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Introduction
[bookmark: _Hlk525601705][bookmark: _Hlk525602213][bookmark: _Hlk510705081]The URLLC physical layer enhancements work item was approved in RAN#83 [1], following the study item with the results captured in TR38.824 [2]. The following UCI enhancements was included as one of the objectives for the WI:
· [bookmark: _GoBack]Specification of UCI enhancements [RAN1]
· More than one PUCCH for HARQ-ACK transmission within a slot
· At least two HARQ-ACK codebooks simultaneously constructed, intended for supporting different service types for a UE

From the Rel-16 study phase, clearly RAN1 needs to work on the eURLLC WI and the IIoT WI [3] jointly on the objectives that are highly related to each other. To be more specific, the following intra-UE prioritization/multiplexing is within the scope of the IIoT WI which is related to (and partially overlapped with) UCI enhancement:
· Address UL data/control and control/control resource collision by:
· specifying a method to address resource collision between SR associating to high-priority traffic and uplink data of lower-priority traffic for the cases where MAC determines the prioritization [RAN2].
· specifying prioritization and/or multiplexing behaviour among HARQ-ACK/SR/CSI and PUSCH for traffic with different priorities, including the cases with UCI on PUCCH and UCI on PUSCH [RAN1, RAN2].

In this contribution, we discuss these UCI enhancements related aspects. Section 2 discusses remaining details of how to support more than one PUCCH for HARQ-ACK transmission in a slot, and the construction of multiple HARQ-ACK codebooks for different service types. Section 3 covers the open issues rising from intra-UE prioritization/multiplexing when there is collision between UL data/control and control/control.
Enhanced HARQ-ACK Feedback
In Sections 2.1, we discuss the remaining details of sub-slot-based HARQ-ACK feedback procedure for supporting multiple PUCCHs for HARQ-ACK within a slot with one HARQ-ACK codebook priority. In Section 2.2, we discuss the handling of multiple HARQ-ACK codebooks constructions for a UE with mixed traffic.
Support of multiple PUCCHs for HARQ-ACK within a slot
The following has been agreed for the support of multiple PUCCHs for HARQ-ACK within a slot:
Agreements: (RAN1#97)
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: (RAN1#97)
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.

With the agreed sub-slot-based HARQ-ACK feedback procedure and K1 definition, we discuss additional details to be addressed.
Sub-slot configurations
The number of sub-slots per slot should be configurable and multiple options of sub-slots per slot should be allowed. One fixed value for the number of sub-slots per slot would be too restrictive. Configurable number of sub-slots (e.g. 2, 4 and 7) and the corresponding sub-slot definition would provide all the flexibility. More than 7 sub-slots per slots does not seem necessary. 

Proposal 2-1: The number of sub-slots should be configurable, e.g. 2, 4, 7 with a maximum of 7 sub-slots per slot.

An equal width of the sub-slots can be assumed even for 1, 2 and 7 sub-slots per slot, which it is not possible with 4 sub-slots/slot. We propose that the sub-slot configuration is given, in addition to the number of sub-slots per slot, also with a width of each sub-slot. Such flexibility also allows uneven sub-slot configurations, e.g. to provide a better match with a TDD sub-slot collision.

Proposal 2-2: The width of each sub-slot can be configurable.

[image: ]
[bookmark: _Ref13817064]Figure 2-1. Example sub-slot configurations
As the purpose of enabling multiple PUCCHs for HARQ-ACK per slot is to reduce the PDSCH HARQ-ACK latency, PUCCH carrying HARQ-ACK should be allowed in every sub-slot. 

Proposal 2-3: The UE should support transmission of 1 PUCCH for HARQ-ACK per sub-slot in the slot.

PUCCH resource set configurations for sub-slots in a slot

In many cases, the desired PUCCH starting symbol(s) and duration(s) should be similar in all sub-slots and hence different resource sets per sub-slot may not needed. However, there are cases where sub-slots may have different length, and/or the usable UL symbols may be different in different sub-slots. Therefore, it makes sense to configure some default PUCCH resource set(s) to be used by each sub-slot, but in addition, allow different PUCCH resource set(s) to be configured for a particular sub-slot which would override the default PUCCH resource set(s). For example, it could be that when using sub-slot configuration example 2 from Figure 2-1, the default PUCCH resource set(s) may not provide the desired flexibility for sub-slot #2 because it has a longer duration than other sub-slots. In that case different PUCCH resource set(s) can be configured for sub-slot #2. 

Proposal 2-4: Default PUCCH resource set(s) are configured for a sub-slot configuration. In addition, PUCCH resource set(s) can be configured for a specific sub-slot. For a sub-slot without separate configuration, the default PUCCH resource set(s) are used. 
How to handle the TDD sub-slot split
In TDD it can potentially happen that an indicated PUCCH resource in a sub-slot overlaps with one or more DL symbols. These situations can be avoided by configuring the widths of the sub-slot as proposed in Proposal 2-2 and by a proactive gNB attempting to not indicating the HARQ-ACK in the problematic sub-slots. The gNB might not be able to avoid indicating PUCCH to problematic sub-slots in the case of HARQ-ACK for semi-static resource allocations (e.g. SPS). Three options can be considered to handle the problem when a PUCCH transmission is indicated to a sub-slot containing DL symbols (if the indicated PUCCH resource are overlapping a DL symbol): Drop, postpone or change PUCCH resource indication. Postponing is against the intention with sub-slot PUCCH. In the case that the sub-slot is not fully overlapped, a simple approach to change the PUCCH resource allocation is by moving the PUCCH starting symbol and more complicated to change the PUCCH format. The drawback, however, is how to ensure PUCCH transmissions from different UEs with the same serving cell will not collide. Dropping the PUCCH and hence leaving the responsibility for PUCCH indications in sub-slots which are not containing DL symbols, for the gNB scheduler is preferred. Dropping, is also aligned with R15 behavior of PUCCH in a slot overlapping a DL symbol.

Observation 2-1: TDD and sub-slot based PUCCH configuration, can in some cases cause an PUCCH resource to overlap a DL symbol. In this case, R15 behavior could be used, meaning that the PUCCH is dropped. 
Should PUCCH be allowed to cross sub-slot boundary.
With a short sub-slot configuration (e.g. example 3, 4 in Figure 2-1) to enable very low HARQ-ACK feedback, it might still be necessary to temporarily enhance reliability and coverage. One option to enhance the PUCCH reliability and coverage, is to use a long PUCCH format which might not fit within the configured sub-slot. Instead of relying on the need to change the sub-slot configuration, which will involve time-consuming RRC signaling, allowing PUCCH to go across sub-slot boundary would introduce much less latency and signaling overhead.

It also seems that there should not be much extra complexity to support PUCCH crossing sub-slot boundary. But as in Rel-15, PUCCH should still not be allowed to cross the slot boundary. However, there does not seem to be a need to support overlapping PUCCHs from the same service type across sub-slots. If it simplifies the specification work and UE implementation, the specifications can define overlapping PUCCHs of the same service type across sub-slots as an error case. 

Additionally, the UE should be allowed to transmit more than one long PUCCH per slot.

Proposal 2-5: PUCCH should be allowed to cross sub-slot boundary. 

