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Introduction
In the RAN1 #96bis and 97 meetings, the following agreements were reached to support UCI enhancements for URLLC[1][2].
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, K1 is the number of sub-slots from the sub-slot containing the end of PDSCH to the sub-slot containing the start of PUCCH. 
· Use UL numerology to define the sub-slot grid for PDSCH-to-sub-slot association.
· FFS: The configurable value range of K1 needs to be extended, and impact to related DCI field bitwidth.
· Note: It has been agreed that K1 is defined following R15 approach but in unit of sub-slot.
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.
Conclusion:
Further study the collision scenarios in the table below:
· Companies are encouraged to fill in solutions, e.g. multiplexing, priorization, for each scenario.
· A company can input “not related to RAN1” in one entry.
· A company can input the priority of study for one entry.
· Consider R15 as the starting point for collisions between two URLLC UCIs.
· FFS: Collision between more than two channels.
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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
In this contribution, we discuss UL control related enhancements for NR URLLC including multiple HARQ-ACK transmission in one slot and aspects related to intra-UE multiplexing between UL data/control and control/control.
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
[bookmark: OLE_LINK11]The number of sub-slots in one slot can be configured by RRC signaling, e.g, the number of sub-slots is 2, 4, 7 or 14. The sub-slot pattern can be pre-defined, e.g., defining a pattern of {4,3,4,3} symbols in case the number of sub-slots in a slot is 4. 
Proposal 2: The number of sub-slots in one slot is RRC configured as 2, 4, 7, or 14. The sub-slot pattern is pre-defined.
· PUCCH resource configuration in UL sub-slot 
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.
[bookmark: OLE_LINK20]As for the FFS on whether the same or different PUCCH resource sets can be configured for different sub-slots within a slot, there seems a dilemma here. If the PUCCH resource set is configured per sub-slot within a slot, the signalling overhead would be too large. On the other hand, if the PUCCH resource set is configured as the same for all sub-slots, the PUCCH resource with a length larger than sub-slot length may be not valid for the later sub-slots, which means less flexibility. A compromised solution is to split different sub-slots into one or more groups, and the same PUCCH resource set is configured per sub-slot group. Take {4,3,4,3} pattern for instance, the first two sub-slots can be configured into one group and the last two sub-slots are configured in another group, or the sub-slots with the same length are configured as one group. 
Proposal 3: For PUCCH resource configuration for sub-slot,
· the PUCCH can be allowed to go across sub-slot boundary, but is not allowed to cross the slot boundary.
· the same PUCCH resource set is configured per sub-slot group, one group contains one or more sub-slots.
· [bookmark: OLE_LINK7]PDSCH groupings and PHY identification for separate HARQ-ACK constructions.
For Type II HARQ-ACK codebook, some brief analysis for the agreed four options 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.
· [bookmark: OLE_LINK21]HARQ-ACK codebook identification for Type I HARQ-ACK codebook
For Type I HARQ-ACK codebook, since its determination 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 (denoted as PDSCH_A) is counted in one HARQ-ACK codebook; A PDSCH candidate resource with a duration greater than 4 symbols (denoted as PDSCH_B) is counted in another HARQ-ACK codebook. In addition, for the sake of flexibility, if URLLC has no data to be transmitted, the gNB can transmit eMBB in PDSCH_A, but the gNB can not transmit URLLC in PDSCH_B. 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 4: 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
For the SPS PDSCH and SPS release PDCCH, the HARQ-ACK codebook identification can be identified by the duration of the PDSCH, which is the same as that used in Type I HARQ-ACK codebook.
If the SPS PDSCH periodicity is reduced, then one HARQ-ACK codebook will contain multiple HARQ-ACKs corresponding to the SPS PDSCH. In this case, how to distinguish the HARQ-ACK priority corresponding to the SPS PDSCH for Type II HARQ-ACK codebook needs further study.
