARQ-ACK vs. CSI
· Scenario-17: eMBB PUSCH vs. CSI
· On handling of intra-UE collisions between channels/signals with different priorities
Given only intra-UE prioritization is allowed, the low priority channel/signal should be dropped starting from the first overlapping symbol, and the high priority channel/signal is transmitted. Collisions between channels/signals of different priorities include:
· Scenario-02: CSI vs. URLLC SR
· Scenario-03: CSI vs. URLLC HARQ-ACK
· Scenario-06: URLLC PUSCH vs. CSI
· Scenario-07: eMBB SR vs. URLLC SR
· Scenario-08: eMBB SR vs. URLLC HARQ-ACK
· Scenario-11: eMBB HARQ-ACK vs. URLLC SR
· Scenario-12: eMBB HARQ-ACK vs. URLLC HARQ-ACK
· Scenario-14: eMBB HARQ-ACK vs. URLLC PUSCH
· Scenario-15: eMBB PUSCH vs. URLLC SR
· Scenario-16: eMBB PUSCH vs.URLLC HARQ-ACK
· Scenario-18: eMBB PUSCH vs. URLLC PUSCH
Note, if a high priority SR conflicts with other channels/signals, the low priority channels/signals should be dropped if the SR is positive, while can be transmitted if the SR is negative.
Proposal 8: For intra-UE collisions in Rel-16,
· in case of the collision between channels/signals of the same priority, Rel-15 rules are reused. 
· in case of the collision between channels/signals of different priorities, the low priority channel/signal is dropped starting from the first overlapping symbol, and the high priority channel/signal is transmitted.  
·  If a high priority SR conflicts with other channels/signals, the low priority channels/signals should be dropped if the SR is positive, while can be transmitted if the SR is negative.
· On dropping of low priority channels/signals 
If the low priority channels/signals has not been started yet, it is reasonable to cancel the entire transmission. For other cases where the low priority channels/signals has been transmitting, only part of the low priority channels/signals may be canceled. If it is up to UE implementation to end up the transmission of low priority channels/signals, the network cannot know the exact ending symbol, which means network cannot re-allocate the resources to other transmissions or other UEs. In addition, it is beneficial for network to decode the partially transmitted low priority channels/signals. 
Observation 1: It is beneficial for the network to know the exacting ending symbol of the dropped channels/signals in that the network can re-allocate the remaining resources to other transmissions or other UEs, or try to decode the partially transmitted low priority channels/signals. 
Above benefit matters especially for PUSCH since more resources it may consume. So, we think at least the ending symbol of the low priority PUSCH transmission should be defined. More specifically, if the high priority channel is associated by a scheduling PDCCH, the ending symbol can be defined as the N-th symbol after the last symbol of the PDCCH where N symbols are the processing time for PDCCH decoding. When the high priority channel is scheduled semi-statically, e.g. CG PUSCH, the ending symbol can be defined as the M symbols before the first symbol of the high priority channel since it needs a time of M symbols to prepare the the transmission. An example is shown in Figure 2. 
Proposal 9: For canceling an on-going low priority PUSCH, it needs to define the ending symbol of the low priority PUSCH transmission.


Figure 2 An example of defining the ending symbol for the low priority PUSCH transmission.
In most cases, URLLC PUSCH has a short duration for low latency and eMBB PUSCH has a long duration for high data rate. That is URLLC PUSCH may overlap with only a part of eMBB PUSCH as shown in Figure 3. There may be a part of eMBB PUSCH resource which is located after URLLC. How to transmit signal on the remaining resource should be considered. One solution is to continue transmitting the eMBB PUSCH originally mapped to the resource. However, it is difficult to successfully decode eMBB data as the phase continuity may not be kept. The collided eMBB TB may have to be transmitted again. Another solution is to transmit a new data on the resource, i.e. the remaining resource is regarded as a new configured grant. This new grant has the same configuration as the grant for eMBB, such as MCS. Then an entire new TB is transmitted on the remaining resource. It should be noted that if the URLLC is transmitted on CG resource, network will not know the resource collision and cannot schedule a new dynamic grant. Besides, scheduling a dynamic grant will consume CORESET resource and improve PDCCH block rate. The same configuration information of adjacent grant scheduling the same service can be reused for the new TB transmission, e.g. MCS, since the channel state are almost unchanged. 