Type-1 HARQ-ACK codebook for sub-slot PUCCH
Type-1 HARQ-ACK codebook can provide robustness against missed DCI transmissions, which needs to be considered for reliable URLLC based on dynamical scheduling. However, concerns have been raised on the length of the HARQ-ACK codebook, which might generate a high PUCCH overhead. The length of the Type-1 HARQ-ACK codebook depends on the TDRA table, sub-slot configuration and dl_DataToUL-ACK. 
The Type-1 HARQ-ACK pruning algorithm needs to be enhanced to work with PDSCH spanning multiple PUCCH sub-slots. We propose to reuse R15 Type-1 HARQ-ACK codebook construction algorithm, adding a new step that if the TDRA table spans multiple UL sub-slots (or equivalent the DL slot spans multiple UL sub-slots), the HARQ-ACK bits for a sub-slot will only account for the rows which starting (or ending) symbol index falls into the [sub-slot start, sub-slot). An example is provided in Figure 2-2.
[image: ]
Figure 2-2. Example of R15 Type-1 HARQ-ACK codebook construction algorithm adapted to support sub-slots shorter than a DL slot.

If it is found to be necessary to down-prioritize support of Type-1 HARQ-ACK codebook for sub-slot PUCCH, this is acceptable.

Proposal 2-5: For Type-1 HARQ-ACK codebook in sub-slot-based HARQ-ACK feedback procedure, Rel-15 Type-1 HARQ-ACK codebook construction is applied in unit of sub-slot. When a entry in the TDRA table spans multiple sub-slots, it is considered to be associated with the sub-slot where the allocation of the entry starts (or ends).

[bookmark: _Ref7172469]Support of at least two HARQ-ACK codebooks for mixed traffic types in a UE
The following has been agreed for the support of at least two HARQ-ACK codebooks intended for different service types:

Agreements: (RAN1#96bis)
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
· [bookmark: _Hlk7389463]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: (RAN1#97)
· 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.

Whether at least one HARQ-ACK codebook follows R15 PUCCH configuration
For the case of at least two HARQ-ACK codebooks, it makes sense to allow different codebooks to follow different HARQ-ACK feedback procedure. The most typical use case would be that one codebook uses slot-based feedback (e.g. for eMBB) and another codebook uses sub-slot-based feedback (e.g. for URLLC). 

For a UE operating only with URLLC traffic with the desire to achieve low HARQ-ACK feedback latency, it should be configured only with a sub-slot based PUCCH configuration. A UE supporting only eMBB, does not have the strict HARQ-ACK latency requirements and can benefit of HARQ-ACK codebooks operating in slots. For a UE supporting both, it would be natural to allow one of the simultaneously supported HARQ-ACK codebooks to follow R15 PUCCH configuration, but not restricting that at least one HARQ-ACK codebook must follow R15 PUCCH configuration.

R15 PUCCH configuration implies that the PUCCH resource set is defined from the slot boundary and that the PUCCH slot is indicated with slot granularity. The first can be achieved with the use of sub-slot configuration example 1 (illustrated in Figure 2-1). And the second implies that K1 is indicated in slots. 

Proposal 2-6: In case of at least two HARQ-ACK codebooks, each HARQ-ACK codebook can be configured independently to follow either R15 PUCCH configuration (i.e. slot-based feedback procedure) or R16 PUCCH configuration (i.e. sub-slot-based feedback procedure).
· Note: this implies that there is no restriction that at least one of the codebooks should follow R15 PUCCH configuration.

Maximum number of simultaneously constructed HARQ-ACK codebooks
It has been considered whether to support more than two HARQ-ACK codebooks for different traffic types. Even though there may be different levels of service requirements for URLLC, it does not seem necessary to support more than two HARQ-ACK codebooks. The difference between different codebooks/procedures mainly lies in how fast the HARQ-ACK can be provided. Allowing one slot-based procedure and one sub-slot-based procedure seems sufficient, where the sub-slots for the sub-slot-based procedure are defined based on the traffic with the most stringent latency requirement (while still being able to carry HARQ-ACK for the traffic with slightly less stringent latency requirement).
Proposal 2-7: Support maximum 2 simultaneous constructed HARQ-ACK codebooks.


Separately configurable parameters for HARQ-ACK codebooks
As it has been agreed to support separately configurable HARQ-ACK related PUCCH parameters for different HARQ-ACK codebooks, there are still remaining details which needs to be clarified and additional parameters which needs to be added.

Envisioned changes related to supporting separately configurable parameters for HARQ-ACK codebooks, compared to R15 PUCCH-Config:
· Add a new field to indicate which HARQ-ACK codebook procedure the HARQ-ACK related parameters in PUCCH-Config are associated with. These can be grouped by a separate HARQ-ACK procedure related parameters. How it is going to be indicated which HARQ-ACK codebook a HARQ-ACK bit belongs to is discussed later in this contribution.
· Separately configured HARQ-ACK codebook construction algorithm. Add pdsch-HARQ-ACK-Codebook (ENUMERATED {semiStatic, dynamic}) as currently defined in PhysicalCellGroupConfig, to PUCCH-Config to allow separate configurable HARQ-ACK codebook construction algorithm.
· Add an sub-slot configuration associated to the HARQ-ACK codebook procedure and which consists of the number of sub-slots and the width of each sub-slot in terms of symbols. 
· Separately configurable PUCCH resource set(s), e.g. by introducing the following changes in PUCCH-ResourceSet
· The details are covered by Proposal 2-4.
Envisioned changes related to supporting separately configurable parameters for HARQ-ACK codebooks, not related to R15 PUCCH-Config:
· Separate configured TDRA tables for different HARQ-ACK codebooks. This can be done e.g. by adding a new field in PDSCH-TimeDomainAllocationList along PDSCH-TimeDomainResourceAllocationList. With the ability to configure a TDRA as well as dl_DataToUL-ACK (already agreed) per HARQ-ACK codebook procedure, the Type-1 HARQ-ACK codebook overhead can be easily managed.
· Separate configured BetaOffsetACK-* in PUSCH-PowerControl.
· CBG gives the opportunity to provide HARQ-ACK for CB within a single transport block (large). It is intended only for very large TBS and is mainly applicable for eMBB and not URLLC HARQ-ACK procedures. Therefore, to allow CBG-based HARQ-ACK feedback for eMBB and non-CBG-based HARQ-ACK feedback for URLLC, a field could be added to PDSCH-ServingCellConfig to indicate whether each of the HARQ-ACK codebook procedure applies or does not apply CBG-based feedback.
Parameters which has been discussed, but does not need to be separately configured for different HARQ-ACK codebooks:
· PUCCH-SpatialRelationInfo configured in PUCCH-Config is used to configure servingCellId, referenceSignal, pucch_PathLossReferenceRs-Id, P0-PUCCH-Id and closedLoopIndex. As only the power control related fields could make sense to be separately configured and as these are covered by separately configured PUCCH-PowerControl in PUCCH-Config, we do not see the need of configuring different PUCCH-SpatialRelationInfo for the different HARQ-ACK codebooks.
· Multi-CSI-PUCCH-ResourceList. This is not related to HARQ-ACK. CSI PUCCH resources can collide with PUCCH HARQ-ACK, and hence multiplexing and prioritization rules are needed and is treated later in this contribution.
· SchedulingRequestConfig. This is not related to HARQ-ACK codebooks. The PUCCH resources can overlap with PUCCH for HARQ-ACK, and is treated later in this contribution. 