[bookmark: OLE_LINK32][bookmark: OLE_LINK2]Proposal 5: For SPS PDSCH and SPS release PDCCH, the duration of the SPS PDSCH can be used for identification of Type 1 HARQ-ACK codebook, FFS Type 2 HARQ-ACK codebook.
[bookmark: OLE_LINK4]2.3 PUCCH multiplexing for at least 2 HARQ-ACK codebooks
As already agreed, at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types. But it is not optimal to always force the HARQ-ACK resource of eMBB and URLLC to be separate. PUCCH resources should remain flexible and do not require additional restrictions. The following provides a possible method.
· [bookmark: OLE_LINK14]The same or different PUCCH resources can be allocated for different HARQ-ACK codebooks according to the actual scheduling requirements. 
· If the same PUCCH resource is allocated, different HARQ-ACK codebooks should be multiplexed in this PUCCH. For example, if both HARQ-ACK codebooks contain less HARQ-ACK information, such as 1 bit per HARQ-ACK codebook, they can be concatenated and multiplexed into one PUCCH resource, which helps to save PUCCH resources.
· If different and non-overlapping PUCCH resources are allocated, different HARQ-ACK codebooks should be transmitted on separate PUCCH resources. This applies to the case when there are sufficient PUCCH resources and the case when each HARQ-ACK codebook contains more HARQ-ACK information bits.
· [bookmark: OLE_LINK10][bookmark: OLE_LINK9]If different and overlapping PUCCH resources are allocated, new conditions can be considered for PUCCH multiplexing, for example, when the new PUCCH satisfies the requirements of the URLLC in terms of delay and performance (see section 3.3 for details).
Therefore, PUCCH resources should be flexibly allocated for different HARQ-ACK codebooks. Obviously, the above methods can be applied to both Type I and Type II codebook.
[bookmark: OLE_LINK3]Proposal 6: The same or different PUCCH resources can be allocated for different HARQ-ACK codebooks.
· If the same PUCCH resource is allocated, different HARQ-ACK codebooks should be multiplexed in this PUCCH. 
· If different and overlapping PUCCH resources are allocated, the new conditions can be considered for PUCCH multiplexing, for example, when a new PUCCH satisfies the requirements of the URLLC service in terms of delay and performance.
2.4 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, the gNB allows the indication 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.
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 to determine the HARQ-ACK information belongs to which HARQ-ACK codebook.
[bookmark: OLE_LINK16][bookmark: OLE_LINK17]On handling intra-UE collisions
In the RAN1#97 meeting, there are 18 collision scenarios are listed in a table and need to fill in the solutions. It would be too time-consuming that we go through scenarios one by one without any high level principles. Thus, we would like to raise our preference at a high level at the beginning of this section. 
Principle 1: In case of collision between channels of different priorities, the channels could be multiplexed together as long as the high priority traffic is not delayed due to the multiplexing. Compared to simply dropping the low priority traffic, this could avoid performance deterioration of low priority traffic in some cases. More specifically, 
· for UCI vs. UCI, or UCI vs. PUSCH, define a new timeline for multiplexing e.g., the ending symbol of the chosen PUCCH/PUSCH resource for transmission is no later than the ending symbol of the channel with high priority. If the Rel-15 timeline and the new timeline are satisfied, reuse Rel-15 rules for multiplexing, otherwise drop the low priority channel. With an exception for the cases in which SR is dropped in Rel-15, 
· for the cases of SR vs. PUSCH, or SR in PUCCH format 0 vs. HARQ-ACK in PUCCH format 1, 
· if SR has low priority, drop SR. 
· if SR has high priority, drop the low priority channel when SR is positive, otherwise drop SR. 
· for the case of eMBB SR vs URLLC SR, 
· eMBB SR is dropped when URLLC SR is positive, otherwise, eMBB SR is transmitted when eMBB SR is positive. 
Principle 2: In case of collision between channels of the same priority, reuse the same Rel-15 multiplexing rules, including the timeline checking. 
Detailed scenarios and solutions are listed in Table 1.
Table 1 Solutions for different collision scenarios
	