Proposal 10: Support transmission of a new TB on the remaining resource, if any, which caused by canceling the low priority PUSCH in case of UL resource conflicts.


Figure 3 Collision between eMBB and URLLC
3.2 Priority determination at the physical layer
To solve the 18 resource conflicts mentioned in Section 3.1 at the physical layer, the priority of the collision channels/signals should be known at the physical layer. For instance, the priority at PHY layer for DG PDSCH and SPS PDSCH can be indicated by explicit indication in DCI/RNTI or SPS PDSCH duration as discussed in section 2.2. Furthermore, we think that a unified priority criterion is required for different collision channels/signals in order to compare their priorities. In particular, when the priorities of the two conflicting channels are respectively determined by the eNB and the UE, the unified priority could avoid possible unaligned priority from gNB and UE. For example, in the case of HARQ-ACK and PUSCH collision, the priority of the HARQ-ACK is indicated by the eNB, and the priority of the PUSCH is determined by the UE.
[bookmark: _GoBack]Observation 2: A unified priority criterion is required for different collision channels/signals in order to compare their priorities. 
In existing specification, the MAC layer always knows the priority of a traffic from the logical channel priority. Therefore, a natural method is that the priority of different collision channels/signals should be obtained based on the logical channel priority of the MAC layer, and then delivered to PHY layer. That is, the logical channel priority of the MAC layer is taken as a unified priority criterion.
In addition, this approach can be applied to all channels/signals including DG PDSCH/PUSCH, CG PDSCH/PUSCH, HARQ-ACK and SR.
· For DG PDSCH/PUSCH and CG PDSCH/PUSCH, the MAC layer can assign a priority to PHY according to the logical channel priority corresponding to the PDU carried in the PDSCH/PUSCH.
· For HARQ-ACK, it can be associated with the priority of the corresponding PDSCH. 
· For SR,  it can be associated with the priority of the logical channel that triggers the SR at the MAC layer.
Proposal 11: The priority should be firstly determined by logical channel priorit at MAC layer and then delivered to PHY.
· The priority of a CG/DG PDSCH/PUSCH is determined by the logical channel priority corresponding to the PDU carried in the PDSCH/PUSCH.
· The priority of the SR is determined by MAC layer according to the logical channel that triggers the SR.
· The priority of the HARQ-ACK is associated with the priority of the corresponding PDSCH.
Regarding to how MAC layer indicate the priority to PHY, one simple way is to leave to implementation. However, if gNB and UE use different implementation rules, it may cause unexpected dropping in case of collision of HARQ-ACK and PUSCH, where HARQ-ACK priority is based on gNB while PUSCH is based on UE. So, we think it is better to associate the priority to HARQ-ID, which is used for both DL and UL. Specifically, the logical channel priority corresponding to the PDU carried in the PDSCH/PUSCH is assigned to the HARQ_ID. Then, the HARQ entity indicates the priority of the HARQ_ID along with the PDU to the physical layer. Thus, the physical layer knows the priority of the HARQ_ID, i.e., the priority of the PDSCH/PUSCH. 
Proposal 12: The priority of PDSCH/PUSCH is associated with the priority of a HARQ_ID which is derived by the logical channel priority.
· The HARQ entity indicates the priority of the HARQ_ID to the physical layer to transmit the PDSCH/PUSCH using the HARQ_ID. 
Conclusions
According to the analysis given above, we have the following observations and proposals:
Observation 1: It is beneficial for the network to know the exacting ending symbol of the dropped channels/signals in that the network can re-allocate the remaining resources to other transmissions or other UEs, or try to decode the partially transmitted low priority channels/signals. 