Proposal 2-8: The following parameters are not included in R15 PUCCH-Config, but are related to HARQ-ACK and should be separately configurable for different HARQ-ACK codebooks:  
· PDSCH-HARQ-ACK-Codebook, indicating whether it is semi-static or dynamic codebook (included as part of PUCCH-Config)
· Sub-slot configuration (included as part of PUCCH-Config)
· PDSCH-TimeDomainResourceAllocationList in PDSCH-TimeDomainAllocationList
· BetaOffsetACK parameters in PUSCH-PowerControl
· codeBlockGroupTransmission in PDSCH-ServingCellConfig

Proposal 2-9: The following parameters, which are included in R15 PUCCH-Config, should not be separately configurable for different HARQ-ACK codebook procedures:
· PUCCH-SpatialRelationInfo
· Multi-CSI-PUCCH-ResourceList
· SchedulingRequestConfig

Indication of HARQ-ACK codebook
Different options have been proposed to identify a HARQ-ACK codebook/procedure:

· Opt.1: By DCI format
· This is possible only if there is a new DCI format introduced for supporting URLLC, which is not decided yet.
· Even if there is a new DCI format introduced for supporting URLLC, there should not be anything that prevents the gNB from using Rel-15 DCI formats (0_0/0_1/1_0/1_1) to schedule URLLC traffic (may already be sufficient in many cases), or using the new DCI format to schedule eMBB and URLLC traffic (it may be beneficial to use the new DCI format for eMBB in some cases). If DCI format is used for identifying HARQ-ACK codebook/procedure, such flexibility would no longer be possible.
· Mandating different DCI formats for URLLC and eMBB (which may not always be necessary) could result in a significant increase in the number of DCI sizes and the number of CCEs/BDs for PDCCH monitoring.
· Opt.2: By RNTI
· This would be applicable more to the cases when different traffic types can use the same DCI format with the same size (otherwise the differentiation can already be done using DCI format/size).
· In case MCS-C-RNTI is used solely to schedule URLLC traffic, it can be potentially reused for identifying a different HARQ-ACK codebook/procedure. A new configurable parameter can be used to indicated whether the HARQ-ACK associated with MCS-C-RNTI uses a different codebook/procedure or not. There would prevent eMBB from using the low SE MCS table, but it may not be a practical concern.
· In case MCS-C-RNTI is not solely used to schedule URLLC traffic, a new RNTI needs to be introduced for this purpose. The drawback is the increased false alarm rate for PDCCH.
· Opt.3: By explicit indication in DCI (FFS: new field or reuse existing field)
· This option, like Opt.2, would be applicable more to the cases when the size of the DCI is the same independent on the traffic type. 
· Opt.3.a: By reusing an existing field in the DCI. 
· By PDSCH duration/type/SLIV. PDSCH duration or type (as part of SLIV) is not a good criterion for differentiating different service types because there should not be anything that prevents eMBB from using shorter duration L or PDSCH mapping Type B for transmission. Especially for FR2, with analog beamforming, it can become very necessary to use short duration/Type B to schedule PDSCH.
· By HARQ process ID. This requires separate sets of HARQ process ID for eMBB and URLLC traffic. If the same total number of HARQ processes is kept, it means a smaller number of HARQ processes for either eMBB or URLLC, which would affect the peak throughput if there are not enough HARQ processes to continuously schedule data. Alternatively, the UE may be configured with more HARQ processes, which could affect the soft buffer management and in turn affect the decoding performance.
· By K1 entries (and potentially PRI). Using K1 entries (and potentially PRI) is based on the assumption that the used indices will be different when scheduling URLLC than eMBB traffic. However, with separately configurable PUCCH resource sets and, if one of the codebooks use R15 procedures, the unit of K1 can be in slots for the codebook following R15 procedures, and in sub-slots for R16 procedures. The values can therefore not be uniquely determined for eMBB and URLLC.  
· Opt.3.b: By an explicit/dedicated field in DCI. 
· Using an explicit/dedicated field in DCI provides most flexibility because it introduces no additional scheduling constraint at all. It does not increase the false alarm rate either. Of course, the cost is the additional overhead in DCI. In case two codebooks are supported, this means one extra bit in DCI.
· Opt.4: By CORESET/search space
· This is achieved by e.g. configuring one search space set for eMBB and another search space set for URLLC. Using search space to identify HARQ-ACK codebook/procedure would prevent the gNB from using the eMBB search space to schedule URLLC traffic, or using the URLLC search space to schedule eMBB traffic. This is also an unnecessary scheduling constraint, and it can potentially increase the PDCCH blocking probability and/or the number of CCEs/BDs that a UE needs to monitor.
As discussed above, mandating URLLC and eMBB to use different DCI formats is too restrictive. Instead Opt.2 and Opt.3 should be considered, and between these two we consider that the benefit of Opt.3 (flexibility) outweighs the minor drawback of a slightly larger DCI size (the additional field adds one extra bit in DCI in case two codebooks are supported).

Proposal 2-10: HARQ-ACK codebook procedure should be indicated by an explicit field in the DL assignment. This field can be configured to be present in DCI format 1_1 and the DCI scheduling URLLC (if this is defined as a new DCI format).

Indication of codebook priority
In case HARQ-ACK bits for different codebooks are not multiplexed, and the transmission of one HARQ-ACK codebook needs to be dropped, priority of different codebooks needs to be known by the UE. In this case, it is natural to reuse the signaling that identifies the HARQ-ACK codebook/procedure to determine the priority of HARQ-ACK. This priority can be further used to determine the HARQ-ACK prioritization/multiplexing with other UL signals/channels, as discussed in Section 3. 

Proposal 2-11: The signaling that identifies the HARQ-ACK codebook/procedure is also used to determine the priority of the HARQ-ACK codebook in the prioritization and multiplexing of UL signals/channels.


Intra-UE multiplexing and prioritization issues
Regarding issues related to intra-UE multiplexing and prioritization, especially considering control vs. control (a.k.a Scenario 4) and control. vs. data collision (a.k.a. Scenario 5), the following conclusion has been agreed from RAN1#97:

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.

	
	URLLC SR
	URLLC HARQ-ACK
	CSI
	URLLC PUSCH

	URLLC SR
	
	
	
	

	URLLC HARQ-ACK
	Scenario-01
	
	
	

	CSI
	Scenario-02
	Scenario-03
	
	

	URLLC PUSCH
	Scenario-04
	Scenario-05
	Scenario-06
	

	eMBB SR
	Scenario-07
	Scenario-08
	Scenario-09
	Scenario-10

	eMBB HARQ-ACK
	Scenario-11
	Scenario-12
	Scenario-13
	Scenario-14

	eMBB PUSCH
	Scenario-15
	Scenario-16
	Scenario-17
	Scenario-18



Email discussion till next meeting to fill-up the table – Jia (OPPO)

In Section 3 we will discuss all the scenarios and the following Table  (same as we submitted to RAN1 email reflector) summarizes our views on all scenarios:

[bookmark: _Ref16071635]
Table 3-1 Intra-UE multiplexing/prioritization involving control channel(s) and/or data channels(s)

	
	URLLC SR
	URLLC HARQ-ACK
	CSI
	URLLC PUSCH

	URLLC SR
	
	
	
	

	URLLC HARQ-ACK
	If timeline is OK, multiplexing (similar to Rel-15) or dropping HARQ-ACK; otherwise, (always) dropping HARQ-ACK
	
	
	

	CSI
	Dropping CSI
	Dropping CSI
	
	

	URLLC PUSCH
	Dropping SR
(same rule as Rel-15).
	Multiplexing in case timeline is OK (same rule as Rel-15), otherwise dropping HARQ-ACK
	Multiplexing (and introduce new beta_offset values)
	

	eMBB SR
	The scenario does not occur
	Same rule as Rel-15 
	Same rule as Rel-15
	Dropping eMBB SR 
(same rule as Rel-15).