	URLLC SR
	URLLC HARQ-ACK
	CSI
	URLLC PUSCH

	URLLC SR
	
	
	
	

	URLLC HARQ-ACK
	Scenario-01
Reuse Rel-15 rules 

	
	
	

	CSI
	Scenario-02
If the ending symbol of PUCCH resource for CSI is no later than the ending symbol of the PUCCH for SR, reuse Rel-15 rules for multiplexing, otherwise drop CSI. 

	Scenario-03
If the ending symbol of chosen PUCCH resource for transmission is no later than the ending symbol of the PUCCH for URLLC HARQ-ACK, reuse Rel-15 rules for multiplexing, otherwise drop CSI.
	
	

	URLLC PUSCH
	Scenario-04
Reuse Rel-15 rule, drop SR


	Scenario-05
Reuse Rel-15 rules 
	Scenario-06
Reuse Rel-15 multiplexing rule with introducing a beta_offset of zero for this case. 
	

	eMBB SR
	Scenario-07
eMBB SR is dropped when URLLC SR is positive, otherwise, eMBB SR is transmitted when eMBB SR is positive. 
	Scenario-08
If the ending symbol of chosen PUCCH resource for transmission is no later than the ending symbol of the PUCCH for URLLC HARQ-ACK, reuse Rel-15 rules for multiplexing, otherwise drop eMBB SR.
	Scenario-09
Reuse Rel-15 rule 
	Scenario-10
Reuse Rel-15 rule, drop SR.

	eMBB HARQ-ACK
	Scenario-11
In case of SR in PUCCH format 0 vs. HARQ-ACK in PUCCH format 1,  drop eMBB HARQ-ACK when SR is positive, otherwise drop SR. 

For other cases, if the ending symbol of the chosen PUCCH resource for transmission is no later than the ending symbol of the channel for URLLC SR, reuse Rel-15 rules for multiplexing, otherwise drop eMBB HARQ-ACK. 

	[bookmark: OLE_LINK13]Scenario-12
If the ending symbol of chosen PUCCH resource for transmission is no later than the ending symbol of the PUCCH for URLLC HARQ-ACK, reuse Rel-15 rules for multiplexing, otherwise drop eMBB HARQ-ACK.
	Scenario-13
Reuse Rel-15 rule

	Scenario-14
Reuse Rel-15 multiplexing rule with introducing a beta_offset of zero for this case. 


	eMBB PUSCH
	Scenario-15
Drop eMBB PUSCH on the overlapping symbols without resuming when URLLC SR is positive. Transmit PUSCH if URLLC SR is negative. 

	Scenario-16
If the ending symbol of PUSCH is no later than the ending symbol of the PUCCH for URLLC HARQ-ACK, reuse Rel-15 rules for multiplexing, otherwise drop eMBB PUSCH.

 
	Scenario-17
Reuse Rel-15 rule
	Scenario-18
Drop the processing and the transmission of eMBB PUSCH on the overlapping symbols without resuming.




Solutions for some specific conflict scenarios are provided in the following sections.
3.1 Scenarios related to RAN1 work
For the above 18 scenarios, we think that they are all related to the physical layer work. There are mainly the following reasons:
· No matter the priority is determined in MAC or PHY, multiplexing/dropping rules have to be defined at the physical layer to resolve the resource conflicts.
· [bookmark: OLE_LINK15]For the cases where the conflicting channels include low priority and high priority, if the multiplexed channel will not bring additional delay for the high priority channel relative to the original high priority channel, it is necessary to define new multiplexing conditions at the physical layer in order to support multiplexing/dropping.
Proposal 8: All the 18 scenarios are related to RAN1. 
3.2 Study priority for different scenarios from RAN1 
For the 18 scenarios described above in Section 3, it is necessary to determine the study priority in order to complete high priority work in limited time. High and low priority study scenarios are suggested in Table 2. For low priority study scenarios, it is generally considered to reuse the Rel-15 multiplexing/dropping rules. Conversely, for high priority study scenarios, it is generally considered for new multiplexing/dropping rules(see section 3.3 for details). 
Table 2 Study priority for different scenarios from the perspective of RAN1
	These scenarios should be treated in RAN1 with high priority
	These scenarios should be treated in RAN1 with low priority

	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
	[bookmark: OLE_LINK30]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