Proposal 1: Type I HARQ-ACK codebook based on sub-slot construction should be supported Rel-16 URLLC.
Proposal 2: Support 4 and 14 sub-slots in a UL slot, and sub-slot pattern for 4 sub-slots in a slot is {4,3,4,3} symbols.
Proposal 3: For PUCCH resource configuration for sub-slot,
· additionally support that PUCCH resource configuration can be different for different sub-slots.
· gNB can configure an additional PUCCH resource configuration for a subset of sub-slots in a slot by adding/updating/overriding the PUCCH resource configured by the common configuration for all sub-slots.
· the PUCCH resource can be allowed to go across sub-slot boundary, but is not allowed to cross the slot boundary.
Proposal 4: For URLLC, no need to support that different sub-slots configurations are configured for URLLC.
· Only one HARQ-ACK codebook is constructed at the same time, and multiple HARQ-ACK codebooks can be constructed by TDM.
Proposal 5: For HARQ-ACK codebook determination,
· for Type II HARQ-ACK codebook, a new field in DCI or a predefined RNTI should be supported to identify a HARQ-ACK codebook for dynamically-scheduled PDSCHs.
· for Type I HARQ-ACK codebook, the duration of the PDSCH can be used to identify a HARQ-ACK codebook.
· A PDSCH candidate resource with a duration of N symbols or less is regarded as one HARQ-ACK codebook. A PDSCH candidate resource with a duration greater than N symbols is regarded as another HARQ-ACK codebook. E.g., N=4.
Proposal 6: SPS PDSCH duration should be supported to determine the priority of the HARQ-ACK corresponding to the SPS PDSCH and SPS release PDCCH.
Proposal 7: For the construction of multiple HARQ-ACK codebooks, each HARQ-ACK codebook should not be limited to contain HARQ-ACKs for only one type of service.
· It is up to gNB implementation to determine the HARQ-ACK information belongs to which HARQ-ACK codebook.
Proposal 8: For intra-UE collisions in Rel-16,
· in case of the collision between channels/signals of the same priority, Rel-15 rules are reused. 
· in case of the collision between channels/signals of different priorities, the low priority channel/signal is dropped starting from the first overlapping symbol, and the high priority channel/signal is transmitted.  
·  If a high priority SR conflicts with other channels/signals, the low priority channels/signals should be dropped if the SR is positive, while can be transmitted if the SR is negative.
Proposal 9: For canceling an on-going low priority PUSCH, it needs to define the ending symbol of the low priority PUSCH transmission.
Proposal 10: Support transmission of a new TB on the remaining resource, if any, which caused by canceling the low priority PUSCH in case of UL resource conflicts.
Observation 2: A unified priority criterion is required for different collision channels/signals in order to compare their priorities. 
Proposal 11: The priority should be firstly determined by logical channel priorit at MAC layer and then delivered to PHY.
· The priority of a CG/DG PDSCH/PUSCH is determined by the logical channel priority corresponding to the PDU carried in the PDSCH/PUSCH.
· The priority of the SR is determined by MAC layer according to the logical channel that triggers the SR.
· The priority of the HARQ-ACK is associated with the priority of the corresponding PDSCH.
Proposal 12: The priority of PDSCH/PUSCH is associated with the priority of a HARQ_ID which is derived by the logical channel priority.
· The HARQ entity indicates the priority of the HARQ_ID to the physical layer to transmit the PDSCH/PUSCH using the HARQ_ID. 
Reference
[1] 3GPP, RAN1#96bis, Chairman notes.
[2] 3GPP, RAN1#97, Chairman notes.
[3] 3GPP, RAN1#98, Chairman notes.
[4] RP-192324, Revised WID: Support of NR Industrial Internet of Things (IoT), Nokia, Nokia Shanghai Bell. 
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