	eMBB HARQ-ACK
	If timeline is OK, multiplexing (similar to Rel-15) or dropping HARQ-ACK; otherwise, (always) dropping HARQ-ACK
	Multiplexing or dropping eMBB HARQ-ACK depending on the signaling
	Same rule as Rel-15
	Multiplexing in case timeline is OK, otherwise dropping eMBB HARQ-ACK

	eMBB PUSCH
	Multiplexing. Late positive URLLC SR may cause partially dropping eMBB PUSCH
	Multiplexing in case timeline is OK, otherwise dropping eMBB PUSCH
	same rule as Rel-15
	Dropping eMBB PUSCH at least on the overlapping portion 




Before going to detailed discussion on all different scenarios, firstly we discuss the priority information need for SR, CSI and PUSCH as implicitly assumed in the table.
Priority of SR, CSI and PUSCH
SR priority

From RAN1#97, the following working assumption agreed together with open issues for further discussion:

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

The FFS about “FFS how to use the priority information in handling prioritization/multiplexing of UL transmissions” will be discussed in different SR related scenarios. Considering the FFS point of “how the SR priority is known”, there are three different alternatives to get the SR priority information at PHY:
· MAC layer passes down the SR priority information together with the SR delivered to PHY.
· A natural way to define SR priority in RAN2 is to use the highest priority of the LCH configuration associated with SR. (Note that SR priority is also being discussed in RAN2 for MAC layer prioritization purpose.)
· SR priority is defined in PHY using some pre-defined rules based on SR configuration e.g. its periodicity and/or duration.
· RRC configures SR priority (e.g. low vs. high) for each SR configuration. 
· Mapping between SR configuration and the corresponding priority information is delivered to UE with RRC signaling.
Proposal 3-1: RAN1 should down-select among the following options about how the SR priority is known at PHY, 
· Option 1: MAC layer delivers priority information for each SR delivered to PHY;
· Option 2: SR priority is determined by SR configurations;
· Option 3: The priority of a SR configuration is explicitly configured via RRC signaling.


PUSCH priority

Although in the table under discussion over RAN1 email reflector, the scenarios involving eMBB PUSCH and URLLC PUSCH are listed separately which implicitly indicates that PUSCH priority should be supported in RAN1. However, no such agreement has been reached so far and hence we discuss the necessities of introducing the PUSCH priority at PHY. 

In our view, the most relevant case when deciding the necessity of PUSCH priority is HARQ-ACK conflicting with PUSCH. For the case of PUCCH carrying HARQ-ACK (low or high priority) overlapping with PUSCH, with the knowledge of both PUSCH priority and HARQ-ACK priority at UE PHY, 
· in case there is no time to multiplex HARQ-ACK with PUSCH, low priority HARQ-ACK can be dropped when the corresponding PUCCH overlaps with high priority PUSCH; 
· on the other hand, when the low priority PUSCH collides with high priority HARQ-ACK, the high priority HARQ-ACK can be multiplexed with low priority PUSCH or the low priority PUSCH transmission can be stopped at least during the overlapping period in case multiplexing is not possible. 

The Rel-15 principle can be applied in case the HARQ-ACK and the PUSCH can be multiplexed together. However, in case there is no possibility for multiplexing due to e.g. timeline issue which is an error case in Rel-15, new rules of prioritization/dropping need to be defined. Without PUSCH priority information, UE is not able to make the right decision of which channel should be handled with high priority. For example, even with high priority HARQ-ACK, depending on the priority of PUSCH, the high priority HARQ-ACK can be transmitted or dropped. Certainly, if PUSCH priority is agreed to be specified, RAN1 should further investigate how the PUSCH priority is determined e.g. based on priority information from MAC or PHY signals and related UE behaviors.

Based on this discussion, we have the following proposal:

Proposal 3-2: PUSCH priority should be known at PHY for efficient multiplexing/prioritization for the scenario where control channel and data channel are colliding.

Similar to SR, there are different alternatives to determine PUSCH priority:
· MAC layer passes down the PUSCH priority information together with the PUSCH transmission request to PHY.
· PUSCH priority is dynamically indicated in UL grant in case with DG and configured in case with CG.
[bookmark: _Hlk826821]RAN2 has ongoing discussion on the same issue for example in [4]. One aspect worth to point out is the un-deterministic UE behavior from gNB detection point of view in case with MAC layer prioritization where PUSCH priority information is not known at gNB. One example is in case with the resource collision between HARQ-ACK and PUSCH, based on the available input from different companies to the intra-UE multiplexing/prioritization discussion on RAN1 email reflector, majority of the companies support either multiplexing high priority HARQ-ACK on high/low priority PUSCH or dropping low priority PUSCH. In case with MAC prioritization where PUSCH priority information is not known at gNB, when timeline is not satisfied, gNB has to take different assumptions:
· with high priority HARQ-ACK, either PUSCH is transmitted if PUSCH is with high priority, or high priority HARQ-ACK is sent over PUCCH resource if PUSCH is with low priority (two detection hypotheses at gNB); 
· with low priority HARQ-ACK, high/low priority PUSCH is transmitted and low priority HARQ-ACK is dropped (no multiple detection hypotheses at gNB). 
While in case with PHY prioritization, the priority information of both PUSCH and HARQ-ACK are known at gNB, there is no multiple detection hypotheses at gNB side.

Next, we discuss the case where SR resource is overlapping with PUSCH resource. Here we assume that SR could be multiplexed with PUSCH. In case with low priority SR, the low priority SR will be dropped in the same way as in Rel-15 independent of PUSCH priority (no detection ambiguity at gNB side). In case with MAC layer prioritization (the priority information of PUSCH is not known at gNB) and high priority SR, from gNB detection point of view, multiple hypotheses become necessary:
· high priority SR is dropped when SR and PUSCH are with the same priority level (i.e. high PUSCH only); 
· detecting high priority SR in PUSCH resource when high priority SR is multiplexed with low priority PUSCH;
· detecting high priority SR in PUCCH resource (i.e. low priority PUSCH is dropped because high priority positive SR comes too late for multiplexing/prioritization process, as explained in Scenario-15).

On the other hand, if we assume gNB has priority information for both SR and PUSCH, there is no detection ambiguity in case with high priority PUSCH since SR will be dropped anyway. In case with low priority PUSCH, with the SR priority information known at gNB and further it is assumed that high priority SR (positive or negative) is always multiplexed with low priority PUSCH in case the time line for multiplexing is satisfied, then from gNB detection point of view, there are two hypotheses:
· detecting high priority SR in PUSCH resource (i.e. high priority SR is multiplexed with low priority PUSCH); 
· detecting high priority SR in PUCCH resource (in case high priority positive SR comes too late for multiplexing/prioritization process, as explained in Scenario-15)
While in case SR priority is low, no multiplexing occurs, and low priority SR is dropped (no detection ambiguity at gNB side). Therefore, from detection complexity point of view, with PHY prioritization, only in case with low priority PUSCH and high priority SR, there are two detection hypotheses at gNB receiver, i.e. high priority SR is detected over PUCCH resource or low priority PUSCH resource. 

Observation 3-1: PUSCH priority passed down from MAC layer could lead to increased gNB detection complexity due to increased detection hypotheses, compared to explicit PHY priority indication/signaling. 