For scenario-01/04/05/09/13/17, they are all for conflicts between channels of the same priority. As the second principle discussed in the beginning of this section, Rel-15 mechanism can be reused.
For scenario-10, the low priority SR and the high priority PUSCH overlap in the time domain. Rel-15 mechanism can be also reused
Proposal 9: For scenario-01/04/05/09/10/13/17, reuse the Rel-15 mechanism.
3.3 Detailed solutions for the scenarios with high priority 
For each of the high priority scenarios, the simplest way to resolve the conflicts is to drop the low priority PUCCH/PUSCH. But it will result in low priority PUCCH/PUSCH re-transmission or other side effects, depending on the type of UCI carried in the PUCCH. Therefore, we recommend some new multiplexing rules to avoid the above issues.
· Solutions for scenarios-02/03/08/11/12/16
For these scenarios, the first principle given in the beginning of this section should be applied first. More specifically, the multiplexed/chosen PUCCH/PUSCH should satisfy the requirements of the high priority channel in terms of delay and performance. Thus, if the high priority channel/signal needs to be multiplexed in a new channel  some new conditions should be defined. In order not to affect the latency of the high priority channel, the end of the new channel is no later than the end of the high priority channel. In addition, to not affect the reliability of the high priority channel, the high priority channel and low priority channel can be independently encoded, and then they are transmitted using the new channel resource.
If the new conditions are not met, the high priority channel is transmitted and the low priority channel is dropped. In this solution, both high and low priority channels are transmitted if possible instead of simply dropping the low priority channel.
Proposal 10: For scenarios-02/03/08/11/12/16, the new conditions should be considered for multiplexing the overlapping channels with both high and low priority.
· The end of the new multiplexed/chosen channel is no later than the end of the original high priority channel.
However, some special cases where SR is dropped in Rel-15 should be discussed in more details. In the following, we provide more detailed analysis for these cases.
For scenario-11: eMBB HARQ-ACK F1 vs. URLLC SR F0
Table 3 is a summary of multiplexing rules for cases where a positive SR and HARQ-ACK with F0/F1 overlapping in the time domain based on the current specification.
Table 3 SR and HARQ-ACK F0/F1 overlapping in the time domain
	Collision case
	Positive SR with F0
	Positive SR with F1

	HARQ-ACK with F0
	Case1: Transmit both HARQ-ACK and SR on HARQ-ACK F0.
	Case2: Transmit both HARQ-ACK and SR on HARQ-ACK F0.

	HARQ-ACK with F1
	Case3: Only transmit HARQ-ACK on  HARQ-ACK F1, SR was dropped.

	Case4: Transmit HARQ-ACK on SR F1 when SR is positive, transmit HARQ-ACK on HARQ-ACK F1 when SR is negative.