Discussion on collision scenarios
URLLC HARQ-ACK vs. eMBB HARQ-ACK (Scenario-12)

Following RAN1#96 agreements, we need to define multiplexing/prioritization rules when the transmissions of the two codebooks are overlapping in time. Given that we already agreed to support multiple codebooks, having the HARQ-ACK bits always multiplexed in overlapping cases does not make sense any more. Therefore, either the codebooks are never multiplexed (i.e. one codebook is dropped), or the multiplexing can be enabled or disabled.
1. Option A: HARQ-ACK bits from the overlapping codebooks are never multiplexed. The two codebooks follow separate and independent HARQ-ACK feedback procedure. The higher priority codebook is prioritized when the transmission of two codebooks overlap.
· The drawback is that whenever an overlap occurs, the lower priority HARQ-ACK codebook (e.g. for eMBB) would be dropped, which would impact the eMBB DL throughput.
2. Option B: Multiplexing of HARQ-ACK bits for URLLC and eMBB PDSCH can be enabled or disabled.
· This provides flexibility to the gNB to control whether to multiplex or not. If multiplexing does not affect the performance of URLLC HARQ-ACK bits, or if the impact is acceptable, the gNB can enable it in order to reduce the impact on eMBB throughput. Otherwise it can be disabled, in which case the higher priority codebook is prioritized.
· Option B-1: semi-static enabling/disabling of multiplexing
· Option B-2: dynamic enabling/disabling of multiplexing
· Dynamic enabling and disabling would allow the gNB to dynamically decide whether to multiplex URLLC and eMBB HARQ-ACK depending on whether the multiplexing would degrade the performance of URLLC HARQ-ACK transmission e.g. based on the payload size and/or transmission timing.
· If an explicit field in DCI is used to indicate the codebook, it can be one way to realize the dynamic enabling/disabling of multiplexing.

Overall we think Option A is too restrictive, and some flexibility that allows gNB to control the multiplexing is desirable. Therefore, we propose:

Proposal 3-3: In case the transmissions of two HARQ-ACK codebooks overlap in time, multiplexing of the HARQ-ACK bits can be enabled or disabled by the gNB.
· FFS semi-static and/or dynamic enabling/disabling


URLLC SR vs. URLLC HARQ-ACK (Scenario-01)
If high priority SR (associated with a high priority traffic that has strict latency requirements) conflicts with a high priority HARQ-ACK, SR should not have lower importance than HARQ-ACK feedback as assumed in Rel-15. Actually, SR may even need to be considered as more important than HARQ-ACK. If the UE drops the high priority HARQ-ACK feedback, the gNB doesn’t receive this feedback and can simply assume a NACK and do retransmission if latency budget allows. This could result in resource inefficiency but does not impact the latency/reliability of the transmitted DL packet. However, if the high priority SR is not transmitted, then this would increase the UL latency and possibly impact reliability since this SR is associated with a traffic that has strict latency requirements. Therefore, it is reasonable to consider SR as more important in this case, and this needs to be accounted for in the design of the handling rules. These rules will depend on the PUCCH formats used, we thus next discuss the various format combinations of overlapping PUCCHs.
[bookmark: _Hlk7271885]If SR with F0 overlaps with HARQ-ACK:
· If HARQ-ACK is with F0: In general, SR should be allowed to be multiplexed with HARQ-ACK on the HARQ-ACK resource, particularly since both are of high priority. In this case, a similar rule to that in Rel-15 could be used. One point that may require further study is whether multiplexing SR with two-bits HARQ-ACK may have impact on the reliability of SR in some typical deployment scenarios.
· If HARQ-ACK is with F1: The Rel-15 rule under which SR is dropped and HARQ-ACK is transmitted needs to be changed. One simple rule would be to drop the HARQ-ACK feedback and transmit the SR on the SR resource. Such a rule may be sufficient since anyhow the case where HARQ-ACK with F1 overlaps with SR with F0 does not occur often, so optimizing the rule here may not be worth it. This is because when HARQ-ACK uses F1 (a long format for 1 or 2 bit payload) then typically there is a coverage issue, thus SR may need to be configured with F1 (instead of F0, which spans a maximum of two OFDM symbols) in order to guarantee the reliability target.

If SR with F1 overlaps with HARQ-ACK:
· If HARQ-ACK is with F0: Generally speaking, the Rel-15 rule under which HARQ-ACK and SR are both transmitted on the HARQ-ACK resource could be applied for the case here. Note that the observation made for the case where SR is with F0 and HARQ-ACK is with F1 also holds true here, that is, in case of coverage issue, having a situation where one channel uses F0 and the other one uses F1 may not occur often. 
· If HARQ-ACK is with F1: The Rel-15 rule seems to be sufficient in this case, which consists of sending the HARQ-ACK on the SR resource in case of positive SR and on the HARQ-ACK resource in case of negative SR. Note that the use of SR resource in case of positive SR guarantees that there is no impact on latency. 

If K SR resources (with either F0 or F1) overlap with HARQ-ACK with F2:
· [bookmark: _Hlk7277005]One possible rule is to multiplex SR and HARQ-ACK on the HARQ-ACK resource. This can be done in a similar way as in Rel-15, where  bits are transmitted on the HARQ-ACK resource pointing to the resource with positive SR (if any); a negative SR is represented by setting all the  bits to 0. Using this rule, the latency is not impacted much since F2 is a short format (with a length of 1 or 2 symbols), and the reliability of SR would not be impacted much since a high priority HARQ-ACK feedback codebook is typically of low load. Note that with such a rule, the reliability of HARQ-ACK should also not be impacted much since K will most-likely be equal to 1 (because F2 is a short format), in which case  will be a single bit.

If K SR resources (with either F0 or F1) overlap with HARQ-ACK with F3 or F4:
· One simple rule here is to drop the HARQ-ACK and to send the SR on the SR resource. F3 and F4 are long formats, thus multiplexing SR with HARQ-ACK on the HARQ-ACK resource may impact (at least) the latency, especially when the overlap is with the beginning or the middle of the HARQ-ACK resource. Instead of always dropping HARQ-ACK, another rule would be to allow multiplexing (only) in case the latency and reliability of SR are not impacted. 

Note that the above discussions did not consider any timeline requirements.
Proposal 3-4: Consider Table 3-2 as a starting point for the discussion of handling collisions between a high priority SR and a high priority HARQ-ACK, and further consider the timeline requirements.
Table 3-2: Rules for handling collisions between high priority SR and high priority HARQ-ACK
	
	HARQ-ACK with F0
	HARQ-ACK with 
F1
	HARQ-ACK with F2
	HARQ-ACK with 
F3 or F4

	SR with F0
	Send both on HARQ-ACK resource; similar to Rel-15 rule.
	Drop HARQ-ACK and send SR on SR resource when SR is positive, and transmit HARQ-ACK on HARQ-ACK resource when SR is negative.
	Send both on HARQ-ACK resource; in a similar way as in Rel-15.
	Alt.1) drop HARQ-ACK and send SR on the SR resource.
Alt.2) allow multiplexing (only) in case latency and reliability of SR are not impacted.

	SR with F1
	Send both on HARQ-ACK resource; similar to Rel-15 rule.
	Follow Rel-15 rule, i.e., transmit HARQ-ACK on SR resource when SR is positive, and transmit HARQ-ACK on HARQ-ACK resource when SR is negative.
	
	



URLLC SR vs. eMBB HARQ-ACK (Scenario-11)
In this case, SR should be considered as more important than HARQ-ACK, which is the same assumption as for the case of overlap between a high priority SR and a high priority HARQ-ACK as discussed above. Hence, the same handling rules can be applied for these two cases. 
Proposal 3-5: The handling rules for the case where a high priority SR overlaps with a high priority HARQ-ACK as shown in Table 3-2 are also used for the case where a high priority SR overlaps with a low priority HARQ-ACK.
URLLC HARQ-ACK vs. eMBB SR (Scenario-08)
In this case, HARQ-ACK should be considered as more important than SR, which is the same assumption as used in Rel-15 handling. Therefore, the Rel-15 handling rules can be reused in this case.
Proposal 3-6: For the case where a high priority HARQ-ACK overlaps with a low priority SR, Rel-15 handling rules are reused.
URLLC HARQ-ACK/SR vs. CSI (Scenario-02 and Scenario-03)
CSI is typically of low priority even if it is intended for URLLC. Also, in contrast to SR, the CSI payload size is not negligible (especially with MIMO) and could thus impact the reliability of HARQ-ACK when they are multiplexed together. Hence, in general it makes sense to drop the CSI in this case. 
[bookmark: _Hlk7350974]Proposal 3-7: Periodic CSI is dropped when it overlaps with high priority HARQ-ACK/SR on a PUCCH. 


URLLC SR vs. eMBB SR (scenario-07)
It is our understanding that RAN2 has no intention to change the related Rel-15 NR behavior, i.e., it is up to UE implementation at MAC layer to choose one of the SRs and instruct the PHY to transmit SR on one PUCCH resource. So, in this case, there is no overlapping eMBB SR and URLLC SR at PHY. If for any reason RAN2 decides to change the Rel-15 behavior and two SRs are allowed to be delivered to PHY on overlapping resources, then the high priority SR should be prioritized when such a case occurs.

Timeline considerations
The above defined rules assume that the timeline condition defined in Rel-15 NR is satisfied. However, even if this timeline condition is not satisfied, there could be cases where for instance PHY receives a positive SR sufficiently late such that PHY is not able to multiplex (if applicable) this SR with HARQ-ACK. An example of this case is illustrated in the figure below, where MAC delivers the positive SR to PHY after the HARQ-ACK transmission has started.
[image: ]
Figure 3-1: example illustrating the case where SR arrives late and cannot be multiplexed with overlapping HARQ-ACK.
In Rel-15 NR, an ongoing PUCCH transmission cannot be stopped and thus in the above example the SR will not be transmitted on the current SR opportunity. In Rel-16 NR, this behavior needs to be modified to particularly not impact the latency of a high priority SR, and thus for the case described above the following simple rules can be adopted: 
· High-priority SR vs high/low priority HARQ-ACK: SR is transmitted and HARQ-ACK is dropped/stopped; whenever possible. 
· Low-priority SR vs high/low priority HARQ-ACK: SR is dropped and HARQ-ACK is transmitted; which is the same as Rel-15 NR behaviour.
[bookmark: _Hlk16802926]Proposal 3-8: In case SR PUCCH and HARQ-ACK PUCCH resources overlap in time and the Rel-15 timing condition for overlapping PUCCHs is satisfied, the UE handles the conflict according to Table 3-2, where SR is either a positive or negative SR. If a high priority positive SR comes too late to be considered in the multiplexing/prioritization process of Table 3-2, the UE simply transmits the high priority positive SR on the PUCCH resource and drops/stops the transmission of the other channel at latest when SR transmission starts.
In the following, we focus on the case where the Rel-15 NR timeline condition for the overlapping PUCCHs is not satisfied. 
In Rel-15, as stated in TS 38.213, a UE does not expect a PUCCH that is in response to a DCI format detection to overlap with any other PUCCH that does not satisfy the defined timing condition. An example illustrating this timing condition in case of overlap between an SR and a HARQ-ACK is given in Figure 3-2. 
[image: ]
Figure 3-2: example illustrating the timing condition in case of overlap between two PUCCHs in Rel-15 NR.
In other words, the case where the timing condition is not satisfied is considered as an error case in Rel-15 NR, and no corresponding behaviour was defined. However, in Rel-16, not considering this as a valid case could impact the scheduling flexibility and thus the latency of the HARQ-ACK feedback, especially that HARQ-ACK can be associated with a high priority traffic which has stringent latency requirements. In Figure 3-3, we illustrate an example of the case that needs to be considered as valid in Rel-16 NR.
[image: ]
Figure 3-3: example illustrating the PUCCH overlapping case that needs to be considered as valid in Rel-16 NR.
Observation 3-2: If the case where the Rel-15 NR timing condition for overlapping PUCCHs is not satisfied is considered as valid, better flexibility and latency can be achieved at least for HARQ-ACK feedback.
[bookmark: _Hlk16784500]In case the Rel-15 NR timing condition for the overlapping PUCCHs is not satisfied, the PUCCH carrying higher priority UCI is prioritized and the PUCCH carrying lower priority UCI is dropped, where the following priority order can be adopted: high-priority SR > high/low-priority HARQ-ACK > low-priority SR > CSI.
Proposal 3-9: In contrast to Rel-15 NR, the case where the timing condition for overlapping PUCCHs is not satisfied needs to be considered as a valid case. For this case, the PUCCH carrying high priority / more important channel is prioritized and the PUCCH carrying less important channel is dropped, where the following priority order can be used: high-priority SR > high/low-priority HARQ-ACK > low-priority SR > CSI.  