If the priority of both SR and HARQ-ACK can be known at the physical layer, then for case1/2/4, the Rel-15 mechanism can be reused if new conditions mentioned above are introduced for multiplexing. For case3, if the SR is URLLC and the HARQ-ACK is eMBB, the existing processing method is unreasonable because the URLLC SR is dropped.
For case 3, if the priority of the positive SR and HARQ-ACK is known at the physical layer, the high priority channel is transmitted and the low priority is dropped. Other solutions can also be considered, for example, HARQ-ACK F1 is treated as HARQ-ACK F0 in order to handle positive SR and HARQ-ACK F1 collisions, and thus case 3 is converted to case1. Finally, both positive SR and HARQ-ACK are transmitted.
Proposal 11: For eMBB HARQ-ACK F1 vs. URLLC SR F0 (scenario-11), one of the following solutions can be considered.
· If the priority of the positive SR and HARQ-ACK is known at the physical layer, the high priority channel is transmitted and the low priority is dropped.
· HARQ-ACK F1 is treated as HARQ-ACK F0 in order to handle positive SR and HARQ-ACK F1 collisions.
Solution for scenarios-07: eMBB SR vs. URLLC SR
In the current specification, when multiple positive SRs overlap,  the UE selects a positive SR transmission and the other positive SRs are reported as negative. Since there is only one kind of SR in the current specification, it would not cause serious problems. However, if a positive eMBB SR overlaps with a positive URLLC SR and when the UE selects a positive SR, URLLC SR should be selected to avoid additional delay for URLLC. So, it will require an SR priority to be known at the physical layer.
If multiple positive SRs are the same priority(e.g., all URLLC SRs), then a positive SR is selected for transmission through the UE's implementation.
Proposal 12: For scenarios-07 eMBB SR vs. URLLC SR, the following solution can be considered.
· If multiple positive SRs overlap in the time domain, the high priority SR is selected for transmission.
Further, for the case of high and low priority HARQ-ACK codebooks collision, in addition to the above multiplexing method, the following method can also be considered, where new conditions are not involved for multiplexing.
For scenario-12: eMBB HARQ-ACK vs. URLLC HARQ-ACK 
In case low priority and high priority HARQ-ACK codebook are overlapped, dropping the low priority HARQ-ACK codebook is not the best method because it will incur a large number of PDSCH re-transmissions. 
In order to avoid more PDSCHs re-transmissions, it can be considered to dynamically modify the resources of the low priority HARQ-ACK codebook, such as modifying the slot location or PUCCH resources to avoid collision between the high and low priority HARQ-ACK codebooks. For example, an UL grant is used to notify a new UL slot location for the low priority HARQ-ACK codebook. The UL grant can be designed similar to CSI requests without UL data.
In this way, the low priority HARQ-ACK codebook can be transmitted in a new slot and the high priority PUSCH is transmitted normally.
Proposal 13: For the case of low priority HARQ-ACK codebook and high priority HARQ-ACK codebook collision in scenario-12,
· the slot location of the low priority HARQ-ACK codebook is dynamically modified through an UL grant without UL data. 
· [bookmark: OLE_LINK19]Solutions for Scenario-06: URLLC PUSCH vs. CSI, and scenario-14: eMBB HARQ-ACK vs. URLLC PUSCH
When low priority UCI is transmitted on the high priority PUSCH, to ensure the performance of the high priority PUSCH, a small beta_offset should be considered. For example, beta_offset is less than 1 or equal to 0. This is a simple way, while the low priority UCI may be also dropped. If the UCI is a low priority HARQ-ACK codebook it will cause more PDSCHs to be re-transmitted. 
In order to avoid more PDSCHs re-transmissions, similar method as above can be considered. That is, the slot position of the low priority HARQ-ACK codebook is dynamically modified by the UL grant without UL data.
Proposal 14: For the case of low priority UCI and high priority PUSCH collision in scenario-06/14, one of the following methods can be considered.
· Introduce a small beta_offset, for example, beta_offset is less than 1 or even equal to 0.
· If the UCI is a low priority HARQ-ACK codebook, the slot position of the low priority HARQ-ACK codebook is dynamically modified by an UL grant without UL data.
· Solution for scenario-15: eMBB PUSCH vs. URLLC SR
In Rel-15, when SR and PUSCH collide, the SR is always dropped. However, when the SR is for URLLC and the PUSCH is for eMBB, if the SR is dropped, it is unreasonable and will cause a delay for the URLLC. Further analysis is given below.
If a positive URLLC SR is generated during the transmission of eMBB PUSCH, the URLLC SR should be transmitted through the punctured eMBB PUSCH in overlapping symbols. In this way, the original URLLC SR is maintained, so its urgency and reliability can be guaranteed. In some cases, it is also possible that low priority channel can be decoded correctly when there are only few overlapping symbols.
Proposal 15: For the case of low priority PUSCH and high priority SR collision in scenario-15, the following method can be considered.
· The high priority SR should be transmitted by puncturing the low priority PUSCH in overlapping symbols.
· Solution for scenario-18: eMBB PUSCH vs. URLLC PUSCH
For the low priority PUSCH and the high priority PUSCH overlapping in the time domain, the high priority PUSCH should be transmitted, and the low priority PUSCH is canceled. For the case where the low priority PUSCH has started transmission, an ending symbol for the low priority PUSCH should be specified. Then, the UE must transmit the low priority PUSCH to the specified ending symbol, and the base station should consider the low priority PUSCH after the ending symbol is valid for other purpose. More details are provided in our companion contribution[3]. 
Proposal 16: For the case of low priority PUSCH and high priority PUSCH collision in scenario-18, the following method can be considered.