URLLC SR vs. URLLC PUSCH (Scenario-04)
With the assumption that MAC does not trigger the SR transmission at PHY layer unless it has higher priority than the on-going PUSCH, no SR with the same priority coming to PHY in case URLLC PUSCH is already delivered to PHY. But in case SR is delivered to PHY first, it is possible that MAC PDU with the same priority will be delivered to PHY later. In this case, Rel-15 rule can be reused, that is, URLLC SR is dropped.
Proposal 3-10: Rel-15 rule can be reused, i.e. dropping SR when URLLC SR collides with URLLC PUSCH.
URLLC HARQ-ACK vs. URLLC PUSCH (Scenario-05)
In case of resource conflict between URLLC HARQ-ACK and URLLC PUSCH, when the timeline is satisfied, Rel-15 rules of UCI multiplexing in PUSCH can be applied. More specifically UCI carrying URLLC HARQ-ACK can be multiplexed with URLLC PUSCH. The reliability of HARQ-ACK can be guaranteed by properly indicated beta_offset value. It should have minimum impact on the HARQ-ACK delay in case without frequency hopping because HARQ-ACK can be mapped to the REs towards the beginning of the PUSCH transmission. On the other hand, if frequency hopping is used for PUSCH, UCI carrying URLLC HARQ-ACK can be mapped to the first part of the allocated PUSCH resource to guarantee the feedback latency, preferably right after DMRS transmission for example. 
In case there is no sufficient time to multiplex HARQ-ACK with PUSCH (error case in Rel-15), prioritization rule should be applied. In our view, HARQ-ACK can be dropped. The reason is that the consequence of not transmitting HARQ-ACK is unnecessary retransmission from gNB. However, there should not be any performance degradation in terms of latency and reliability for the corresponding PDSCH (the overall interference level will be increased though).
Proposal 3-11: Multiplexing URLLC HARQ-ACK with URLLC PUSCH in case the processing timeline is OK, otherwise, URLLC HARQ-ACK is dropped. FFS of potential enhancement for multiplexing in case frequency hopping is applied for PUSCH. 
URLLC PUSCH vs. CSI (Scenario-06)
For P-CSI, Rel-15 multiplexing rule can be a starting point. However, considering the potential impact on URLLC PUSCH reliability, it should be possible to drop CSI completely even in case the timeline is OK, for example introducing new beta_offset value as 0. Alternatively, simply dropping CSI is one option as well.
For A-CSI, same rule as eMBB PUSCH (PUSCH carrying A-CSI) and URLLC PUSCH can be applied.
Proposal 3-12: P-CSI is multiplexed with URLLC PUSCH. Additional beta_offset value(s) (including the value of 0) are introduced.
eMBB SR vs. URLLC PUSCH (Scenario-10)
In case of the resource of eMBB SR conflicting with URLLC PUSCH, PUSCH should be prioritized and the transmission of low priority SR can be dropped to avoid any potential negative impact on PUSCH. This is exactly the same as the current Rel-15 UE behaviour.
Proposal 3-13: Rel-15 rule of dropping SR can be applied in case eMBB SR resource is colliding with URLLC PUSCH resource.
eMBB HARQ-ACK vs. URLLC PUSCH (Scenario-14)
Rel-15 procedure of multiplexing HARQ-ACK with PUSCH can be applied. New beta_offset can be introduced to control the impact on URLLC PUSCH performance. In case multiplexing is not possible due to the reasons for example processing timeline of URLLC PUSCH, eMBB HARQ-ACK is dropped.
Proposal 3-14: eMBB HARQ-ACK can be multiplexed with URLLC PUSCH with potential new beta_offset. In case multiplexing is not possible due to processing timeline, dropping eMBB HARQ-ACK. 
URLLC SR vs. eMBB PUSCH (Scenario-15)
In Rel-15, when SR is conflicting with PUSCH carrying UL-SCH, SR is dropped. To better support URLLC service, clearly RAN1 should specify new UE behavior to facilitate fast transmission of URLLC SR. In case URLLC SR resource is colliding with the eMBB PUSCH resource, the URLLC SR (negative or positive) can be multiplexed with eMBB PUSCH in case the timeline is satisfied. Such multiplexing is not supported in Rel-15 and one example of multiplexing is that gNB always reserve resource for SR transmission (negative or positive) when URLLC SR resource and eMBB PUSCH resource collides. 
When a URLLC positive SR comes too late to be multiplexed on eMBB PUSCH, the URLLC SR should be prioritized for transmission and eMBB PUSCH is dropped at latest starting from the first symbol of URLLC SR transmission.
Proposal 3-15: In case URLLC SR overlaps with eMBB PUSCH, some RE resources are always reserved for multiplexing URLLC SR (either positive or negative). In case a positive URLLC SR arrives too late to be multiplexed with eMBB PUSCH, the UE transmits the positive URLLC SR on the PUCCH resource and drops eMBB PUSCH starting from the first symbol of URLLC SR transmission. 
URLLC HARQ-ACK vs. eMBB PUSCH (Scenario-16)
When there is sufficient time for multiplexing, URLLC HARQ-ACK can be multiplexed with eMBB PUSCH with high beta_offset value to guarantee the reliability performance. One potential change is in case frequency hopping is applied for PUSCH, URLLC HARQ-ACK can be mapped to the first part of the PUSCH resource to guarantee latency.
In case it is not possible for multiplexing for example due to not enough time for processing, URLLC HARQ-ACK should be prioritized and eMBB PUSCH could be punctured or even dropped. 
Proposal 3-16: URLLC HARQ-ACK can be multiplexed with eMBB PUSCH. In case multiplexing is not possible due to processing timeline, dropping eMBB PUSCH.
eMBB PUSCH vs. CSI (Scenario-17)
Rel-15 rules can be reused for this scenario.
eMBB PUSCH vs. URLLC PUSCH (Scenario-18)

It is still being discussed how prioritization will be done at MAC layer. Regardless of RAN2 decision, there can be overlapping cases for low priority PUSCH and high priority PUSCH at PHY. PUSCH priority information should be known at PHY, and in case of overlapping, the low priority PUSCH should be dropped at least for overlapping portion. Overall this will be handled in another agenda item in RAN1.

Proposal 3-17: The eMBB PUSCH should be dropped at least for the overlapping portion with URLLC PUSCH.

Until now, the discussion has been focused on the scenarios where PUCCH and PUSCH are on the same carrier. In our view, the proposed multiplexing/prioritization rules can be extended to cover the case with carrier aggregation. For example, with CA it is possible that PUCCH is configured on primary cell and PUSCH on the secondary cell, in case the resource for PUCCH and PUSCH are overlapping in time, the same rules/principles of handling the collision between PUSCH and UCI for single carrier case can be applied as well.
Even though the same rules/principles can still be applied, it could result in cases where PUCCH carrying high priority UCI is transmitted on primary cell and low priority PUSCH is transmitted on secondary cell. This is not supported in Rel-15. If there is no additional enhancement, it would force dropping low priority PUSCH on secondary cell in case no possibility for multiplexing, which can certainly degrade the performance significantly. Therefore, we see the need to support simultaneous transmission of PUCCH and PUSCH at least when they are on different cells. Of course, the associated specification effort needs to be investigated.
[bookmark: _Hlk16844143]Proposal 3-18: Support simultaneous transmission of PUCCH and PUSCH at least for the case when PUCCH and PUSCH are transmitted on different cells.
Conclusion
[bookmark: _Hlk4360370]On the enhancement of HARQ-ACK in Section 2, we have the following observation and proposals:

Proposal 2-1: The number of sub-slots should be configurable, e.g. 2, 4, 7 with a maximum of 7 sub-slots per slot.

Proposal 2-2: The width of each sub-slot can be configurable.

Proposal 2-3: The UE should support transmission of 1 PUCCH for HARQ-ACK per sub-slot in the slot.

Proposal 2-4: Default PUCCH resource set(s) are configured for a sub-slot configuration. In addition, PUCCH resource set(s) can be configured for a specific sub-slot. For a sub-slot without separate configuration, the default PUCCH resource set(s) are used.

Observation 2-1: TDD and sub-slot based PUCCH configuration, can in some cases cause an PUCCH resource to overlap a DL symbol. In this case, R15 behavior could be used, meaning that the PUCCH is dropped. 

Proposal 2-5: PUCCH should be allowed to cross sub-slot boundary. 

Proposal 2-5: For Type-1 HARQ-ACK codebook in sub-slot-based HARQ-ACK feedback procedure, Rel-15 Type-1 HARQ-ACK codebook construction is applied in unit of sub-slot. When a entry in the TDRA table spans multiple sub-slots, it is considered to be associated with the sub-slot where the allocation of the entry starts (or ends).

Proposal 2-6: In case of at least two HARQ-ACK codebooks, each HARQ-ACK codebook can be configured independently to follow either R15 PUCCH configuration (i.e. slot-based feedback procedure) or R16 PUCCH configuration (i.e. sub-slot-based feedback procedure).
· Note: this implies that there is no restriction that at least one of the codebooks should follow R15 PUCCH configuration.
Proposal 2-7: Support maximum 2 simultaneous constructed HARQ-ACK codebooks.

Proposal 2-8: The following parameters are not included in R15 PUCCH-Config, but are related to HARQ-ACK and should be separately configurable for different HARQ-ACK codebooks:  
· PDSCH-HARQ-ACK-Codebook, indicating whether it is semi-static or dynamic codebook (included as part of PUCCH-Config)
· Sub-slot configuration (included as part of PUCCH-Config)
· PDSCH-TimeDomainResourceAllocationList in PDSCH-TimeDomainAllocationList
· BetaOffsetACK parameters in PUSCH-PowerControl
· codeBlockGroupTransmission in PDSCH-ServingCellConfig

Proposal 2-9: The following parameters, which are included in R15 PUCCH-Config, should not be separately configurable for different HARQ-ACK codebook procedures:
· PUCCH-SpatialRelationInfo
· Multi-CSI-PUCCH-ResourceList
· SchedulingRequestConfig

Proposal 2-10: HARQ-ACK codebook procedure should be indicated by an explicit field in the DL assignment. This field can be configured to be present in DCI format 1_1 and the DCI scheduling URLLC (if this is defined as a new DCI format).