· The ending symbol for the low priority PUSCH should be specified if it has already started transmission.
3.4 HARQ-ACK/SR priority and PUSCH priority at the physical layer
To solve the resource conflicts at physical layer, the priority of PDSCH/PUSCH should be known at the physical layer. But the priority should be determined by MAC layer first and then delivered to PHY. The reasons are given as below.
· The MAC layer can know the priority of PDSCH/PUSCH according to the logical channel priority.
· Considering HARQ_ID is a physical layer parameter that must be used for each PDSCH/PUSCH (including configured grant),  the MAC layer can assign a priority to the HARQ_ID according to the PDSCH/PUSCH to be transmitted by the HARQ_ID. For example, 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. 
· This approach can be used both for a dynamic grant PDSCH/PUSCH and for a configured grant PDSCH/PUSCH. 
· It doesn’t need an explicit indication in DCI, i.e. it saves DCI overhead. 
[bookmark: OLE_LINK31]For the priority of the SR, it can be associated with the priority of the logical channel that triggers the SR at the MAC layer. That is the priority of the SR can be firstly determined in the MAC layer, and then MAC layer delivers the SR priority to physical layer for transmission.  
Regarding the priority of the HARQ-ACK, it can be associated with the priority of the corresponding PDSCH. 
In summary, the priority of the following channels/signals can be known by the priority of the HARQ_ID which is determined by MAC layer: the dynamic grant PDSCH/PUSCH, the configured grant PDSCH/PUSCH, and the priority of the HARQ-ACK. The priority of the SR is also determined by MAC layer according to the logical channel priority. Thus, a same priority rule can be used for HARQ-ACK/SR and PDSCH/PUSCH in order to compare different channels/signals priorities at the physical layer.
[bookmark: OLE_LINK33]Proposal 17: A a same priority rule can be used for HARQ-ACK/SR and PDSCH/PUSCH at the physical layer:
· The priority of a 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. 
· It applies for both dynamic or semi-static PDSCH/PUSCH.
· [bookmark: OLE_LINK8]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.
Conclusions
According to the analysis given above, we have the following observations and proposals:
Proposal 1: Type I HARQ-ACK codebook based on sub-slot construction should be supported Rel-16 URLLC.
Proposal 2: The number of sub-slots in one slot is RRC configured as 2, 4, 7, or 14. The sub-slot pattern is pre-defined.
Proposal 3: For PUCCH resource configuration for sub-slot,
· the PUCCH can be allowed to go across sub-slot boundary, but is not allowed to cross the slot boundary.
· the same PUCCH resource set is configured per sub-slot group, one group contains one or more sub-slots.
Proposal 4: 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 5: For SPS PDSCH and SPS release PDCCH, the duration of the SPS PDSCH can be used for identification of Type 1 HARQ-ACK codebook, FFS Type 2 HARQ-ACK codebook.
Proposal 6: The same or different PUCCH resources can be allocated for different HARQ-ACK codebooks.
· If the same PUCCH resource is allocated, different HARQ-ACK codebooks should be multiplexed in this PUCCH. 
· If different and overlapping PUCCH resources are allocated, the new conditions can be considered for PUCCH multiplexing, for example, when a new PUCCH satisfies the requirements of the URLLC service in terms of delay and performance.
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 to determine the HARQ-ACK information belongs to which HARQ-ACK codebook.
Proposal 8: All the 18 scenarios are related to RAN1. 
Proposal 9: For scenario-01/04/05/09/10/13/17, reuse the Rel-15 mechanism.
Proposal 10: For scenarios-02/03/08/11/12/16, the new conditions should be considered for multiplexing the overlapping channels with both high and low priority.
· The end of the new multiplexed/chosen channel is no later than the end of the original high priority channel.
Proposal 11: For eMBB HARQ-ACK F1 vs. URLLC SR F0 (scenario-11), one of the following solutions can be considered.
· If the priority of the positive SR and HARQ-ACK is known at the physical layer, the high priority channel is transmitted and the low priority is dropped.
· HARQ-ACK F1 is treated as HARQ-ACK F0 in order to handle positive SR and HARQ-ACK F1 collisions.
Proposal 12: For scenarios-07 eMBB SR vs. URLLC SR, the following solution can be considered.
· If multiple positive SRs overlap in the time domain, the high priority SR is selected for transmission.
Proposal 13: For the case of low priority HARQ-ACK codebook and high priority HARQ-ACK codebook collision in scenario-12,
· the slot location of the low priority HARQ-ACK codebook is dynamically modified through an UL grant without UL data. 
Proposal 14: For the case of low priority UCI and high priority PUSCH collision in scenario-06/14, one of the following methods can be considered.
· Introduce a small beta_offset, for example, beta_offset is less than 1 or even equal to 0.
· If the UCI is a low priority HARQ-ACK codebook, the slot position of the low priority HARQ-ACK codebook is dynamically modified by an UL grant without UL data.
Proposal 15: For the case of low priority PUSCH and high priority SR collision in scenario-15, the following method can be considered.
· The high priority SR should be transmitted by puncturing the low priority PUSCH in overlapping symbols.
Proposal 16: For the case of low priority PUSCH and high priority PUSCH collision in scenario-18, the following method can be considered.
· The ending symbol for the low priority PUSCH should be specified if it has already started transmission.
Proposal 17: A a same priority rule can be used for HARQ-ACK/SR and PDSCH/PUSCH at the physical layer:
· The priority of a 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. 
· It applies for both dynamic or semi-static 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.
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