Proposal 2-11: The signaling that identifies the HARQ-ACK codebook/procedure is also used to determine the priority of the HARQ-ACK codebook in the prioritization and multiplexing of UL signals/channels.


On UL intra-UE multiplexing and prioritization in Section 3, we have the following proposals:

Proposal 3-1: RAN1 should down-select among the following options about how the SR priority is known at PHY, 
· Option 1: MAC layer delivers priority information for each SR delivered to PHY;
· Option 2: SR priority is determined by SR configurations;
· Option 3: The priority of a SR configuration is explicitly configured via RRC signaling.

Proposal 3-2: PUSCH priority should be known at PHY for efficient multiplexing/prioritization for the scenario where control channel and data channel are colliding.

Observation 3-1: PUSCH priority passed down from MAC layer could lead to increased gNB detection complexity due to increased detection hypotheses, compared to explicit PHY priority indication/signaling. 

Proposal 3-3: In case the transmissions of two HARQ-ACK codebooks overlap in time, multiplexing of the HARQ-ACK bits can be enabled or disabled by the gNB.
· FFS semi-static and/or dynamic enabling/disabling
Proposal 3-4: Consider Table 3-2 as a starting point for the discussion of handling collisions between a high priority SR and a high priority HARQ-ACK, and further consider the timeline requirements.
Proposal 3-5: The handling rules for the case where a high priority SR overlaps with a high priority HARQ-ACK as shown in Table 3-2 are also used for the case where a high priority SR overlaps with a low priority HARQ-ACK.
Proposal 3-6: For the case where a high priority HARQ-ACK overlaps with a low priority SR, Rel-15 handling rules are reused.
Proposal 3-7: Periodic CSI is dropped when it overlaps with high priority HARQ-ACK/SR on a PUCCH. 
Proposal 3-8: In case SR PUCCH and HARQ-ACK PUCCH resources overlap in time and the Rel-15 timing condition for overlapping PUCCHs is satisfied, the UE handles the conflict according to Table 3-2, where SR is either a positive or negative SR. If a high priority positive SR comes too late to be considered in the multiplexing/prioritization process of Table 3-2, the UE simply transmits the high priority positive SR on the PUCCH resource and drops/stops the transmission of the other channel at latest when SR transmission starts.
Observation 3-2: If the case where the Rel-15 NR timing condition for overlapping PUCCHs is not satisfied is considered as valid, better flexibility and latency can be achieved at least for HARQ-ACK feedback.
Proposal 3-9: In contrast to Rel-15 NR, the case where the timing condition for overlapping PUCCHs is not satisfied needs to be considered as a valid case. For this case, the PUCCH carrying high priority / more important channel is prioritized and the PUCCH carrying less important channel is dropped, where the following priority order can be used: high-priority SR > high/low-priority HARQ-ACK > low-priority SR > CSI.  
Proposal 3-10: Rel-15 rule can be reused, i.e. dropping SR when URLLC SR collides with URLLC PUSCH.
Proposal 3-11: Multiplexing URLLC HARQ-ACK with URLLC PUSCH in case the processing timeline is OK, otherwise, URLLC HARQ-ACK is dropped. FFS of potential enhancement for multiplexing in case frequency hopping is applied for PUSCH. 
Proposal 3-12: P-CSI is multiplexed with URLLC PUSCH. Additional beta_offset value(s) (including the value of 0) are introduced.
Proposal 3-13: Rel-15 rule of dropping SR can be applied in case eMBB SR resource is colliding with URLLC PUSCH resource.
Proposal 3-14: eMBB HARQ-ACK can be multiplexed with URLLC PUSCH with potential new beta_offset. In case multiplexing is not possible due to processing timeline, dropping eMBB HARQ-ACK. 
Proposal 3-15: In case URLLC SR overlaps with eMBB PUSCH, some RE resources are always reserved for multiplexing URLLC SR (either positive or negative). In case a positive URLLC SR arrives too late to be multiplexed with eMBB PUSCH, the UE transmits the positive URLLC SR on the PUCCH resource and drops eMBB PUSCH starting from the first symbol of URLLC SR transmission. 
Proposal 3-16: URLLC HARQ-ACK can be multiplexed with eMBB PUSCH. In case multiplexing is not possible due to processing timeline, dropping eMBB PUSCH.
Proposal 3-17: The eMBB PUSCH should be dropped at least for the overlapping portion with URLLC PUSCH.
Proposal 3-18: Support simultaneous transmission of PUCCH and PUSCH at least for the case when PUCCH and PUSCH are transmitted on different cells.
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Appendix: 
A. Relevant RAN1 agreements on HARQ-ACK enhancements
Agreements: (RAN1#94)
· Study further how to enable more than one PUCCH for HARQ-ACK transmission within a slot.

Agreements: (RAN1#94)
Study further whether/how to enable enhanced reporting procedure/feedback for HARQ-ACK.
· Enhanced HARQ-ACK multiplexing on PUSCH and PUCCH
· Finer indication for HARQ feedback timing, e.g. symbol-level, half-slot, etc.
· Note: this may be related to more than one PUCCH for HARQ-ACK tx within a slot
· Other enablers are not precluded
Agreements: (RAN1#95)
· Multiple PUCCHs for HARQ-ACK within a slot should be supported in R16.
Conclusion: (RAN1#95)
For supporting multiple PUCCHs for HARQ-ACK within a slot, companies are encouraged to provide following details when proposing a solution:
· How to separate HARQ-ACK multiplexing windows for different PUCCHs?
· How to indicate the starting symbol of different PUCCHs?
· How to indicate K1, e.g. in unit of slot, half-slot, a number of symbols or symbol?
· How to determine dynamic HARQ codebook?
· How to determine semi-static HARQ-ACK codebook?
· How to configure PUCCH resource sets, e.g. reuse R15 PUCCH resource set configurations or not?
· How to determine PUCCH resource for each PUCCH?
· How to do PUCCH resource overriding for HARQ-ACK multiplexing?
· Maximum number of PUCCH transmissions for HARQ-ACK allowed in a slot?
Agreements: (RAN1-AH-1901)
· For a R16 UE, at least two HARQ-ACK codebooks can be simultaneously constructed, intended for supporting different service types for a UE
· FFS more details (including procedures when applicable)
· FFS: How to identify a HARQ-ACK codebook 
· FFS applicability to semi-static HARQ-ACK codebook, or dynamic HARQ-ACK codebook, or both
· FFS more than 2
· FFS whether or not CBG configuration is supported for Rel-16 URLLC
Agreements: (RAN1#96)
· Rules for the two HARQ-ACK codebooks for supporting different service types should be specified in R16 if the two HARQ-ACK codebooks are due to trranmit in resources overlapping in time
· FFS details, e.g., multiplexing and/or prioritizing or parallel tx – revisit later this week
Agreements: (RAN1#96)
When at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE, a HARQ-ACK codebook can be identified based on some PHY indications/properties. 
· FFS in potential WI the details of the PHY identification
Agreements: (RAN1#96bis)
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: (RAN1#96bis)
For supporting multiple PUCCHs for HARQ-ACK within a slot for constructing HARQ-ACK codebook, K1 is defined following R15 approach but in unit of sub-slot.
Agreements: (RAN1#96bis)
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: (RAN1#97)
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: (RAN1#97)
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: (RAN1#97)
· 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.
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